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A ReviewoftheBi ol ogy and Conservation
Salamander,Dicamptodon copeNussbaum, 1970
(Amphibia: Caudata: Dicamptodontidae) in the Pacific
Northwestern Region of the USA

Alex D. Fostef, Deanna H. Olsori, and Lawrence L. C. Jone$

Abstract: The Copeds GiDianiptodSracbpaisraasiiedne dwelling amphibian reliant

on cool streams, native to forested areas primarily west of the crest of the Cascade Range in the
Pacific Northwest regionJSA. Unlike other members of the genus, adultcopeiare most often

found in a paedomorptiform, and rarely transforms to a terrestrial stage. As a result, they are
dispersalimited, which may affect gene flow between watersheds. lesedactivities that alter
stream and riparian temperatures, substrates, and stream flow patterns canlyegtotethe
salamander. Forest management and associated road construction are the most pervasege land
activities across the species range, and can contribute to habitat alterations that may impede
dispersal, increase stream siltation, and increisars temperatures. The effects of these-lasel
activities, in combination with projected climate change scenarios are largely unknown for the
species. This biological review combines the mostaugate information about the species, its
range, life hitory, habitats, and potential threats, and describes conditions and land management
approaches for supporting loerm viable populations.

Key Words: Amphibia, aquatic, ecology, biodiversitglimate, conservatiostatus,Cope dés Gi ant
SalamandemDicamptodon copedispersalPacific Northwest regionSA), population

For a quarter of a century, rapid and poorly explained declines in amphibian
populations have been taking géaglobally (Blaustein and Wake 1990, Olson
and ChestnuR014), and arenow recognized as part of a world digersity
crisis (Stuart et al. 2004, Lannoo 200&ake and Vredenburg 2008, World
Wildlife Fund 2014). Amphibians with small geographic ranges and relatively
large body sizes appear to be associated with a highehdékel of ppulation
decline (Sodhietak 0 0 8) . The Cope 6HcanptodomdopeiSal am
occurs primarily in a narrow band of latitude and longitude in western Oregon
and Washington, in the Pacific Northwest region of the U.Sigufe1).
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Figure 1. Known site records depicting tFh
Dicamptodon copeiMinimum convex polygons (MCP) of three areas of the range are

indicated {, with 408 records in the coastal area, 164 records in the Cascade Range area,
and10 records in betwegn
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Unlike other members of the genusicamptodn, D. copei rarely
transforms to an adult terrestrial form (Nussbaum, 1970, 1976), thus its life
cycle is primarily aquatic, with greater habitat specificity than other members of
the genus.

The International Union for Conservation of Nature (IUCN) lists the species
as least concern, based on its range and presumed large population, and
considers it as locally threatened by lars® such as logging (Hammerson
2004). Regional assessments highlight
sensitivity to disturbanc@~oster and Olso2014). For example, although there
is no official status listing by the U.S. Fish and Wildlife Service, in Oregon it is
recognized as a sensitive species by various federal agencies and by the state of
Oregon because of its restricted ganand its potential susceptibility tont
management activities (ORBIZD13). In Washington, where the species is more
common, it is recognized as a statenitored species due to one or more of
these factors: it was previously classified as sensitiviequires habitat that is
of limited availability; and it is an indicataf environmental quality (WNHP
2013).

Since the IUCN assessment, genetic research has revealed that this species
is dispersalimited, showing significant population isolation Histance (Steele
et al.2009). This suggests a heightened susceptibility to environmental change
from habitat fragmentation and range contractions that may result from a
combination of disturbances common across its range, such as logging and
roads. Future climate change scenarios may also exacerbate those effects
(Trumbo et al. 2013) With regard to climate change, the IUCN status
assessment generally does not account for-alttimg and synergistic processes
that can affect stream flow, water temperatw@ead of disease, and habitat
loss for amphibians (Collins 2010, Ryan et al. 2014, Keith é2Gil4).

Overall, D. copeiis an understudied amphibian species native to the
temperate rainforests of the Pacific Northwest, with relatively little information
published about its distribution, life history, trophic interactions, and responses
to stress. Here we review and integrate available information on this species,
with new understandings of its distribution and ecology, providing a framework
for developmat of effective conservation approaches with the overarching goal
of contributing to the longerm persistence of the species.

Methods

We provide a synthesis of all published accounts, reports, locality data from
individuals and databases, expert opinion, together with some unpublished
information, each noted as appropriate. While the synthesis focuses on
biological and ecological infornian for D. copej information for othespecies
of Dicamptodons also included to describe general characteristics of the genus.

There has been no systematic samplingJorcopeiacross Oregon and
Washington, thus the known distribution is biased by an accumulation of
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opportunistic sampling events. We compiled site records from state and federal
databases, individual researchers, and museum records. We acknowledge the
collatonofsuch irregularly collected data m
distribution, and some occupied areas could still be unsampléence, we
qualitatively rated the confidence of species identification and site location
information and only data we deed of higher quality was used to create the

range map. We found many site records were duplicates from identical
locations, so we consolidated records from the same exact coordinates, thus
collapsing our site records into a more accurate composite of ¥ite do not
define fisited beyond a discrete coord
scale that might relate to a spbpulation. Movements db. copeimay occur
in-stream, along the aquatic network, or overland, but little is known about the
extent of such dispersal. Nevertheless, watershed boundaries are useful to
consider for occupancy patterns of highly aquatic species subh egpej so

we also counted and mapped the number of drainage basins that had at least one
site record.

Results and Disassion

Systematics

The Pacific giant salamanders are members of the deicasmptodon The
genus contains four species, all of which are endemic to the Pacific Northwest.
The genus has been variously classified in the amphibian families
Ambystomatidae andicamptodontidae, both of which have relatively robust
body forms and complex life histories. For examp, t he Copebds
SalamanderDicamptodon copeis almost exclusively aquatic throughout its
life, but terrestrial forms have been occasionally olestrnear streams. In
general, along with some Ambystoma salamanders, the Pacific giant
salamanders include the largest terresti@urring salamanders on Earth. The
Coastal Giant Salamandddicamptodon tenebrosu®aird and Girard, 1852)
may reach 330nm in total length as a terrestrial adult, and 355 mm as an
aquatic paedomorgha sexually mature adult with juvenile mogpbgical
characteristics (Welst2005). Dicamptodon salamanders have characteristic
anatomical traits such as the presence of thentatrbone in the skull and
vomerine teeth thathave adish ct fi M0 s hapel98)Nussbaum e

Initially, there was a single recognized species, the Pacific Giant
SalamanderDicamptodon ensatugEschscholtz, 1833), with a broad range
across the Pacific dithwest U.S. and Canada, from northwestern California to
southwest British Columbia and east to Idaho. Nussbaum (1976) suggested that
the Pacific Giant Salamander had three geographic populations occurring in
northern California through western Oregon amnhshington and in Idaho,
whereasD. copei was geographically isolated in western Washington and
extreme northwest Oregon. Nussbaum went on to suggest that ancestral
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Dicamptodonsalamanders may have been found throughout much of the Pacific
Northwest as faback as early the Miocene (20 million years ago), and that
Pleistocene glaciation may have been a factor in the present rabgeapei
confining it largely to western Washington.

Genetic studies have since shown that the Pacific giant salamandsist con
of four distinct species. The Coastal Giant Salamaimetenebrosusas the
broadest range along the Pacific coast and overlaps the ranges of both the
California Giant Salamandddicamptodon ensatuand D. copei The Idaho
Giant SalamandeiDicamptodm aterrimus (Cope, 1867) is geographically
separated from the other three species and is thought to be of annihelepe
lineage (Daugherty et al. 198Gp0d 1989). Comparison between fhecopei
andD. tenebrosushows that their DNA sequences have eedindependently
(Daugherty et al. 1983, Brinkman et &000). In general,Dicamptodon
speciation is attributable to ancient geologic events, while more recent
Pleistocene glaciation has shaped genetic variation and distributions within the
four extant spcies (Steele et al. 200%)icamptodon copedlso displays a high
degree of populatictevel genetic structure, most likely from a combination of
climatic events such as glaciation as Nussbaum (1976) suggested, orogenic
(mountain building) activities ohte Coast and Cascade Ranges, and be€ause
copei does not readily transform into a terrestrial adult. These factors affect
overland dispe and gene flow (Steele et al. 20@509).

