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Abstract

Identification and protection of water bodies used by anadromous species in Alaska are
critical in light of increasing threats to fish populations, yet challenging given budgetary and
logistical limitations. Non-invasive, rapid assessment sampling techniques may reduce costs and
effort while increasing species detection efficiencies. I used an intrinsic potential (IP) habitat
model to identify high quality Chinook Salmon Oncorhynchus tshawytscha rearing habitats and
select sites to sample throughout the Chena River basin for juvenile occupancy using
environmental DNA (eDNA) and distribution within tributaries using snorkel surveys. Water
samples were collected from 75 tributary sites in 2014 and 2015. The presence of Chinook
Salmon DNA in water samples was assessed using a quantitative polymerase chain reaction
(qPCR) assay targeting that species. Snorkel surveys were conducted and physical habitat was
measured for a subset of tributaries examined with the eDNA approach. Juvenile salmon were
counted within 50 m reaches starting at the tributary confluence and continuing upstream until no
juvenile salmon were observed. The IP model predicted over 900 stream km in the basin to
support high quality (IP > 0.75) rearing habitat. Occupancy estimation based on eDNA samples
indicated that 80.2% (+ 4.3 SE) of previously unsampled sites classified as high IP and 56.4% of
previously unsampled sites classified as low IP were occupied. The probability of detection of
Chinook Salmon DNA from three replicate water samples was high (0.76 + 1.9 SE) but varied
with drainage area. A power analysis indicated power to detect proportional changes in
occupancy based on parameter values estimated from eDNA occupancy models. Results of
snorkel surveys showed that the upper extent of juvenile Chinook Salmon within tributaries was
from 200 to 1,350 m upstream of tributary confluences. Occurrence estimates based on eDNA

and snorkel surveys generally agreed, but care should be taken to ensure that little temporal gap

il



exists between samples as juvenile salmon use of tributary habitats is likely often intermittent.
Overall, the combination of IP habitat modeling, occupancy estimation based on eDNA, and
snorkel surveys provided a useful, rapid-assessment method to predict and subsequently quantify
the distribution of juvenile salmon in previously unsampled tributary habitats. These methods
will provide tools for managers to rapidly and efficiently map critical rearing habitats and
prioritize sampling efforts to expand the known distribution of juvenile salmon in interior Alaska

streams.
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Introduction

Characterizing the distribution of fish species through time and across space is challenging,
owing to variation in scale, life history, and logistics, and may be compounded by use of traditional
sampling techniques that require large effort and have variable effectiveness (Hayes et al. 2012;
Hubert et al. 2012; Comte and Grenouillet 2013). Distributions of anadromous species are
particularly difficult because different life stages are often present in habitats for only a limited time.
Newly developed rapid assessment methods may increase detectability when quantifying fish
distributions, particularly for threatened or elusive species, and will be important to help identify
critical habitats, which is important given anthropomorphic and climate change impacts (Dudgeon et
al. 2006; Dawson et al. 2011; Baird and Hajibabaei 2012). However, development and application of
such distributional rapid assessment methods, particularly in remote areas of interior Alaska, has
not been implemented.

Historically, the Chena River has supported the second largest spawning population of
Chinook Salmon in the U.S. portion of the Yukon River drainage, but recently returning adult
abundance has declined (Eiler et al. 2006). An expert panel hypothesized changes to, or lack of, high
quality rearing habitat that is conducive to growth and survival of juvenile Chinook Salmon as a
potential driver of adult declines (Schindler et al. 2013). This offers a unique opportunity to both
evaluate the utility of three types of rapid assessment methods to estimate quality rearing habitat and
to better understand juvenile Chinook Salmon ecology and habitat use in the Chena River, Alaska.

Geographical information system (GIS)-based predictive models are useful tools to delineate
the distribution of organisms across broad spatial extents. Derivation of digital maps of habitat from
a digital elevation model (DEM) can allow for estimation of fish habitat potential and species
distributions with minimal impacts to species (Agrawal et al. 2005; Burnett et al. 2007; Sheer et al.

