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Abstract 
 In 2015, the Oregon Department of Fish and Wildlife and the Washington Department of Fish and 
Wildlife (WDFW) received a grant to expand on the research and monitoring of Eulachon in 
Washington and Oregon.   We focused on the establishment of a system to track coast-wide status 
and trends in abundance and distribution of the ESA listed southern Eulachon distinct population 
segment (DPS).  The primary objective was for WDFW to develop annual eulachon spawning stock 
biomass (SSB) estimates for the Columbia River population based on egg and larval production 
surveys.  We developed survey protocols that estimated egg and larvae density (n/m3) at a transect 
comprised of six sampling stations crossing the Columbia River just upstream of the estuary.  The 
transect was situated to capture of eggs and larvae produced from all Columbia River spawning areas 
(mainstem and tributaries) except for the Grays River.  Separate sampling stations were located on 
the Grays River.  We combined mean weekly egg and larvae densities with estimated river discharge 
(m3/s) to estimate the total number of eulachon eggs and larvae produced for specific time periods 
over five years of eulachon returns to the Columbia River.  We converted the estimates of total egg 
and larvae production into SSB using estimated relative fecundity, sex ratio, and fish weight.  We 
used bootstrapping on the Columbia River data to develop confidence limits for those estimates.  

Because the trend in the Columbia River SSB estimates should be interpreted relative to the rest of 
the Southern DPS, we also developed SSB estimates for two watersheds outside the Columbia Basin 
(the Naselle River and the Chehalis River). The SSB estimates for the Columbia River, Grays River, 
Naselle River, and Chehalis River were compared to Canadian DFO estimates for the Fraser River. 

The monitoring of the Chehalis River Eulachon also included the development of a relative 
abundance model using eDNA in conjunction with larvae density estimates, and the use of eDNA 
to assess upriver extent of spawning. This eDNA work in the Chehalis River complimented our 
temporal genetic analysis of the Columbia River run, in that both studies showed a potential for the 
larval outflow estimates to be biased slightly high due to Longfin Smelt larvae being present during 
the early part of the outmigration. Since these two species larvae share very similar morphology, 
the Longfin Smelt larvae are likely assumed to be Eulachon larvae by those counting larvae. 

In addition to the larval monitoring, we continued to collect samples of adult Eulachon to expand 
our knowledge about their length, weight, age, sex ratios, and fecundity (information needed to 
parameterize our SSB estimation model). Combining our SSB estimates with known Eulachon 
harvest, run estimates were developed for the Columbia River population. Those run estimates were 
allocated to broodyear tables based on year specific age composition and sex ratio data.  

We also worked on public outreach and education concerning Eulachon and their importance to the 
Pacific Northwest. 
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Introduction 
 

The National Marine Fisheries Service (NMFS) listed the southern distinct Population Segment 
(DPS) of Thaleichthys pacificus, also known as “Eulachon,” as threatened under the Endangered 
Species Act (ESA), effective May 17, 2010 (74 FR 13012; 50 CFR Part 223: 13012-13024; March 
18, 2010).  The southern DPS consists of all eulachon spawning south of the Dixon Entrance/ Nass 
River, BC. The Columbia River has been identified as one of the primary spawning rivers of the 
Southern DPS. For over a century, the status of the eulachon run to the Columbia River was 
measured by the number of pounds of fish landed during commercial fisheries.  Larval sampling in 
the Columbia River was first attempted in 1946 (Smith and Saalfeld 1955).  A few other eulachon 
larval sampling events occurred in the decades that followed (Hymer 1994).  In 1994, Washington 
Department of Fish and Wildlife (WDFW) began to consistently monitor the peak outmigration 
larval density in the Cowlitz River. Over the next few years monitoring was begun in other tributaries 
of the Columbia River.  The first survey in the Grays River was done in 1998 (Table 19 in JCRMS 
2014). In 1995, eulachon larval sampling was initiated in the mainstem Columbia River downstream 
from the mouth of the Cowlitz River.  In 1997, a transect across the lower Columbia River from 
navigation marker number 35 at Price Island and across the downstream end of Clifton Channel 
(near Columbia River kilometer 55) was established as an index to be sampled systematically every 
year (WDFW and ODFW 2001). Until recently, sampling in the mainstem Columbia River and the 
tributaries was concentrated around the estimated time of peak larval outflow. 
 
In the “Summary of Scientific Conclusions of the Review of the Status of Eulachon (Thaleichthys 
pacificus) in Washington and Oregon” (Status Review; BRT 2008), the Biological Review Team 
(BRT) concluded that, “…eulachon are a relatively poorly monitored species….” The spawner 
biomass estimates established in Canadian rivers were, “regarded by the BRT as constituting the 
best scientific and commercial data available for recent eulachon abundance in the DPS.”  The 
Canadian approach was to systematically sample the eulachon larval density at multiple mainstem 
sites throughout the whole period of larval outflow, expand that by the river discharge to obtain an 
estimation of total season outflow of larvae, and then back calculate how many adults must have 
produced that larval outflow.  This adult equivalent was expressed in metric tonnes (megagrams) 
and hence referred to as the Spawning Stock Biomass (SSB).  The BRT stated in their review that, 
“Further research on the source and sustainability of eulachon that occasionally appear in … coastal 
creeks and rivers is needed to fully assess the status of these eulachon aggregations.” 
 
In the Federal Recovery Outline for Eulachon Southern DPS of June 21, 2013, NMFS states that it 
has been difficult to evaluate the status of eulachon “due to the lack of reliable long term data”, and 
that available abundance data “are confounded by intermittent reporting, fishery-dependent data, 
and the lack of directed sampling” (NMFS-NWR 2013).  The Federal Recovery Outline for 
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Eulachon Southern DPS, identifies “in-river spawning stock biomass surveys to develop long-term 
eulachon spawner abundance estimates for all four sub-populations?” as the first item in the list of 
recovery tasks to improve potential for recovery. 
 
The Endangered Species Recovery Plan for Southern Distinct Population Segment of Eulachon 
(Thaleichthys pacificus) was published on September 6, 2017 (http://www.nmfs.wcr.gov ).  In this 
document, the first recovery action is to, “establish a Eulachon Technical Recovery and 
Implementation Team.”   The second action item is to, “Implement outreach and education 
strategies.”   Action 3 is near-term research priorities. The first of the eight research priorities (3.1) 
is to, “conduct annual in-river spawning stock biomass surveys in spawning areas with high-to-
moderate spawning frequency to develop long-term high resolution abundance estimations for each 
subpopulation of eulachon.” 
 

Study Objectives and Report Structure 
In 2010, the Oregon Department of Fish and Wildlife (ODFW) and WDFW were awarded a 
National Oceanic and Atmospheric Administration (NOAA) Fisheries Protected Species 
Conservation and Recovery (Section 6 of the ESA) grant to fund eulachon studies during Federal 
Fiscal Years (FY) 2010-2013 (“Protected Species Studies of Eulachon Smelt in Oregon and 
Washington”; Award Number NA10NMF470038).   
 
The goal of the 2010-2013 project was to design and implement a monitoring program to track 
coast-wide status and trends in abundance and distribution to better manage anthropogenic impacts 
and other threats to recovery of the proposed threatened southern eulachon DPS. The objectives 
were: 1) to develop and implement an annual eulachon SSB estimate for the Columbia River that 
will allow managers to better track recovery and manage fishery impacts; 2) to better characterize 
current eulachon smelt distribution using egg and larvae surveys of known and potential spawning 
areas in the lower Columbia River, Columbia River tributaries, and coastal river systems of 
Washington and Oregon, to aid in determination of critical habitat for the DPS; 3) to assess  and 
reduce the impacts of shrimp trawl operations on eulachon smelt by initiating an observer program 
to estimate the bycatch rates in Washington’s ocean  shrimp trawl fishery and by developing and 
testing modifications to ocean shrimp trawl; and 4) to assess the genetic makeup of spatial and 
temporal components of the Columbia River and Washington/Oregon coastal eulachon smelt runs.  
 
The Section 6 grant was augmented by a regional grant to WDFW entitled, “Studies of Eulachon 
in the Columbia River” (PSMFC Contract 13-30, NOAA Award No. NA11NMF4370212).  The 
regional grant also allowed WDFW to continue annual eulachon SSB estimates for the Columbia 
River for 2014. 
 

http://www.nmfs.wcr.gov/
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In 2015, a new Section 6 grant (NA14NMF4720009) was awarded jointly (but separately) to ODFW 
and WDFW for the continuation of eulachon research and monitoring. The goal of the 2015-2017 
project was to provide federal, state, and local managers with accurate and current information to 
use for resource management, habitat protection, and species recovery by tracking coast-wide status 
and trends in abundance and distribution of the eulachon Southern DPS. The objectives for this new 
grant were: 1) to continue the annual eulachon SSB estimate for the Columbia River, and develop 
SSB estimates for the Chehalis and Naselle rivers in Washington and for Tenmile and Cummins 
creeks in Oregon; 2) assess the genetic uniqueness of spatial components of Oregon/Washington 
coastal eulachon smelt runs; and, 3) continue work on the development and maintenance of web 
pages designed to provide the public and resource managers with a resource to access up-to-date 
project  information; bring more information about eulachon into public events; and, disseminate 
research findings through peer-review journals and professional conferences. 
 
In 2017, WDFW received a no cost extension on NA14NMF4720009.  This extension allowed us to 
carry out 2018 SSB estimates for the mainstem Columbia River and Chehalis River.   
 
In this report, we will focus on the development of the SSB estimates in the mainstem Columbia 
River, Grays River, Naselle River, and Chehalis River.  The development of the SSB estimates for 
central Oregon coastal creeks will be addressed in the final project report filed by ODFW.  There 
will be some mention in this report about the temporal genetic analysis of the Columbia River 
eulachon larval outmigration, as well as the eDNA study conducted in the Chehalis River (though 
the eDNA study was eventually funded by a Chehalis watershed flood control project). 
 

Methods 

Study Design 
Fine-mesh plankton nets have been used sporadically in the lower Columbia River basin since 1946 
to collect eulachon smelt larvae.  Collection methods and gear were refined and standardized in 
1994 for survey of the Cowlitz River (Hymer 1994).  Subsequent surveys were expanded to include 
several other tributaries and the mainstem Columbia River beginning in 1995 (WDFW and ODFW 
2001).  Further refinements were implemented in 2001 for a study designed to characterize the 
timing and extent of larval migration in the lower Columbia River as part of an assessment of 
potential effects on eulachon from a project deepening the Columbia River shipping channel 
(Howell et al. 2002).  One result of this work was establishment of a single standardize sampling 
transect for the mainstem Columbia River at river kilometer 55 that has since been used by fishery 
managers to index annual eulachon larvae production for the lower Columbia River and tributaries, 
excluding the Grays River, which enters the Columbia River downstream of the transect (JCRMS 
2014).  The methods and sample locations established in these earlier mainstem lower Columbia 
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River surveys were applied to our 2010-2018 surveys. Separate standard sampling stations were 
developed for the Grays River and two watersheds outside the Columbia Basin (the Naselle River 
in the Willapa Bay drainage; and the Chehalis River in the Grays Harbor drainage). Determining 
the SSB in these other rivers helps us to better understand regional fluctuations in abundance and 
potential links between stocks spawning in the region. Past reports of spawning in some coastal 
rivers suggest that spawning occurring in these smaller rivers may coincide with years when the 
run size in larger rivers such as the Columbia River are reduced, implying a potential link in SSB 
between rivers within the region (DFO 1999).  
 
Daily egg production method (Parker 1985) has been commonly using in pelagic fish spawning 
biomass assessment since 1983.  Jackson and Cheng (2001) modified the method by using nonlinear 
regression and bootstrapping techniques to improve the estimates of the Shark Bay snapper 
spawning biomass and Hay et al. (2002) modified it to estimate eulachon smelt SSB in the Fraser 
River.  Their approach expands eulachon egg and larvae sample density data by estimated river 
discharge to generate SSB estimates.  For our study, we expanded upon the existing lower Columbia 
River eulachon larvae indexing program to implement a SSB estimation survey like that employed 
by the Canadian Department of Fisheries and Oceans for the Fraser River run (Hay et al. 2002; Hay 
and McCarter 2003; Therriault and McCarter 2005). 
 

Study Area 
Previous studies have documented large spawning concentrations of eulachon in the Cowlitz and 
Lewis rivers, Washington.  During field sampling in 2001, Howell et al. (2002) found the highest 
densities of out-migrating larvae in the Columbia River downstream of the confluence with the 
Cowlitz River at Columbia River kilometer 110 (Figure 1).  Other major tributaries know to contain 
eulachon spawning habitat include the Grays, Elochoman, Kalama, Lewis, and Sandy rivers.  All 
eulachon larval and egg production from the mainstem Columbia River and major tributaries can  
be encountered at the standardized sampling transect for the mainstem Columbia River at river 
kilometer 55, with the exception of the Grays River production. 
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Figure 1.  Lower Columbia River eulachon spawning stock biomass study site showing the location of the larval 
eulachon sampling transect at Columbia River kilometer 55.  Included are the primary tributaries containing 
eulachon spawning habitat. 

 
We sampled the Columbia River at an existing transect at kilometer 55, the index site for larval 
eulachon sampling that has been monitored by WDFW since 1997 (WDFW 2001, Howell et al. 
2002).  The transect position (perpendicular to the river flow) crosses Clifton Channel from the 
Oregon shore to Tenasillahe Island and then crosses the shipping channel to Price Island on the 
Washington shore.  Columbia River discharge was measured at the USGS water-monitoring gage 
14246900 at Beaver Army Terminal (Figure 2).   
 

 
Figure 2.  Map of lower Columbia River with mainstem transect sampling stations indicated by red circles, and   
USGS gauge station   indicated by the green circle. 

 
We sampled the Grays River from stations situated along a standardized sampling transect located 
immediately downstream of the Altoona-Pillar Rock Road Bridge at Rosburg (Grays River kilometer 
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8). River stage data reported for Washington Department of Ecology monitoring station 25B060 on 
the lower Grays River was used to calculate estimated daily discharge in cubic meters per day 
(Figure 3). 
 

 

Figure 3.  Satellite photo of the lower Grays River with location of transect site indicated by the yellow circle and 
Washington Department of Ecology monitoring station 25B060 by the green triangle. 

 
We sampled the Naselle River primary index site at State Highway 401 Bridge (Figure 4). Only 
samples taken at the primary index site were used to develop the SSB estimate for the Naselle River. 
To better understand eulachon spawning distribution in the Naselle River, we sampled a secondary 
index site further upstream at State Highway 4 Bridge. The two major tributaries entering the river 
between the primary and secondary index site (South Fork Naselle River and Salmon Creek) were 
also sampled.  Dell Creek, which enters the Naselle River below the primary index site, was sampled 
on one occasion. To better understand eulachon spawning distribution in the Willapa Bay drainage 
(which the Naselle River is part of), we also occasionally sampled the Willapa and Bear rivers. 
Naselle River discharge, in cubic feet per second, were obtained for the USGS water monitoring 
gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station located at 
Naselle River kilometer 17.36). Two tributaries mentioned as secondary index sites (the South Fork 
of the Naselle River at Naselle River Kilometer 12.93) and Salmon Creek (Naselle River Kilometer 
15.13) flow into the 4.58 kilometer long reach between the water monitoring gage and the primary 
plankton index site.  Concerned that using the discharge at the USGS water gage may underestimate 
the discharge at the plankton index site, we used Terrain Work’s 
(http://www.terrainworks.com/terrainworks-dataset-locator) Net Map Tools flow calculator to 
estimate a mean annual flow at the sample site.  The estimated flow at the sample site is 1.73 times 
that recorded at the reference gage.  This correction factor was applied to the gage data when 
calculating the Naselle River plankton outflow.  

http://www.terrainworks.com/terrainworks-dataset-locator
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Figure 4. Map of the Naselle River with the single index site indicated by the red circle, additional sites sampled 
in 2016  indicated by yellow  circles, and the USGS gage station indicated by the green circles. 