Species Description

Dicamptodon copeb the smallest of the fowpecies oDicamptodon with
a total length reaching 120 mm snaotvent (SVL) length, and reaching 200
mm total length (TL) in both its paedomorphic and teriglsadult forms (Jones
and Bury 2005). Dicamptodon tenebrosus the only Dicamptodonto live
sympatrically with D. copei where their ranges overlap in southwestern
Washington, northwestern Oregon, and the Cascade Range. The two species do
not ceoccur in the Olympic Peninsula however, and recent genetic studies
suggest the Willapa River in southst WashingtonState as the northern
boundary oD. tenebrosugSpear et al2011). The twaspecies oDicamptodon
are difficult to differentiate (Table 1, Riges2 and 3), especially in their larval
forms.
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Tabl e 1. Comparison of mor phol ogi cal
and Coastal Giant SalamandersPicamptodon copeand D. tenebrosuqsee Figure
2).

Copeds Giant Sal arn Coastal Giant SalamanderD.

Dicamptodon copei

tenebrosus

Headshape long and slender, about the
same width as body; more pronounced
larger larvae and paedomorphs (Figure
2A)

Head shape short and wider than body;
more pronounced in larger larvae and
paedomorphs (Figure 2F)

Dark brown with distinctive
yellowish/tan patches in both larvae an
paedomorph (Figures 2B)

Medium to dark brown with no yellowish
patches, but may have speckling. Light
streaking often times in larvae or
mottling with little contrast (Figures 2F

Gill filaments usually shder than stalks;
more pronounced in larger larvae and
paedomorphs (Figure 2A)

Gill filaments usually longer than stalks
appearing more fAbuy
pronounced in larger larvae and
paedomorphs (Figure 2F)

Little dark mottling on tail in larvae, tall
is not much higher thandaly (Figure

2E). Tail fin always starts posterior to th
vent

More dark mottling on tail, sometimes
with black tail tip in larvae, tail higher
than body (Figre 2)). Tail fin starts
opposite to or anterior of the vent

Toe tips danot or barely touch when
adpressed against body front to back;
more pronounced in larger larvae and
paedomorphs

Toe tips touch and often overlap; more
pronounced in larger larvae and
paedomorphs

Dark gray ventral pigmentation in larvagq
paedomorph >5énm in length; however
small larvae same &% tenebrosus

Whitish to cream ventral area; less
pigmentation

feat u
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Figure 2. Compar i s o4k), hicamptodoa cope@rml Caadta (rightl e f t
F-J) Giant Salamandeb. tenebrosudarvae and paedomorphs (see Tahlédm Jones

and Raphae2001). Note: pattern and texture is accentuated under laboratory lighting and

color is somewhat distorted.
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Figure 3. Mor phometric comparison between
B); small size, marbling pattern always present but can be restricted to the head in
Cascade populations. Recently metamorphosed Coastal Giant Salamander (bottom C);
largersiz t han the Copeods, mar bl ing present bu
individuals. Photographs not to scalRicamptodon copemay reach 200 mm in total
length whileD. tenebrosusnay reach 330 mnCourtesy ofL. L. C.Jones (AandC) and
Bill Leonard (B).
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Nussbaum (1970, 1976) distinguished
Giant Salamandeb. copeifrom the broadanging Pacific Giant Salamander
(then known entirely a®. ensatusinclusive ofD. tenebrosusD. aterrimus
and D. ensatusendemic to California) as having (1) more slender body
proportions, (2) a smaller head, (3) a pattern that includes distinct yellowish to
tan patches (xanthophores), (4) a smaller larval size at sexual maturity, (5)
shorter limbs with toe pis that do not touch when adpressed, (6) a reduced
number of maxillary and vomerine teeth, (7) reduced sensitivity to induce
metamorphosis by exposing to a thyroid extract, (8) a darker venter in
individuals > 50 mm in length, (9) a shorter and lower fiail and (10) fewer
gill rakers per archDicamptodon copehas lighter mottling on the tail, and the
tail fin always starts posterior to the vent, whereaBotenebrosushe fin starts
opposite to or anterior of the vent (Brgs2 and 4).

B St vy R % ..,\“‘
Figure4Copeds Gi an bDicaSmodom oopairdut pacdomorphic form from
the Olympic Peninsula, Washington State, USA. Courtesy of Chris Roberts.

As of the time of its publication, Loafman and Jones (1996) listed a total of
six naturally occurring, metamorphosé&l copej however Jones and Bury
(2005) state t hat fimet amorphosi s i n
previously bel i Wagmed(20d4) gudgdsted iHai copdiid vy ,
not entirely an obligate paedomorph, providing further evidence that
transformed terrestrial adults are common at least in some populations. Key
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features that distinguish betweén copeiand D. tenebrosugerrestral adults

are the larger size &. tenebrosusnd differences in marble patterniri§iqure

3). At small sizes (i.erecent metamorphs]). tenebrosusmay be similar in
appearance and size to large, metamorph&sezbpei Jones and Bury (2005)
state thatransformedD. copeihave large eyes that are close together and occur
as either marbled or fplaind phases.
marbling is usually limited to the heaBigure 3; Jones and Bur2005). Older

D. tenebrosusgerrestrial adults often lack marbled patterning but their large size
(TL > 200 mm) is a key feature to distinguish between species.

Although not quantified, regional trends in cofmattern variation have
been observed in the larger larvae and paedormooptd. copei(Nussbaum
1969, 1976; Jones and Rapha@01). For example, populations on the Olympic
Peninsula have the classic pattern and color shown urésg and 4, whereas
Cascade Range and Columbia River populations are more variable, with some
individuals having few patches, and are overall darker in color than those in the
Olympic Peninsula. Some populations in the Willapa Hills area of southwest
Washington have intermediate characteristics between those of the Olympics
and Cascades, suggestirge tvariations are related to hybridization with
tenebrosugSpea et al.2011).

Biology and Ecology

Life History

Dicamptodon copeoviposition presumably occurs throughout the spring,
summer, and fall months, perhaps with peaks in the spring and fall, based on
ovarian egg development throughout the active seddussbhaum 1969;
Nussbaum et all983). Females deposggs in clutchesn hidden chambers
under stones, undercut banks, and logs. Eggs are attached singly to the roof and
sides of the chamber. The female remains in the nest chamber until the eggs
hatch. Guarding females will sometimes bite or snap at an intruder, often
anothe giant salamander attempting to feed on the eggs. Other giant salamander
individuals are frequently found near the egg chambers, often with eggs in their
stomachs and bite marks on their bodies. Only partial clutches were
encountered, so egg predation eas to be high. Clutch size ranges from 25 to
115 eggs, averaging about 50 eggs. Deposited ova are white and 5.5 mm in
diameter. In a laboratory setting at 8.0 C, 240 days elapsed from blastula to
feeding (as with otheDicamptodon prefeeding larvae sudisting on yolk
reserves after hatching). Hatchlings are about 20 mm and begin feeding at about
34 mm in total length. Larvae of both sexes mature at about the same size, ~65
to 77 mm total length.

In D. copej occasional transformed terrestrial adultwehdeen repoed
from Washington (Nussbaum 1976, Jones and Corn 1989; Loafman and Jones
1996, Jones and Bury 2005, Wag2€x14), but there have been no reports of
oviposition by transformed individuals, or the appearance of gravid females.



Life: The Excitement of Biology 2(4) 220

However, this mg be an artifact of the rarity of transformed individuals. In
addition, size at metamorphosis has not been reported, but naturally occurring
metamorphs in some of the reports cited above ranged freb2@Inm SVL;
putative metamorphs were slightly larger . C. Jones, unpublished data).