2009; Bidlack et al. 2014). Such habitat potential models are based on suitability curves developed
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using reach-scale relationships between fish presence or abundance and habitat characteristics. The
model then pairs river geomorphic characteristics and suitability curves and assigns a continuous
score from O to 1 (Burnett et al. 2007). The resulting score is indicative of rearing potential in the
section of river and can be used to prioritize further sampling. Such models could be applied to a
rapid assessment framework to identify potential critical habitats or focus sampling effort.

Environmental DNA (eDNA) assays are a rapid, non-invasive method to quickly assess
presence/absence of organisms based on the detection of DNA molecules in environmental samples
(Goldberg et al. 2011; Bohmann et al. 2014). In aquatic eDNA studies, DNA is extracted from
filtered water samples. The isolated DNA can then be used in species-specific assays where gene
sequences are targeted for detection and used to estimate presence of a species. This approach is
particularly useful for endangered and elusive species for which traditional methods may be less
effective (Goldberg et al. 2011). Environmental DNA likely derives from sloughing of skin and
mucus, or excrement from cell shedding in the lining of the gut (Ficetola et al. 2008; Klymus et al.
2015). Although species-specific molecular assays required to detect aquatic organisms based on
eDNA take some effort to develop, once optimized they provide a tool for detecting presence in
other locations without having to be redeveloped (Laramie et al. 2015). Distribution data based on
eDNA surveys can be used to corroborate model predictions or direct observations, or used as a
“first pass” method to determine the presence of juvenile Chinook Salmon in a tributary watershed
and prioritize more intensive sampling, all as part of a rapid assessment.

A direct-observation, aquatic bioassessment technique can be an additional useful tool for
delineating distributions. For example, snorkeling offers a rapid, inexpensive, and non-invasive
method to survey presence and abundance of fishes across expansive ranges in clear water systems
(Armour et al. 1983; Thurow 1994; O’Neal 2007) because it does not require extensive equipment

and can easily be used in remote locations. Additionally, snorkeling can be used in locations where
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traditional techniques such as nets, traps, or electrofishing are unfeasible and with less effort and
cost than capture-recapture or removal methods because it does not require handling potentially
sensitive species. Moreover, both methods (eDNA and snorkeling) can be used to develop suitability
curves for a region- or basin-specific habitat potential model.

The overall goal for this project was to develop and test the utility of a rapid assessment
approach that combines a GIS-based habitat potential model, environmental DNA sampling, and
snorkel surveys to delineate the distribution of juvenile Chinook Salmon rearing habitats in the
Chena River basin, Alaska. Specific objectives were to (1) develop an intrinsic potential habitat
model from the literature to predict the distribution of Chinook Salmon rearing habitats and aid with
sample site prioritization for the Chena River, (2) use environmental DNA to assess
presence/absence of juvenile Chinook Salmon among selected tributary habitats identified from
objective 1, and (3) determine the spatial distribution of rearing juvenile Chinook Salmon within
selected tributaries of the Chena River via snorkeling surveys. These methods will provide tools for
managers to rapidly and efficiently map critical habitats and prioritize sampling efforts to expand

the known distribution of juvenile salmon in interior Alaska streams.
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Chapter 1: A Rapid Assessment Method to Estimate the Distribution of Juvenile
Chinook Salmon (Oncorhynchus tshawytsha) in an Interior Alaska River Basin'

ABSTRACT

Identification and protection of water bodies used by anadromous species in Alaska are
critical in light of increasing threats to fish populations, yet challenging given budgetary and
logistical limitations. Non-invasive, rapid assessment sampling techniques may reduce costs and
effort while increasing species detection efficiencies. [ used an intrinsic potential (IP) habitat
model to identify high quality Chinook Salmon Oncorhynchus tshawytscha rearing habitats and
select sites to sample throughout the Chena River basin for juvenile occupancy using
environmental DNA (eDNA) and distribution within tributaries using snorkel surveys. Water
samples were collected from 75 tributary sites in 2014 and 2015. The presence of Chinook
Salmon DNA in water samples was assessed using a quantitative polymerase chain reaction
(qPCR) assay targeting that species. Snorkel surveys were conducted and physical habitat was
measured for a subset of tributaries examined with the eDNA approach. Juvenile salmon were
counted within 50 m reaches starting at the tributary confluence and continuing upstream until no
juvenile salmon were observed. The IP model predicted over 900 stream km in the basin to
support high quality (IP > 0.75) rearing habitat. Occupancy estimation based on eDNA samples
indicated that 80.2% (+ 4.3 SE) of previously unsampled sites classified as high IP and 56.4% of
previously unsampled sites classified as low IP were occupied. The probability of detection of
Chinook Salmon DNA from three replicate water samples was high (0.76 + 1.9 SE) but varied

with drainage area. A power analysis indicated power to detect proportional changes in

