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IDENTIFICATION: The western pond turtle (Clemnys Jmrroorata) is one 
of at least four species of freshwater turtles that currently occur 
or recently occurred on the west coast of North M'lerica fran the Baja 
california peninsula northward. The other species include the -
Sonora mud turtle (Kinosternon s·onoriense), the pond slider 
(Trachamys scripta) and the spiny soft-shelled turtle 
(Apalone spinifera). None of these species are or were known to 
exist sympatrically with the western pond turtle. However, the fourth 
species, the western painted turtle (Chrysemys picta belli) exists 
sympatrically and syntopically with the western pond turtle in parts 
of the Willamette and Columbia River drainages, and possibly in the 
area of Puget Sol.md. A key to both native and ccmron introduced 
species is provided in Fig. 1. 

The western pond turtle (hereafter WPT or (Clemnys ma.rnprata) can 
be easily distinguished fran the western painted turtle by several 
characteristics (Fig. 2). Adult WPTs are moderate-sized (110-210 mm 
straight-line carapace length) with a low to moderately domed shell. 
The color of the carapace varies from light yellowish-brown to dark 
brownish-black, often with numerous fine short (2-10 mm) black lines, 
flecks or vermiculations arranged in a radial or semi-radial pattern 
fran the growth centers of each shield. carapace color also varies 
both ontogentically and geographically. Hatchlings and small (less 
than 2-3 year old) juveniles are usually lighter in color than adults 
from the same area, but darken with age. Animals from the southern 
portion of the range (south of the Transverse ranges in california) 
tend to be lighter in overall coloration (light yellowish-brown to 
light brown). Animals from the central california coast and interior 
coast ranges tend to be m::>re variable in color, and northern animals 
(Klamath River northward) are usually dark brown to blackish. In 
sane areas {such as the central California coast) 1-3% of the females 
have a terra-cotta/reddish cast to the carapace. In many larger and 
presumably older males, a significant percentage of the melanin 
pigment(s) in the carapace are secondarily lost, thus exposing the 
color of the tmderlying bone. This produces a "piebald" or m::>ttled 
color on the carapace, similar to that seen in old male red-eared 
sliders (Trachemys scripta elegans). The plastron is generally light 
yellow to cream in color, with varying degrees of brown to black 
rrottling, usually along the shield seams. In many areas, the plas
tron may be heavily "stained", presumably by the action of tannin or 
possibly symbiotic bacteria or fungi to a dark reddish-brown color, 
to the extent that it obscures the degree of natural roottling. 

The head and limbs generally have a light brown-yellowish brown 
ground col or, with varying degrees of marking. In hatchlings and 
first-year animals, the ground color is light yellow-brown, with 
moderate amounts of dark brown or black flecking or mottling on the 
sides of the head and neck. A dark brown to black figure is cen
trally located on the throat, and resembles that seen in map turtles 
(Graptemys spp.). This figure usually breaks up into a series of 
small flecks by the end of the first year. In females, the ground 
color of the head and sides of the neck tends to be slightly lighter 



Figure 1: Key to native and common introduced species of freshwater turtles of the west coast. 

Character Western Pond Turtle 
(Clemmys rnarmprata) 

NATIVE 

A. Head relatively small, w/fine dark 
blotches, flecks or lines 

B. Neck brown dorsally & laterally w/ 
dark flecks or lines, throat 
light & unmarked or w/ small 
dark flecks 

C. Plastron large, cream to yellowish w/ 
degrees of dark suffusions 

D. Carapace brown to black, often with 
numerous small dark markings 

E. Tail brownish, length moderate to 
long - 25-35% of carapace 
length 

Western Painted Turtle 
( Chrysemys picta ~) 

NATIVE * 
I! 

relatively small, black 
w/yellow lines 

black w/ several thin 
yellow lines, throat 
w/lines 

large, bright reddish
orange w/ large complex 
central figure 

usually dark green or 
greenish-black w/o 
dark markings 

black w/ yellow or red 
stripe laterally, 
length short - 10-15% 
of carapace length 

* western painted turtles are native to the Columbia and Willamette 
drainages of Oregon and Washington, and other areas of Washington 
including Puget Sound 

** old male red-eared sliders typically lose the red "ear" marking 
and develop piebald melanism on the carapace, closely resembling 
old male western pond turtles. Old male red-eared sliders 
typically have elongated front claws. 

Common Snapping Turtle 
(Ghelydra serpentina) 

INTROOOCED 

large, unifonn dark color 

dark dorsally & laterally, w/ 
numerous tubercles,throat 
light and unmarked 

very small, creamryellow 

dark, posterior marginals 
often serrated 

dark, length very long - 33-50% 
of carapace length 

Red-eared Slider 
(Trachemys scripta elegans) 

INTROOOCED 

relatively small, dark green 
w/srnall yellow or white lines 

dark green, with small yellow 
or white lines, large red "ear" 
stripe in JOOst animals ** 

large, yellowish-white w/ large 
central figure(s) 

light-green/olive with black 
and yell ow lines 

greenish, w/ white or yellow 
stripes, very short - 10-15% of 
carapace length 

N 



Western Pond Turtle 
Clemmys mormoroto 

Common Snapping Turtle 
Chelydro serpentino 

A 
Western Painted Turtle 

Chrysemys picto belli 

Red-eared Slider 
Trochemys scripta elegons 

c 

A 



Fig. 2: Key to western pond turtle (Clemmys ma~rata) and 
western painted turtle (Chrysemys picta belli). 

A. Side of neck with yellow stripes 

B. Nose very short w/yellow stripes 

C. Maxilla w/ horizontal yellow 
stripes 

D. Throat dark w/ yellow stripes 

E. carapace dark-green to black 

F. Legs dark black w/ yellow and/or 
red stripes 

G. Plastron oright red or reddish
orange 

H. Plastral marking usually large, 
map-like and centrally located 

Side of neck plain or mottled 

Nose moderate w/uniform color 

Maxilla w/ vertical black 
or brown lines of flecks 

Throat light colored, often 
w/small dark flecks 

carapace light yellow-brown 
to dark brown-black 

Legs brown w/ indistinct 
light yellow stripes 

Plastron light cream to 
yellow 

Plastral markings suffusion
like, and usually along seams 

4 



Western Painted Turtle Western Pond Turtle 

A 8 A 8 

c 

D 
D 



than in rrales, and the flecking on these areas and the throat is 
usually roore pronotmced (Fig. 3). In rrales, the axootmt of flecking on 
the head and sides of the neck is reduced, and the f 1 ecking on the 
throat is often absent. As with shell col or, these characteristics 
vary ontogentically and geographically. In general, srrall turtles 
(less than 110 rrm carapace length) are rrore heavily marked than than 
larger turtles. Females sean to retain this type of "juvenile"
pattern. In the southern part of the range, the color and marking 
patterns of males also tend to superficially resemble those of 
females. In the northern portion of the range (San Joaquin valley 
drainages northward), old males often develop bright white to dull 
yellow throats with solid dark head and neck coloration. Coloration 
of the lighter areas of the head and lirrbs may also be affected by 
diet; anirrals fran San Diego Cotmty (california) whose primary diet 
is crayfish (Pacifasticus sp.) often develop a reddish-orange suffu
sion in these areas. A typical WPl' is shown in Figure 4. Additional 
descriptions and illustrations may be fatmd in Ernst and Barbour 
(1989) and stebbins (1985). 

TAXONCMY: The type specimens of the western pond turtle were collect
ed in 1841 in the vicinity of Puget Sotmd, and described as 
Einys rrarxrorata by Baird and Girard (1852). The species is divided 
into two subspecies based upon the work of Seeliger (1945). The 
northwestern pond turtle (Clemnys ma.rnprata marroorata) is defined on 
the basis of mottled head and neck coloration and a relatively high 
frequency of large inguinal shields in individuals examined. This 
taxon ranges from approximately the American River northward to the 
vicinity of Puget Sound (Fig. 5). The southwestern pond turtle 
(Clemmys roarroorata pallida) is defined an the basis of light head and 
neck coloration with more prcrni.nent markings an these areas, and the 
reduced frequency of occurrence of large inguinal shields. This taxon 
ranges fran c±he vicinity of Monterey Bay south through the coast 
ranges to Baja california Norte. The area of the central valley of 
california fran the Transverse ranges north to the American River and 
west to the eastern edge of the inner coast ranges is defined as a 
zone of intergradation between the two taxa (Fig. 5). 

The original description of these two taxa was based upon an 
examination of 158 specimens fran throughout the range of the 
species, and represented the rnajority of animals present in collec
tions at that time. However, the validity of this distinction is 
questionable for several reasons. First, coloration of the limbs and 
neck changes with both the nature of preservation of the specimen 
and with time - both fading and darkening have been ohserved in 
specimens, often to the extent of minimizing or ohscuring the degree 
of mottling. Second, the assignment of the size of the inguinal 
shield into the categories small, moderate and large utilized as a 
distinguishing characteristic was apparently largely subjective (L. 
Seeliger, pers. carm. ) . Third, other evidence (Holland, tmpubl. 
data) indicates that intrapopulation variability in regard to these 
characters is often significant, and the limited availability of 
specimens for the initial analysis (Seeliger, 1945) may have biased 
the conclusions about the distinctiveness of the taxa described. 

6 
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Figure 3: Key to sexually dimorphic characters in the western pond 
turtle (Clemm~s mannorata). 

Character 

a. neck 

b. nose 

c. maxilla 

d. snout 

Female 

lateral and dorsal surfaces 
of head and neck usually 
mottled or ocellate 

nose relatively short 

maxilla often with fine 
dark vertical lines or 
"mustache" 

angle of nose usually 
vertical or nearly 
vertical 

Male 

lateral and dorsal surfaces 
of head and neck often uni
fonnly colored, especially 
in older animals 

nose relatively long 

maxilla lightly marked or 
or unmarked, especially in 
older animals 

angle of nose usually 10-15 
from vertical 

e. throat often flecked with numerous usually lightly marked or 
small dark flecks unmarked 

f. vent usually at or slightly 
posterior to posterior 
edge of carapace 

g. tail usually relatively long 
and thin 

h. plastron area of femoral/anal seam 
junction usually flat 

i. shell shell relatively high/deep 
in relation to length of 
carapace 

usually well posterior to 
posterior edge of carapace 

usually relatively short 
and thick 

area of femoral/anal seam 
junction usually slightly 
concave 

shell relatively low/shal
low in relation to length 
of carapace 
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Fig. 3: Key to sexually dimorphic characters in the western pond 
turtle (Clemmys marmorata). 



.. 
"-1' 



{ ''-"" 10 Fig. 5: Distribution of the two subspecies of the western pond turtle 
and the area of intergradation (adapted from Seeliger, 1945). 



However, more recent analysis (Holland, tmpubl. data) does suggest 
that more than one relatively cohesive morphologically distinct 
entity exists with the species currently known as Clemmys marroorata. 
Using both parametric and non-parametric discrirrdnant analysis with a 
sample size of 4451 animals fran throughout the range of the species, 
it appears that there are a rrdnimum of two and a maximum of five 
relatively cohesive groups as defined by morphological characteris
tics. A more detailed examination of the nature of rnorphological 
variation in this species will be sul:mi.tted for publication in 1992 
(Holland, tmpubl. data). 

SEXUAL DIMORPHISM: Western pond turtles are moderately sexual 
dimorphic. A list of characteristics is provided in Figure 3. 
Secondary sexual characteristics generally appear by approximately 
110-120 mn carapace length. Males have larger heads, longer noses, 
shorter, thicker tails and relatively lower shells than females. 
Additionally, in males the rrddline of the plastron is usually concave 
in the area of the femorals and anterior edge of the anals. In the 
northern subspecies, males tend to lose the flecking on the head and 

- sides of the neck as they increase in size, producing a tmifonmly 
dark coloration. The throat is often a white to light yellow color 
without flecking. 

DISTRIBUTION: The total range of the species is shown in Figure 6. 
Additional maps are shown in Bury (1970), Stebbins (1985) and Iverson 
(1986), but do not reflect several known disjtmctions within the body 
of the range. The species ranges fran the Columbia River southward 
generally west of the Sierra-Cascade crest to the Sierra San Pedro 
Martirs in Baja California Norte. Isolated populations are known 
fran several areas, including the vicinity of Puget Sound (Washing
ton), Grant,_._-County (Oregon), the Carson and Truckee Rivers (Nevada), 
and the Mojave River (California). Additional specimens or reliable 
sightings are known fran the vicinity of Grays Harbor (Washington), 
Drews Creek (Oregon), West Walker River (Nevada), SUsanville (Califor
nia), Lake Tahoe (California) and San Miguel Island (California). The 
latter is a specimen in the Santa Barbara MUseum of Natural History 
found dead at Simonton Cover in 1978, and probably represents a waif 
produced by mainland floods. One problem with the status of animals 
far outside the normal range was first noted by Storer (1930, 1937}, 
namely that turtles are frequently transported considerable distances 
and are released or escape in novel locations. The species is uncannon 
or absent along the north and central coast of Oregon, the north coast 
of California, a thin strip of the central California coast and the 
arid southwest side of the San Joaquin Valley (Fig. 6). Reports of 
specimens fran Burnaby Lake, British Col'll'Tbia (Carl, 1960; Frean, 
1976; Gregory and Campbell, 1984) probably represent animals that were 
inported as food items and subsequently escaped (P. Gregory, pers. 
ccmn.). A specimen in the California Academy of Sciences Collection 
allegedly collected in the Snake River (Idaho) and two specimens in 
the United States National Museum allegedly collected in Sonora (Mexi
co) probably represent rrdslabeled specimens fran Oregon and Califor
nia, respectively (Holland, tmpubl. data). 
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6: Range of the western pond turtle. Arrows indicate probable 
introductions or waifs (see text). Question marks indicate 
ancmal ous museum specimens allegedly fran the Snake River, 
Idaho and Sonora, Mexico (see text). 



The altitudinal distribution of the species is fran sea level to 
2041 m, but the majority of populations are found below 1371 m. 
Fran the Rogue drainage (Oregon) north, the species is seldan found 
above 1066 m. In the Carson and Klamath/Lost River systems, same 
populations are found in habitats approaching 1524 m elevation. 

CURRENr RANGE: The geographic extent of the current range of the WPT 
(Fig. 6) is sirrdlar to its range prior to the advent of European man 
an the west coast. However, the range has been fragmented to varying 
degrees by human activities, and same populations have been extir
pated (see additional discussion under Threats and Current Status). 
In many areas, only isolated small groups or individuals remain with
in significant portions of the range. 

FOSSIL RECORD: Fossil Q. ma:r1'0Cirata are known fran Pleistocene 
deposits marginally outside the current range of the species, 
indicating that the distribution of the species was once oore 
widespread. Subfossil remains fran aboriginal middens are known fran 
Puget Sound, Washington (Weasma, 1991), Nevada (Hattori, 1988) and 
other sites in California. 

Fossil species similar to (and possibly synon:yroous with) 
Clemmys maroorata include Clemmvs owyheensis (Brattstram and Sturn, 
1959) and Q. hesperia (Hay, 1908), which have been found outside the 
current range of Q. marmorata. It is likely that the ancestor(s) of 
WPTs evolved during the Eocene-Miocene eras in the area of what is 
now Wyaning-Montana, and gradually dispersed west. The imnediate 
ancestor of Q. maroorata was probably present in the extensive lake 
and river systems of the northwest by the Pliocene, and the WPT had 
probably mov~ into most of its current range by the early Pleisto
cene. The primary avenue of dispersal is assttned to be the ancestral 
course of the Snake and Columbia River systems. 

HABITAT: Western pond turtles are habitat generalists, historically 
occurring in a wide variety of both permanent and interrrdttent aquatic 
habitats. This species appears to tolerate brackish conditions well, 
often coexisting with many species of euryhaline fishes (Cottus, 
Eucyclogobius) along the central California coast. Several reports 
(Bogert in Pope, 1939; Stebbins, 1954; Bury, 1963; Holland, 1989) note 
the presence of the species in brackish or full-strength sea water. 
WPTs are known fran rivers, streams, lakes, ponds, vernal pools and 
other seasonal and permanent wetlands. In general, turtles occur or 
occurred along all major river systems on the west coast within their 
present range. However, they are often restricted to areas near the 
banks or in quiet backwaters where the current is relatively slow and 
basking sites and refugia are available. Turtles still exist in 
small numbers in most large river systems in the central and northern 
parts of the range (San Joaquin, Sacramento, Klamath, Rogue, Umpqua 
and Willamette), but have been extirpated in most southern rivers 
(Los Angeles, San Gabriel, Santa Ana). Typical riverine habitat for 
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WPTs is shown in Figure 7. Currently, m:>st populations exist in 
srraller streams, usually in m:>ntane areas (Fig. B). These streams 
may be either permanent or intenni t tent, but permanent streams 
support larger populations. In intermittent streams, turtles persist 
largely due to the presence of pools that remain after the main 
stream course dries. Turtle densities in these pools are often very 
high, with as many as 23 animals occurring in a pool with less than 
40 cubic feet of water. The drought of 1987-1991 has directly or 
indirectly eliminated populations of WPTs in many intermittent 
streams. In the area where many streams empty onto the valley floor 
frc:m the Sierra Nevada, long stretches of dry, sandy wash/channel do 
not currently hold pond turtle populations and constitute a barrier 
to both upstream and downstream dispersal. Historically, however, 
the structure and nature of these areas has changed and they formerly 
held small if disjtm.ct populations. Turtles may be fmmd in very 
small watercourses; populations are known from streams that average 
1 ess than 1 ess 1 m wide and 0. 25 m deep. 

Historically, optimal habitat for the WPT was probably the warm, 
shallow lakes present on the floor of the San Joaquin Valley such as 
Tulare, Kern, and Buena Vista Lakes. These habitats were highly 
eutrophic with thick growths of vegetation (Scirpus and Typha) 
(Preston, 1981} and supported very large populations of turtles (see 
Density). All of these areas, and the large populations they support
ed, have long since been eliminated (Fig. 9). Turtles also occurred 
in sloughs along the valley floor with simdlar types of vegetative 

· associations. 

WPI's have also been noted in small ponds and oxbow lakes along the 
Willamette River (Oregon), in basal tic sinkhole ponds (Washington), 
and in vernal/ephemeral pools (California, Oregon and Washington). 
Use of vernal pools is seasonal, with turtles moving up to several 
hundred met~:r:s frc:m drying pools to adjacent cienagas/small creeks. 

Western pond turtles also occur in a variety of watercourses 
directly or indirectly modified by man, such as reservoirs, canals, 
excavated farm ponds, mdll ponds and sewage treatment plants. 
Extensive surveys of reservoirs in California and Oregon indicate 
that viable populations of WPTs are not know to exist in any of these 
watercourses. Occasional individuals or small groups of animals are 
observed, usually at the roouths of small feeder creeks or in small, 
sheltered coves. 

Turtles are also occasionally fm.md in canals, particularly when 
these sites are close to existing natural watercourses with turtle 
populations. The persistence of turtles in these areas may be 
closely tied to the amotmt and nature of vegetation present along the 
banks, and the relative age of the canal. In many areas of the San 
Joaquin Valley most vegetation is removed, either cherrdcally or 
mechanically, frc:m canal banks thus rendering them tmsui table as 
turtle habitat. In Sacramento Valley canal systems, turtles may 
occur in modest nunbers, particularly when the canal is bordered by 
tmdisturbed habitats such as valley grassland or oak savannah. 
Canals with thick growths of tules, cattails or overhanging brushy 
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Fig. 7: Typical riverine habitat of the western pond turtle 
(Site OR 002 U). 

Fig. 8: Typical stream habitat of western pond turtle (Site CA 025 SJ) 



and juveni 1 es averaged 0. 4 ha. 

WPTs rray move considerable distances both within and aroong water
courses. Bury (1972a) noted that in a northern California stream 
system the majority of animals appear to be relatively sedentary. 
Males tend to move greater average and total distances than either 
females or juveniles, with distances in excess of 1.5 km being noted. 
Rathbun et al (in press) recorded movements within a drainage in 
excess of 2 km for gravid females on the central California coast. 
Extensive mark and recapture work from 1981-1991 in the same area 
(Holland, unpubl. data) indicates that the vast majority of turtles 
marked in a particular drainage, if recaptured, are found in that 
drainage. Of over 1200 animals marked, less than 10 instances of 
recapture outside the original drainage were noted. The maximum 
linear distance between the original capture and recapture points was 
approximately 2.5 km. 

Turtles may engage in overland movments that are not reproductive 
in nature or in apparent response to flooding (see Activity). In 
the period and area noted above several turtles, primarily adults of 
both sexes, have been observed moving overland at distances of up to 
0.5 km fran the nearest watercourse. Additional animals have found 
crushed by autarobiles on roads adjacent to watercourses. In these 
instances the maximum distance fran water noted was approximately 200 
m. Casual observations of overland movements in other areas seem 
to indicate that the majority of these events occur in early spring 
and late fall. These probably represent animals moving fran and to 
(respectively) upland overwintering sites. Other movements may also 
occur in response to drying of the watercourse or other factors that 
are at this point not well understood. 

PREDATION AND MORTALITY: There are numerous lmown predators on WPTs. 
Marrmalian pre.dators include black bear (Euarctos americanus), coyote 
(canis latrans), feral and domestic dogs (Canis familiaris), grey 
fox (Urocyan cinereoargenteus), raccoon (Procyon lotor), river otter 
(Lutra canadensis), mink (Mustela vison) and humans. SUspected pre
dators include beaver (Castor canadensis) , nutria (Myocastor coypu) , 
bobcat (Felis rufus), spotted skunk (Spilogale putorius),opossum 
(Didelphis virginianus) and feral pigs (Sus scrofa). Known avian 
predators are limited to the bald eagle (Halietus leucocephalus) (see 
references in Clark, 1982). Suspected predators include osprey 
(Pandion halietus), red-shouldered hawk (Buteo lineatus), great blue 
heron (Ardea herodias), black-crowned night heron 
(Nycticorax nycticorax), raven (Corvus corax) and camman crow 
(corvus brachyrhynchos). Suspected reptilian predators include the 
giant garter snake ('I'harmophis gigas) and the two-striped garter snake 
(Tharmophis h.amoondi). Known anphibian predators are limited to the 
bullfrog (Rana catesbeiana) but the California red-legged frog 
(Rana aurora draytoni) is a suspected predator. The only known fish 
predator is the largaoouth bass (Micropterus salmoides) but other bass 
(Micropterus spp. and Marone saxatilis), catfish (Ictalurus spp.) and 
steelhead/rainbow trout (Oncorhynchus mykiss) are suspected. The only 
suspected invertebrate predator is the giant water bug (Belastanati
dae), which may take hatchlings, and ants (Formicidae) may prey on 
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eggs and hatchlings. 

Under undisturbed conditions, the predators with which WPTs co
evolved probably do not pose a serious threat to the viability and 
survival of populations. However, in many cases habitat alteration 
and other factors have altered the actual and potential effects_of 
predation. In this respect, there are two major considerations. 
Certain types of habitat alteration may foster the establishment and 
maintenance of increased populations of native predators such as 
coyotes and raccoons. Raccoons are major predators on the nests of 
other species of turtles (Christiansen and Gallaway, 1984) as well as 
on WPTs, taking animals of all sizes as well as eggs and hatchlings. 
Coyotes are also a major potential threat, particularly to nesting 
females and nests. There may also be a significant local threat frcm 
black hears in the Los Padres National Forest (S. Sweet, pers. 
ccmn.). In this area, black bears apparently did not historically 
occur, possibly because of the former presence of the California 
grizzly (Ursus arctos). Black bears have been released in this area 
by the United States Forest Service. These hears prey heavily on 
WPTs, and have probably been responsible for sare localized extirpa
tions or severe reductions in WPT populations (S. Sweet, pers. camm.). 
Under certain circumstances (see Threats) control of native predators 
such as raccoons may be adviseable as a short-ter:m management tool 
for maintenance of WPT populations. 