 
We sampled the Chehalis River at three index sites located above and three sites below Friends 
Landing (Figure 5). Only samples taken at the primary index sites were used to develop the SSB 
estimate for the Chehalis River. To better understand spawning distribution within the Chehalis 
River, samples were occasionally taken above the primary Chehalis River index sites in the 
Wynoochee, Satsop, and Black rivers. Samples were also collected in the Wishkah River, a tributary 
entering below the primary Chehalis River index. To better understand eulachon spawning 
distribution in the Grays Harbor drainage (which the Chehalis River is part of), we also sampled the 
Humptulip and Hoquiam rivers on occasion. 
 

 

Figure 5. Map of Chehalis River with index transect sites indicated by the red circles, additional mainstem sites 
sampled in 2016 indicated by the yellow circles, and USGS gage stations indicated by the green circles. 
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We obtained estimates of Chehalis River discharge, in cubic feet per second, by adding discharge 
from USGS gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 
on the Satsop River (station located at kilometer 3.7), and #12037400 on the Wynoochee River 
(station located at kilometer 13.0). 
 

Field Data Collection and Laboratory Processing 
We used a plankton net deployed from an anchored vessel to capture eulachon larvae (Figure 6).  
The net was a typical ring net design comprising a tapered nylon sock (3.35 m length, 300 m mesh) 
lashed to a stainless steel circular frame (0.61 m inside diameter).  Samples were collected in an 8.9-
cm, two-piece polyvinyl chloride (PVC) collection bucket attached to the end of the sock.  Spherical 
lead weights (2.54 kg, 9.07 kg or both) were attached to the frame base.  Water flow was measured 
with a General Oceanic Model 2030R mechanical flowmeter mounted in the mouth of the net and 
calibrated to measure the total volume of water in cubic meters that was filtered through the net.  
Our standard setup was a single flow meter, but we experimented with a two-meter setup in spring 
2013.  We retained the two flow meter configuration as a means to validate the volume sampled. 
 
All samples were obtained during daylight hours on ebb tides for safety and logistical reasons.  A 
vessel was anchored and we recorded water temperature, depth, and turbidity readings.  A tow 
consisted of lowering the plankton net to the river bottom and then retrieving it.  Therefore, set 
duration depended on river depth.   
 
Sampling the Columbia River involved separate one-to-seven minute stationary plankton tows made 
for each of six stations situated along the standardized sampling transect located at Columbia River 
kilometer 55.  The transect position (perpendicular to the river flow) crosses Clifton Channel from 
the Oregon shore to Tenasillahe Island and then crosses the shipping channel to Price Island on the 
Washington shore (Figure 2). Sample frequency on the Columbia occurred twice-weekly during the 
peak out-migration period and weekly during pre and post peak outmigration in all years, with the 
exception of 2018 (for which only weekly samples were taken). The Columbia River was sampled 
30 times in 2015, 30 times in 2016, 24 times in 2017, and 13 times in 2018. 
 
Sampling the Grays River involved three 1-6 minute stationary plankton tow made at two sites along 
a standardized sampling transect located immediately downstream of the Altoona-Pillar Rock Road 
Bridge at Rosburg (Grays River kilometer 8; Figure 3). Sampling on the Grays River (Figure 7) 
occurred once a week during the outmigration period (17 times in 2015, and 18 times in 2016). 
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Sampling on the Naselle River involved six 1-6 minute plankton tows made at the Naselle River 
index site located just above the State Highway 401 Bridge (Figure 4). Sampling on the Naselle 
River occurred once a week during the outmigration period (19 times in 2015, 15 times in 2016, and 
12 times in 2017). 
 
Sampling on the Chehalis River index sites involved three plankton tows made at each of two 
standardized sampling sites (Figure 5). Sampling on the Chehalis River occurred once a week during 
the outmigration period (20 times in 2015, 18 times in 2016, 16 times in 2016/2017, and 4 times in 
2018). 
 
Contents of the collection bucket were rinsed into separate bar-coded 1-L Nalgene ® screw-cap 
storage bottles for each sample and fixed with dilute (approximately 70%) ethyl alcohol.  Samples 
were stored in bins and analyzed through the season at the WDFW Region 5 laboratory in Vancouver 
(in 2018 the Region 5 laboratory relocated to Ridgefield, Washington). 
 
Over 1,600 ichthyoplankton samples were collected just during 2015-2018 (1,542 from the primary 
index sites plus other samples from secondary sample sites) and brought to the lab to be analyzed. 
A similar number of samples had been processed during the previous grant period 2011-2014.  One 
hundred percent of each sample was examined.  Samples were poured into a black dish and we used 
the 5X lens of an Intertek Model LUX 900 dissecting microscope (with 13W lamp) to count all eggs 
and larvae (Figures 8 and 9). For species identification of larvae and staging of eggs, we used a 
Labomed Luxeo 4D (Model 414500) stereozoom microscope. 
 
Three or four larvae from each Columbia River sample were placed in 2-ml United Laboratory 
Plastics cryogenic vials containing DNA preservative solution (100% anhydrous ethanol) and 
shipped to the WDFW Molecular Genetic Laboratory in Olympia, Washington, for archiving and 
potential future genetic analyses. Also, some larvae were retained from the Grays, Naselle, and 
Chehalis samples. 
 
Using some of these larval samples, the WDFW-MGL examined spatial and temporal differences 
among Eulachon in the Columbia River (“pilot” versus “main” run; the Sandy River late run, etc.) 
using large (N = 95) sample sizes of larvae collected 2013-2014. The samples were genotyped using 
molecular markers identified in the studies used to describe the proposed DPS characteristics (i.e. 
microsatellite [Beacham et al. 2005]) because SNP loci for Eulachon were still in the developmental 
stage and unavailable for general use. 
 
During the development phase of this project, WDFW had obtained DNA samples from the 
Canadian Department of Fisheries and Oceans (DFO) Pacific Biological Station genetics laboratory 
and standardized allele nomenclature with the DFO lab (Small and Peterson 2011).  Allele bins were 
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named according to DFO nomenclature such that genotypes developed by WDFW could be 
compared with original genotypes from DFO to confirm that allele calls matched for WDFW and 
DFO. In this project, DNA samples were genotyped and compared to each other (larvae to adults) 
and compared to two samples of Eulachon from Canada, from Ucluelet and Pachena Bay on the 
West Coast of Vancouver Island. See Appendix F for more details about our spatial and temporal 
differences study.  
 
The eDNA sample collection and preservation protocols were adapted from Carim et al. (2016) and 
the protocol provided by OSU. We collected water samples two days a week from the Chehalis 
River. During one of the two days of sampling, three water samples were collected by boat from the 
center of the river, and an addition three water samples were collected from the riverbank. On the 
other day of sampling, we collected just three water samples from the riverbank. We collected a 
single riverbank water sample from each of the Satsop, Wynoochee, and Wishkah rivers once a 
week. We extracted DNA from the filters using the Qiagen DNeasy Blood and Tissue Kit.  Samples 
were amplified in a multiplex reaction containing two sets of primers and probes (Table 1), targeting 
the cytochrome c oxidase subunit I gene (COI). The Eulachon (Thaleichthys pacificus) probe 
contains a FAM (blue) fluorescent probe, and the Longfin Smelt (Spirinchus thaleichthys), contains 
a VIC (green) fluorescent probe. Excitation at different wavelengths were used to differentiate DNA 
from different species. Two digital droplet PCR replicates were performed for each sample.  See 
Appendix G for more details about eDNA field and laboratory protocols. 
 
Adult Eulachon samples (Figure 10) were purchased during limited commercial fisheries each year. 
These samples were taken from catches made in the two lower commercial zones, to assure reliable 
and consistent sex ratio estimates (the sex ratio changes as the Eulachon move up river). Whenever 
possible, the purchases were made directly from the fishermen rather than from a buying station. 
This was done to assure good female samples were obtained for fecundity estimates (reduce potential 
egg release due to offloading and fish processing).  Sex ratios, spent ratios (the portion of the fish 
appearing to have already spawned), and average number of fish per pound were taken on site from 
fish sampled in both the commercial and recreational fisheries. 
 
All purchased fish were returned to the WDFW lab where they were weighed and measured.  Otoliths 
were extracted from all fish, and fin clips taken from a random sample for DNA analysis.  Only 
females falling within acceptable parameters of our spawning scale (3-6) were selected for fecundity 
estimates. Females were broken into 10-millimeter size groups, starting at 150 mm.  Fish from each 
size class were chosen for fecundity work; the findings were then expanded to include other females 
of that class in order to generate an average fecundity for a given year (Wagemann 2014). 
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Data Processing 
We obtained estimated daily river discharge from monitoring stations, in cubic feet per second, and 
converted those values to daily discharge in cubic meters per day (Appendix A).  
 
We estimated plankton density based on the estimated volume of water filtered through the plankton 
net (Appendix B) and the laboratory counts of Eulachon eggs and larvae for each sample (Appendix 
C). Water volume calculations were made using only data from the primary flow meter. The daily 
and weekly eulachon plankton densities can be found in Appendix D. 
  
Catch rates for larvae were estimated as catch per cubic meter of water filtered in each sample.  
Expansion of the samples to weekly and annual outflow estimates were done in accordance with the 
procedures described for the Fraser River (Hay et al. 2002).  The cumulative number of eggs and 
larvae was estimated for each sample week as the product of the weekly mean density of Eulachon 
plankton (eggs and larvae) and the river discharge for the week.  
 
The adult Eulachon samples were processed to obtain data to inform the biological parameters (sex 
ratios, average weights, fecundity, etc.) used in the estimation of SSB.  We compared the differences 
in sex ratios observed in our adult sampling (Table 1) and reviewed past studies for sex ratio 
information (Table 2). Due to the wide range in values reported and concerns about potential biases 
(Wagemann 2014), we decided to follow the example reported in Hay et al. (2002) and concluded 
that it was valid to use a 1:1 sex ratio when estimating SSB.  We considered the following data when 
selecting our weight parameters: a 43.67 gram average (10.4 fish per pound; n=938) for sport-dipped 
fish collected in 2014 from the Cowlitz River (unpublished data); a 40.63 gram average (n=2,352) 
reported in Hays et al. (2002) for the Fraser River; and, a 34.6 gram average (13.1 fish per pound; 
n=2,500) reported for 1953 Columbia River and tributary commercial fisheries (FCO 1954).  Due 
to the range in average weights, we elected to use the 40.63 gram value reported by Hay et al. (2002) 
to calculate the 11.2 fish per pound used in our SSB modeling. In summary, Eulachon SSB estimates 
were made with the following assumptions: 1:1 sex ratio; 40.84 grams average fish weight; 173 
millimeters average fish length; 32,766 average eggs/female; 11.2 eulachon per pound; eggs and 
larvae are equivalent; and, 100% survival from egg to larvae stage (Table 3). 
 
We employed bootstrapping (Jackson and Cheng 2001) to all raw data for the Columbia River to 
determine the error structure around annual egg/larvae production, spawner, and SSB estimates.    
For each bootstrap sample we let n=1,000 (Table 4).  We pooled all bi-weekly density estimates into 
one-week periods for each station.  The bootstrap procedure randomly selected six weekly egg and 
larvae density values from the pool of six sampling stations, with replacement.  The mean and 
standard deviation were estimated from the 1,000 bootstrap replications for each week.  Bootstrap 
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estimates were generated for each sample week, and summed for the entire Columbia River egg and 
larval outmigration period surveyed. 
 
Samples for the temporal-spatial analysis of Columbia River Eulachon larvae were ran on an ABI 
3730xl automated DNA Analyzer and alleles were sized (to base pairs) and binned using an internal 
lane size standard (GS500Liz from Applied Biosystems) and GeneMapper software (Applied 
Biosystems).  The amount of genetic variation (pairwise FST values) was quantified between 
samples collected within the Columbia River and between the Columbia River and Canadian 
samples using the program GENETIX (Belkhir et al. 2001).  The significance of FST values, 
whether values differed from zero, was assessed with 1000 permutations.   
 
For assessing the presence and relative abundance of genetic material from Eulachon and Longfin 
Smelt in the Chehalis River system we used quantitative environmental DNA (eDNA). QuantaSoft 
Version 1.7.4 is the software provided with the Bio-Rad QX-200 Droplet Digital PCR system that 
allows us to quantify copies of DNA per microliter of each PCR reaction.   
 

Results and Discussion 
The duration of the larval outflow from the Columbia River typically spans 20 weeks regardless of 
the magnitude of production (Figure 11).  The 2014/2015 outflow was clearly double that of anything 
observed in the following four years.  The peak for 2014/2015 came in week 15, about a month   later 
than subsequent years.  There is a minor peak in production that appears every January, which is 
associated with the so-called “pilot run” that arrives between Thanksgiving and Christmas.   
 
Despite being in the same watershed, the Grays River production for 2015 was considerably lower 
than that seen in 2016 (Figure 12).  It might be possible that the Grays River attracts more spawners 
during years when conditions above the estuary are marginal. 
 
The primary larval outflow peak in the Naselle River (Figure 13) seems to reflect similar timing as 
that seen in the Columbia River.  However, it appears that the distribution is more variable, with 
three to four modes observed every year.  This river has experienced some very low flows these past 
three years.  While it has been convenient to sample the Naselle River, its less accessible neighbor 
the Bear River may actually be the more productive river in the Willapa Bay drainage.  Despite its 
potential, the Willapa River at the opposite (North) end of the bay has no measurable Eulachon 
production. 
 
The Chehalis River larval outflow in 2015 peaked almost two months earlier than that seen in the 
Columbia River (Figure 14).  The 2016 Chehalis River larval outflow peaked later than the Columbia 
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River.  Furthermore, unlike the Columbia River, the Chehalis 2016 outflow exceeded its 2015 larval 
outflow.  It appears that the production in the Chehalis River is not synchronous with the Columbia 
River.  Possibly the smelt returning to the Grays Harbor drainage have a more northern ocean 
distribution than those returning to the Columbia River and Willapa Bay drainages.  
 
Mean daily larval and egg density does not show an obvious correlation with mean daily discharge 
(Figures 15 through 26). For example, in Figure 23, there are three strong peaks in mean density of 
which one corresponds to a low discharge level, and the other two with peaking discharge levels.  
Other factors, such as water temperature, may play a more significant role in determining larval and 
egg densities.  Temperature can influence the timing of the adult migration, and the time it takes for 
the eggs to hatch. 
 
Since 2011, limited numbers of eggs have been taken in the plankton net tows.  Therefore, mean 
combined egg and larvae densities have been very similar to the mean larvae densities for the given 
year.  Generally, egg densities peaked earlier than the larvae densities (Appendix D). 
 
In the Columbia River (Tables D1-D4), the tendency for greater plankton densities at the Price Island 
sites (Stations 4–6) is thought to be related to the fact that most eulachon spawning tributaries are 
on the Washington shore (Elochoman, Cowlitz, Kalama, and Lewis rivers).  The lack of eggs in the 
samples is likely due to eulachon spawning further upriver (not in the immediate vicinity of the 
Clifton Channel/Price Island sampling transect).  Most eggs encountered at the sample transect 
location are in a later stage of development, or are dead.  
 
We estimate that SSB for the Columbia River was 11,070,000 pounds (5,000 metric tonnes) in 
2014/2015 (Table 4); 4,887,000 pound (2,200 metric tonnes) in 2015/2016 (Table 5); 1,639,800 
pounds (744 metric tonnes) in 2016/2017 (Table 6); and, 370,000 pounds (170 metric tonnes) in 
2018 (Table 7). SSB estimates for the Grays River were much smaller: 16,600 pounds (7.5 metric 
tonnes) in 2015(Table 8); and, 78,700 pounds (35.7 metric tonnes) in 2016 (Table 9), being about 
0.9% of the values for the Columbia River. A conservative estimate of the eulachon run to the 
Columbia River system would consist of adding known harvest to the SSB estimate for the Columbia 
River.  Due to the Grays River occurring below the Columbia River larval index site, one might 
consider adding the Grays River SSB value to this to get a more complete run estimate. 
 
