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Executive Summary

The lower Columbia River estuary is an important migratory corridor for threatened and
endangered out-migrating juvenile salmonids. The tidal freshwater portion of the estuary
provides nurseries for juvenile salmonids transitioning from freshwater to saltwater
environments. This study examined the spatial and temporal occurrence of juvenile
salmon in the tidal freshwater reaches of the lower Columbia River and characterized their
genetic stock, condition, contaminant exposure, and origin (hatchery produced [marked]
or presumed wild [unmarked]). Fish were sampled at 19 sites from 2008 to 2016. Chinook
salmon (Oncorhynchus tshawytscha) were the most abundant species in all reaches; coho
(O. kisutch), chum (0. keta), and sockeye salmon (0. nerka), and steelhead (0. mykiss) and
cutthroat trout (0. clarkii) were also observed. Unmarked Chinook salmon juveniles were
present throughout the year, while marked juveniles were present primarily from May
through July and in highest proportions in the middle and upper reaches. Chinook salmon
stocks from both the lower Columbia River and the interior Columbia River basin were
present, with interior Columbia River basin stocks most abundant in the upper reaches.
Chemical contaminant concentrations were generally lowest in salmon from the upper
reaches, upstream of urbanized areas of the estuary. Our results reveal seasonal and spatial
patterns in salmon habitat occurrence, provide baseline data for habitat restoration, and
comparisons against future changes in anthropogenic conditions and climate.
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Introduction

The Columbia River basin historically supported diverse and abundant populations of fish
and wildlife, and was one of the largest producers of Pacific salmon in the world. An estimated
8 to 16 million wild Pacific salmon migrated up the Columbia River system annually to spawn
in the mid-1870s (Netboy 1980, Cone 1995). The mid-1800s, however, also saw the beginning
of actions in the river such as dredging, diking, infill, urban and industrial development, and
the construction of the hydropower system that significantly reduced the quantity and quality
of off-channel and floodplain habitat available to fish and wildlife in the Columbia River
basin (Sherwood et al. 1990, Bottom et al. 2005b). Such actions also led to changes in river
flow, poor water quality, increased chemical contaminants, and the introduction of invasive
species altering food web dynamics (Bottom et al. 20053, Fresh et al. 2005, Hinck et al. 2006,
Maier and Simenstad 2009, Johnson et al. 2013). As a result, returns of wild fish have declined
to where Columbia River and Snake River populations of Chinook salmon (Oncorhynchus
tshawytscha), coho salmon (0. kisutch), and chum salmon (O. keta) are all currently listed as
threatened or endangered under the Endangered Species Act (ESA; Ford 2011).

The lower Columbia River estuary (LCRE) is a migration corridor for outmigrant juvenile
salmon with minimal rearing habitat (Bottom et al. 2005b). Recent studies have established
the importance of the saltwater portion of the estuary as critical habitat for juvenile Columbia
River Pacific salmon (e.g., Bottom et al. 2005b, Fresh et al. 2005, Roegner et al. 2012, Craig

et al. 2014, McNatt et al. 2016). The estuary provides various advantages to juvenile salmon
transitioning from freshwater to saltwater environments, including a productive feeding
area capable of sustaining increased growth rates, refugia from marine predators, and a
physiological transition zone where fish can gradually acclimate to saltwater (Simenstad et al.
1982, Thorpe 1994). Work by Sather et al. (2016) and Johnson et al. (2011) showed patterns of
juvenile salmonid habitat use in tidal freshwater areas of the lower Columbia River, suggesting
that this portion of the estuary may also provide valuable rearing habitat. However, earlier
studies were limited to reaches between river kilometers (RKM) 110-141 and 188-202. The
current study expands that earlier work with a comprehensive assessment of the occurrence
of juvenile salmon throughout the tidal freshwater portion of the LCRE, from RKM 36-230.

The data presented here are part of a long-term status and trends monitoring effort in

the LCRE by the Northwest Fisheries Science Center’s Ecosystem Monitoring Program
(EMP; Hanson et al. 2015, Sagar et al. 2015). The primary goal of this research program is to
characterize how juvenile salmonids utilize the shallow tidal freshwater wetland portion of
the LCRE. In this report, we describe seasonal and spatial patterns of salmonid assemblages
in emergent marsh habitats in the tidal freshwater wetlands of the lower Columbia River.
The specific questions addressed by our analyses include: 1) Does the occurrence of
salmonid species vary among reaches in the LCRE? and 2) Do juvenile Chinook salmon of
different origin (hatchery vs. naturally produced), genetic stock (ESU), size class, condition,
and chemical contaminant exposure differ spatially in the LCRE? Characterization of
multiple parameters is important because juvenile salmonids may use tidal freshwater
areas extensively as they migrate to saltwater and these data can guide management efforts
in the recovery of endangered salmonids in the LCRE.



Methods

Sampling Design

The LCRE is defined as all tidally influenced areas from the mouth of the Columbia River

at RKM 0, upstream into freshwater and to the tailrace of Bonneville Dam at RKM 234.

The LCRE can be divided into eight major hydrogeomorphic reaches, each with unique
characteristics and physical processes (Figure 1; Simenstad et al. 2011). Reach boundaries
are based on the Environmental Protection Agency’s (EPA) Level IV Ecoregions, which were
modified to include important parameters such as salinity intrusion, maximum tide level,
upstream extent of current reversal, geology, and major tributaries.

From 2008 to 2016, we sampled 19 sites across six of the eight hydrogeomorphic reaches

of the lower Columbia River. These sites ranged in location from the upper limit of the
saltwater influence area to the upper limit of the tidal influence area just below the
Bonneville Dam (Figure 1). We focused on minimally disturbed, tidally influenced emergent
wetland habitats (Sagar et al. 2015). Sites were present in all reaches except Reach D;

Reach F had only one site, and we excluded the marine-dominated Reach A.
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Figure 1. Sampling sites within hydrogeomorphic reaches (A-H) throughout the Lower Columbia
River Estuary. Map courtesy of K. Marcoe, Lower Columbia Estuary Partnership.