Other native predators may have locally significant effects on 
turtle populations. Evidence of heavy predation by river otters or 
rrdnk was noted in a northern california WPT population in 1991. 
Approximately 35-40% of the adults taken in a two-day sampling period 
were either recovered dead or missing one or m:>re 1 imhs. Similar 
samples in the same drainage in 1987-1990 indicated that from 10-20% 
of the adults in this population were missing one or roore limbs, 
presunably f"-ram the same source. Turtles missing limbs tend to have 
less well-developed body fat reserves than other animals in the same 
population and are probably m:>re vulnerable to predation. Mark and 
recapture studies of this population also indicate that turtles with 
missing limbs are less likely to he recaptured (Holland, unpubl. 
data). Additionally, such animals may have trouble excavating 
appropriate overwintering sites and may he subject to an increased 
probability of mortality. 

The second major consideration is the effect of introduced preda
tors. In this respect, there are at 1 east two major species of con
cern. The most significant is the bullfrog (Rana catesheiana) 
(Fig. 21-22). Bullfrogs are known predators an several species of 
turtles (Carpenter and Morrison, 1972) and specifically 
Clemnys ma.rmorata (Moyle, 1973; S. SWeet, T. Pappenfuss, pers.camm.; 
Holland, pers. cbs.). The second major species of concern is the 
largemouth bass (Micropterus salmoides) which has been observed to 
feed on juvenile WPTs (Holland, pers. obs.). Both species were 
introduced into the western United States in the latter part of the 
19th century (Larrq:man, 1950), and repeated reintroductions, trans
plants and range expansion since that time have resulted in the 
establishment of populations across most of the western U.S. (Moyle, 
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Fig. 21: Adult bullfrog (203 mm SV) w/ hatchling western pond turtle 
(27 mm carapace length) (Site CA 023 SC). 

Fig. 22: Adult bullfrog (189 mm SV) w/ 60 mm western pond turtle. 
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1976; nap in Stebbins, 1985). Both species occur in enormous numbers 
(Cohen and Howard, 1958; Moyle, 1976) in a wide variety of habitats. 

Bullfrogs forage primarily in shallow water near the soil-water 
interface, the rrdcrohabitat favored by hatchling and juvenile WPTs. 
Evidence frc:rn a variety of sites and habitats in Washington, Oregon 
and California (Holland, unpubl. data) indicates a moderate negative 
correlation between the abundance of bullfrogs and the abundance of 
snail WPTs. This situation is confounded in sane instances by 
habitat alteration or other factors or predators, but in same cases 
bullfrogs are probably the primary agent responsible for recruitment 
decline or failure in same populations. Given the current status of 
bullfrogs and their obvious invasive tendencies, populations of WPI's 
in many areas that are not currently at risk or at risk from other 
threats (see Threats and Current Status) may soon face this threat. 
For example, bullfrogs seem to be in the process of invading the 
Sespe drainage (S. Sweet, pers. camm) in southern California, which 
holds same of the largest remaining turtle populations in this area. 

Largemouth bass may also pose a significant threat to the 
viability of WPl' populations in same areas. WPTs evolved in isola
tion frcm gape-and-suck predators such as bass. Evidence frcm a 
population along the central California coast indicates that where 
bass and bullfrogs are present, the WPT population(s) appears to be 
moderately to severely adult biased in relation to populations a 
short distance away that 1 ack these predators (see Threats) . Most 
areas where bullfrogs are present also hold bass and it is difficult 
to disentangle the actual and potential effects of the two species. 
Observations of two structurally sirrdlar habitats about 10 km apart 
along the Columbia River is of interest in this regard. A WPT 
population on the Washington side of the river occurs in a series of 
small ponds/lakes, same of which hold only bullfrogs and catfish, 
sane of whieh hold bass, sunfish, catfish and bull frogs. A popula
lation of WPTs on the Oregon side occurs in a habitat that contains 
bass, sunfish and catfish but lacks bullfrogs. The structure of the 
two populations is shown in Fig. 23. The Washington population is 
moderately adult-biased; until intensive surveys were conducted in 
1990 no hatchlings were observed. The Oregon population was surveyed 
in 1991 and animals of all size and age classes were noted. The 
most obvious differences between the two populations are (1) the 
presence of bullfrogs in the Washington population and (2) the 
presence of a thick fringe of emergent vegetation (cattails) in the 
Oregon habitat. This vegetation fringe may serve to shelter hatchling 
WPTs from possible predation by bass; additionally the 
presence of large populations of alternate prey (sunfish, catfish) 
may also minimize the effect of bass predation. Large catfish nay 
also act as predators on WPTs (L. Batra, pers. ccmn.) 

Predation by humans may be a major factor in the decline of many 
WPT populations. Predation may be deliberate or incidental. Deli
berate predation involves collection for food, commercial or 
scientific purposes, or wanton shooting. Harvest for canrercial 
purposes probably began in the mid-1800's; historic records exist 
(Preston, 1981) of a commercial turtle fishery in Tulare Lake in the 

-~ . ·:·~·. :-· ... ~ ·· .. , ~ ., . . ' 

43 



late 1800's. Lockington (1879} noted that the trade in turtles and 
California red-legged frogs (Rana aurora draytoni} in the San Fran
cisco market was so extensive that by this period trappers and hunt
ers were working at least as far south as the Visalia area (central 
California} to supply the demand for the market trade. The scope of 
this trade was substantial; 8ITQth (1895) noted that an average of 
18,000 turtles a year were sold in the markets in San Francisco. 
Additional markets probably also existed in the vicinity of Seattle 
and Portland. The ccmnercial trade in turtles continued tmtil at 
least the late 1920's in interior central California (Storer, 1930) 
and also along the central California coast (H. Warren, pers. camm.). 
This situation was probably reponsible for significant declines in 
same turtle populations, and exacerbated other factors involved in 
declines. Current accotmts (H. DeLisle, S. Sweet; pers. carm.) exist 
of coil ection of substantial numbers ( 20-100+) of turtles for food 
frcm streams in southern California. Additional reports (J. Apple
arth, T. DeLorenzo; pers. camm.) note collection for food fram 
Oregon. In many of these cases, turtle populations may be effect
ively extirpated or at best severely reduced by skilled collectors. 
This is particularly true in the small, shallow streams present in 
many roontane areas in southern California. Collection for the pet 
trade has also been a major problem in same areas; Bury (1982} noted 
the rerroval of over 500 animals fran one lake in southern California. 
Collection for pets by individuals may also pose a significant threat; 
at one Nature Conservancy Reserve in southern California approximately 
10 turtles in the 1 ast three years have been "recovered" fran visitors 
as they were leaving the area (G. Bell, pers. camm.). As the total 
population of WPTs at this site numbers only 60-70 animals, loss of 
any member of the population may have major consequences. Although 
turtles have been collected for scientific purposes in the past (Noble 
and Noble; 1940; Holland, pers. obs.) there is no current activity of 
this type and it probably does not pose a serious threat to turtle 
populations:- Deliberate shooting of turtles has been noted in many 
areas (D. Cheserrore, s. Sweet, pers. carm.; Holland, pers. obs.) and 
may be responsible for the localized extirpation of same populations 
(Zimmerman, 1986}. 

Incidental collection may be a serious problem in same areas. 
Surveys conducted fram 1981-1991 indicate that significant numbers of 
WPTs are taken accidentally by fishermen. Turtles have been taken on 
floating and bottom-set baits, trolled baits and bass plugs. Approx
imately 3.6% of the turtles captured in an 8-week period at a single 
site in Oregon had ingested fish hooks. Approximately 6% of the 
animals captured at a site in the southern Sierra Nevada either had 
obvious trauma due to the removal of hooks, had hooks in place, or 
were found dead with a hook embedded in the esophagus or stomach 
wall. Nunerous additional isolated records (Mader, 1988; Holland, 
pers. obs.} {Fig. 24} indicate that this situation is widespread and 
more frequent than previously thought (Holland, 1989). Most turtles 
captured by fishermen are usually released by cutting the line. The 
majority of turtles that have ingested hooks probably starve to 
death. An animal initially captured, marked and weighed in Oregon 
was recaptured two weeks 1 ater and found to have ingested a hook 
since the initial capture. The weight of the animal had declined 
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Fig. 24: Adult male western pond turtle w/fish hook in esophagus 
(Site NV 001 C). 

Fig. 2s: Road-killed post-partum female western pond turtle 
(Site OR 008 U) · 
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approximately 10% in the time period between the initial and second 
capture. other turtles with hooks also tend to be below normal 
weight when captured/recovered (T. DeLorenzo, pers. ccmn.). Con
versations (1981-1991) with 40+ fishermen over the majority of the 
range of the WPT indicate that a significant percentage rrdsidentify 
or have rrdsidentified WPTs as snapping turtles (Chelydra sernenting) 
and killed them in the belief that the turtles take fish as prey. 
Incidental observations indicate that same persons will shoot WPTs 
for the same reason, or to elirrdnate presumed (incorrectly) predation 
on waterfowl. WPTs have been taken in roodest numbers in fyke nets 
along the Sacramento River (C. Brown~ pers. camm.). It is also 
likely that turtles are trapped and drowned in illegal gill nets 
(Holland, pers. obs.). 

Substantial mortality occurs in sane areas through crushing by 
autcm:>biles. Roads that parallel watercourses seem to produce higher 
rates of mortality and major trauma than roads that intersect 
watercourses, with turtles being hit by traffic while moving to and 
fran overwintering sites. Loss of breeding females while moving to 
and from nesting sites may also be a critical problem in same areas 
(Fig. 25). Hatchlings moving to water may also be subject to heavy 
losses by vehicular traffic. 

PARASITES & cx:::MMmSALS: Little work has been done on parasitism in 
WPTs. The only ectoparasites noted in an exarrdnation of 5000+ 
animals (Holland, tmpubl. data) were leeches (presurrably 
Placobodella). Leeches were present on about 7-10% of all animals 
exarrdned from a series of sites in northern California, and a sirrdlar 
percentage was noted from a lake in central Oregon. Occasional 
turtles frcm the southern Sierra Nevada have been noted with leeches, 
but only one animal from the central coast of California has been 
observed to be carrying this parasite. Interesting! y, this animal 
had 47 leeches, roost of which were concentrated in the inguinal 
pockets. Bury (1986) noted substantial numbers of nematodes in the 
guts of animals fran northern California, and casual exarrdnation of 
animals dissected for tissue samples noted the presence of ltmg worms 
in at least one specimen from central Oregon. 

WPTs occasionally carry significant arnotmts of algae or fungi on 
the shell. Animals from central and southern California have been 
observed with a grey ftmgus-like growth covering up to 75% of the 
carapace and 100% of the plastron, and also covering extensive areas 
of the limbs and neck. This growth may be up to 6-8 rnn thick in same 
areas, and feels slick to the touch. In 1987, approximately 80% of 
all animals captured in one central California watercourse were 
carrying the fungus. In the 1988, the percentage had dropped to 
approximately 25%, and only occasional animals have been noted with 
this condition from 1989-1991. All animals noted with this growth 
occurred in highly eutrophied watercourses (including sewage 
treatment plants), typically in areas that were heavily grazed. 
Green algae may be present on the shells of turtles in a variety of 
areas, but is roost ccnmon in animals frcm slow-moving, eutrophied 
streams or lakes. The amount of algal growth appears to vary season
ally, with maximum amounts noted in late sumner/early fall. Larger 
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animals tend to have roore extensive growths than smaller turtles. 

THREATS: Given the wide geographic range and variety of habitats 
in which WPTs occur, it is perhaps not too suprising that the species 
faces a variety of threats, sane of which have been noted above_. 
What follows is a brief description of same of the major threats. 
All population structure data noted below was collected directly 
by the author with the exception of same sites in the Willamette 
drainage, in which the author was assisted by various persons 
(Holland, 199lc). 

Habitat Alteration: The first fonm of habitat alteration affecting 
WPTs probably began with the introduction of grazing by the first 
European settlers (Burcham, 1957). Livestock grazing had and has a 
significant impact on riparian and aquatic habitats through increas
ing erosion, siltation and direct and indirect alteration of the 
habitat (Mosconi and Hut to, 1982; Kauffman and Krueger, 1984; Marl ow 
and Pogacnik, 1985; Taylor, 1986). Other observations (Platts, 1981; 
M. Hayes, M. Jennings, pers. camm.; Holland, pers. cbs.) indicate that 
cattle trample streambanks and cause the collapse of undercut areas 
utilized by turtles as refugia. Additionally, cattle trample and eat 
emergent vegetation (see sources above; Fig. 26) that serve both as 
foraging sites for turtles of all age size/classes and as critical 
rrdcrohabitat for hatchlings and first-year animals. An incidental 
source of mortality is crushing of turtles by cattle foraging or 
drinking in watercourses (Holland, pers. cbs.). 

other agricultural practices responsible for the decline of WPT 
populations involve the widespread conversion of aquatic habitats to 
farmland. Extensive "reclama.tian" of "swalll? and overflow lands" 
(Elliot, 1883a; Brown, 1940, Harding, 1960) began in the late 1870's
early 1880's.Jn the southern San Joaquin Valley. The history of this 
type of situation has been well-documented by Preston (1981) for the 
Tulare Lake basin. These practices on marsh and other aquatic 
habitats on the floor of the San Joaquin and Sacramento Valley have 
had a major impact on populations of turtles and numerous other native 
vertebrates, effectively extirpating populations in many areas (see 
Current Status). Alteration of habitats for agricultural purposes may 
not only directly elirrdnate turtle populations in those habitats, but 
also affect turtles in adjacent areas through the associated proces
ses. These include alteration of the timing, pattern and nature of 
water flow patterns in existing watercourses, direct alteration of the 
watercourse (sloughs, creeks, streams) through straightening, channel
ization or removal or control of emergent vegetation. Even· in areas 
where turtles still persist in watercourses alteration of adjacent 
habitats utilized as nesting areas may effectively elirrdnate or 
severely restrict recruitment in these populations (Fig. 27). Turtles 
will persist in areas long after effective recruibment has ceased due 
to the (potential) long life span of the species. Assessrrent of 
population structure and size in areas with extensive agricultural 
development (see Current Status) indicates that in many of these areas 
turtle populations are extremely small and/or heavily adult biased. 
The effects of other activities associated with agricultural uses of a 
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Fig. 26: Cattle in hatchling western pond turtle habitat 
(Site CA 021 CC). 

Fig. 27: Typical agricultural infringement on riparian habitat 
in the San Joaquin Valley, California (Site CA 016 SJ). 



given area, such as use of biocides, increasing salinity of water 
sources and contamination by heavy metals (e.g. selenium) are effec
tively unknown in relation to WPTs, but rray be significant. 

Alteration of habitats by activities associated with water control 
projects have also had a significant effect on WPT populations. 
construction of dams, canals and water diversion/storage facilities 
has changed the pattern and timing of water flow throughout the west
ern United States. As noted above (see Habitat) and detailed below 
(see CUrrent Status) , WPTs have been noted in in reservoirs, but in 
all cases consisted of small groups of adults. In no case of which I 
am personally aware has a viable population of WPTs been fmmd in any 
reservoir of any significant size ( > 2-3 ha). Dams and reservoirs 
affect WPT populations in several ways. 

1. Construction of the dam directly elirrdnates turtle habitat and 
may force dispersal of turtles into adjacent and possibly less 
suitable or unsuitable habitats. Sane direct mortality rray 
occur through construction activities. 

2. Completion of the dam and flooding of upstream areas also 
directly eliminates turtle habitat; not only aquatic habitat but 
also adjacent upland nesting areas. The effects of vehicular 
traffic and construction activities may directly eliminate 
nesting areas or affect the probability of nesting success 
through soil compaction. 

3. The aquatic habitat created behind dams in the reservoir is 
largely unsuitable for WPTs due to a alteration of the inverte
brate prey base, elimination of basking sites (removal of logs, 
rocks, emergent vegetation) and alteration of refugia. For 
operational and safety reasons, the preferred basking sites 
(floating logs, snags) are often removed in many reservoirs. 

4. Reservoirs are often utilized for recreational activities 
(boating, swirrndng, fishing, etc.), high levels of which tend to 
discourage or preclude turtle activity in a given area. 

5. Reservoirs are often used as sites of introduction for exotic 
species of fishes (bass, sunfish, catfish) which if not direct 
predators on WPTs may campete with them for the available prey 
base. 

6. Reservoirs create habitat suitable for the establisbrent and 
spread of exotic species, such as those noted above and including 
the bullfrog, even if these species are not deliberately intro
duced. This in turn may facilitate the effective movement of 
these species into adjacent undisturbed habitats or drainages. 

7. The nature and timing of water releases frc:m dams in many cases 
is the direct opposite of historical patterns of water flow in a 
given system (i.e. high winter flow prior to the dam, high sumner 
flow after construction). This alteration of the pattern may 
affect the downstream habitat by elimination or alteration of 
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basking sites, refugia, foraging areas and particularly hatchling 
microhabitat. The thermal environment of a given drainage may be 
dramatically altered by releases from the reservoir. Drainages 
that for hundreds of thousands of years were characterized by low 
summer flows and moderate to high water temperatures may now have 
high flows and low water terrperatures. The probable effects of 
this shift in flow pattern are to change the composition of the 
invertebrate prey base, change the energetic "cost" of foraging 
for WPTs and possibly decrease growth rates. The practice of 
periodic exponential increases in water flow during certain times 
of the year may have major negative effects on WPT populations. 
Observations along the Trinity River (northern California) in 
1991 following an approximate 1000% increase in water flow for a 
period of one week in late May-early June indicated that the 
available hatchling rrdcrohabitat along several miles of the river 
below the dam had been effectively scoured by this action. A 
sirndlar situation was noted along Piru Creek (southern Califor
nia) (S. Sweet, pers. carrn.). As hatchlings typically emerge 
from the nest and move to the watercourse in spring and occur 
only in lirndted areas of suitable rrdcrohabitat (see Hatchlings), 
abnormally high spring-summer flows may severely alter patterns 
of recruitment in a population(s) subject to this condition. 

8. Construction of reservoirs and the alteration of upstream and 
downstream habitat may pose significant problems for normal 
turtle movements within a drainage. As previously noted (see 
Density, Heme Range and Movement) , turtles may move considerable 
distances within a watercourse, either in relation to nesting 
(Rathbun et al, in press) or other activities (Bury, 1972). 

9. Reservoirs effectively fragment populations of turtles continuous
ly distributed within a given drainage, thus decreasing total 
populatiOn size. Reduced populations are thus more likely to be 
negatively affected by other factors (see above and Current 
Status) and the probably of localized extirpation is increased. 
Furthermore, the difficulty of recolonization of areas where 
populations have been elirndnated is increased by the presence of 
the reservoir and associated activities and conditions. 

Many of the above noted situations also apply to canals and other 
water diversion or storage structures. For example, extensive 
develop-rent of canal systems in the San Joaquin Valley has led to 
dramatic alterations in the nature of water flow in natural water
courses in this area. Many of the major rivers (Kern, Tule, Kings, 
Kaweah) which formerly emptied into the large lakes on the valley 
floor (Kern, Buena Vista, Goose, Surmri.t & Tulare) have had signifi
cant percentages of their water flow diverted for agricultural, indus
trial and urban use. This has resulted in the total elirndnation of 
WPT habitat along significant portions of these watercourses. In many 
areas stretches of the river rndles in length remain dry or have very 
low water flows for several months of the year (Fig. 28). These 
areas, which formerly held populations of WPTs are now unsuitable as 
habitat and pose major barriers to potential movement(s) of animals 
within these drainages. Canals used to move water in the place of 
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existing natural watercourses divert water from existing or former 
WPT habitat and do not generally hold populations of WPTs. This 
situation is more extreme in the southern part of the San Joaquin 
Valley where management of water movement includes elirrdnation or 
control of emergent vegetation (see Habitat), thus making the area 
even less suitable as WPT habitat. 

Alteration of habitats for other purposes has also had a signifi
cant effect on WPT populations. Urbanization and associated activi
ties in many areas have eliminated WPT populations. In the Los 
Angeles basin, for example, channelization and cementing of water
courses (Fig, 29) has led to the extirpation of many WPT poulations 
(Brattstram, 1988; Brattstram and Messer, 1988; Holland, unpubl. 
data). Elirrdnation of populations and alteration of habitats in this 
and adjacent areas makes extremely unlikely the possibility that 
these areas will be recolonized naturally, or that the habitats would 
support viable populations if such an event occurred. The spread of 
urban "developnent" into WPT habitat, even where such situations are 
"low density" in concept, may have significant effects. Alteration 
of nesting sites, increased levels of predation and incidental or 
deliberate collection may impact populations. In particular, devel
opment of "lakeside" or "streamside" urban areas may have a major 
negative impact on WPT populations through these factors. 

Same alteration of aquatic habitats began with the advent of 
hydraulic mining in the 1850's in California. These activities 
resulted in widespread localized flooding and heavy siltation in 
numerous rivers and streams, particularly in the northern and central 
Sierra Nevada. Flooding, particularly aseasonal flooding, often 
results in mortality or adverse downstream dispersal of turtles 
(Holland, pers. obs.). Siltation fills in pools and sirrdlar areas 
utilized by turtles, and eliminates or restricts refugia thus 
increasing the probability that turtles will be subject to predation. 
Siltation also tends to decrease or elirrdnate outright the inverte
brate prey base in many of these systems, with deleterious results. 
Although hydraulic rrdning has been essentially eliminated, other 
in-stream and streamside mining activities have adverse effects on 
turtle populations. Sand and gravel operations may directly impact 
turtles through elirrdnation or modification of aquatic habitats and 
riparian vegetation, through alteration of the pattern and tirrdng of 
water flow, through impacts on nesting areas, through creation of 
habitat conditions that favor introduced predators (particularly 
bullfrogs and bass), through disruption of normal behavioral patterns 
or forced displacement, or by increased siltation as noted above and 
long-term habitat alteration. In-stream mining activities such as 
suction.dredging may also have deleterious effects on turtle 
populations through direct mortality, alteration of refugia, altera
tion of the substrate and impacts on the invertebrate prey base, and 
disruption of normal behavioral patterns. 

Alteration of basking sites within the aquatic habitat may also 
significantly affect WPT populations. Rerroval of logs, snags, brush 
piles and/or aquatic vegetation to facilitate boating, fishing or 
other activities not only changes the thermoregulatory behavior of 
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Fig. 28: Typical current condition of river channels in the San 
Joaquin Valley, California. 
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Fig. 29: Type locality of southwestern pond turtle 
(Clemmys marmorata pallida), Coyote Creek, 
Orange County, California. 



turtles, but also eliminates foraging sites and refugia. This type 
of activity has been implicated as a major factor in the decline of 
WPI's in scme lakes in Oregon (Holland, 199lc). 