For comparisonD. tenebrosusnetamorphosis occurs between 92 and 160
mm SVL, thus while there is a much larger maximum adult sizeDin
tenebrosusvhen compared t®. copej size of small metamorphic individuals
of D. tenebrosu®verlaps that ob. copei(Jones and Bury 2005, Wel&005).

Also, D. tenebrosuscan attain the largest size of aBycamptodon reaching

190 mm SVL and 330 mm total length; the largest paedomorph measased

355 mm total length (Welsh2005). The California Giant Salamander
Dicamptodon ensatumetamorphoses at about 115 mm SVL, but can reach 304
mm total lengthas an adult (Fellers and Kuchg®05). While D. copeiis
generally considered a neabligate paedomorphic species, all others are
considered to be facultative metamorphic, althoughensatuss less likely to
remain paedomorphic than the other species in most of its range (Fellers and
Kuchta, 2005). Nussbaum (1976) suggested that metamorphosis of the former
broadr angi ng A Pad iafmaaDd &drrémost(D. éhsatus and D.
tenebrosuscombined) may be related to stream flow, with intermittent streams
having a higher percentage of transformed individu&lsmewhat related,
experiments to induce metamorphosis by decreasing watel & raising
water temperature in laboratory aquaria were unsuccessful fobbatbpeiand

D. tenebrosugWagner 2014).

Activity Patterns and Movements

Little information exists foiD. copeiactivities and movements, but given
the relatively small size and aquatic lifestyle @f copej it should not be
implied the natural history traits of the other specieBioAmptodomecessarily
reflect those ofD. copei Dicamptodon tenebrosuand D. copei larvae,
paedomorphs, and adultseamost active at night (Parker 1996hnston1998,
Johnston and Frid 2002, Jones and B2095). Movements of marked lanl
tenebrosusn small streams showed they covered short distances, averaging 3.2
m (maximum= 51 m) during summer and 15 m in winter (maximum = 89 m;
Sagar, 2004). Movement was predominately upstream in summer and
downsteam in winter; annual movement &f. tenebrosudarvae was 60%
downstream and 40% upstream, and was not associated with sirga&agar
2004). Road culverts also had an effect on larval movement, with less upstream
movement in pipe culverts than in opleottom arched culverts that retained the
naturalstreambedsubstrate andoughness (Sag&004). Using perforated PVC
pipes b sample hyporheic zones of streams in summer to fallfltow
conditions, Feral et al. (2005) captured sefertenebrosusn traps sampling
30-60 cm below the substrate surface. This report of subsurface occurrences
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documents the likely vertical migratiof individuals, and the thregimensional
use of thestreambedby Dicamptodon

A telemetry study sheed adult terrestriaD. tenebrosuspending most of
their time in refugia €.g.burrows and rotten logs), yet making occasional fong
distance forays a@r a short timeframe (Johnston 1998, Johnston and Frid
2002). They moved a maximum distance of 67 m and cumulative distance of
310 m in 48 hours, and also stayelhtigely close to streams (ethree animals
ventured 19, 22, and 66 m away from streams dualip-tracking: Johnston
1998, Johnston and Fri2D02). Johnston and Frid (2002) foubd tenebrosus
closer to streams in cleauts as compared to forested stands, which may have
been relad to microclimates of those areds. addition they estimated the
home range of a single animal to be 93% suggesting that a relatively large
area could be traversed by a single individual. Observatiofis ¢énebrosus
farther from streams are als@alimented by pitfall trap studies in western
Oregon (to 135 m: McComb et al. 1993a to 200 m: Gomez and Anft&86to
400 m: McComb et all993Db).

Genetic studies similarly support larggrale movements d. tenebrosus
and influences of climate and lswhpe factors on its dispersal. Dudaniec et al.
(2012) examined n @ulationsofDntenghposusni Bpitiste r a | 0
Col umbi a, Canada, in comparison to poyj
state, and found genetic support consistent with aglastal northward range
expansion of the species. Their data suggest that the northernmost populations
are more isolated, hence with a naturally fragmented population structure;
consequently, they suggest that these populations may be more sensitive to
additional changes in habitat conditions. In their analyses of landscape correlates
of population genetic structure, Dudaniec et al. (2012) found that slope and
elevation had the greatest influence on genetic structure in the northernmost
peripheral sites emined, whereas among core populations in Washington,
genetic structure was best explained by flat topographies and the length of
growing season. These results suggest that both landscape and climate features
affect dispersal, and may affect populatiorféedéntly across their range. Steele
(2006) examined the genetic structureDofcopeiandD. tenebrosusHe found
that the genetic structure . copeisupported a dispershimited species with
greater population isolation, in comparison to the broaaeging D.
tenebrosus This implies that there is limited movement Df copeiacross
landscapes or watersheds.

Food Habits

The bulk ofD. copeidiet consists of larval aquatic insects, with additional
components including fish eggs, small fish, Coastal Tailed,Asgaphus truei
(Stejneger, 1899) tadpoles, and small larvae and eggs of their own species and
of D. tenebrosugNussbaum et all983)
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Both D. copeiandD. tenebrosudrequently occur in streams inhabited by
fish. Both Dicamptodonspecies and Rainbow TrqouOnchorynchus mykiss
(Gibbons, 1855) were both found to be opportunistic feeders on aquatic insects,
whereas Slender Sculpi@ottustennuis(Evirmann and Mek, 1898) were more
selectiveof their prey (Antonelli et al1972). Like the sculpin, botspecies of
Dicamptodonwere found to feed primarily from the benthos. The bulk of
aquatic insects found in the gut of bo#Hpecies ofDicamptodon were
ephemeropterans, followed Ipjecopterans anttichopterans. In addition, in the
Willapa Hills of southwest Washington,[a copeipaedomorph was observed
with the hind limb of a terrestrial Camel Crickéftropidischia xanthostoma
(Scudder 1861) hangig from its mouth (Price et aR006), suggesting that in
pursuit of terrestrial prey, paedomorphs may occasionally move away from
water.

In D. tenebrosusdiet appears to vary geographically. Parker (1994) found
that both aquatic and terrdat insects that fall into the water were primary
dietary components, with Ephemeroptera nymphs being the most frequently
consumed prey. A studiyn a 4thorder stream (Strahlet957) in the Oregon
Cascade Range examined the stomach contents[of tBdelbosuswith a mean
SVL length ¢ 113 mm (Esselstyn and Wildmd®97). The mayflyBaetisspp,
was the most frequent item of animals captured from an upstream reach,
whereas the aquatic sndilgasp. was the most common prey type of animals in
the downstream reach; crayfidhacifastacussp. were commonly found in
stomachs of animals in both areas. Small quantities of a broad array of taxa were
also found in salamander stomachs, including otheeByeinoptera, Trichoptera,
Plecoptera, Coleoptera, Diptera, Hydracarina, Decapoda, Cottidae, and
terrestrial insects. Graff (2006) found that food resources were not strongly
partitioned between age classes Dn tenebrosus and the most frequently
consumedbenthic macroinvertebrates included larval Diptera, Ephemeroptera,
Plecoptera, and Trichoptera. Lanil tenebrosusvere also found to be dietary
generalists, consuming several types of invertebrates (Cudmore and Bury,
2014).D. tenebrosugarvae and paedmorphs readily consumed Coastal Tailed
Frog larvae when placed in holding buckets during electrofishing surveys, and
terrestrial adults have been observed consuming bananafslatisax sp. (D.

H. Olson, pers. observ.) and smathmmals (E. Forsman, gercomm). During

an experimental study of predajmrey relationshipsD. tenebrosuslarvae
readily consumed , Hethodonddaunn(Bishbpa 1934, dwe r s
rejected Southern Torrent Salamangd®&RByacotriton variegatugStebbins and
Lowe, 1951) a apparenyl unpalatable (Rundio and OIs@003).