Each year, three to

four “status sites” in a
previously unsampled
reach were sampled
along with the long-term
“trend sites” that were
sampled for multiple
years (Table 1; see Sagar
et al. 2015 for a detailed
description of EMP
study design). From
2008 to 2010, monitoring
generally began in April
and continued monthly
through August or
September. Beginning
in 2011, the sampling
period was expanded

to include the fall and
winter months, typically
beginning in February
and extending through
December. Sampling was
generally not possible in
January because of the
time needed to renew
fish collection permits;
at other times it was
precluded by extremely
high or low water levels
(USGS 2020).

Fish were collected with a 37 x 2.4 m, 10-mm mesh Puget Sound beach seine (PSBS)

Table 1. Site coordinates (in decimal degrees), river kilometers,

distance from mainstem (m), and years sampled for 2008-16
sampling sites. RKM 0 is the mouth of the Columbia River;
RKM 234 is Bonneville Dam and the height of tidal influence
in the river. From 2008-10, sites were sampled from Apr-Sep;
from 2011-16, sites were sampled from Jan-Dec. Stars (x)
denote trend sites, which were sampled for multiple years.

Latitude  Longitude Years
Site Name Reach (°N) (‘W) RKM Sampled
* Secret River B 46.304400 123.690467 37 2011-13
* Welch Island B 45.783867 122.754850 53 2011-16
Ryan Island C 46.206600 123.414817 61 2009
Bradwood Slough C 46.203183  123.447733 62 2010
Jackson Island C 46.169417 123.350600 71 2010
* Whites Island C 46.159350 123.340133 72 2009-16
Wallace Island West C 46.140467 123.283100 77 2009
Lord/Walker Island C 46.137216  123.040278 99 2009
Burke Island E 45938867 122.789683 131 2011
Deer Island E 45926917 122.819683 132 2011
Goat Island E 45932317 122.815417 131 2011
* Campbell S]ough F 45.783867 122.754850 149 2008-16
Lemon Island G 45.590233 122.560917 180 2012
Washougal Wetland G 45.580917 122.039450 195 2012
Reed Island G 45.555217 122.297517 201 2012
Sand Island H 45.553350 122.211117 221 2008
* Franz Lake H 45.600583 122.103067 221 2008-09
2011-16
Pierce Island H 45.620967 122.010800 228 2008
Hardy Slough H 45.628217 122.012150 230 2008

Fish Collection Methods

deployed from a boat or on foot following the recommended guidelines for beach seining
in Puget Sound (PSEP 1990). During low water levels (depth of 0.5-1m), a modified PSBS
(7.5% 2.4 m, 10-mm mesh) was deployed on foot. Under extremely low water conditions
(depth <0.5m), a modified block net (MBN) utilizing the middle portion of the modified
PSBS was deployed across the channel or slough and a second, smaller pole-net (2 x 1.5m,

10-mm mesh) was used as a chase net to corral fish downstream and into the MBN.

Up to three seine sets were deployed at each site and sampling time (i.e., month), as site

conditions and sampling permit limits allowed. All fish in each set were identified to the

species level and counted, and up to 30 salmonids of each species were measured (to the
nearest mm) and weighed (to the nearest 0.1 g). Salmonids were examined for fin clips



and coded wire tags to determine the proportions of hatchery (marked) and unmarked
fish. While all marked fish are of hatchery origin, unmarked fish can include individuals of
both natural and hatchery origin. We recorded the coordinates of the sampling locations,
the time of sampling, and water temperature (boat onboard thermometer [depth >1 m] or
handheld thermometer [depth <1 m]), as well as estimating the area covered by the gear.

Up to 30 Chinook salmon were sacrificed and their fin clips collected at each site per
sampling month for genetic stock identification. Additionally, the individual whole bodies
(with stomach contents removed) were then collected for measurement of lipid content
and chemical contaminant concentrations. Each whole body was wrapped in precleaned
aluminum foil. Samples for lipid content and chemical analysis were held on dry ice during
transport and were stored frozen at -80°C until analyses were performed.

Catch Analyses

Different gear types were used to accommodate variable hydrological conditions at the
sampling sites. Gear efficiencies can be different across species and for different types of
habitats (Bayley and Herendeen 2000, Steele et al. 2006, Hahn et al. 2007). Gear efficiency
tests were not performed for this study; therefore, for calculation of fish species richness
and density, we used only the data from PSBS, the gear type which provided the greatest
amount of data. Data from other gear types were included in the chemical contaminants,
lipid contents, and genetic stock identification analyses.

For each set, the number of fish captured was determined, then standardized to the number
of fish captured per 1,000 m? (Roegner et al. 2009), to provide a measurement of fish density
similar to fish densities reported in other studies in the lower Columbia River (Bottom et al.
2008, Johnson et al. 2011, Sather et al. 2016).

Fish Sample Analyses

For all salmonid species, Fulton’s condition factor K (Fulton 1902, Ricker 1975) was
calculated as an indicator of fish health and fitness, using the formula

K = [weight (g) / (fork length (cm))?3] x 100. 0]

Chinook salmon were also classified by life stage as fry, fingerlings, or yearlings, following
the criteria of Dawley et al. (1986) and Fresh et al. (2005); fish less than 60 mm fork length
were classified as fry, 60-120 mm as fingerlings, and >120 mm as yearlings.



Lipid Determination and Chemical Contaminants
in Salmon Tissues

For lipid and chemical analyses, individual Chinook salmon whole bodies (with stomach
contents removed) were combined to produce composite samples consisting of three to
five fish each from the same site, sampling time, genetic stock, and origin (unmarked vs.
marked). The amount of total, nonvolatile, extractable lipid (reported as percent lipid) in
the body composites was determined by gravimetric analysis as described by Sloan et al.
(2014). Lipid classes were determined as described in Ylitalo et al. (2005), and the percent
triglycerides contributing to total percent lipid was evaluated. The percent triglycerides
provides a measure of the proportion of lipid that is available as an immediate energy
source (Torcher 2003, Arkoosh et al. 2011).