Before dismissing the Grays River SSB estimates from the run calculations, one needs to consider 
whether the 2015 and 2016 results are reflective of what occurs in most years.  The larval densities 
reported for the Grays River in Tables 8 and 9 average 22.7 larvae/m3

, which is less than the average 
29.8 larvae/m3 reported for ten earlier Grays River surveys (JCRMF 2014). Larval densities in the 
Grays River have often times not been synchronous with the larval densities reported for the 
mainstem Columbia River or for major spawning tributaries like the Cowlitz River.  While the Grays 
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River may never produce the bulk of the larval production, it may at times contribute more to total 
Columbia River production than is reflected in our surveys to date. Smith and Saalfeld (1955) 
concluded that the irregularity of the runs into the various tributaries virtually precludes the existence 
of a home tributary influence. This inter-annual variation in where fish spawn within a system has 
been noted in other systems like the Fraser River Basin (Hay and McCarter 2000) and the Copper 
River Delta area (Moffitt et al. 2002). Due to this inter-annual variation in spawning, it would be 
prudent to continue developing SSB estimates for the Grays River for at least a few more years.  
 
We estimate that the SSB for the Naselle River was 3,260 pounds (1.5 metric tonnes) in 2015 (Table 
10); 60 pound (0.027 metric tonnes) in 2016 (Table 11); and, 57 pounds (0.026 metric tonnes) in 
2016/2017 (Table 12). We recommend that multiple tributaries of Willapa Bay be surveyed for a 
period of a few years to establish if the Naselle River is the most appropriate monitoring site for this 
drainage, and to see how distribution amongst the tributaries varies year to year. 
 
SSB estimates for the Chehalis River were much larger: 24,360 pounds (11 metric tonnes) in 
2015(Table 13); 62,330 pounds (28.3 metric tonnes) in 2016 (Table 14); 16,800 pounds (8 metric 
tonnes) in 2016/2017 (Table 15); and, 1,200 pounds (1 metric tonnes) in 2018 (Table 16).  Given 
that the Chehalis River run appears to not be synchronized with the Columbia River run, it would be 
prudent to continue monitoring the Chehalis River annually.  Likely, the Chehalis River population 
has more in common with the populations returning to rivers north of Grays Harbor. Monitoring 
eulachon runs to these northern watersheds might help confirm this relationship. 
 
Accurate eulachon plankton density estimates are dependent upon having correct larvae and egg 
counts and flow meter measurements.  A sticking or slow meter would result in a low estimate of 
water volume sampled.  That would bias the plankton densities high, which subsequently would bias 
the biomass estimates high.  Given the surprisingly high SSB estimates, the use of old flow meters 
was questioned.  Testing the old meter in tandem with a new meter in spring 2013 revealed that two 
meters performed similarly and, for consistency, we used the readings from just the original meter 
for all analysis. 
 
Missing eggs and larvae at the beginning and end of a survey will result in an underestimation of the 
annual plankton production, and subsequently bias the SSB estimate low (Moffitt et al. 2002).  
Ideally, one should strive to start and end the season with no eggs or larvae present in the samples. 
Due to budget constraints, the 2018 Eulachon larval sampling season was abbreviated for the 
Columbia and Chehalis rivers, and eliminated for the Naselle River.   Due to unseasonably warm 
water and the above average precipitation falling as rain, a heavier and earlier than normal Columbia 
River smelt run was reported by commercial smelt fishermen,  The earlier than normal appearance 
of sea lions, which are strongly linked to eulachon (Michelle Rub, NMFS Point Adams Research 
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Station, personal communication) lends weight to the fishermen’s observation. Given these factors, 
we believe that our 2018 SSB estimates for the Columbia and Chehalis rivers are biased low. 
 
As mentioned in the above paragraph, having correct larvae and egg counts is necessary to assure 
good estimates of plankton density. During the peak of the run we double our sample days per week 
for all years except 2018, to improve our confidence intervals.   During this time there can be 
thousands of eggs and larvae to count in a single sample.  The temptation is to estimate the counts 
by expansion of a subsample count, but if the subsample is not representative, the estimation can be 
off.  We experimented with subsampling, including using a sample splitter device, but found too 
much variations between the subsamples.  As a result, we chose to process the whole sample 
regardless of the circumstances. 
 
During the past, most measurements of larval and egg density were taken from samples collected 
around the peak of the outmigration.  Because the protocol for this study required us to sample 
throughout the whole run, samples were taken much earlier and later than normal.  It was noted that 
some larvae and eggs collected in these marginal periods were of different form or size.  
Subsequently, these larvae and eggs were not included in the eulachon plankton count, but recorded 
as non-eulachon larvae or eggs.  Temporal genetic analysis of the Columbia River Eulachon run 
revealed that there was still a presence of non-eulachon larvae after removal of the noticeably 
different larvae (Appendix F).  It is likely that in some years the spawning of Longfin Smelt 
(Spirinchus thaleichthys) occurs above the Price Island/ Clifton Channel Eulachon egg and larval 
outflow sampling stations. The presence of obvious non-eulachon larvae and eggs were always low, 
probably never exceeding 5 percent of a sample at any time, and almost never occurring during the 
peak period for eulachon outmigration.  Even if these non-eulachon larvae and eggs were included 
in the determination of density, they would have created a very modest high bias in the SSB 
estimate. 
 
River discharge was measured at the Beaver Army Terminal  (Columbia River kilometer 86.6) which 
is some distance above the Clifton Channel/Price Island larval sample transect sites (Columbia River 
kilometer 55).  Two rivers flow into this 31.6 km section of the Columbia River – the Elochoman 
River (right bank, Columbia River kilometer 62.9) and Clatskanie River (left bank, Columbia River 
kilometer 80.0). The Elochoman River’s mean discharge is 925 ft3/s, 1020 ft3/s, 662 ft3/s for January, 
February, and March respectively (USGS 14247500 data from 1941–1971, http://waterdata.usgs.gov 
).  The Clatskanie River’s mean discharge is 349 ft3/s, 383 ft3/s, and 212 ft3/s for January, February 
and March respectively (USGS 1424700 data from 1950–1954, http://waterdata.usgs.gov ).  These 
two rivers drain approximately 118.8 miles2, which is only 0.05% of the drainage area above the 
Beaver Army Terminal gage (256,900 miles2). Monthly mean discharges for the Beaver Army 
Terminal site are 301,000 ft3/s, 244,000 ft3/s, and 296,000 ft3/s for January, February and March 
respectively (USGS 14246900 data from 2011–2013, http://waterdata.usgs.gov ).  The contribution 

http://waterdata.usgs.gov/
http://waterdata.usgs.gov/
http://waterdata.usgs.gov/
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of these two rivers to the daily discharge at the sampling site during eulachon plankton outflow is 
minor (<0.05%); however, it does mean that the daily production of eggs and larvae was biased low 
by that percent (daily production is estimated as the daily discharge (m3/sec) times the estimated 
daily larval and egg density (number/m3)).  Not correcting for water inflow downstream of the 
Beaver Army Terminal biased our estimates of total eulachon egg and larvae production, which 
subsequently biased our biomass estimates low by <0.05%. 
 
We assume that the larval densities we observed during our daylight sampling are representative of 
the larval densities throughout the whole day.  Some researchers report larger catches of eulachon 
larvae at night (Levings 1980; Orr 1984).  As Moffitt et al. (2002) point out, larger abundance of 
eulachon larvae migrating at night would bias the biomass estimate low if the samples were only 
taken during daylight hours.  We speculate that diurnal differences in larval densities may be more 
apparent in smaller and slower bodies of water where the larval collection sites may be closer to the 
hatching/emergence sites.  In larger systems, the passive migrating minuscule eulachon larvae are 
likely to be well mixed and disbursed by the time they arrive at larval collection sites in the lower 
reaches of the river.  Thus, the bias may be more of an issue for the SSB estimation in the Grays 
River than for the SSB estimation in the mainstem Columbia River. 
 
We have assumed that there is no egg to larval mortality. This gives us conservative SSB estimates.  
Had there been stranding due to dewatering, loss from disease, etc. then it would takes more females 
to produce the egg and larvae seen at the collection site. If some egg retention occurs, or eggs fail to 
be fertilized, then even more females are needed to account for the observed level of production. In 
our model, we simply divide the number of eggs and larvae produced by the assumed fecundity to 
derive the estimated number of females. 
 
In the model, we have assumed a sex ratio of 1:1.  This assumption may result in a conservative 
estimate of SSB. Most eulachon studies report a dominance of males in the sample.  If we took the 
weighted average M:F gender ratio from Table 1 of 1.67:1, the estimated number of females would 
be multiplied by 2.5 rather than doubled to derived the number of spawning smelt.  Moffitt et al. 
(2002) warns us that, “all reported sex ratios for eulachon should be interpreted with caution.” 
Eulachon sex ratios in the literature probably vary because of gear selectivity, low sample sizes, and 
the temporal and spatial scale of sample collections. 
 
Moffitt et al. (2002) explain how gender differences in behavior near and on the spawning grounds 
may lead to samples dominated by males.  It would seem prudent to continue to focus our adult 
collections in the estuary and lower reaches of the mainstem Columbia River, where the various 
components of the run are present and mixed together. 
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Having derived a conservative estimation of spawning smelt, we still need to expand that by an 
average weight to derive the SSB.  A five-year average length and weight of both male and female 
eulachon was calculated at 182-mm and 43 grams respectively.  The minimum and maximum length 
for females was 134-mm and 240-mm respectively.  For males min. and max. length was 140-mm 
and 224-mm. Min. and max. weight for females was 17.75 grams and 129.85 grams.  Min. and max. 
for males was 17.52 grams and 86 grams, respectively. 
 
The SSB estimates for the Fraser River (317 metric tonnes for 2015; 44 metric tonnes for 2016; and 
39 metric tonnes for 2017; http://www.pac.dfo-mpo.gc.ca/science/species-especes/pelagic-
pelagique/herring-hareng/herspawn/pages/river1-eng.html ) are significantly lower than those 
generated for the Columbia River (5,000 metric tonnes for 2014/2015; 2,220 metric tonnes for 
2015/2016 and 4,400 metric tonnes for 2016/2017).  In fact, the highest Fraser River SSB estimate 
since they began in 1995 was 1,911 metric tonnes for 1996.  However, that changed in 2018 when 
the Fraser River hit 414 metric tonnes, beating the Columbia River record low of 170 metric tonnes. 
In Figure 32, you can see that on average, the run in the Columbia River is more than an order of 
magnitude greater than the Fraser River run.  It is evident that the two rivers are discordant, and   
perhaps trend in a completely opposite patterns. It is obvious that the Columbia River run is a very 
significant component of the eulachon southern DPS.  Having a long-term stock assessment program 
in the Columbia River would benefit the recovery effort and fisheries management. 
 
For a more in depth review of the adult Eulachon biodata collection, ageing, and genetic studies, 
consult Appendix E. 
 
A section of the grant money was dedicated to the genetic analysis of the “pilot run” that enters the 
Columbia River in November, and the main run, that enters the Columbia River in Late January to 
early February (Appendix F).  Larvae were collected and submitted to the WDFW genetics lab, in 
order to fulfil this grant obligation.  During the 2014-15 season, Ninety-nine percent of the early run 
samples submitted were found to be non-smelt, and presumed to be Longfin Smelt.  This 
presumption is due to the fact that Eulachon and Longfin Smelt are both true smelt, and share the 
same area spatially, with temporal overlap. Because of these factors, it is thought that Longfin Smelt 
have the greatest potential for being misidentified as Eulachon. Morphometric data was obtained 
from extra early larvae from several years, in order to provide better parameters for eulachon and 
long fin larval identification.  These larvae are now stored at the WDFW genetics lab, pending 
additional funding. 
 
With funding provided by the State Legislature, we teamed with Oregon State University 
Department of Fisheries and Wildlife (OSU) to supplement our Chehalis River ichthyoplankton 
surveys to  assess the presence and relative abundance of genetic material from Eulachon and 
Longfin Smelt using a relatively new approach called quantitative environmental DNA (eDNA; 

http://www.pac.dfo-mpo.gc.ca/science/species-especes/pelagic-pelagique/herring-hareng/herspawn/pages/river1-eng.html
http://www.pac.dfo-mpo.gc.ca/science/species-especes/pelagic-pelagique/herring-hareng/herspawn/pages/river1-eng.html
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Tillotson et al. 2018). As anticipated, the peak of Eulachon genetic material in the Chehalis River 
appears to be associated with the arrival and spawning by adults.  The peak in genetic material also 
coincided with the observed peak of egg densities. We assume that the peak in egg densities closely 
follows the peak in spawning activity. We observed peak larvae densities four weeks after the peaks 
in eggs and genetic material (Figure G3). This lag between peaks is consistent with our expectation 
of timing between spawning and hatching since Eulachon eggs incubate for roughly four to six 
weeks, depending on temperature (Garrison and Miller 1982). We found little or no genetic signal 
associated with the peak of larvae density. Despite low densities, Eulachon DNA was identified in 
the Chehalis, Wishkah and Wynoochee rivers (but not the Satsop River).  These results validated the 
results of the ichthyoplankton surveys that first indicated Eulachon likely spawn regularly in the 
Chehalis River Basin, even during periods of low abundance. In addition to verifying the presence 
of Eulachon, we detected Longfin Smelt DNA in the Chehalis and Wishkah rivers, suggesting that 
some eggs or larvae visually identified as Eulachon may actually be Longfin Smelt. In both the 
Chehalis and Columbia Rivers, this issue of misidentification is potentially greatest for samples 
collected early in the season. Further investigation is required to determine to what degree current 
methods of assessing Eulachon run size may be impacted by misidentification and whether eDNA 
or other genetic analysis could be used to develop method to account for seasonal shifts in relative 
abundance of both species. See Appendix G for further discussion. 

As to our outreach objective, we have presented information about Eulachon to various commercial 
and recreational fishery groups, fish commissions and councils, and professional groups (e.g., 
Dionne et al. 2014, Langness 2015c, Langness 2017a, Langness 2017b, Lloyd and Langness 2015, 
and Lloyd 2018).  Copies of the presentations were provided in the corresponding semi-annual 
progress reports.  We have integrated fun activities and new displays focused on Eulachon at the 
WDFW/City of Vancouver Water Resources Education Center’s annual Sturgeon Festivals, 2015-
2018.  Improving public education on Eulachon has been slowly progressing; however, a complete 
overhaul of our agency’s general public website is currently underway.  Most of our research 
findings have not been submitted to professional journals yet. One manuscript (Zamon et al. 2015; 
concerning the 2013 trawl sampling and hydro-acoustic studies) was rejected by two publications. 
This manuscript will be updated and resubmitted in the near future.  Very restricted recreational 
fisheries (few hours of dip netting in short reaches of the Cowlitz or Sandy rivers) were possible 
during the project performance period.  The associated creel survey process gave us a chance to 
rekindle the public interest in Eulachon and educate them about their status, biological needs, and 
role in the Columbia River and ocean ecosystems. 
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Figures 

 
Figure 6. Photograph of the plankton net setup deployed to collect eulachon smelt eggs and larvae.  Image shows 
the   setup when two General Oceanic flow meters were mounted to the frame. 
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Figure 7.  Photographs of plankton net sampling in the Grays River. 
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Figure 8. Photograph of Washington Department of Fish and Wildlife Region 5 laboratory setup to process 
eulachon larval samples. Laura Lloyd is viewing a portion of the content of sample 00571 under a 5x lens.  A 
multiple counter is used to separately track eulachon and non-eulachon larvae and eggs. Up to ten eulachon 
larvae will be taken from a sample and transferred to cryogenic vials containing DNA preservative for future 
genetic analysis (note pipette and red-capped vial in background). 