Range, Distribution and Abundance

Dicamptodon copeiranges across two distinct ecoregions in western
Washington and Oregon, occurring predominantly in the Coast Ranges and the
west slope of the Cascade Ranggmy(rel). In the Coast Ranges, it occurs from
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the northwestern corner of the Olympic Peninsuld\Viashington southward to

the Nehalem River watershed in Oregon, and in the Cascade Range it occurs
from the Nisqually River at Mount Rainier National Park, Washington,
southward to the upper White River watershed just eatheofCascade crest
(Bury et al.2014) in Wasco County, Oregon. The species is absent in the Puget
Sound lowlands, northeast corner (rain shadow area) of the Olympic Peninsula
and the Willamette Valley lowlands and foothills in Oregon. Sporadic sites
between the Coast Ranges and Casdaege are known through Clark and
Cowlitz counties in Washington.

We compiled 986 site records in Oregon and Washington, however many
site records were duplicates from identical locations, representing eitisitse
to the same site over time, duplicastries of the same data among collated
databases, or many individual animals detected from the same location during a
single visit, with a single record entered into the database per animal. We
consolidated site records from the same exact coordinatdstha number of
sites collapsed by 60% to 582. Confidence of both location accuracy and species
identification at the 582 sites was rated high. The Oregon and Washington
combined total range is about 3,198,367 ha, derived using the calculation of
three mhimum convex polygons of site records, excluding the unoccupied
Puget Sound lowlands and Willamette Valley from the calculatiogu(e 1).

The three subunits consist of: coastal sites, 408 site records, range = 1,885,704
ha; Cascades, 164 site recordage= 1,172,498 ha; and in between these two
ranges, 10 site records, range = 140,165 ha. Some of the sites were in close
proximity to each other along the same stream reach or within the same small
drainage basin. There were 165 occupiedfigld waterskeds (hydrologic unit

code 12, HUC12Figure 5). The average watershed area was 96, kire
minimum area was 26 Knand maximum was 182 Kmin addition, sites ranged

in elevation from 5 m in the Puget Sound (Western) Lowlands physiographic
province of Wasimgton to 1593 m in the Cascades East province. The average
elevation was 475 m across the entire range, with higlesmation sites tending

to occur more in the Cascades provinces.

In Washington,D. copeiis known from 11 counties (Clallam, Jefferson,
Grays Harbor, Mason, Pacific, Wahkiakum, Cowlitz, Lewis, Clark, Skamania
and Pierce), and in Oregon, it occurs in seven counties (Hood River, Wasco,
Clackamas, Multnomah, Clatsop, Washington and Tillamoolgst\ites that
we compiled occurred on federal lands (372 of 582 [64 %] site records), likely
reflecting a bias of both survey locations and information that we were able to
compile.

Demography and Population Trends

In general, aside from some unpublidhtata, little information exists about
the agesize structure oD. copeipopulations. From earlier knowledge of the
former broadk angi ng speci es, t he D.Peasatusf i c
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inclusive ofD. copeiandD. tenebrosus the structure of lantgpopulations was
known to vary greatly acrostsirange (Nussbaum and Clothi&73).
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More recent surveys in the Olympic Peninsula specifib.teopeisuggest
some agssize segregation. For example, on twesigght smal to intermediate
sized streams (~2 to 6 m wetted width) surveyed during summer (June through
August) 1996 through 1999, larval and paedomorphicopeihad a distinct bi
modal distribution showing two sizgasses (age categories), with average total
lengths of 53 mm and 143 mm respectively (A. Foster, unpublished data).
Surveys have assessBd tenebrosugopulation size distributions in Oregon,
and there appear to be differences in-sige structures of populations with
location, habitat type, growth rate, and the time of metamorphosis. In some
locations, two sizelasses oD. tenebrosusvere present during spring and early
summer. For example, siotass structure dd. tenebrosusn small streams (< 3
m wide at low flow) of the Oregon Coast Range showed that populations were
made up mostly of firsyear larvae, with few older larvae or pgaenorphs (SVL
length range: ~3000 mm; Saga2004; Sagarteal. 2007). In addition, summer
survival for firstyear larvae was lower than for 2rehd 3rdyear larvae. These
studies suggest that older larvae may be better able to secure refugia, and thus
evade detection and predatoi@icamptodon tenebrosusere the dominant
vertebrate in another study of headwater streamsestesn Oregon (Olson and
Weaver 2007, Olson et aR013), and total lengths of individuals in those
streams (¥ m wide) ranged fron25-285 mm (SVL lengths ranged B0
mm), without clear delineation of age classes (D.H. Olson, unpublished data).
Downstream of one of those headwater study sites, in a larger stream reach (~10
m wide during low flow) of Schooner Creek in the Oregon €détnge, in
streamD. tenebrosusanged from ~3265 mm in total length, again without
distinct age classes present (Bl. Olson, unpublished data). Age class
segregation should be viewed cautiously sinc®ahmptodonare presumed to
be senescent, andi@class differentiation probably is not shown by sit&ss
modality after the first B years.

Genetic studies have suggested that the general trend toward obligate
paedomorphism as a factor v copeidistribution. Phylogenetic patterns of
population ructure in terms of genetic fidelity between sympatric populations
of D. tenebrosusndD. copeiindicated that the metamorphosibg tenebrosus
displayed a more continuous population, whereas thenmetamorphosind.
copei exhibited a larger degreef population structure (Steel2006). These
results help explain the large pagacial distribution of D. tenebrosus
facilitated by its higher dispersal ability, as compared to the apparently more
fragmented occurrences and smaller range.afopei It wasfurther shown that
stream and overland distance were correlated with genetic distaride dopei
but not so forD. tenebrosus(Steele et al.2009). This suggests thdd.
tenebrosuss dispersing among localities regardless of physical or topographic
feaures, and is doing so to a degree sufficient to cause genetic mixinD, but
copeiis not, thus its populations have heightened genetic isolation. However,
some long distance (13 km) dispersal has been noted in the Olympics (Spear et



Life: The Excitement of Biology 2(4) 226

al. 2011). Interestigly, D. copeireach their highest population size in the
Willapa Hills area of southwest Washington and the South Cascades of
Washington and the lowest in the Olympics where populations are exclusively
D. copei(Spear et al2011). The highest phylogenetic divergence ambng
copei populations was the separation of several populations found along the
Columbia River from other populations. These divergent populations are
geographically restricted to several short tributaries tirain directly into the
Columbia River and are not joined to the large interconnected network of
headwater streams that run throughout the Coast anch@adfRanges (Steele
and Storfe2007).

Research on lonterm population trends fdp. copeiis lacking. However,
in-stream densities have been documented by several studies. For example, in
ten streams on the Olympic Peninsula, dverage density was about 0.46
from Junethrough August (Adams and Burf002). Additionally, in four
streams in the Willpa Hills of southwest Washington surveyed by
electrofishing twice per year for three years (2Q006), the densitiesceoss
years averaged about 0.8% in July and 0.17m? in September. The summer
decline was probably due to a combination of larval nlityteemigration from
the surveyed areas, or both (B. Foster, unpublished data). In addition,
densities for bottD. copeiand D. tenebrosusvere betveen 0.06.4 m? and
0.062.5 n?, respectively, in headwater streams in the Cascade Range of
southern Skamania County, Washington surveyed in eJuhrough August
(Steele et al2002).