Composite body samples (with stomach contents removed) were extracted with
dichloromethane using an accelerated solvent extractor. Polar compounds were removed
using a gravity flow cleanup column containing alumina/silica, followed by removal of
lipids and other biogenic materials with size exclusion liquid chromatography. Samples
were analyzed by gas chromatography/mass spectrometry (GC/MS) for PCB and PBDE
congeners and for organochlorine (OC) pesticides (including DDTs, hexachlorocyclohexanes
[HCHs], chlordanes, aldrin, dieldrin, mirex, and endosulfan I as described in Sloan et

al. [2004, 2014]). To adjust for the influence of lipids on toxicity, body contaminant
concentrations were lipid-normalized. Lipid-normalized data were primarily used to
evaluate potential health effects of contaminants on juvenile salmon.

Genetic Stock Identification

Genetic stock identification (GSI) techniques (see Manel et al. 2005) were used to
investigate the origins of juvenile Chinook salmon, as described by Teel et al. (2009,

2014). The stock composition of juveniles was estimated with a regional microsatellite
DNA dataset (Seeb et al. 2007) that includes baseline data for spawning populations

from throughout the Columbia River basin (described in Teel et al. 2009). The overall
proportional stock composition was estimated with the GSI computer program ONCOR
(Kalinowski et al. 2007), which implemented the likelihood model of Rannala and Mountain
(1997). The same method was used to estimate the probability of origin of individual fish
for the following Columbia River Chinook salmon genetic stock groups (Seeb et al. 2007,
Teel et al. 2009): Deschutes River fall, West Cascades fall, West Cascades spring, Middle
and Upper Columbia spring, Spring Creek Group fall, Snake River fall, Snake River spring,
Upper Columbia River summer/fall, and Upper Willamette River spring. Also included was
a non-native Rogue River spring Chinook salmon stock (Southern Oregon Coast) that is
propagated and released in the lower Columbia River.



Statistical Methods

As described above, we were unable to sample all reaches uniformly by month or year.
Because of the unbalanced nature of the data, a complex statistical analysis accounting for the
influence of multiple factors on fish abundance measures (e.g., fish densities) was considered
inappropriate. Therefore, fish abundance data are presented primarily in a descriptive
manner (e.g., without explicitly including factors such as year x reach interactions).

Statistical comparisons were applied to other types of data. Analysis of variance and multiple
regression techniques were used to examine the effects of fish type (unmarked vs. marked)
and reach and month of capture on length, weight, condition factor, and tissue concentrations
of DDTs, PCBs, and PBDEs in Chinook salmon. Additionally, we compared tissue residue
values associated with toxicant injury (Meador et al. 2002, Beckvar et al. 2005, Arkoosh et
al. 2010, 2015). Differences among means were evaluated with the Tukey-Kramer Honestly
Significant Difference Test (Tukey-Kramer HSD). Chi-square analysis was used to compare
stock and size class composition by reach and month. Statistical analyses were conducted
with the JMP statistical package, with values considered significantly different at & = 0.05.



Results

Juvenile Salmon Occurrence

A) Chinook salmon

Chinook salmon were the most abundant salmon species found throughout our sampling
area, comprising 2.3% of the total fish catch (salmonids and nonsalmonids) collected
between 2008-16, and 82% of the salmonid catch (Figure 2). Nearly all of the Chinook
salmon caught in Reaches B, C, and E were unmarked, but in Reaches F-H, substantial
proportions of marked Chinook salmon were also present (Figure 2).

Both marked and unmarked Chinook salmon were present in the LCRE from February through
August, though marked Chinook salmon were rare in February and March, presumably due
to hatchery release timing (Figure 3). A small number of Chinook salmon were caught in
September and none were caught in October; but unmarked Chinook were observed again in
November and December in Reaches G and H (Figure 3). Density of Chinook salmon varied by
month for both marked and unmarked fish, with the highest mean density in May and June.

Higher densities of unmarked Chinook salmon were found in Reaches B, C, G, and H than
in Reaches E and F (Figure 4). Density of marked Chinook salmon tended to be higher in
Reaches F and G (Figure 4).
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Figure 2. Proportions of salmon species (and numbers of individuals) by hydrogeomorphic reach.
Samples were collected from 2008 to 2016.
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B) Coho salmon

Coho salmon, especially unmarked coho salmon, were generally less abundant than
Chinook salmon, with an average density over the sampling season of 1.6 unmarked fish and
1.3 marked fish per 1,000 m? Coho salmon made up 0.27% of the total fish catch collected
between 2008-16, and 5.9% of the salmonid catch. Coho salmon were seldom encountered
in Reaches B-F but the percentages were higher in Reaches G and H (including both
marked and unmarked coho salmon; Figure 2).

Unmarked coho salmon were observed more frequently than marked coho salmon (unmarked
coho salmon were not observed in March, September, or October, while marked coho salmon
were not observed in January, March, July, August, October, or November). The highest
densities of unmarked coho salmon were recorded in May and August (Figure 5), while the
highest density for marked coho salmon was observed in May (Figure 5). The highest densities
of both marked and unmarked coho salmon were found in Reaches G and H (Figure 6), with
unmarked coho salmon also present in notable numbers in Reaches B and C (Figure 6).
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C) Chum salmon

Chum salmon, all unmarked, made up 0.21% of the total fish assemblage collected from 2008-
16, and 7.6% of the salmonid catch. They were present in the LCRE at an average density of 2.7
fish per 1,000 m? (Tables 2 and 3). Chum salmon were found in all sampled reaches, but were
most abundant in Reach E (Table 2). They were found frequently from February through June,
with highest densities in April and May, but rarely seen during the rest of the year (Table 3).

Table 2. Chum salmon, cutthroat, rainbow trout/steelhead, and sockeye salmon density (expressed
as number of fish/1,000 m?) by hydrogeomorphic reach. Data are from sites sampled from
2008-16. n indicates the total number of sampling events.

Rainbow trout /
Reach n Chum Cutthroat Steelhead Sockeye
B 123 0.52+2.40 0.03+£0.37 0 0.04£0.39
C 199 1.18+5.10 0 0.10+£0.16 0.13+£1.78
E 17 61.70+251.58 0 0 0
F 120 0.16 £0.87 0.01£0.12 0 0.13+0.15
G 31 0.14+0.57 0.09+0.51 0.05+0.27 0.05+0.30
H 78 1.77+£9.73 0.05+0.41 0.14+0.72 0.60+0.50
Total 568 2.66+43.80 0.02+0.26 0.02+0.29 0.06+1.09
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Table 3. Chum salmon, cutthroat, rainbow trout/steelhead, and sockeye salmon density (expressed
as number of fish/1,000 m?) by sampling month. Data are from sites sampled from 2008 to 2016.
n indicates the total number of sampling events.