Another fonn of habitat alteration that may have a locally signif
cant impact on WPT populations are certain cultivation practices in 
habitats adjacent to the watercourses in which turtles occur. ·In 
particular, the practice of irrigating pasture lands in these areas 
may lead to substantial if not total loss of recruitment through 
destruction of eggs in the nest. Existing evidence (Feldman, 1982; 
Holland, 1991c; J. Congdon, F. Slavens, pers. camm.; pers. obs.) 
indicates that WPT eggs are intolerant of even moderate amounts of 
soil moisture during incubation. If exposed to such conditions up to 
100% (Feldman, 1982) may break or fail to develop (see Reproduction). 
In sc:me areas this may be a major source of recruitment declines; 
observations along the Klamath and Lost Rivers (Oregon) indicate that 
irrigated pastures often extend to within 10-20 m of the edge of 
these watercourses, and extend for several hundred meters on either 
side. Given the known distances of oviposition sites in WPTs (Fig. 
17) and the extent of these cultivated areas, it may be likely that 
females are effectively forced to oviposit in unsuitable habitats. 
Effectively similar situations may also occur in other types of 
cultivated areas, where females may successfully nest in fields but 
nests are destroyed due to plowing or other similar activities. 
Observations in central and northern California indicate that even 
where the riparian corridor may be relatively intact, cultivation 
closely infringes upon the adjacent habitats typically used for 
nesting (Fig. 27). 

Population Fraamentation: Western pond turtles were historically 
continuously distributed throughout the majority of many major 
drainages within their range, such as the Willamette, the Rogue, 
the Klamath~and the San Joaquin/Sacramento system. Natural fragmen
tation of populations through changes in topography or climate have 
been a part of the evolution of this species throughout the Pleisto
cene. However, these changes have been relatively gradual and condi
tions that followed allowed recovery and re-expansion of turtle 
populations. CUrrently, WPT populations are moderately to severely 
fragmented in the majority of their range, a situation that has 
essentially occurred within the last 110-120 years. Concurrent with 
this population fragmentation has been a significant decrease in total 
population size for the species. The consequences of this type of 
situation are well known to biologists in both a theoretical and 
applied sense; among them are increased susceptibility to extirpation 
or extinction, decreased resistance to perturbations (both natural and 
man-made), decreased gene flow and genetic variability and potential 
alteration of community structure and dynarrdcs. In the portion of the 
range south of the Santa Clara River (California), the minirm.:m mean 
straight-line distance between known viable WPT populations is approx
imately 33.6 mn. If the population(s) in the Santa Clara drainage are 
included, the average increases to approximately 50 km. In actuality, 
potential dispersal distances among populations are much greater if 
routed through likely avenues of movement, such as watersheds or 
drainages. Given the nature and extent of habitat alteration in the 
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southern part of the range, if any of the isolated populations in this 
area were to be extirpated the possibility that they would be re
established by irrrnigration fran other areas is vanishingly srrall. In 
other areas such as Kern County (california) where turtles were 
historically found in most of the watercourses, their distribution has 
became progressively more restricted, with same major discontinuities 
occurring in the last 20-25 years (Fig. 30). Sirrdlar situationS have 
occurred and are occurring along a number of major river systems in 
california such as the Salinas, the San Joaquin and the Sacramento. 

Predation: As previously noted, native predators (such as black 
bears, coyotes, river otters, mink and raccoons) have been observed 
to take adult pond turtles. The relative and total effect(s) of 
these predators may vary fran area to area and in relation to other 
parameters. For example, the introduction of black bears into areas 
of the Los Padres National Forest where they were previously scarce 
or absent may have dramatic effects on WPT populations. Adult WPI's 
can survive extensive trauma and loss of the significant portions of 
the shell produced by attempted predation by coyotes, rrdnk, raccoons 
and river otters (Holland, unpubl. data). However, it is apparent 
that predation by black bears usually results in the death of the 
turtle. In this respect, turtles in scme areas (such as Los Padres) 
are particularly vulnerable, as they 1) are on the average much 
smaller than turtles in areas with larger stream systems (Holland, 
unpubl . data) and 2) occur in habitats that make them considerably 
more vulnerable to predation. Observations of WPl' populations in 
this area (S. Sweet, pers. camm.) indicate that during the drought of 
1987-1991, drying of watercourses forced movement of turtles within 
stream systems and resulted in heavy predation by both bears and 
coyotes. At least one population was effectively extirpated by 
predation in this period (S. SWeet, pers. camm.). Furthermore, 
certain types of human activity may actually favor the establishment 
of certain predators in a given area or may alter normal foraging 
patterns or ranges. The establishrrent or increase of raccoon 
populations in urban areas adjacent to WPT habitats may increase 
predation on nests or possibly juveniles and adults. This phencmenon 
has been docunented for sea turtles ( Ehrhart, 1979). Predation on 
turtle nests is known to increase near ecological edges (Temple, 
1987), a common result of human-induced habitat alteration. 

Introduced predators may also have a significant effect on the 
structure of WPT populations, primarily through alteration of 
recruitment patterns and survivorship (see Predation and Mortality). 
In many cases, there are possible mll tipl e causes for declines in 
recruitment confounding the effect(s) of introduced predators. The 
presence of adjacent or sirrdlar sites in a given area which lack one 
or more of the postulated confounding factors allows for exarrdnation 
of the role of introduced predators on population structure in WPTs. 

There are two species of primary concern in this respect, bull
frogs and bass. The structure of two WPl' populations along opposite 
sides of the Columbia River is shown in Fig. 23. Population WA 001 c 
occurs in a series of 5 small ponds, two of which contain bullfrogs, 
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two of which contain bullfrogs and catfish, and one of which contains 
bullfrogs, bass, sunfish and catfish. One of the two ponds that 
contained bullfrogs alone was apparently first invaded in 1990. This 
pond, interestingly, contained the highest percentage of small ani
mals noted in the 1990 survey {23%), as opposed to 14%, 14%, 0% and 
0% in the other ponds. The overall structure of the population in 
this system indicates a deficiency in recruitment as reflected fn 
the low percentage of animals in the 50-70 mm size class and the 
110-130 mm size class. A more detailed assessment of the status 
and structure of this population is provided in Holland {1991a). 
The population on the Oregon side (OR 001 C) of the Columbia occurs 
in a single pond, but probably moves seasonally into adjacent 
ephemeral pools. This pond contains bass, catfish (black bullhead) 
and two species of sunfish, but no bullfrogs are present. The 
structure of this population resembles that of other populations in 
areas of california where the habitat is relatively undisturbed and 
no introduced predators or competitors are present (see Fig. 31). 
The significant numbers of small animals in this population may 
be due to a number of factors. The presence of a thick fringe of 
emergent vegetation around approximately 90% of the perimeter of the 
pond ma.y serve as an important refugium for small turtles, shielding 
them fran predation by bass. The presence of numerous other prey 
species may also minimize predation on small turtles. 

In other areas, similar comparisons can be made. The structure of 
two California central coastal populations (CA 023 CC and CA 024 CC) 
are shown in Fig. 32. These two small watercourses are separated by 
approximately 2 km. Site 024 has large populations of bullfrogs and 
bass, while site 023 lacks both species. The population at site 024 
is moderately adult-biased with relatively few {8.5%) animals in the 
<4 year age group. For site 023 the equivalent figure is 13.54%. 
Despite the fact that there is considerably more habitat present at 
site 024, tha-overall turtle density is much lower. Populations 
CA 021 CC and CA 022 CC are 1 ocated 6. 2 and 3. 0 km fran site 
CA 023 CC, respectively. The structure of these populations is shown 
in Fig. 33. Both sites are grazed, but bullfrogs are present at site 
021 but absent at site 022. Neither site has any introduced fish. 
Site 021 is heavily adult biased {88.7%) and the last small animal 
(<70 mm) was noted at this site in 1986. Animals in the <4 y age 
group constitute only 7.1% of the population. At site 022, approxi
mately 56.3% of the population are adults, and the <4 age group 
comprises 29.4% of the population. A tributary of site 021, site 
CA 020 CC (Fig. 34) which lacks bullfrogs has a population structure 
that more closely resembles site 022. At site 020, 66.6% of the 
population are adults, and 23.8% of the population are in the <4 y 
age group. 

Two populations (CA 001 PS and CA 002 PS) occurring approximately 
20 km apart in the upper Pajaro-salinas drainage also provide an 
interesting contrast. The population at site 001 exists in a small 
pond that lacks bull frogs and bass, and has the highest density on 
record for any WPl' population {3700 animals/ha). The population at 
site 002 occurs in a moderate-sized {0.5-0.7 ha) impoundment that 
had (until 1990) a substantial population of largerrouth bass. The 
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population at site 001 consisted of 37.94% adults and 62.06% juve
niles. Approximately 38.5% of the population was in the <4 y age 
group. The population at site 002 consisted of 73.1% adults and 
26.9% juveniles. Approximately 10% of the population was in the <4 y 
age group. Two small animals were initially observed in 1987 and a 
single juvenile was noted in 1989. This population was apparently 
extirpated by the drought in 1990. The size distribution of the two 
populations is shown in Fig. 35. 

In a comparison of two other populations in the Pajaro-Salinas 
drainage sirrdlar patterns are observed (Fig. 36). These two sites 
are approximately 10 km apart. Site CA 007 PS had large numbers of 
bull frogs and sunfish, but no bass. Site 008 PS had l"ffiderate nunbers 
of sunfish, but no bull frogs or bass. Neither site was grazed, and 
the surrounding habitat was relatively undisturbed. Adults consti
tuted 68.4% of the site 007 population, and no animals <4 y were 
captured or observed. Site 008 was carq;>rised of 55% adults, and 
22.9% of the population were in <4 y age group. 

A comparison of two populations in the Sierra Nevada shows sirrdlar 
patterns (Fig. 37). The two sites are in the same major drainage 
system but located 25 km apart. Site CA 025 SJ is a stream environ
ment with no introduced fishes. Significant numbers of bullfrogs were 
not noted in this system until 1991. Sites 026-029 SJ are a series of 
pond environments along a river. All sites have bull frogs in 1 arge 
numbers, and bass are present at one site. Access between sites is 
relatively easy for turtles, and they are treated as a single location 
in this analysis. The population at site 025 had 73.1% adults, and 
18.6% of the animals were in the <4 y age group. At sites 026-029, 
94.6% of the population were adults, and no animals <4 y were captured 
or observed in the period from 1986-1991. 

Other exotic species may also prey on WPTs. Of particular in
terest in this regard are striped bass (Marone saxatilis), white bass 
(Marone chrysops), the larger species of catfish (Ictalurus sp.), 
and possibly crayfish (cambarus, Procambarus and Pacifasticus). 
Unlike the exotic species noted above, direct evidence of predation 
on WPTs by these species is not well-established. However, given 
the wide distribution and catholic feeding habits of these species, 
it is probable that they prey on WPTs to same degree. Of particular 
concern in this respect are the larger exotic species of crayfish, 
which reach densities in excess of 3/square meter in same streams 
(pers. obs.). Hatchling WPTs may be particularly vulnerable to cray
fish predation due to their small size (23-31 mm) and rrdcrohabitat 
preferences. An additional concern (see Introduced non-predaceous 
species) is that all of these taxa may compete with WPTs in many 
areas for the existing prey base. The potential effect(s) of wild 
pigs (~ scrofa) may be locally significant, given the feeding 
habits of the species. Observations of pig activity in WPT habitat 
in central and southern California indicate that pigs may heavily 
alter or in same cases elirrdnate areas of emergent vegetation 
utilized by hatchling and first-year WPTs. It is also likely that 
predation an nests occurs. 
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Drought: A substantial portion of the west coast, and in particular 
southern and central California, have been suffering from the 
effects of an extended drought, beginning in 1986-87 and continuing 
through at least late 1991. This situation has had a rrajor effect on 
WPT populations in many areas, but most significantly in southern and 
central California. Ongoing surveys of several WPT populations from 
1987-1991 revealed a generally consistent pattern. Turtles in small 
to moderate-sized watercourses were moderately abundant until 1988 or 
even 1989. Progressive drying of the habitat resulted in - 1) con
centration of large numbers of turtles in the few remaining pools 
2) major increases in the distance between popls - up to 2 km + in 
same systems 3) exhaustion of the available prey base 4) increased 
exposure to predation and 5) an general increase in stress suffered 
by the turtle population. The result(s) of these conditions were 
major decreases in or outright extirpation of WPT populations in many 
areas. The number of turtle carcasses recovered in 1989-1990 was 
approximately 400% greater than recovered in 1987-88 in surveys of 
the same areas. Most of the intact (w/soft parts) carcasses showed 
no obvious signs of predation as a cause of death, but the majority 
had no visible body fat reserves and obvious signs of decrease in 
muscle mass upon dissection. These conditions are consistent with 
death induced by starvation. A sumnary of selected sites surveyed 
during the drought is provided in Table 3. A brief discussion of 
particular cases follows. 

Site CA 008 PS (Fig. 38) was first sampled an 03 July 1988, 
and 46 turtles were captured in 3.0 h of search time. There was 
flowing water in an estimated 95% of the watercourse at that time, 
and abundant populations of native fishes and sunfish were present. 
The same area was sampled on 30 May 1989. Sixteen turtles were 
captured in 1.5 h of search time. There was flowing or standing 
water present in an estimated 50-60% of the length of the watercourse 
at that til"~'~§:, and fishes were still abundant. The area was sampled 
again an 01 September 1990. No turtles were observed or captured. 
There was no flowing water anywhere in the 3 km of watercourse 
surveyed, and the only standing water was a pool less than .8 square 
meters and less than 2 em deep. Damp areas and the bottans of fanner 
pools were excavated in the search for estivating turtles, but none 
were observed. The area was rechecked on 21 September 1991. There 
were no turtles observed or captured, and the bed of the watercourse 
was CCJTi'letely dry. There was no indication of the presence of 
standing water at any time in the past several mOnths. It is likely 
that the turtles in this system have been effectively extirpated, 
due to the 1 ack of downstream refugia and the very 1 imi ted nature of 
the habitat same distance upstream. 

Site CA 031 CC was first sampled in 1987 (Fig. 38). The area is 
a small rocky stream and there was flowing or standing water present 
along an estimated 80-85% of the area surveyed on 11 July 1987. 
Eighty-four turtles were captured in 4.5 h of search time. There were 
numerous native fishes (Gila) and introduced fishes (Lepamis cyanellus 
and 1,. macrochirus) present. The area was sarrpled again on 03 August 
1988 and thirty-seven turtles were taken in 1 h of search time. There 
was little flowing water, but standing water was present in an esti-
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TABLE 3: SELECTED SITES SURVEYED IN SOUTHERN AND CElfi'RAL CALIFORNIA 

LOC.ALITY YEARS SURVEYED 

CA 009 SC 1987-1991 

CA 023 SC 1987-1991 

CA 001 PS 1987-1990 

CA 003 PS 1987-1990 

CA 031 CC 1987-1991 

CA 008 PS 1988-1991 

CA 018 SJ 1987-1991 

CA 025 SJ - 1987-1991 

ESTIMATED % DECLINE 
1987-1991 

90+ 

66 

85+ 

100 

65+ 

100 

90+ 

80+ 

--------------------------------~-----------------------------------
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Fig. 38: 5-year average capture success rate for Clemmys marmorata 
at selected sites in southern and central California 

----------------------------------------------------------------------
LOCALITY X NUMBER OF 'IURTLES/HOUR & % INCREASE/DECREASE 

1987 1988 1989 1990 1991 

CA 009 SC * 13 (-) 8 (-38) 9 (+12) 0 (-100) 

CA 023 SC 16 (-) 32 (+100) 20 (-36) 59 ( +280) 10 (-83) 

CA 031 CC 19 (-) 37 (+100) 18 (-50) 60 (+333) 16 (-74) 

CA 001 PS 82 (-) 165 (+100) 109 (-29) 34 (-68) * 
CA 008 PS * 31 (-) 11 ( -62) 0 (-100) 0 (-100) 

CA 018 SJ - * 19 (-) 8 (-65) 2 (-75) 0 (-100) 

CA 025 SJ 15 (-) 18 (+23) 18 (-1) 11 (-40) 4 ( -63) 

---------------------------------------------------------------------
* = Site not surveyed 
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mated 35-40% of the stream channel. Fish were still moderately abun
dant, but beginning to be concentrated in the deeper pools. The area 
was surveyed again on 03 and 04 July 1989. Twenty-six turtles were 
taken in 1. 5 h of search. There was standing water in 1 ess than 5% of 
the creek bed. Fishes were sti 11 present, but in reduced numbers and 
only in pools. The site was sampled again on 08 August 1990. Ninety
two turtles were captured in 1.5 h of search. Standing water in the 
creek was reduced to three small pools, with a total surface area of 
less than 30 square meters. There were no living fish observed in any 
of the pools, and there was also a suprising absence of any macroscop
ic invertebrates. Notonectids, an almost ubiquitous inhabitant of 
these types of stream systems, were not observed, although sane 
turtles did defecate out rermants of these arthropods. Notonectids 
are capable of producing a powerful sting and are generally avoided by 
turtles; only one example was found in over 500 stomach flushings of 
WPTs on the central california coast (Holland, 1985a) despite the fact 
that they were a common species in the area. Evidence of feeding on 
notonectids is probably reflective of an overall increase in stress 
and lack of other suitable prey iterrs. Two turtles carcasses in an 
early stage of decay were recovered at this time, and several of the 
turtles captured were effectively moribund. All turtles captured were 
noticeably lighter than the average for animals of their size, and no 
visible evidence of fat reserves in the inguinal or axillary pockets 
was noted. Four of the turtles died in the 2 h prior to processing, 
a situation that had not previously occurred in processing 3500+ 
animals. Several turtles exhibited exuviation of lamina, previously 
only noted in starved captive animals. Several animals were also 
observed to display "crumbling" of the shell when handled; it was 
apparent that the connective tissue between sutures had been severely 
weakened. When returned to the water, sane animals were able to make 
only feeble swirrrning movements. This site was sampled again on 04 
September 1991. Thirty-two turtles were taken in 2.0 h of search 
time. Only nine of these were recaptures fran previous years. There 
were no animals' taken that correspond to the 1, 2, or 3-year old age 
classes, nor were any animals seen in this age group. Water was 
present in approximately 5-7% of the stream channel, and fishes and 
inveretebrates were present in moderate numbers. It is likely that 
this population has suffered an approximate 60-65% decline. Given 
the srrall average body size and limited fe01.mdity of animals in this 
and similar areas, it will probably take decades for the population to 
recover. Similar if not greater declines have also been noted in two 
garter snake species in this area {S. Sweet, pers. camm.). 

Site CA 001 PS is a rather unique pond environment in the Pajaro
Salinas drainage in south-central california. This site contained 
the highest recorded density of turtles anywhere in north America 
(Holland, unpubl. data) - an estimated 3700 animals/ha of water sur
face. The inital sanpling of this site was made on 03 July 1987 and 
164 turtles were taken in 2.0 h. Large numbers of turtles were still 
visible in the pond after the capture effort ceased. The site was 
sampled again on 04 August 1988 and 165 turtles were taken in 1 h 
of sampling. As previously, large numbers of turtles were observed in 
the pond after capture efforts had ceased. The area was sampled 
again on 29 June 1989 and 218 turtles were captured. An exact count 
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revealed that at least 44 turtles remained in the pond after the 
termdnation of capture efforts. The pond remained relatively 
constant in size from 1987-1989, decreasing by approximately 10%. 
The pond was sarrq;>led again on 18 July 1990 and 34 turtles were taken. 
This probably represented all turtles in the pond; no turtles were 
observed after termdnation of capture efforts and extensive probing 
of the bottom. Surveys of the surrounding habitat revealed no car
casses. The size of the pond had decreased by approximately 30-40%. 
The concentration of salts in the water in 1990 produced a layer of 
deposits several mm thick and weighing several grams on the shells of 
turtles in this population. No sarrpling effort was made at this site 
in 1991, but a casual survey (S. SWeet, pers. camm.) revealed the 
presence of at least 5-6 turtles. Mark and recapture estimates and 
direct counts indicate a total population size at this site of 
approximately 300+ animals fram 1987-1989. By 1990 the population 
had declined approximately 88%, and may have suffered further 
declines in 1991 (Fig. 38). It is unlikely that turtles merely 
errdgrated to another watercourse; all adjacent watercourses were dry 
and the nearest was approximately 8 km away. 

Site CA 023 SC was also affected by the drought. This site is a 
stream habitat in montane coastal southern california. The site was 
first sarrq;>led on 19 June and again on 21 June 1987. Fifty-five 
turtles were taken in 2. 5 h of survey on 19 Jtme and 40 turtles taken 
in the same time period on 21 June. There was flowing or standing 
water in approximately 60-70% of the stream bed at that time. The 
area was sarrpled again on 26 July 1988. Sixty-eight turtles were 
taken in 2.0 h of search time. Although there was little flowing 
water, standing water was present in approximately 20% of the stream 
bed. On 27 June 1989 the area was sarrpled again and 32 turtles were 
taken in 1.5 h of search time. There was standing water in less than 
10% of the stream bed at the time of the survey. The area was Sa.Ill?led 
again on 03 August 1990 . Fifty-nine turtles were taken in 1. 0 h of 
search time. All animals were concentrated in a single pool approxi
mately 20 m x 4 m x 0.8 m which was the only standing water in 3.2 km 
of stream bed. All animals were emaciated, well below normal weight 
and several were ll'Dribund. Observations from 1-2 weeks later at this 
site (S. Buck, pers. camm.) indicated that several turtle carcasses 
were observed in and around the pool . This area was sarrpl ed again on 
22 May 1991. Twenty turtles were taken in 2.0 h of search time. None 
of these animals were less than 70 mm carapace length. There was 
flowing water in 100% of the streamcourse at this time, due in large 
part to the effects of ''Miracle March" when unseasonal heavy rains 
occurred in the area. The result of this occurrence was an expo
nential rise in flow rates in all watercourses in the area. Surface 
water flow in Site 023 ran to the Pacific Ocean for the first time in 
several years. Unfortunately, the flows were essentially scouring 
in nature and may have eliminated a significant percentage of the 
turtle population in this system, as the turtles are typically beccm
ing active at the approximate time of the flooding. The overall 
decrease in the turtle population in this system approximated 66% 
(Fig. 38). 

Evidence of the impact of the drought was also noted in the Sierra 
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Nevada. Site CA 025 SJ is a moderate-sized rocky stream in the 
southern Sierra Nevada and was first sampled on 02 June 1987, and 19 
turtles were taken in 1.25 h of search time. There was standing or 
flowing water in 100% of the stream bed at this time. The site was 
sampled again on 09 July 1988 and 28 turtles were taken in 1.5 h of 
survey. There were small stretches of flowing water, and there was 
standing water in approximately 30-40% of the stream bed. The area 
was sampled again on 06 June 1989 and 37 turtles were taken in 2.0 
h of survey. There was no flowing water at this time, and standing 
water occurred primarily in small pools in approximately 8-10% of 
the stream bed. The area was again sampled on 23 July 1990. Twenty
two turt 1 es were taken in 2 . 0 h of search time. Standing water was 
reduced to three small pools totalling less than 100 square meters. 
All animals noted were emaciated, but not to the degree noted in 
other areas. The area was sampled again on 13 September 1991 (Fig. 
38). Twelve turtles were taken in 3.0 h of search time. All were 
mature adults, although one small ( 40+ rnn) animal was observed but 
not captured. The lack of small animals may not be due entirely to 
the drought; moderate numbers of large bullfrogs were noted here for 
the first time in 1991. There was standing or flowing water in 
approximately 25-30% of the area surveyed. This population is esti
mated to have declined 75-80% since 1987 . 