Habitat

Dicamptodon copeare found in small, rocky, and usually stegpdient
streams in coniferromixed forests (Jones and Bury 20@smrkran and Thms
2006). They can be found under stones, slabs of bark, or other cover objects in
streams, and are often found in pool habitats with slow water rather than faster
flowing riffles. In highmoisture conditions, they can be found crawling among
rocks and vegation along stream banls night (Nussbaum et d@983). Down
wood is sometimes associated with observations of this species. For example, in
the Olympic National Park). copeiabundance peaked when there was about
10% instreamdown wood cover (Adams drBury 2002). They also found that
abundance decreased with increasing canopy cover, started decreasing at
elevations above 500 m; was negatively associated with increasing stream width
and was detected only in streams on unconsolidated surface gedltuiss
having plentiful boulder and cobble substratBscamptodon copeiand D.
tenebrosugcombined) tended to be more common in basaltic substrates than
marine sediments in cdas areas (Wilkins and Peters@®00). High stream
gradient was a predictor fahe D. copeiin headwater streams on they®lpic
Peninsula (Raphael et &002). Additionally,D. copeiare also occasionally
found in seepages and small wetland features in riparian areas, andamamico
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with torrent salamandemRhyacotritonspp. in these habitats (Adaraad Bury
2002 Jones and Burg005). They have been documented to occur in some
mountain lakes (Nussbaum et 4P83). In a study of eight streams with
copeiin the southern Washington Cascades, Bury et al. (1991) foucdpei
were more often situated in pools thantenebrosusandD. copeiwere found

at a mean depth of 8 cm, a little deeper tBartenebrosug5.4 for adults and

6.8 for larvae). In the same general area, Steele et al. (2002) Bowupei(in

24 strems) at an average depth of 4.3 cm, and a similar dep. feanebrosus

(at 18 streams). Cover object size Brcopeiaveraged 807 cimcompared to
712 cnf for larval D. tenebrosusind 2,410 crhfor adults (Bury et al., 1991).
Both D. copeiandD. tenelbosusincreased in abundance with increasing pool
frequencies in combination with increasing large wood accumulations in
adjacent riparian areas, but decreased with increasing accumulations of large
(>60 cm diameter) wood in the streatrannels (Wilkins agh Petersor2000).

In another study on the Olympic Peninsula, landsdéapel factors had a
greater influence on the presencelofcopeithan instream hhitat conditions
(Bisson et al2002). No relationship was found between the densiy.afopei
and brest age in the riparian zone or the entire-wakershed. There was
reduced overall abundance in swbtersheds with high road and drainage
densities implying a potential sensitivity to chronic fine sediment input, yet
density was the same in sulaterskeds with episodic coarse sediment
introductions from landslides suggesting that the species may be resilient to
these disturbances. Adaptation to mass wasting and associated coarse sediment
influx was also suggested by Sepulveda and Lowe (2009) for the G&ant
Salamandebicamptodon aterrimus

There are several studies about habitat associatiols t#nebrosughat
may provide further insights abolt copei For example, pools with coarser
substrates tended to have higher densitiesDoftenebrosusin northern
California (Parkerl991). Sagar (2004) also found coarser substrates showed a
positive correlation t®. tenebrosudarval density and movement. The need for
coarse substrates in stream channels shouldbeotinderstated; cobble and
larger ro&s play a role in the reproductive activities of both species of giant
salamanders as well as foruh and ovipositioning (Wagne2014). The
abundance dD. tenebrosuincreased with percent canopy coveDafuglasfir,
Pseudotsuga menziegiMirb. Fran®), over the wetted width of the stream;
cover, elevation, amount of down wood cover, and lithology type variables
explained 96% of the variability dD. tenebrosugresence (Graf2006) In
Oregon headwater streanis, tenebrosusvere associated with perennial stream
reaches, down wood, andredm gradient (Olson and Weav2007), and in
unmanaged forest stands near Coos Bay, Oregoml.ttenebrosusccurred in
areas associated with fluvial and/or hillslogisturbance (Sheridaand Olson
2003). These studies suggest that down wood, coarse substrate, cover adjacent to
the stream channel and geology may influence abundance of giant salamanders
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in the channel, and in the case @f tenebrosugerrestrial adults in adjacent
riparianareas.

Other ecological considerations

Interspecific interactions betwedh copeiand other species are not well
studied. Relative to potential competition for food, there was considerable
overlap in the diets of eoccurring Rainbow Trout, Slender Sculpin and both
copei and D. tenebrosus(Antonelli et al. 1972). Trout were able tdeed
throughout the water column, but sculpin and the giant salamanders were
primarily benthic feeders.

Interspecific interactions between Cutthroat TroOhcorhynchus clarki
(Richardson, 1836) andD. copei may affect t he sal aman
structue. For example, electrofishing surveys were conducted on four streams
with D. copeifor three consecutive years in the Willapa Hills of southwest
Washington. When averaged across ydargopeipopulation density tended to
be lower (0.1m? on two of thestreams where Cutthroat Trout were present
compared to streams with no fish (0r8) (A. D. Foster, unpublished data). In
Oregon, Cutthroat Trout anB. tenebrosudnteractions were described as a
complex combination of predationpmpetition, andacilitation, where trophic
cascades subsequently exgotential topdown predator effeston several other
taxa (Rundio2002).D. tenebrosudarvae are palatable to Cutthroat Trout, and
the salamander has behavioral defenses rather than chemical defgaisss
the trout. When cutthroat chemical cues were pregertenebrosusarvae took
cover in refugia provided by down wood and aeasubstrates (Rundio and
Olson 2003). Dietary overlap at certain times of the year is high between
copei and D. tendorosuswhere they live in sympatry, however more recent
results suggested that in response to presence of its congener, a shift in diet by
either one or both species may occur to reduce competition fdrrésmurces
(Steele and Bramme&006).

Larval D. copei may be preyed upon by narative Eastern Brook Trout
Salvelinus fontinaligMitchill, 1814) and possibly native Bull TrouSalvelinus
confluentugSuckley, 1859). Both species of fish live in sympatry viithcopei
at particul ar |l ocati ons amadotto isk ard h e S
opportunistic benthic feeders that may also compete with the salamanders for
food resourcesDicamptodoncopei also are preyed upon by gartersnakes
Thamnophisspp., adults and lardarvae ofD. tenebrosusand Water Shrews
Sorex palustrigRichardson, 1828) (Nussbaum et 2983).Dicamptodon copei
may be preyed upon by Raccodirocyon lotor(Linnaeus, 1758), Lontpiled
Weasel Mustela frenataLichtenstein, 1831), American MinkNeovison vison
(Schreber, 1777), and birds. Antagonistic behavior between a I[Brge
tenebrosusand a gartersnake wagcorded (Silvestri and Dougla3006)
However,because ob. coped s much s mal | eD.tesebrasest c o mp a
may be unabletofeh of f a | arger snakebs attack
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evident in a Common Gartersnakehamnophis sirtaligLinnaeus, 1758) that
regurgitated a metamorphosBdcopei(Loafman and Jonek996).

Threats andrisk factors affecting the status of the species

Although threats t®. copeiare not well studied, primary suspected threats
across the speciesd entire range incl
microhabitat, and microclimate conditions. The main anthropogenic activities
that may alter ths peci es® habitat conditions i
timber harvest. In particular, factors that alter microhabitats or create barriers to
dispersal and gene flow likely affect this species. Microhabitat alterations of
specific concern are decreasgown wood recruitment, increased erosion and
fine sediment deposition in streams, and increased water or soil temperatures,
these alterations can be the result of timber harvest or from natural disturbances
like landslides and forest fires. Additional cenes include disease, climate
change, and chemical applications.

Culverts and Roads

Culverts and roads may affect microhabitat and both aquatic and terrestrial
dispersal for this salamander. The chief concern with roads transecting aquatic
habitats is thir tendency to create dispersal barriers, and sedimentation
(discussed below). The inability to disperse puts populations at risk because it
limits gene flow and the ability to recalize after disturbance (Jacksa004).
Maintenance of aquatic organisnagsage is a priority management concern,
especially on federal lands (GAO 2001, Hoffman et28@l12). Culverts at road
stream crossings have a long history as barriers anfigration (Hoffman and
Dunham 2007), and can be barriers to amphibian movemantforested
landscapess well (deMaynadier and Hunter 2000, Sagar 2004, Marsh et al.
2005, Andrews et aR008). Culverts may present barriers at the pipe outflow,
where they may be fAperchedd with signi
stream surfaceDicamptodons al amander s are not known
move upstream across these small waterfalls. Culverts also may result in
increased water velocity, which affects salamander movement because they are
not capable of pushing upstream against strong curreotshermore, some
types of culverts may have a surface that does not present any roughness
characteristics like those of the natural streambed, which may be a significant
factor for an animal that crawls for dispesdhe culvert bottom may be too
smoothfor the salamanders to maintain a grip even against relatively slow water
velocities.