Rainbow trout /

Month n Chum Cutthroat Steelhead Sockeye
January 8 0 0 0 0
February 26 0.43+2.20 0 0.16+0.10 0
March 39 0.97 £2.87 0 0 0
April 80 3.98+11.04 0.10+0.53 0.11+0.57 0.06+0.50
May 67 16.82£126.78 0.06+0.49 0 0.48+3.11
June 73 0.23+1.96 0 0.03+0.27 0
July 97 0 0 0 0
August 75 0 0 0 0
September 35 0 0 0 0
October 13 0 0 0 0
November 31 0 0 0 0
December 24 0 0 0 0.07 £0.34

Total 568 2.66+43.79 0.02+0.26 0.20+0.29 0.07 £1.09

D) Sockeye salmon

Sockeye salmon, all unmarked, were found in all reaches except Reach E, but only in small
numbers (Table 2), making up a negligible proportion of the total fish catch, and only about
0.3% of the salmonid catch. Sockeye salmon density was very low (an average of 0.07 fish
per 1,000 m?) (Tables 2 and 3). They were found in April, May, and December (Table 3).

E) Trout species

Although rainbow trout/steelhead (Oncorhynchus mykiss), all unmarked, were observed
in Reaches C, G, and H (Table 2), they were rarely encountered, accounting for <0.1% of the
total salmonid catch. Overall steelhead density was low, averaging 0.03 fish per 1,000 m?
(Tables 2 and 3). Steelhead were captured in February, April, and June (Table 3).

Cutthroat trout (0. clarkii), also all unmarked, were observed in Reaches B, F, G, and H, but
only in very small numbers (Table 2), accounting for <0.01% of the total salmonid catch.
Cutthroat density was low, averaging 0.02 fish per 1,000 m? (Tables 2 and 3). Cutthroat trout
were captured in April and May (Table 3).

Chinook Salmon Genetic Stock of Origin

Of the ten Chinook salmon stock groups present in the Columbia River, eight were observed
in the tidal freshwater habitats sampled in this study. Those not identified were Snake River
spring and Middle and Upper Columbia spring Chinook salmon. Stock composition varied
temporally and spatially, as well as by marked vs. unmarked fish (Figures 7 and 8).
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A) Stock composition by reach

The genetic stock composition of unmarked Chinook salmon differed by reach (contingency
table and chi-square analyses, P < 0.01; Figure 7, top). In Reaches B through E, West Cascades
fall Chinook salmon were the predominant stock, accounting for 70-80% of Chinook salmon
analyzed from these reaches. In Reaches F and G, the predominant stocks were West Cascades
fall, Spring Creek Group fall, and Upper Columbia summer/fall, with each group accounting
for 25-30% of the Chinook salmon analyzed from these reaches. In Reach H, the major stocks
present were Spring Creek Group fall, Upper Columbia River summer/fall, and Snake River
fall. Other stocks identified included Deschutes River fall (present in all reaches except Reach
E), Willamette River spring (present in Reaches C, F, and G), West Cascades spring (present in
all reaches except Reach H), and Columbia Rogue River (present in Reaches B and F).

The stock composition of marked Chinook salmon (Figure 7, bottom) also differed by reach
(contingency table and chi-square analyses, P < 0.01). In Reaches B, C, and G, West Cascades
fall Chinook salmon were the predominant stock, while Spring Creek Group fall were more
common in Reaches E, F and H. Other stocks identified included Upper Columbia summer/fall
(present in all reaches), Snake River fall (present in Reach F), Willamette River spring (present
in Reaches C, E, E, and H), and West Cascades spring Chinook (present in Reaches B, C, F, and G).

B) Genetic stock composition by month

For both marked and unmarked Chinook salmon, stock composition varied by

sampling month (P < 0.01 for both groups; Figure 8). West Cascades fall Chinook salmon
predominated throughout most of the year. From February through May, primary unmarked
Chinook salmon stocks were West Cascades fall and Spring Creek fall (Figure 8, top). Upper
Columbia summer and fall Chinook salmon were present from February to August, peaking
in June. Unmarked Chinook salmon were not present in September or October, and only

a small number of fish were collected in November and December (identified as Upper
Willamette spring, West Cascades spring, or West Cascades fall).

Marked Chinook salmon were present primarily from April through August (Figure 8,
bottom). Spring Creek fall was the most abundant stock in April and May, while West Cascades
fall dominated catches in June through August. From April through July, other stocks,
including Snake River fall and West Cascades spring, were also present in small numbers. The
marked Chinook salmon collected in October and February were West Cascades fall.

Chinook Salmon Size and Condition Factor

Marked and unmarked Chinook salmon were sampled from 2008 to 2016 for size class
distributions, length, weight, and condition factor by month (Table 4). Due to the limited
numbers of other salmonids (coho salmon, chum salmon, sockeye salmon, and steelhead)
captured during our study, we did not assess their spatial or temporal patterns of length,
weight, or other measures of condition.
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Table 4. Chinook salmon mean * SD of length (mm), weight (g), Fulton’s condition factor (K), and
percent size class distribution by sampling month. n indicates number of fish from each reach.

