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I, Sarah Kupferberg, declare as follows:

1. If called as a witness, I could and would truthfully testify to the following based on|
my personal knowledge.

2. Attached hereto as Exhibit A is true and correct copy of my expert report
concerning the impact of the project at issue in this litigation on California Red Legged Frog
(Rana draytonii) prepared at the request of Plaintiffs Friends of Gualala River and Center for
Biological Diversity in this action.

3. The content of Exhibit A, inclusive of its exhibits, are true and correct.

I declare under the penalty of perjury under the laws of the United States of America and
the State of California that the foregoing is true and correct.

Executed on May \& 2021 in Berclcel Q\/, %

Soud, /(M)Z&M/

Sarah Kupferb&é/

DECLARATION OF SARAH KUPFERBERG IN SUPPORT OF PLAINTIFFS’ MOTION FOR PRELIMINARY
INJUNCTION; Case No. 20-cv-06453-ID
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EXHIBIT A
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REPORT OF DR. SARAH KUPFERBERG REGARDING LIKELIHOOD OF TAKE OF
CALIFORNIA RED LEGGED FROG FROM GUALALA REDWOOD TIMBER, LLC’S
PROPOSED LOGGING IN THE GUALALA RIVER FLOODPLAIN

l. EXECUTIVE SUMMARY

I have been asked to evaluate the likelihood of whether the proposed logging of and
associated activities (collectively, the “Project”) in certain floodplain areas of the Gualala River,
in northern Sonoma County, California, as identified and described in the Dogwood Timber
Harvest Plan, Approved March 30, 2018, (the “Dogwood THP Area”) is reasonably certain to
result in the “take” of California Red-legged Frog (Rana draytonii) (“Red-legged Frog”).

I have been informed by counsel for Plaintiffs in the action titled Friends of Gualala
River, et al. v. Gualala Redwood Timber, LLC, No. 20-6453-SBA (the “Action”) that the
standard by which I am to evaluate whether a take of Red-legged Frog is reasonably certain to
occur is whether any Red-legged Frog is reasonably certain to be: harassed; harmed,; killed; or
injured. I have been further informed that “harm” under this standard includes significant habitat
modification or degradation where it kills or injures Red-legged Frog individuals by significantly
impairing essential behavioral patterns, including breeding, feeding, or sheltering. | have also
been informed that “harass” means an intentional or negligent act or omission which creates the
likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt normal
behavioral patterns which include, but are not limited to, breeding, feeding, or sheltering. | have
applied this standard, inclusive of these definitions, to the analysis contained in this report.

Based on that analysis, my conclusions are that the mitigation measures in the THP are
insufficiently applied with respect to the areal extent of the proposed activities. There is a
mismatch between the narrow buffer zones around aquatic habitats and the numerous places
where frogs could occur, such that harm to Red-legged Frogs will likely be unavoidable. The
omission of local surveys and studies of how Red-legged Frogs use the forested floodplain,
seasonal wetlands, and the aquatic habitats inside and adjacent to the THP boundaries further
contributes to the likelihood of harm (as defined above) to individuals of this species. Given the

discrepancy between the limited area designated as suitable habitat for Red-Legged Frog by
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GRT in the THP (two patches in Units 5 and 6) and the geographically wide extent of Red-
legged Frog occupancy in the Gualala watershed, it is reasonable to expect that the locations of
physical disturbances made by falling trees, yarding, skidding, building roads, installing river
crossings, using heavy machines, and drafting, will coincide with locations of the frogs. Where
the project and Red-legged Frogs coincide, harm, harassment, or mortality of individuals,
destruction of habitat, and diminution of the frogs’ food resources are likely. Because Red-
legged Frogs are vagile, difficult to detect on land and in underground shelters, effective
avoidance and mitigation relies on establishing sufficiently large non-logging zones around
aquatic habitats to prevent harm. The THP underestimates suitable habitat, and omits local study,
so my professional opinion is that to avoid take GRT should implement the maximum buffer
zone of 1 mile around aquatic habitats recommended by the United States Fish and Wildlife

Service in their recovery plan for Red-legged Frogs (USFWS 2010).

1. QUALIFICATONS

A Education

Ph.D. Integrative Biology, University of California, Berkeley 1996
My academic training at UC Berkeley focused on food web ecology, invasion of non-native
species, amphibian population biology, and conservation of aquatic ecosystems in California. |
am skilled in the development of ecological monitoring programs, experimental design, and data
analysis.

Post-doctoral Fellowship, Umea University, Umed, Sweden, 1997
I studied the breeding biology and larval ecology of European Common Frogs (Rana
temporaria), Moor Frogs (Rana arvalis), and toads (Bufo bufo) in the Vasterbotten region.

B.S. Botany, Duke Univ., Durham, NC 1984 Magna cum laude, Phi Beta Kappa
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B. Work Experience and Publications

I conduct research as an independent scholar and a consultant to government agencies,
NGO’s, and utility companies. | focus on rivers and streams and the effects of resource
management on the physical and biotic conditions for wildlife. | have been affiliated with the
Department of Integrative Biology at UC Berkeley since 2008. | have published approximately
30 academic works regarding amphibians, and | serve as an amphibian section co-editor of the
journal Herpetological Conservation and Biology with a focus on threats thereto. A true and
correct copy of my complete curriculum vitae is attached hereto as Exhibit A.

Relevant to the setting of the Dogwood THP, my experience studying watersheds of
California’s North Coast, specifically in the redwood and mixed coniferous forest biome, dates
to 1990. My work has included at least fifteen analyses of proposed project impacts on
California’s amphibians, including four that involved impacts on Red-Legged Frogs (e.g., dam
re-construction and operations, fish passage projects, and bridge construction in Alameda Creek;
off-highway vehicular recreation in the watershed of Corral Hollow Creek; effluent management
and stream habitat enhancement at Lawrence Livermore Lab’s Site 300; translocation and re-
introduction to Yosemite National Park). | also served as an expert reviewer of the guidelines
developed by the Alameda County Resource Conservation District for managing range lands to
benefit Red-legged Frogs (Ford et al. 2013). For a forestry management group in the Washington
State Department of Natural Resources, | provided expert review of a technical document
regarding the response of stream-associated amphibians to forest canopy shading (MacCracken

et al. 2018).
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C. Background Documents Reviewed

The primary document that | reviewed to prepare this report is the Dogwood Timber
Harvesting Plan, Approved March 30, 2018 (the “Approved Dogwood THP”). This includes: (1)
the Plan of Timber Operations contained in Sections I, I11, and IV of the Approved Dogwood
THP; (2) Gualala Redwood Timber, LLC Timber Harvest Plan Letter of Conformance (July 31,
2019); (3) Official response to significant environmental points raised during the timber
harvesting plan evaluation process concerning revisions to the alternatives and cumulative
impacts sections of the plan from the director of the California Department of Forestry and Fire
Protection (CAL FIRE).

In addition, I reviewed: the Complaint filed in the Action; the scientific literature listed in
Exhibit B; and communicated with other species experts regarding observations of Red-legged

Frog in the Gualala watershed (citations in Exhibit B).

1. Geographic Information System (“GIS”) Reviewed

I reviewed GIS overlays of the Dogwood THP Area and previously logged units in the
surrounding watershed to assess the scale of logging and the associated cumulative impacts on
the Red-legged Frog and its habitat in the Dogwood THP Area and its environs. The image and
overlay relevant to this assessment are attached hereto as Exhibit C. | also reviewed previous
observations of both Northern and California Red-legged Frogs that have been reported to the

California Natural Diversity Database (Exhibit D).

V. Environmental DNA Sampling

As part of my review, | evaluated the results of environmental DNA (“eDNA”) analysis
of surface water samples collected in the vicinity of the Dogwood THP Area, as depicted in the
maps of Exhibit E. This is a method accepted as valid in peer-reviewed journals for detecting
Red-legged Frogs (Halstead et al. 2018). on the maps of Exhibit E identify the locations (red

symbols on Figs. E.2 and E.3) from which eDNA water samples were collected that contained
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the DNA of Rana draytonii | visited two of the sites where the DNA of R. draytonii was detected
and compared the physical and biotic settings of these sites with the habitat features observed at
the river and stream reaches contiguous with the proposed units. The methodology by which
those samples were collected and analyzed is described in Exhibit E. The eDNA analysis
revealed the presence of Red-legged Frogs at fluvial sites bracketing the proposed timber harvest
units. | found that presence of side pools, undercut banks, overhanging riparian vegetation were
common features of the eDNA detection sites and the fluvial habitats near the proposed units.
V. Site Visit

On April 23, 2021, 1 visited the Dogwood THP Area and made particular observations at

the locations identified with squares on the map attached hereto in Exhibit F.

V1. CALIFORNIA RED-LEGGED FROG

A. Background

1. Red-legged frog history and distribution

California Red-legged Frogs (Rana draytonii, Red-legged Frog herein), are endemic to
California (USA) and northern Baja California (Mexico) and are the largest frog native to the
western United States (Stebbins 2003). The Red-legged Frog became the state’s official
amphibian in 2014 with the passage of Assembly Bill No. 2364 to “acknowledge the species’
important place in the ecology, culture, and history of California, as well as broadcast and
reinforce the state’s commitment to protecting endangered species” (State of California, 2014)

Genetic analyses indicate that geographic overlap between Red-legged Frog and the
Northern Red-legged Frog (Rana aurora) occurs approximately 38 miles north of the Gualala
River in Mendocino County, across a three-mile wide contact zone extending from Mills Creek
north to EIk Creek (Shaffer et al. 2004; Halstead et al. 2018, Exhibit D). Thus, red-legged frog
populations occurring south of Mills Creek, including those in the Dogwood THP area, are

reasonably certain to be California Red-legged Frog, as opposed to Northern Red-legged Frog.
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2. Red-legged Frog Habitat Requirements

Red-legged Frogs rely on both terrestrial and aquatic habitats to complete their life cycle.
Red-legged Frogs spend substantial time on land, often below ground, so physical disturbance,
noise, and vibrations (such as those that occur during the proposed activities in the THP) impair
essential behavioral patterns, such as the feeding and sheltering of post-metamorphic life stages.
The terrestrial habitats used by Red-legged Frog include “moist woods, forest clearings, stream
border vegetation, shrub, and grassland communities” (Stebbins and McGinnis 2012). They
shelter in moist debris piles, mammal burrows, leaf litter, and under shrubs (Bobzien and
DiDonato 2007; D’ Amore 2007; Tatarian 2008). Diet analyses indicate the importance to Red-
legged Frog of terrestrially derived prey. Bishop et al. (2014) found that 87.3 percent of rainy
season prey items and 91.3 percent of dry season prey in Red-legged Frog stomach contents were
terrestrial. Stable carbon isotopes in Red-legged Frog tissue confirmed that dominant prey items
include a mix of terrestrial carnivores (e.g., spiders, beetles, wasps) and detritivores (e.g., worms,
ants). Small frogs are largely insectivorous, and although large adult frogs can consume aquatic
vertebrates in the wet season, they consume terrestrial vertebrates in the dry season (Hayes and
Tennant 1985; Stebbins 2003; Bishop et al. 2014). Timber harvest activity in floodplain stands of
redwoods, in addition to disturbing the integrity of terrestrial physical habitat for Red-legged
Frog and destroying the places where frogs shelter, can also negatively affect the food resources
available to Red-legged Frogs and indirectly cause ongoing harm. Given the extensive previous
logging in the watershed (Exhibit C) and, the negative food-web effects of logging on Red-
legged Frogs should be considered a cumulative impact on this species. The abundance and
diversity of terrestrial spiders and arthropods, which are food resources for Red-legged Frogs,

are significantly reduced in logged stands as disturbance levels increase (Willett 2001). Notably,
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the leaf litter and soil arthropods in selectively harvested stands of redwood do not retain levels
of abundance and diversity that occurs in old-growth redwood forest (Willet 2001).

Because they have a flexible life history strategy, Red-legged Frogs could occupy
multiple habitats within the Dogwood THP and frogs would require protected movement
corridors to complete their life-cycle. Red-legged Frogs have free-swimming tadpoles so must
migrate seasonally back and forth among terrestrial and either ephemeral or permanent aquatic
habitats to reproduce. Some may dwell year-round at persistent lentic water bodies such as
springs, marshes, ponds, and lakes. For Red-legged Frogs that lay eggs in streams and rivers,
they find microhabitats with slow moving water, even in steep drainages. Bobzien and DiDonato
(2007) documented clutches of Red-legged Frog eggs in plunge pools of high gradient streams
(slope 6.4-8.3%) with intermittent flow and found adult Red-legged Frog (without confirming
breeding) in both perennial and intermittent streams with gradients as steep as 21%. While
breeding and rearing habitats must hold water into late summer for tadpoles to have sufficient
time to complete development, recent metamorphs and adults can survive in a dormant state in
moist refugia away from the water body from the time habitat dries and the initiation of fall and
winter precipitation. Thus frogs may be dispersing during the summer logging period and the un-
named drainages, as well as named streams such as Big and Little Pepperwood Creek and
Buckeye Creek are examples of suitable habitat for Red-Legged Frogs within the THP area.
Furthermore, the South Fork Gualala cannot be discounted as suitable habitat for Red-legged
Frogs, and buffer zones between the stream channels and off-channel habitats are needed to

protect movement corridors and avoid harm.
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3. Red-legged Frog Status and Threats

Red-legged Frog has been extirpated from >70% of its former range and has been
protected as threatened under the U.S. Endangered Species Act since 1996. Historic declines of
Red-legged Frog have been attributed to overharvest for food beginning with the gold rush of the
mid-19" century (Jennings and Hayes 1985). More recently, agricultural practices, conversion of
rangeland to housing developments, and increasing urbanization of California, has contributed to
further declines via aerial drift of pesticides, habitat destruction, and the spread of non-native
predators (Moyle 1972, Davidson et al. 2002). The fungal disease chytridiomycosis may also
present a threat to remaining populations (Adams et al. 2021).

The USFWS (2010) has delineated a maximum protective buffer limit of 1 mile, with
variable minimum distances around aquatic habitats to be determined by local known dispersal
patterns (U.S. Fish and Wildlife Service, USFWS, 2002). In the case of the Dogwood THP,
study of the local dispersal behavior of the Red-legged Frogs has been omitted by GRT. In the
absence of local knowledge, a reasonable precaution would be to apply the USFWS maximum
buffer distance. However, the USFWS guidelines may not be stringent enough to prevent harm
because recorded movements can be greater, up to 2 miles (Bulger et al. 2003). The scientific
literature shows consensus that buffer zones to protect the Red-legged Frog should aim to
provide connectivity among aquatic habitats. Specifically in the context of the Dogwood THP
this means that buffers need to connect the margins of the rivers and streams with the various off
channel water bodies, marshy areas, ponds, and seasonal wetlands encompassed within, or

proximal to the THP boundaries.
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B. Impacts of Gualala Redwood Timber, LLC’s Logging on Red-legged Frog

Harmful Activities. GRT’s proposed logging will entail tree felling, skidding, yarding,
trucking, water drafting, road building (including installation of temporary bridges, stream
crossings, and ford construction), and general heavy equipment use. The Dogwood THP states
that GRT’s proposed logging will cause “disturbance of animal species in the summertime
through logging and trucking activity [and] . . . directly killing certain slow-moving or non-
mobile plant and animal species through falling, skidding, logging, trucking and road-building
activities.” THP 8 4, p. 146. The Dogwood THP also specifically lists Red-legged Frog as a
species that the project could substantially adversely affect, as identified by the CDFW. THP § 5,
p. 440.58. Red-legged Frog, due to their use of terrestrial and subterranean habitats, are
susceptible to the harms of vegetation removal and physical disturbance to the landscape,
compaction of soils, and loss of underground burrow networks. Notably, D’ Amore (2007) had
one-third of all detections of radio-tracked Red-legged Frog come from inside ground squirrel
burrows. Thus, take of post-metamorphic Red-legged Frog during the terrestrial part of their life
cycle is reasonably likely to occur, and is just as likely to go undetected when the ground is
disturbed, vegetation is crushed, or underground interstitial spaces collapse under the weight of
logs and machines during a timber harvest and its related activities. In particular, during the
summer when logging would occur, Red-legged Frogs disperse from their breeding habitat and
take shelter in a variety of refugia. As GRT acknowledges in the THP § 4, p. 177, this includes
spaces under boulders or rocks, organic debris, such as downed trees or logs, or in mammal
burrows and moist leaf litter; industrial debris; and agricultural features, such as drains, watering
troughs, abandoned sheds, or hay-ricks. Several of these micro-habitats are widely distributed

throughout the proposed logging units and their disturbance is inevitable as part of timber harvest
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activities. For example, Red-legged Frogs could seek refuge around and under the concrete
blocks used as bridge abutments and the metal bridges themselves that are stored streamside;
they could also be present where the bridge is placed in the stream channel. No provision is
stated in the THP for a qualified and federally permitted biologist to be on-site to inspect and
clear these habitats of frogs and re-locate them out of harm’s way if found.

Harm to the larval life stage (i.e. tadpoles) and recently metamorphosed individuals of the
Red-legged Frogs, may also occur when trucks drive on gravel bars at drafting sites to extract
water needed for dust-control. In addition to the possibility of running over small froglets that
like to shelter in wheel ruts and tire tracks, water extraction during the low flow period in an
extremely dry / low precipitation year could affect water levels in the remnant pools and puddles
on the gravel bars where the early life stages of Red-legged Frog may occur since they are
adjacent to suitable oviposition habitat. Again, there is no provision for a qualified and permitted
biologist to be present during drafting to inspect and clear the area prior to use of trucks, pumps,
and heavy machinery.

Below is a summary of the activities described in the THP that create physical
disturbance and are reasonably certain to harm Red-legged Frogs:

a. Skidding and Yarding. GRT will use existing, previously abandoned skid
roads to haul logs from cutting sites to landings. THP 8 2, pp. 26; 77.1-77.9.
Previously abandoned skid trails and haul roads form depressions in which
water collects forming seasonal wetlands that Red-legged frogs may utilize.
See THP 8 4, p. 178. The physical disturbance to the ground when logs are
skidded is reasonably certain to cause the take of Red-legged Frogs if frogs

are present and no actions are taken to inspect an area and clear it of frogs.