"Matter, A. N., J. A. Falke, J. A. Lopez and J. W. Savereide. A rapid assessment method to estimate the distribution
of juvenile Chinook Salmon (Oncorhynchus tshawytscha) in an interior Alaska river basin. Formatted for the North
American Journal of Fisheries Management.



occupancy based on parameter values estimated from eDNA occupancy models. Results of
snorkel surveys showed that the upper extent of juvenile Chinook Salmon within tributaries was
from 200 to 1,350 m upstream of tributary confluences. Occurrence estimates based on eDNA
and snorkel surveys generally agreed, but care should be taken to ensure that little temporal gap
exists between samples as juvenile salmon use of tributary habitats is likely often intermittent.
Overall, the combination of IP habitat modeling, occupancy estimation based on eDNA, and
snorkel surveys provided a useful, rapid-assessment method to predict and subsequently quantify
the distribution of juvenile salmon in previously unsampled tributary habitats. These methods
will provide tools for managers to rapidly and efficiently map critical rearing habitats and
prioritize sampling efforts to expand the known distribution of juvenile salmon in interior Alaska

streams.

INTRODUCTION

Identifying and quantifying distributions of fish through time and across space is
challenging, particularly when scale, life histories, ontogeny, and budgetary restrictions are
considered (Franklin 2010; Comte and Grenouillet 2013), yet such activities are increasingly
important given anthropomorphic impacts and recent and future climate change (Dudgeon et al.
2006; Dawson et al. 2011). However, use of traditional active fish capture techniques such as
seining or electrofishing to quantify fish species distributions can be labor intensive and costly,
and their effectiveness may vary across life stages (Hayes et al. 2012; Hubert et al. 2012).
Moreover, these methods may be inappropriate for imperiled or sensitive species, especially if
increased handling stress or mortality is an issue (Jerde et al. 2011). As a result, rapid
assessment methods are needed that can address the challenges of using traditional methods to

quantify distributions.



Mapping the distribution of anadromous species in freshwater ecosystems may add an
additional element of difficulty because these species are often only present in habitats for a
limited amount of time, depending on life stage. The Alaska Department of Fish and Game
(ADFG) maintains a catalog that designates important aquatic pathways and habitats for various
life stages of anadromous fishes in Alaska (Anadromous Waters Catalog [AWC]; State of Alaska
2016). It is estimated that more than 20,000 rivers or lakes with the potential to support
anadromous species remain undesignated by the AWC owing to lack of sampling and logistical
challenges in this remote Arctic environment (State of Alaska 2016). The case of the AWC
highlights challenges inherent to mapping fish distributions, especially in Alaska.

Newly developed rapid assessment methods may increase efficacy when quantifying fish
distributions, particularly for threatened or elusive species, and will be important to help identify
critical habitats in a changing environment (Dawson et al. 2011; Baird and Hajibabaei 2012).
Such methods have been used to successfully satisfy a variety of objectives in aquatic research
and monitoring, including classification of physical habitat characteristics (Nadeau et al. 2015),
assessment of aquatic toxicity (Bulich et al. 1981), and management of invasive species (Leung
et al. 2005). Rapid aquatic bioassessment techniques can reduce cost and effort while increasing
detectability (i.e., the probability of observing an individual, given its presence) while being non-
invasive, which is important for sensitive species (Jerde et al. 2011). However, if not accounted
for, imperfect detection can bias estimates of habitat use, relative abundance, and the effects of
predictor variables in models of fish-habitat relationships (Tyre et al. 2003).