%
Month n Length Weight K % fry fingerlings % yearlings
Unmarked Chinook salmon
February 81 402 0.5+0.2 0.81+0.17 100 0 0
March 128 42+ 4 0.6+0.2 0.78+0.15 100 0 0
April 491 469 1.1+1.3 091+0.22 93.5 6.5 0
May 750 57+11 22+14 1.04£0.19 65.3 34.7 0
June 579 62+10 2.7+1.5 1.05+0.14 47.7 52.3 0
July 176 7010 41+1.9 1.15+£0.13 17.6 82.3 0
August 11 769 51+1.8 1.12+£0.10 0 100 0
September 1 99 9.3 0.96 0 100 0
October 0 — — — — — —
November 4 105+16 11.0+4.2 0.94 +0.09 0 75 25
December 26 105+12 11.1+£3.3 0.93+0.07 0 92.3 7.7
Marked Chinook salmon
February 1 108 12.6 1.00 0 100 0
March 4 168+ 19 40.1+144 0.81+0.06 0 0 100
April 58 8726 9.1+114 0.99+0.17 1.7 86.2 12.1
May 281 83+14 6.4+5.0 1.02+0.08 0.4 95.4 4.3
June 118 79+9 53+1.8 1.05+0.15 0.8 99.2 0
July 83 81+8 6.1+2.1 1.11£0.10 0 100 0
August 19 878 6.4+2.4 1.07£0.11 0 100 0
September 0 — — — — — —
October 0 — — — — — —
November 0 — — — — — —
December 0 — — — — — —

For unmarked Chinook salmon, fork length of individual fish ranged from 30 to 127 mm, and
weight from 0.2 to 18.2 g, with fry and fingerlings being the most abundant size classes. Size
class distribution varied with sampling month, with fry early in the sampling season and
fingerlings becoming more abundant by June or July. A small number of yearlings were collected
in November and December. Both length and weight increased over the sampling season. Fish
condition (K) also varied with sampling month, ranging from a low of 0.81 in February and
March to a high of 1.15 in July, and declining to 0.93-0.94 in November and December.

Marked Chinook salmon were primarily fingerlings, though some fry and yearlings were
also caught. Size class distribution of marked Chinook salmon varied with sampling

month: yearlings in the spring, and fingerlings as the season progressed. The fork length

of individual fish ranged from 51 to 187 mm, and weight from 1.3 to 5.6 g. Both length and
weight varied by month, with highest mean lengths and weights in February and March
when yearlings were present. Fish condition (K) also varied with sampling month, with low
average values in March and April and higher values in July and August.
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Table 5. Chinook salmon mean # SD of length (mm), weight (g), Fulton’s condition factor (K), and
percent size class distribution by sampling reach. n indicates number of fish from each reach.

%
Reach n Length Weight K % fry fingerlings % yearlings

Unmarked Chinook salmon

B 611 53+13 1.8+x1.6 0.95+0.20 73.6 26.4 0

C 980 57+11 2.2+1.5 1.02+£0.18 62.4 37.6 0

E 56 56+11 20+1.4 0.98+0.22 73.2 26.8 0

F 216 66+ 14 3.6+2.4 1.10+£0.18 33.8 66.2 0

G 181 6024 3.2%£4.0 0.94+£0.17 68.0 30.4 1.6

H 203 50+11 1.5+1.2 1.00+£0.19 82.3 17.7 0
Marked Chinook salmon

B 34 87+31 9.6 +13.1 1.08+0.23 0 88.2 11.8

C 61 82+14 6.5+6.5 1.08+0.13 0 98.4 1.6

E 22 804 4.4+0.5 1.01+£0.15 0 100 0

F 255 83+9 59+24 1.02+0.12 0 98.8 1.2

G 121 8116 6.3+5.7 1.05+0.11 2.5 95.0 2.5

H 71 90 + 24 9.9+9.7 1.00+0.15 0.5 95.4 4.1

Chinook salmon size class distributions, length, weight, and K for marked and unmarked
Chinook salmon by hydrogeomorphic reach are shown in Table 5. Fish from Reach F tended
to be larger and heavier, and fish from Reach G smaller and lighter than other reaches.

In the case of K, higher values were found in fish from Reaches F and H than in the other
reaches, and the lowest values in Reach G. Size class distribution also varied by reach, with
fingerlings making up a higher proportion of Chinook salmon catches in Reach F than in
other reaches. For marked fish, the largest and heaviest fish were in Reach H; however,
condition factor, K, did not vary greatly among reaches. Size class distribution also varied by
reach, with yearlings most predominant in Reaches B and H.

Chinook Salmon Lipid and Triglyceride Content

Body lipid content (% lipid) and percentage of lipids occurring as triglycerides (% triglyceride)
were analyzed from Chinook salmon collected from the sampling sites between 2008

and 2015. Overall, neither % lipid nor % triglyceride were different between marked and
unmarked Chinook salmon (P > 0.05; Figure 9). In unmarked Chinook salmon, % lipid
varied by sampling month (P < 0.01), with lowest values in February and March and highest
values in May (Figure 9, top). Percent triglyceride also varied by sampling month (P < 0.01;
Figure 9, bottom), with the lowest values in February and March and the highest values

in August. In marked Chinook salmon, sampling month had an influence on lipid content
(P<0.01), with mean lipid content significantly higher in April than in other months, and
lowest in August (Figure 9, top). Percent triglyceride also varied by month, with lower
values in fish collected in August compared to other months (P < 0.05; Figure 9, bottom).
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Figure 9. (top) Percent body lipid content and (bottom) % triglyceride of marked (black bars) and
unmarked (white bars) juvenile Chinook salmon from sampling sites, by sampling month.
Sample sizes are in parentheses. Data are from juvenile Chinook salmon collected at the
sampling sites from 2008-15. Differences for unmarked fish are shown in capital letters;
differences for marked fish are shown in lower-case letters (ANOVA, Tukey—Kramer HSD,
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With sampling month taken into account, both lipid content (P < 0.01) and % triglyceride
(P <0.01) varied significantly by reach in unmarked Chinook salmon (Figure 10). Lipid
content in samples from Reach F were higher than in those from Reaches E and G, while
% triglyceride was higher in samples from Reach F than in samples from Reaches B, C, E,
and G. In contrast, neither % lipid nor % triglyceride varied by reach in marked Chinook
salmon once sampling month had been taken into account (P > 0.05; Figure 10).
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Figure 10. (top) Percent body lipid content and (bottom) % triglyceride of marked (black bars) and
unmarked (white bars) juvenile Chinook salmon from the sampling sites, by hydrogeomorphic
reach, 2008-15. Sample sizes are in parentheses. Differences for unmarked fish are shown
in capital letters (ANOVA, Tukey-Kramer HSD, P < 0.05), after adjusting for the influence of
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Contaminants in Chinook Salmon

Overall, lipid-normalized concentrations of DDTs and PCBs did not differ between marked
and unmarked Chinook salmon (P> 0.05; Figure 11, top and middle); however, PBDEs (ng/g
lipid) varied by marked vs. unmarked status (P < 0.05; Figure 11, bottom). The mean PBDE
concentration in unmarked fish was approximately double the mean value in marked fish.
Concentrations of PCBs, DDTs, and PBDEs in Chinook salmon did not vary significantly
based on month of capture (P> 0.05).