10
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b. Felling. | observed trees marked for felling that were sufficiently tall to fall
into patches of seasonal wetland. This is reasonably certain to cause the take
of Red-legged Frogs by crushing any frogs residing in the patches, or crushing
underground burrows where the frogs may reside. Red-legged Frogs could
reside in those patches during the summer months when the logging will occur
because they retain some moisture and herbaceous vegetation has higher
densities of the arthropods frogs consume (Willett 2001).

c. General Heavy Equipment Use. GRT will use a variety of different heavy
machines to log and move debris, including tractors, trucks, bulldozers,
backhoes, skidders, feller-bunchers, excavators, and yarders. See THP § 4, p.
166; 8§ 2, pp. 14, 19-21, 46; § 5 pp. 259, 440.105. Heavy machines can crush
underground burrows and above ground refugia at the base of shrubs of
herbaceous vegetation and in woody debris. Heavy equipment use is
reasonably certain to cause the take of Red-legged Frogs when it occurs in
micro-habitats suitable for frogs to shelter.

d. Water Drafting. GRT intends to draft water from excavated holes in the
gravel bars at designated drafting sites, which must be a minimum of ten feet
from the flowing stream channel. THP § 5, pp. 440.57-440.58, 440.64-440.67;
8 2 pp. 27; 33-33.1, 38.1, 45, 95.1. The pump test procedures and limits as
described in THP § 5, pp. 440.66 do not provide an adequate assessment that
the rate of pumping and the total amount of water removed will not cause take
via stranding on larval life stage Red-legged Frogs that may be present in the

adjacent pool. At the time of the site visit, we observed egg-masses of another

11
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Ranid frog, Rana boylii, which often uses the same stream cross-sections (but
later in spring) as Red-legged frogs to breed. Under drought low-flow stream
conditions, rapid pumping to fill water trucks could change the height of the
water in the stream and side pools and cause larvae that inhabit very shallow
margins to strand or concentrate them and make them easier prey for snakes
(which were also observed at the drafting site). Although a staff gauge is
placed downstream of the drafting site and monitored during pumping, there
can be a lag time between extraction, which creates a cone of depression
around the infiltration chamber, and the response of the stage height as the
water flows in to fill the voided interstitial spaces. The mitigation measure
stated in the THP would rely on an accurate rating curve that relates change in
water surface elevation (measured in inches or cm) to the change in volume of
stream flow (i.e. cubic feet per second or cubic meters per second) to ensure
that less than 10% of stream flow is being extracted. The lack of a robust
metric relating a diversion rate to ecological processes, such as direct
mortality due to stranding and indirect mortality due to increased risk of
predation, is problematic and undermines the effectiveness of take avoidance.
Thus, drafting is reasonably certain to cause take of Red-legged Frogs if
larvae are present and vulnerable to water extraction and when recent
metamorphs are present and vulnerable to vehicle strikes. The omission of
breeding surveys for Red-Legged Frogs at drafting sites undermines the

effectiveness of avoidance measures.

12
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e. Roads. Road construction and vehicle use will likely lead to harm of Red-
Legged Frogs because they create barriers to movement (and thus create
habitat fragmentation) and deplete populations (via direct mortality from a
vehicle strike). Roads and fragmentation have a documented negative effect
on the ability of Red-Legged Frog to persist at a site (D'Amore et al. 2010)
and Red-Legged Frog are designated at high risk for road mortality (Brehme
et al. 2018). To effectively mitigate the take associated with logging roads,
stream crossings, approaches to drafting sites, and skid trails by strategic
timing and placement would require an in-depth study of the spatial
distribution and movement corridors of the Red-Legged Frog dwelling within
the units designated for harvest in the Dogwood THP because there is great
variability in movement by Red-legged Frogs. Construction of roads, and the
concomitant sedimentation of aquatic breeding habitats, has the potential for
cumulative and lagged impacts on the conditions experienced by tadpoles,
specifically the filling of interstitial spaces in the substrate that tadpoles may

hide in.

2. Insufficient buffer zones. The spatial ecology of Red-Legged Frogs necessitates
large, protected areas around potential aquatic breeding habitat to avoid take. Travel by Red-
legged Frogs can be along well-established corridors that provide specific sensory cues to guide
movement (Stebbins 2003), or as other investigations have found (Bulger et al. 2003), many long
(>985 ft) distance migrating frogs travel to and from breeding sites in relatively straight lines

toward target sites. The fact that logging takes place during the summer does not inherently

13



Case 3:20-cv-06453-JD Document 61-6 Filed 05/20/21 Page 17 of 118

protect Red-legged Frogs. Frogs may leave breeding habitat at various times, not necessarily
predictable by date (e.g. during the rainy season) or hydrologic condition (e.g. when a water
source is drying). In a radio-telemetry study conducted in Marin County, 66 percent of female
frogs and 25 percent of male frogs moved to non-breeding terrestrial areas even when the
breeding site retained water (Fellers and Kleeman 2007). Frogs may also leave breeding sites in
the dry season to aestivate in upland refugia. For example, in September at Alameda Creek,
Alameda Co., a radio-tagged male Red-Legged Frog spent three weeks in a burrow 433 feet
away from the water before returning to the stream channel (Bobzien and DiDonato 2007).
Because local study of Red-legged Frog was omitted from the THP with respect to distribution,
abundance, dispersal patterns, and the variety of possible movement behaviors, the most prudent
way to avoid take would be to employ the maximum 1 mile buffer radius designated by USFWS

(2010) around all aquatic habitats encompassed within the boundaries of the THP.

GRT has not implemented the most protective buffer recommended by USFWS and the
habitat for Red-Legged Frogs identified in the THP does not encompass all the potential and
available habitat. Harm, harassment, or mortality of individual Red-legged Frogs and destruction
of habitat is reasonable to expect given the mismatch between the small and limited area
designated as suitable habitat for Red-Legged Frog by GRT in the THP and the geographically
wide extent of Red-legged Frog occupancy which brackets the units designated for timber
harvest in both the upstream and downstream directions. In addition to the three eDNA detection
locations (Exhibit E), there are four known records of Red-Legged Frog occurring within 5 miles
of the Apple and Dogwood Timber Harvest Plan units (Exhibit D). Three of these four records
occur within one mile of proposed Unit 1. This is less than the maximum known dispersal

distance (2 miles) for Red-legged Frog moving through combined riparian and upland habitats

14
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(U.S. Fish and Wildlife Service 2002; Bulger et al. 2003). Two of these records are < 0.5 mile
from Unit 1, including Red-legged frogs that were observed in the mainstem Gualala River at the
Highway 1 bridge on July 30, 2014 (K. Wiseman, pers. comm.) and on January 18, 2016 in
Gualala Point Regional Park (Roberta Chan, park ranger, CNDDB report form). Unit 1 is
contiguous with the river’s floodplain at these sightings and the most downstream eDNA
detection. Furthermore, in Unit 1 within dispersal distance of known Red-legged frog sites, |
observed seasonal wetland vegetation (sedges) next to an area designated for a skid trail (Exhibit
F) and trees marked for felling sufficiently tall to fall into the gap in the forest which had likely
previously been filled with water and could have frogs sheltering in the vegetation.

3. Insufficient designation of fluvial environments as suitable habitat. Although
the THP acknowledges that the Red-legged Frog uses a variety of areas, including various
aquatic, riparian, and upland habitats below 3500 feet in elevation (THP § 4, p. 177), the South
Fork Gualala River, Little and Big Pepperwood Creeks, and Rockpile Creeks are not designated
as suitable habitat for Red-legged frog. During the site visit, | observed habitat features in these
lotic environments such as undercut banks, overhanging riparian vegetation, woody debris along
the margins of pools and slow moving side-arms of the channel, that are similar to the location
where eDNA of red-legged frogs was detected at the confluence of the North Fork Gualala with
the mainstem Gualala river (Exhibit F). The visited stream reaches were like other rivers and
streams where | have observed Red-legged frog egg-masses, tadpoles, juvenile and adult frogs.
In the adjacent floodplains | also observed trees marked with blue paint for felling at distances
less than Red-legged frogs are known to move away from such aquatic habitats. Because the
THP lacks site-specific methods of take avoidance around these streams at distances

commensurate with known dispersal and terrestrial residence distances by Red-legged Frogs, it is
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reasonable to expect harm and harassment of individual frogs whose terrestrial phase may
coincide with the timing of logging activities.

4. Insufficient designation of corridors / habitat connectivity. The THP
disregards seasonal aquatic environments that Red-legged frogs could use when it does identify
two patches of suitable habitat, THP 8 2, pp. 72-73. For example, small and large Class Il
streams appear to be excluded from the maps depicting the Red-legged frog suitable habitat in
Units 5 and 6. A 300-foot buffer around the two areas of flat / marshy terrain drawn on the map
would not connect these suitable habitat patches to the drainages that flow into them and does
not create a protected corridor connecting the designated patches to the South Fork Gualala
River. Because GRT’s buffer zone does not account for connecting the aquatic environments
with un-logged corridors, GRT will fell trees, make skid trails, and disrupt the ground with heavy
equipment in those disregarded corridors. Thus, the likelihood of take is not avoided. In the
absence of any locally collected radio-telemetry data within the THP area, I rely on empirical
observations from other watersheds where Red-legged frogs moved and resided on land at much
greater distances to support my professional opinion that a 300-foot buffer at these two habitat
patches would not be protective. As stated in THP § 2, p. 29, all designated wet areas on maps
receive less protection than the measures outlined for the two potential frog habitat areas
identified by GRT. This is inadequate because the spatial ecology of Red-Legged Frogs
necessitates that there be large, protected areas around all the potential aquatic breeding habitat,
including fluvial environments to avoid take, not just those two patches identified in the THP.
Travel by Red-legged frogs can be along well-established corridors that provide specific sensory
cues to guide movement (Stebbins 2003), or as other investigations have found (Bulger et al.

2003), many long (>985 ft) distance migrating frogs travel to and from breeding sites in
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relatively straight lines toward target sites. Frogs may leave breeding habitat at various times, not
necessarily predictable by date (e.g., during the rainy season) or hydrologic condition (e.g. when
a water source is drying). In a radio-telemetry study conducted in Marin County, 66 percent of
female frogs and 25 percent of male frogs moved to non-breeding terrestrial areas even when the
breeding site retained water (Fellers and Kleeman 2007). Frogs may also leave breeding sites in
the dry season to aestivate in upland refugia. For example, in September at Alameda Creek,
Alameda Co., a radio-tagged male Red-Legged Frog spent three weeks in a burrow 433 feet
away from the water before returning to the stream channel (Bobzien and DiDonato 2007).
Because local study of Red-legged Frog was omitted from the THP with respect to distribution,
abundance, dispersal patterns the variety of possible movement behaviors, the most prudent way
to avoid take would be to employ the maximum 1-mile buffer radius designated by USFWS
(2010) around all aquatic habitats encompassed within the boundaries of the THP, despite all of

the aquatic habitats being suitable for Red-legged Frogs at one p

VII. CONCLUSION AND FINDINGS

I find that the mitigation measures in the THP are insufficient to protect Red-legged
Frogs from harm because there is a mismatch between the extensive area of the proposed
activities and the limited designation of suitable habitat and buffer zones. The narrow buffer
zones around aquatic habitats are incongruous with the numerous places where frogs could occur
on land and underground, so | conclude that harm to Red-legged Frogs will likely be
unavoidable. It is reasonable to expect that the physical disturbances created by falling trees,
yarding, skidding, building roads, installing river crossings, using heavy machines, and drafting,
will overlap with the places Red-legged Frogs occur. Where and when the proposed activities

and Red-legged Frogs coincide, harm, harassment, or mortality of individuals, destruction of
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habitat, and diminution of the frogs’ food resources are likely. Because Red-legged Frogs are
vagile, difficult to detect on land and in underground shelters, effective avoidance and mitigation
relies on establishing sufficiently large non-logging zones around aquatic habitats to prevent
harm. My professional opinion is that to avoid take of Red-legged Frogs, GRT should implement
the maximum buffer zone of 1 mile around aquatic habitats as recommended by the United

States Fish and Wildlife Service in their recovery plan for this species (USFWS 2010).
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Exhibit A — Curriculum Vitae of Sarah Kupferberg

1. Affiliate, Dept Integrative Bio., UC Berkeley (2019-Present, Research Associate
2008-2011, Visiting Scholar 2014-2018). Projects include:

a) drought and amphibian disease dynamics in Coyote Ck, Henry Coe State Park, CA

b) range-wide retrospective analysis of chytrid disease in Foothill Yellow-legged Frogs

c) long term (30 year) monitoring of R. boylii on the Eel River, Mendocino, Co, CA and
R. draytonii in Alameda Creek, Alameda Co, CA.

d) California Energy Commission sponsored project on thermal effects of dams on frog
populations

2. Independent Consultant. Recent clients and projects:

a) US Fish and Wildlife Service. Re-introduction feasibility study for the Southwestern
clade of Foothill Yellow-legged breeding (Rana boylii)

b) Cardno for Pacific Gas & Electric and Southern California Edison. Pre-application
studies of amphibian and aquatic reptiles for FERC relicensing of SCE’s Kaweah Project,
PG&E’s Potter Valley Project, and training staff about Ranid frogs

c) East Bay Regional Park District. Assess amphibians at a site slated for stream
restoration; conduct long term population monitoring of amphibians; and prepare a data archive
for Alameda Creek’s lotic breeding amphibians including Rana draytonii, California Red-legged
Frog.

d) Granite Chief Protection League. Prepare comments regarding Mountain Yellow-
legged Frogs (Rana sierrae) on environmental impact documents (CEQA/ NEPA) related to
development at Squaw and Alpine ski resorts.

e) US Geological Survey. Compile census data and FERC relicensing data used in a
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range wide population viability analysis of Rana boylii.

f) Yosemite National Park. Assist in bullfrog eradication and Rana draytonii embryo
collection for captive rearing at the San Francisco Zoo and re-introduction to park.

3. Ecologist with Questa Engineering Corp., Pt Richmond, CA (2015-17)
California State Parks. Developed study plan to remove Benbow Dam, implemented Foothill
yellow-legged frog mitigation plan, relocating egg masses, tadpoles, and frogs, out of harm’s

way during construction, temporary bridge placement.

4, Ecologist with McBain & Assoc., Arcata, CA (2013-2014)
For San Francisco Public Utilities Commission assessed amphibian/reptile issues, drafted Habitat
Conservation Plan, conducted frog population monitoring, developed models, evaluated in-stream

flow proposals Tuolumne R. and Alameda Ck.
5. Consultant for US Forest Service (2002-2006, 2013)

Helped design flow studies related to hydropower relicensing, developed Federal Power Act
section 4e conditions, reviewed draft license applications, and developed monitoring plans for
several California rivers; Drafted sections of the USFS Conservation Assessment of R. boylii.
6. Teaching and Presentations. Recent talks include.
a) California Nevada Amphibian Population Task Force, Jan 2020 “Dam Removal:
Mitigating Impacts and Monitoring the Population Response of Foothill Yellow-legged Frogs”
b) Joint Meetings Ichthyology and Herpetology, July 2019 “Between Bedrock and a Hard
Place: Riverine Frogs Navigate Tradeoffs of Pool Permanency and Disease Risk During
Drought”
c) Field course, stream / tadpole ecology, Pampas Galeras Natl Reserve, Peru, Aug 2018

d) The Wildlife Society’s workshop on Rana boylii Arcata, CA May 2018
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e) Annual guest lectures in UC Berkeley’s Freshwater Ecology class

f) Lectures for California Department of Fish and Wildlife on Rana boylii ecology: Napa
July 2017; Rancho Cordoba Oct 2017; Sacramento Feb 2018.

g) Guest presentation and participation in California Licensed Foresters Association

Forest Riparian Operating Guidelines (FROG) panel; Anderson, CA March 17, 2018

7. Service / Pro bono

a) Herpetological Conservation and Biology (journal) Amphibian Section Co-Editor
(2018-present); Associate Editor (2012-2017)

b) Member North Fork Feather River Foothill Yellow-legged Frog Technical Working
Group, R. boylii in situ field rearing and Oakland Zoo ex-situ rearing for re-introduction

c) Peer reviewer for Freshwater Biology, Oecologia, Copeia, Ecology, PLoS ONE,

Proceedings of the National Academy of Science; California Dept. of Fish and Wildlife, et al.

7. Publications

Kupferberg, SJ. In press. Rana boylii (Foothill Yellow-Legged Frog). Reproductive Behavior
and Habitat Use. Herpetological Review

Peek RA, SJ Kupferberg, A Catenazzi, P Georgakakos, ME Power. In press. Actinemys
marmorata (Northwestern Pond Turtle) feeding on Dicamptodon tenebrosus (Coastal
Giant Salamander). Northwestern naturalist

Rose JP, SJ Kupferberg, CA Wheeler, PM Kleeman, BJ Halstead. 2021. Estimating the survival
of unobservable life stages for a declining frog with a complex life history. Ecosphere,

12(2), p.e03381.
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Catenazzi A, SJ Kupferberg. 2018. Consequences of dam-altered thermal regimes for a riverine
herbivore's digestive efficiency, growth and vulnerability to predation. Freshwater
Biology 63:1037-1048 https://doi.org/10.1111/fwb.13112

Howard JK, Fesenmyer KA, Grantham TE, Viers JH, Ode PR, Moyle PB, Kupferberg SJ,
Furnish JL, Rehn A, Slusark J, Mazor RD. 2018. A freshwater conservation blueprint for
California: prioritizing watersheds for freshwater biodiversity. Freshwater Science
37:417-31

Rubio AO, SJ Kupferberg, V Vargas Garcia, A Ttito, A Shepack, A Catenazzi. 2018.
Widespread occurrence of the antifungal cutaneous bacterium Janthinobacterium lividum
on Andean Water Frogs threatened by fungal disease. Diseases of Aquatic Organisms
131:233-238

Adams AJ, SJ Kupferberg, MQ Wilber, AP Pessier, M Grefsrud, S Bobzien, VT Vredenburg, CJ
Briggs. 2017. Extreme drought, host density, sex, and bullfrogs influence fungal
pathogen infection in a declining lotic amphibian. Ecosphere

8(3):601740. 10.1002/ecs2.1740

Catenazzi A, SJ Kupferberg. 2017. Variation in thermal niche of a declining river-breeding frog:
from counter-gradient responses to population distribution patterns. Freshwater Biology
62:1255-1265.