Whereas culvert and dispersal relationships specific toDtheopei are
unknown, culverts have been documented to affect dispersal patterns of larval
D. tenebrosusFor example, culvert presence was associated with féovey
distance movements (Sagi04). Culvert type also affected larval salamanders;
density in arch (flabottom) culverts was no different from reference streams,
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but density was between 3.1 and 18x6es greater in arch culverts than in pipe
culverts. Although concerns about terrestrial connectivity for amphibians at
roadstream crossings has been exteslgidocumented (Andrews et &008),

it is unknown ifD. copeican disperse out of the streandamoss the road prism,
either at upland roads or at culverts.

Timber Harvest

Studies of effects of timber harvest &n copeiandD. tenebrosushow
several patterns that are likely dependent upon the context of the study and the
timber harvest practiceaddressed, as well as the geographic location of the
study. Potential effects of some timber harvest activities on microhabitat
features important fob. copeiinclude direct seamchannel disturbances (e.g.
historical practices of dragging logs acrossatong streams), loss of down
wood, sedimentation embedding coarse substrates, and elevated water
temperatures (see below). Historical cleat logging practices without riparian
buffers were more likely to result in direct effects on aquatic amphilziads
their habitats. Many studies do not report what mechanism or microhabitat
factors may have been involved in the effects obsergfdqubstrate alteration
or temperature change), but rather report breadale effects. Effects of harvest
on animal ocurrence and abundance, diversity, and biomass are not often
differentiated in reports.

For example, in headwater streams draining from aags harvested 26
34 years prior to amphibian surveys, there was a significant increase in the
density of PacificGiant Salamanders (most likelp. tenebrosusbased on
location) downstreanof clearcut areas (Biek et alk002). Comparing old
growth and logged redwood forests near Redwood National Park, California, the
former broadranging Pacific Giant Salamand&r. ensatusoccurred on half of
the oldgrowth sites, but none were found in logged ale@mvested & years
prior (Bury 1983). In contrast, there was no evidence found that -clgar
logging affected the density of larvBl tenebrosuswo years following itmber
harvest in a coastal watershed intsvest Oregon (Leuthold et £012). Bury
et al. (1991) reported that there was no association of giant salamander
abundance with forest type (etplowth, mature, young forest) on 59 streams
sampled in Oregon anWashington. Corn and Bury (1989) found tHat
tenebrosusn young managed forests were more numerous in higher stream
gradients, but found no association with gradient in unharvested forests,
suggesting that timber harvest may limit the salamandersiéorawer range of
habitats than in unharvested forests. In addition, highedient reaches likely
flush fine sediments from substrates, and hence maintain interstitial refugia for
salamanders. Cleautting also appears to have affected the behavior of
metamorphosed. tenebrosusn that they were more prone to stay close to
streams, spend more time in underground refuges, and had smaller home ranges
than salamanders inrested areas (Johnston and R@D2). Also, movement
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behavior was not different beeen riparian buffer strips and forested areas, but
was different from cleacuts. Genetic richness was positively correlatedor
tenebrosusvith age of forest stands. Lower genetic variation and heterozygosity
in recent cleacuts suggested that cleaut logging may be associated witltdd
declines (Curtis and Tayl@003).

In contrast, bothD. copeiand D. tenebrosusdensities were greater in
managed vs. unharvested secgnowth forests in the Cascade ecoregion in
southern Skamaa County in Washigton, where they reachdtieir greatest
densities in ubuffered streams (Steele et @D02). Pollett et al. (2010) had
similar results forDicamptodonsalamanders as a group. Both publications
suggested that the response was sieomi, comparable to thatlso seen in
salmonids, where canopy removal increases secondary production and quantities
of macroinvertebrate prey. Lastly, thinning of young forest stands with riparian
buffers appeared to have neutral or positive effects on giant salamanders in
westen Oregon. For example, there tended to be nibréenebrosusletected
after thinning in treatment reaches compared to unharvested reference reaches
(two years &kr treatment: Olson and Rugg#®07; to 10 year after treatment:
Olson et al.2013), and there was no treatment effect after a second thinning
harvest in the uplands with riparian buffers (Olson and Burton 2014). In
addition, in an upland study, there was no effect on amphibians (including giant
salamanders) from thinning in ripan buffers in the Gagon Coast Range
(Kluber et al.2008). However, Olson and Burton (2014) reported reduced
densities ofD. tenebrosusn small streams having thinned riparian buffers
without a neentry buffer zone; observations of harvest equipment drack
some streams and the appearance of logs having been dragged through streams
suggested that direct disturbances to stream chanmglst have led to the
reduced salamander densities in this study.

Chemical Applications

Chemicals such as herbicides,sfi@des, fungicides, fertilizers, and fire
retardants may directly affe@. copei Exposure could result from releases of
these chemicals to waterways, as well as potential overspray effects on
transformed adults within riparian areas. Specific chemafédcts on this
species are largely unknown yet the species may have similar sensitivities to
acidification, ammonium, and certain pesticides such as organophosphates and
organochlorine insecticides as were found for the aquatic larvae of anuran frogs
(Fedbrenkova et al. 2012). Chemical application on state and private forest lands
commonly occurs across the species range. However, on federal land, threat of
direct chemical applications is likely low, and the extent of effects of
downstream flow of chemicalfrom upstream applications on rfaderal lands
is unknown. The threat of fire retardants and scope of their use on lands within
the species range in Oregon and Washington is uncertain. Aerial drift of
agricultural chemicals onto adjacent habitats magrbadditional concern.
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Fine Sediment

Undisturbed populations db. copeioccur in areas subject to infrequent
episodic massvasting events that introduce large pulses of both coarse and fine
sediment to stream channels. However, in-wakersheds with high road
densities, chronic fine sediment influx to stream channels ine@eco. Also, the
increased frequency of mass wasting often triggered by roads or timber harvest
on unstable slopes is a concern. Sedimentation can fill interstitial spaces in
stream substrates, burying cobbles and boulders, and eliminating refugia,
foraging and nesting habitat. For example, the abundanBe obpeiwas found
to be reduced in sulatersheds with high road and drainage densities,
suggesting sensitivity to chronic fine sediment inpustteam channels (Bisson
et al. 2002). Also, relative almdances of lotic amphibians were significantly
greater in lateseral forest streams compared with streams transectingaradl
forests, and while water and air temperatures were similar in both forest types,
the streams in mideral forests had greater anmts of fine sediments compared
with the streams in te-seral forests (Ashton et aR006). Using substrate
embeddedness as a surrogate for fine sediment loading, the probability of
detection ofD. tenebrosusvas significantly reduced when embeddedneas
>75.5% (Welsh and Hodgsa2008). At the finest spatial scale-if2 sample
unit), occurrence of all lotic amphibians was negatively associated wigh fi
sediment (Stoddard and Hay2@305).

In addition to roadelated sediment sources, sediment loadingtieams
often corresponds to the type of timervest treatment (Beschta, 1978).
Correlations between increased sediment loads andaléarg were seen for
one year following harvest for streams with a minimum of a 9 ramntoy zone
along fishless strams, and a 15 m rantry zone for fiskhearing stream reaches.
However no significant correlation was found in areas with higstention
treatments (Karwan et a2007). This tendency may contribute in part to the
neutral effect on giant salamanders \@riableretention logging practices, as
described previously. In contrast to chronic fine sediment sources over large
areas, a large, episodic but concentrated disturbance such as a debris flow could
extirpate aD. copeipopulation in a given sulvatershd for a much longer
period of time than observed in the rapid recolonization by salmonids, for
example, after these typeEdisturbances (Swanson et al. 1998, Crisafulli et al.
2005,Coveret al.2010; A.D. Foster, unpublished data).