Predictive models developed in a geographical information system (GIS) framework are
useful tools to predict the spatial distribution of fish and their habitats while minimizing impacts

on sensitive species, logistical challenges resulting from limited site access, and imperfect



detection. Such models allow for estimation of fish habitat potential, delineate species
distributions, or guide restoration efforts without laborious, on-the-ground sampling, provided the
necessary spatial data (e.g., digital elevation models; DEM) are available with which to
parameterize models (Burnett et al. 2007). Effort and costs required are minimal, but such
models can produce continuous estimates of habitat potential at relatively fine spatial scales (e.g.,
50-100 m stream reaches). One such approach, termed intrinsic habitat potential, has been used
to predict Coho Salmon (Oncorhynchus kisutch) and Steelhead (O. mykiss) rearing habitat
potential in Northern Oregon river systems (Agrawal et al. 2005;Burnett et al. 2007), and
Chinook Salmon (O. tshawytscha) rearing potential in the Columbia and Copper River basins
(Agrawal et al. 2005; Sheer et al. 2009, Bidlack et al. 2014). However, in regions such as Alaska
where spatial data are lacking, implementation of habitat potential models remains challenging,
and to date such models are rarely implemented (see Bidlack et al. 2014).

Environmental DNA (eDNA) assays are a rapid, non-invasive method to quickly assess
presence/absence of aquatic organisms and is particularly useful for detecting endangered,
invasive, and elusive species in stream systems (Goldberg et al. 2011; Bohmann et al. 2014). It is
believed that target DNA originates from sloughing of cells and tissues (Ficetola et al. 2008).
Species-specific DNA can be detected in a number of materials including water, feces, and
sediment. However, detection can be influenced by the amount of DNA in the system (e.g.,
density, dilution, diffusion, etc.), as well as factors that affect its viability such as water
temperature and sun exposure (Bohmann et al. 2014; Merkes et al. 2014). In eDNA assays
designed to detect a particular species, the pool of DNA in an environmental sample is isolated

and used in species-specific PCR-based copying of short mitochondrial DNA sequences. The
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production of PCR products indicates presence of target species (Goldberg et al. 2011; Jerde et
al. 2011).

Development, validation, and optimization of species-specific eDNA assays can be
laborious and consume substantial resources. However, once an assay is validated and optimized,
it is relatively inexpensive to implement particularly with larger sample sizes. To date, most
aquatic eDNA research has focused on methodological issues, but increasing effort has been
given to monitor species distributions and community composition (Bronnenhuber and Wilson
2013; Takahara et al. 2013) using eDNA for a number of fishes including Bighead
(Hypophthalmichthys nobilis), Silver (H. molitrix), and Common Carp (Cyprinus carpio,
Klymus et al. 2015; Barnes et al. 2014; Takahara et al. 2012, 2015; Turner et al. 2015; Jerde et
al. 2011; Merkes et al. 2014; Mahon et al. 2013), Brook Trout (Salvelinus fontinalis; Wilcox et
al. 2013; Jane et al. 2015), Siberian Sturgeon (Acipenser baerii; Dejean et al. 2011), and
European Weather Loach (Misgurnus fossilis, Sigsgaard et al. 2015).

Observational sampling methods, such as snorkel surveys, offer additional rapid and non-
invasive method options to survey presence and abundance of fishes across expansive ranges in
clear-water systems (Armour et al.1983; Thurow 1994; O’Neal 2007). Snorkeling can be
employed in remote locations where use of nets, traps, or electrofishing is impracticable, and
with less effort and cost than capture-recapture or removal methods. However, direct
observation methods such as snorkel surveys are only useful if their results are accurate and
precise. For example, snorkel estimates may be biased owing to differences among observers,
water clarity, habitat complexity, or other factors (Hillman et al. 1992; Rosenberger and Dunham

2005).
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Our overall goal was to develop and test the efficacy of a rapid assessment approach that
combines GIS-based habitat potential modeling, eDNA sampling, and snorkel surveys to
delineate the distribution of juvenile Chinook Salmon rearing habitats in an interior Alaska river-
system. Our specific objectives were to (1) develop a predictive habitat model to continuously
estimate Chinook Salmon rearing habitats across an interior Alaska river basin, (2) use eDNA
and occupancy estimation to assess presence of juvenile Chinook Salmon in tributaries, and (3)
conduct snorkel surveys within these same tributaries to corroborate eDNA estimates and
delineate the spatial distributions (i.e, upstream extent) of juvenile salmon. Here we evaluate the
utility and accuracy of these methods to provide managers with an efficient and inexpensive
approach to identify and prioritize critical rearing habitats, which will lead to a better
understanding of juvenile salmon ecology and improve evaluation of population vital rates and
conservation status.