Kupferberg SJ. 2017. In Search of Lost Frogs—Book Review. Copeia 2017:175-176.

Power ME, SJ Kupferberg, SD Cooper, ML Deas. 2016. California’s River Ecosystems. In:
Ecosystems of California, H Mooney, E Zavaleta, eds. University of California Press,

Berkeley.
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Railsback SF, BC Harvey, SJ Kupferberg, MM Lang, S McBain and HH Welsh Jr. 2016.
Modeling potential conflicts between frogs and salmonids. Canadian Journal of Fisheries
Science 73:773-784.

Howard JK, KR Klausmeyer, KA Fesenmyer , J Furnish, T Gardali, T Grantham, JVE Katz, S
Kupferberg, P Mclintyre, PB Moyle, PR Ode, R Peek, RM Quifiones, AC Rehn, N Santos,
S Schoenig, L Serpa, JD Shedd, J Slusark, JH Viers, A Wright, and SA Morrison. 2015.
Patterns of freshwater species richness, endemism, and vulnerability in California. PLoS
ONE DOI: 10.1371/journal.pone.0130710

Carah JK, JK Howard, SE Thompson, AG Short Gianotti, SD Bauer, SM Carlson, DN Dralle,
MW Gabriel, LL Hulette, BJ Johnson, CA Knight, SJ Kupferberg, SL Martin, RL Naylor,
and ME Power. 2015. High time for conservation: Adding the environment to the debate
on marijuana liberalization. BioScience 01/2015; 1:1-8. DOI:10.1093/biosci/biv083

Furey PC, SJ Kupferberg, AJ Lind. 2014. The perils of unpalatable periphyton: Didymosphenia
and other mucilaginous stalked diatoms as food for tadpoles. Diatom Research 29:267—
280.

Catenazzi A, SJ Kupferberg. 2013. The importance of thermal conditions to recruitment success
in stream-breeding frog populations distributed across a productivity gradient. Biological
Conservation. 168: 40-48.

Kupferberg SJ, A Catenazzi, ME Power. 2013. The importance of water temperature and algal
assemblage for frog conservation in northern California rivers with hydroelectric
projects. Final Report. California Energy Commission, PIER. 110pp.

Kupferberg SJ, C Addley, P Graf. 2012a. Water temperature effects on Foothill Yellow-legged

Frog and Hardhead. Filed September 14, 2012 to the Federal Energy Regulatory
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Commission in Reply Comments of Placer County Water Agency on the U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, National
Marine Fisheries Service Preliminary Recommendations of Measures under Federal
Power Action § 10(j) and Preliminary Federal Power Action § 18 Fishway Prescriptions.
Appendix A.

Kupferberg SJ, WJ Palen, AJ Lind, S Bobzien, A Catenazzi, J Drennan, ME Power. 2012b.
Effects of altered flow regimes by dams on survival, population declines, and range-wide
losses of California river-breeding frogs. Conservation Biology 26:513-524.
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Kupferberg SJ, AJ Lind, S Yarnell, J Mount. 2009a. Pulsed flow effects on the foothill yellow-
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modeling approaches. Final Report to the California Energy Commission, PIER. 194 pp.
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Academic Press, London.
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Exhibit C. Cumulative logging in the Gualala River watershed.
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Exhibit D. California Natural Diversity Database

FIGURE D.1. Locations of Rana draytonii and Rana aurora in relation to the Dogwood THP
area.
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Exhibit E: Maps and Report for eDNA Analysis

FIGURE E.1. Location of sites where water was collected for analysis of environmental DNA.
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FIGURE E.2. Detection of Red-legged Frog environmental DNA downstream of Unit 1.
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FIGURE E.3. Environmental DNA detection of Red-legged Frogs (red triangles) bracket the
proposed timber harvest units in the upstream and downstream direction.
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Introduction

This report describes the results of a study that used environmental DNA (eDNA) to identify
steelhead (Oncorhyhnchus mykiss) and coho (O. kisutch) salmon, and California red-legged frogs
(Rana dratonii) use in the Gualala River watershed during late winter baseflows.

As explained below, the study was based on the analysis of 93 water samples taken from 34
unique locations in the Gualala River, during December 15 — 27, 2020. Results of that study
indicate:

1. Steelhead use was nearly (if not entirely) ubiquitous throughout the sample area/lower
Gualala River watershed.

2. Coho salmon—though less abundant than steelhead—were likely using estuarine (or
nearby upstream) habitat.

3. California red-legged frogs were also less abundant than steelhead, but were likely
widespread throughout the lower Gualala River watershed.

General Background
Gualala River Watershed

The Gualala River watershed drains nearly 800 km? of mixed Douglas fir (Pseudotsuga
menziesii) and redwood (Sequoia sempervirens) dominated forest ranging from over 800-m
elevation to its mouth at sea level (Higgins 1997). The estuary formed at the river mouth is
lagoonal, meaning that it is shallow and frequently enclosed so that exchange with the ocean is
limited to entirely obstructed at low river flows and/or tides (Figure 1; WCEE 2020). The
estuary and the entire watershed upstream have hosted multiple life stages (i.e., spawning,
incubating, and rearing stages) of steelhead (Oncorhyhnchus mykiss) and coho (O. kisutch)
salmon, and California red-legged frogs (Rana dratonii)—all of which are listed under the
federal Endangered Species Act as endangered (USFWS 2002, NMFS 2012, NMFS 2016).

Figure 1. Photographs of the estuary mouth prior to, during, and after the estuary sandbar breached (left and
center photos taken December 26, 2020), right photo taken by T. Denniston (December 28, 2020).
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Environmental DNA (eDNA)

Environmental DNA (eDNA) is a valuable method for expanding knowledge of species
distribution, and particularly for detecting organisms in low abundance even without any obvious
sign of their presence. Genetic material is constantly shed by organisms through cells or tissue
from skin, excrement, decomposition, and other sources. Once collected from bulk
environmental samples (i.e., air, soil, and water), DNA can be filtered and extracted in order to
analyze for species presence using a number of laboratory techniques. Compared to traditional
capture methods, eDNA collection and analysis has higher species detection probabilities and
thus is particularly useful for detecting endangered, recovering, and recently introduced species
(Goldberg et al. 2015, Laramie et al. 2015, McKelvey et al. 2016, Wilcox et al. 2016, Evans et al
2017, Duda et al. 2021). However, detection probabilities are affected by physical and chemical
(e.g., flow, temperature, light, water chemistry), biological (e.g., species life stage, abundance),
and field and lab methodological factors (Laramie et al. 2015, Strickler et al. 2015, Goldberg et
al. 2016, Stoeckle et al. 2017, Tillotson et al. 2018). These factors, as relevant to this study, are
discussed in the following sections.

Methods
Study Area

Samples were collected at publicly accessible sites throughout the basin from December 15 — 27,
2020 (Figure 2; Table 2), during which time the stream was near baseflow, with three substantial
(1.06 -1.44” precipitation) rainstorms occurring just prior to and during the sampling period.
Flows near the mouth of the North Fork Gualala River ranged from 6.3 — 384 cubic feet per
second (cfs; Figure 3, USGS data), and flows in the South Fork Gualala River near Sea Ranch
ranged from 5.7 — 216 cfs (Figure 3; USGS data). The lagoonal estuary at the Gualala River
mouth remained closed throughout the sampling period until the third rain event breached the
sandbar on December 27, 2020 (Figure 1). Prior to the breach, there was no detectable flow in
the estuary.

Environmental DNA Field Methods

A total of 34 unique locations were sampled between December 15 and December 27, 2020
(Table 2). Three sites were revisited. Within the closed estuary, a subset of samples (at four
sites in the estuary) were collected from the same location but at multiple water depths (Figure 6,
Attachment 3). Negative field control samples were filtered at least twice daily to test for
potential field contamination using store-bought, distilled water. In total, 113 individual filters
(including 20 field blank filters) were submitted to contract laboratories for analysis.

During the December 20, 2020 estuary sampling event, a sonar fish finder (Deeper Chirp Smart
Sonar, Vilnius, Lithuania) was used to identify high concentrations of fish to target sampling
(Figure 4). Environmental DNA sample water was generally filtered in three replicate samples
through a 1-pum pore size, encased nylon filter attached to a 60-mL syringe. When time and/or
logistical factors were constraining, one or two field replicates were collected. Sterile nitrile
gloves were worn at each unique site (and each unique depth) during sample collection. All
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Figure 2. Map of locations of eDNA sample collection from December 15 — 27, 2020 in the Gualala R
watershed.
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Figure 3. Streamflow (top) and river stage (bottom) data for the mouth of the North Fork Gualala R (left) and
the South Fork Gualala R near Sea Ranch (right) from June 1¥-December 31, 2020. The sample period is
highlighted in yellow. Note the logarithmic scale of streamflow data (top panel). Peak streamflow (180 ft*/s
and 359 ft¥/s, respectively, and depth increases of 1.5 ft and 2.6 ft, respectively) occurred on December 26,
2020, one day prior to the estuary opening and reconnecting to marine waters. The estuary remain closed for
the rest of the sampling period.
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filters, filter casings, syringes, and storage containers were sterile upon arrival at each site, and
none were reused during the study period. Water volumes filtered ranged from the maximum
volume until filter obstruction up to 500 mL (range = 75-500 mL). In the estuary, samples were
collected by foot (on December 17), from a drift boat (on December 20 and 23), and from the
Highway 1 bridge (on December 27). All samples collected at depth were obtained using a clear,
5-L polycarbonate horizontal Van Dorn lake sampler (Aquatic Research Instruments, Hope,
Idaho). For all estuary samples, salinity was measured concurrent with sample collection using a
handheld analog refractometer (Cole-Parmer, Vernon Hills, Illinois) that was calibrated prior to
sampling using store-bought distilled water (Attachment 3). Following filtration of all samples,
tris-EDTA preservative was added to the filter using a separate, pre-loaded, sterile syringe.
Samples were subsequently stored in individual sterile containers in a dark, cool location until
shipment to contract laboratories for analysis. Approximately 60% of samples (n=70) were
shipped to Jonah Ventures laboratory (Denver, CO), and the remaining samples (n=44) were
shipped to Genidags laboratory (Sacramento, CA).

Environmental DNA Laboratory Methods
DNA was extracted by each laboratory in sterile, dedicated lab environments using pre-

fabricated kits according to manufacturer’s instructions with modifications as described in
Attachment 1 (for Jonah Ventures samples) and Attachment 2 (for Genidaqgs samples). After
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Figure 4. Sonar fish finder image taken at Gualala River Estuary Site 14 on December 23, 2020—one of two
locations where trace amounts of coho salmon DNA was detected. Numbers on the right-hand y-axis are depth
measurements (in ft), and numbers associated with fish detected are also the depth of detection. Fish sizes (as
represented by sizes of fish symbols) are relative and unquantifiable without physical fish samples.
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extraction, quantitative polymerase chain reaction (QPCR) was used to interrogate extracted
DNA using well established assays for the following mitochondrial genes and species as
described in associated references:

e cytochrome ¢ and NADH dehydrogenase subunit 2 for steelhead salmon/rainbow trout
(Brandl et al. 2015 and Wilcox et al. 2015, respectively),

e cytochrome b and cytochrome ¢ oxidase subunit for coho salmon (Duda et al. 2021 and
Rasmussen et al. 2010, respectively), and

e cytochrome b for California red-legged frogs (unpublished assays from Jonah Ventures
and Genidags).

All extracted samples were interrogated with qPCR for steelhead and coho DNA, and a subset of
(surface water only) samples were interrogated for California red-legged (CRLF) frog DNA. In
general, species specific assays were performed in triplicate for Jonah Ventures samples
(Attachment 4), and in triplicate for Genidaqs samples prior to treatment for inhibition, and again
in triplicate for Genidaqgs samples after treatment for inhibition (Zymo Research, Irvine, CA;
Attachment 5). Sample and reagent volumes as well as PCR procedures are described in
Attachment 1 for Jonah Ventures samples, and according to Minimum Information for
Publication of Quantitative Real-Time PCR Experiments (MIQE) guidelines (Bustin et al., 2009)
for Genidaqs samples. Jonah Ventures PCR plates included a negative PCR control and gBlocks
(double stranded synthetic gene sequences containing primer and probe sites, and diluted in a
series of 7, 10-fold dilutions in order to quantify DNA concentrations). Genidags performed
negative extraction controls (for samples extracted at the Genidags lab), and PCR plates included
negative PCR controls, and positive PCR controls for each of the target species.

All PCR results were considered detections for samples amplifying at 40 or fewer denaturing
cycles. Detections are differentiated as “trace” detections for cases where only one technical
replicate was positive, “multiple” detections for cases where 2-4 technical replicates were
positive, and “many” detections for cases where more than 4 technical replicates were positive.
Replicates were considered within and among individual field replicates, and among sites
sampled on multiple dates, as per Duda et al. 2021.

Results

Steelhead

Steelhead DNA was detected by at least one lab at all sites sampled (Attachments 4-5, Table 2).
Detections were multiple to many with the exception of one site (at the mouth of Haupt Creek),
where trace amounts of DNA were detected (Table 2).

Coho

Coho DNA was detected in trace amounts at two estuary sampling locations (Gualala River

Estuary Sites 10 and 14): the Gualala River Estuary Site 11 sample was collected on December
20, 2020, at a depth of 5-m (17-ft), where the total estuary depth was 5.5-m (18-ft) and the
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salinity was 3%; the Gualala River Estuary Site 14 sample was collected on December 23, 2020,
at a depth of 3.5-m (12-ft) where the total estuary depth was 4-m (14-ft), the salinity was 0%,
and the fish finder indicated high concentrations of fish (Figures 4-6; Table 2; Attachment 3).

California Red-Legged Frogs

California red-legged frog DNA was detected in trace amounts at three sampling locations
(South Fork Gualala River downstream of Clipper Mill Bridge, mouth of North Fork Gualala
River, and Gualala River Estuary Site 2—which was a sample collected on foot from the estuary
surface; Figures 5 and 6; Table 2).

Controls

No DNA was detected in any field controls, extraction controls, or negative PCR controls (Table
2). Species-specific DNA was positively detected in all positive controls (Attachment 5).
GBlocks used to develop calibration curves had acceptable r? values ranging from 0.997-0.998,
which indicate a high goodness-of-fit, and thus reliability of estimates for the number of gene
copies detected in each Jonah Ventures sample (Table 1, Attachment 4). GBlock efficiencies
ranging from 98-105% further increase confidence in gene copy quantification (Table 1,
Attachment 4).

Table 1. gBlock results (from Jonah Ventures laboratory only).

Efficiency
Assay R"2 (%)
Steelhead — NADH hydrogenase 0.998 98
Coho salmon — Cyt ¢ oxidase 0.998 105
CA red-legged frog — Cyt b 0.997 98
Conclusions
Steelhead

Results for steelhead suggest that species use is nearly (if not entirely) ubiquitous throughout the
sample area/lower Gualala River watershed. As no DNA was detected in any field or negative
lab controls, alongside widespread locations of positive steelhead detections, it is reasonable to
conclude similarly widespread distribution of steelhead throughout the study area during the
sampling period.

Coho

While no single sample detected more than trace amounts of coho DNA, the combined evidence
suggests coho were likely inhabiting the closed estuary during the sample period. The two
samples in which traces of coho DNA were detected are located less than 500 m apart.
Moreover, one sample with trace DNA detections (at Estuary Site 14) was collocated with an
abundance of relatively small fish detected by sonar (Figure 4). The other site with trace coho
DNA detections (at Estuary Site 10) was amongst the deepest sites sampled in the estuary, and
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Figure 5. Map of locations where trace amounts of coho salmon DNA (green triangles) and California red-legged frog
DNA (red triangles) was detected in the Gualala River watershed between December 15 — 27, 2020.
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Table 2. Site locations, sampling dates, and detections for each species.