 

 

Figure 9.  Photograph of a portion of a eulachon larval sample viewed under a 5x lens.  Note that the black 
background facilitates viewing of the thin slightly opaque larvae.  This is a very clean sample, without debris  and 
algae. Larvae will cling and become buried in debris and algae, making the task of counting more difficult. 
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Figure 10. Top photograph of a live male Eulachon (Thaleichthys pacificus) (top) and female Eulachon (bottom) 
caught during trawling operations in the lower Columbia River in 2013.  Biological data collected on the adult 
run is used to parameterize the estimation of Spawning Stock Biomass (SSB). Photograph courtesy of Jeannette 
Zamon, NMFS Point Adams Research Station. Bottom photograph of a Longfin Smelt (Spirinchus thaleichthys) 
from the Sacramento Bay Delta Distinct Population Segment, USFWS Bay-Delta Fish and Wildlife Office, 
https://www.fws.gov/sfbaydelta/EndangeredSpecies/Species/Accounts/LongfinSmelt/LongfinSmelt.htm   

  

https://www.fws.gov/sfbaydelta/EndangeredSpecies/Species/Accounts/LongfinSmelt/LongfinSmelt.htm
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Figure 11. Weekly eulachon egg and larvae sample densities (values averaged if sampled twice in a week) for the 
Columbia River from sites along the Price Island/Clifton Channel transect, during 2014-15 (weeks 49 through 
21), 2015-2016 (weeks 43 through 19), 2016-2017 (weeks 52 through 18), and 2018 (weeks 3 through 16). Charts 
sized to maintain relatively equal scales. 
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Figure 12.  Weekly eulachon egg and larvae sample densities for the Grays River from the Altoona Bridge Index 
site  during 2015 (weeks 3 through 19), and 2016 (2 through 19). Charts sized to maintain relatively equal scales.  
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Figure 13.  Weekly eulachon egg and larvae sample densities for the Naselle River from 401 Bridge index site, 
during 2015 (weeks 3 through 21), 2016 (weeks 2 through 16) and 2017 (weeks 3 through 15). Charts sized to 
maintain relatively equal scales. 
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Figure 14. Weekly eulachon egg and larvae sample densities (values averaged if sampled twice in a week) for the   
Chehalis River from the Friends Landing Index sites, during 2015 (weeks 3 through 22), 2016 (weeks 2 through 
20), 2016-2017 (weeks 50 through 16), and 2018 (weeks 8 through 11). Charts sized to maintain relatively equal 
scales. 
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Figure 15.  Mean daily Columbia River eulachon egg and larval sample densities collected at the Clifton 
Channel/Price Island index from Sept 25, 2014 through May 22, 2015 (weeks 39 through 21) displayed against 
the calculated daily Columbia River discharge at Beaver Army Terminal. 

 

 
Figure 16. Mean daily Columbia River eulachon egg and larval sample densities collected at the Clifton 
Channel/Price Island index from November 04, 2015 through May 05, 2016 (weeks 43 through 19) displayed 
against the calculated daily Columbia River discharge at Beaver Army Terminal. 
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Figure 17. Mean daily Columbia River eulachon egg and larval sample densities collected at the Clifton 
Channel/Price Island index from December 21, 2016 through May 03, 2017 (weeks 52 through 18) displayed 
against the calculated daily Columbia River discharge at Beaver Army Terminal. 
 

 
Figure 18. Mean daily Columbia River eulachon egg and larval sample densities collected at the Clifton 
Channel/Price Island index from January 14, 2018 through April 14, 2018 (weeks 3 through 16) displayed against 
the calculated daily Columbia River discharge at Beaver Army Terminal.  
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Figure 19. Mean daily Grays River eulachon egg and larval sample densities collected the Altoona Bridge index 
from January 16, 2015 through May 08, 2015 (weeks 1 through 17) displayed against the calculated daily Grays 
River discharge at Washington Department of Ecology monitoring station 25B060. 
 

 
Figure 20. Mean daily Grays River eulachon egg and larval sample densities collected at the Altoona Bridge index 

from January 07, 2016 through May 04, 2016 (weeks 2 through 19) displayed against the calculated daily Grays River 

discharge at Washington Department of Ecology monitoring station 25B060. 
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Figure 21. Mean daily Naselle River eulachon egg and larval sample densities collected at the 401 Bridge index, 
from January 16, 2015 through May 22, 2015 (weeks 3 through 21) displayed against the calculated daily USGS 
water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station located at 
Naselle River kilometer17.36)  
 

 

Figure 22. Mean daily Naselle River eulachon egg and larval sample densities collected at the 401 Bridge index, 
from January 08, 2016 through April 14, 2016 (weeks 2 through 16) displayed against the calculated daily  USGS 
water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station located at 
Naselle River kilometer17.36). 
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Figure 23. Mean daily Naselle River eulachon egg and larval sample densities collected at the 401 Bridge index, 
from January 20, 2017 through April 12, 2017 (weeks 3 through 15) displayed against the calculated daily USGS 
water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station located at 
Naselle River kilometer17.36) 
 

 

Figure 24. Mean daily Chehalis River eulachon egg and larval sample densities collected at the main sample site, 
from January 16, 2015 through May 28, 2015 (week 3 through 22) displayed against the calculated daily USGS 
gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River (station 
located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0). 
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Figure 25. Mean daily Chehalis River eulachon egg and larval sample densities collected at the main  sample site, 
from January 16, 2016 through May 11, 2016 (week 2 through 20) displayed against the calculated daily USGS 
gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River (station 
located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0). 
 

 

Figure 26. Mean daily Chehalis River eulachon egg and larval sample densities collected at the main  sample site, 
from December 05, 2016 through April 20, 2017 (week 50 through 16) displayed against the calculated daily 
USGS gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River 
(station located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0).  
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Figure 27. Mean daily Chehalis River eulachon egg and larval sample densities collected at the main  sample site, 
from February 22, 2018 through March 14, 2018 (week 8 through 11) displayed against the calculated daily USGS 
gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River (station 
located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0). 
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Figure 28. Box plot of weekly outflow (passive outmigration) of eulachon smelt plankton (eggs and larvae) into 
the Columbia River estuary at the Clifton Channel/Price Island index for 2014-15 (weeks 39 through 21), 2015-
2016 (weeks 43 through 19),  2016-2017 (weeks 52 through 18), and 2018 (weeks 3  through 18).  Dark Blue 
represents upper (95%) confidence level, the black line separating the boxes represents the mean, and the light 
blue represents the lower (95%) confidence level.  Includes bootstrap generated minimum and maximum 
estimates. Red indicates extrapolated values calculated from the week before and week after. Note the difference 
in scale between the bottom two and top two charts.   
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Figure 29. Box plot comparison of weekly outflow (passive outmigration) of eulachon ichthyoplankton (eggs and 
larvae) from the Grays River during 2015 (weeks 3 through 19) and 2016 (weeks 2 through 19)  Dark Blue 
represents upper (95%) confidence level, the black line separating the boxes represents the mean, and the light 
blue represents the lower (95%) confidence level.  Includes bootstrap generated minimum and maximum 
estimates. 
 

0.0E+00

2.0E+08

4.0E+08

6.0E+08

8.0E+08

1.0E+09

1.2E+09

1.4E+09

1.6E+09

1.8E+09

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Sm
e

lt
 P

la
n

kt
o

n

Sample Week

2015 Grays River

0.0E+00

2.0E+09

4.0E+09

6.0E+09

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Sm
e

lt
 P

la
n

kt
o

n

Sample Week

2016 Grays River



 

Studies of Eulachon in the Oregon and Washington  September 2018 
54 

 
 
Figure 30.  Box plot comparison of weekly outflow (passive outmigration) of eulachon smelt plankton (eggs and 
larvae) in the Naselle River for 2015 (weeks 3 through 21), 2016 (weeks 2 through 16) and 2017 (weeks 3 through 
15).  Dark Blue represents upper (95%) confidence level, the black line separating the boxes represents the mean, 
and the light blue represents the lower (95%) confidence level.  Includes bootstrap generated minimum and 
maximum estimates. 
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Figure 31. Boxplot comparison of estimated weekly outflow (passive outmigration) of eulachon smelt plankton 
(eggs and larvae) in the Chehalis River for 2015 (weeks 3 through 22), 2016 (weeks 2 through 20), 2017 (weeks 50 
through 16), and 2018 (weeks 8 through 13 ). Dark Blue represents upper (95%) confidence level, the black line 
separating the boxes represents the mean, and the light blue represents the lower (95%) confidence level.  Includes 
bootstrap generated minimum and maximum estimates. 
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Figure 32. Comparison of estimated number of eulachon spawning in the Columbia River, Fraser River, Chehalis 
River, Naselle River, and Grays River. Estimates for the Fraser River derived from data provided by the 
Canadian Department of Fisheries and Oceans (DFO). 
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Tables 
Table 1.  Summary of adult eulachon sex ratio data collected for the Columbia and river, 2011-2013.  

Date Source Study Collection gear 
Number 

examined 

Gender ratio 

(M:F) 

2011-2012 Cowlitz River Cowlitz Tribe Fyke net 60 0.32:1 

2012-2013 Cowlitz River Cowlitz Tribe Fyke net 30 0.33:1 

2013 Feb 25 Columbia River NMFS Pt. Adams trawl 126 0.64:1 

2013 Mar 5 Columbia River NMFS Pt. Adams gillnet 1,230 n/a 

2013 Mar 7 Columbia River NMFS Pt. Adams trawl 6,480 1.86:1 

2013 Mar 11 Columbia River NMFS Pt. Adams trawl 173 0.57:1 

2013 Mar 12 Columbia River NMFS Pt. Adams trawl 22 0.05:1 

   
Total 6,801   

  
 

 
 

 

  
  

     
 

  

        

  
    

  

  
    

  

            

 
  

Range              0.32–1.86:1 
Daily average           0.78:1 
Weighted average   1.67:1 
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Table 2.  Eulachon sex ratio published for the Columbia River, tributaries, and for the Fraser River. 

 

Year 

 

Source Reference Collection Gear 
Number 

Examined 

Gender 

Ratio 

(M:F) 

1930’s Columbia R. Royal (1932) 1 commercial gillnet ns* 6.8:1 

1930’s Cowlitz R. Royal (1932) 1 commercial dip net ns* 3.2:1 

1930’s Lewis R. Royal (1932) 1 commercial dip net ns* 12.3:1 

  
 

Royal (1932) 1 
 

mean 4.5:1 

1946 Cowlitz R. 

Smith and Saalfeld 

(1955) commercial dip net 1465 10.5:1 

1946 Sandy R. 

Smith and Saalfeld 

(1955) commercial dip net 992 2.8:1 

1946 Cowlitz R. 

 

 

Smith and Saalfeld 

(1955) Dip net ns* 3.0:1 

  
  

1930’s – 1946 Range 
 

2.8-12.3:1 

1939 Fraser R. McHugh (1939) commercial gillnet 1066 1.73:1 

1995 Fraser R. Hay et al. (2002) commercial gillnet 663 0.88:1 

1996 Fraser R. Hay et al. (2002) commercial gillnet 459 1.11:1 

1997 Fraser R. Hay et al. (2002) commercial gillnet 513 0.98:1 

1998 Fraser R. Hay et al. (2002) commercial gillnet 416 1.67:1 

2000 Fraser R. Hay et al. (2002) commercial gillnet 201 1.16:1 

2001 Fraser R. Hay et al. (2002) commercial gillnet 100 1:1 

  
  

Total 1995-2001 2352   

  

 

   

 

   
  

            

  
  

  ns* = Not specified    
1995-2001 Range     0.88-1.67:1 

1995-2001 Average        1.09:1    

file:///C:/Users/Lloydlll/Desktop/Final%20Report%202018/Report%20A%20-%20Eulachon%20SSB%20(final%20draft)%2009-11-2014.docx%23_Toc398193061
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Table 3. Parameter values used in estimating Columbia River eulachon spawning stock biomass from 2013-2018. 

Parameter Value 

 Biological     

  sex ratio 1:1   

  mean female length (mm) 173   

  mean female weight (gram) 40.84   

  eggs/gram female 802.3   

  eggs/ female 32,766   

  mean fish weight (gram) 40.6   

  fish/pound 11.16   

 eggs/gram of fish 401  

 eggs/fish 16,293  

  egg to larvae survival 100%   

 Bootstrap     

  Iterations 1,000   

  alpha 0.05   

  Confidence Level 0.95   

        

 
 

Table 4. Estimated Columbia River eulachon mean egg and larvae density, egg and larvae production (smelt   
plankton outflow), and spawning stock biomass for the period December 03, 2014 through May 22, 2015 (weeks 
49 through 21), including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, 
numbers of spawners, and SSB in pounds and in metric tons. 

 
  

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 34
 n (per sample day) 6

 Mean egg density 1.50
 Mean larvae density 18.73
 Mean egg & larvae density 20.23

 Point estimate 2,021,000,000,000
 Bootstrap generated values

 Maximum 3,382,000,000,000 207,570,500 8,400
 Upper CI 2,814,000,000,000 172,700,000 7,000
 Mean 2,014,000,000,000 123,582,800 5,000
 Median 1,999,000,000,000 122,700,000 5,000
 Lower CI 1,293,000,000,000 79,400,000 3,200
 Minimum 937,000,000,000 57,525,700 2,300

Cumulative Values for:

SSB 
(megagram

)

18,593,000
15,470,000
11,070,000
10,990,000
7,110,000
5,152,800
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Table 5.  Estimated Columbia River eulachon mean egg and larvae density, egg and larvae production (smelt 
plankton outflow), and SSB for November 04, 2015 through May 05, 2016 (weeks 43 through 19) including 
bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of spawners, and 
SSB in pounds and in metric tons.  

 

 
 

Table 6.  Estimated Columbia River eulachon mean egg and larvae density, egg and larvae production (smelt 
plankton outflow), and SSB for December 21, 2016 through May 03, 2017 (weeks 52 through 18) including 
bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of spawners, and 
SSB in pounds and in metric tons. 

Cumulative values for: Plankton outflow 

Number of 

spawners 

SSB 

(pounds) 

SSB 

(megagram) 

 Days Sampled 24  

 n (per sample day) 6  

 Mean egg density 0.16  

 Mean larvae density 2.05  

 Mean egg & larvae density 2.20  

 Point estimate 298,600,000,000  

 Bootstrap results  

    Maximum 555,100,000,000 34,071,100 3,051,900 1,384   

    Upper CI 446,100,000,000 27,382,300 2,452,700 1,113   

    Mean 298,300,000,000 18,307,100 1,639,800    744   

    Median 294,500,000,000 18,078,300 1,619,300    735   

          Lower CI 174,500,000,000 10,708,100    959,200    435   

    Minimum 

 

132,800,000,000   8,148,600    729,900    331 

  

  

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 34
 n (per sample day) 6

 Mean egg density 0.69
 Mean larvae density 7.35
 Mean egg & larvae density 8.04

 Point estimate 890,000,000,000
 Bootstrap generated values

 Maximum 1,825,000,000,000 111,991,000 4,600
 Upper CI 1,422,000,000,000 87,300,000 3,500
 Mean 889,000,000,000 54,556,500 2,220
 Median 871,000,000,000 53,500,000 2,200
 Lower CI 475,000,000,000 29,200,000 1,200
 Minimum 353,000,000,000 21,654,800 900

Cumulative Values for:

SSB 
(megagram

)

10,031,500
7,820,000
4,886,900
4,790,000
2,610,000
1,939,700
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Table 7.   Estimated Columbia River eulachon mean egg and larvae density, egg and larvae production (smelt 
plankton outflow), and SSB for Estimated Columbia River eulachon mean egg and larvae density, egg and larvae 
production (smelt plankton outflow), and SSB for January 14, 2018 through April 14, 2018 (weeks 3 through 16) 
including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

 

Table 8.  Estimated Grays River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB, in pounds and in metric tons, for the period 2015 (weeks 3 through 
19). 