METHODS

Study area.— The Chena River (watershed area ~ 5,300 km?) is a clear-water tributary of
the Tanana River, located in the Yukon River basin near Fairbanks, Alaska (Figure 1.1). The
Chena River basin has five major tributaries that provide flow to the main stem (North, South,
West, and East Forks, and the Little Chena River), with stream length within the Chena River
network totaling approximately 2,300 stream-km. Stream flow in the Chena River basin
originates from precipitation, snowmelt, and groundwater (Bennett et al. 2015). The Chena River
hosts a diversity of aquatic habitats ranging from small- and medium-sized creeks with pool-
riffle-run complexes, to larger river habitats with large pools, and numerous sloughs, backwaters,
and interconnected ponds. These habitats support a relatively diverse fish assemblage including:

Arctic Lamprey (Lethenteron camtschaticum), Alaska Brook Lamprey (L. alaskense), Longnose
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Sucker (Catostomus catostomus), Slimy Sculpin (Cottus cognatus), Northern Pike (Esox lucius),
four species of whitefish, Inconnu (Stenodus leucichthys), Burbot (Lota lota), Lake Chub
(Couesius plumbeus), Arctic Grayling (Thymallus arcticus), Chum Salmon (Oncorhynchus keta),
Coho Salmon (O. nerka), and Chinook Salmon (O. tshawytscha; State of Alaska 2016).
Historically, the Chena River has supported one of the largest Chinook Salmon spawning
populations in the Yukon River basin but, similar to the rest of the basin, has recently seen
significant declines in adult returns (Eiler et al. 2006; ADF&G 2013; Schindler et al. 2013).
From 1986-2009, adult escapement averaged 6,400 fish, but for 2010-2013, estimates averaged
less than 2,000 individuals (Savereide and Huang 2014). The dominant life-history type of
Chinook Salmon in interior Alaska is the “stream-type life history” with juveniles spending a full
year rearing in freshwater before migrating to the ocean and 1 to 7 years at sea before returning
as mature adults to natal streams to spawn in late summer and fall (Healey 1991). Chinook
Salmon spawn predominately in the main stem of the Chena River from river km (rkm) 36 to
179 and to a lesser extent in the South Fork and Middle Fork tributaries (State of Alaska 2016;
Figure 1.1). Chinook Salmon embryos and alevins remain in the gravel until early spring when
fry emerge to initiate feeding. It is generally understood that fry disperse from redds via passive
or directed movements and enter rearing habitats to feed and grow (Copeland et al. 2014). In the
Chena River basin, juveniles are known to rear in main stem habitats, often in the presence of
accumulations of large woody debris (i.e., logjams; Perry 2012; Neuswanger et al. 2014; Wipfli
et al. 2014). However, evidence suggests that small tributaries (e.g., > 20 km? contributing area;
State of Alaska 2016) and main stem off-channel habitats (B. Huntsman, UAF unpublished data)

are also used extensively. Because there is incomplete information for the Chena River basin on
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the extent of small tributary use, we chose to focus on those areas, while expecting juveniles to
be present in tributaries with large woody debris (State of Alaska 2016; Neuswanger et al. 2014).

Juvenile Chinook Salmon habitat potential—We used an intrinsic potential (IP; Burnett
et al. 2007) approach to estimate the potential for high-quality juvenile Chinook Salmon rearing
habitat throughout the Chena River basin (including main stem and tributary habitats) and to
inform sample site selection for eDNA and snorkel surveys conducted in tributaries (see below).
Intrinsic potential is based on the relationship between juvenile Chinook Salmon habitat use and
relevant geomorphic and hydrologic stream attributes (e.g., gradient, valley confinement, mean
annual flow). These physical attributes were derived using a digital landscape model
parameterized for the Chena River basin (NetMap; Benda et al. 2007). The NetMap model
generates a synthetic digital stream network layer from a 5-m resolution digital elevation model
(DEM) based on flow accumulation and channel delineation algorithms (described in Clarke et
al. 2008). The result is a network of 50-200 m stream reaches linked to the surrounding
landscape and attributed with geomorphic characteristics (e.g., gradient, stream width, drainage
area, etc.).