Site Description Latitude Longitude Date/s  Steelhead  Coho CRLF
Buckeye Cr - Site 1 38.74203 -123.36477  12/22/20  Multiple
Buckeye Cr - Site 2 38.74148 -123.35836  12/22/20 Many
Buckeye Cr - Site 3 38.74588 -123.35574  12/22/20 Many
Buckeye Cr - Site 4 38.74309 -123.35226  12/22/20 Many
Buckeye Cr (abv Soda Springs)  38.74729 -123.34856 12/22/20 Many
Gualala R estuary - Site 1 38.76534 -123.52802  12/18/20  Multiple
Gualala R estuary - Site 2 38.75866 -123.52015  12/20/20 Many Trace
Gualala R estuary - Site 3 38.76267 -123.51771 12/20/20 Many
Gualala R estuary - Site 4 38.76167 -123.51814  12/20/20 Many
Gualala R estuary - Site 5 38.76118 -123.51862  12/20/20  Multiple
Gualala R estuary - Site 6 38.75951 -123.51873 12/20/20 Many
Gualala R estuary - Site 7 38.76506 -123.51949  12/20/20 Many
Gualala R estuary - Site 8 38.76332 -123.52547  12/20/20 Many
Gualala R estuary - Site 9 38.76053 -123.52357  12/20/20 Many
Gualala R estuary - Site 10 38.75895 -123.52185  12/20/20 Many Trace
Gualala R estuary - Site 11 38.76614 -123.53056  12/20/20 Many
Gualala R estuary - Site 12 38.75819 -123.52069  12/23/20 Many
Gualala R estuary - Site 13 38.75924 -123.52129 12/23/20 Many
Gualala R estuary - Site 14 38.76281 -123.52406 12/23/20 Many Trace
Gualala R estuary - Site 15 38.76630 -123.53004  12/23/20 Many
Gualala R estuary — Site 16 38.75952 -123.51798  12/27/20 Many
Gualala R estuary — Site 17 38.75971 -123.51830  12/27/20 Many
Gualala R estuary — Site 18 38.75998 -123.51872  12/27/20 Many
Gualala R estuary — Site 19 38.76017 -123.51904  12/27/20 Many
Fuller Cr 38.70039 -123.32707  12/22/20 Many
Haupt Cr (mouth) 38.66152 -123.32178  12/15/20 Trace
North Fork Gualala R (mouth) 38.77837 -123.49891 12/17/20, Many Trace
12/25/20
South Fork Gualala R 38.65136 -123.36826  12/18/20 Many
(mainstem blw Clipper Mill Br)
South Fork Gualala R 38.65408 -123.36908  12/18/20, Many Trace
(floodplain blw Clipper Mill Br) 12/25/20
South Fork Gualala R 38.74309 -123.35226 12/24/20 Many
(abv Wheatfield Fork mouth)
South Fork Gualala R 38.77822 -123.49852 12/25/20 Many
(abv North Fork mouth)
Soda Springs Cr (mouth) 38.74694 -123.34869 12/22/20  Multiple
Wheatfield Fork Gualala R 38.66223 -123.32063 12/15/20  Multiple
(abv Haupt Cr)
Wheatfield Fork Gualala R 38.70607 -123.40745  12/17/20, Many
(mouth) 12/24/20
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the only site with any detectable salinity (Attachment 3). While coho salmon were likely not as
abundant in the estuary or lower watershed as steelhead, the two trace detections of coho DNA
within close proximity in the estuary support the likelihood of coho use of estuarine (or nearby
upstream) habitat during the study period (Figures 5 and 6).

Potential False Negatives

False negatives (or the lack of detection of DNA in spite of a species’ presence) can
result from a multitude of environmental factors including low species abundance, low
cellular shedding and/or metabolism rates, and instream degradation resulting from
microbial action, UV light, temperature, and many other factors (Barnes and Turner
2016). False negatives can also result from sampling and analytical factors including the
volume of water filtered relative to the pore size of individual filters. In the Gualala
River watershed during the sample period, several rain events occurred which mobilized
fine sediments that in turn quickly clogged 1-um sample filters. While an ideal sample
volume generally consists of 1000-5000 mL, volumes filtered at the two sites of detection
were > 250 mL due to filters clogging (e.g., Carim et al. 2016, Duda et al. 2021). In all
likelihood, detections would have been higher with larger sample volumes. Given the
known low abundance of coho in the watershed combined with low sample volumes
during the December sampling event, results presented here could underestimate the
prevalence and distribution of coho.

Potential False Positives

False positives are another consideration when interpreting eDNA data. False positives
most commonly result from field or lab contamination, or transport of DNA in the
environment. Field contamination generally occurs through sample exposure to
previously exposed gear. To minimize field contamination, sterile gloves were worn at
each site and all sample equipment was new upon arrival to the watershed (e.g., sample
collection devices, boots and waders, electronics, etc.). In the case of estuary sampling,
two items that were reused without sterilization between site locations were the drift boat
and the Van Dorn sampler. Boats have been previously determined not to be a source of
eDNA contamination (Carim et al. 2016), and the boat used for sampling sat dry-docked
for over a year—during which time DNA would degrade. The Van Dorn sampling
device was newly manufactured upon arrival in the watershed, thoroughly rinsed between
sites, and sterilized and dried between sampling days. Moreover, the two detections of
coho DNA were collected from the sampling device on different sampling days. Those
factors combined with the lack of detections in all field control samples suggest field
contamination did not occur during the course of the study.

Lab contamination can generally be detected by evaluating lab control samples and using
DNA assays known to have species specificity. These criteria were employed in this
effort, and all negative lab control samples detected no DNA, while positive control
samples from voucher specimens did detect species-specific DNA.
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Figure 6. Map of sample locations in the estuary, including locations where trace amounts of coho salmon
DNA (green circles) and California red-legged frog DNA (red circles) was detected in the Gualala River
watershed between December 20 — 23, 2020. Symbol sizes increases with the number of depths sampled at
each location.

= 1Depth
(® - 2Depths
@ — 4 Depths
G‘“'a'a“:::"', Sacramento
g o
San Francisco
Q
San Jose
o
A

The last major cause of false positive detections is transport of DNA in the environment.
Transport can occur as mediated by predators, and with water movement. Notably, a
bald eagle and a river otter were observed in the estuary during the sample period
(although other birds, fish, and additional taxa can also prey on salmonids). However,
DNA deposited by a transient predator from outside of the watershed would unlikely
appear at different locations, depths, and salinity levels in the estuary as found for coho
DNA collected for this study. Fish predators which potentially could have appeared on
the fish finder would most likely have been juvenile steelhead unless incubating coho
eggs had been consumed by sticklebacks or sculpins which also inhabit the estuary
(ECORP 2004). None of those taxa would originate from outside of the Gualala River
watershed, particularly given the extended period for which the estuary was closed prior
to sampling. While also unlikely due to low local coho abundances, the possibility exists
that a predator consumed a coho from the marine environment outside of the estuary.
However, coho in close proximity to the estuary in December would most likely be adults
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returning to the Gualala River, again suggesting coho use of the watershed. The latter
half of December is about two-thirds through the peak spawning season for Central
California Coast coho (NMFS 2012).

Downstream transport of DNA via streamflow is the most thoroughly quantified
environmental transport in the literature. It typically persists at detectable levels for
hours to weeks (< 6 wks), and for about 200-m (0.1-mi) downstream (Barnes and Turner
2016, Spence et al. 2020). In the Gualala River estuary, however, limited potential for
upstream transport from the ocean into the closed estuary exists via marine overwash, and
potential (but even less likely) seepage through the sandbar. While less studied, DNA is
documented persisting for less time in marine than freshwater environments (Barnes and
Turner 2016). And, in the closed Gualala River estuary, seepage typically flows from the
closed freshwater estuary to the saltwater marine environment in a downstream direction,
particularly after storm events that increase closed estuary water levels like those that
occurred during the study period (ECORP 2004). Moreover, significant ocean wave
overwash is detectable with elevated salinity in the closed estuary (ECORP 2004). The
only samples collected in the estuary with any detectable salinity (3%) were collected
from its maximum depth which is documented retaining saline water throughout the year
(ECORP 2004). Lastly, the samples in which coho DNA was detected in trace amounts
were approximately 1.5-km and 2-km (0.9-mi and 1.2-mi) upstream of the lower extent
of the closed estuary, which exhibited no detectable flow in any direction, and upstream
flow at that time is implausible. Consequently, the likelihood of coho DNA originating
from marine water is near zero.

Although at least as unlikely, positive eDNA sample results have on rare occasions
resulted from contamination caused by humans not directly involved in sample collection
(Merkes et al. 2014). Examples include recreational boating and dumping of food waste.
If such contamination were to occur, however, positive detections would more likely be
concentrated in time and space (for example, immediately downstream of a dumping
site). Because coho detections in the estuary were in low concentrations, separated by
several hundred meters, detected at different depths on different days, and both upstream
of the Gualala stormwater outfall and city businesses, false positives generated by human
activity are improbable.

Lastly, while juvenile coho are documented rearing in estuarine environments (including
closed lagoonal estuaries), the majority of subyearling juveniles rear upstream in riverine
habitats (Jones et al., 2014, Osteberback et al. 2018). Consequently, detections of coho
salmon DNA in the estuary suggest additional upstream use of the watershed that was not
captured during this sampling event.

California Red-Legged Frogs

Results for California red-legged frogs suggest limited but widespread use of the Gualala River
watershed. Although frog results are subject to the same sources of false negative and false
positive results as salmon (with the exception of marine sources), trace detections throughout the
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lower watershed (using sterile sampling equipment, assays for multiple genes, and measuring no
DNA in any field or lab negative controls) suggest a wide range of CRLF in the Gualala basin.

Statement of Qualifications

I am a Ph.D. Candidate in salmon ecology at the University of Washington School of Aquatic
and Fishery Sciences, and an aquatic ecologist with extensive research experience regarding the
utility of multiple methods of environmental DNA (eDNA) methodology for defining salmon
habitat relative to traditional capture methods. I hold a Bachelor’s of Science Degree in
conservation biology from the University of Washington and a Master’s Degree in freshwater
ecology from the University of Montana’s Flathead Lake Biological Station. My curriculum
vitae is attached below (Attachment 6).

I have collected over a thousand eDNA samples from areas ranging from low to high abundances
of fish, as determined with concurrent electrofishing. I have extracted DNA from the same
number of samples and used 6 species-specific polymerase chain reaction (PCR) assays to
determine fish distribution. I have conducted subsequent computational analyses using
occupation models, spatial stream network modeling, and other quantitative tools. I have two
manuscripts currently in progress concerning the analysis of eDNA analytical methods, have
provided several presentations regarding eDNA to public and academic audiences, and currently
participate in multiple working groups focused on eDNA methodology.
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1 Sample Processing
1.1 eDNA Filter Sample Processing

1.1.1 Standard Protocol

A High Quality 40W USB CO2 Laser Engraving Cutting Machine Engraver Cutter with CorelDraw
Software (cat# DKJ-40W-US) (Amunstar Trading Company, Guangdong, China) was used for
removal of plastic casing from filter. Once plastic casing was cut, sample barcodes were
recorded and assigned a well within the 96 well plate or numbered extraction tube. The whole
filter was removed and transferred to the extraction plate/tube using sterilized tweezers inside
a laminar flow hood. Plates or tubes were immediately processed or stored in -20°C until the
extraction process could be performed.

2 Extraction
2.1 Tube Extraction Protocol

2.1.1 Standard Protocol

Genomic DNA from samples was extracted using the MoBio PowerSoil Isolation Kit (Cat# 12888-
100) according to the manufacturer’s protocol. Approximately 0.25 grams of sample was used
for genomic DNA extraction. Genomic DNA was eluted into 100ul and frozen at -20°C.

2.1.2 DNeasy update

Genomic DNA from samples was extracted using the DNeasy PowerSoil Kit (Cat# 12888-100)
according to the manufacturer’s protocol. Approximately 0.25 grams of sample was used for
genomic DNA extraction. Genomic DNA was eluted into 100ul and frozen at -20°C.

3 qPCR Protocols

3.1 Coho Salmon Singleplex Assay, Cytochrome c Oxidase, subunit | gene
3.1.1 Standard Protocol

Forward primer: 5 CGCTCTTCTAGGGGATGAT 3’

Reverse primer: 5 CTCCGATCATAATCGGCATG3

Probe: 5 ATTTACAACGTAATCGTC 3’

Primer/probe reference: Rasmussen et al., 2010

An amplicon from the cytochrome c oxidase (COI) gene was amplified via gPCR from genomic
DNA samples using CohoSImn FWD and REV primers, and CohoSImn Probe. A standard curve
was generated for each run to correspond to targeted region of the coho salmon COl gene.
Each gPCR reaction is run in triplicate and contains 8.0 uL of QuantaBio PerfeCTa qPCR
ToughMix Low ROX (Catalog Number 97065-966), 500 nM of each primer, 300 nM of probe, 2.0
uL of gDNA, and 6.8 uL of Nuclease-free H20 for a total reaction volume of 20 uL. gPCR

1 Jonah Ventures gPCR Methods Document
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amplification was carried out on the Agilent AriaMx gPCR instrument with the following
thermal profile conditions: 1 cycle of initial denaturation for 5 minutes at 95°C; followed by 50
cycles of 15 seconds at 95°C and 1 minute at 60°C.

3.2 Coho Salmon Assay Standard Curve, Cytochrome c Oxidase, subunit | gene

3.2.1 Standard Protocol

Coho Salmon gBlock:
ACTGATTCGAGCAGAACTGAGCCAGCCGGGCGCTCTTCTAGGGGATGATCAGATTTACAACGTAATCGT
CACAGCCCATGCCTTCGTTATGATTTTCTTTATAGTCATGCCGATTATGATCGGAGGCTTTGGAAACTGAT
TAATCCCCCTAATGA

A standard curve was tested in triplicate for each gPCR run. The targeted gene of interest,
obtained from NBCI, was used to design a synthetic gBlock (from Integrated DNA Technologies)
that contained the coho salmon primers and probe. A 10-fold dilution was carried out on the
coho gBlock generating a 7-point standard curve ranging from 5.446 x 106 — 5.446 x 100 copies.
Each gPCR reaction contains 8.0 uL of QuantaBio PerfeCTa qPCR ToughMix Low ROX (Catalog
Number 97065-966), 500 nM of each primer, 300 nM of probe, 2.0 uL of coho salmon gBlock,
and 6.8 uL of Nuclease-free H20 for a total reaction volume of 20 uL. qPCR was carried out on
the Agilent AriaMx qPCR instrument with the following thermal profile conditions: 1 cycle of
initial denaturation for 5 minutes at 95°C; followed by 50 cycles of 15 seconds at 95°Cand 1
minute at 60°C.

3.3 Rainbow Trout Singleplex Assay, NADH dehydrogenase, subunit 2 gene
3.3.1 Standard Protocol

Forward primer: 5 AGTCTCTCCCTGTATATCGTC 3’

Reverse primer: 5 AGTTTAGTTCATGAAGTTGCGTGAGTA 3’

Probe: 5 /56-FAM/CCAA+CAA+CT+CTTTA+AC+CATC/3IABKFQ/ 3’
Primer/probe reference: Wilcox et al., 2015

An amplicon from the NADH dehydrogenase, subunit 2 (ND2) gene was amplified via gPCR from
genomic DNA samples using rainbow trout FWD and REV primers, and rainbow trout Probe. A
standard curve was generated for each run to correspond to targeted region of the rainbow
trout cytochrome b gene. Each qPCR reaction is run in triplicate and contains 8.0 uL of
QuantaBio PerfeCTa qPCR ToughMix Low ROX (Catalog Number 97065-966), 500 nM of each
primer, 300 nM of probe, 2.0 uL of gDNA, and 6.8 uL of Nuclease-free H20 for a total reaction
volume of 20 uL. gPCR amplification was carried out on the Agilent AriaMx gPCR instrument
with the following thermal profile conditions: 1 cycle of initial denaturation for 5 minutes at
95°C; followed by 50 cycles of 15 seconds at 95°C and 1 minute at 60°C.

3.4 Rainbow Trout Assay Standard Curve, NADH dehydrogenase, subunit 2 gene
3.4.1 Standard Protocol
Rainbow Trout gBlock:

2 Jonah Ventures gPCR Methods Document
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CTACAATTCGCACCCTCTCTCACACTCCTCAGTCTCTCCCTGTATATCGTCATGACATCTTCAGCTTTCCTC
ACATTAAAAACCAACAACTCTTTAACCATCAATACTCTCGCAACTTCATGAACTAAATCCCCAACCCTTGC
CGCATTAACCGCTCTT

A standard curve was tested in triplicate for each qPCR run. The targeted gene of interest,
obtained from NBCI, was used to design a synthetic gBlock (from Integrated DNA Technologies)
that contained the Rainbow Trout primers and probe. A 10-fold dilution was carried out on the
Rainbow Trout gBlock generating a 7-point standard curve ranging from 5.792 x 106 — 5.792 x
100 copies. Each gPCR reaction contains 8.0 uL of QuantaBio PerfeCTa gPCR ToughMix Low ROX
(Catalog Number 97065-966), 500 nM of each primer, 300 nM of probe, 2.0 uL of Rainbow
Trout gBlock, and 6.8 uL of Nuclease-free H20 for a total reaction volume of 20 uL. gPCR was
carried out on the Agilent AriaMx gPCR instrument with the following thermal profile
conditions: 1 cycle of initial denaturation for 5 minutes at 95°C; followed by 50 cycles of 15
seconds at 95°C and 1 minute at 60°C.

3.5 Red Legged Frog Singleplex Assay, Cytochrome b gene
3.5.1 Standard Protocol

Forward primer: 5 ATCGGCTCCGACCTAGTT 3

Reverse primer: 5 AATGTGAAGAATCGGGTGAGA 3’

Probe: 5 /5Cy5/GACTGAAAA/TAO/GCCCCCTCAGATC/3IAbRQSp/ 3’
Primer/probe reference: Jonah Ventures, 2019

An amplicon from the cytochrome b gene was amplified via qPCR from genomic DNA samples
using RedFrog FWD and REV primers, and RedFrog Probe. A standard curve was generated for
each run to correspond to targeted region of the California red legged frog cytochrome b gene.
Each gPCR reaction is run in triplicate and contains 8.0 uL of QuantaBio PerfeCTa qPCR
ToughMix Low ROX (Catalog Number 97065-966), 500 nM of each primer, 300 nM of probe, 2.0
uL of gDNA, and 6.8 uL of Nuclease-free H20 for a total reaction volume of 20 uL. gPCR
amplification was carried out on the Agilent AriaMx gPCR instrument with the following
thermal profile conditions: 1 cycle of initial denaturation for 5 minutes at 95°C; followed by 50
cycles of 15 seconds at 95°C and 1 minute at 60°C.