 

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 13
 n (per sample day) 6

 Mean egg density 0.02
 Mean larvae density 0.99
 Mean egg & larvae density 1.01

 Point estimate 67,000,000,000
 Bootstrap generated values

 Maximum 150,000,000,000 9,200,000 370
 Upper CI 116,000,000,000 7,100,000 290
 Mean 67,000,000,000 4,100,000 170
 Median 66,000,000,000 4,000,000 160
 Lower CI 31,000,000,000 1,900,000 80
 Minimum 22,000,000,000 1,300,000 50

630,000
370,000
360,000
170,000
120,000

Cumulative Values for:
SSB 

(megagram)

820,000

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 17
 n (per sample day) 6

 Mean egg density 2.51
 Mean larvae density 9.55
 Mean egg & larvae density 12.06

 Point estimate 3,030,100,000
 Bootstrap generated values

 Maximum 4,719,000,000 289,600 11.8
 Upper CI 4,097,000,000 251,500 10.2
 Mean 3,021,500,000 185,400 7.5
 Median 3,014,800,000 185,000 7.5
 Lower CI 2,048,800,000 125,800 5.1
 Minimum 1,674,100,000 102,700 4.2

22,500
16,600
16,600
11,300
9,200

Cumulative Values for:

SSB 
(megagram

)

25,900
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Table 9. Estimated Grays River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB, in pounds and in metric tons, for the period 2016 (weeks 2 through 
19) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

 
 

Table 10.  Estimated Naselle River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2015 (weeks 3 through 
21) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 
  

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 18
 n (per sample day) 6

 Mean egg density 3.00
 Mean larvae density 35.88
 Mean egg & larvae density 38.88

 Point estimate 14,327,100,000
 Bootstrap generated values

 Maximum 24,357,400,000 1,495,000 60.7
 Upper CI 20,828,500,000 1,278,400 51.9
 Mean 14,307,600,000 878,100 35.7
 Median 14,294,600,000 877,300 35.6
 Lower CI 8,196,800,000 503,100 20.4
 Minimum 5,908,200,000 362,600 14.7

Cumulative Values for:

SSB 
(megagram

)

133,900
114,500
78,700
78,600
45,100
32,500

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 19
 n (per sample day) 6

 Mean egg density 1.23
 Mean larvae density 1.40
 Mean egg & larvae density 2.63

 Point estimate 598,400,000
 Bootstrap generated values

 Maximum 831,900,000 51,100 4,570 2.1
 Upper CI 749,200,000 46,000 4,120 1.9
 Mean 592,700,000 36,400 3,260 1.5
 Median 591,100,000 36,300 3,250 1.5
 Lower CI 446,700,000 27,400 2,460 1.1
 Minimum 377,000,000 23,100 2,070 0.9

SSB 
(megagram

)Cumulative Values for:
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Table 11. Estimated Naselle River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2016 (weeks 2 through 
16) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

 
 

Table 12. Estimated Naselle River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2017 (weeks 3 through 
15) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

Cumulative values for: Plankton outflow 
Number of 
spawners 

SSB 
(pounds) 

SSB 
(megagram) 

 Days Sampled 12  
 n (per sample day) 6  
 Mean egg density 0.02  
 Mean larvae density 0.01  
 Mean egg & larvae density 0.03  
 Point estimate 10,277,000  
 Bootstrap results  
    Maximum 24,609,000 1,510 135 0.06   
    Upper CI 19,089,000 1,170 105 0.05   
    Mean 10,278,000 630 57 0.03   
    Median 10,235,000 630 56 0.03   
    Lower CI 2,489,000 150 14 0.01   
    Minimum 199,000 10 1 0.00   

  

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 15
 n (per sample day) 6

 Mean egg density 0.01
 Mean larvae density 0.01
 Mean egg & larvae density 0.02

 Point estimate 10,400,000
 Bootstrap generated values

 Maximum 22,000,000 1,300 120 0.1
 Upper CI 17,500,000 1,100 100 0.0
 Mean 10,400,000 600 60 0.0
 Median 10,300,000 600 60 0.0
 Lower CI 4,400,000 300 20 0.0
 Minimum 2,800,000 200 20 0.0

SSB 
(megagram

)Cumulative Values for:
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Table 13. Estimated Chehalis River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2015 ( weeks 3 through 
22) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

Cumulative values for: Plankton outflow 
Number of 
spawners 

SSB 
(pounds) 

SSB 
(megagram) 

 Days Sampled 21  
 n (per sample day) 6  (week 5 n=5) 
 Mean egg density 0.37  
 Mean larvae density 0.81  
 Mean egg & larvae density 1.18  
 Point estimate 4,451,400,000  
 Bootstrap results  
    Maximum 7,339,800,000 450,500 40,350 18.3   
    Upper CI 6,185,700,000 379,700 34,010 15.4   
    Mean 4,430,900,000 272,000 24,360 11.0   
    Median 4,393,000,000 269,600 24,150 11.0   
    Lower CI 2,889,700,000 177,400 15,890 7.2   
    Minimum 2,281,500,000 140,000 12,540 5.7   

 
 
Table14.  Estimated Chehalis River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2016 (weeks 2 through 
20) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

Cumulative values for: 
Plankton 
outflow 

Number 
of 

spawners 
SSB 

(pounds) 
SSB 

(megagram) 
 Days Sampled 19   
 n (per sample day) 6   
 Mean egg density 0.25   
 Mean larvae density 2.06   
 Mean egg & larvae density 2.30   
 Point estimate 11,380,000,000    
 Bootstrap results   
    Maximum 22,412,800,000 1,375,600 123,220 55.9 
    Upper CI 17,906,200,000 1,099,000 98,440 44.7 
    Mean 11,338,300,000 695,900 62,330 28.3 
    Median 11,293,100,000 693,100 62,090 28.2 
    Lower CI 5,292,700,000 324,800 29,100 13.2 
    Minimum 3,631,800,000 222,900 19,970 9.1 
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Table 15. Estimated Chehalis River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2017 (weeks 50 through 
16) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

 

Table 16. Estimated Chehalis River eulachon mean egg and larvae density and mean and median egg and larvae 
production (smelt plankton outflow) and SSB in pounds and in metric tons, for the period 2018 (weeks 8 through 
11) including bootstrap generated mean and 95% confidence limit estimates of plankton outflow, numbers of 
spawners, and SSB in pounds and in metric tons. 

 

  

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 17
 n (per sample day) 6
 Mean egg density 0.19
 Mean larvae density 0.51
 Mean egg & larvae density 0.70
 Point estimate 3,062,600,000
 Bootstrap generated values

 Maximum 5,952,600,000 365,300 32,700 15
 Upper CI 4,833,200,000 296,600 26,600 12
 Mean 3,052,100,000 187,300 16,800 8
 Median 3,046,600,000 187,000 16,700 8
 Lower CI 1,459,100,000 89,600 8,000 4
 Minimum 890,800,000 54,700 4,900 2

Cumulative Values for:
SSB 

(megagram)

Plankton Outflow
Number of 
Spawners

SSB 
(Pounds)

 Days Sampled 4
 n (per sample day) 6

 Mean egg density 0.03
 Mean larvae density 0.36
 Mean egg & larvae density 0.39

 Point estimate 218,225,788
 Bootstrap generated values

 Maximum 398,000,000 24,400 1
 Upper CI 328,000,000 20,100 1
 Mean 217,800,000 13,400 1
 Median 216,900,000 13,000 1
 Lower CI 113,400,000 7,000 0
 Minimum 80,100,000 4,900 0

600
400

Cumulative Values for:
SSB 

(megagram)

2,200
1,800
1,200
1,200
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Appendix A: Discharge for the Columbia, Grays, Naselle, and 
Chehalis Rivers 
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Table A1.  Columbia River discharge, in cubic feet per second reported for the USGS gauging station at Beaver 
Army Terminal, and daily discharge in cubic meters per day, November 30, 2014 through May 23, 2015.  Included 
is river temperature measured during sampling of the Price Island/Clifton Channel transect. 

 
  

14-11-30 332000 812263093 15-01-09 277000 677701436 15-02-18 337000 824495971

14-12-01 315000 770671308 15-01-10 268000 655682256 15-02-19 330000 807369942

14-12-02 309000 755991854 15-01-11 274000 670361709 15-02-20 304000 743758977

14-12-03 291000 711953494 8 15-01-12 281000 687487738 15-02-21 326000 797583639

14-12-04 282000 689934314 15-01-13 261000 638556227 15-02-22 314000 768224732

14-12-05 284000 694827465 15-01-14 251000 614090471 15-02-23 301000 736419250

14-12-06 285000 697274041 15-01-15 245000 599411017 6 15-02-24 307000 751098703

14-12-07 292000 714400070 15-01-16 250000 611643895 15-02-25 299000 731526099

14-12-08 286000 699720616 15-01-17 260000 636109651 15-02-26 286000 699720616 7

14-12-09 265000 648342529 15-01-18 319000 780457610 15-02-27 273000 667915134

14-12-10 261000 638556227 15-01-19 377000 922358994 15-02-28 293000 716846645

14-12-11 285000 697274041 15-01-20 375000 917465843 7 15-03-01 284000 694827465

14-12-12 312000 763331581 15-01-21 371000 907679540 15-03-02 268000 655682256 7.8

14-12-13 301000 736419250 15-01-22 363000 888106936 15-03-03 262000 641002802

14-12-14 281000 687487738 15-01-23 337000 824495971 15-03-04 240000 587178139

14-12-15 250000 611643895 15-01-24 299000 731526099 15-03-05 250000 611643895

14-12-16 240000 587178139 15-01-25 277000 677701436 15-03-06 259000 633663075

14-12-17 238000 582284988 8 15-01-26 248000 606750744 15-03-07 267000 653235680

14-12-18 240000 587178139 15-01-27 272000 665468558 15-03-08 259000 633663075

14-12-19 254000 621430198 15-01-28 277000 677701436 15-03-09 252000 616537046

14-12-20 261000 638556227 15-01-29 278000 680148011 7 15-03-10 230000 562712384 7.3

14-12-21 357000 873427482 15-01-30 281000 687487738 15-03-11 227000 555372657

14-12-22 421000 1030008320 15-01-31 269000 658128831 15-03-12 247000 604304168 7.5

14-12-23 408000 998202837 15-02-01 275000 672808285 15-03-13 246000 601857593

14-12-24 365000 893000087 8 15-02-02 280000 685041163 7 15-03-14 229000 560265808

14-12-25 370000 905232965 15-02-03 285000 697274041 15-03-15 246000 601857593

14-12-26 361000 883213785 15-02-04 283000 692380889 15-03-16 279000 682594587 8.4

14-12-27 359000 878320634 15-02-05 287000 702167192 15-03-17 305000 746205552

14-12-28 352000 861194604 15-02-06 306000 748652128 15-03-18 284000 694827465 9.2

14-12-29 343000 839175424 15-02-07 359000 878320634 15-03-19 269000 658128831

14-12-30 345000 844068575 15-02-08 426000 1.042E+09 15-03-20 282000 689934314

14-12-31 337000 824495971 15-02-09 437000 1.069E+09 15-03-21 279000 682594587

15-01-01 333000 814709668 15-02-10 439000 1.074E+09 15-03-22 277000 677701436

15-01-02 318000 778011035 15-02-11 451000 1.103E+09 15-03-23 297000 726632947

15-01-03 301000 736419250 15-02-12 447000 1.094E+09 7 15-03-24 310000 758438430

15-01-04 298000 729079523 15-02-13 423000 1.035E+09 15-03-25 316000 773117884 9.2

15-01-05 309000 755991854 7 15-02-14 400000 978630232 15-03-26 319000 780457610

15-01-06 334000 817156244 15-02-15 380000 929698721 15-03-27 327000 800030215 10.1

15-01-07 295000 721739796 15-02-16 361000 883213785 15-03-28 335000 819602820

15-01-08 291000 711953494 15-02-17 349000 853854878 7.8 15-03-29 318000 778011035

Date

Discharge

Temp Date

Discharge 

Temp Date

Discharge

Temp    
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Table A1 (cont.) 

 
 
 
  

15-03-30 325000 795137063.8 10.9 15-04-17 218000 533353477 15-05-05 231000 565158959 14.9

15-03-31 322000 787797337 15-04-18 206000 503994570 15-05-06 216000 528460325

15-04-01 329000 804923366.1 10.6 15-04-19 194000 474635663 15-05-07 219000 535800052

15-04-02 309000 755991854.5 15-04-20 207000 506441145 13.4 15-05-08 217000 530906901

15-04-03 303000 741312401 15-04-21 236000 577391837 15-05-09 202000 494208267

15-04-04 304000 743758976.6 15-04-22 227000 555372657 15-05-10 190000 464849360

15-04-05 305000 746205552.1 15-04-23 212000 518674023 15-05-11 181000 442830180 15.3

15-04-06 308000 753545278.9 10.7 15-04-24 212000 518674023 12.1 15-05-12 199000 486868541

15-04-07 294000 719293220.8 15-04-25 210000 513780872 15-05-13 224000 548032930

15-04-08 292000 714400069.6 15-04-26 223000 545586355 15-05-14 233000 570052110

15-04-09 271000 663021982.4 15-04-27 223000 545586355 12.4 15-05-15 250000 611643895

15-04-10 247000 604304168.5 10.6 15-04-28 234000 572498686 15-05-16 241000 589624715

15-04-11 262000 641002802.2 15-04-29 222000 543139779 13.2 15-05-17 211000 516227448

15-04-12 243000 594517866.1 15-04-30 208000 508887721 15-05-18 218000 533353477 15.3

15-04-13 243000 594517866.1 10.9 15-05-01 193000 472189087 15-05-19 248000 606750744

15-04-14 270000 660575406.8 15-05-02 206000 503994570 15-05-20 236000 577391837

15-04-15 257000 628769924.3 11.2 15-05-03 224000 548032930 15-05-21 243000 594517866

15-04-16 222000 543139778.9 15-05-04 228000 557819232 15-05-22 256000 626323349

15-05-23 243000 594517866

Date

Discharge

Temp Date

Discharge

Temp Temp Date

Discharge

   



 

Studies of Eulachon in the Oregon and Washington  September 2018 
70 

Table A2.  Columbia River discharge, in cubic feet per second reported for the USGS gauging station at Beaver 
Army Terminal, and daily discharge in cubic meters per day, October 18, 2015 through May 07, 2015.  Included 
is river temperature measured during sampling of the Price Island/Clifton Channel transect. 