We selected three attributes previously used for juvenile Chinook Salmon to build our IP
model (Sheer et al. 2009; Bidlack et al. 2014). The first was gradient (%, GRAD), which was
generated by Netmap based on the DEM and the synthetic stream network (Clarke et al. 2008).
Gradient can act as a physical barrier by creating high velocity reaches of river that would make
it difficult for juveniles to maintain position in the water column because of high energy
expenditure (Raleigh et al. 1986; Sheer et al. 2009). The second attribute was mean annual
discharge (m*-s”!, MAD). We considered this factor to be a proxy for stream size because

discharge typically increases with stream size (Clarke et al. 2008). Adult Chinook Salmon spawn
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in larger rivers in the presence of suitably sized substrate, and these habitats are often located in
close proximity to high quality juvenile rearing habitats (Falke et al. 2013). Moreover, large
streams with high discharge provide increased feeding opportunities for juvenile salmon via
mass transport of invertebrate food resources. In relatively unaltered systems such as those in
interior Alaska, large rivers contain complex habitats such as accumulations of large woody
debris, which form areas of low current velocities that serve as flow refugia (Neuswanger et al.
2015). The final attribute was valley constraint (ratio of bank full- to valley-width, VAL), a
measure of the extent to which the stream interacts with the floodplain (Burnett et al. 2007). In
relatively pristine environments, unconstrained reaches have high habitat complexity through the
presence of backwater and off-channel habitats and accumulation of large woody debris
(Montgomery and Buffington 1997, 1998).

Burnett et al. (2007) suggested that IP models should be developed using at least three
suitability curves constructed from empirical data and/or expert opinion. Suitability curves are a
measure of juvenile fish habitat use across a range of habitat conditions. They consist of index
scores (0-1) assigned across the range of habitat values independently for each geomorphic or
hydrologic attribute (Figure 1.2). Because index scores were not available for juvenile Chinook
Salmon in the Chena River, we synthesized three previously developed juvenile Chinook Salmon
IP models that included the Copper River, Alaska (Bidlack et al. 2014), and rivers in Northern
California and Oregon (Sheer et al. 2009). The curves for the aforementioned studies were
developed using empirical data and expert opinion. For each of the three models and attributes,

we averaged index scores across the range of provided values to produce the suitability curves
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used in this study. Then using our curves, we calculated IP scores for individual stream

reaches as follows:

IP = (GRAD x MAD x VAL)"? Eq. 1
where GRAD, MAD, and VAL are index scores derived from the respective suitability curves for
attribute values calculated for a particular reach. The IP scores were applied to stream reaches
throughout the Chena River basin using the Netmap extension (Benda et al. 2007) for ArcGIS
version 10.2.1 (ESRI2011),

Sample site selection.—We used IP scores in combination with available data on the
known rearing distribution of juvenile Chinook Salmon in the Chena River basin (State of
Alaska 2016) to select tributaries to sample for fish presence using eDNA and distribution based
on snorkel surveys. First, we divided the Chena River basin into 149 tributary catchments with
contributing areas > 20 km”. Next, we categorized each catchment as being within the known
distribution of juvenile Chinook Salmon in the Chena River basin or not based on the AWC.
Catchments outside of the known distribution were classified using results of the IP scoring as
those that contained high quality juvenile Chinook Salmon rearing habitat potential (IP > 0.75),
and those that did not. The high/low cutoff (0.75) has been used in previous studies (Bidlack et
al. 2014). Our schema resulted in three categories: low IP, high IP, and known rearing (AWC).
Ten catchments from each of the three categories were randomly selected to sample fish
presence and distribution during the 2014 and 2015 seasons.

Environmental DNA field methods.— Our field methods for eDNA collection followed
those of Pilliod et al. (2012). We elected to filter samples in the laboratory rather than the field to
reduce the risk of cross contamination between sites. Sample collection bottles were sterilized in

a 50% bleach solution, rinsed with deionized water, and allowed to dry prior to collection. Once
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