.. 
A sirndlar situation was noted at another system in the Sierra 

Nevada. Site CA 018 SJ is a moderate-sized rocky creek draining into 
a large reservoir, and was initially sampled on 14 July 1988. Twenty
four turtles were taken in 2. 0 h of survey. There was standing or 
flowing water in 100% of the creek. Native fishes 
(Ptychocheilus lucius), introduced fishes (Lepcmi.s cyanellus, 
Micropterus dolcmi.eui, Ictalurus punctatus) and bullfrogs were 
abundant. The area was sampled on 07 June 1989, and 20 turtles were 
taken in 2.5 h of search time. There were small stretches of flowing 
water present_, but only about 35-40% of the creek held water. The 
site was sampled again on 31 August 1990 and 4 turtles were taken in 
2.0 h of search time. Two additional animals were observed but not 
captured. One small animal had swallowed a fish hook. Standing 
water was present only in a series of isolated pools several hundred 
meters apart, and covered approximately 5% of the stream course. The 
area was sampled again on 28 September 1991 and no turtles were taken 
or observed. There was standing water in approximately 15% of the 
stream bed at this time. Although a few turtles may remain at this 
locality, there is little doubt that the population has suffered a 
significant decline. Based upon mark and recapture and visual survey 
estimates, the population in 1988 probably numbered from 50-70 ani
mals. Assuning that 5-6 animals remained in 1991, this population has 
suffered an approximate 90% decline (Fig. 38). 

Interrrdttent observations of other stream courses in the Coast 
ranges, Transverse ranges and Sierra Nevada indicate that this 
general pattern of decline is widespread. Same effects of drought on 
turtle populations have been previously noted. Others may be equally 
important. One consistent situation appears to be a decrease in the 
relative frequency of juveniles in the population(s). Although this 
has been noted in areas where no bullfrogs are present (such as sane 
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areas of the central coast) (see previous discussion), bullfrogs 
undoubted! y exacerbate many probl ans produced by the drought. The 
possible mechanisms for this decline may involve 1) interference 
with nonnal reproductive activity through lack of adequate body fat 
reserves to support development of eggs and embryos 2) alteration 
of nest site characteristics, possibly through compaction of the soil 
3) failure of spring rains to soften the vegetative /soil "plugn in , 
the neck of the nest, which would allow escape of hatchlings 4) eli
mination of hatchling microhabitat by lowering of water levels and/or 
5) increased susceptibility to predation by lowering of water levels. 
Definitive evidence is lacking to identify any one of these factors 
as primary, but observations during 1986-1991 indicated a significant 
decrease in hatchling microhabitat in many areas. 

Additional long-tenn effects of the drought may be very serious. 
Fragmentation of populations and reductions in population size of 
the magnitudes observed will require decades to recover in some 
cases. In other cases, recovery may not be possible without human 
intervention. Several cases of reduction below the presumed critical 
minimum population size have been observed; it may be largely a 
matter of chance whether these populations are able to recover. 
Although same areas gained a temporary respite due to '~racle 
March", persistence of the drought for a sixth or seventh year will 
probably deem many marginally viable populations. The drought has 
also favored the spread of exotic species (especially bullfrogs) 
through alteration of thermal environments into areas where they 
previous! y did not occur or occurred in 1 ow numbers. Increased water 
diversion efforts and long-ter.m planning for construction of addi
tional dams and reservoirs (such as Los Banos Grandes) facilitated by 
the drought will probably significantly reduce already diminished/ 
impacted turtle populations. 

Commercial Exploitation: Commercial exploitation of WPTs as a food 
resource has existed since at 1 east the 1870's, when Lockington 
(1879) noted the ccmnercial harvest of turtles and red-legged frogs 
for the San Francisco market. Ccmnercial harvest at that time had 
already depleted populations in San Francisco and adjacent areas, and 
hunters were moving far afield to areas such as the southern part of 
the San Joaquin Valley to supply the demand. Extensive harvests 
occurred an Tulare Lake in the 1870's-1880's; the thirty-two foot 
schooner Water Witch was used to support seining efforts from 1878-
1882. Elliot (1883a) and Brown (1940) noted that as many as eighty 
to ninety turtles might be taken in a 100-200 yard haul of the seine. 
Available data (Elliot, 1883a) indicated that at least one operation 
collected at least 2160 turtles (180 dozen) in one season. Other 
information (M. Jennings, pers. camm.) indicates that the total 
harvest figures were eno:r:mously higher than this. True (1884) noted 
that in the eighteen-eighties the species was "still almost constant
ly for sale in the markets of San Francisco". Smith (1895) noted 
that approximately "1500 dozen" WPTs (18,000) were offered for sale 
in San Francisco markets, presumably during one year in the 1890's. 
This practice continued at least through the 1920's. Incidental 
records published by the California Department of Fish and Game 
fran 1911-1928 noted that rooderate numbers of "terrapins" were 
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harvested fran rrany regions of the state during this period, with the 
reported maximum being 2160 during October-December 1919. Mainte
nance of harvest figures for "terrapins" was not required (M. 
Jennings, pers. camm.); as such the reported catch may be considerab
ly lower than the actual catch. Storer (1930) noted that the canner
cia! harvest continued in the Whitesbridge slough area (Fresno 
Cotmty) tmtil at least the 1920's, with prices fran $3-$6/dozerr. The 
trade was fairly widespread; H. Warren (pers. camm.) noted that 
turtles were collected along the central coast of california in the 
1920's and 30's by draining ponds and vernal pools. These turtles 
were then held in washtubs tmtil a ship:nent could be sent to market. 
Although commercial traffic in WPTs is prohibited in all states where 
the species occurs, collection for food still exists (H. DeLisle, S. 
SWeet; pers. camm.), with numbers from 20-100+ being noted in a 
single instance. 

As with any species, the arrount of ccmnercial harvest WPT popula
tions can or could withstand depends on several factors, among them 
the initial size, structure and dy.narrdcs of the population, the 
nature and timing of the harvest and the presence and degree of other 
threats. In all these respects, WPTs are and were a species that was 
ill-sui ted to canercial harvest. The 1 engthy time to maturity, rei a
tively low fecundity and survivorship, and adult-biased distribution 
in most populations would render them very susceptible to overharvest. 
Coupled with the nature and size of the harvest and other factors, 
such as the introduction of exotic predaceous fishes into many areas 
(Elliot, 1883a; Brown, 1940) and ongoing widespread habitat altera
tion (Harding, 1960; Preston 1981), the decline of WPT populations had 
begun by the 1870's at the latest. The continued ccmnercial harvest 
no doubt effectively eliminated or severely decreased turtle popula
tions in rrany areas. As such, ccmnercial harvest of the species was 
an important factor in initiating declines in this species and contin
ued to impa~t populations tmtil at least the 1920s-30s. The extent of 
the current illegal ccmnercial harvest is unlmown; however in same 
areas (see above) it may be sufficiently large to jeopardize the 
viability of populations. For example, removal of 100+ animals from 
any stream in southern california would probably result in the even
tual extirpation of that population. 

Illegal Collection and other factors: A commercial market exists for 
WPTs. Casual examination of three animal dealers price lists in 1991 
indicated that one dealer in Florida was offering six adult WPTs for 
$125 each. Conversations with the dealer as to the origin of these 
turtles by three different parties produced three different explana
tions, indicating that they were probably illegally collected. It is 
highly likely that poaching of WPTs already occurs on same steady but 
indeterminate level, and that as legal protection of the species 
increase the level of poaching will increase. Of particular concern 
in relation to this is the irrpending CITES listing of two of the 
eastern relatives of the WPT, the wood turtle (Clenmys inscupl ta) and 
the bog turtle (Clemnys muhlenburghi). The listing of these two 
species may shift illegal collecting pressure to WPTs and to spotted 
turtles (Clemnys guttata). Although california has had a ban on the 
sale and/or exhibit of native reptiles and amphibians since at least 
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the early 1980's, occasional WPTs were noted for sale in pet stores 
in various locations in the state through at least 1985. Bury (1982) 
notes that during the 1970's, several hundred WPTs were removed fram 
a single watercourse in southern california and sold in pet stores. 

Another potential concern deals with the consequences of Federal 
listing under the Endangered Species Act. Unsolicited conversations 
with several persons while conducting field surveys in 1989-1991 
produced numerous statements to the effect that if the turtle was 
listed, any seen on "their property" or even on adjacent federal or 
state lands would be shot forthwith. The number of animals found 
with bullet wounds, especially on public lands, indicates that this 
is not an idle threat, and may be a potentially serious problem. As 
previously noted (see Predation and Mortality) two teenagers with .22 
caliber rifles killed a substantial portion of one population of WPTs 
under study in southern california (S. SWeet, pers. coom.). A 
sirrdlar situation has been noted in other areas (Milner, 1986). 

One bizarre situation affecting a WPT population was noted in 
sumner 1990 (L. Wold, pers. coom.). A helicopter used to extinguish 
"hot spots" in a fire in the Sierra National Forest was "dipping" 
with a bucket out of a pothole in a stream which contained large 
numbers of WPTs. Turtles were concentrated in this pool due to 
dry-down of the stream during the drought. Release of the contents 
of the bucket dropped the turtles onto the burning or smoldering 
remnants of the fire and resulted in mortality. The exact number 
of animals lost in this manner was not determined, but is thought to 
be substantial . 

Pollution/Biocontaminants: A single study exists on the effect of 
biocontaminants on WPI's. Bury (1972b) observed mortality in WPTs 
in a stream in northern California due to a spill of diesel fuel. 
Although hard data is lacking, the presence of biocontaminants may 
play a signi~icant role in regulation of populations through disease 
(see Disease). The long-life span and feeding habits of the species 
may well result in the accumulation of many non-metabolizable camr 
pounds such as heavy metals, PCBs and scme biocides. In this 
respect, populations in certain areas, particularly the San Joaquin, 
Klamath and Willamette Valleys, should be closely monitored. Pre
lirrdnary arrangements have been made with the U.S. Environmental 
Protection Agency to initiate a lirrdted survey of blood contaminants, 
but a more extensive program is needed. 

The massive herbicide spill in the upper Sacramento drainage in 
summer 1991 may have affected WPT populations therein, but hard data 
is 1 acking. No direct mortality has been noted ( J. Brode, pers. 
coom.) but turtles may have merely left the watercourse when concen
trations of the contaminant became intolerable. As most streams in 
the irrmediate area are not suitable as long-term turtle habitat, it 
is likely that the majority of animals displaced will either fall 
prey to predators or die of starvation. The effective sterilization 
of this section of the river will probably preclude successful re
establishment and maintenance of the WPT population therein for a 
number of years until succession re-establishes a suitable prey base. 
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Pollution of watercourses may directly or indirectly affect turtle 
populations therein. Direct effects would include mortality and 
forced displacement. Indirect effects would include contarrdnation 
or alteration/elirrrination of the prey base, interference with normal 
behavioral, foraging or other activities, and/or a decrease in 
overall fitness through disease or other factors. Although hard 
evidence is lacking, the disappearance of WPTs from same river 
systems in the Willarnette drainage (such as the TUalatin and the 
Clackamas) may be linked to extensive pollution of these watercourses 
during the late 1950's-1960's. 

Oil or other cherrdcal spills into fresh-water environments also 
have the potential to affect WPT populations. At least two major 
spills occurred in the immediate vicinity of drainages containing 
WPT populations in 1991 (pers. obs.). Many turtle habitats are 
bisected by major traffic arteries such as U.S. Hwy. 1. Given the 
arrotm.t and nature of traffic on these systems, it is inevitable that 
a spill will occur which will threaten same of these populations. 
In southern california, only a single population is currently probably 
safe from this threat. Given the nature and cost of clean-up efforts 
ansd the long-tenn effects of such spills, it is likely that any 
such event rrdght lead to the effective extirpation of a population 
of WPTs in a watercourse so affected. 

Disease: The role of disease in regulation of wild reptile popula
tions is poorly known. Existing information indicates that it may be 
a significant source of mortality in turtle populations (K. Dodd, 
pers. ccmn.) . This situation has recently been observed in a popula
tion of western pond turtles in Washington, one of only two in the 
state. During an intensive study of the structure and reproductive 
ecology of this population (Holland, 1991a), dead and moribund turtles 
were observed beginning in June 1990. By late June it was obvious 
that a significant portion of the population displayed symptoms sirrd
lar to those exhibited by desert tortoises (Gopherus agassizi) 
afflicted with URD (Upper Respiratory Disease) syndrome. An intensive 
effort was initiated to capture, remove from the wild and treat as 
many turtles as possible. This effort was conducted co-operatively by 
the Washington Department of Wildlife, the Woodland Park Zoo and the 
Center for Wildlife Conservation. In spite of extraordinary efforts 
by zoo and consulting veterinarians, over 50% of the animals captured 
and treated died. A total of 38 known cases of mortality were docu
mented in 1990-early 1991, and at least two additional treated animals 
died or were killed by predators after re-release in summer 1991. 
This rrdnimum estimate of known mortality represented approximately 
42-47% of the population estimated to be present at the beginning of 
1990 (approximately 85-95 animals; see Holland, 1991b for further 
details). 

The agent and mechanism responsible for this epiderrdc are not 
lmown with certainty. The agent is at this point assumed to be a 
mYCoplasm or virus, and possibly facilitates secondary bacterial 
activity with a significant probability of mortality. There may be 
more tham one factor responsible for inducing the activity of the 
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prirrary agent. Possible causes include 1) the presence of bioconta
rrdnants, particularly heavy metals or organochloride pesticides, 
which are Jmown to ccrnpranise irrrrnme systems 2) environmental stress 
produced by biotic or abiotic factors 3) transmission of the agent to 
WPTs by WPTs or exotic species of turtles introduced into the system 
(at least two successful and one unsuccessful events of this nature 
were noted during the study) acting as vectors and/or 4) other -
factors. What is known is that the disease/condition is highly 
contagious and produces an extremely high rate of mortality. If the 
prirrary or secondary vector for this agent was an introduced turtle 
it emphasizes the potential danger of 1) release/escape of exotic 
species into western pond turtle habitat and/or 2) translocation/ 
reintroduction of WPTs from outside areas, particularly if these 
turtles have been exposed to or held with exotic species. 

The only potentially beneficial aspects of the epidemic in 
Washington were that 1) it occurred in a population that was both 
isolated from other populations and under study and 2) that it 
focused attention on disease as a possible mechanism of decline in 
WP'I' populations. There is no guarantee that this disease is restrict
ed to the Washington locality; at least one other turtle from the 
Willarrette drainage in Oregon when X-rayed in 1990 showed lesions 
on the lung similar to those observed in the Washington turtles (T. 
DeLorenzo, pers. cc:mn. ) . Given the nature of the disease and the 
lirrdted (essentially incidental) nature of monitoring of turtle popu
lations, the occurrence of this situation within a drainage system 
where turtles are contiguously distributed is potentially catastroph
ic. Over $60,000 was spent by the agencies previously noted in the 
Washington epidemic to treat less than 40 turtles; cost of treatment 
for hundreds or thousands of animals would probably be prohibitive. 

Off-Road Vehicles (ORVs): Off-Road Vehicle activity poses a signifi
cant localized threat to WPT populations. This threat rray occur 
through direct or indirect impacts. Direct impacts include 1) 
crushing 2) shooting 3) deliberate or incidental collection and 
4) destruction of nest sites. Indirect impacts include the overall 
effects of high levels of human and vehicular activity such as 
1) interference with norrral basking or foraging patterns 2) restric
tion or alteration of intrastream or overland movements and 3) inter
ference with nesting movements. Long-tenn impacts typically associa
ted with ORV activity such as increased erosion, compaction of soil 
and removal of vegetation, siltation of watercourses and alteration 
or elimination of refugia rray also have serious consequences. WPT 
populations occur in many designated ORV areas in california such as 
Afton canyon (san Bernardino County) I Frank Raines (Stanislaus 
County), Clear Creek (San Benito County), and Hungry Valley (Los 
Angeles County) , as well as in areas where extensive ORV use is all ow
ed (such as National Forests). These populations tend to be small, 
disjunct and occur in very lirni ted habitats. The nature of these 
populations, coupled with the very low probability of maintenance or 
re-establishment by immdgration, renders them highly susceptible to 
extirpation. Additionally, ORV activity within National Forests (in 
particular Los Padres National Forest) poses a threat to WPT popula
tions therein as well as other sensitive species including the Arroyo 
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maintain populations. Most if not all of this habitat was destroyed 
by construction of dams and impoundements, not only elirrdnating exist
ing habitat(s) but effectively precluding imrrdgration inhto habitats 
adjacent to the river. At present, two populations of WPTs are known 
to exist in Washington, both along the Columbia River (Holland, 
1991b). Extensive surveys by the author in 1987-1990 and by the 
Washington Department of Wildlife in 1991 failed to reveal the pres
ence of any additional populations. Records of isolated individuals 
are known from at least two other localities along the Columbia, but 
probably represent deliberate introductions. 

The total nunber of WPTs in Washington as of late fall 1991 may be 
as high as 100-110 animals (Holland, 1991b) but may be significantly 
lower. These occur at only two sites, one in which the total 
number of animals is known to number approximately 75-80 animals (WA 
001 C). The second site (WA 002 C) has not been extensively survey
ed, but may hold 25-30+ animals, although no more than 12 were noted 
in surveys in 1990. A possibility exists that a few isolated indivi
duals survive in the Puget Sound area, but it is unlikely that any 
viable populations remain (Milner, 1986; Holland, 1991b). However, 
this needs to be verified by further surveys. 

The status of WPTs along the Columbia drainage is difficult to 
assess exactly due to a lack of historical comparative data. How
ever, if it is assumed that turtles were distributed at relatively 
low densities {30/km) along the 100 km of potential habitat, then WPT 
populations in this have declined in excess of 99%. The situation is 
probably even more severe in the Puget Sound area, where the species 
has been effectively extirpated. 

Oreaon: The distribution and status of the WPT in Oregon was surveyed 
from 1987-1991 (Holland, 1991c). In general, it appears that popula
tions have been extirpated or severely reduced in many areas, and 
relatively few moderate-large viable populations exist. In 1991, 
extensive efforts were made to survey the status of the species state
wide. Coupled with other information (see references in Holland, 
1991c) and interrrdttent surveys from 1987-1989, a brief assessment of 
the status of the species is noted below on a drainage-by-drainage 
basis. 

Willamette River and associated drainages: Approximately 144 sites 
in the Willamette drainage were surveyed in 1991. A significant per
centage of the sites were resurveyed, sane up to 4 times. The dis
tribution of sites was approximately 69 in the upper valley (Salem 
northward) and 75 in the lower valley (Salem southward). A sunrrary 
of the results is shown in Fig. 43. Exactly 26.3% of all sites 
surveyed held WPTs. The upper valley survey noted WPTs in 13% of all 
sites, and in the 37% of the sites in lower valley. The maximum 
nunber of turtles observed was 27 'at one very isolated and small site 
in the southern end of the drainage. Sixty-two percent of all sites 
surveyed contained only one or two turtles. Only three sites were 
noted that held more than 10 turtles (7. 8%) and all were in the 
southern portion of the valley. Exactly 103 surveys were conducted 
in the upper part of the valley, and the average number of turtles 
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area, only a single moderate-sized population was observed. This 
population (OR 010 R) exists in an apparently undisturbed habitat with 
no predaceous fishes, and only two bullfrogs were noted in the sur
veys. However, conversations with residents of the area indicate that 
bullfrogs were camman in this system several years ago and declined 
significantly during the last few years. The status of WPTs in the 
Rogue system appears to be that relatively few populations of mbderate 
size exist, and that they are heavily adult-biased. Small populations 
or isolated individuals may occur in a number of areas, but the total 
distribution within this system appears to patchy and densities are 
very low. 

Klamath/Lost River drainages: Approximately 39 sites were surveyed 
in this area in 1991 (Holland, 1991c). Turtles were observed in 13 
{33%} of all sites. The maximum number of turtles noted at any one 
site was 14, and a total of 151 turtles were observed in 49 surveys 
(mean= 3.08 turtles/survey). Of the sites with turtles, 23% (n=3) 
had only one or two animals, and 23% (n=3) had m::>re than 10 animals. 
The distribution of the maximum number of turtles noted at each site 
is shown in Fig. 48. The size distribution of 71 animals captured 
is shown in Fig. 50. Adults canprised 95.8% of all animals captured 
and approximately 89.4% of all animals observed (n=135). In relation 
to search time, turtles are relatively more abundant than in the 
Willamette drainages. However, absolute densities compared to other 
areas (see Fig. 20) are probably much lower. Along the Klamath/Lost 
River drainage, turtles appear to aggregate in favorable habitats, 
with very low densities in areas between these presumably favorable 
patches. Based upon surveys conducted in 1991 (Holland, 199lc), it 
appears that WPTs currently inhabit at least 100 km of the Klamath/ 
Lost River drainage in Oregon. The population probably numbers in 
excess of 1200 animals. However, the patterns noted in the Willamr 
ette and other drainages are obviously present here. The vast major
ity of ani~s in this system are old, large adults - 75.6% of the 
animals captured were in excess of 170 rrrn. The mean, median and 
modal sizes of this population are significantly larger than any one 
of more than 100+ populations assessed to date (Holland, unpubl. 
data). The reasons for this decline may be multiple, including 
destruction of nesting habitat (see Habitat Alteration); alteration 
of historic water flow patterns, the presence of introduced predators 
and possibly historical commercial exploitation. Although same 
extensive areas of apparently suitable habitat occur on Upper Klamath 
Lake, turtles were scarce or absent in most surveys in this area. 
Removal of basking logs and driftwood on the southern end of the 
lake is thought to have been a rrajor factor in the decreased fre
quency of observations of turtles in this area (R. Opp, pers. ccmn.). 

Coastal and other drainages: WPTs are known fran several small and 
medium-sized drainages an the Oregon coast and at least two interior 
drainages. One population in the .John Day drainage in Grant County 
probably represents introduced animals (Nussbaun et al, 1983} and its 
current status is unknown. The other record was a single animal 
observed in the Goose Lake drainage in 1990. A brief survey of this 
area in 1991 (Holland, 1991c) indicated that although same suitable 
habitat may exist in the area, no turtles were observed and it is 
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likely that this animal represents a deliberate or accidental intro
duction. On the coast, turtles are known fran the Nestucca, Coos, 
Coquille, Sixes, New and Chetco river systems (Holland, 1991c). Brief 
surveys of same of these systems in 1991 did not reveal the presence 
of turtles at the 12+ sites surveyed, but existing accounts are relia
ble indicators that the animals are present. It is also obvious fram 
the nature of material accompanying these accounts that the distribu
bution of animals in these systems is extremely patchy and existing 
populations are likely to be only small to moderate in size. 

california: Populations of WPI's in California have been surveyed by 
the author from 1981-1991. Long-te~ data (10 years) exists for 
the structure of at least 4 populations on the central coast, and 
shorter-tenn data (1987-1991) for at least 26 other populations 
throughout the state. In general, WPTs seem to be in a state of 
decline in the majority of their range in California. The status of 
populations in the state runs the gamut from large and apparently 
stable to completely extirpated. The majority of populations, 
however, appear to be small to moderate and threatened by a variety 
of factors. A drainage~specific assessment of the status of popula
ions follows. The partitioning of drainage basins generally follows 
Moyle (1976). 