 
 
 
  

15-10-18 111000 271569889 15-11-27 176000 430597302.2 16-01-06 207000 506441145.2

15-10-19 104000 254443860 15-11-28 173000 423257575.5 16-01-07 203000 496654842.9 4.4

15-10-20 110000 269123314 15-11-29 179000 437937029 16-01-08 199000 486868540.6

15-10-21 111000 271569889 15-11-30 199000 486868540.6 16-01-09 195000 477082238.3

15-10-22 121000 296035645 15-12-01 200000 489315116.2 16-01-10 185000 452616482.4

15-10-23 130000 318054826 16.9 15-12-02 184000 450169906.9 16-01-11 182000 445276755.7 4.9

15-10-24 129000 315608250 15-12-03 170000 415917848.7 7.3 16-01-12 193000 472189087.1

15-10-25 127000 310715099 15-12-04 196000 479528813.8 16-01-13 206000 503994569.6

15-10-26 113000 276463041 15-12-05 192000 469742511.5 16-01-14 249000 609197319.6

15-10-27 118000 288695919 15-12-06 199000 486868540.6 16-01-15 252000 616537046.4

15-10-28 120000 293589070 15-12-07 254000 621430197.5 16-01-16 247000 604304168.5

15-10-29 121000 296035645 15-12-08 380000 929698720.7 7.8 16-01-17 275000 672808284.7

15-10-30 97400 238296462 15-12-09 448000 1096065860 16-01-18 274000 670361709.1

15-10-31 120000 293589070 15-12-10 454000 1110745314 16-01-19 287000 702167191.7

15-11-01 190000 464849360 15-12-11 473000 1157230250 16-01-20 322000 787797337 6.2

15-11-02 179000 437937029 15-12-12 460000 1125424767 16-01-21 310000 758438430

15-11-03 166666.67 407762597 15-12-13 439000 1074046680 16-01-22 314000 768224732.4

15-11-04 154333.33 377588165 15-12-14 422000 1032454895 16-01-23 294000 719293220.8

15-11-05 142000 347413732 14.6 15-12-15 396000 968843930 16-01-24 309000 755991854.5

15-11-06 128000 313161674 15-12-16 377000 922358994 16-01-25 305000 746205552.1

15-11-07 144000 352306884 15-12-17 366000 895446662.6 16-01-26 313000 765778156.8

15-11-08 155000 379219215 15-12-18 393000 961504203.3 7.6 16-01-27 288000 704613767.3

15-11-09 160000 391452093 15-12-19 425000 1039794622 16-01-28 254000 621430197.5

15-11-10 167000 408578122 15-12-20 408000 998202837 16-01-29 310000 758438430 7

15-11-11 151000 369432913 15-12-21 393846.154 963574382.6 16-01-30 322000 787797337

15-11-12 154000 376772639 15-12-22 379692.308 928945928.2 16-01-31 329000 804923366.1

15-11-13 139000 340074006 15-12-23 365538.462 894317473.8 7.6 16-02-01 326000 797583639.3

15-11-14 172000 420811000 15-12-24 351384.615 859689019.5 16-02-02 297000 726632947.5 6.8

15-11-15 187000 457509634 15-12-25 337230.769 825060565.1 16-02-03 278000 680148011.5

15-11-16 206000 503994570 15-12-26 323076.923 790432110.7 16-02-04 270000 660575406.8

15-11-17 182000 445276756 15-12-27 308923.077 755803656.3 16-02-05 254000 621430197.5

15-11-18 309000 755991854 15-12-28 294769.231 721175202 16-02-06 230000 562712383.6

15-11-19 300000 733972674 15-12-29 280615.385 686546747.6 16-02-07 211000 516227447.5

15-11-20 289000 707060343 15-12-30 266461.538 651918293.2 16-02-08 201000 491761691.7 6.8

15-11-21 252000 616537046 15-12-31 252307.692 617289838.8 16-02-09 207000 506441145.2

15-11-22 221000 540693203 16-01-01 238153.846 582661384.5 16-02-10 200000 489315116.2

15-11-23 201000 491761692 16-01-02 224000 548032930.1 16-02-11 218000 533353476.6

15-11-24 213000 521120599 9.8 16-01-03 216000 528460325.5 16-02-12 232000 567605534.7

15-11-25 215000 526013750 16-01-04 215000 526013749.9 16-02-13 240000 587178139.4

15-11-26 183000 447723331 16-01-05 211000 516227447.5 16-02-14 252000 616537046.4

Date

Discharge

Temp Date

Discharge

Temp Date

Discharge

Temp    
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Table A.2 (cont.) 

 
 
 
  

16-02-15 262000 641002802.2 16-03-14 352000 861194604.4 16-04-11 307000 751098703.3

16-02-16 290000 709506918.4 7 16-03-15 367000 897893238.2 7.8 16-04-12 315000 770671308 11.5

16-02-17 306000 748652127.7 16-03-16 363000 888106935.8 7.6 16-04-13 312000 763331581.2

16-02-18 338000 826942546.3 16-03-17 352000 861194604.4 16-04-14 332000 812263092.8

16-02-19 317000 775564459.1 16-03-18 332000 812263092.8 16-04-15 364000 890553511.4

16-02-20 328000 802476790.5 16-03-19 310000 758438430 16-04-16 382000 934591871.9

16-02-21 320000 782904185.9 16-03-20 284000 694827464.9 16-04-17 391000 956611052.1

16-02-22 332000 812263092.8 7.6 16-03-21 277000 677701435.9 8.6 16-04-18 377000 922358994 12.7

16-02-23 308000 753545278.9 16-03-22 287000 702167191.7 16-04-19 369000 902786389.3

16-02-24 277000 677701435.9 16-03-23 295000 721739796.3 8.6 16-04-20 352000 861194604.4

16-02-25 263000 643449377.8 16-03-24 284000 694827464.9 16-04-21 341000 834282273.1

16-02-26 257000 628769924.3 16-03-25 293000 716846645.2 16-04-22 342000 836728848.6

16-02-27 248000 606750744 16-03-26 288000 704613767.3 16-04-23 376000 919912418.4

16-02-28 226000 552926081.3 16-03-27 277000 677701435.9 16-04-24 384000 939485023

16-02-29 230000 562712383.6 16-03-28 286000 699720616.1 16-04-25 394000 963950778.8

16-03-01 244000 596964441.7 16-03-29 308000 753545278.9 16-04-26 395000 966397354.4

16-03-02 284000 694827464.9 16-03-30 294000 719293220.8 8.9 16-04-27 370000 905232964.9

16-03-03 277000 677701435.9 7.6 16-03-31 275000 672808284.7 16-04-28 350000 856301453.3 12.7

16-03-04 252000 616537046.4 16-04-01 277000 677701435.9 9.8 16-04-29 339000 829389121.9

16-03-05 276000 675254860.3 16-04-02 286000 699720616.1 16-04-30 335000 819602819.6

16-03-06 287000 702167191.7 16-04-03 254000 621430197.5 16-05-01 316000 773117883.5

16-03-07 305000 746205552.1 7.8 16-04-04 244000 596964441.7 10.9 16-05-02 296000 724186371.9

16-03-08 300000 733972674.2 16-04-05 257000 628769924.3 16-05-03 288000 704613767.3 14

16-03-09 316000 773117883.5 16-04-06 279000 682594587 11.2 16-05-04 281000 687487738.2

16-03-10 325000 795137063.8 16-04-07 279000 682594587 16-05-05 276000 675254860.3

16-03-11 371000 907679540.5 16-04-08 301000 736419249.8 16-05-06 280000 685041162.6

16-03-12 373000 912572691.6 16-04-09 314000 768224732.4 16-05-07 288000 704613767.3

16-03-13 352000 861194604.4 16-04-10 301000 736419249.8

Date

Discharge

Temp Date

Discharge

Temp Date

Discharge

Temp    
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Table A.3.  Columbia River discharge, in cubic feet per second reported for the USGS gauging station at Beaver 
Army Terminal, and daily discharge in cubic meters per day, December 18, 2016 through May 06, 2017.  Included 
is river temperature measured during sampling of the Price Island/Clifton Channel transect. 

 
 
 
  

16-12-18 254000 621430197.5 17-01-27 219000 535800052 17-03-08 343000 839175424.2

16-12-19 245000 599411017.3 17-01-28 206000 503994570 17-03-09 388000 949271325.4

16-12-20 244000 596964441.7 17-01-29 184000 450169907 17-03-10 452000 1105852163 5.7

16-12-21 281000 687487738.2 5.4 17-01-30 274000 670361709 17-03-11 493000 1206161761

16-12-22 272000 665468558 17-01-31 180000 440383605 17-03-12 515000 1259986424

16-12-23 279000 682594587 17-02-01 216000 528460325 17-03-13 518000 1267326151

16-12-24 290000 709506918.4 17-02-02 203000 496654843 3.1 17-03-14 509000 1245306971

16-12-25 247000 604304168.5 17-02-03 182000 445276756 17-03-15 550000 1345616569 6.7

16-12-26 251000 614090470.8 17-02-04 194000 474635663 17-03-16 602000 1472838500

16-12-27 233000 570052110.3 17-02-05 243000 594517866 17-03-17 607000 1485071378 6.7

16-12-28 255000 623876773.1 17-02-06 314000 768224732 17-03-18 607000 1485071378

16-12-29 228000 557819232.4 17-02-07 345000 844068575 2.9 17-03-19 633000 1548682343

16-12-30 209000 511334296.4 17-02-08 342000 836728849 17-03-20 627000 1534002889

16-12-31 212000 518674023.1 17-02-09 335000 819602820 17-03-21 622000 1521770011 7

17-01-01 197000 481975389.4 17-02-10 418000 1022668593 17-03-22 626000 1531556314

17-01-02 234000 572498685.9 17-02-11 449000 1098512436 17-03-23 634000 1551128918 7.3

17-01-03 232000 567605534.7 17-02-12 439000 1074046680 17-03-24 639000 1563361796

17-01-04 229000 560265808 17-02-13 420000 1027561744 17-03-25 641000 1568254947

17-01-05 235000 574945261.5 17-02-14 376000 919912418 17-03-26 641000 1568254947

17-01-06 244000 596964441.7 17-02-15 343000 839175424 17-03-27 640000 1565808372 7.8

17-01-07 240000 587178139.4 17-02-16 355000 868534331 17-03-28 635000 1553575494

17-01-08 222000 543139778.9 17-02-17 408000 998202837 4.5 17-03-29 630000 1541342616 7.8

17-01-09 216000 528460325.5 17-02-18 417000 1020222017 17-03-30 632000 1546235767

17-01-10 226000 552926081.3 2.6 17-02-19 412000 1007989139 17-03-31 642000 1570701523

17-01-11 267000 653235680.1 17-02-20 425000 1039794622 17-04-01 632000 1546235767

17-01-12 287000 702167191.7 17-02-21 418000 1022668593 4.7 17-04-02 624000 1526663162

17-01-13 289000 707060342.9 17-02-22 434000 1061813802 17-04-03 621000 1519323436 7.8

17-01-14 260000 636109651 17-02-23 439000 1074046680 17-04-04 607000 1485071378

17-01-15 247000 604304168.5 17-02-24 436000 1066706953 17-04-05 589000 1441033017

17-01-16 252000 616537046.4 17-02-25 416000 1017775442 17-04-06 567000 1387208354 8.4

17-01-17 239000 584731563.8 17-02-26 384000 939485023 17-04-07 540000 1321150814

17-01-18 247000 604304168.5 17-02-27 365000 893000087 17-04-08 526000 1286898756

17-01-19 316000 773117883.5 1.7 17-02-28 335000 819602820 17-04-09 526000 1286898756

17-01-20 315000 770671308 17-03-01 323500 791467200 17-04-10 526000 1286898756

17-01-21 295000 721739796.3 17-03-02 312000 763331581 17-04-11 510000 1247753546 9.2

17-01-22 271000 663021982.4 17-03-03 296000 724186372 5 17-04-12 498000 1218394639

17-01-23 258000 631216499.8 3.4 17-03-04 321000 785350761 17-04-13 503000 1230627517 9.5

17-01-24 253000 618983621.9 17-03-05 338000 826942546 17-04-14 518000 1267326151

17-01-25 260000 636109651 17-03-06 338000 826942546 17-04-15 514000 1257539849

17-01-26 240000 587178139.4 17-03-07 316000 773117884 4.9 17-04-16 499000 1220841215

Discharge

Temp Date

Discharge

Temp Date Date

Discharge

Temp    
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Table A3 (cont.) 

 
 
 

  

17-04-17 482000 1179249430 17-04-24 478000 1169463128 17-05-01 513000 1255093273

17-04-18 466000 1140104221 17-04-25 493000 1206161761 10.1 17-05-02 487000 1191482308

17-04-19 464000 1135211069 9.5 17-04-26 501000 1225734366 17-05-03 474000 1159676825 11.2

17-04-20 464000 1135211069 17-04-27 520000 1272219302 17-05-04 453000 1108298738

17-04-21 444000 1086279558 17-04-28 540000 1321150814 17-05-05 459000 1122978192

17-04-22 458000 1120531616 17-04-29 543000 1328490540 17-05-06 486000 1189035732

17-04-23 469000 1147443947 17-04-30 529000 1294238482

Temp Date

Discharge

Temp DateDate

Discharge Discharge

Temp    
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Table A.4.  Columbia River discharge, in cubic feet per second reported for the USGS gauging station at Beaver 
Army Terminal, and daily discharge in cubic meters per day, January 14, 2018 through April 22, 2018.  Included 
is river temperature measured during sampling of the Price Island/Clifton Channel transect. 

 
 
 

  

18-01-14 354000 866087755.6 18-02-16 281000 687487738 18-03-21 239000 584731564

18-01-15 327000 800030214.9 18-02-17 263000 643449378 18-03-22 244000 596964442

18-01-16 301000 736419249.8 6.3 18-02-18 298000 729079523 18-03-23 258000 631216500 7.5

18-01-17 293000 716846645.2 18-02-19 317000 775564459 18-03-24 273000 667915134

18-01-18 290000 709506918.4 18-02-20 302000 738865825 18-03-25 279000 682594587

18-01-19 318000 778011034.7 18-02-21 299000 731526099 18-03-26 267000 653235680

18-01-20 328000 802476790.5 18-02-22 280000 685041163 18-03-27 270000 660575407 7.8

18-01-21 318000 778011034.7 18-02-23 285000 697274041 4.6 18-03-28 267000 653235680

18-01-22 328000 802476790.5 18-02-24 268000 655682256 18-03-29 266000 650789104

18-01-23 318000 778011034.7 18-02-25 263000 643449378 18-03-30 256000 626323349

18-01-24 334000 817156244 18-02-26 280000 685041163 18-03-31 243000 594517866

18-01-25 366000 895446662.6 6.1 18-02-27 276000 675254860 4.7 18-04-01 247000 604304168

18-01-26 377000 922358994 18-02-28 267000 653235680 18-04-02 246000 601857593

18-01-27 353000 863641180 18-03-01 267000 653235680 18-04-03 255000 623876773

18-01-28 363000 888106935.8 18-03-02 282000 689934314 18-04-04 264000 645895953

18-01-29 357000 873427482.3 6.3 18-03-03 283000 692380889 18-04-05 268000 655682256 8.4

18-01-30 356000 870980906.8 18-03-04 276000 675254860 18-04-06 280000 685041163

18-01-31 359000 878320633.5 18-03-05 269000 658128831 18-04-07 290000 709506918

18-02-01 358000 875874057.9 18-03-06 260000 636109651 18-04-08 370000 905232965

18-02-02 355000 868534331.2 18-03-07 250000 611643895 18-04-09 423000 1.035E+09

18-02-03 359000 878320633.5 18-03-08 215000 526013750 5.2 18-04-10 425000 1.04E+09

18-02-04 346000 846515151 18-03-09 240000 587178139 18-04-11 422000 1.032E+09

18-02-05 345000 844068575.4 18-03-10 262000 641002802 18-04-12 417000 1.02E+09

18-02-06 353000 863641180 18-03-11 262000 641002802 18-04-13 407000 995756261

18-02-07 342000 836728848.6 18-03-12 262000 641002802 18-04-14 425000 1.04E+09

18-02-08 314000 768224732.4 7 18-03-13 250000 611643895 18-04-15 427000 1.045E+09

18-02-09 324000 792690488.2 18-03-14 251000 614090471 6.5 18-04-16 436000 1.067E+09

18-02-10 324000 792690488.2 18-03-15 257000 628769924 18-04-17 439000 1.074E+09

18-02-11 323000 790243912.6 18-03-16 255000 623876773 18-04-18 438000 1.072E+09

18-02-12 344000 841621999.8 6.7 18-03-17 260000 636109651 18-04-19 439000 1.074E+09 9.5

18-02-13 318000 778011034.7 18-03-18 258000 631216500 18-04-20 420000 1.028E+09

18-02-14 300000 733972674.2 18-03-19 251000 614090471 18-04-21 401000 981076808

18-02-15 294000 719293220.8 18-03-20 245000 599411017 18-04-22 383000 937038447

Date

Discharge

Temp Date

Discharge

Date

Discharge

Temp Temp    
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Table A.5, Grays River discharge, in cubic feet per second reported for the River stage data reported for 
Washington Department of Ecology monitoring station 25B060 on the lower Grays River from January 11, 2015 
through May 09, 2015.  .  Included is river temperature measured during sampling of the Altoona Bridge sample 
sites. 