3.6 Red Legged Frog Assay Standard Curve, Cytochrome b gene

3.6.1 Standard Protocol

RedFrog gBlock:
CACTAACCTCCTCTCAGCTGCCCCATACATCGGCTCCGACCTAGTTCAATGGATCTGAGGGGGCTTTTCA
GTCGACAACGCCACTCTCACCCGATTCTTCACATTCCACTTCATCCTCCCATTYATCATTGCCG

A standard curve was tested in triplicate for each gPCR run. The targeted gene of interest,
obtained from NBCI, was used to design a synthetic gBlock (from Integrated DNA Technologies)
that contained the RedFrog primers and probe. A 10-fold dilution was carried out on the

RedFrog gBlock generating a 7-point standard curve ranging from 1.851 x 106 -1.851 x 100

3 Jonah Ventures gPCR Methods Document
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copies. Each gPCR reaction contains 8.0 uL of QuantaBio PerfeCTa gPCR ToughMix Low ROX
(Catalog Number 97065-966), 500 nM of each primer, 300 nM of probe, 2.0 uL of RedFrog
gBlock, and 6.8 uL of Nuclease-free H20 for a total reaction volume of 20 uL. qPCR was carried
out on the Agilent AriaMx qPCR instrument with the following thermal profile conditions: 1
cycle of initial denaturation for 5 minutes at 95°C; followed by 50 cycles of 15 seconds at 95°C
and 1 minute at 60°C.

4 Jonah Ventures gPCR Methods Document
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Abstract

Stream ecosystems harbor many secretive and imperiled species, and studies of vertebrates in these systems face the
challenges of relatively low detection rates and high costs. Environmental DNA (eDNA) has recently been confirmed as a
sensitive and efficient tool for documenting aquatic vertebrates in wetlands and in a large river and canal system. However,
it was unclear whether this tool could be used to detect low-density vertebrates in fast-moving streams where shed cells
may travel rapidly away from their source. To evaluate the potential utility of eDNA techniques in stream systems, we
designed targeted primers to amplify a short, species-specific DNA fragment for two secretive stream amphibian species in
the northwestern region of the United States (Rocky Mountain tailed frogs, Ascaphus montanus, and ldaho giant
salamanders, Dicamptodon aterrimus). We tested three DNA extraction and five PCR protocols to determine whether we
could detect eDNA of these species in filtered water samples from five streams with varying densities of these species in
central Idaho, USA. We successfully amplified and sequenced the targeted DNA regions for both species from stream water
filter samples. We detected Idaho giant salamanders in all samples and Rocky Mountain tailed frogs in four of five streams
and found some indication that these species are more difficult to detect using eDNA in early spring than in early fall. While
the sensitivity of this method across taxa remains to be determined, the use of eDNA could revolutionize surveys for rare
and invasive stream species. With this study, the utility of eDNA techniques for detecting aquatic vertebrates has been
demonstrated across the majority of freshwater systems, setting the stage for an innovative transformation in approaches
for aquatic research.
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Introduction factors, surveys for native and exotic species in streams can be
expensive and inaccurate [13,14]. For example, a major challenge

Freshwater systems are hotspots for both biodiversity and in amphibian decline research is that amphibians can be difficult

species endangerment [1], with freshwater fauna experiencing 123
documented extinctions in the 20™ century [2]. Growing demand
for water resources indicates that threats to freshwater species will
further increase over the next century [3]. Stream species are
particularly vulnerable to cumulative changes in land cover [4,5],
climate [6], and biotic and abiotic inputs [7,8]. Migratory stream
salmonids (e.g. bull trout, Salvelinus confluentus, and Chinook
salmon, Oncorhynchus tshawytscha) are among the most imperiled
North American fishes [9] and the most catastrophic documented
amphibian population declines have been in streams [10].
Additionally, streams are increasingly being invaded, at great
ecological and economic costs, by exotic species, including
crayfish, aquatic mussels, and gastropods [11,12].

Investigations into the distribution and ecology of stream species
are often hindered by the challenges of working in these systems.
Stream species are difficult to inventory due to the complexity of
topography and vegetation in streambeds and riparian areas,
water turbidity and flow rate, low densities of individuals, cryptic
coloration, and the use of microhabitats. Due to these and other

@ PLoS ONE | www.plosone.org

to detect, especially in streams [15]. Electrofishing techniques have
high success for detection of aquatic vertebrates in many cases
[16], but can be time consuming and difficult to apply in streams,
and may cause injury to target and non-target species [17].
Researchers have been using DNA from feces, urine, hair,
feathers, shed skin, and eggshells to detect terrestrial vertebrate
species for the past decade [18], and detection of microbial species
using environmental DNA (eDNA) found in soil and seawater is
revolutionizing species inventories [19] and enabling efficient
disease detection [20]. Recently, the reliable detection of aquatic
vertebrate species using eDNA in water was confirmed in wetlands
[21] and in a large river and canal system [22]. Using eDNA to
detect rare and secretive species in streams could increase
accuracy and decrease costs of surveys, increase the number of
sites sampled per unit effort, refine distribution and extinction
records, and provide early detection of invasive species in these
systems, without any risk to the species. However, the fast flow of
streams may move shed cells away from their source at a rate
prohibitive to eDNA collection. To evaluate the potential for using

July 2011 | Volume 6 | Issue 7 | e22746
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eDNA to survey for stream species, we collected water samples
from five small headwater streams in two seasons and tested them
for DNA of two amphibian species (Rocky Mountain tailed frogs,
Ascaphus montanus, and Idaho giant salamanders, Dicamptodon
aterrimus) known to be present at the sites. To achieve this, we
designed species-specific  primers and tested multiple DNA
extraction and PCR protocols designed to amplify low quality
DNA templates.

Methods

In the first phase of the project, we collected one 10-L and two 5-
L water samples from a headwater stream (Table 1) with known
presence of two species of amphibians (Rocky Mountain tailed frogs
and Idaho giant salamanders) in late September of 2010 using a
flow-through filter with a peristaltic pump and 0.45 pm cellulose
nitrate filter paper (State of Idaho Wildlife Collection Permit
#030716 and Payette National Forest Research Permit #0105).
Each filter was preserved in 95% ethanol in a separate 2 mL tube.
We estimated the larval density of both species at this site using
standard kick-sampling methodology [23] in July and August 2010.
Density survey and water sample collections were made during base
flow, measured as 0.23 m® s~ ', in the study stream.

We designed a set of species-specific primers for each species
targeting a small region of the mitochondrial DNA (mtDNA)
cytochrome b gene (obtained from GenBank) [24,25] (Table 2).
The distribution of these two species is disjunct from their
congeners along the Pacific coast to the west; therefore, we
designed primers to be species-specific within our system (the
northern Rocky Mountains region) but also to detect the
congeners of each species for wider geographic applicability.
Target fragment length was 78 base pairs for Dicamptodon and 85
base pairs for Ascaphus. This test was designed to amplify
previously-published sequences characteristic of these species; no
new sequence data was generated that had not already been
published. All extractions and PCR set-up were done in a room
dedicated to low-quantity DNA sources; no DNA from amphib-
ians had previously been handled in this room.

In this first phase, we tested two DNA extraction and three PCR
protocols for the detection of Rocky Mountain tailed frogs and Idaho
giant salamanders using eDNA from these filter samples. First, we
removed the filters from the ethanol and air-dried them overnight.
We then divided each filter in half and extracted each half with either
the DNeasy Tissue and Blood Kit (Qiagen, Inc.) or the UltraClean®
Soil DNA isolation kit (MoBio Laboratories, Inc.. We then

using field methods in summer 2010.
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attempted to amplify DNA from each sample using a standard
PCR protocol (PCR Protocol 1; Table S1). All reactions included a
negative extraction control, negative PCR control, and positive
controls for each of the target species. We ran PCR products on 3%
agarose gels to determine success. When this first protocol produced
no PCR products, we reran the reactions with a combination of each
DNA sample and a positive control in each tube to determine
whether PCR inhibitors were preventing amplification. For samples
extracted using the Qiagen DNeasy kit, we also tested three PCR
protocols (PCR Protocols 1, 2, and 3; Table S1) with a dilution series
of each sample (1X, 0.1X, 0.01X, and 0.001X).

We sequenced products of the most successful combination of

protocols using the BigDye system on a 3130xl capillary sequencer
(Applied Biosystems). To streamline the assay for large-scale
application, primers were labeled with fluorescent dyes and a PCR
multiplex was created using primer sets for both species with PCR
Protocol 3. We tested additional negative controls of DNA from
sympatric amphibian species (Ambystoma macrodactylum, Bufo boreas,
Pseudacris sierra, Rana lutewentris) with this multiplex, independently
(1 reaction/species; approximately 5 — 100 ng DNA/reaction) and
together with DNA from the target species, to verify the specificity
of our diagnostic test.

In the second phase of the project, we collected a 5-L water
filter sample from each of five headwater streams known to
contain populations of Rocky Mountain tailed frogs and Idaho
giant salamanders, including the original stream (Table 1).
Streams were sampled in late March and early April 2011 using
the same field collection techniques as above; density estimates for
these streams were obtained July and August 2010 (State of Idaho
Wildlife Collection Permit #030716 and Payette National Forest
Research Permit #0105). We used the DNeasy extraction method
and PCR Protocol 3 (Table S1) for one half of each filter and a
modified extraction, with the addition of the use of a QIAshredder
(Qiagen, Inc.) after overnight digestion with Proteinase K, and
PCR Protocol 4 (Table S1) for the other half of each filter. We also
tested the Qiagen Multiplex Plus PCR kit with this modified
protocol (PCR Protocol 5). These samples were only run at full
concentration. We tested whether field-estimated densities pre-
dicted PCR success for these samples using simple linear
regression in R 2.13.0 [26].

Results

In the first phase of the project, we recovered the targeted DNA
sequence from both species from all stream water filter samples

Table 1. Sampling sites, dates of sampling, PCR success for each species, and densities of Idaho giant salamanders (Dicamptodon
aterrimus; DIAT) and Rocky Mountain tailed frogs (Ascaphus montanus; ASMO) where stream filter samples were taken, estimated

Site Latitude Longitude Date sampled DIAT per m>  DIAT PCR success (%) ASMO per m®> ASMO PCR success (%)
Phase 1

Nasty Creek 44877 —115.696 25Sept10 0.032 100 0.228 100

Phase 2

Camp Creek 44.890 —115.706 27Mar11 0.036 100 0.097 16.7

Deadman Creek  44.966 —115.663 27Mar11 0.011 100 0.149 0

Goat Creek 44.759 —115.684 27Mar11 0.029 100 0.052 333

Nasty Creek 44877 —115.696 03Apri11 0.032 100 0.228 333

Reegan Creek 44.949 —115.587 27Mar11 0.011 100 0.337 16.7

doi:10.1371/journal.pone.0022746.t001
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Table 2. Primer sequences for species-specific amplification of short fragments of cytochrome b.

Primer sequence

Species Primer name
Rocky Mountain tailed frog ASMO F
(Ascaphus montanus)

ASMO R
Idaho giant salamander Dicamp F
(Dicamptodon aterrimus)

Dicamp R

CGT CAA CTA TGG CTG GCT AA

TCG GCC AAT GTG AAG ATA AA
TCT GCA TCT TYC TAC ATA TYG GAC

ATC ACY CCG ACK TTT CAG GT

doi:10.1371/journal.pone.0022746.t002

only when using the DNeasy extraction method and PCR Protocol
3. For two of the three samples (one 5-L, one 10-L) the correct
fragment was also detectable at 0.1X DNA concentration for
Rocky Mountain tailed frogs and down to 0.001X DNA
concentration for Idaho giant salamanders. Tests for inhibition
with PCR Protocol 1 showed that samples from the DNeasy
extraction method were inhibited (but the extraction negative
control was not), while samples from the MoBio extraction were
not inhibited, indicating the lack of target species DNA in the
results of these extractions. PCR multiplexing with fluorescently-
tagged primers provided clear and efficient detection of amplified
fragments (Fig. 1), with all samples and positive controls at >8000
fluorescent units, even when DNA from the target species was
mixed with DNA from non-target species. None of the negative
controls, including DNA from four sympatric amphibian species,
tested positive.

In the second phase of the project, where samples were collected
in the early spring, we detected Idaho giant salamanders in all
filter samples using PCR Protocol 3 but did not detect Rocky
Mountain tailed frogs. Amplifications for Idaho giant salamanders
were weak (X = 203, 95% C.I. 25 — 382 fluorescent units)
compared with samples collected in early fall. With the addition of
the QIAshredder kit and using PCR protocol 4, we detected both
species in all but one of the streams, with strong signal for Idaho
giant salamanders in all reactions (X = 5962, 95% C.I. 4555 —
7369 fluorescent units) and detection probability across 6 PCR
replicates for Rocky Mountain tailed frogs ranging from 0 to 33%
(Table 1; for successful amplifications, X = 7636, 95% C.1. 6176 —
9097 fluorescent units). Substitution of the Qiagen Multiplex Plus
PCR kit for the Qiagen Multiplex PCR kit in PCR Protocol 5 did
not improve performance (Table S1). There was no evidence that
the probability of detection of Rocky Mountain tailed frogs in a
PCR replicate was related to field-estimated density from the
previous summer (PCR Protocol 4; F, 3=0.036, P=0.86).

Discussion

Using filter samples taken from stream water, we developed an
efficient protocol for detecting targeted DNA sequences for two
secretive amphibian species, demonstrating that the recovery of
amphibian DNA from stream water is possible even when
amphibian populations are at low densities. The rapid field
collection protocol, relatively simple field equipment and low cost
(supply cost per sample with 6 PCR replicates = $10.11) make this
technique widely applicable to broad-scale inventory and
monitoring efforts. The probability of detection of eDNA across
densities likely varies with species, stream size, and discharge rate,
and by season, as suggested by this study. However, the potential
impact of this technique for inventorying species in stream systems
is far-reaching, including detection of rare or imperiled verte-
brates.

@ PLoS ONE | www.plosone.org

We found that only the DNeasy Blood & Tissue kit with the
Qiagen Multiplex PCR kit detected eDNA for both species in
water filter samples. We did not successfully extract DNA from the
filter samples using the UltraClean® Soil DNA isolation kit (MoBio
Laboratories, Inc.); possibly the PowerWater DNA Isolation kit
(MoBio Laboratories, Inc.) used to detect eDNA of Asian carp [22]
would have yielded better results. Our results indicate that using
the Qiagen Multiplex PCR kit improves species detection in water
filter samples over a protocol using Amplitag Gold DNA
polymerase and BSA; this latter combination was used to establish
that the detection of aquatic vertebrates using eDNA in water
samples was possible [21].

Although we only sampled one stream in the first phase of our
project, our results suggest that detection of Rocky Mountain tailed
frogs and Idaho giant salamanders using eDNA may be more difficult
when samples are taken in early spring rather than early fall. This could
be due to decreased metabolism during cold weather or changes in
behavior of the target species, such as moving into the hyporheic zone.
For Idaho giant salamanders, we were able to compensate for this by
modifying protocols, but for Rocky Mountain tailed frogs, detectability
was still relatively low in early spring samples. This difference between
species may be due to species-specific seasonal changes in density; while
streams in the spring are likely to have one fewer Rocky Mountain
tailed frog tadpole cohort than in the early fall due to timing of
metamorphosis [27], the difference in overall population density is
likely less extreme for Idaho giant salamanders because they are
commonly neotonic [28]. This result demonstrates that sampling
design for eDNA needs to be informed by the ecology of target species
to maximize detection probabilities.

Our approach was to design species-specific primers to detect
species of interest; these kinds of targeted primers can be
multiplexed to test for many species in a single PCR reaction.
However, when the species list is large or inventory for unknown
species is the goal of sampling, universal primers and next-
generation sequencing techniques could be applied [19]. Using
these tools, researchers would sample a stream, river, or wetland,
use primers that work across taxa to amplify DNA from this sample,
and compare the sequences to those available in a reference library
[29]. If sequences are recovered that do not match any in the
library, sequences that are closest matches could be used to
determine the probable taxonomic group of the unknown species
and additional field surveys could be conducted to attempt to locate
the species. Next-generation sequencing is currently prohibitively
expensive for large survey efforts, but costs will likely be greatly
reduced in the near future as the technology improves [30].

The success of eDNA for detecting vertebrates efficiently across
freshwater systems indicates that this new tool has the potential to
revolutionize surveys for aquatic species with the techniques
currently available. The ability to survey for species across taxa
with a single water sample would greatly enhance data
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Figure 1. Electropherograms of species-specific PCR amplification of DNA in positive controls and stream water. The blue peak
indicates the species-specific fragment for Idaho giant salamanders (Dicamptodon aterrimus) and the black peak indicates the species-specific
fragment for tailed frogs (Ascaphus montanus). All reactions were diluted to produce these images.

doi:10.1371/journal.pone.0022746.g001

availability for aquatic species and benefit resource managers and
many fields of research, including community ecology, biogeog-
raphy, evolutionary biology, conservation biology, and invasion
biology. eDNA techniques could be used to form cost-efficient
multi-species inventory and monitoring programs for sensitive
species, in combination with occupancy models [31] to estimate
probabilities of detection. With next-generation sequencing,
DNA sequences of a community of aquatic vertebrates could
be analyzed simultaneously, exponentially increasing the data
available for analysis without disturbing sensitive species. Other
applications include early detection of invasive species [21,22],
determining whether invasive species have been successfully
removed through management actions, detecting rare individuals
surviving after catastrophic population declines, and discovering
new species in rapid bioassessement surveys. Sensitivity of these
techniques to density of individuals and covariates of detection
probability such as water temperature and discharge will need to

@ PLoS ONE | www.plosone.org

be determined for study systems individually; however, this
technique shows great potential for increasing our knowledge of
aquatic systems.

Supporting Information

Table 81 PCR protocols and results for amplifying DNA of
Rocky Mountain tailed frogs (Ascaphus montanus) and Idaho giant
salamanders (Dicamptodon aterrimus) from stream water.