Among reaches, lipid-normalized concentrations of DDTs in marked fish (Figure 11,

top) were highest in Reach E and lowest in Reach H, but did not vary across reaches for
unmarked fish (P> 0.05). Lipid-adjusted concentrations of PCBs (Figure 11, middle) varied
by reach in both marked and unmarked fish (P < 0.05). In marked fish, concentrations
were highest in Reach E and lowest in Reach H, while in unmarked fish they were highest
in Reach G and lowest in Reach H. Concentrations of PBDEs (Figure 11, bottom) also varied
significantly by reach in both marked and unmarked fish (P < 0.01). In both marked and
unmarked fish, concentrations were highest in Reach E and lowest in Reach H.

Concentrations of organochlorine pesticides other than DDTs were very low in both marked
and unmarked salmon from all hydrogeomorphic reaches, typically <1 ng/g wet weight
(ww). Aldrin, mirex, endosulfan I, and HCHs were less than the lower limit of quantitation
(LOQ) in almost all samples analyzed. Mean concentrations of HCB ranged from 0.2 ng/g ww
in Reach H to 0.4 ng/g ww in Reach C; mean concentrations of dieldrin ranged from

0.04 ng/gww in Reach H to 0.2 ng/g ww in Reach E; and mean concentrations of chlordanes
ranged from 0.5ng/g ww in Reach H to 0.9 ng/g ww in Reach G.
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Discussion

The data presented in this study were collected as part of a long-term monitoring program that
began in 2005. The aim of the program was to assess the status and track trends in the overall
condition of the LCRE, with a particular focus on tidal freshwater juvenile salmon rearing
habitats. The intent was to describe baseline or reference conditions within the estuary, in sites
that were among the least-disturbed in the sampling areas. The synthesis of results presents
a detailed picture of the status of juvenile salmon ecology at some of the least-impacted
freshwater emergent wetland sites, from the various hydrogeomorphic reaches of the LCRE.

With the importance of the lower reaches of the estuary (Reaches A-C) as critical rearing
habitat for juvenile salmon clearly established in previous studies (Bottom et al. 2005b, 20053,
Fresh et al. 2005, Roegner et al. 2010, 2012), our findings show that tidal freshwater habitats
throughout the LCRE are also used for migration and rearing by several species of salmonids,
including spring and fall Chinook salmon, coho salmon, chum salmon, and, to a lesser extent,
sockeye salmon and steelhead. We observed distinct patterns of salmon occurrence and
condition by hydrogeomorphic reach, as well as by season. For Chinook and coho salmon, we
also observed differences between marked and unmarked fish, consistent with the assumption
that unmarked fish are more representative of natural populations. It was estimated that in
2015, 90% of hatchery-origin lower Columbia River fall Chinook were marked (NMFS 2015), so
it is likely many of the unmarked Chinook salmon we sampled are in fact of natural origin.

Seasonal Patterns of Salmon Occurrence

Of the salmon species we encountered, Chinook salmon were the most widely distributed
and abundant, followed by coho and chum salmon. Sockeye salmon and steelhead were
observed in low numbers. Each of these salmon species showed distinct seasonal patterns
of occurrence. We caught chum salmon almost exclusively in April and early May, consistent
with their expected outmigration (Myers 1982, Salo 1991, Johnson et al. 1997), and supported
by recent reports on chum salmon occurrence in the lower Columbia River and estuary
(Roegner et al. 2008, Johnson et al. 2011). Sockeye salmon were also most frequently present
in March and May, and steelhead most consistently present from April through June. These
sockeye salmon and steelhead patterns of seasonal occurrence were similar to other reports
from the region (Dawley et al. 1986, Burgner 1991, Gustafson et al. 1997, Quinn 2005).

For Chinook and coho salmon, both marked and unmarked fish were observed, and the
two groups had different seasonal patterns of occurrence. For both marked and unmarked
Chinook salmon, densities were highest in May and June, but unmarked Chinook salmon
were present throughout the sampling season, whereas marked Chinook salmon were
found only from April through August. Similarly, smaller unmarked coho salmon, likely
subyearlings (Johnson et al. 1997), were present throughout the sampling season. Larger
unmarked, as well as marked, coho salmon were most abundant in May, the established
time for coho salmon smolt migration in the Columbia River (Weitkamp et al. 1995). Times
when marked Chinook and coho salmon were present coincided with hatchery releases
(Columbia River DART' 2012), consistent with reports by others (Bottom et al. 2008,
Roegner et al. 2008, Johnson et al. 2011, Sather et al. 2016).

Thttp://www.cbr.washington.edu/dart/hatch.html
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Seasonal patterns were also evident in Chinook salmon stock composition. Among unmarked
Chinook salmon, Lower Columbia ESU stocks (West Cascades fall and Spring Creek fall) were
generally predominant, but as the season progressed through summer, the Interior Columbia
stocks (Upper Columbia summer/fall, Snake River fall, Deschutes fall) increased while Spring
Creek fall declined. The increased proportion of interior stocks later in the season may reflect
the extended migration these stocks must undertake to reach the lower Columbia River and
estuary. In late fall and winter, spring Chinook salmon stocks (West Cascades spring and
Upper Willamette River spring) were more predominant, likely representing spring Chinook
salmon overwintering prior to their migration in early spring. Among the marked Chinook
salmon, West Cascades fall and Spring Creek fall were the predominant stocks, with Spring
Creek fall dominating in April and May and West Cascades fall more prevalent as the season
progressed. Other studies report temporal patterns in stock composition in the LCRE similar
to those we observed (Johnson et al. 2011, Teel et al. 2014, Sather et al. 2016).