Water Temperature

Both D. copei and D. tenebrosusoften occur sympatrically with other
amphibians that have at least partial aquatic life histories, including torrent
salamandersRhyacotriton spp, and Coastal Tailed Frog#scaphus truei
Dicamptodontenelvosus have a slightly higher critel temperature threshold
(29.1<C) than torrent salamanders (2729; and roughlyhe same as tailed frogs
(29.6C) (Bury, 2008). Critical temperature is the temperature at which the
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animal would soon perish if not quickly rexem to a lower temperature.
However, critical temperatures are almost never reached in streams with intact
riparian overstory within the range &. copei For example, average daily
maximum temperatures rangearir 9.6 to 17.4C in streams on the western
Olympic Peninsula (Pollock et aRk009). In contrast, timber harvest and
overstory removal in riparian areas, and the total amount of riparian timber
harvest in a given basin can affect stream temperature \ayiéBeschta et al.
1987, Moore et al. 2005Pollock et al. 2009). Few studies show water
temperature differences betweBncopeiandD. tenebrosusalthough Steele et

al. (2002) reports the arage temperature was lower (333°in streams where

D. copeiwas detected compared the average tempaure (10.3C) whereD.
tenebrosusvas detected in several streams in Skamania County, Washington.
Wagner (2014) found thdD. tenebrosuswas stressed in cool water at 1C7°
while D. copeiwas not, and both species were similatyessed in warm water

at 25.0C. Additionally, during systematic spotlight surveys in low flow periods

in the summers of 1997 to 2001 at 22 streams in the Willapa Hills, Cascades,
and Olympics, in streams with. copej temperatures ranged fron5713.0C,

and averaged 10.9°C; sd = 1.@8 L. C. Jones, unpublished data). Given that
the range ofD. copeiis much more limited tharD. tenebrosus water
temperature may play a role in its distribution. In genddalgopeiis a species
associated with cold wers thus elevated or more variable stream temperatures
can affect lifehistory characteristics such as growth rates, movement, and egg
incubation, with unknown effects on populations across its range.

Climate Change

Climate change is adversely affectiagiphibian species worldwide, and
although related research for species endemic to the Pacific Northwest is
deficient, climate change may be the biggest future challenge to the persistence
of amphiban species (Blaustein and Wake 1990, C2005). Among aas of
the world that support salamanders, western North America (including the
Pacific Northwest), together with northern Central America and southern and
southeastern Europe, are regions projected to be most heavily dffegte
climate change (Hof et .aR011). Effects on amphibians from climate change
can be either direct (e.g. increased temperature variability or extreme weather
patterns), or indirect such as food availability, predation;Hiftory changes,
and disease (Blaustein et al. 2010). Far Pacific Northwest, regional climate
models projectates of warming of 0.1 to 0.6°per decade, with precipitation
trends tending toward wetter autumns and winterslbat summers (Mote and
Salathe2010), which may affect thB. copeidistribution andife history.

In Olympic National Park,D. copei had the narrowest distribution as
compared to Olympic Torrent SalamandeRhyacotriton olympicugGaige,
1917) and Coastal Tailed Frogsnd also had the strongest relationship to
climate variables of #nthree species (Adams and Bu2p02). Among these
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speciespP. copeihad a strong positive association with precipitation, suggesting
that an aquatiobligate life history may increase reliance on streams with
permanent flow thus affecting its range andpdisal capabilities. This is
problematic because trends in annual stream flow in the Pacific Northwest show
strong and significant declined mostgauging statior in essence, the driest
25% of years (1948006) are becoming substtially drier (Luce andHolden
2009); and latsummer bas#iow recession is becomingiore pronounced
(Sawaske et ak014). These factors may affect the spe6iegure distribution.

For example, in assessing landscape and climatic factors that restrict gene flow,
Trumbo et al.(2013) suggested that with the projected patterns of climate
change in the Pacific Northwest, habitats will become less suitabl® fawpej

and range retractions are likely, particularly in the southern Washington Cascade
ecoregion.

Forest Fires

The dfects from forest fires onD. copei and other Dicamptodon
salamanders are relatively unstudied. Within the rande. afopej frequencies
of large standeplacing firesare quite different between th€oastal and
Cascade ecoregions, with return intervedsiging from centuries along the
Olympic coast to decades in lowlaridouglasfir foreds of the Cascades
ecoregion (Ageel993). Concerning fire effects that may be relative to
Dicamptodorsalamanders, Pilliod et al. (2003) found that: 1) stepdacement
fire is a catastrophic disturbance to flora and fauna with subsequent changes in
microclimate and stream temperatures; 2) {fiost fine sediment inputs to
streams can be greatly incredsand 3) increased peak flows may result from
loss of vegetation in the upland forest surrounding streams, causing channel
scour. Posfire landslides and debris flow events could sluice streams, killing
salamanders within the stream prism, and may oaftar stanereplacing fires
or some timber management activities on unstable slopes. In contrast, low
intensity fires, including prescribed fire for fuels reduction treatments in forested
uplands, may have little adverse effect on this species. Howeeezaged fire
frequency potentially exacerbated by climate change may be a concddn for
copeipopulations particularly in the southern Cascade ecoregion.

Habitat Fragmentation

As described previously, the patchy distributionDof copeisuggests that
landscape, climatic, and glacial factors have all contributed to natural
fragmentation. The speciesd constraine
the degree to which adjacent pagtidns may be connected (Steele 2006, Steele
and Storfer 2007). Anthrgogenic disturbances such as roads and habitat
fragmentation from timber management and related disturbances have likely
contributed to the level of fragmentation across the species range. Loss of
current connectivity among habitat patches may be a confcerriurther
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population isolation. Trumbo et al. (2013) suggested that, within the species
range, fragmentation and isolation from logging would continue, exacerbated by
the effects of climate change, but that connectivity could be retained by
maintaining and improving river and stream dispersal corridors, with
conservation of the remaining higjuality habitats.

Diseass

The amphibian chytrid fungu8atrachochytrium dendrobatididongcore
et al. 1999), herein abbreviated Bd, has recently been detected in Oregon and
Washington (http://www.bdanaps.net/). This disease is particularly notable
relative toD. copeibecause of its predominantly aquatic life history. Bd is an
aquatic fungus and has befrund in greater levels in aquatic amphibians, and
more often in older larvae and metamorphosed animals due to higher keratin
content of their skin, upon which Bd relies. Some amphibian species can be
carriers of Bd, and do not show symptoms of the disedl$egough this is not
fully understood, they may be resistant to the disease, or the intensity of
infection Bd or strain virulence may be low. Hossack et al. (2010) reported no
Bd on 60D. tenebrosudarvae from California, yet they found it diree
metamorphosed ldaho Giant Salamanders from Idaho and Montana, amkon
of 57 Idaho Giant larvae. As far as we have been able to determine, no studies
have tested for Bd iD. copeior D. tenebrosusn Oregon or Washington
(http://www.bdmaps.net/isolatesaccessed May 2013). In general, prevalence
appears to be low among Paciflorthwest amphibians associated with small
streams, but only one study, Hossack et al. (2010), hgst¢ar headwater
amphibians. A newly discovered chytrid fungBssalamandrivorangMartel et
al. 2013) has been recently found to be highly infective to a broad group of
salamanders, with high incidence of mortality for many taxa feammoss the
world (Martel et al.2014). This fungus appears to have an Asian origin, with a
recent introduction to Europe where it is killing salamanders. At this time, we do
not know if Dicamptodorare vulnerable to this fungus, and it is presumed not to
occur in North Ameria, however, monitoring is warranted due to the lethal
effects on many taxa.

Vulnerability of D. copeito other pathogens has not been studied, yet
parasites such Oligochaetes have been found in feces and spermatopBores of
tenebrosusand Trichodina has keen found in blood samples of both species
(Wagner 2014). Ranavirus is another emerging infectious disease tied to
massive mortality episodes in a variety of amphibian species, but has not yet
been detected iDicamptodorsalamanders.

Introduced Species

Dicamptodon copelarvae are likely prey for nenative Eastern Brook
Trout, Salvelinus fontinalisFirst introduced in the early 1900s, Brook Trout are
widely distributed in many high mountain lakes and headwater streams -and co
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exist withD. copeinmanyar eas across the sal amander
of this potential threat tB. copeiin Oregon and Washington is not well known.