(DOCX)
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Attachment 3 - Sample ID's and estuary field data - p. 1 of 3

Sample Estuary Sample
depth depth salinity
Sample ID Site name (ft) (ft) (%)
05M4KYVS North Fork Gualala R (mouth) -- -- --
095ITROP North Fork Gualala R (mouth) -- -- --
O0BDDEWOC |Gualala R estuary - Site 12 8 20.5 0
OF4DHR4R South Fork Gualala R (abv North Fork mouth) -- -- --
OVCTKOPF Gualala R estuary - Site 12 5 20.5 0
1HOBJ7TME Gualala R estuary - Site 3 3 6 0
INUFQEHO Gualala R estuary - Site 16 6 8 0
1V7B7BMP Wheatfield Fork Gualala R (mouth) -- -- --
IWGLDI9MS  [Gualala R estuary - Site 15 7 12 0
2R1IA2CYM Gualala R estuary - Site 12 20 20.5 3
2UUNLQXE  [Gualala R estuary - Site 10 17 18 3
39M0J44W Gualala R estuary - Site 14 12 14 0
3ATWQOV7 Gualala R estuary - Site 12 15 20.5 3
3HIXC2ZM Gualala R estuary - Site 1 1.5 3 0
3LETAARQ Gualala R estuary - Site 18 10 12 0
3Q12YKI1D Buckeye Cr - Site 2 -- -- --
42FZ7ZWZS South Fork Gualala R (abv Wheatfield For mouth) -- -- --
47SWK8U7 Gualala R estuary - Site 19 5 6 0
4THH8PZW Gualala R estuary - Site 8 4 8 0
53PNZQ71 Buckeye Cr (abv Soda Springs) -- -- --
SKDNKS8Z Gualala R estuary - Site 19 5 6 0
SPH5SX8Y South Fork Gualala R (abv North Fork mouth) -- -- --
5SXS0780 Gualala R estuary - Site 17 5 6 0
64VV6LYI Gualala R estuary - Site 12 20 20.5 3
7AHQS8ZMS Wheatfield Fork Gualala R (mouth) -- -- --
7CRW044N Gualala R estuary - Site 18 10 12 0
7F1O0ORAN South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
8MGMHAG6 [South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
8Y71F1LZ Gualala R estuary - Site 8 0 8 0
9T62H5S6 South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
AOL8SKVI Wheatfield Fork Gualala R (mouth) -- -- --
AXAZF68W Wheatfield Fork Gualala R (mouth) -- -- --
C63NAY22 Gualala R estuary - Site 9 2 8 0
CJV66V15 South Fork Gualala R (mainstem blw Clipper Mill Br) -- -- --
CLPBQAGY Gualala R estuary - Site 1 1.5 3 0
CTER2MGM |Gualala R estuary - Site 18 10 12 0
D2D5DJ0O Gualala R estuary - Site 12 20 20.5 3
DSI300WL Gualala R estuary - Site 2 1.5 3 0
DPS8QDLY0O Gualala R estuary - Site 16 6 8 0
EJ7DDIOZ Gualala R estuary - Site 14 12 14 0
EW39X0SK Gualala R estuary - Site 14 12 14 0
EWP6XTYI Gualala R estuary - Site 3 5.5 6 0
FCL19JPY Buckeye Cr - Site 3 -- -- --
FUUPIWXL Gualala R estuary - Site 6 4 7 0
G55VU339 South Fork Gualala R (abv Wheatfield For mouth) -- -- --
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Sample Estuary Sample
depth depth salinity
Sample ID Site name (ft) (ft) (%)

GDNQL0ZO South Fork Gualala R (mainstem blw Clipper Mill Br) -- -- --
HKAB1QU1 Wheatfield Fork Gualala R (abv Haupt Cr) -- -- --
HNCZSVI1E Gualala R estuary - Site 19 5 6 0
HO4FDT7E Gualala R estuary - Site 16 6 8 0
HRFFWS57K Gualala R estuary - Site 3 5.5 6 0
HTV6CKOV  |Haupt Cr (mouth) -- -- --
I8B5D890 Gualala R estuary - Site 9 6 8 0
IYU7HPOR Gualala R estuary - Site 7 5 10 0

JIKSHEIH Fuller Cr - -- --
JHTXY52F South Fork Gualala R (mainstem blw Clipper Mill Br) -- -- --
JRTYS8WNQ Gualala R estuary - Site 17 5 6 0
K2DHFS8C3 Wheatfield Fork Gualala R (mouth) -- - --
K3TFQVOR Wheatfield Fork Gualala R (abv Haupt Cr) -- -- --
KKSXDM2X  [Buckeye Cr (abv Soda Springs) -- -- --
LOAUE7UM Gualala R estuary - Site 12 8 20.5 0
L3AQAVF1 Wheatfield Fork Gualala R (abv Haupt Cr) -- -- --
L45P6CAS Buckeye Cr - Site 4 -- -- --
L4T7R48H South Fork Gualala R (abv Wheatfield For mouth) -- -- --
LESNTJ46 Soda Springs Cr (mouth) -- -- -
M2SX85PS Fuller Cr -- - --
MSDCMVXT [North Fork Gualala R (mouth) -- -- --

NPJSTL2H Gualala R estuary - Site 2 1.5 3 0
NRFVI9YVO Gualala R estuary - Site 14 9 12 0
NSBLUQLY Fuller Cr -- -- --
OGMNOFAF  |Gualala R estuary - Site 15 7 12 0
OOXYG66M |Gualala R estuary - Site 1 1.5 3 0
PNYIECBT Gualala R estuary - Site 17 5 6 0
PQOECPRW South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
T1CSCIGM Gualala R estuary - Site 11 9.5 10 0
TCK700Y3 South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
TKOPYDAI1 Gualala R estuary - Site 13 0.5 1.5 0
TPMCDAS6 Haupt Cr (mouth) -- -- --
U23WIPU3 Gualala R estuary - Site 2 1.5 3 0

UKA30BZY North Fork Gualala R (mouth) -- -- -
UP0OSOOKS Soda Springs Cr (mouth) -- -- -
UROBCE3E Soda Springs Cr (mouth) -- -- --
UVPK5GMO |North Fork Gualala R (mouth) -- -- --
VL3DNA37 Buckeye Cr - Site 1 -- -- --
VNIJS4EUS Gualala R estuary - Site 15 7 12 0
VQKGDGNM [North Fork Gualala R (mouth) -- -- --
WPYP33K4 Wheatfield Fork Gualala R (mouth) -- -- --

WQWEPNEB |Gualala R estuary - Site 5 0.5 2 0
WROVHYHR [Gualala R estuary - Site 12 8 20.5 0
WRU3122 South Fork Gualala R (abv North Fork mouth) -- -- --

X18WXS58 Buckeye Cr (abv Soda Springs) -- -- --
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Sample Estuary Sample
depth depth salinity
Sample ID Site name (ft) (ft) (%)
XV11Q261 South Fork Gualala R (floodplain blw Clipper Mill Br) -- -- --
YQ4Z30W9 Haupt Cr (mouth) -- -- --
YTOA2AQR Gualala R estuary - Site 4 5.5 0
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#Histograms Shown are histograms for the distribution of the data for each assay. x-axis is log transformed
copies per 100 mL (if data on water volume provided) after adding 1 to show zeros. y-axis represents count
of samples in each category.
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Table 1. Average Number of Copies for Each Assay

This table provides data on the average number of copies that were detected for each sample for each assay.

RunID = an internal identification number. Can be used by the client to look up which calibration curve
applies to each sample

SamplelD = Jonah Sample ID provided by client.

Subsequent columns represent the number of copies per filtered 100 mL of water (if data provided) for each
assay averaged across internal replicates. The column name denotes the assay name.

SampleID RainbowTroutOl1l RedLeggedFrog0O1

1 OB5M4KYV8 305 0
2 095ITROP 307 0
3 OBSVFNMK 0 0
4 OF4DHR4R 0 0
5 OVCTKOPF 69 0
6 1NUFQEHO 53 0
7 1VT7B7BMP 19 0
8 2R1A2CYM 0 0
9 39M0J44W 60 0
10 3HIXC2ZM 5 0
11 3LE1AARQ 123 0
12 3NCVYIOU 0 0
13 42FZZWZS 12 0
14 4ATHH8PZW 34 0
15 5165X3XK 0 0
16 53PNZQ71 12 0
17 SKDNKS8Z 35 0
18 5PH5SX8Y 2 0
19 58XS0780 81 0
20 5XL5EJOL 0 0
21 TAHQ8ZMS 109 0
22 TF100RAN 14 0
23 8MGMHAG6 27 0
24 AOL8S8KVI 0 0
25 AX4ZF68W 46 0
26 BDZ55WDJ 0 0
27 CB41TIFF 0 0
28 CJV66V15 71 0
29 CLPBQAGY 6 0
30 CQGXT90K 0 0
31 CTER2MGM 62 0
32 D2D5DJO0 0 0
33 D8I300WL 10 0
34 EJ7DDIOZ 71 0
35 EWP6XTYI 28 0
36 FCL19JPY 73 0
37 GDNQLOZO 78 0
38 GESTENKI 0 0
39 HKAB1QU1 3 0
40 HNCZSV1E 29 0
41 HO4FDT7E 62 0
42 HRFFW57K 20 0

Page 35



Attachment 4 - Jonah Meqtyres s5eplls, BAER ID  Document 61-6  Filed 05/20/21 Page 82 of 118

43
44
45
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64
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67
68
69
70

HTV6CKOV
I8B5D890
IYU7HPOR
J1KSHEIH
JR1YSWNQ
K3TFQVOR
KKSXDM2X
LOAUE7UM
LAT7R48H
LESNTJ46
M2SX85PS
M5DCMVXT
NPJSTL2H
NRFVOYVO
OGMNGFAF
PQOECPRW
QGMMFUO04
T1CSCIGM
TKOPYDA1
TPMCDAS6
UPOSOOK5
UVPK5GMO
VL3DNA37
VNJS4EUS
WQWEPNSB
WROVHYHR
XV1IQ261
YBOGFANO

63
57

84

47
32
38

95
177
20
35
25
46
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34
29
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Table 2. Percent of Replicates Above Detection Limit for Each
Assay

This table provides data on what percentage of the replicates that were run were above the detection limit.
The detection limit is as high as the lowest positive on the calibration curve, but can be up to an order of
magnitude lower. For example, a calibration curve might generate a positive at 100 copies and no positive
for 10 copies, but the actual detection limit would be 11 copies. See Table 3 for the range of number of
copies for each assay.

RunID = an internal identification number. Can be used by the client to look up which calibration curve
applies to each sample

SamplelD = Jonah Sample ID provided by client.

Subsequent columns show the percent of all replicates that were above detection limit for each assay. The
column name denotes the assay name.

RunID SampleID RainbowTroutOl RedLeggedFrogO1

1 JVQ0158 O5M4KYV8 100.0 0.0
2 JVQO158 095ITROP 100.0 0.0
3 JVQO158 OBSVFNMK 0.0 0.0
4  JVQO158 OF4DHR4R 0.0 0.0
5 JVQO158 OVCTKOPF 100.0 0.0
6 JVQO158 1NUFQEHO 100.0 0.0
7 JVQO158 1V7B7BMP 100.0 0.0
8 JVQO0158 2R1A2CYM 33.3 0.0
9 JVQO158 39M0J44W 100.0 0.0
10 JVQO0158 3HIXC2ZM 33.3 0.0
11 JVQO158 3LE1AARQ 100.0 0.0
12 JvQO0158 3NCVYIOU 0.0 0.0
13 JVQO158 42FZZWZS 66.7 0.0
14 JVQ0158 4THH8PZW 33.3 0.0
15 JVQ0158 5165X3XK 0.0 0.0
16 JVQO158 53PNZQ71 100.0 0.0
17 JVQO0158 5KDNKS8Z 66.7 0.0
18 JVQO0158 5PH5SX8Y 66.7 0.0
19 JVQO0158 5SXS0780 100.0 0.0
20 JvQO158 5XL5EJOL 0.0 0.0
21 JVQO158 TAHQ8ZMS 100.0 0.0
22 JVQO158 T7F100RAN 100.0 0.0
23 JVQO158 8MGMHAG6 100.0 0.0
24 JVQO158 AOL8SKVI 0.0 0.0
25 JVQO158 AX4ZF68W 66.7 0.0
26 JvQO0158 BDZ55WDJ 0.0 0.0
27 JVQO158 CB41TIFF 0.0 0.0
28 JVQO158 CJVE6V15 66.7 0.0
29 JVQO158 CLPBQAGY 33.3 0.0
30 JvQO158 CQGXT90K 0.0 0.0
31 JvQ0158 CTER2MGM 100.0 0.0
32 JVQO158 D2D5DJOO 0.0 0.0
33 JVQO158 D8I300WL 66.7 0.0
34 JvQO158 EJ7DDIOZ 100.0 0.0
35 JVQO158 EWPGXTYI 66.7 0.0
36 JVQ0158 FCL19JPY 100.0 0.0
37 JVQO158 GDNQLOZO 100.0 0.0
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100.
100.
100.
100.

100.
100.
100.

100.
100.
100.
100.
100.
100.

66.
100.

100.
100.
100.
100.
100.
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(@}
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92

93

94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO159
JVQO0159
JVQO0159
JVQO0159
JvQoie61
JvQoie61
JvQo1ié61
JvQo161
JvQoie61
JvQoie1l
JvQoie61
JvQo1ié61
JvQo1i61
JvQo1i61
JvQoie61
JvQoie61
JvQo1i61
JvQo1i61
JvQo1i61
JvQo1ie61
JvQoie61
JvQoie61
JvQo1i61
JvQo161
JvQo1i61
JvQoie1l
JvQoie61
JvQo1ié61
JvQo1i61
JvQo1i61
JvQoie1
JvQoie61l
JvQo161
JvQo1i61
JvQo1i61

FCL19JPY
GDNQLOZ0
GESTENKI
HKAB1QU1
HTV6CKOV
J1KSHEIH
K3TFQVOR
KKSXDM2X
LAT7R48H
LESNTJ46
M2SX85PS
M5DCMVXT
NPJSTL2H
PQOECPRW
QGMMFUO04
TKOPYDA1
TPMCDA86
UPOS0OK5
UVPK5GMO
VL3DNA37
WQWEPNSB
XV1IQ261
YBOGFANO
05M4KYVS
095ITROP
OBSVFNMK
OF4DHR4R
OVCTKOPF
1NUFQEHO
1V7B7BMP
2R1A2CYM
39M0J44W
3HIXC2ZM
3LE1AARQ
3NCVYIOU
42F7Z7ZWZS
ATHHSPZW
5165X3XK
53PNZQ71
5KDNKS8Z
5PH5SX8Y
5SXS0780
5XL5EJOL
7AHQ8ZMS
7F100RAN
SMGMHAG6
AOLSSKVI
AX4ZF68W
BDZ55WDJ
CB41TIFF
CJV66V15
CLPBQAGY
CQGXT90K
CTER2MGM
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146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

JvQo161
JvQoie61
JvQoie61
JvQo1i61
JvQo161
JvQo1i61
JvQo1i61
JvQoie61
JvQoie61l
JvQo1i61
JvQo1i61
JvQo1ie61
JvQoie61
JvQoie61
JvQo1ié61
JvQo161
JvQo1ie61
JvQoie61
JvQoie61
JvQo1i61
JvQo161
JvQo1i61
JvQo1i61
JvQoie61
JvQoie61
JvQo1ié61
JvQo161
JvQoie61
JvQoie1l
JvQoie61
JvQo1ié61
JvQo1i61
JvQo1i61
JvQoie61
JvQoie61
JvQo1i61
JvQo1i61
JvQo1i61
JvQo1ie61

D2D5DJO0
DSI300WL
EJ7DDI0Z
EWP6XTYI
FCL19JPY
GDNQLOZO
GESTENKI
HKAB1QU1
HNCZSV1E
HOAFDT7E
HRFFW57K
HTV6CKOV
I8B5D890
IYU7HPOR
J1KSHEIH
JR1YSWNQ
K3TFQVOR
KKSXDM2X
LOAUE7UM
LAT7R48H
LE5SNTJ46
M2SX85PS
M5DCMVXT
NPJSTL2H
NRFVOYVO
OGMNGFAF
PQOECPRW
QGMMFUO04
T1CSCIGM
TKOPYDA1
TPMCDAS6
UPOSOOK5
UVPK5GMO
VL3DNA37
VNJS4EUS
WQWEPNSB
WROVHYHR
XV1IQ261
YBOGFANO
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Table 3. All data (copies/100ml)

© 00 N O O d W N+~

=
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51

ClientID

1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391

RunID
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158

Assay
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTrout0O1
RainbowTrout0O1

SampleID Repl Rep2 Rep3

0BM4KYV8 322
095ITROP 389
OBSVFNMK 0
OF4DHR4R 0
OVCTKOPF 56
INUFQEHO 75
1V7B7BMP 15
2R1A2CYM 0
39M0J44w 31
3HIXC2ZM 0
3LE1AARQ 136
3NCVYIOU 0
42FZZWZS 22
4THH8PZW 0
5165X3XK 0
53PNZQ71 6
BKDNKS8Z 80
S5PH58X8Y 4
55XS0780 112
5XL5EJOL 0
TAHQ8ZMS 94
7TF100RAN 7
8MGMHAG6 13
AOL88KVI 0
AX4ZF68W 41
BDZ55WDJ 0
CB41TIFF 0
CJVve6Vis 105
CLPBQAG9 0
CQGXTO0K 0
CTER2MGM 101
D2D5DJ00 0
D8I300WL 0
EJ7DDI0OZ 107
EWP6XTYI 0
FCL19JPY 80
GDNQLOZO 158
GESTENKI 0
HKAB1QU1 5
HNCZSV1E 57
HO4FDT7E 56
HRFFW57K 17
HTV6CKOV 0
I8B5D890 10
IYU7THPOR 13
J1KSHEIH 9
JR1Y8WNQ 101
K3TFQVOR 0
KKSXDM2X 44
LOAUE7TUM 54
L4T7R48H 37

342
226
0

0
76
69
27
0
84
16
85
0

0

0

0
22
25
0
31
0
121
28
29

O O O O O

17

58

12
54
53
105
37

31
130
44

94
71
14
88

61
17
42

252
307
0

0
75
14
14
1
65
0
147

13
101

o N

101

113

O O O O O O

86
86

62

35

25
34
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391

JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO158
JVQO0158
JvQo158
JvQo158
JVQO0158
JVQO0158
JVQO0158
JvQo158
JvQo158
JVQO0159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159