Unmarked Chinook salmon were present in a diverse range of size classes (Fresh et al.
2005), including fry (<60 mm) and fingerlings or subyearling smolts (60-100 mm), as well
as a small number of larger yearling-size fish (>120 mm). These larger fish were observed
in November and December, presumably overwintering prior to migration in the spring.
The diversity of life history strategies in unmarked juvenile Chinook salmon has also been
reported by Bottom et al. (2005a, 2008) and Roegner et al. (2008, 2010) in the saltwater
portion of the estuary, and by Sather et al. (2009, 2016) and Johnson et al. (2011) at tidal
freshwater sites. Further, both length and weight increased in unmarked fish as the sampling
season progressed, consistent with feeding and rearing in the estuary. In contrast to the
unmarked Chinook salmon, marked Chinook salmon were generally within the fingerling
size range, and showed only modest increases in size over the sampling season similar

to observations by Bottom et al. 2008 and Johnson et al. 2011. An exception to this were a
small number of larger marked yearlings encountered, coinciding with hatchery releases
of this life stage (Columbia River DART). This size pattern in marked fish is consistent with
relatively rapid migration through the estuary following their hatchery release.

Spatial Patterns of Salmon Occurrence

Our study showed distinctive patterns in salmon species occurrence among reaches, which
might reflect the relative importance of the habitats that characterize those reaches. Chinook
salmon were the dominant salmon species in all reaches except Reach H, where a fair number
of coho salmon were also present. However, Chinook salmon densities varied from reach to
reach, with peak densities of unmarked Chinook salmon ranging from 23 fish per 1,000 m?in
Reach F to 160 fish per 1,000 m?in Reach G. These ranges are very similar to those observed
by others. For example, Johnson et al. (2011) reported peak seasonal densities for unmarked
Chinook in the 50 to 250 fish per 1,000 m?range in the Sandy River Delta (Reach G), whereas
at tidal wetland sites in Reaches B-C, Bottom et al. (2008) reported seasonal peak densities
for subyearling Chinook salmon ranging from <10 to 170 fish per 1,000 m? In the Salmon River
and Oregon Coast estuaries, the reported range for peak seasonal juvenile Chinook salmon
densities is 20 to 110 fish per 1,000 m? (Cornwell et al. 2001, Bottom et al. 2005a).
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Densities of unmarked Chinook salmon were especially high in Reaches B and C, and relatively
high in Reaches E and G, suggesting that these may be important areas for natural production.
Reaches B and C, which were sampled most often and showed this trend most consistently,
had fewer piscivorous predators and non-native species, as well as slightly lower summer
water temperatures than other reaches (Hanson et al. 2015, Sagar et al. 2015). Both factors
could make these reaches more favorable habitat for juvenile salmon. The highest densities
of marked hatchery Chinook salmon were found in Reaches E-G. There are several hatcheries
releasing Chinook salmon in these areas, including Spring Creek, Little White Salmon, and
Cascade hatcheries in the Columbia Gorge, and Washougal and Bonneville hatcheries, which
could be a source of marked fish in Reaches G and H and possibly Reach F. Several hatcheries
are also located on the Lewis River near Reaches E and F (Columbia River DART 2012).

Chinook salmon from multiple stocks were documented in all of the sampled reaches.
While the majority of fish were Spring Creek Group fall and West Cascade fall, a significant
proportion of fish were from interior Columbia River stocks (i.e., Upper Columbia fall, Snake
River fall, and Deschutes River fall), and some Upper Willamette spring and West Cascades
spring were also present. The highest proportions of interior Columbia River stocks were
found in Reaches F-H, although they were also present in other reaches. Similarly, Johnson
et al. (2011) and Sather et al. (2016) found that in the Sandy River delta, located in Reach

H, Upper Columbia summer/fall and a variety of other stocks were present, in addition to
the common Spring Creek Group fall Chinook salmon. At our Reach C sites, genetic stock
composition was very similar to that reported by Bottom et al. (2008) for sites near the
mouth of the estuary, with West Cascades fall being the most prevalent.

In comparison to Chinook salmon, other salmon species were observed less consistently in
the emergent marsh habitats sampled, a finding supported by other researchers (Roegner
et al. 2008, Johnson et al. 2011, Sather et al. 2016). Coho salmon were found primarily in
Reaches G and H, where both unmarked and marked fish were present, and to a lesser
degree in Reach C, where only unmarked fish were observed. While it is uncertain why
higher numbers of coho salmon were found in these reaches, there are natural coho
populations in the Cowlitz and Lewis Rivers and in Mill, Abernathy, and Germany Creeks
that could be a source of fish in Reach C. In addition, natural populations in the upper
Columbia Gorge could be a source of fish observed in Reaches G and H (Good et al. 2005).
Several federal and state-run hatcheries that release coho salmon are located near Reaches
G and H (Columbia River DART), and are a likely source for marked coho salmon.

Chum salmon typically made up 1-5% of the salmonid catch, and were found at the highest
densities in Reaches C and H, which is consistent with the fact that the two extant spawning
populations of chum salmon are in the Columbia River Gorge and Grays River estuary (Good
et al. 2005). Columbia River Gorge subpopulations are found in Hamilton Creek and Hardy
Creek (Good et al. 2005), are in close proximity to the Reach H sampling sites. Sockeye
salmon and steelhead are in all tidal freshwater reaches of the LCRE with the exception of
Reach E, but only at very low densities. Steelhead density was highest in Reaches G and H,
while sockeye density was highest in Reach C.
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Indicators of Salmon Health and Fitness

Fish fitness data (condition factor, lipid content) collected for fall Chinook salmon were
generally within the normal range reported for subyearlings in all reaches (Barnam and
Baxter 1998, Biro et al. 2004). Overall, there was no significant difference in lipid content

or condition factor between marked and unmarked fish, though they did show somewhat
different spatial and seasonal patterns in condition factor and lipid and triglyceride content.

For both marked and unmarked fish, condition factor was low in February and March,
increased through spring and summer, and then declined again in fall and winter, as
expected with seasonal changes in temperature and prey availability. Roegner and Teel
(2014) observed a similar pattern of increasing condition from winter through summer
in Lower Columbia fall Chinook salmon fry, with increases coinciding with the spring
freshwater phytoplankton bloom in the lower Columbia River and estuary (Roegner et al.
2011) and the onset of the wetland plant growing season.