The amphibian chytrid fungus and Ranavirus mentioned previously are also
considered introduced species.

Managementconsideations for conservation of thespecies

An overarching conservation goal fdicamptodon copeis to contribute to
a reasonable likelihood of lortgrm persistence within its range in Washington
and Oregon. Achievement of this goal involves assessmergramdization of
the speciesd occurrence and geographi
needs.

Although recommendations can be developed for the entire range of the
species, the variety of site conditions, historical and ongoingspéeific
impacts, and populatiespecific issues warrant consideration of each site with
regard to the extent of both habitat protection and possible restoration measures.
General known threats are listed above, and should be considered during
development of sitéevel and basitevel management approaches.

Specific Considerations
At |l ocations where Copebds Giant Sal a

01) Retain streamside riparian buffer zones to: A) reduce streambank erosion
and intercept fine sedimentation before reachitrgam channels because
in-channel coarse substrates are important to the life histories of giant
salamanders; B) rain stream shading to reduce alteration of stream
temperatures; and C) reduce peak flow variability from runoff. Site
conditions (aspechtill- shading, vegetation condition, watershed condition,
cumulative effects) warrant consideration when buffer widths are
considered and whether managed buffers eemtoy buffers are needed.

02) Employ variableretention timber harvest such as comrgrthinning or
aggregated greetnee retention in adjacent riparian or upland forests to
retain canopy closure and ameliorate microclimate shifts or erosion in the
riparian zones and streams. Restoration of riparian forests to accelerate old
forest condibns and structures, such as future recruitment of large down
wood may provide longerm benefits to this species and the larger
community in streams and riparian areas, and should be considered on a
caseby-case basis, weighing shderm costs with longeterm benefits.

03) Manage road construction, repair, and maintenance to accommodate both
up- and downstream passage for terrestrial and aquatic amphibiarn3. like
copei However, consideration of invasive species passage is also needed,
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so as not to irdvertently introduce nonative predators or other types of
species with potential adverse effects on salamanders into upstream reaches.

04) Manage forest stands to reduce the likelihood of stapthcement fires,
including thinning of young, dense stand

05) Closely monitor and/or restrict chemical éipations near stream channels.

06) Restrict soilcompacting equipment or vehicle refueling near stream
channels.

07) Reduce the likelihood of nemative predators such as Brook Trout in
streams.

08) Assess the shervs. longterm impact and the spatial scale of the impact of
a proposed activity to identify the potential hazards specific to the
persistence of the salamander.

09) The hazards to and exposure of salamanders of some activities redative t
substrate disturbance, microclimate shifts, and incidental mortality should
be minimized. A minimal or shoterm risk may be inappropriate for a
small, isolated population, whereas it may be possible in part of a large
occupied habitat. Thus, both cunteand predicted future conditions of the
site and its habitat can be considered during risk assessment procedures. If
the risk, hazards, or exposure to actions are unknown or cannot be assessed,
conservative measures are recommended.

10) Disinfect field gear between sites to reduce movement of pathogens.
Disinfection guidelines to reduce risk of transmission of Bd and other
aquatic invasive species are available at:
http://lwww.fs.usda.gov/detail/r4/landmanagement/resourcemanagement/?ci
d=stelprdb5373570

11) Disinfect water that is transported away from ocedpstream reaches, or
brought in from elsewheree(g. for fire management; see web link
http://www.fs.usda.gov/detail/r4/landmanagement/resourcemanagement/?ci
d=stelprdb5373570

12) Delineate thespatial extent of the area occupied by this species for future
monitoring. Site survey information should be compared to existing site
data to document possible range extensions or retractions.



Life: The Excitement of Biology 2(4) 238

13) Genetic analyses have suggested that overland movementsticted for
this species. However, we do not know the extent to which this animal may
disperse overland; hence it is prudent to consider management activities
(e.g.increase forest canopy retention, logging systems requiring minimal
roads) to promoteconnectivity among stream and riparian habitats,
especially watersheds with no aquatic connectivity.

14) Since we know little about overland dispersal for this species, circumstances
may warrant minimizing habitat fragmentation by retaining undisturbed
areas extending from occupied stream reaches into uplands. For example,
riparian habitat features such as seeps or wetlands likely benefit dispersal
and persistence of terrestrial and aquatic amphibiansDikeopeiacross
landscapes; these features stdug identified (Janisch et @011). Thus,
buffer or riparian reserve boundaries should be extended from occupied
streans to encompass and protect these features.

15) Considerhill-shadingand aspect in management of connectivity habitats; for
example, such that natlly exposed areas prone to higher temperatures
have vegetative buffering (canopy retention). Such considerations are
especially important relative to potential future effeftslimate change.

16) Restore disturbed sites to more closely mimic naturally occurring habitats
occupied by the species, taking into account life history needs, such as
perennial water with plungpool channel features with boulder and cobble
substrates

17) Protect water temperature buffering. For examplecopeioccur in some
streams that have a meoeless constant temperature from a spring source.
Altering the water source and flow patteresg(through a diversion) could
affect the temperatuminimum, maximum, and fluctuations.

Further Research

A priority need is to gain a more precise rendering of the current
distribution of D. copeiin Oregon and Washington. Other information gaps
include many aspects of the basic life history and habitat associations of the
species, and effects of various disturbances including disease and climate
change. Since amphibian dispersal and persistermmndepart on the speed and
regularity with which the climatgattern advances (Early and Sag11);
climate envelope modeling may provide insight into future shifts in the species
range. More information is needed on the prevalence and consequence of
pathaens including the amphibian chytrid fungus, Bd, in this species. Several
gaps relative to site and watershed management remain. In particular, how well
do riparian buffers protect this species (what riparian management options
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should be considered, how dei should buffers be)? Do we need to consider
upland management activities to address population connectivity? What are the
movement patterns of this species? To what extent are road crossings affecting
di spersal across the s peguateecshv@rt design g e ?
criteria to insure that road crossing barriers are minimized?

With regard to life history and population ecology, how will projected
reductions in stream flow and increases in water temperature, like those
attributed to climate changs cenar i os, af fect t he a
movements, physiology, and metamorphosis? To what effect denatore
species like Brook Trout influence salamander populations and what are the
interspecific interactions with native trout? What is the spatitent of a stable
population, or rather the range of areas for population persistence? At what
abundances are these animals found in Oregon and Washington? Lastly, the
ecological role of this species in the larger ecosystem is poorly understood.
What istheir place in the trophic structure of the ecosystem? Are they key prey
(or predator) in trophic cascades? Are food webs altered by forest management
practices?

The data gaps discussed above each relate to needed research on this
animal. In particular,tere is little information on how various contemporary
forest management practices such as how riparian buffers may affect
microhabitats or populations of these salamanders. Streassing culverts and
design specifications have been little studied nedato this species. Also, the
effects of climate change on habitats and the spread of Bd and other pathogens
in this species are poorly known. Climate envelope modeling would allow
projections of effects within Oregon and Washington, and may prioritize
halitats for management or conservation.

Conclusions

Our compendium of biological knowledge and management considerations
for the Copeds Giant Salamander provi
into conservation and status assessments. Recent suteeysnenting the
patchy distribution of this species, along with genetic results that suggest the
species to be disperdahited, support sitspecific management considerations.
However, designing habitat connectivity pathways for a largely aquatitolife
distributed across discrete watersheds with no freshwater linkages may be a
conservation challenge. Research might examine genetic connectivity patterns
across more mesic (i.enea-coasta) landscapes that could serve as selective
geneflow zones if terrestrial formsare more frequent there. Upland forest
management for improving dispersal has been a consideration for other endemic
streambreeding amphibians in tHeacific Northwest (Spear et al. 201QIson
and Burnet2009, 2013) and those concepts might be applicable for this species.
However, minimizing distances overland might be a key consideration for
planning connectivity pathways.
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