RainbowTrout01
RainbowTrout01
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTroutO1
RainbowTrout01
RainbowTroutO1
RainbowTroutO1
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1

LE5SNTJ46
M2SX85PS
M5DCMVXT
NPJSTL2H
NRFVOYVO
OGMNGFAF
PQOECPRW
QGMMFU04
T1CSCIGM
TKOPYDA1
TPMCDAS6
UPOS0OK5
UVPK5GMO
VL3DNA37
VNJS4EUS
WQWEPNSB
WROVHYHR
XV1IQ261
YBOGFANO
05M4KYV8
095ITROP
OBSVFNMK
OF4DHR4R
1V7B7BMP
3HIXC2ZM
42F7ZZWZS
53PNZQ71
5PH5SX8Y
5XL5EJOL
7AHQSZMS
7F100RAN
8MGMHAG6
AOL8SKVI
AXAZF68W
BDZ55WDJ
CB41TIFF
CJV66V15
CLPBQAGY
CQGXT9O0K
D8I300WL
FCL19JPY
GDNQLOZ0
GESTENKI
HKAB1QU1
HTV6CKOV
J1KSHETIH
K3TFQVOR
KKSXDM2X
LAT7R48H
LESNTJ46
M2SX85PS
MSDCMVXT
NPJSTL2H
PQOECPRW

10

108
110

36
48
67

O O b OO

223

w = W
©O© W= O

O OO OO OO OO ODODODODODODODODODODODODODODODODOOOODODOOOOOO-N

206

181

= O =D
o 00 W+~ ©

O OO OO OO OO ODODODODODODODODODODODODODODODOO0OO0OODODOOOOOOOo

104
214
18
38

57
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268
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106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
163
154
1565
156
157
158
159

1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391

JVQO0159
JvQo159
JvQo159
JVQO0159
JVQO0159
JVQO0159
JVQO0159
JvQo159
JvQo159
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61l
JvQo161
JvQo161
JvQo161
JvQo1ie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161

RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog0O1
RedLeggedFrog01
RedLeggedFrog01
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1

QGMMFUO4
TKOPYDA1
TPMCDAS86
UPO800K5
UVPK5GMO
VL3DNA37
WQWEPN8B
XV1iiQ261
YBOGFANO
05M4KYV8
095ITROP
OBSVFNMK
OF4DHR4R
OVCTKOPF
1NUFQEHO
1V7B7BMP
2R1A2CYM
39M0J44w
3HIXC2ZM
3LE1AARQ
3NCVYIOU
42F7ZZWZS
4THH8PZW
5165X3XK
53PNZQ71
5KDNKS8Z
5PH5SX8Y
53XS0780
5XL5EJOL
TAHQ8ZMS
7TF100RAN
8MGMHAG6
AOL88KVI
AX47ZF68W
BDZ55WDJ
CB41TIFF
CJV66V15
CLPBQAGY
CQGXTO0K
CTER2MGM
D2D5DJ00
D8I300WL
EJ7DDI0Z
EWP6XTYI
FCL19JPY
GDNQLOZO
GES8TENKI
HKAB1QU1
HNCZSV1E
HO4FDT7E
HRFFW57K
HTV6CKOV
I8B5D890
IYU7THPOR

11
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160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391
1391

JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61
JvQo161
JvQo161
JvQo161
JvQo161
JvQoie61
JvQoie61

CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1
CohoSalmonO1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmon0O1
CohoSalmonO1
CohoSalmonO1

J1KSHEIH
JR1Y8BWNQ
K3TFQVOR
KKSXDM2X
LOAUE7UM
L4T7R48H
LEBNTJ46
M2SX85PS
MSDCMVXT
NPJSTL2H
NRFVOYVO
OGMNEFAF
PQOECPRW
QGMMFU04
T1CSCIGM
TKOPYDA1
TPMCDA86
UPO800K5
UVPK5GMO
VL3DNA37
VNJS4EUS
WQWEPNSB
WROVHYHR
XV1iiQ261
YBOGFANO
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Calibration curves

Each assay in each run is associated with a calibration curve based typically on a series of 7 10-fold dilutions
of a known standard.

The calibration curve shown is for the number of cycles vs. the logl0 of the number of copies in the standard.
A linear regression is applied to this relationship and the r2 intercept and slope extracted for further analyses.

RunID = an internal identification number. Can be used by the client to match the calibration curve applies
with each sample for an assay

Assay = the name of the assay for the calibration curve in the particular run

r2 = the coeflicient of determination, or goodness of fit for the linear relationship. Typically, r2 should be
> (0.98.

efficiency = how close to a doubling of product with each PCR cycle. For a 10-fold dilution, 100% efficiency
is for ~3.3 cycles per 10-fold dilution. A range of values is acceptable here, but we try to keep efficiency
between 85% - 110%.

gy

g
10 15 20 25 30 35 40 45

I I I I I I I I
1 10 100 1000 10000 1075 10”6 1077

# Copies per Reaction

[1] "Calibration Curve"

[1] "RunID = JVQO159"

[1] "Assay = RedLeggedFrog0O1"
[1] "r2 = 0.997"

[1] "efficiency = 98%"
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(1]
(1]
[1]
[1]
(1]

10 15 20 25 30 35 40 45

"Calibration Curve"
"RunID = JVQO161"
"Assay = CohoSalmonO1"
"r2 = 0.998"
"efficiency = 105%"

I I I I
100 1000 10000 1075

# Copies per Reaction
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# Copies per Reaction
"Calibration Curve"

"RunID = JVQ0158"

"Assay = RainbowTroutO1"
"r2 = 0.998"

"efficiency = 98"
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# Assays

[1] "Assay Name = RainbowTroutO1"

[1] "Assay Description = Mitochondrial gene NADH dehydrogenase subunit 2"

[1] "Assay Thermal Profile = 1 cycle at 95 deg C for 5 minutes. 50 cycles at 95 deg"
[2] "C for 15 seconds. 60 deg C for 1 minute"

[1] "Assay Reference = Wilcox TM, Carim KJ, McKelvey KS, Young MK, Schwartz MK"

[2] "(2015) The Dual Challenges of Generality and Specificity When Developing"

[3] "Environmental DNA Markers for Species and Subspecies of Oncorhynchus. PLoS ONE"
[4] "10(11): e0142008. doi:10.1371/journal.pone.0142008"

[1] "Assay Name = RedLeggedFrog0O1"

[1] "Assay Description = Mitochondrial Cytochrome b"

[1] "Assay Thermal Profile = 1 cycle at 95 deg C for 5 minutes. 50 cycles at 95 deg"
[2] "C for 15 seconds. 60 deg C for 1 minute"

[1] "Assay Reference = Jonah Ventures"

16
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CURRICULUM VITAE
for
SARAH LOUISE O°’NEAL
sarahlouiseoneal@gmail.com
127 17TH ST SW, OLYMPIA, WA 98501
(360) 918-4352

EDUCATION

June, 1999, University of Washington, Seattle, WA
B.S. Ecology, Evolution and Conservation Biology GPA 3.91, Cumulative GPA 3.89

May, 2008, Flathead Lake Biological Station, University of Montana, Missoula and Polson, MT
Advisor: Dr. Jack A. Stanford
M.S. Limnology GPA 3.86

In progress, University of Washington, Seattle, WA
Advisor: Dr. Daniel Schindler
PhD Candidate School of Aquatic and Fishery Sciences Current GPA: 3.66

GRANTS/AWARDS
Graduated magna cum laude
Annual Dean’s List, four consecutive years
University of Washington Undergraduate Scholar Award, three consecutive years
Mary Gates Undergraduate Research Training Grant
Phi Beta Kappa
Charles Levitan Scholarship
Jessie M. Bierman Scholarship
EPA Science to Achieve Results (STAR) research fellowship
American Fisheries Society Cultural Diversity Travel Award
National Fish Habitat Partnership grant recipient

PROFESSIONAL AFFILIATIONS

American Fisheries Society, local and national chapters member
Association for the Sciences of Limnology and Oceanography
Ecological Society of America

National Lake Management Society

Society for Freshwater Science

Washington Mountaineers

Washington State Lakes Protection Association

ADDITIONAL SKILLS

Trained in wilderness first aid and CPR

Trained in swiftwater safety

Trained in mountaineering and mountain oriented first aid by The Mountaineers (Seattle, WA)
Trained in jet and prop motor boat operation and safety by U.S. Coast Guard and others
Trained in electrofishing and snorkel survey techniques by Washington Trout
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Set and drift gillnet commercial fisherman
Conversational in Spanish

Proficient in all Microsoft programs
Proficient in R

PROFESSIONAL EXPERIENCE

PRINCIPAL: September 2013 through present

Agua Dulce Freshwater Consulting, Missoula, Montana and Olympia, Washington

Ecological contracting for non-profit and aboriginal organizations including Trout Unlimited,
Susitna River Coalition, Bristol Bay Heritage Land Trust, Center for Science in Public
Participation, Bristol Bay Regional Seafood Development Association, and others. Conduct
technical reviews, interpret freshwater ecological information (including fisheries information) to
a wide variety of audiences. And conduct public, legislative, and legally oriented research,
outreach and education. Design and execute monitoring studies and other freshwater ecological
scientific inquiries.

FISHERIES BIOLOGIST: February 2013 through September 2013

US Geological Survey, Bozeman, Montana

Conducted field and desktop research to support a salmon reintroduction project above large
hydropower dams in the lower Columbia River basin in Washington State.

ASSOCIATE DIRECTOR: June 2010 through December 2012

Fisheries Research and Consulting, Anchorage, Alaska

Planned and led field studies to determine baseline salmonid habitat conditions in Alaska’s
remote Bristol Bay watershed. Conducted data analysis and dissemination. Presented
information to Bristol Bay residents, sportsman’s groups, media, and academic audiences
regarding potential risks to fisheries from copper-sulfide mining. Conducted extensive literature
reviews regarding natural resources in Bristol Bay, risk factors threatening the region, and related
general ecology in order to assist with federal decisions regarding permitting for large-scale hard
rock mining activities. Successfully prepared and submitted grant applications fact sheets,
literature reviews, and other gray literature.

POPULATION BIOLOGIST: December 2008 through June 2010

State of the Salmon Program, Portland, Oregon

Coordinated and planned large international, interdisciplinary conferences regarding Pacific
salmon conservation. The work included collaborating with experts in salmon science,
management, policy, and conservation to coordinate program content, as well as cultivate
sponsorship relationships, manage volunteers, and attend to a vast array of details in preparation
for and execution of the events. Success of the events required careful budget management,
fundraising, media outreach, extraordinary organizational skills and attention to detail, and a
fundamental understanding of the science underpinning our efforts. Additionally conducted
research regarding salmon management with respect to harvest and hatchery practices; and
conducted data collection, analysis, and dissemination regarding threats posed by a large,
proposed mining project in Southwest Alaska.

RESEARCH ASSISTANT: May 2008 through November 2008

Flathead Lake Biological Station, Polson, Montana

Assisted with a comparative study between the Elk and North Fork of the Flathead rivers in
southeastern British Columbia regarding the effect of open-pit coal mining on the freshwater
ecology of the two neighboring watersheds with respect to the proposed initiation of mining
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(Professional experience continued)

activity in the Flathead system. Additionally assisting with data collection for the Salmonid
Rivers Observatory Network (SaRON) project assessing the health of salmon populations and
their freshwater habitat in rivers throughout the Pacific Rim.

GRADUATE RESEARCH ASSISTANT, Tierra del Fuego: October 2005 through May 2008
University of Montana, Missoula, Montana and Rio Grande, Argentina

Successfully launched an ongoing project regarding life history and management of a large
anadromous brown trout population in Argentine Tierra del Fuego. The project entailed
coordinating data collection and collaboration amongst dozens of fishing guides, several local
field technicians, other local landowners and stakeholders, government agencies, a local
university, and fishing lodges and their clients. Local Ecological Knowledge was collected, the
compilation of which informed the analysis of historical fishing records and general population
trends. Additionally involved data collection, analysis, and interpretation at all trophic levels
within rivers and streams (including algae, macroinvertebrates, juvenile and adult fish), as well as
habitat data (including chemistry, discharge, and substrate metrics). Data resulting from this
effort produced population and mortality estimates of the sea trout population generated by mark-
recapture and fish scale analysis, as well as an assessment of the general health of the juvenile
population and their freshwater habitat. The brown trout life history analysis was the subject of
my master’s thesis.

GRADUATE RESEARCH ASSISTANT, SaRON: May 2005 through October 2005
University of Montana, Missoula, Montana

Conducted fisheries and freshwater ecology research in British Columbia, Canada, and
southwestern Alaska as part of the Salmonid Rivers Observatory Network (SaRON) project.
Work was conducted with a wide variety of stakeholders, including university colleagues, First
Nations and native employees, government agencies, and non-profit organizations. Involved
collection any analysis of aquatic ecological data describing physical, chemical, and biological
characteristics of watersheds.

TEACHING ASSISTANT: June 2004 through May 2005

University of Montana, Missoula, Montana

Lab instructor for introductory biology course for majors covering topics ranging from cellular
structure to molecular genetics. Lectured to lab sections, administered and graded exams,
supervised students’ lab work, evaluated term papers. Additionally instructed freshwater ecology
labs, lead field trips, supervised lab work including aquatic organism identification and
quantification, and organized and presented lectures.

FISHERIES TECHNICIAN (VOLUNTEER): February 2005 through May 2005

State of Montana Fish Wildlife and Parks Department, Missoula, Montana

Gill netting a large reservoir in a research and exclusion effort focused on Northern Pike in the
former Milltown Reservoir. Field fish identification and morphometric measurements, PIT
tagging, radio tagging, and subsequent radio tracking.

WATER QUALITY ANALYST (Lakes and Streams): February 2000 through May 2004
Washington State Department of Ecology, Olympia, Washington

Data collection, analysis, and interpretation for lakes and rivers water quality assessments, Total
Maximum Daily Load studies (TMDLs). Generated approved Quality Assurance Project Plans
(documents detailing study plans and design). Supervised up to four staff in data collection
efforts. Created maps using ArcView and ArcGIS. Worked with private landowners as well as
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(Professional experience continued)

government agencies to coordinate data collection efforts. Processed data using statistical
analysis (largely in SYSTAT and Excel) and wrote reports pertinent to results of the data
collected. Lakes reports evaluated general lake health by compiling chemical, physical, and
biological data. A nutrient criterion was determined and justified for each lake assessed. Data
compilation required coordination with state Fish and Wildlife officials on fish habitat issues,
identification of phytoplankton and zooplankton, knowledge of statistics, quality assurance, and
limnological principles.

WASHINGTON CONSERVATION CORPS CORPSMEMBER: October 1999 through
February 2000

Washington State Department of Ecology, Olympia, Washington:

Project Lead for the Chehalis River Best Management Practices Evaluation project which
included field sample collection, taking flow measurements and calculating discharge,
determining several parameters onsite, data management and analysis, and technical writing.
Field Technician and Data Manager for the Dungeness River TMDL which included extensive
work in Ecology's Environmental Information Management database, exceptional organization,
and supervision of field assistants. Other miscellaneous field work and data collection including
ArcView experience.

AQUATIC BOTANIST: Summers 1998, 1999, and 2000

Washington State Department of Ecology, Olympia, Washington

Assessed plant communities in lakes throughout the state of Washington paying specific attention
to both rare plants and noxious weeds. Required familiarity with aquatic plant species and
macroalgae, frequent use of botanical keys, and maintenance of an herbarium. Also demanded
proficiency in small and large boat operation and field first aid. Interacted frequently with
property owners and lake users in order to convey the importance of both native and nonnative
plants to the health of a lake. Contributed to, and led, studies regarding the effectiveness of
herbicides on aquatic weeds which involved both field work as well as lab and computer work.
Field and lab work required knowledge of sampling techniques and project design, while
computer work required the use of a large database (using Access) in addition to statistical
analysis. Supervised up to two employees during both general surveys as well as herbicide
effectiveness studies. Additionally evaluated fish and wildlife habitat and trained colleagues in
those evaluation techniques. Assisted in field work and data analysis for TMDL studies.

RESEARCH ASSISTANT: September 1998 — June 1999

U.S. Forest Service & University of Washington, Seattle & Leavenworth, Washington
Researched the role of fire in the ecology in the life history of two rare plant species endemic to
the Wenatchee Mountains. Lab, greenhouse, and field components all required attention to detail
and careful reporting.

TECHNICAL WRITER: Summers 1996 and 1997

Washington State Labor and Industries, Tumwater, Washington

Wrote and designed several technical manuals for the purpose of training new hires after
observing and analyzing colleagues work activities. Required extensive coordination and
interaction with those observed in order to ensure accuracy. Exercised judgment and skills to
provide a both clear and attractive presentation. Additionally performed legal research.
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PUBLICATIONS
Peer Reviewed

O’Neal, S.L., D.C. Whited, D. Young, M.S. Hoy, and D.E. Schindler. TBD. Applying
environmental DNA to spatial stream network models for informing management decisions in
remote environments. TBD. In progress.

O’Neal, S.L., M.S. Hoy, C.O. Ostberg, D. Young, M. Geist, and D.E. Schindler. TBD.
Documenting habitat for anadromous species: Exploring affordable methods in remote Alaska
streams. TBD. In progress.

O’Neal, S.L., D.E. Schindler, A.R. Spanjer, H.S. Barrett, M.I. Chow, A.P. Smits, R. Evrard, and
T.S. Lee. 2021. Theory and practice: Defining indirect effects of disturbance for science and
policy. In progress.

Sexton, E.K., C.J. Sergeant, J.W. Moore, A.R. Westwood, D.M. Chambers, M.V. McPhee, S.A.
Nagorski, S.L. O’Neal, J. Weitz, A. Berchtold, M. Capito, C.A. Frissell, J. Hamblen, F.R. Hauer,
L.A. Jones, G. Knox, R. Macnair, R.L. Malison, V. Marlatt J. McIntyre, N. Skuce, and D.
Whited. 2020. Canada’s mines pose transboundary risks. Science 368:376-377.