Although seasonal changes in condition were similar between marked and unmarked fish,
lipid and triglyceride content patterns were different. Lipid and triglyceride content were
measured only from April through August, and, during most of this time, levels in marked
fish were high relative to those of unmarked fish. For reasons that are unclear, unmarked
fish lipid and triglyceride levels remained high in August, but declined significantly in
marked fish. It is unlikely that these declines in marked fish were due to spatial or genetic
factors, as all marked and unmarked fish sampled in August were collected in Reach C and
were predominantly from the Lower Columbia ESU (i.e., West Cascades fall or Spring Creek
fall Chinook salmon). The decline in marked fish lipid content may be reflective of the stress
of outmigration, which typically takes place more rapidly in hatchery-origin fish, allowing
them less opportunity for use of nearshore habitats for feeding (Bottom et al. 2005). Such
declines in lipid content during outmigration are not uncommon in hatchery fish. For
example, in spring Chinook salmon released from Snake River basin hatcheries, Arkoosh et
al. (2011) observed a decline in lipid content from 3-5% to less than 1% during outmigration
from the hatcheries near Bonneville Dam. Simpson et al. (2009) noted that “the condition
of most hatchery salmonids has been shown to deteriorate after release, accompanied by
acute post-release mortality due to inability to recognize food, decreases in foraging time,
and poor feeding efficiency.” Marked fish might also be more sensitive than wild fish to

the higher water temperatures common in tidal freshwater habitats in August, and less
able to compensate for the increased metabolic demand by increasing food consumption
(Roegner and Teel 2014). Additionally, if the larger hatchery-origin fish were beginning to
undergo smoltification, this may account for their reduced lipid content, as this process

is energetically demanding (Sheridan 1989, Beckman et al. 2000). Other studies have

found indications of greater energy loss during outmigration, as measured by changes in
condition in larger hatchery-reared Chinook salmon migrating primarily through the main
channel than in smaller subyearlings that migrated more slowly and made more extensive
use of off-channel habitats (Connor et al. 2004, Hanson et al. 2012).
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In August, the decline in lipid and triglyceride content in marked fish was accompanied by
only a slight decline in condition factor. This discrepancy could be because the composite
samples included only a subset of the fish measured for length, weight, and condition factor,
although previous studies have shown that while condition index and lipid content are often
related, the indices are not always congruent (MacFarlane 2010, Schloesser and Fabrizio 2016).

Despite this sampling program being focused on relatively undisturbed areas, chemical
contaminant exposure was evident in Chinook salmon from a number of sites. Concentrations
of persistent organic pollutants (i.e., PCBs, DDTs, and PBDEs) in juvenile Chinook salmon
bodies were generally higher in fish from Reaches B though G than in those from Reach

H. This pattern of contaminant accumulation is reflective of high industrial and urban
development in Portland, Oregon, and Vancouver, Washington, which are adjacent to Reach G
and upstream of Reaches B-F. Sewage and industrial outfalls are also present in the vicinity
of St. Helens and Columbia City, Oregon, and Longview, Washington, potentially affecting
sites in Reaches B-E. The presence of PBDEs in Chinook salmon, which were found in the
highest concentration in Reaches C-E, indicates exposure to other wastewater compounds
with which PBDEs are typically associated, including pharmaceuticals and personal care
products (Morace 2012). The fact that some sections of the Columbia River or its tributaries in
these reaches are listed as impaired water bodies for bacteria (ODEQ 2012) provides further
evidence that these types of sewage-related chemicals are likely to be present.

Although contaminant concentrations at the study sites were generally low in comparison
to maximum levels found in fish from other areas in the lower Columbia River region (LCEP
2007, Sloan et al. 2010, Johnson et al. 2013), lipid-normalized concentrations of PCBs and
PBDEs in some samples from Reaches C, E, F, and G were above the estimated threshold

for toxicant-related injury (Meador et al. 2002, Arkoosh et al. 2010, 2015, O’'Neill et al. 2015).
For example, in 8% of the samples collected in Reach C, 31% of the samples collected in
Reach E, 13% of the samples collected in Reach F, and 14% of the samples collected in Reach
G, concentrations of PCBs were above the effect threshold of 2,400 ng/g lipid proposed

by Meador et al. (2002). For PBDEs, Arkoosh et al. (2010, 2015; see also O’Neill et al. 2015)
indicate that the risk of immune dysfunction in juvenile Chinook salmon increases at body
concentrations of 470 ng/g lipid, and the risk of alterations in thyroid function increases at
1,500 ng/g lipid. We found significant proportions of Chinook salmon samples that exceeded
these thresholds, with major differences among reaches. Overall, 48% of samples in the
study were above the immunosuppression threshold (54% of samples in Reach B, 77% in
Reach C, 77% in Reach E, 11% in Reach F, and 21% in Reach G). A smaller but still substantial
number of samples (5%) were at or above the level associated with thyroid dysfunction
(4% of samples in Reach C, 8 % in Reach E, and 2% in Reach F).
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Summary and Conclusions

Overall, our findings indicate that tidal freshwater emergent wetland habitats throughout
the lower Columbia River and estuary support a variety of salmon species, with especially
high densities of subyearling Chinook salmon. We also found that Chinook salmon stocks
from both the lower Columbia River and the interior Columbia River basin were present

in these areas, with the various reaches showing distinct patterns of salmon species and
stock occurrence. Both marked and unmarked Chinook salmon were found throughout

the Columbia River system, with the highest proportions of marked hatchery fish in the
middle and upper reaches. Marked and unmarked Chinook salmon were distinct in stock
composition, seasonal occurrence, and size distribution, in ways that were generally
consistent with hatchery vs. natural origin, though the sources of the unmarked fish are not
certain. Although the sampled sites were relatively undisturbed in comparison to other areas
of the LCRE, there were still anthropogenic influences such as diking and channelization,
hydropower impacts on river discharge volume and timing, and the presence of chemical
contaminants in juvenile Chinook salmon. These findings are generally consistent with other
studies that focused on specific reaches of the LCRE, and provide useful baseline information
for salmon habitat restoration in multiple reaches of the lower Columbia River and estuary.

'
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