Klarrath/North Coast: Western pond turtles are widely distributed 
within the drainage area of the Klamath River, its tributaries and in 
same north coast drainages (e.g. Eel, Russian and Mad Rivers) . Within 
this system, turtles are fotmd primarily in lowland areas. WPTs occur 
in watercourses of all sizes, but are most abundant in small to 
medium-sized shallow, wa~ streams. Several sites within the Klamath 
drainage were surveyed from 1987-1991. Site CA 014 K is located on a 
moderate-sized stream draining into a major tributary of the Klamath. 
Turtles are apparently continuously distributed along this watercourse 
and the tot~ population probably numbers in excess of several thou
sand animals. This is the largest remaining population of WPI's known, 
and is rather unique in several respects. Surveys of other streams 
and river systems in this area (R. Wilson, pers. camm.; Holland, 
unpubl. data) indicate that the density of turtles/kilameter of water
course is much 1 ower, perhaps by as much as an order of magnitude. 
The size distribution of turtles captured at site CA 014 K fran 
1987-1991 consisted of 88.5% adults, with only 3.98% of the animals in 
the <4 y age group. Although the aquatic habitat appears to be rela
tively intact, extensive development of the adjacent upland habitats 
likely to be used as nesting areas has occurred. Additionally, 
bullfrogs were first observed in this area in 1989. Another site (CA 
012 K) within the same stream system was surveyed concurrently. The 
size distribution (Fig. 51) is considerably different - 70.3% of the 
population are adults, and 9.4% of the animals captured were in the <4 
y age group. The latter site is essentially tmdi.sturbed throughout 
the area surveyed (about 4 km of stream) , and no exotic fishes or 
bullfrogs have been noted at this site. The size/age structure from 
another population in the Klamath drainag~ surveyed by the US Forest 
Service in 1991 (R. Wilson, unpubl. data) is shown in Fig. 52. In 
this population, 83.2% of the animals captured in 1991 were adults, 
and 8. 4% of the animals were in the <4 y age group. This sarrg;>le was 
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collected over a stretch of several rrdles in one watercourse, and the 
degree of habitat disturbance varied significantly within the survey 
area. It appeared that turtles were roost abundant (est. 47-50/km 
river) in the least-disturbed section of river (R. Wilson, pers. 
ccmn.). 

Several surveys of the portion of the Klamath River downstream 
fran the Oregon border indicate that the patterns observed there 
(moderate-sized populations composed primarily of very old adults) 
appear to occur in California as well. In a sample of 13 animals 
captured in 1988-1989, 92.3% were in excess of· 170 mm (the remaining 
animal was 168 rrm). Visual surveys of 25-30 other animals revealed 
no animals <150 rem. 

At least same populations within a portion of the Klamath drainage 
appear to be relatively large and stable, without evidence of 
recruitment declines. These populations occur within a relatively 
small (<10%) portion of the drainage. There are indications that 
same of the problems previously noted in other areas are beginning to 
appear in this system. The invasion and establishment of bull frogs 
and exotic fishes is a very real possibility in the area in which 
sites CA 012-014 K occur; should such a situation occur it may well 
have a strang negative impact not only on WPT populations but also on 
one of the few remaining large foothill yellow-legged frog 
(Rana boylei) populations, another USFWS Category 2 species. Further
roore, dams and reservoirs within this drainage have elirrdnated sub
stantial areas of WPT habitat, and current water management practices 
may impact remaining populations (see Threats: Habitat Alteration). 

Sacramento: The area drained by the Sacramento River and its tribu
taries fo~rly constituted a major portion of the range of the WPT. 
Extensive marsh and backwater areas along the valley floor and the 
lower reach~~of both Sierran and North coast range streams covered at 
least 445,000 ha (Harding, 1960). These areas, and several hundred 
rrdles of river- and strearncourse held relatively large populations of 
WPTs, probably numbering in excess of several rrdllion animals (see San 
Joaquin for estimation methodology). Extensive alteration of riparian 
and marsh habitats, as well as construction of dams have probably 
eliminated or severely reduced many populations in this area. Surveys 
in in 1987-1991 and other information (J. Brode, M. Jennings, pers. 
camm.) indicate that small to rooderate-sized populations of turtles 
exist in sane areas along and imnediately adjacent to the main channel 
of the Sacramento, and that turtles may be found in small nurribers 
along scme tributaries. However, in relation to the total amount of 
habitat present, turtle numbers are relatively low. Surveys were 
conducted on a lirrdted number of upland sites within this system due 
to the difficulty of finding sizeable populations in lowland areas. 
Site CA 018 s was surveyed in 1989 and again in 1991. The collective 
size distribution is shown in Fig. 53. Of 29 animals collected in 
this system, 79.3% were adults and 10.3 %were in the <4 y age group. 
Bullfrogs and possibly bass were present at this site, although few 
sunfish were noted. Another site (CA 001 S) was also surveyed in 
1989, and 26 turtles were captured. This site lacked bullfrogs and 
bass, and the size distribution is shown in Fig. 54. This population 
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consisted of 73% adults, and 17.2% of the animals were in the <4 y age 
group. A third site surveyed in 1987 and 1991 (Site CA 003 S) and 42 
turtles were captured. This site has bullfrogs in moderate numbers 
and is paralled by a major highway for roost of its length. Adults 
comprised 90.5% of this population, and 2 animals (4.74%) were in the 
<4 y age group (Fig. 54). 

Clear Lake: The Clear Lake drainage supports the highest percentage 
of end~c fishes of any system in California (Moyle, 1976), as well 
as WPrs. The historic condition of the lake, with abtn1dant emergent 
vegetation, a large prey base and nesting areas probably supported a 
significant population of turtles. Turtles were formerly abtmdant 
enough in this system to support a commercial harvest in the 1910's-
1920's (R. Tremper, pers. camm.). The current state of the lake does 
lend lend itself to the maintenance of large turtle populations, 
although small groups of animals still exist in sane areas. The lake 
now contains numerous introduced species of fishes (Moyle, 1976) as 
well as bullfrogs, and extensive develo:tment of shoreline areas has 
occurred. There is also a significant amount of boat traffic on the 
lake. Existing turtle populations were surveyed in 1988-1989, and 
were concentrated in the state parks along the south shore of the 
lake. Of approximately 30 animals observed in one survey, none were 
less than 130 nm, and the majority were over 160 nm. Given the 
presence of abundant introduced predators in this system and the 
degree of development of the surrounding habitat, the lack of small 
animals in this system is consistent with similar patterns observed 
elsewhere. Although the total population of WPTs in this system may 
be moderate in size, it is probable that it will continue to decline 
due to a lack of recruitment. 

San Joaquin: The area drained by the San Joaquin River and its 
tributaries formerly constituted the stronghold of the WPT. 
Estimates ofj:he extent of swamp and overflow lands by the State 
Engineers Office in the 1880's (Harding, 1960) indicate that approxi
mately 242,000 ha were so classified. Examination of both maps and 
historical accounts (Elliot, 1883a, 1883b; Brown, 1940; Preston, 
1981) of the floor of the southern San Joaquin Valley indicate that 
aquatic habitats were both abundant and widespread, with the warm, 
shallow lakes (Kern, Buena Vista, Surrrnit, Goose and Tulare) providing 
optimal habitat for WPTs. Given certain assumptions about the 
extent of the habitat and densities within those habitats, a rough 
estimate of total population size for sane areas can be rrade. Exarni.
nation of maps in Elliot (1883a, 1883b) and Preston (1981) indicate 
that as of the early 1880's there existed approximately 50,000 ha of 
swamp and over£ 1 ow 1 ands in the area of the 1 ower Kern River channels 
and Kern, Buena Vista and Tulare Lakes. Additionally, extensive 
marsh areas occurred along the lowland drainages of the Tule, Kaweah 
and Kings Rivers, as well as in nt.m'lerous small to moderate sized 
watercourses such as Goose Lake Slough and Poso Creek. Assuming that 
these areas covered an additional 5,000 ha the total lowland habitat 
available for WPTs was approximately 55,000 ha. If approximately 50% 
of this area was utilized by turtles then the total habitat area 
becanes 27,500 ha. Turtles were also distributed along river- and 
streamcourses in upland areas, although presumably not in the numbers 
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present in lowland habitats. Based upon minimal density estimates of 
120 animals/ha for lowland marsh habitats and 200 turtles/mile of 
river/streamcourse, the total population size for the San Joaquin 
Valley fram Tulare Lake south was in at least 3,350,000 turtles. 
Similar density estimates for lowland river courses such as the San 
Joaquin, Fresno, Chowchilla, Merced and Tuolurme rivers and adjacent 
marsh areas indicate that the total population size for the San' 
Joaquin Valley south of the Stanislaus River may have been minimally 
between 10,000,000 and 14,000,000 turtles. The total habitat area and 
density estimates are conservative; Wertschull et al (1984) estimated 
that there was approximately 105,000 ha of freshwater marsh habitat 
historically present on the southern valley floor, and known current 
turtle densities (see Density; Fig. 20) for similar habitats are as 
much as 1200% higher than the figure used in this estimate. Extensive 
surveys of the southern san Joaquin Valley floor and the associated 
upland drainages from 1981-1991 indicate that existing WPT populations 
in this area are small, highly disjunct and heavily adult-biased. The 
few remaining populations have undergone progressive reductions in 
size and have became increasingly fragmented over the last 20 y (Fig. 
30). Repeated surveys of at least 10 sites in this area from 1986-
1991 indicate that the total population of WPTs in the Kern, Tule, 
Kaweah and Kings drainages probably does not exceed 1000 animals. 
This is a conservative estimate; the actual number may be less than 
500 animals. Based upon the oost conservative estimate, WPT popula
lations have suffered a decline in excess of 99.95% in the southern 
San Joaquin Valley. From the Kings River north the situation is not 
as well surveyed or understood. Small, heavily adult-biased popula
lations exist along the san Joaquin, Merced, Tuolurme and Stanislaus 
Rivers and in same small foothi 11 drainages. The total number of 
turtles remaining is not easily estimable, but may number over 1000 
animals. In CcrrQ?arison to estimated historic levels however, WPT 
populations have still declined in excess of 99.9% in this area. Only 
four sites o~ ten surveyed fram the San Joaquin drainage north to the 
Tuol urme had small to moderate populations of WPTs and were free fram 
bull frogs and bass. One of these sites, however, was 1 ocated in an 
OF:V park. 

Pajaro-Salinas: This area was initially surveyed fram 1981-1985, and 
extensively surveyed fram 1987-1991. Turtles were found in approxi
mately 14 sites in this time period. Historically, turtles were 
probably distributed throughout the drainage from the headwaters to 
the vicinity of Elkhorn slough. However, the current distribution 
within this system is highly fragmented due to the drying or dewater
ing of long stretches of the Salinas and San Benito Rivers, and 
extensive habitat alteration within this area. In these systems, 
turtles may occasionally be found in adjacent farm ponds, gravel pits 
or sloughs which still hold water. Within this drainage bass and 
bullfrogs were widely but patchily distributed and were noted in 9 of 
the 15 sites surveyed. The majority of WPT populations surveyed 
(80%) were small (probably less than 25-30 animals). Of these popu
lations (n=12) all but two were heavily-adult biased. One of the 
3 known presumably viable populations one (CA 007 PS) was extirpated 
by the drought in 1990-1991, and another (CA 001 PS) was reduced by an 
estimated 88% (see Threats:Drought; Table 3). Although other presumr 
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ably viable populations may exist in this drainage, as of 1991 only a 
single population of approximately 150-200+ animals was known from 
this system. Most of the viable populations noted in 1988-89 were 
concentrated in the headwaters of the system; the total habitat occu
pied was less than 8 km of watercourse. 

central Coast: This area is defined as extending fran the Santa Maria 
River northward to the vicinity of the Little SUr River. This area 
was surveyed intermittently fran 1976-1980, and extensively from 
1981-1991. Approximately 44 sites were surveyed in this time period, 
and turtles were observed in 36 of these. The typical habitat for 
WPTs in this area are the small arroyos/creeks that drain into the 
Pacific Ocean fran the coast ranges. The central coast area is one 
of two areas that retain same moderate - large populations of WPTs. 
However, many of the sites noted above contain only small populations 
and turtles have been extirpated in at 1 east 7 of the sites surveyed. 
At least two other sites (CA 021 CC and CA 024 CC) (Figs. 32-33) 
consist primarily of old adults. At least one population (CA 011 CC) 
surveyed from 1981-1991 has shown a noticeable shift in the size/age 
composition towards older adults (Fig. 55). Other populations in 
this area seem to be relatively stable (Fig. 56). The median 
population size in a series of 26 coastal arroyos was '=O.pproximately 
30-35 animals (Holland, unpubl. data), and the total population size 
for these drainages probably does not exceed 1500-1800 animals. Bull
frogs were noted in 7 of the systems surveyed and bass in 5. The 
majority of the 26 arroyos (n=14) are also grazed to varying degrees. 
Habitat alteration has probably elirrdnated or severely reduced turtle 
populations in many of the drainages in metropolitan areas such as 
San Luis Obispo, and impacted other populations in smaller cities and 
rural areas to varying degrees. The current situation on the central 
coast is a rrdcrocosm of the status of the WPI', providing both an 
important historical record and current and future opportunities for 
assessing the relative impact(s) of development. Same large turtle 
populations with evidence of adequate recruitment exist in this area 
in relatively undisturbed habitat (Fig. 56). Other populations are 
beginning to exhibit signs of declines in recruitment, while a few are 
already composed primarily of old adults. Still others have been 
extirpated within the last 20 y. Existing turtle populations face a 
variety of threats, including ongoing and planned water diversion 
projects, highway and road construction, urban expansion, population 
fragmentation and and potential expansion of the range of bull frogs 
and bass. 

Mojave River: Turtles were historically known from three stretches of 
the Mojave River totalling about 30-35 km in length. At present, 
turtles are known from only two locations within this system. Sites 
CA 001 M and CA 005 M were surveyed in 1989. Thirteen animals were 
observed at the former site , twelve adults and one subadult. Eleven 
turtles were captured, and 10 (90.9 %) were adults. One 98 mn sub
adult was taken. The total aiOOunt of habitat at this site consisted 
of four artificial ponds 1 ess than 1 ha in extent, and there was no 
suitable hatchling/first year rrdcrohabitat present at the time of the 
survey. The animals observed probably represented the majority of 
the turtles present. There were no bullfrogs or bass noted at this 
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site, but they are present elsewhere in this drainage. Site CA 005 M 
was surveyed in the saroo time period. No turtles were observed in 4 
h of search time. The available habitat at this site consists of 
about 2-2.5 km of rivercourse that is heavily impacted by ORV use. 
At the time of the survey it was estirrated that there were only three 
small pools totaling less than 800 square meters that were suitable 
as turtle habitat. other data (J. Buskirk, pers. ccnm.) indicate 
that a few turtles were present at this site in 1990. It is doubtful 
that more than 10-12 animals remain at this site. Brief surveys of 
ather artificial ponds in this area indicate that they tray support a 
few turtles, but it is 1.mlikely that any substantial populations 
exist. The status of the WPr in the Mojave River is scmewhat similar 
to that of the Carson River (Nevada); the extant meta-population 
probably does not number more than 100 animals and the probability of 
natural re-establishment in the event of extirpation is effectively 
zero. The size, isolation and fragmentation of the two known popu
lations in the Mojave renders the possibility of extirpation due to 
chance alone high. 

South Coast: This area contains all drainages south of the Santa 
Maria River. Turtles were historically distributed in--.probably all 
watercourses in this area, both permanent and intermittent. Exten
sive surveys in this area by Brattstran and Messer (1988), S. Sweet 
(pers. camm.) and the author indicate that the following pattern 
sears to hold. In interior Santa Barbara and Ventura cotmties there 
exist a small number of moderate to large populations of WPTs, 
primarily an lands administered by the United States Forest Service. 
Small and fragmented populations exist at a number of sites in the 
sarre area and to a lesser extent along the direct coastal drainages. 
Surveys conducted along the Santa Ynez River in 1988-1991 indicate 
that a moderate - large population exists at one site, but is heavily 
adult biased~ Smaller populations (10-20 animals) composed primarily 
of large adults also exist at at least two other sites within this 
system. Bullfrogs and bass are fotmd in large numbers at least to 
the vicinity of Gibraltar reservoir, and existing water diversion 
efforts have had a significant impact on WPT populations in the upper 
portions of this drainage. In general, most turtle populations in 
most of Santa Barbara and Ventura cotmties appear to be small to 
moderate in size, lightly to moderately fragmented, and subject to a 
variety of threats. Furthenrore, many of these populations suffered 
significant declines during the drought (S. Sweet, pers. ccnm., pers. 
cbs.). Continued developnent of urban areas, water diversion and 
management practices, O?:V use and the expansion of the range of 
introduced predators pose significant threats to remaining popula
tions. While there may be as many as 20+ viable populations in this 
area, the nature and degree of threats will probably reduce this 
number significantly in the next few years. South of the Santa 
Clara River the situation is cOnsiderably different. Brattstran and 
Messer (1988) surveyed directly or by consulting informed sources 255 
sites in Ventura, Orange, Los Angeles, Riverside, san Bernardino and 
San Diego cotmties. Turtles were noted in only 53 (20. 8%) of these 
sites. Of 218 sites south of Ventura County only 28 (12.8%) held 
turtles. Of all 218 sites, only 5 (2.2%) held viable populations. As 
defined by Brattstram and Messer a viable population consists of 30 or 
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roore turtles. As previously noted (see Threats), viable population 
size depends on many factors. Same preliminary analysis (Holland, 
unpubl. data) indicates that in southern and central California, 
minimum viable population size under undisturbed conditions is probab
ly closer to 50 animals. Surveys in this area by the author in 1987-
1991 found two additional viable populations, and a few others·may 
exist in eastern San Diego county. One of these populations was 
reduced by an estimated 66% by drought and floods in March 1991 (see 
Drought). Surveys in 1988 of the same of the sites noted by Bratt
stran and Messer indicated that at least one of the populations they 
note as viable may no longer be so. The best available current 
information indicates that as of 1991 a rra.xi.In.li11 of 7 known viable 
populations existed south of the Santa Clara River, and that one or 
possibly two populations existed within that drainage. Extensive 
surveys by the author in 1987-1991 failed to reveal any additional 
viable populations, and most watercourses checked were either heavily 
altered and/or contained large populations of bullfrogs, bass or both. 
The survey of Brattstran and Messer also noted 4 ''m:x:lerate" sized 
(defined as >5 and <30) in this area, and 19 "small" (1-5 animals) 
populations. Surveys by the author located 3 unlisted small popula
lations and one unlisted tooderate population. Turtl~populations in 
southern California face all the threats previously described (see 
threats). Without intensive management, it is likely that a number of 
marginal/''rooderate" and small populations will disappear in the next 
few years and that existing viable populations will undergo further 
declines. The total population size south of the Santa Clara River 
probably does not exceed 1000 animals, and may be significantly less 
than that. Given the nature and degree of threats and alteration of 
the surrounding habitats, if populations in this area are extirpated 
it is extremely unlikely that they will becane re-established through 
natural means. Based upon the current estinated population size, the 
former and ~rent extent of the habitat, it can be assumed that WPT 
populations have declined fram 95-99%+ in the series of drainages in 
this area. 

A summary of the status of WPT populations is shown in Fig. 57 
Basically, all areas and populations classified as "Category 1" 
would roughly correspond to the classification ''Endangered" under 
the provisions of the Endangered Species Act. The areas and popula
tions classified as category 2 would correspond to the classification 
"Threatened". Category 3 means that xoost populations in these areas 
are currently assessed as being relatively stable. However (see 
SUmmary/Conclusions) these populations face many of the same threats 
and could easily became Category 2 populations. 

EXISTING LEGAL STA'IUS: The WPT is accorded varying degrees of legal 
protection within its range. A brief sumnary is provided below. 

Federal : The northwestern pond turtle ( Cl e:mnys rna.rroorata rna.nrorata) 
is currently listed as a Category 2 species by the United States 
Fish and Wildlife Service (Federal Register, 21 November, 1991). 
The southwestern pond turtle (Clemmys marmorata pallida) is listed 
as a category 1 species. category 2 lisitng means that although 
there is not sufficient information to formally propose the taxon 
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Fig. 57: Status of western pond turtle populations in 1991. 

CATEGORY 1: - total number of populations low to very low 
- almost all populations with evidence of low 

CATEGORY 2: 

C..~TEGORY 3 : 

recruitment or recruitment failure 
- evidence of historical decline or reduction 
- populations moderately to severely fragmented 
- habitat disturbance moderate to severe 

- total number of populations low toinoderately low 
- most populations with evidence of low recruitment 

or recrui~~t failure 
- evidence of historical decline or reduction 
- populations moderately fragmented 
- habitat disturbance moderate 

- total number of populations moderate 
- same populations with evidence of low recruitment 

or recruitment fai 1 ure 
lirrdted data on historical decline or reduction 

- populations lightly to moderately fragmented 
- habitat disturbance 1 ow to moderate 
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for listing, there is reasonable cause for concern about its status 
and further information is needed to proceed with listing. Category 
1 indicates that sufficient information exists within the files of 
the USFWS to warrant the initiation of review for listing. The 
western pond turtle as a species was formally proposed for listing 
to the USFWS in December 1991. For a summary of proposed categories 
of status, see Conclusions. 

Baja California Norte: The WFT is naninally protected in Mexico 
by the actions of Fauna Silvestre, which requires the issuance 
of a scientific collecting permit prior to any work on or collection 
of the species. The exact legal status of the species is not 
known to the author. 

Washington: The WFT is currently listed as a threatened species 
by the Washington Department of Wildlife, and is in the process of 
being upgraded to Endangered. 

Oregon: The WFT is curre...11tly listed as a Sensitive Species, 
subcategory "c::::-i tical" by the Oregon Departrre..11t of Fish and 
Wildlife under Oregon's S~~itive Species Rule OAR 635-100-040. 
As defined by this law, the "critical" classification,...applies to 
those species "for which listing as threatened or endangered is 
pending; or those for which listing as threatened or endangered 
may be appropriate if irrrrediate conservation actions are not 
take...'1." 

Nevada: The WPT is not formally protected under existing state 
Threate...11ed or Endangered species law, but a scientific collecting 
permit is required for capture. 

CalifomiaFLegal take of two WFT with a valid fishing lice...'1Se is 
allowed under provisions of Title 14, California Code of Regulations 
Section 40.15. The state also lists both subspecies as Species of 
Special Concern and take of more than the number all owed tm.der a 
fishing license requires a scientific collecting permit. 

SUMMARY/CDNCLUSIONS: The western pond turtle evolved in esse...11tial 
isolation fran other turtle species, and in a relatively tm.ique 
environment. The conditions tm.der which this species evolved 
have fostered the development of many aspects of its natural history 
which are not easily altered- they have been perfectly adequate 
for approximately 2 million years . The lack of many types of 
predators and/or competitors, the nature of the habitats in which it 
occurs and the basic resiliency of the turtle bauplan in this species 
allowed the development of enormous population sizes and the occupa
tion of a wide geographic range. The WFT is an animal that is 
weli adapted to the environrrents in which it historically existed. 
Unfortunately, these environments are changing rapidly and the 
characteristics which allowed it to thrive under those conditions 
now work against the species. Species which lack the ability to 
adapt to changes in the environment, in essence to evolve, even
tually became extinct. There are many factors which control the 

11 5 



balance between a continual process of adapation or extinction, but 
two of the xoost important are the nature of changes and the time 
involved. The long life span, low fecundity and low survivorship of 
hatchlings and juveniles in the WPT have allowed the maintenance of 
the species in the face of changing environments. Since the -
Wisconsonian glaciation, the range, habitats and total papulation 
size of the species have undergone significant changes, both positive 
and negative. However, these changes have taken place over thousands 
of years. Changes in the environment at least as radical in nature 
as occurred during the Pleistocene have occurred during the last 
100-120 years within the range of the WPT. The western pond turtle 
is a species that evolved to deal with disturbance on evolutionary/ 
geological tirre scales, and has persisted despite radical changes in 
its environment. The nature and speed of current changes in the 
environment pose a major threat to the continued existance of this 
species. 