 
 
  

15-01-11 492 2082427.271 15-02-20 263 1113167.4 15-04-01 362 1532192.4

15-01-12 417 1764984.09 15-02-21 235 994655.3 15-04-02 328 1388284.8

15-01-13 364 1540657.575 15-02-22 216 914236.36 15-04-03 308 1303633.3

15-01-14 326 1379819.696 15-02-23 202 854980.3 15-04-04 281 1189353.8

15-01-15 331 1400982.575 15-02-24 192 812654.54 15-04-05 260 1100469.7

15-01-16 461 1951217.423 8 15-02-25 189 799956.82 15-04-06 253 1070841.7

15-01-17 607 2569173.483 15-02-26 190 804189.39 15-04-07 230 973492.42

15-01-18 1620 6856772.723 15-02-27 228 965027.27 9 15-04-08 215 910003.79

15-01-19 1070 4528856.058 15-02-28 214 905771.21 15-04-09 201 850747.73 8

15-01-20 804 3402990.907 15-03-01 191 808421.97 15-04-10 203 859212.88

15-01-21 637 2696150.756 15-03-02 182 770328.79 15-04-11 279 1180888.6

15-01-22 530 2243265.15 8 15-03-03 169 715305.3 15-04-12 234 990422.73

15-01-23 484 2048566.665 15-03-04 160 677212.12 15-04-13 249 1053911.4

15-01-24 612 2590336.362 15-03-05 153 647584.09 15-04-14 285 1206284.1 8

15-01-25 514 2175543.938 15-03-06 146 617956.06 15-04-15 268 1134330.3

15-01-26 459 1942752.271 15-03-07 140 592560.61 15-04-16 253 1070841.7

15-01-27 414 1752286.362 15-03-08 135 571397.73 15-04-17 237 1003120.5

15-01-28 374 1582983.332 8 15-03-09 130 550234.85 15-04-18 221 935399.24

15-01-29 340 1439075.757 15-03-10 126 533304.55 15-04-19 207 876143.18

15-01-30 311 1316331.06 15-03-11 136 575630.3 15-04-20 195 825352.27

15-01-31 286 1210516.666 15-03-12 167 706840.15 9 15-04-21 184 778793.94

15-02-01 274 1159725.757 15-03-13 138 584095.45 15-04-22 178 753398.48

15-02-02 288 1218981.817 15-03-14 495 2095125 15-04-23 176 744933.33 8

15-02-03 259 1096237.12 15-03-15 1040 4401878.8 15-04-24 195 825352.27

15-02-04 246 1041213.636 15-03-16 1070 4528856.1 15-04-25 181 766096.21

15-02-05 667 2823128.028 15-03-17 685 2899314.4 8 15-04-26 162 685677.27

15-02-06 3550 15025643.93 15-03-18 511 2162846.2 15-04-27 159 672979.55

15-02-07 3460 14644712.11 15-03-19 416 1760751.5 15-04-28 150 634886.36 13

15-02-08 2660 11258651.51 15-03-20 378 1599913.6 15-04-29 145 613723.48

15-02-09 1620 6856772.723 15-03-21 476 2014706.1 15-04-30 138 584095.45

15-02-10 1280 5417696.966 15-03-22 422 1786147 15-05-01 131 554467.42

15-02-11 990 4190249.997 15-03-23 407 1722658.3 15-05-02 126 533304.55

15-02-12 768 3250618.18 15-03-24 474 2006240.9 15-05-03 121 512141.67

15-02-13 617 2611499.241 8 15-03-25 666 2818895.5 15-05-04 117 495211.36

15-02-14 510 2158613.635 15-03-26 871 3686573.5 8 15-05-05 126 533304.55

15-02-15 433 1832705.302 15-03-27 680 2878151.5 15-05-06 120 507909.09

15-02-16 376 1591448.484 15-03-28 600 2539545.5 15-05-07 110 465583.33

15-02-17 333 1409447.726 15-03-29 499 2112055.3 15-05-08 105 444420.45 12

15-02-18 299 1265540.151 7 15-03-30 434 1836937.9 15-05-09 100 423257.58

15-02-19 275 1163958.333 15-03-31 405 1714193.2 10 15-05-10 97 410559.85

Date

Discharge Discharge

Temp Temp Date

Discharge

Temp Date   
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Table A5 (cont.) 

 
 
 
  

15-05-11 97 410559.85 15-05-16 98 414792.42 15-05-21 84 355536.36

15-05-12 125 529071.97 15-05-17 96 406327.27 15-05-22 82 347071.21 13

15-05-13 121 512141.67 11 15-05-18 91 385164.39 15-05-23 84 355536.36

15-05-14 107 452885.61 15-05-19 88 372466.67

15-05-15 99 419025 15-05-20 87 368234.09

Date

Discharge

Temp Temp Date

Discharge

Temp Date

Discharge
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Table A6  Grays River discharge, in cubic feet per second reported for the River stage data from Washington 
Department of Ecology monitoring station 25B060 on the lower Grays River from January 11, 2015 through May 
09, 2015.  Included are river temperature measurements taken during sampling at the Altoona Bridge sample 
sites. 

 
 
  

16-01-03 542 1326043.965 16-02-12 1072 2622729 16-03-23 1051 2571350.9

16-01-04 551 1348063.145 16-02-13 1264 3092471.5 16-03-24 1385 3388507.2

16-01-05 535 1308917.936 16-02-14 2432 5950071.8 16-03-25 1290 3156082.5

16-01-06 532 1301578.209 16-02-15 3019 7386211.7 16-03-26 1128 2759737.3

16-01-07 511 1250200.122 7 16-02-16 3434 8401540.5 16-03-27 1113 2723038.6

16-01-08 491 1201268.61 16-02-17 2299 5624677.3 16-03-28 983 2404983.8

16-01-09 475 1162123.401 16-02-18 1705 4171411.4 16-03-29 871 2130967.3

16-01-10 455 1113191.889 16-02-19 1634 3997704.5 16-03-30 771 1886309.8

16-01-11 471 1152337.099 16-02-20 1753 4288847 16-03-31 689 1685690.6 9

16-01-12 851 2082035.819 16-02-21 1510 3694329.1 16-04-01 622 1521770

16-01-13 1828 4472340.162 16-02-22 1308 3200120.9 16-04-02 562 1374975.5

16-01-14 1410 3449671.569 16-02-23 1107 2708359.2 6 16-04-03 519 1269772.7

16-01-15 1165 2850260.552 5 16-02-24 952 2329140 16-04-04 544 1330937.1

16-01-16 1603 3921860.656 16-02-25 834 2040444 16-04-05 487 1191482.3 9

16-01-17 1842 4506592.22 16-02-26 745 1822698.8 16-04-06 442 1081386.4

16-01-18 1754 4291293.569 16-02-27 700 1712602.9 16-04-07 404 988416.53

16-01-19 1605 3926753.807 7 16-02-28 689 1685690.6 16-04-08 370 905232.96

16-01-20 1701 4161625.063 16-02-29 727 1778660.4 16-04-09 343 839175.42

16-01-21 3994 9771622.87 16-03-01 1601 3916967.5 16-04-10 321 785350.76

16-01-22 5036 12320954.62 16-03-02 2748 6723189.7 16-04-11 304 743758.98

16-01-23 2903 7102408.911 16-03-03 2454 6003896.5 6 16-04-12 316 773117.88

16-01-24 2002 4898044.313 16-03-04 1718 4203216.8 16-04-13 386 944378.17

16-01-25 1516 3709008.58 5 16-03-05 1488 3640504.5 16-04-14 413 1010435.7 10

16-01-26 1254 3068005.778 16-03-06 1455 3559767.5 16-04-15 368 900339.81

16-01-27 1125 2752397.528 16-03-07 1757 4298633.3 6 16-04-16 342 836728.85

16-01-28 4158 10172861.26 16-03-08 1568 3836230.5 16-04-17 321 785350.76

16-01-29 3377 8262085.736 16-03-09 2181 5335981.3 16-04-18 302 738865.83

16-01-30 2486 6082186.894 16-03-10 4671 11427955 16-04-19 286 699720.62 13

16-01-31 1924 4707211.417 16-03-11 2544 6224088.3 16-04-20 273 667915.13

16-02-01 1552 3797085.301 16-03-12 2082 5093770.4 16-04-21 260 636109.65

16-02-02 1287 3148742.772 16-03-13 2433 5952518.4 16-04-22 298 729079.52

16-02-03 1204 2945676.999 16-03-14 2742 6708510.2 16-04-23 274 670361.71

16-02-04 1826 4467447.011 6 16-03-15 2264 5539047.1 16-04-24 287 702167.19

16-02-05 1969 4817307.319 16-03-16 1728 4227682.6 16-04-25 274 670361.71

16-02-06 1877 4592222.365 16-03-17 1360 3327342.8 16-04-26 249 609197.32

16-02-07 1505 3682096.249 16-03-18 1117 2732824.9 7 16-04-27 238 582284.99

16-02-08 1249 3055772.9 16-03-19 935 2287548.2 16-04-28 227 555372.66

16-02-09 1045 2556671.482 7 16-03-20 835 2042890.6 16-04-29 218 533353.48 10

16-02-10 909 2223937.203 16-03-21 1028 2515079.7 16-04-30 205 501547.99

16-02-11 815 1993959.098 16-03-22 1083 2649641.4 7 16-05-01 191 467295.94

Temp Date

Discharge

Temp Date

Discharge

Temp Date

Discharge
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Table A.6  (cont.) 

 
 
 
  

16-05-02 181 442830.18 16-05-04 170 415917.85 12 16-05-06 150 366986.34

16-05-03 174 425704.15 16-05-05 166 406131.55 16-05-07 124 303375.37

Date Date

Discharge

Temp 

Discharge

Temp Date

Discharge

Temp    
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Table A.7 Naselle River discharge, in cubic feet per second reported for the River stage data, obtained from the 
USGS water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station 
located at Naselle River kilometer17.36) from January 11 2015 through April 16,2016  Included are river 
temperature measurements taken during sampling at the 401 bridge. 

 
 
  

15-01-11 492 2082427.271 15-02-20 263 1113167.4 15-04-01 362 1532192.4

15-01-12 417 1764984.09 15-02-21 235 994655.3 15-04-02 328 1388284.8

15-01-13 364 1540657.575 15-02-22 216 914236.36 15-04-03 308 1303633.3

15-01-14 326 1379819.696 15-02-23 202 854980.3 15-04-04 281 1189353.8

15-01-15 331 1400982.575 15-02-24 192 812654.54 15-04-05 260 1100469.7

15-01-16 461 1951217.423 8 15-02-25 189 799956.82 15-04-06 253 1070841.7

15-01-17 607 2569173.483 15-02-26 190 804189.39 15-04-07 230 973492.42

15-01-18 1620 6856772.723 15-02-27 228 965027.27 9 15-04-08 215 910003.79

15-01-19 1070 4528856.058 15-02-28 214 905771.21 15-04-09 201 850747.73 8

15-01-20 804 3402990.907 15-03-01 191 808421.97 15-04-10 203 859212.88

15-01-21 637 2696150.756 15-03-02 182 770328.79 15-04-11 279 1180888.6

15-01-22 530 2243265.15 8 15-03-03 169 715305.3 15-04-12 234 990422.73

15-01-23 484 2048566.665 15-03-04 160 677212.12 15-04-13 249 1053911.4

15-01-24 612 2590336.362 15-03-05 153 647584.09 15-04-14 285 1206284.1 8

15-01-25 514 2175543.938 15-03-06 146 617956.06 15-04-15 268 1134330.3

15-01-26 459 1942752.271 15-03-07 140 592560.61 15-04-16 253 1070841.7

15-01-27 414 1752286.362 15-03-08 135 571397.73 15-04-17 237 1003120.5

15-01-28 374 1582983.332 8 15-03-09 130 550234.85 15-04-18 221 935399.24

15-01-29 340 1439075.757 15-03-10 126 533304.55 15-04-19 207 876143.18

15-01-30 311 1316331.06 15-03-11 136 575630.3 15-04-20 195 825352.27

15-01-31 286 1210516.666 15-03-12 167 706840.15 9 15-04-21 184 778793.94

15-02-01 274 1159725.757 15-03-13 138 584095.45 15-04-22 178 753398.48

15-02-02 288 1218981.817 15-03-14 495 2095125 15-04-23 176 744933.33 8

15-02-03 259 1096237.12 15-03-15 1040 4401878.8 15-04-24 195 825352.27

15-02-04 246 1041213.636 15-03-16 1070 4528856.1 15-04-25 181 766096.21

15-02-05 667 2823128.028 15-03-17 685 2899314.4 8 15-04-26 162 685677.27

15-02-06 3550 15025643.93 15-03-18 511 2162846.2 15-04-27 159 672979.55

15-02-07 3460 14644712.11 15-03-19 416 1760751.5 15-04-28 150 634886.36 13

15-02-08 2660 11258651.51 15-03-20 378 1599913.6 15-04-29 145 613723.48

15-02-09 1620 6856772.723 15-03-21 476 2014706.1 15-04-30 138 584095.45

15-02-10 1280 5417696.966 15-03-22 422 1786147 15-05-01 131 554467.42

15-02-11 990 4190249.997 15-03-23 407 1722658.3 15-05-02 126 533304.55

15-02-12 768 3250618.18 15-03-24 474 2006240.9 15-05-03 121 512141.67

15-02-13 617 2611499.241 8 15-03-25 666 2818895.5 15-05-04 117 495211.36

15-02-14 510 2158613.635 15-03-26 871 3686573.5 8 15-05-05 126 533304.55

15-02-15 433 1832705.302 15-03-27 680 2878151.5 15-05-06 120 507909.09

15-02-16 376 1591448.484 15-03-28 600 2539545.5 15-05-07 110 465583.33

15-02-17 333 1409447.726 15-03-29 499 2112055.3 15-05-08 105 444420.45 12

15-02-18 299 1265540.151 7 15-03-30 434 1836937.9 15-05-09 100 423257.58

15-02-19 275 1163958.333 15-03-31 405 1714193.2 10 15-05-10 97 410559.85

Date

Discharge Discharge

Temp Temp Date

Discharge

Temp Date   
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Table A.7 (cont.) 

 
 
 
  

15-05-11 97 410559.85 15-05-16 98 414792.42 15-05-21 84 355536.36

15-05-12 125 529071.97 15-05-17 96 406327.27 15-05-22 82 347071.21 13

15-05-13 121 512141.67 11 15-05-18 91 385164.39 15-05-23 84 355536.36

15-05-14 107 452885.61 15-05-19 88 372466.67

15-05-15 99 419025 15-05-20 87 368234.09

Date

Discharge

Temp Temp Date

Discharge

Temp Date

Discharge
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Table A8. Naselle River discharge, in cubic feet per second reported for the River stage data, obtained from the 
USGS water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station 
located at Naselle River kilometer17.36) from January 03 2016 through April 16,2016  Included are river 
temperature measurements taken during sampling at the 401 bridge. 