Woody, C.A., S. O’Neal, D. Rinella, D. Bogan, D. Merrigan, and M. Geist. 2014.
Environmental baseline and mining in remote Alaska. Alaska Park Science 13(2): 49-53.

O’Neal, S. and R.M. Hughes. 2012. Fisheries and hard rock mining: AFS symposium synopsis.
Fisheries 37(2): 54-55.

O’Neal, S. and J.A. Stanford. 2011. Partial migration in a robust brown trout (Salmo trutta)
population in a Patagonian River. Transactions of the American Fisheries Society. 140: 625-635.

Ciancio, J.E., M.A. Pascual, F. Botto, M. Amaya, S. O’Neal, and O. Iribarne. 2008. Anadromy
detection in sympatric anadromous and resident introduced salmonids in Patagonia. Journal of
Fish Biology 72: 1708-1719.

Parsons, J.K., K.S. Hamel, S.L. O’Neal, A. Moore. 2004. The Impact of Endothall on the
Aquatic Plant Community of Kress Lake, Washington. Journal of Aquatic Plant Management
42:109-114.

Other

O’Neal, S. 2019. Technical comments regarding fish and aquatic habitat in the Pebble Project
Draft Environmental Impact Statement. Expert comments to US Army Corps of Engineers
regarding fish and habitat impacts for Trout Unlimited, AK.

Zamzow, K., A. Maest, C. Frissell, and S. O’Neal. 2019. Fugitive dust issues in the Pebble
Project draft EIS. Expert comments for Trustees for Alaska.

Zamzow, K., A. Sobolewski, A. Maest, C. Frissell, and G. Reeves. Selenium issues in the Pebble
Project draft EIS. Expert comments for Trustees for Alaska.
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(Other publications continued)

O’Neal, S. 2018. Pebble Project Department of the Army Application for Permit POA-2017-
271. Expert comments to US Army Corps of Engineers regarding Clean Water Act Section 404
permit application by Pebble Limitied Partnership for Trout Unlimited, AK.

O’Neal, S. 2015. A review of the Tulsequah Chief Ecological Risk Assessment. Expert
comments to the Canadian federal government for Rivers Without Borders.

O’Neal, S. 2015. BC Mines and the Taku Watershed. Juneau Empire. October 6. Juneau, AK.

O’Neal, S. 2013. Comments on Chapter 15 of Kerr-Sulphurets-Mitchell (KSM) Project
Environmental Assessment, Fish and Aquatic Habitat. Expert comments to British Columbia
provincial government for Trout Unlimited, AK.

O’Neal, S. 2012. Review of EPA work on Pebble was sound. Anchorage Daily News guest
editorial. August 29. Anchorage, AK.

O’Neal, S. 2011. A review of PLP Environmental Baseline Documents: Resident fish and
juvenile salmon habitat, distribution and assemblage. Fisheries Research and Consulting.
Anchorage, AK. 21 pp.

O’Neal, S. 2011. A review of PLP Environmental Baseline Documents: Aquatic
macroinvertebrates (Bristol Bay drainages). Fisheries Research and Consulting. Anchorage, AK.

13 pp.

O’Neal, S. and C.A. Woody. 2011. Canada’s Fraser River: Reasons for sockeye salmon
declines with a comparison to Bristol Bay. Fisheries Research and Consulting. Anchorage, AK.

27 pp.

Woody, C.A. and S.L. O’Neal. 2010. Fish surveys in headwater streams of the Nushagak and
Kvichak River drainages in Bristol Bay, Alaska, 2008-2010. The Nature Conservancy.
Anchorage, AK. 48 pp.

O’Neal, S., J.A. Stanford, and A.L. Liberoff. October 2007. Population Status and Ecology of
Brown Trout; Rio Grande, Tierra del Fuego, Argentina. Flathead Lake Biological Station.
University of Montana. Polson, MT.

O’Neal, S. and J.A. Stanford. October 2006. Population Status and Ecology of Brown Trout;
Rio Grande, Tierra del Fuego, Argentina. Flathead Lake Biological Station. University of
Montana. Polson, MT.

Carroll, J., S.L. O’Neal, and S. Golding. April 2006. Wenatchee River Basin Dissolved Oxygen,
pH, and Phosphorus Total Maximum Daily Load Study. Washington State Department of
Ecology, Environmental Assessment Program. Olympia, WA.

Carroll, J. and S. O’Neal. Data Summary: Wenatchee River Basin Dissolved oxygen, pH and
Fecal Coliform Total Maximum Daily Load. Washington State Department of Ecology,
Environmental Assessment Program. Olympia, WA.
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(Other publications continued)

Carroll, J. and S. O’Neal. December 2005. Wenatchee River Basin Fecal Coliform Bacteria
Total Maximum Daily Load Study. Washington State Department of Ecology, Environmental
Assessment Program. Olympia, WA.

Bilhimer, D., J. Carroll, S. O’Neal, G. Pelletier. August 2003. Quality Assurance Project Plan:
Wenatchee River Temperature, Dissolved Oxygen, pH, and Fecal Coliform Total Maximum
Daily Load Year 2 Technical Study. Washington State Department of Ecology, Environmental
Assessment Program.

Bilhimer, D., J. Carroll, S. O’Neal, G. Pelletier. July 2002. Quality Assurance Project Plan:
Wenatchee River Temperature, Dissolved Oxygen, pH, and Fecal Coliform Total Maximum
Daily Load Year 1 Technical Study. Washington State Department of Ecology, Environmental
Assessment Program.

Sargeant, D., S. O’Neal, W. Ehinger. April 2002. Chehalis Best Management Practices
Evaluation Project, Final Report for Water Quality Sites. Washington State Department of
Ecology, Environmental Assessment Program.

Parsons, J. and S. O’Neal. September 2001. Aquatic Plants Technical Assistance Program 2000
Activity Report. Washington State Department of Ecology, Environmental Assessment
Program.

O’Neal, S., D. Hallock, K. Smith. Water Quality Assessments of Selected Lakes within
Washington State: 1999. July 2001. Washington State Department of Ecology, Environmental
Assessment Program.

Smith, A.K., D. Hallock, S. O’Neal. December 2000. Water Quality Assessment of Selected
Lakes within Washington State: 1998. Washington State Department of Ecology, Environmental
Assessment Program

MEDIA

Osborn, K. 2020. Pebble Mine and Bristol Bay with Sarah O’Neal. Fisherwomen podcast.
October 29, 2020. San Francisco, CA.
https://www.podomatic.com/podcasts/fisherwomenpod/episodes/2020-10-29T03 _00_00-07_00

Braun, A. 2020. Secret recording portray regulators as easing Pebble Mine’s path to approval.
Hakai Magazine. September 30, 2020. Victoria, BC, Canada.
https://www.hakaimagazine.com/news/secret-recordings-portray-regulators-as-easing-pebble-
mines-path-to-approval/

Bauman, M. 2020. Corps’ final EIS on Pebble mine draws criticism from Native leadership.
The Cordova Times. August 1, 2020. Cordova, AK.

Higgins, P. 2020. Radio interview on Monday Morning Magazine. KMUD. May 31, 2020.
Eureka, CA.
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(Media continued)

University of Washington School of Aquatic and Fishery Sciences. 2020. SAFS researchers and
graduates coauthor international letter addressing transboundary mining pollution. May 4, 2020.
Seattle, WA. https://fish.uw.edu/2020/05/safs-researchers-and-graduates-coauthor-international-
letter-addressing-transboundary-mining-pollution/

Minemyer, D. and M. Ross. 2019. KTUU, Anchorage NBC affiliate. Pebble Mine opponents,
supporters prepare for final public hearing on draft environmental impact statement. April 15,
2019. Anchorage, AK.

Lumpkin, R. 2019. Every Least Thing. Gray’s Sporting Journal. March/April Issue.44(1):
https://www.grayssportingjournal.com/every-least-thing/.

Shea, M.R. 2019. Gold Digger. Men’s Journal. January Issue 28(1): 74-81.
https://www.mensjournal.com/features/the-former-clintonite-trying-to-build-the-countrys-most-
controversial-mine/.

Lewis, R. 2015. Activists: Canada mine approvals threaten Alaska fishing communities.
Aljazeera America. July 10. http://america.aljazeera.com/articles/2015/7/10/bc-mines-threaten-
alaskan-fishing-communities.html

DeMarban, A. 2014. Manager says increasingly expensive Susitna dam could help salmon.
Alaska Dispatch News. December 18. Anchorage, AK.
https://www.adn.com/energy/article/susitna-dam-costs-rise-manager-says-it-may-help-
salmon/2014/12/19/

Denning, A. 2014. Transboundary group wants a voice in BC mining process. KTOO Public
Radio. November 14. Juneau, AK. https://www.ktoo.org/2014/11/14/transboundary-group-
wants-voice-bc-mining-process/

Dobbyn, P. 2014. Building a dam in paradise: Salmon in balance on the Susitna River. Pacific
Fishing Magazine. September 2014: 6-12.
http://www.pacificfishing.com/PF_Past _Issues/PF_Septl4 ebook.pdf

Dobbyn, P. 2014. Hot dam! Anchorage Press. July 17. Anchorage, AK.
https://www.anchoragepress.com/news/hot-dam/article 80e0e2c2-502¢-5aed-aald-
1e8d459db175.html

American Fisheries Society. 2012. Spotlight on women in fisheries. Fisheries 37(3): 132-135.
https://doi.org/10.1080/03632415.2012.669617

Fiorucci, D. 2012. Fish biologist alleges huge discrepancy in Pebble salmon estimates. KTUU
Channel 2 News. Septemeber 30. Anchorage, AK.

Lempinen, E.-W. 2011. In fight over Alaskan mine, public interest turns to science, AAAS News
and Notes. Science 334(6055): 469-473. https://www.aaas.org/news/fight-over-alaskan-mine-
public-interest-turns-science

Kean, S. 2010. Fishing for gold in the last frontier state. Science 327: 263-265.
https://science.sciencemag.org/content/327/5963/263
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(Media continued)

Dobbyn, P. 2010. Fighting to save the best of the last in Alaska’s Bristol Bay. Trout Magazine
Spring 2010: 24-27.

Wiswell, G. 2010. Rio Irigoyen searuns at the far end of the world. Wild on The Fly Issue 14:
http://www.wildonthefly.com/content/news-features?article=2.

Behnke, R. 2009. Old fish in new waters: Sorting out nature from nurture. Trout Magazine
Winter 2009: 56-58.

Randolph, J. 2009. Tierra del Fuego beneath the wind and whitecaps: A game plan for sea run
success. Fly Fisherman December 2009: 30-35.

Caranci, M. 2009. Rio Grande brown trout. Fly Fisherman December 2009: 33 (inset).

O’Neal, S. 2008. Merwin: A world record brown trout? Field and Stream, November 2008.
Invited letter to the editor. https://www.fieldandstream.com/merwin-world-record-brown-trout

PRESENTATIONS
Invited

O’Neal, S. October 2019. Pebble Mine: A case study in science and policy. Advancing
scientific knowledge of mining impacts on salmonid-bearing watersheds workshop. Polson, MT.

O’Neal, S. August 2019. Theory and practice: Defining indirect effects of development for
science and policy. World Salmon Forum, Seattle, WA.

Herendeen, E., S. O’Neal, D. Berg, A. Boone, and M. Jackson. November 2018. Bristol Bay
Means Business: Town Hall with business leaders about the proposed Pebble Mine. Pacific
Marine Expo, Seattle, WA.

O’Neal, S., M. Hoy, M. Geist, D. Young, C. Ostberg, T. Simmons, D. Menning, and J. Duda.
May 2018. Documenting habitat for anadromous species: Exploring affordable methods for
protecting Alaska’s salmon streams. American Fisheries Society, Western Division. Anchorage,
AK.

Williams, N., M. Dischner, S. O’Neal, and A. Williams. May 2018. Safeguarding Bristol Bay.
American Fisheries Society, Western Division. Anchorage, AK.

O’Neal, S., D. Young, C. Ostberg, J. Duda, M. Hoy, and M. Geist. March 2017. Documenting
habitat for anadromous species: Exploring affordable methods for protecting Alaska’s salmon
streams. American Fisheries Society, Alaska Chapter. Fairbanks, AK.

O’Neal, S. March 2015. Sculpin Matter? Southwest Alaska Interagency Meeting (SWIM).
Dillingham, AK.

O’Neal, S. November 2014. Potential impacts of Susitna Dam to salmon. Pacific Marine Expo.
Seattle, WA.
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O’Neal, S. April 2013. Global conservation of salmon and trout. Invited keynote. University of
Montana Western Research Symposium. Dillon, MT.

O’Neal, S. and C.A. Woody. March 2012. Fish density and distribution in headwater streams in
Bristol Bay, Alaska. Western Alaska Interdisciplinary Science Conference. Dillingham, AK.

Contributed

O’Neal, S. October 2014. Costs and benefits of large hydropower mitigation. Joint annual
meeting of the Alaska chapters of the American Water Resources Association and the American
Fisheries Society. Juneau, AK.

Woody, C.A. and S. O’Neal (presenter). October 2014. Coho salmon biodiversity, distribution,
and density in a proposed mining area, Bristol Bay, Alaska. Joint annual meeting of the Alaska

chapters of the American Water Resources Association and the American Fisheries Society.
Juneau, AK.

O’Neal, S., C.A. Woody and K. Zamzow. February 2013. Freshwater baseline inventory and
monitoring in headwater streams of a proposed hard rock mining district in Bristol Bay, Alaska.
Montana Chapter of the American Fisheries Society Annual Meeting. Fairmont Hot Springs,
MT.

Woody, C.A., S. O’Neal (presenter), and D. Bogan. November 2011. Freshwater baseline
inventory and monitoring in Nushagak and Kvichak headwater streams. American Fisheries
Society Alaska Chapter. Girdwood, AK.

O’Neal, S.L. (presenter and symposium organizer) and K. Zamzow. September 2011. Fish
presence and water quality in a proposed copper mining district, Alaska. American Fisheries
Society (national chapter, Fisheries and Hardrock Mining Symposium). Seattle, WA.

Woody, C.A., S. O’Neal (presenter), and D. Bogan. September 2011. Freshwater baseline
inventory and monitoring in Nushagak and Kvichak headwater streams. American Association
for the Advancement of Science Arctic Science Conference. Dillingham, AK.

O’Neal, S. and C.A. Woody. September 2010. Proposed copper-sulfide mining in Bristol Bay:
identified risks to fisheries. Wild Trout Symposium X. West Yellowstone, MT.

O’Neal, S. and J. Stanford. June 2008. Life history variation of introduced brown trout in a
Patagonian River. Oral presentation. North American Benthological Society Annual Meeting,
Salt Lake City, UT.

O’Neal, S. May 2008. Lessons to learn from all out invasion: Life history of brown trout in a
Patagonian river. Master’s thesis defense. Presented to the Department of Biological Sciences
and the Flathead Lake Biological Station, University of Montana, Missoula, MT.

O’Neal, S. October 2006. Brown trout invasion of the Rio Grande, Tierra del Fuego: The role of
life history. Oral presentation. October 18, 2006. Presented to the Department of Biological
Sciences, University of Montana, Missoula, MT.
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Outreach

O’Neal, S. February 2020. Presentations to Alaska and Washington State Congressional
delegations regarding shortcomings of Pebble Mine Preliminary Final Environmental Impact
Statement. Washington, DC.

O’Neal, S. June 2019. Presentations to Alaska, Washington State, and West Virginia
Congressional delegations regarding shortcomings of Pebble Mine draft Environmental Impact
Statement. Washington, DC.

O’Neal, S. April 2019. Testimony to US Army Corps of Engineers regarding risks of mine
development to Bristol Bay fisheries. Anchorage, AK.
(Outreach continued)

O’Neal, S. April 2018. Testimony to US Army Corps of Engineers regarding risks of mine
development to Bristol Bay fisheries. Nondalton, AK.

O’Neal, S. March 2018. Defining fish habitat in Alaska’s waters. Alaska State Legislature
informational presentation. Juneau, AK.

O’Neal, S. March 2018. Defining fish habitat in Alaska’s waters. United Fishermen of Alaska
informational presentation. Juneau, AK.

O’Neal, S. April 2014. Presentations to Alaska State legislators regarding salmon ecology and
hydropower development. Juneau, AK.

O’Neal, S. October 2014. Risks of hard rock mining to salmon, BC-Alaska transboundary rivers.

Public presentations in communities throughout southeast Alaska: Juneau, Ketchikan, Wrangell,
Petersburg, and Sitka.

O’Neal, S. March 2011. Presentation to executive members of EPA Region 10 staff regarding
existing natural resources of Bristol Bay. Seattle, WA.

O’Neal, S. January 2011. Presentation to executive members of the EPA Office of Wetlands,
Oceans, and Watersheds regarding fish, wildlife, municipal water, and recreational resources.
Washington, D.C.

O’Neal, S. August 2010. Community technical outreach regarding fisheries and freshwater
resources to the communities of Koliganek and New Stuyahok, AK.

O’Neal, S. December 2009. Technical testimony to the Alaska Board of Fisheries regarding
third party scientific review for large-scale mine permitting. Anchorage, AK.

Woody, C.A. and S. O’Neal (presenter). November 2008. Bristol Bay and Pebble Mine:
Identified Risks. Presentations in the communities of Togiak and Dillingham, AK.
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Exhibit F. Site visit dated 4/23/2021.

FIGURE F.1. Seasonal wetland vegetation (sedges lower right) in Unit 1 next to a designated skid
trail.
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FIGURE F.2. Typical side pool in South Fork Gualala River, adjacent to Dogwood THP units.
Note undercut bank where habitat is suitable for adults, juveniles, egg-masses and tadpoles of
Red-legged Frogs. This site closely resembles the location in the North Fork Gualala where
eDNA of Red-legged Frogs was detected.
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FIGURE F.3. Locations visited on 4/23/2021.
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