The western pond turtle is in a state of general decline through
out an estimated 75-80% of its range. Localized extirpations have 
occurred in the area of Puget Sound, the Columbia River, the metro
politan areas of Portland, San Francisco, Los Angeles and San Diego, 
and the majority of the area south of the Santa Clara-River in 
California. Major reductions (estimated at 95-99%+) in population 
size have occurred in the Willamette Valley, the San Joaquin Valley, 
the South Coast drainages of california, and possibly a number of 
other areas. The factors responsible for these declines include 
habitat alteration, population fragmentation, predation, drought, 
disease, commercial expolitatian, off-road vehicle use, traffic and 
roadways, incidental take, illegal collecting and other factors. 
Faced with the continuance of roc>st of these factors and the strong 
possibility of future threats, the continued existance of viable WPT 
populatioriS in many areas cannot be assured under existing regulatory 
mechanisms and m:magement programs. Given the state of habitat 
alteration and the number and degree of threats, it is unlikely that 
viable WPT populations could be maintained in same areas without 
prohibitively expensive management efforts. In other areas, consider
able potential exists to recover and successfully manage populations 
that are currently non-viable or rrarginally viable. Given the signi
ficant lack of information concerning certain aspects of the natural 
history of this species that are directly relevant to management 
considerations, protection and study of the few remaining viable 
populations are of param::>unt in'Q?ortance. The mere presence of WJ?Ts in 
an area, even in rroderate nurbers, does not necessarily indicate the 
presence of a viable population. Due to the long life span of tl').e 
species, isolated individuals may persist in an area for 30-50 years 
after the population has been effectively extirpated. 

_Existing regulatory mechanisms, particularly on the state level, 
~hasize protection against illegal take. Classification as State 
Sensitive, Species of Special Concern, etc. serve.prirnarily as infor
mation-gathering devices to assist in decisions concerning potential 
listing as Threatened or Endangered. Relatively little to no protec
tion in a real sense is conferred by these actions as they do not 
address the primary source of roc>st problems with many Threatened and 
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Endangered species, namely protection of habitats and mitigation of 
other factors responsible for declines. As such, while protection of 
a taxon against illegal take is important, it rray be only one step in 
a program designed to prevent further declines in or the outright 
extinction of a species. In December 1991 this report was submitted 
along with a forrral petition to the United States Fish and Wildlife 
Service Region 1 office to list the western pond turtle as Endangered 
in same portions of its range and Threatened in the remainder. Speci
fic recommendations follow. 

Washington: Endangered for the entire state. 

Oregon: Endangered for the Colunbia, Willamette and Klarrath 
drainages. Threatened for remainder of range, 

Nevada: Endangered for the a~tire state. 

California: Endangered for the Klamath River to confluence with 
Scott River, all Clear Lake drainages, San Joaquin 
Valley fran Mokehmne River south to Tejon Pass, 
Mojave River, south coast drainages from j:..~e Santa 
Clara River drainage (inclusive) south. ~eata~ed for 
remainder of range. 

Baja California Norte: Endangered for the entire state. 

ONGOING RESEARCH: Several research projects were initiated in 1991 
on WPI's. H. Welsh, R. Wilson and A. Lind of the Redwood Sciences Lab 
(United States Forest Service) have initiated a three-year survey 
of habitat utilization, population structure and fecundity, and rnove
Irf'>-11t in a population in the Trinity River drainage. D. Reese (Univ. 
of California-Berkeley) is conducting long-te~ research on movement 
patterns among pond systems in northern California, as well as 
investigating the use of DNA fingerprinting to examine historical 
aspects of microgeographic dispersal. L. Gray (Univ. of Washington) 
is involved in modeling various aspects of life history parameters to 
assist in the development of rranagement strategies and a recovery 
plan for the state of Washington. The US Fish & Wildlife Service (San 
Simeon Field Station) is involved in a co-operative effort to census 
and track movements in a WPT population on the central coast of Cali
fornia. At 1 east three tmdergraduate theses have been ccmpl eted at 
the Claremont Colleges involving various aspects of movement, habi
tat utilization and ''head-starting" of hatchlings in a semi-wild 
population. The Washington Departme.~t of Wildlife is involved in an 
extensive program to rranage and recover populations of WPTs in the 
state, which includes a captive-breeding and head-start effort. 
Initial results from the head-start program run by F. Slavens 
(Woodland Park Zoo) are very encouraging, with as nruch as 4 years 
growth being produced in a one-year period in anirrals all owed to 
hatch in the wild. 

The author's work on assessment of morphological variability 
and phylogeographic history of the species will be canpleted in 
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1992. At present, I am continuing to rroni tor the status and struc
ture of approximately 45+ populations throughout the range of the 
species. Scme data on aspects of the natural history of the species 
collected during 1987-1991 will be submitted for publication in 1992; 
the first deals with the reproductive ecology of the species. Surveys 
of the status and certain aspects of the reproductive ecology of the 
species in Washington were CCII1?leted in early 1991 (Holland, 199la, 
199lb) , and the results of the 1991 surveys of status and distribution 
in Oregon (Holland, 1991c) will be available in early 1992. The 
author is continuing a collaborative effort with R. Bury (USFWS) to 
m::mitor long-term changes in population structure and xroverent in a 
northern california population. A significant portion of my research 
has dealt with deter.mination of movement patterns and variability in 
interpopulation survivorship. To this end, I have marked over 4500 
turtles throughout the range of the species. The US Forest Service, 
US Fish and Wildlife Service, R. Bury, D. Reese and myself are all 
utilizing a carm:m marking system (Fig. 58). Recovery of any marked 
turtles is of considerable interest to us and we would appreciate 
being infonred of any such events. A report form is included with 
Fig. 58. 

Several extensive research and management efforts lire in varying 
stages of planning and/or implementation .. The general goal of most 
of these efforts is to provide effective management-oriented informa
tion to allow various governmental agencies to comply with provisions 
of the Endangered Species Act should this species becare listed. · 
Collaborative efforts between the US Fish and Wildlife Service, US 
Forest Service, Bureau of Land Managernent, Bureau of Reclamation, Anny 
Corps of Engineers, United States Marine Corps, United States Navy, 
United States Army, Bonneville Power Administration, Washington 
Department of Wildlife, Oregon Department of Fish and Wildlife, Oregon 
State Par}ts:;,Department I the Columbia Gorge Ccmnission, california 
Department of Fish and Game, California State Parks Department, The 
Nature Conservancy and various individuals to facilitate and implement 
research efforts on this species are already underway or in some stage 
of planning. I would welcome additional interest(s) in this process, 
and can be contacted for further details through my forwarding 
address, given below: 

Dan c. Holland 
2310 Alturas 
Bakersfield, California 
93305 
(805) 325-3476 

GElm:RAL MANAGEM.Elfr SUGGESTIONS: Given the inforn:ation noted above, 
it may seem suprising that the managernent reccmnen.dations/ considera
tiOns listed below are sanewhat vague. This was purposely done for 
two reasons - 1) the existing state of knowledge on this species 
allows only general recannendations to be made at this point and 
2) existing information indicates that there is tremendous geographic 
variability in same critical aspects of the life history of this 
species - ~~t may apply in Washington might not work in southern 
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PLEASE RETURN TO: 119 

YOUR NAME 

.\DDRESS 

DATE FOUND TIME 

Dan C. Holland 
2310 Alturas 
Bakersfield, CA 
93305 
(805) 325-3476 

LOCATION (Please be as specific as possible) 

or 

COUNTY ---------------------------------------------------

E~TIMATED DISTANCE TO NEAREST WATER 

NOTES 

R. Bruce Bury 
US Fish & Wildlife 
Service - NERC 
4512 McMurray Ave. 
Ft. Collins, CO 
80526-3400 

S':i:'ATE 

On the figure to the right (Below), please note any notches/marks on the 
shields around the edge of the shell. Notches are typically triangular. 

Fig. 58: Marking system and report form 



california. Effective management of WPI's will not necessarily be 
easy, cheap or produce imnediate results. Due to certain aspects 
of the natural history of this species, planning efforts should be 
considered in long-term titre frames - 20-50 year plans are not 
inappropriate. Although there are many aspects of the species' 
ecology that may prove difficult to encarq;>ass or mitigate for in 
conventional management efforts, others may partially compensate for 
the inevitable mistakes that will be made during both currrent and 
future research and management efforts. The 1 ong life-span and broad 
habitat tolerances displayed by this species may "buy" valuable time 
while effective mitigation and recovery plans are developed. 

Habitat Managem=nt, Manipulation and/or Creation: The preferred 
strategy should usually be to protect and manage habitats in which 
WPT populations already exist. Maintenance and/or restoration of 
habitats will usually prove less costly and more effective in the 
long run than de novo creation of habitat. Habitat protection and 
management for WPTs will involve considerably more than protection of 
the irnrrediate aquatic environment as turtles move overland between 
watercourses and deposit eggs a considerable distance away from the 
watercourse (Fig. 17). The size of adequate buffers may vary signi
ficantly between areas, however as a preliminary recommendation 
Rathbun et al (in press) suggest a strip 0.5 krn (1640 feet) on either 
side of the watercourse to protect nest sites and potential overland 
movement corridors. 

Maintenance and rrenagement of habitats may limit or preclude 
certain types of activities. The effects of grazing need further 
study, but it is obvious that in many systems, particularly small 
watercourses, cattle trample and eat emergent aquatic vegetation 
and destroy or severely li~t the distribution of hatchling micro
habitat. For a more extensive discussion of this problem see 
Threats: Habitat Alteration. Same incidental mortality may occur 
through crushing of nests. Low-level grazing may be possible in same 
areas if watering sites (cattle tanks) are located well away fran 
the watercourse and cattle are excluded from riparian areas and nest 
sites are protected. Human activities such as fishing, boating and 
vehicular traffic may conflict with management efforts (see Predation, 
Threats). In particular, disturbance of nesting females should be 
avoided (Holland, 1991a; see oviposition). This may mean that access 
to an area or certain types of activities may have to restricted at 
certain times of the year. The roost sensitive period in this respect 
would be April-July. 

The use of fire as a management tool may be important in maintain
ing WPT populations, either through suppression (short-term) or 
prescribed burning (long-term). Suppression of fire may be important 
as_ a short-term management tool to prevent or minimize loss of nests, 
nesting females or overwintering turtles (see Threats:Fire) in 
impacted/depleted populations. However, long-term maintenance of 
open upland areas for nesting may be critical to the continued via
bility of WPT populations and may depend on periodic burning. In 
many areas, these types of habitats are dependent upon fire to pre
vent or minimize encroachment fran shrubby vegetation and trees. 
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Cantrall ed burning of earl y-m:id successional stages in these types 
of habitats may improve nesting habitat, but the dynamics of this 
situation need !TOre study. Prescribed burning as a managerrent tool 
should take place only when more data is available in this regard. 

Similar caveats apply to habitat manipulation (often expressed 
as "enhancement") or creation. Creation and ma.nagerrent of WPr 
habitat involves far more than simply digging a hole, adding water 
and throwing in a few logs. Although efforts aimed at creating or 
enhancing habitat will no doubt proceed without the considerations 
noted below, all such efforts should ideally be approached cautiously 
and conducted in such a matter that rigorous analysis can demonstrate 
the relative efficacy of various approaches and the importance of 
certain variables. Furthermore, design of created habitats should 
take into account the concerns noted in numerous areas above; some of 
these are that 1) creation of the aquatic habitat alone does not 
guarantee population viability/stability unless (minimally) nesting 
and overwintering areas are suitable and secure 2) movement among 
sites may be a part of the historical repertoire of a population, and 
turtles may not "rerain" in a created site 3) creation of new 
habitats also offers opportunities for the invasion and establishment 
of exotic species - bullfrogs are notorious in this respect 
4) translocation/reintroduction of turtles, especiall¥. into created 
habitats, is fraught with potential problems (see Threats: Transloca
tion/Reintroduction) and 5) it may take several years for succession· 
to establish an adequate prey base in these areas to allow successful 
maintenance of a turtle population. 

Bearing these factors in mind, sane general reccmnendations can 
be made concerning created habitats. First, the aquatic habitat 
should be at least moderately heterogenous in structure. Ponds/lakes 
should have shallow areas to allow emergent vegetation to develop, 
and deep areas to provide refugia. In particular, some deep areas 
(>1.5-2 m) will probably be necessary to prevent eventual choking of 
the pond through growth of certain emergents, specifically cattails 
and tules. Shallow areas, particularly with growths of small emer
gents such as reeds and sedges are irr;>ortant microhabitat for 
hatchlings. Second, sheltered areas where turtles can bask or forage 
with minirral probability of disturbance should be included in the 
design wherever feasible. These might include backwater areas, side 
channels or sheltered coves. Third, most slopes of the pond/lake 
banks should be low to moderate - probably not more than 15-20 
degrees in most areas. However, in some areas slopes might be graded 
to allow for development of a narrow emergent vegetation fringe 
adjacent to deep-water areas. Fourth, placement of the site should 
be planned to minimize visual disturbance fran :tiurran or vehicular 
activity. However, other considerations (such as relative locations 
of potential nesting or overwintering areas) may constrain this 
factor. Fifth, em:rgent vegetation should be encouraged to develop, 
possibly through plantings. The most important groups in this 
respect are cattails, tules, reeds and sedges. Only species native 
to the area should be used. Some floating vegetation (Ruppia, 
Polyqonum, Nuphar, Sagittaria) may be established by introduction. 
Planting of trees along the banks is also important, with the proviso 
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that only native species be used. Typical species to utilize would 
include willows, alders, cottonwoods, ash or other species typical of 
riparian areas at or near the site. Sixth, basking sites should be 
provided wherever possible, however this should be considered in 
light of the potential problems noted in Threats, specifically that 
provision or enhancement of basking sites may make turtles more 
vulnerable to wanton shooting. Baskings sites should be of varying 
sizes and types. In many areas, logs appear to be preferred, perhaps 
due to the nature of heating and cooling of these sites. Ideally, 
logs should be of native hardwoods or deciduous softwoods. Hardwoods 
have the advantage of taking longer to decay and it appears that they 
develop a different algal/arthropod epifauna than do conifers. 
Branches should be left intact wherever possible. A variety of sizes 
should be available to turtles, with tnmk/branch diameters fran 20-
25 em and less. Other basking sites rray also be provided. Rocks may 
be sul:::merged in appropriate areas and should be of a shape that 
allows turtles to easily·climb onto them once the majority of the 
rock is sul::rnerged. Where rocks are not available broken cement 
pilings or rubble might be used. If the previous two materials are 
not available, large planks rrdght be utilized. In same areas these 
should probably be anchored to prevent wind drift fran moving the 
basking site. Placement of basking sites should gene~lly be in 
near-shore areas, and adjacent to deep-water areas w~re possible. 
It is important to note that turtles may not always require 
"enhancement" of basking sites if sufficient naturally occurring 
areas/sites exist (such as on emergent vegetation). Seventh, it 
is important to include in the design and imp! ementation of the 
habitat creation effort monitoring and evaluation procedures. Given 
the amount of time, money and effort involved in such a project, 
examination of the effectiveness of the measures taken is not only 
economically wise, but also prevents repetition of errors. Eighth, 
as previously noted, under no circumstances should exotic species 
be introduced into these habitats, and imrediate efforts should be 
made to eliminate them if they becane established. 

Habitat "enhancement" or and/ or restoration may be irll?ortant 
management strategies for the reasons noted above, namely that it is 
easier to maintain or.possibly restore existing habitat than to 
create new habitats. The two are not necessarily the same - enhance
ment should presuarribly increase the "quality" of the habitat and 
restoration should presumably return to habitat to same semblance of 
its fanner state. As with the general caution noted above, it is 
proper to note that the current state of our knowledge about the 
habitat requirements of this species allows only generalizations 
that are only weakly supported by existing data as to what factors 
to consider in regard to "enhancement" or "restoration". Perhaps 
the easiest factor to consider are basking sites. Increasing the 
number or presumed quality of basking sites has one dem:mstrated 
effect - it makes turtles easier to observe. The possibility that it 
may enhance or increase the viability or stability of the turtle 
population carmot be denied, but by the same token has yet to be 
rigorously dem:mstrated. Nevertheless, enhancement of basking sites 
should probably follow the same guidelines noted above. 
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Creation or management of nesting sites is also a possible 
enhancement strategy. However, this nust be considered in light 
of several factors - 1) possible nest-site philopatry may limit or 
preclude fEma.les fran using "enhanced" or rn:maged sites 2) the 
rrdcro-characteristics of existing nest sites are not well known, 
and thus duplication or modification of other areas to hopefully 
reproduce the nature of these sites may not be currently feasi~l e 
3) the use of fire as a nest-site management tool should be approach
ed with caution (see above) 4) nest site management/enhancement alone 
may not be enough to affect population viability if other factors 
such as predation and hatchling rrdcrohabitat quality are not managed 
concurrently. As above, atterrq;>ts to create or manipulate nesting 
areas should be designed with troni.toring and assessment in rrdnd. 
Creation of nesting areas, particularly in created habitats, may 
involve recontouring of terraces or other areas, soil modification, 
and/ or vegetation mmagement. Slopes in potential nesting areas 
should probably be less than 15 degrees where possible, placed so as 
to maxirrdze exposure to incident solar radiation, and face south or 
southwest where possible. Daninant vegetation should be gramina
ceous or other herbaceous elements, possibly with same small shrubs. 
Soils should be well drained, and exposure to water during the 
develo~tal period (May-August) rrdnirrdzed (see ReprOduction for 
further details). -·· 

In sane areas, modification of the watercourse may be a useful 
management tool. In certain types of shallow-water ponds or 
lakes, particularly those that dry down in late summer-early autumn, 
excavation of deep-water (>1.5 m) areas may prove beneficial to 
turtle populations. This process rray be used to maintain sane open
water areas to prevent encroacbrrent and covering of the pond by 
aggressive emergent vegetation such as tules and cattails, and to 
provide a refugium for turtles as the pond/lake dries down. Addi
tionally, some existing ponds/lakes that currently lack a vegetation 
fringe du~to steep banks rrdght be modified by careful filling of 
certain areas to create shallows and encourage the growth of emer
gents. The tirrdng and nature of any watercourse rrodification should 
be planned to rrdnirrdze disturbance or disruption of normal turtle 
activity patterns, and should only be undertaken after the d~cs 
and status of the particular population are better understood. 

Predation: As previously noted, predators may have a significant 
effect on the viability of WPT populations through alteration of 
patterns of recruitment. In this respect there are two categories 
of predators - native and introduced. The m::>st significant native 
predator from a management standpoint is probably the raccoon, 
which are known predators on both turtles and their nests. The 
majority of WPT nests destroyed by predation are probably victims of 
raccoons. Under l.mdisturbed conditions, raccoons probably do not 
p9se a significant threat to the viability of WPT populations. 
However, many turtle populations exist in or near altered habitats. 
The alteration of these habitats may support larger nunbers of 
raccoons than would be the case in an tmdisturbed situation, which 
may in turn increase the significance of raccoon predation. In tenns 
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of management, protection of nests by use of exclosures (see Holland, 
1991a) may eliminate or reduce nest predation. Exclosures should be 
made of moderate - heavy gauge steel or aluninum rresh and at least 35 
an on a side, and secured arotmd the nest by heavy stakes. The mesh 
size should be large enough to allow free passage of air and sunlight 
but not so large that hatchling turtles can force a head or limb _ 
through. This effectively restricts mesh size to 1/4" or less. 
Nests so covered should be rronitored on a daily basis fran 70-110 
days after egg deposition to deter.mine if hatchlings are emerging. 
Shade should be provided should hatchlings emerge from the nest -
two 2" dia x 6" long plastic pipes cut in half lengthwise should be 
generally adequate._ A diagram of a nest exclosure is provided in 
Fig. 59. Once hatchlings enter the water, they reTain very vulnerable 
to raccoons. In cases where management goals include recovery of 
depleted populations, same degree of raccoon control may be necessary. 

Perhaps far more significant are the effects of introduced preda
tors and/ or carpeti tors. In this respect perhaps the rrost serious 
problem are bullfrogs. Given the feeding habits of the frog, large 
populations may not only affect WPT populations but those of many 
other vertebrates as well, particularly snakes, native amphibians, 
waterfowl and other marsh-nesting birds, and possibly sm:tll rnarmals. 
Elirrdnation of bullfrogs from a given area is possible only under 
restrictive circurrstances. In the vast majority of cases, cost
effective management may dictate only periodic control efforts. It 
is very important that once control efforts are initiated they be 
continued on a regular and frequent basis; the enorm:Jus fecundity 
of even a single pair of adult frogs will allow quick recovery of 
most populations if control efforts are interrupted. It may be 
possible to significantly increase WPT hatchling/juvenile survivor
ship through consistent bullfrog control efforts, even if bullfrogs 
cannot be eliminated from an area. Control of bullfrogs can take 
several farms·;- Direct elimination of adults by shooting or gigging 
is preferable; experienced htmters can kill several dozen animals 
in one night. Calling males can be easily located at night with the 
use of a headlarnp; the frequent presence of satellite males allows 
the opportunity to elirrdnate several frogs in a short period of time. 
All bullfrogs observed, regardless of size, should be eliminated. If 
shooting is the control method chosen, .22 caliber guns are preferred 
as shooting with .177 caliber pellet guns will often not kill the 
frog. If deposition of lead in the envirornnent is a concern, gigging 
may be preferable although it is slightly less efficient. Removal of 
larvae (tadpoles) is considerably rrore difficult. In most areas the 
larvae require 1 year + to metamorphose, and it may be possible to 
eliminate entire cohorts by selective dewatering of given areas 
~uring the late fall or winter. Use of rotenone or other biocides is 
not in general recc:mnended due to the unknown nature of their effects 
on ~s, and their known deleterious effects on the invertebrate prey 
base. Rem:>va~ of egg masses is also an inl?ortant rranagemen.t tool. 
The egg rrasses of bull frogs are usually laid in wann, shallow water, 
often in areas of emergent or floating vegetation. The masses are 
easily detected and large - a single one will easily fill a 20 liter 
bucket. These masses can be ~eroved through use of a fine-mesh dip 
net or sifting screen. It is important to census likely oviposition 
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sites on a daily or hi-daily basis as rrasses quickly becc:me indis
tinct due to the growth of green algae. A final consideration in 
bullfrog control efforts is that every effort must be made to elimi
nate only bullfrogs; native ranids co-occur with bullfrogs in a 
nurt"ber of areas. Native ranids are in a general state of decline and 
control efforts an exotic species should not excerbate this problem. 

Bass are a potentially significant problem in many areas. It 
is clear that viable populations of turtles coexist with bass in 
a very few sites, however there are considerably trore sites where 
this situation does not exist. The situations in which caexistance 
occurs are not known to be stahl e, and may change to the detriment 
of the turtle population. As such, removal of all exotic fishes 
(bass, sUnfish, catfish and carp) is a generally desireable goal 
for rranagement of WPr populations. As above, the use of biocides 
is not generally recc:mrended for the sarre reasons. Seining (where 
practical) may remove significant percentages of the introduced 
fishes. However, as with bull frog control , this effort will have to 
occur on a continuing basis to rraintain its effectiveness. The use 
of gill nets is not recommended due to the possibility of drowning 
turtles. 

Predator control may be among the least costly and-most effective 
of management efforts for WPTs. Strict enforcement of existing state 
laws regarding the introduction and/or transplantation of exotic 
species (such as bullfrogs, bass, etc.) would be an important first 
step. Under no circumstances should the deliberate introduction of 
exotic species into areas where WPTs occur be allowed. As noted 
above, the situation where complete elimination of introduced 
predators is possible wi 11 probably be rare. However, it may 
be possible to significantly improve WPT survivorship and popula
tion viability through continuous predator control even if elirrd
nation is n_gt feasible. 

Translocation/Reintroduction: The policy of translocation of WPI's 
as a mitigation strategy needs extensive further study, and is not 
reccrrrrended in the absence of certain information (see Threats) . 
Similar caveats apply to reintroductions. Given the occurrence 
of turtles in "created" or artificial habitats it is obvious that 
the species can and does invade and occupy these types of areas. 
However, evidence of the long-term maintenance of viable populations 
in these situations is scarce. As such, all reintroduction and/or 
translocation schemes should be approached with caution and with 
a thorough understanding of the dynamics of a particular situation. 

Captive Breeding/Headstarting: Captive breeding efforts are already 
underway as part of an overall management and recovery plan for the 
WPl' in Washington. In general, captive breeding is not reccmrended 
except as a last-ditch effort to salvage populations where all else 
has failed. Under certain rare circumstances (such as occur in 
Washington) captive breeding may be the preferred method of re
establishrrent of extirpated WPl' populations. Head-starting may 
be a valuable tool in the same context, but should only be considered 
in conjunction with ather efforts such as habitat protection and 
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predator control. The existing captive breeding and head-start 
program is operated by Frank Slavens at the Woodland Park Zoo in 
Seattle, and he should be contacted for additional inforrration 
regarding these types of efforts. 

SURVEYS & SURVEY METHODS: There are several methods for surveying 
WPI' populations, which vary in both their accuracy and ease of 
application. A brief discussion of scxre aspects of the survey 
process follows. 

Data Collection Forms - Depending upon the goals of the project, 
a variety of different types of data may be collected. For general 
survey work conducted in Oregon in 1991, I utilized the form shown 
in Appendix B. At a minimum, oost survey forms should include the 
following information: 

Identity of surveyor - Name of person(s) conducting survey 

Date and exact time of survey - date expressed as 06 Apr 1991, etc. 
and time in military time - i.e. 1330-1450. 

Exact location of survey - this should contain a desgj.ption of the 
location of the site accurate enough that future survey efforts will 
have no problems locating it. Appropriate references should include 
mileage from major crossroads, or other stable reference points. 
DO Nar use references such as "6 km west of Anywhereburg" except as 
a precursor to a rrore detailed description. Township, Section and 
Range descriptions or UTH coordinates are utilized by many resource 
agencies and might be included if readily available. As a useful 
general reference, we utilized the DeLorme Atlas Series, noting 
approximate survey site locations by reference to the page number, 
the horizontal letters and vertical numbers on each page, e.g. p. 59 
c 7. As aMases are available for california (2), Oregon and 
Washington, they cover the majority of the range of the species. 
Alternately, USGS topographic maps could be utilized as both a 
general and specific reference source. 

Watersource Type - this should be clearly indentified as a natural 
watercourse (i.e~ river, stream, lake), a man-made watercourse 
(reservoir, stock pond, etc.) or a human-altered watercourse 
(channelized streamcourse, excavated pond, etc.) 

Dimensions at survey site - estimated dimensions of watercourse in 
meters, minimally length and width. 

Introduced species - numbers of exotic fishes and bullfrogs observed 
and/or heard. 

Total number of turtles - this should be a count of all WPTs (and 
other species) Observed. Note numbers of other species separately. 
For the purposes of identification, an illustrated key to the 
two native species on the west coast and two cc:moon exotics is 
provided in Fig. 1~ 

1"27 



Size and sex of WPTs - With some practice, it is possible to 
identify the sex of Wl?Ts at a considerable distance, even if only 
the head or shell is visible (see Fig. 3). Estimating the size of 
turtles takes sane practice. A useful technique is to cut out 
turtle figures of a known carapace length and place them at typical 
survey distances (50-100 m) and estirrate lengths until you becane 
comfortable with the practice and can accurately classify animals to 
+/- 20 mn carapace length. A series of pre-measured figures are" 
provided for your use in Appendix C. These should be photocopied, 
cut out and the size written on the back. Conventionally, we record 
estimated carapace lengths of all animals observed where possible in 
20 mm increments, i.e. 30-50, 50-70, 70-90, 90-110, 110-130, 130-
150, 150-170, 170-190 and 190-210. If it is not possible to deter
mine the approxirrate size of the anirral, it should be classified as 
either an adult (>110 rnm) or juvenile (<110 mm). 

Notes: There should be at least 2-3 lines on the form for notes 
fran the surveyor. These could include behavioral observations, 
habitat descriptions (if not a standardized part of the form), 
or other inforrration. 

Survey Methodology: Western pond turtles are an extremely wary 
species and any survey efforts should be conducted with this in 
mind. The species has excellent vision and hearing, and will see 
see a potential observer before the observer sees them. The typical 
response to disturbance is flight/escape behavior. If this occurs 
the observer rray be able to see turtles re-emerge onto basking sites 
if they take care to conceal themselves and restrict movement. For 
a more detailed description of escape behavior see Holland (l985a). 
Same general considerations on survey methods follows. 

Observers: Ideally, any personnel involved in any type of survey 
work on WPJ:g;· should have considerable familiarity with the species. 
Practically, this is unlikely. At the tirre of writing (Dec 1991) 
there are approxirrately 2 dozen people known to the author that can 
accurately survey WPI' populations. Given the nurber, nature and 
distribution of ongoing or planned WPT research projects this number 
will increase in the next few years. Inexperienced observers may 
not accurately assess the relative or total abundance of the species 
either at a given site or in total. As such, for persons or agencies 
planning survey efforts it would be wise to contact your state 
wildlife agency for recommendations in this matter. 

Clothing, movement and behavior: Surveyors should dress so as to 
blend with the surroundings - avoid bright colored clothing. In 
certain cases it appears that high contrast between the skin and 
clothing (i.e. light-colored skin, dark clothing) should be avoided. 
Long sleeves and pants are often a good idea given the am:n.mt of 
poison oak, nettles, blackberries and other itchy-scratchy plants 
that occur in WPI' habitat. WPI's have color vision and will more 
rapidly respond to "flashes" of color or contrast than to dull
colored clothing. Surveyors should rrove slowly and take advantage 
of existing cover where possible to screen your movements from the 
turtles. Avoid 1 oud noises_, · and if it is necessary to talk do so 
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in a subdued voice. Turtles will often initiate escape behavior on 
the basis of auditory stimuli alone. 

Binoculars and Spotting Scopes: The use of binoculars and spotting 
scopes is reccmnended. A good pair of 7 x 35 or 8 x 40 binoculars 
are adequate for xrost survey work. Wide-field binoculars are less 
suitable than those with a narrow field of view. Spotting scopes 
offer scme advantages over binoculars, the IDJst obvious being the 
increased level of magnification possible. 

Timing of Surveys: There are two important terrporal considerations 
when surveying for WPI's. First, it appears that there are "peaks'! 
of activity that occur within the diurnal regirre of WPI's. Second, 
there are peaks of apparent abundance that also occur in relation to 
the ti.rre of year. Daily activity may begin in sc:xre areas as soon as 
the snn rises, but IDJst typically turtles begin to engage in emergent 
basking by 0900-1000 h, with the maximum # turtles being observed at 
a given site typically being noted by about 1000 -1100 (Holland, 
1985a; Bernard, 1991). This may vary with the time of year- in the 
late surrrrer m::mths emergent basking may peak by 1000 or may not occur 
at all (see Therrroregulation). In sore areas such as the central 
coast of California there may be a smaller peak at approximately 
1500-1630 h. As such, xrost surveys should be initiated by at least 
0900 and terminated by 1700-1800 nnless a rrcre canplete picture of 
daily activity periods is desired. Seasonal variation is a very 
important consideration in surveys. The percentage of turtles in a 
population likely to be consistently observed appears to peak in late 
spring-early summer. There may be considerable geographic variation 
in this regard; surveys in Washington (F. Slavens, K. Slavens, pers. 
ca:rrn.) indicate an apparent peak in observable numbers of turtles 
occurring in late April-early May. Along the central coast of Cali
fornia, the peak occurs in late May-Jtme. In IDJst areas visual 
surveys conducted during August-September will note turtles in areas 
where they are m:x:lerately abundant but may miss them in areas of low 
abnndance. This will also vary with the weather preceeding a given 
survey (see below). Thus, surveys should generally concentrate on 
the seasonal period when turtles are rrost likely to readily observ
able in numbers proportional to their true abtmdance (see below), 
typically late April-early May to July-early August. 

It is important to insert a note of caution at this point. Visual 
surveys alone only rarely observe the majority of rrarhers of a 
population - the rule of tht.ni:l based upon a large nmber of concur
rent visual and mark and recapture surveys is that the maximum 
number of animals observed is usually only about 20% of a given 
population. Repeated surveys, especially in conjunction with mark
and recapture efforts, may be neeessary to accurately assess the size 
anq structure of a given population. Visual surveys also have the 
disadvantage of being biased towards the larger m:rrbers of the popu
lation for two reasons - 1) larger turtles are easier to see and 
2) smaller turtles often utilize different rrdcrohabitats in which 
typical visual surveys are less effective. As such, depending upon 
the goals of the project, visual surveys alone may not be adequate to 
answer sare of the questions posed. 



Temperature/Weather: WPTs are active at a wide range of air and 
water temperatures. The level and type of activity may often 
be dependent upon the the differential between the two. In general, 
rrost activity takes place when water temperatures are between 16 and 
28 degrees Celsius, and air tenperatures between 14 and 34 degrees 
Celsius. Turtles may be active at water temperatures as low as· 8 
degrees and as high as 39 degrees Celsius.· Turtles have been noted 
rroving overland during the winter roonths at air temperatures as low 
as 5 degrees Celsius, and during the sumer :rocmths at temperatures as 
high as 36 degrees. In situations where air temperatures are 
actually or effectively (due to wind) lower than water temperatures, 
turtles may be active but may not engage in emergent basking. In 
situations where water temperatures are consistently in excess of 
28-30 degrees emergent basking may also be very rare. A useful 
"trick" to observe anirrals that are aquatic basking in fl eating 
vegetation is to "pop" the water surface by cupping the hand and 
striking the water surface so as to make a "popping" noise. Turtles 
will often respond to this by elevating the head and neck out of the 
water to locate the source of the sotmd, and can thus be censused. 
Turtle activity may decline dramatically during changes in weather, 
particularly during the spring when cold fronts follow~ng a period 
of warm weather may effectively eli~nate emergent baSking for 
extended periods of ti:rre. Turtles may also rrove overland during 
periods when weather fronts roove through an area, particularly when 
rain occurs (see oviposition). 

Trapping, Mark and Recapture and other survey methods: An important 
consideration prior to the initiation of any studies involving 
WPTs is the matter of legality. WPTs are protected by state law in 
all areas in which they occur. Any efforts which involve handling 
or even potential disturbance of animals require scientific collect
ing pe~ts~~ram the appropriate state wildlife agency. Failure to 
obtain proper pe~ts may have severe consequences for the potential 
surveyor and/or associated parties. Should the species becc:ma listed 
under the provisions of the Endangered Species Act Federal penmits 
will also becane necessary. Given the number of parties involved in 
ongoing and planned research, it would be wise to contact the appro
priate state wildlife agency to prior to the initiation of any 
research to avoid potential complications in regard to disturbance or 
interference with ongoing studies. Alternately, I will act as a 
temporary "clearing house" in this respect until a roore formal 
procedure can be developed. Correspondence can be sent to me at the 
address previously noted. 

Each survey method has both advantages and disadvantages. The 
advantages of trapping are that 1) it is relatively "low-cost" in 
terms of time and effort 2) it can be conducted with a m:inirrn.lm of 
training and 3) it potentially allows nul tiple sites to be surveyed 
within a short period of time. The disadvantages are 1) trapping 
results tendto be heavily adult-biased, as small animals either will 
not enter the traps or can easily escape 2) traps are initially 
difficult to set 3) anirrals quickly becane "trap-shy" 4) the possi
bility of rrortality is greater with this method than any other and 5) 
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non-"target" species rray be taken. Mark and recapture efforts have 
the advantages of 1) accurate assessment of population size and 
structure 2) collection of important ancillary data on reproductive 
status, growth, survivorship and habitat utilization patterns and 3) 
all owing serre 1 evel of cc:mpadson with other such studies. The 
disadvantages are that 1) it is relatively "expensive" in terms of 
time and effort 2) it requires specialized training and 3} it limits 
the nurriber of sites that can be surveyed within a given time period. 
The advantages of visual surveys are that 1) they are relatively 
"cheap" in terms of tirre and effort and 2) they allow rrul tiple 
surveys to be conducted within lirrci. ted tirre periods. The disadvan
tages are that 1) properly conducted visual surveys require same 
specialized training and/or knowledge 2) survey results are often 
heavily dependent upon variation in local topography, observer skill, 
weather and other factors and 3) a large number of surveys may be 
necessary to accurately assess size and structure of a population. 

The preferred method of population estirration survey carU:lines 
various aspects of all three of these methods. Ideally, ini tal 
surveys should be conducted through snorkeling or skin-diving for . 
turtles and the turtles captured should be weighed, measured, marked 
and rei eased at the exact site of capture. As with g;!:her techniques, 
diving requires a considerable arootmt of skill and knowledge of the 
habits of the species to be effective as a survey rrethod. At mini
rrrurn, the captured animal should be sexed, weighed to the nearest 
gram and the straight-line carapace length measured to the nearest 
rrrn (Fig. 60). Addi tiona! linear measurerents can be taken at the 
discretion of the surveyor. Notes should be take."1. on the presence of 
scars, missing lirrUJ.s or or shell/shield abnorrrali ties. Assessment of 
the reproductive status of females is valuable information but 
requires serre training (see below). Animals can be marked by making 
shall ow ( 4-5 rrrn) notches in the rrarginal shields with a srrall-rredi urn 
fine-tootheQ, triangular file. This produces a permanent mark that 
is known in sane cases to last for at least 23 years. STall anirre.ls 
(<60 mm) can be marked by cutting small notches out of the appro
priate shields with a pair of iridectcmy or other small scissors. 
As previously noted (see above and Fig. 58), an existing marking 
system is already in extensive use. As I have marked large numbers 
of turtles in over 100 localities throughout their range, please 
contact rre before any marking efforts are initiated. The use of two 
marking systems and efforts at a site has the potential to create 
enormous problems. 

Turtles may be marked to assist in follow-up visual surveys. The 
preferred method is to use white fingernail polish and paint a large 
two-digit number on both sides of the carapace. The size of the 
number should vary with the size of the turtle, but should normally 
occupy a significant percentage of the 2nd and 3rd costals (see 
Fig·, 60). The nail polish, if allowed to dry well (20-30 min) 
before replacing the aninal in the water, will last 4-8 weeks 
tmder normal circumstances. I do not reccmrend marking any ariirra.l 
tmder 90 rrm carapace length or gravid ferales as the potential 
increased exposure to predation almost always outweigh the benefits 
of the data collected. Turtles narked with this system are often 

1 31 



--.-----Carapace Length ------. 1..32 

mark=4063 

visual#: 05 

~-Carapace Length------.. 
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identifiable at distances in excess of 100 m with 7 x 35 binoculars. 

Continuation of the survey can be conducted through repeated hand
sampling (by diving), visual surveys and/or trapping. A typical trap 
is shown in Fig. 61. The dirrensions on this trap are not fixed, and 
could be increased (particularly in length) to suit the needs of a 
particular survey. This trap is collapsible - rerroval of the 4. 
support rods allows the trap to telescope to a height of approximate
ly 10-12 em. Cost per trap averages about $7-10 for materials, and 
construction tirre with practice requires 1.5-2 h. The metal frame
work of the trap can be made of either mild steel or aluninum; how
ever steel is easier to weld in roost cases. Netting should be 
secured relatively tightly to the frame - loose areas allow possible 
entangle:rent of turtles and risk of drowning. The netting should be 
ONLY 1" NON-STRETCH netting - cotton will work but deteriorates rrore 
rapidly than nylon. Stretch netting rray entangle and drown turtles. 
Traps can be baited with fresh fish, but I have generally fmm.d 
canned sardines or herring ("fish steaks") in oil to be more effec
tive. All bait, whether canned or fresh, should be tied to the 
bottan of the trap. The funnel/neck of the trap should always be 
placed "up" (toward the surface of the water). Placement of the 
trap may be critical to success - ideally traps shoul~ placed in 
shallow water near foraging areas and on or near basking sites. 
Traps should be placed so that at least 4-5 an of the netting on one 
end will protrude above the surface to allow breathing space for 
turtles. Traps should be placed and firmly secured so as to preclude 
any possibility of the trap slipping into deeper water, thus possibly 
drowning turtles. The time it takes for turtles to enter traps seems 
to vary widely - I have captured turtles within 20 min of placement 
and on other occasions it may take several days for the turtles to 
enter the trap. In general, traps should be placed in the water 
early in the morning (prior to 0700), checked at least every 2-3 h 
and rerooved'-'--just before dark. 

Although WPTs are a remarkably tough species, handling should 
be limited to minimize stress. Data collection and marking should 
be done as quickly and efficiently as possible, and the animal return
ed to the exact site of capture. Survey tools usually include a clip
board for data forms, a 20 1 plastic bucket to temporarily hold 
turtles, a pair of 200-300 mm calipers, several small-medium triangu
lar files (they dull quickly) and a 1 kg scale with a minimum accuracy 
of 10 g. 
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Fig. 61 - Collapsible turtle trap 
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23 December 1991 

Dear Colleague, 
Enclosed you should find (1) a copy of my latest status report 

on the western pond turtle and (2) a copy of the listing petition. 
First of all, the status report contains same typographical and 
pagination errors that I hope will not cause too much of an incon
venience. For example, page 34 is not missing but was skipped. 
I would be interested in hearing your comments or suggestions on 
this report as it is convenient for you. This report contains sen
sitive locality and population structure information, and is 
intended for intra- or inter-agency use only. I would appreciate 
it if you do not make copies available to the general public or to 
consulting firms for a variety of reasons. Thank you in advance 
for your cooperation in this matter. 

The petition is essentially an abstract of material contained in 
the report, and will be subrrdtted in late December or early January 
to the US Fish and Wildlife Service. In co-operation with Mark R. 
Jennings (California Academy of Sciences) and Marc P. Hayes (Oregon 
State University), a joint petition to list the western pond turtle 
and the California red-legged frog (Rana aurora draytonii) will be 
sul::mitted concurrently. We welcome your imput on this matter, and 
will advise you when the official notice is published in the 
Federal Registex soliciting information. 

As noted in the section of the report entitled "Ongoing 
Research", there are a number of ongoing and plarmed research 
activities involving the western pond turtle. In an effort to 
coordinate research plans, Bruce Bury (US Fish and Wildlife 
Service) and I will be hosting a pond turtle symposiumVinforma
tional meeting in the Resources Agency Building, 1416 Ninth 
Street, Sacramento, California on January 31, 1992 from 0800-1700. 
The primary goals of this symposium are threefold 1) to coordinate 
and integrate research goals and methods for the species on at 
least a basic level 2) to present natural history and other infor
mation relevant to management concerns for resource agency person
nel and 3) to develop a network of contacts to maintain communica
tion concerning the status and management of the species. The 
basic purpose of this meeting is informational; we do not plan to 
hold any training sessions in survey methodology per se but we 
will consider holding a 1-2 day "school" for this purpose in May if 
there is sufficient interest. 



To this end, we cordially invite your attendance or the atten
dance of other interested persons at this meeting. Please fill 

2 

out the attached fonn and return it to Bruce Bury by Jan. 24th. 
While the meeting will be infonnal and registration is not requir
ed, filling out the enclosed form will assist our planning 
efforts. We will mail you an itinerary with maps, lodging informa
tion, etc. as soon as we finalize the details. Thank you for your 
interest, and I hope to see you in Sacramento on the 31st. 

Sincerely, 

Dan C. Holland 



1 
THE WESTERN POND TURTLE (Clerrmys rrarmorata) 

This taxon (hereafter WPT or Clemmys marmorata) was historically 
the only native freshwater turtle over most of the west coast (Stebbins, 
1985). The species was very abundant within large parts of its range, 
and commercial harvest of the species occurred from at least the 1870's 
(Lockington, 1879; Brown, 1940) to the 1920's (Storer, 1930), and possi
bly later. There are currently two described subspecies within this 
taxon (Seeilger, 1945).. The northwestern pond turtle (Clemnys m. 
marmorata) occurs from the area of the American River northward to the 
Columbia River, and the southwestern pond turtle (Clemmys rnarmorata 
pallida) occurs from the vicinity of Monterey south through the coastal 
drainages to the vicinity of the Sierra San Pedro Martir in Baja Cali
fornia Norte. The central valley south of the American River to the 
vicinity of Tejon Pass is decribed as an area of intergradation of the 
two subspecies (Seeliger, 1945). outlying populations of~.~ 
marmorata occur in the vicinity of Puget Sound (Washington), Grant 
County (Oregon) and the Carson and Truckee Rivers (Nevada). The Grant 
County population is probably the result of an introduction in the 
1970's (Nussbaum et al, 1983). OUtlying populations of Q. ID· pallida 
occur in the Mojave River (California). A map of the the range is pro
vided in Stebbins (1985). 

Clemmys marmorata has a life history that is characterized by low 
fecundity, low survivorship in hatchling and juvenile turtles, high 
survivorship as an adult and a potentially long life span. Age and 
size at first reproduction varies geographically, a few animals from 
the southern part of the range (Transverse ranges of California south) 
may reproduce at sizes as small as approximately 110-115 rnm and seven 
years of age (Holland, unpubl. data). However, most females seem to 
reproduce first at 120+ rnm and 8-9 years of age. This situation also 
occurs on the central coast of California, with the smallest known 
gravid female being 122 mm. In northern California, the smallest known 
gravid female was 130 mm and probably 10-12 years old. In central 
Oregon, the smallest known gravid female was 138 mm and probably 12-14 
years old. Examination of the reproductive status of 1735 females from 
1987-1991 indicates that the majority of females in a population ovi
posit in alternate years, although a small percentage may deposit eggs 
every year. Clutch size is positively correlated with carapace length 
(r=0.754) and the range is 1-13 (mean=5.69). Females typically leave 
the watercourse in late afternoon or early evening and move a consider
able distance overoverland to excavate one or more nests. All known 
nest sites are in non-riparian habitats adjacent to the watercourses 
turtles inhabit, and distances range from a minimum of 16 m to a maximum 
of 402 m (Storer, 1930; Holland, unpubl. data). Females are very 
sensitive to disturbance during overland nesting movements, and may 
excavate one or more nests (Holland, 1991; Rathbun et al, in press). 
Incubation time in captivity under controlled conditions is 73-80 days 
(Feldman, 1982) and the few records from naturally incubated nests 
(Holland, 1991) indicate a period of from 95-106 days. Hatchling 
western pond turtles are from 23-31 mm carapace length, and weigh 1.5-5 
g. It is likely that the majority of hatchlings in many areas overwin
ter in the nest (Holland; 1985a, 1991). Hatchlings emerge and move to 
the watercourse in early spring, usually March to April. Survivorship 
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in hatchlings and first year animals is typically low, averaging about 
8-12% (Holland, unpubl. data). Growth is rapid, with hatchlings effect
ively doubling their size in the first year of growth. Animals typical
ly reach 80-90 mm by their fourth year, and growth rates vary signifi
cantly on both an intra- and interpopulation level after this point. 
Secondary sexual characteristics usually became apparent in both males 
and females at 110-120 mm carapace length. Survivorship in adults 
appears to be high once this size range is reached, and the adult popu
lation appears to average a 3-5% turnover rate/year (Holland, unpubl. 
data). 

Western pond turtles are active year-round in the southern part of 
the range and along the central coast of California. In the central 
valley and areas north, activity typically begins in March and peaks in 
June-July, decreases gradually in August, increases briefly in Septem
ber, and usually te~nates by November. At least same percentage of 
the population apparently leaves the watercourse in October-November and 
moves into adjacent upland habitats. Animals have been found overwin
tering several hundred meters from the watercourse. 

Western pond turtles spend considerable amounts of time engaged in 
thermoregulatory behavior. Emergent basking typically begins shortly 
after emergence from overwintering sites. Animals utilize logs, rocks, 
emergent vegetation, mud or sand banks, or human-generated debris as 
basking sites. Aggressive interactions on these sites are common (Bury, 
1972; Bury and Wolfheim, 1973; Holland, 1985a), and as many as 70+ 
turtles have been observed on a single site. Turtles also engage in 
"aquatic" basking, utilizing thermal microenvironments within the 
aquatic habitat to engage in thermoregulatory behavior (Holland 1985a). 

Clemmys marmorata can be classified as a dietary generalist, with the 
majority of the diet being composed of small aquatic invertebrates 
(Holland, 1985a, 1985b; Bury, 1986). However, some small vertebrates 
(fish and anuraa larvae) are taken in northern California (Bury, 1986) 
and carrion is frequently utilized (Holland, 1985a, 1989; Bury, 1986). 
Plant material typically makes up a small percentage of the diet. WPTs 
typically forage throughout the water column, utilizing both vision and 
scent to locate prey items. Most foraging appears to occur during day
light hours, however turtles may be active throughout the night during 
the summer months. Turtles will also take trolled, floating or bottom
set baits used by fishermen (Holland, pers. obs.). 

There are numerous known predators on western pond turtles, includ
ing black bear (Euarctos americanus), coyote (Canis latrans), grey fox 
(Urocyon cinereoargenteus), domestic and feral dogs (Canis familiaris), 
river otter (Lutra canadensis), mink (Mustela vison), raccoon (Procyon 
lotor), bald eagle (Halietus leucocephalus), bullfrog (Rana catesbeiana) 
and largemouth bass (Micropterus salmoides). Suspected predators in
clude striped skunk, opossum, beaver, nutria, bobcat, feral pig, osprey, 
great blue heron, red-shouldered hawk, black-crowned night heron, raven, 
common crow, giant garter snake, two-striped garter snake, California 
red-legged frog, striped bass, white bass, smallmouth bass, the larger 
species of catfish, rainbow trout (steelhead), and giant water bugs. 
Although there are few predators that can effectively deal with adult 
turtles in the water (such as mink and river otters), turtles are ex-
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tremely vulnerable on land. Raccoons and possibly skunks are major nest 
predators, and raccons also take adults. Adult female turtles typically 
show evidence of attempted predation (shell scarring, missing limbs) at 
a level 6-7 times that of males. These mutilations are probably incur
red during overland nesting movements. Loss of a hind limb may effect
ively preclude the ability of a turtle to successfully excavate a nest. 

The WPT is a habitat generalist, occurring in a wide range of both 
permanent and intermittent aquatic environments. This species histori
cally occurred from sea level to 5000 feet, although turtles are scarce 
anywhere above 4500'. Two records are known for localities above 6000 
feet, but these may represent introductions or waifs. Turtles occur in 
brackish-water habitats along the California coast, and can tolerate 
prolonged immersion in sea water (Holland, unpub. data). Historically, 
WPTs occurred in most watercourses throughout its range. Optimal habi
tat was the series of warm, shallow lakes and the extensive slough sys
tems that formerly covered much of the floor of the central valley 
(Elliot, 1883; Brown, 1940, Harding, 1960; Preston, 1981). In the few 
remaining microhabitats that approximate these conditions, the WPT 
typically achieves densities in excess of 1000 animals per hectare of 
water surface, and densities as high as 3700 animals/ha are known. 
Given these densities, it is likely that this species constituted the 
dominant element of the vertebrate biomass in many aquatic ecosystems on 
the west coast. Currently, the primary habitat for this species are the 
small-medium sized streams in montane areas. Turtles are patchily dis
tributed along some of the larger rivers, such as the San Joaquin, 
Sacramento, Klamath and Umpqua. Turtles are also found in some small 
farm ponds and other modified watercourses such as canals and reser
voirs. Although WPTs are habitat generalists, hatchling and juvenile 
turtles have relatively specialized habita~ requirements, and the 
microhabitats whi_ch hold these age/size classes are often very limited 
in a given area,-and highly susceptible to disturbance of various types. 

From 1976 to the present I have been conducting research on this 
species. Between 1976 and 1981 I made approximately 150+ surveys of 
the distribution and relative abundance of this species in central 
California. Although 100+ of these surveys were made at only 4 sites, 
an additional 40+ sites were surveyed throughout the area. Fram 1981 to 
the present I have conducted over 700 surveys at 250+ sites throughout 
the range of the species. The areas surveyed included many localities 
where WPTs were historically present as reflected in museum specimens or 
literature records. Of all sites surveyed, I would estimate that 
turtles were present in approximately 65-70% of the localities surveyed. 
However, over 100 additional sites that historically were likely to have 
held turtles were also examined. The degree of habitat alteration was 
such at these sites that it precluded the possible existance of WPTs. 
Although the WPT still occurs throughout the majority of its former 
geographic range, it has been completely or effectively extirpated from 
many areas. Total population size of the species has declined signifi
ficantly from the levels present prior to the advent of European man on 
the west coast, and the few remaining areas that hold moderate-large 
viable populations face a variety of threats. The categories of threats 
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that historically and currently affect WPT populations follow those 
outlined by Soule (1991) as (1) loss of habitat (2) fragrr~tation of 
habitat with concorrndtant effects on population viability (3) overex
ploitation and (4) the spread of exotic species. Other threats which 
may pose significant problems for WPTs include pollution and long-term 
climatic change. What follow is a brief discussion of the impacts of 
each of these factors on the western pond turtle. 

WPTs have been utilized as a food resource by a number of native 
American cultures, including the Modoc (Howe, 1968). However, there is 
no apparent mention of this use in other areas, such as by the valley
floor Yokuts in the Tulare Lake basin (Latta, 1949). Commercial exploi
tation probably began shortly after the california Gold Rush in 1849, 
but the first published record is that of Lockington (1879). The com
mercial demand for the food trade had already depleted populations of 
california red-legged frogs (Rana aurora draytonii) and WPTs in the 
immediate environs of San Francisco by this date, and market hunters for 
both species were moving as far afield as the area of Visalia (central 
california) to supply the market. At this time, extensive commercial 
operations were conducted on Tulare Lake, with the schooner Water Witch 
being used to support a fishing and turtling operation there in the 
late 1870's to early 1880's. Exact harvest figures are scarce, but 
it is known (Elliot, 1883) that one operation shipped at least 2160 
turtles in one season to the San Francisco market. Other information 
(M. Jennings, pers. camm.) indicates that the total catch was enormously 
higher than this. Smith (1895) estimated that 18,000 turtles per year 
were offered for sale in the San Francisco market. According to 
incidental commercial collecting records sproadically maintained by the 
California Department of Fish and Game the trade continued until at 
least the late 1920's, with a minimum of several hundred to several 
thousand turtles being reported as taken each year. The commercial 
collection of WfTs for food undoubtedly played a significant role in 
initial populat1on reductions in this species. The impact was probably 
most significant on populations where habitat conditions allowed for 
easy mass collection, such as in the lakes on the floor of the San 
Joaquin valley (Kern, Buena Vista and Tulare) and in slough and riverine 
habitats throughout the San Joaquin and Sacramento valleys. However, 
california Fish and Game records indicate that in the early part of the 
20th century there were still substantial collections from many areas of 
the state that did not possess the types of habitats previously mention
ed. There is same evidence that the illegal commercial collection of 
this species for food continues today, and may have a very significant 
impact on remaining populations, particularly in southern and central 
California. 

Concurrent with the initial population reductions caused by commer
cial collecting, WPTs also suffered from two other types of impacts -
habitat alteration and the introduction of exotic species. Widespread 
alteration of WPT habitat was well underway by the 1880's with the 
extensive "reclamation" of "swamp and overflow lands" (Elliot, 1883; 
Brown, 1940; Harding, 1960; Preston, 1981). The timing of extensive 
water diversion efforts for agricultural and other purposes varied, but 
led to the elimination or alteration of WPT habitat throughout much of 
its range. Among the most signiicant losses were in the central valley 
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of California and the Klamath and Willamette drainages in Oregon. Add
itional habitat losses were incurred through the construction of dams 
and the creation of reservoirs along many watercourses. The existance 
of these impoundments had several negative effects, among them 1) alter
ation of historical patterns of water flow within a drainage and. nega
tive impacts on downstream habitats 2) direct elirrdnation of WPT habitat 
in the area of the dam and reservoir 3) creation of habitat suitable for 
the maintenance and spread of exotic species which have deleterious 
effects on WPTs (see below) 4) fragmentation of existing populations and 
interference with normal movement patterns and 5) creation of barriers 
to normal dispersal and conc~tant decreases in the probability of re
establishment of extirpated populations. All of these factors have had 
moderate to severe negative impacts on WPT populations. Surveys of all 
reservoirs in the southern Sierra Nevada from the Merced River south 
from 1981-1991 and of selected northern Sierra reservoirs from 1987-1991 
indicate that while WPTs are occasionally observed in these systems, no 
cases are known of the existence of viable populations within these im
poundments are known. Sirrdlar situations have been observed along river 
systems in southern California, central coastal California, northwestern 
California, the Klamath, Rogue and Willamette drainages in Oregon, and 
along the Columbia drainage in both Oregon and Washington. 

other forms of habitat alteration have affected and continue to 
affect WPT populations. Widespread channelization of watercourses for 
flood control and water diversion have eliminated considerable amounts 
of WPT habitat along small to medium-sized watercourses, especially in 
the central valley of California and southern California. Urbanization 
facilitated by these efforts has also played a major role in the elimi
nation of WPT habitats, particularly in southern California. Grazing 
may also play an important role in modifiying WPT habitats. California 
has a history of extensive grazing (Burcham, 1957), which is known to 
adversely affect the structure of aquatic and riparian habitats 
(Kauffman and Krueger, 1984; Marlow and Pogacnik, 1985). In particular, 
trampling or consumption of emergent vegetation along watercourses may 
adversely affect survivorship in WPTs as this decreases or elirrdnates 
the microhabitat utilized by hatchlings and juveniles. Cattle also 
trample streambanks and modify or eliminate undercut areas (Platts, 
1981) typically utilized as refugia by turtles, thus increasing their 
susceptibility to predation. 

Another form of habitat alteration with significant consequences for 
WPT populations has been the five years of drought suffered by the 
west coast from 1986-1991. Surveys on several turtle populations in 
southern and central California during this time period have revealed 
an interesting pattern. Turtles were moderately abundant during 1987-
1988 and capture rates/h were equivalent to many northern California 
watercourses presumably minimally affected by the drought. Increased 
drying of the watercourses concentrated turtles in smaller and smaller 
areas of the watercourse, such that by 1989-1990 capture rates were 
very high and turtles might be found in only a few small pools within 
several miles of river or stream channel. All turtles in these situa
tions were obviously stressed, with no apparent body fat reserves. 
Increased mortality was expected and observed during 1990-1991, with 
some populations being completely extirpated, and other populations 
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displaying a 66% (rrdnimum) to 90%+ decrease in size. The drought also 
exacerbated existing problems with population fragmentation and other 
forms of disturbance. 

Another less obvious form of habitat alteration with major rarrdfica
tions for WPT population viability is the destruction or alteration of 
nesting habitat. WPTs are known to make extensive overland movements 
to construct nests; distances of up to 1/4 rrdle are known (Storer, 1930) 
and other information (Holland, 1991) indicates that distances of over 
150m from the watercourse are not uncommon. Extensive alteration of 
upland areas or other habitats adjacent to watercourses in which WPTs 
occur is not uncommon, and in many of these sites the WPT populations 
are extremely adult-biased with evidence of recruitment declines or 
failures. In many of these situations the lack of recruitment cannot 
be easily assigned to a single cause, as introduced predators are also 
present. However, there is sufficient reason to indicate that altera
tion of nesting habitat is cause for concern. 

Introduced predators have also had a major impact on WPT popula
tions. The two most significant in this respect are bullfrogs and bass. 
An excellent analysis of the effects of bullfrogs and predaceous fishes 
on native frogs is provided in Jennings and Hayes (1985) and Hayes and 
Jennings (1986). Similar effects are known or postulated for these 
exotic species on WPTs. Bullfrogs are known predators on WPTs (Moyle, 
1973; Holland, unpubl. data), as are bass (Holland, pers. obs.). 
Bullfrogs are particularly significant because of their catholic dietary 
habits, their widespread occurrence and large population sizes within 
the range of the WPT, and their habit of foraging in the microhabitats 
favored by hatchling and juvenile western pond turtles. Available 
information (Holland, unpubl. data) indicates a negative correlation 
between the presence of bullfrogs and the presence of hatchling and 
juvenile WPTs. ~A similar situation exists for bass and hatchling 
turtles, although in some special situations coexistence may be possi
ble. Also of concern are the effects of other introduced fishes, 
specifically carp (Cyprinus carpio and Carassius auratus) which may 
impact WPT populations through elimination or modification of emergent 
vegetation, and sunfish (Lepomis spp. and Pomoxis spp.) which may com
pete with turtles for the avaialable food supply. Larger catfish 
(Ictalurus spp.) may also prey on turtles or compete for the available 
prey base. 

There is considerable evidence that incidental human predation may 
also affect WPT populations. Accidental catch by fishe11men, either 
by hook and line methods or by nets, often leads to the death of the 
animals involved. Surveys in California from 1981-1991, Oregon in 1987-
1991 and Washington in 1990 indicate that this may be a significant 
source of mortality for some populations. Mortality through crushing 
by traffic may also be a significant problem in many areas, particular
ly as many turtle habitats are traversed by or parallel to roads. Loss 
of nesting females, which constitute a small percentage of any popula
tion, may be a major factor in the decline of the species in some areas. 
Off-road vehicles pose a significant threat to WPT populations in many 
areas due to direct loss through ct~hing or illegal collection and/or 
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f the aquatic or nesting habitat. In most areas where this 
curs, WPT populations small and existing in marginal habi-
3 are less likely to be able to withstand the effects of 
disturbance. Furthermore, the isolation of these sites 

{tremely unlikely the possibility of re-establishment of 
:ions by irrndgration from adjacent habitats. Boat traffic 
3 may also pose a threat through disturbance of normal 
- activity patterns, alteration of hatchling/juvenile 

vandalism (shooting) or illegal collecting, and/or 
hing access. 

y also play a role in the decline of WPT populations. Evi
study in Washington in 1990 (Holland, 1991) indicates that 
~ptible to a URD (Upper Respiratory Disease) syndrome 
~t noted in the desert tortoise (Gopherus agassizi). The 
is not known with certainty, but may have been a virus or 
~ad and moribund turtles were first observed in May and 
)e noted throughout the study. Thirty-eight turtles were 
.ng the epidemic and provided with extensive veterinary 
:he efforts of the Washington Department of Wildlife, the 
Zoo and the Center for Wildlife Conservation. Despite the 
over $60,000 and extraordinary efforts by staff and con

narians, over 50% of the turtles in this group died. 
y in this population in the summer of 1990 was approxi
To date, this is the only documented example of this syn-

However, at least one animal from the Willamette drain-
same period displayed lung lesions similar to those noted 

n the Washington population. The only positive aspect of 
1s that it occurred in an isolated population under inten
lould this disease become established in an area where 
1tinuously distributed (such_<;l.s the Trinity River) it is 
my effective measures could-prevent massive mortality. 

of the action of the various factors noted above has been 
'.ecrease in the total population size of the WPT as as 
•ugh turtles are distributed throughout most of the 
phic range of the species, localized extirpations have 
WPT has been completely extirpated from the type locality 

Puget Sound. Localized extirpations have also occurred 
of the Columbia drainage, many areas in the San Joaquin 

ropolitan areas of San Francisco, Los Angeles and San 
~ining populations are fragmented to varying degrees, 
a variety of threats. In Washington, WPTs are known 
~tes along the Columbia River and the total population 
1es not exceed 100-110 animals. A single population 
)roximately 4 square miles is known from the Oregon side 
drainage. While exact estimates are not available, this 

1robably does not number over 200 animals. Approximately 
~ conducted in the Willamette drainage in 1991, and 
1le populations were found at only three sites. Eighty
all turtles observed in the Willamette surveys were 
qua drainage was the site of 41 surveys, and turtles 
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were noted at 62% of all sites. However, only two demonstrated viable 
populations were observed in the upper end of this drainage. The two 
largest populations in the lower part of the drainage consisted of 100% 
adult turtles. Approximately 30 surveys were made along the Rogue 
drainage in the same time period, and turtles were noted in 23% of,all 
areas surveyed. A single moderate-large population was noted during 
this study, and consisted of 84% adults. Fourty-one surveys were made 
along the Klamath drainage and turtles were noted in 33% of all sites 
surveyed. A single viable population was noted in the extreme upper end 
of this drainage. Adults comprised 89% of all animals observed in this 
system and almost 96% of all animals captured. As noted above, 
although turtles were noted in a large number of sites, examination of 
the structure of these populations indicates that they are in almost all 
cases comprised primarily or solely of adults, with little or no 
evidence of recruitment. 

Surveys conducted in Nevada in 1987-88 indicate that turtles are 
known only from the Carson River drainage, although a few animals may 
persist in the Truckee River. Adults comprised over 90% of the animals 
observed, and it is likely that the entire population in the state does 
not number more than a few hundred animals. 

Surveys of drainage systems in Califot-nia reveal a variety of pat
terns, many of them similar to those observed in Oregon. Turtle popu
lations in the Klamath River drainage and its tributaries vary from 
small and heavily adult-biased to the largest remaining WPT populations 
known. The latter occurs in a very small portion of the drainage (one 
stream) and is subject to a variety of threats. Other populations in 
this area have been impacted by dam construction, introduced predators 
and other factors. In the central valley (Sacramento-San Joaquin 
drainage system __ and tributaries) most turtle populations have undergone 
dramatic declines in size and have become increasingly disjunct. Al
though the quality of the data varies from area to area, reasonable 
extrapolation from the known extent of the habitat(s), probable histori
cal densities based upon known current densities and a thorough know
ledge of the status and size of remaining populations, indicates that 
the most conservative estimate would be that turtle populations have 
declined in excess of 99.9% in the southern San Joaquin Valley, and by 
probably 95-99%+ in the remainder of this area. At present only one 
possibly viable population is known from the area south of Tulare 
County. The Pajaro-Salinas drainage contains relatively few turtle 
populations currently, and those remaining were severely reduced or 
in some cases extirpated by the effects of the drought. The few known 
viable populations remaining in this drainage are moderate in size, 
highly disjunct and occur in very limited habitats. The central coast 
(Monterey south to the Santa Clara River) contains a moderate number of 
moderate-sized populations. Although some of these populations are 
apparently stable, they face a growing number of current and future 
threats and their long-term stability cannot be guaranteed. Other 
populations in this area are beginning to show signs of recruitment 
declines or failures, due to some of the factors previously discussed. 
Many of the populations in this area were also severely affected by 
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the drought, with population declines of from 66-90% + being documented 
during 1990-1991. The Mojave River drainage at present contains one 
known population restricted to a few hectares of habitat. Surveys in 
1989 indicated that the total population in this system probably does 
not number in excess of 100 animals, and may in fact be smaller than 
that. The extremely disjunct distribution of this population would 
effectively preclude any possibility of natural re-establishment should 
the population be extirpated. The status of the species in southern 
california has been examined by Brattstram and Messer (1988) and the 
author. Brattstrom and Messer noted that south of Ventura County, only 
12.8% of 218 sites surveyed held turtles, and only 5 sites (2.2%) held 
viable populations. Surveys by the author have verified the general 
conclusions of this report, south of the Santa Clara River (inclusive) 
there are only 7-9 viable populations known. Many of these populations 
were severely reduced during the drought, with losses of up to 66% noted 
in one population. 

In summary, the data noted above and in the enclosed report indicate 
that the western pond turtle is in a general state of decline throughout 
the majority of its range. At present, populations appear to be stable 
in only about 20-25% (maximum) of the total area of the range. Locali
zed extirpations have occurred in many areas, and significant reductions 
in population size and distribution have taken place in others. Exist
ing populations in many areas are suffering from declines in or outright 
failure of recruitment, such that these populations are composed pri
marily or solely of adults. The reasons for the overall decline of the 
species and current recruitment problems are numerous, complex and not 
easily disentangled in terms of relative significance. The primary 
factors are thought to be direct or indirect alteration of aquatic and 
adjacent habitats, historical commercial exploitation, the effects of 
introduced predators, population fragmentation and drought. Other 
potentially significant effects may include pollution, disease and 
disturbance by human activities. That western pond turtles remain in 
many areas today is a testament to the resiliency of the species. 
However, the mere presence of turtles in an area is not a guarantee of 
a lack of problems. Due to the nature and long (potential) life-span 
of this species, significant numbres of WPTs may occur in an area for 
decades after the population has been effectively extirpated through 
lack of or declines in recruitment. Existing populations face a wide 
variety of current and future threats throughout their range, and the 
future of this species cannot be assured given the cuurent level(s) 
of protection afforded it under state law(s). Therefore, pursuant to 
provisions of the Endangered Species Act of 1973, we hereby formally 
petition the United States Fish and Wildlife Service to list the 
western pond turtle (Clemmys marmorata) as Endangered in the areas 
noted below, and Threatened in the remainder of its range (as specified 
below). As the nature and degree of threats vary between areas, the 
proposed listing status also varies. 



Endangered: Washington - (entire state) 
Nevada - (entire state) 
Oregon - Columbia, Willamette and Klamath drainages and 

associated tributaries 
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California - Klamath River and tributaries downsream to 
confluence with Scott River, all Clear Lake 
internal drainages, all central valley drain
ages from the Mokelumne River (inclusive) 
south, Mojave River and all desert drainages, 
all southern California drainages from the 
Santa Clara River (inclusive) south 

Threatened: Remainder of range, including but not lirrdted to: 
Oregon - Umpqua, Rogue and coastal drainages and tribu

taries 
California - Klamath River and tributaries downstream 

from Scott River confluence, all other 
north coast drainages, all central valley 
drainages from Mokelumne River north, 
all non-central valley drainages from San 
Francisco Bay south to the Santa Clara River 
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