 
 
 

  

16-01-03 302 1278237.878 16-02-07 789 3339502.3 16-03-13 1790 7576310.6

16-01-04 290 1227446.969 16-02-08 660 2793500 7 16-03-14 1850 7830265.1

16-01-05 273 1155493.181 16-02-09 555 2349079.5 16-03-15 1560 6602818.2

16-01-06 258 1092004.545 16-02-10 485 2052799.2 16-03-16 1220 5163742.4 6

16-01-07 238 1007353.03 16-02-11 431 1824240.2 16-03-17 933 3948993.2

16-01-08 223 943864.3933 4 16-02-12 587 2484522 16-03-18 729 3085547.7

16-01-09 213 901538.6358 16-02-13 695 2941640.1 16-03-19 585 2476056.8

16-01-10 200 846515.151 16-02-14 1620 6856772.7 16-03-20 497 2103590.2

16-01-11 218 922701.5145 16-02-15 1820 7703287.9 16-03-21 585 2476056.8 7

16-01-12 428 1811542.423 16-02-16 2010 8507477.3 16-03-22 552 2336381.8

16-01-13 1120 4740484.845 16-02-17 1480 6264212.1 16-03-23 522 2209404.5

16-01-14 770 3259083.331 16-02-18 1080 4571181.8 16-03-24 748 3165966.7

16-01-15 648 2742709.089 7 16-02-19 1040 4401878.8 6 16-03-25 702 2971268.2

16-01-16 961 4067505.3 16-02-20 1070 4528856.1 16-03-26 617 2611499.2

16-01-17 1210 5121416.663 16-02-21 899 3805085.6 16-03-27 612 2590336.4

16-01-18 1260 5333045.451 16-02-22 749 3170199.2 16-03-28 541 2289823.5

16-01-19 1120 4740484.845 16-02-23 615 2603034.1 16-03-29 477 2018938.6

16-01-20 1010 4274901.512 8 16-02-24 520 2200939.4 7 16-03-30 421 1781914.4 8

16-01-21 3580 15152621.2 16-02-25 448 1896193.9 16-03-31 373 1578750.8

16-01-22 4150 17565189.38 16-02-26 395 1671867.4 16-04-01 334 1413680.3

16-01-23 2250 9523295.448 16-02-27 362 1532192.4 16-04-02 302 1278237.9

16-01-24 1360 5756303.027 16-02-28 377 1595681.1 16-04-03 278 1176656.1

16-01-25 960 4063272.725 7 16-02-29 364 1540657.6 16-04-04 288 1218981.8

16-01-26 788 3335269.695 16-03-01 1340 5671651.5 16-04-05 249 1053911.4 7

16-01-27 683 2890849.241 16-03-02 1920 8126545.4 16-04-06 228 965027.27

16-01-28 2260 9565621.206 16-03-03 1960 8295848.5 16-04-07 211 893073.48

16-01-29 1780 7533984.844 16-03-04 1370 5798628.8 6 16-04-08 196 829584.85

16-01-30 1410 5967931.814 16-03-05 1120 4740484.8 16-04-09 184 778793.94

16-01-31 1160 4909787.876 16-03-06 1060 4486530.3 16-04-10 173 732235.61

16-02-01 963 4075970.452 16-03-07 1380 5840954.5 6.5 16-04-11 165 698375

16-02-02 787 3331037.119 16-03-08 1210 5121416.7 16-04-12 172 728003.03

16-02-03 713 3017826.513 16-03-09 1660 7026075.8 16-04-13 195 825352.27

16-02-04 892 3775457.573 16-03-10 3570 15110295 16-04-14 206 871910.61 7.5

16-02-05 934 3953225.755 5.5 16-03-11 1900 8041893.9 16-04-15 180 761863.64

16-02-06 930 3936295.452 16-03-12 1500 6348863.6 16-04-16 166 702607.58

Date

Discharge

Temp Date

Discharge

Temp Date

Discharge

Temp    
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Table A.9 Naselle River discharge, in cubic feet per second reported for the River stage data, obtained from the 
USGS water monitoring gage #12010000 located 1/3 kilometer above the North Valley Road Bridge (station 
located at Naselle River kilometer17.36) from January 15, 2017 through April 16, 2017  Included are river 
temperature measurements taken during sampling at the 401 bridge. 

 
 
 

  

17-01-15 212 897306.06 17-02-15 1280 5417697 17-03-17 1290 5460022.7

17-01-16 199 842282.5752 17-02-16 2320 9819575.8 7 17-03-18 2370 10031205

17-01-17 441 1866565.908 17-02-17 1460 6179560.6 17-03-19 1690 7153053

17-01-18 3050 12909356.05 17-02-18 1030 4359553 17-03-20 1170 4952113.6

17-01-19 3260 13798196.96 17-02-19 1080 4571181.8 17-03-21 895 3788155.3

17-01-20 2240 9480969.691 5 17-02-20 1360 5756303 17-03-22 777 3288711.4 8.6

17-01-21 1270 5375371.209 17-02-21 1150 4867462.1 17-03-23 705 2983965.9

17-01-22 844 3572293.937 17-02-22 914 3868574.2 17-03-24 857 3627317.4

17-01-23 616 2607266.665 17-02-23 723 3060152.3 6.4 17-03-25 890 3766992.4

17-01-24 485 2052799.241 7 17-02-24 595 2518382.6 17-03-26 913 3864341.7

17-01-25 403 1705728.029 17-02-25 496 2099357.6 17-03-27 1070 4528856.1

17-01-26 344 1456006.06 17-02-26 470 1989310.6 17-03-28 1320 5587000 8.4

17-01-27 297 1257074.999 17-02-27 420 1777681.8 6 17-03-29 2170 9184689.4

17-01-28 263 1113167.424 3.5 17-02-28 417 1764984.1 17-03-30 1950 8253522.7

17-01-29 238 1007353.03 17-03-01 436 1845403 17-03-31 1330 5629325.8

17-01-30 218 922701.5145 17-03-02 533 2255962.9 17-04-01 977 4135226.5

17-01-31 197 833817.4237 17-03-03 1770 7491659.1 17-04-02 745 3153268.9

17-02-01 179 757631.0601 17-03-04 1910 8084219.7 17-04-03 596 2522615.1

17-02-02 166 702607.5753 17-03-05 1350 5713977.3 17-04-04 496 2099357.6 8.1

17-02-03 173 732235.6056 17-03-06 1070 4528856.1 17-04-05 543 2298288.6

17-02-04 359 1519494.696 17-03-07 1100 4655833.3 17-04-06 489 2069729.5

17-02-05 543 2298288.635 17-03-08 1160 4909787.9 17-04-07 499 2112055.3

17-02-06 475 2010473.484 17-03-09 1470 6221886.4 7.3 17-04-08 693 2933175

17-02-07 414 1752286.362 17-03-10 2460 10412136 17-04-09 636 2691918.2

17-02-08 527 2230567.423 17-03-11 1730 7322356.1 17-04-10 591 2501452.3

17-02-09 3960 16760999.99 17-03-12 1400 5925606.1 17-04-11 521 2205172

17-02-10 2330 9861901.509 17-03-13 1260 5333045.5 17-04-12 612 2590336.4 9.3

17-02-11 1410 5967931.814 17-03-14 2050 8676780.3 17-04-13 653 2763872

17-02-12 1010 4274901.512 17-03-15 2110 8930734.8 17-04-14 763 3229455.3

17-02-13 778 3292943.937 17-03-16 1580 6687469.7 7.4 17-04-15 735 3110943.2

17-02-14 627 2653824.998 17-03-17 1587.1379 6717681.5 17-04-16 463.62529 1962329.2

Date

Discharge

Temp Date

Discharge

Temp Date

Discharge

Temp    
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Table A10. We obtained estimates of Chehalis River discharge, in cubic feet per second, by adding discharge 
from USGS gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop 
River (station located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 
13.0).  The estimates of average discharge were converted from cubic feet per second to cubic meters per day, 
from January 11, 2015 through May 10, 2015. included are river temperature measurements taken at the sample 
site. 

 
  

15-01-11 12080 29555000 15-02-20 6750 16514000 15-04-01 7630 18667000

15-01-12 10340 25298000 15-02-21 6336 15502000 15-04-02 7090 17346000

15-01-13 9190 22484000 15-02-22 5890 14410000 15-04-03 6730 16465000

15-01-14 8200 20062000 15-02-23 5517 13498000 7 15-04-04 6324 15472000

15-01-15 7540 18447000 15-02-24 5210 12747000 15-04-05 5916 14474000

15-01-16 8140 19915000 8 15-02-25 4938 12081000 15-04-06 5572 13632000

15-01-17 8710 21310000 15-02-26 4734 11582000 15-04-07 5289 12940000

15-01-18 20030 49005000 15-02-27 5163 12632000 15-04-08 4995 12221000

15-01-19 25670 62804000 15-02-28 5474 13393000 15-04-09 4767 11663000

15-01-20 21830 53409000 9 15-03-01 5113 12509000 15-04-10 4567 11174000 11

15-01-21 17080 41788000 15-03-02 4727 11565000 15-04-11 5443 13317000

15-01-22 13800 33763000 15-03-03 4429 10836000 9 15-04-12 5875 14374000

15-01-23 12450 30460000 15-03-04 4176 10217000 15-04-13 5746 14058000

15-01-24 17390 42546000 15-03-05 3992 9767000 15-04-14 5907 14452000 7.3

15-01-25 15870 38827000 15-03-06 3825 9358000 15-04-15 5837 14281000

15-01-26 13310 32564000 15-03-07 3691 9030000 15-04-16 5485 13419000

15-01-27 11530 28209000 15-03-08 3582 8764000 15-04-17 5123 12534000

15-01-28 10180 24906000 8 15-03-09 3484 8524000 15-04-18 4757 11638000

15-01-29 8890 21750000 15-03-10 3378 8265000 15-04-19 4446 10877000

15-01-30 7930 19401000 15-03-11 3404 8328000 15-04-20 4189 10249000

15-01-31 7280 17811000 15-03-12 4136 10119000 9 15-04-21 3938 9635000 11.3

15-02-01 6933 16962000 15-03-13 4013 9818000 15-04-22 3736 9140000

15-02-02 6900 16881000 15-03-14 6480 15854000 15-04-23 3633 8888000

15-02-03 6890 16857000 15-03-15 11900 29114000 15-04-24 3883 9500000

15-02-04 6612 16177000 15-03-16 19860 48589000 9 15-04-25 3915 9578000

15-02-05 9700 23732000 15-03-17 15960 39047000 15-04-26 3703 9060000

15-02-06 33690 82425000 10 15-03-18 11660 28527000 15-04-27 3539 8658000

15-02-07 40970 100236000 15-03-19 9370 22924000 15-04-28 3411 8345000

15-02-08 42490 103955000 15-03-20 8140 19915000 15-04-29 3274 8010000 14

15-02-09 38400 93949000 15-03-21 9460 23145000 15-04-30 3182 7785000

15-02-10 32700 80003000 15-03-22 9510 23267000 15-05-01 3049 7460000

15-02-11 25130 61482000 10 15-03-23 8440 20649000 15-05-02 2947 7210000

15-02-12 19610 47977000 15-03-24 9120 22313000 15-05-03 2831 6926000

15-02-13 15620 38216000 15-03-25 12130 29677000 15-05-04 2735 6691000

15-02-14 12570 30753000 15-03-26 16650 40735000 15-05-05 2788 6821000

15-02-15 10710 26203000 15-03-27 13000 31805000 10.5 15-05-06 2899 7093000

15-02-16 9490 23218000 15-03-28 10940 26766000 15-05-07 2839 6946000

15-02-17 8550 20918000 15-03-29 9480 23194000 15-05-08 2656 6498000 14

15-02-18 7790 19059000 15-03-30 8820 21579000 15-05-09 2529 6187000

15-02-19 7189 17588000 8 15-03-31 8260 20209000 10.5 15-05-10 2422 5926000

Discharge

Temp Date

Discharge

Temp Date Date

Discharge

Temp    
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Table A.10 (cont.) 

 
 
 
  

15-05-11 2383 5830000 15-05-18 2218 5427000 15-05-25 1947 4763000

15-05-12 2408 5891000 15-05-19 2148 5255000 15-05-26 1922 4702000

15-05-13 2645 6471000 15-05-20 2107 5155000 15-05-27 1872 4580000

15-05-14 2705 6618000 15-05-21 2049 5013000 15-05-28 1825 4465000 17

15-05-15 2596 6351000 14 15-05-22 2009 4915000 16 15-05-29 1775 4343000

15-05-16 2403 5879000 15-05-23 1989 4866000 15-05-30 1740 4257000

15-05-17 2297 5620000 15-05-24 1975 4832000

Temp Date

Discharge

Temp DateDate

Discharge Discharge

Temp    
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Table A.11 We obtained estimates of Chehalis River discharge, in cubic feet per second, by adding discharge from USGS 
gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River (station located at 
kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0).  The estimates of average discharge 
were converted from cubic feet per second to cubic meters per day, from January 03, 2016 through May 14, 2016. included 
are river temperature measurements taken at the sample site. 

 
  

16-01-03 6754 16524000 16-02-12 10810 26447000 16-03-23 12570 30753000

16-01-04 6375 15597000 16-02-13 12890 31536000 16-03-24 15020 36748000

16-01-05 6423 15714000 4.5 16-02-14 18260 44674000 16-03-25 14580 35671000

16-01-06 6591 16125000 16-02-15 20170 49347000 16-03-26 13080 32001000

16-01-07 6421 15709000 16-02-16 25170 61580000 16-03-27 11820 28919000

16-01-08 6030 14753000 16-02-17 20400 49910000 16-03-28 11010 26937000

16-01-09 5726 14009000 16-02-18 16560 40515000 9 16-03-29 9970 24392000

16-01-10 5431 13287000 16-02-19 16050 39268000 16-03-30 9210 22533000 8.5

16-01-11 5287 12935000 16-02-20 17370 42497000 16-03-31 8390 20527000

16-01-12 7480 18300000 16-02-21 16730 40931000 16-04-01 7710 18863000

16-01-13 15610 38191000 16-02-22 14860 36356000 7 16-04-02 7130 17444000

16-01-14 14410 35255000 16-02-23 12510 30607000 16-04-03 6660 16294000

16-01-15 12130 29677000 7 16-02-24 10740 26276000 16-04-04 6730 16465000

16-01-16 13390 32760000 16-02-25 9460 23145000 16-04-05 6600 16147000 10.94

16-01-17 17450 42693000 16-02-26 8548 20913000 16-04-06 6170 15095000

16-01-18 19390 47439000 16-02-27 8621 21092000 16-04-07 5780 14141000

16-01-19 17210 42106000 8 16-02-28 8528 20864000 16-04-08 5486 13422000

16-01-20 15820 38705000 16-02-29 8566 20957000 16-04-09 5212 12752000

16-01-21 27080 66253000 16-03-01 11880 29065000 9 16-04-10 4973 12167000

16-01-22 45100 110341000 16-03-02 20990 51354000 16-04-11 4756 11636000 11.19

16-01-23 33070 80908000 16-03-03 23310 57030000 16-04-12 4626 11318000

16-01-24 24700 60430000 16-03-04 20380 49861000 16-04-13 4878 11934000

16-01-25 19590 47928000 16-03-05 18010 44063000 16-04-14 5039 12328000

16-01-26 16300 39879000 16-03-06 16480 40320000 16-04-15 4955 12123000

16-01-27 15550 38044000 16-03-07 18410 45041000 9 16-04-16 4525 11071000

16-01-28 29350 71807000 16-03-08 17480 42766000 16-04-17 4208 10295000

16-01-29 29210 71464000 16-03-09 16720 40907000 16-04-18 3909 9564000 13.48

16-01-30 24840 60773000 16-03-10 37120 90817000 16-04-19 3700 9052000

16-01-31 21330 52185000 16-03-11 32990 80713000 16-04-20 3507 8580000

16-02-01 17390 42546000 16-03-12 26820 65617000 16-04-21 3342 8176000

16-02-02 14380 35182000 6 16-03-13 25730 62950000 16-04-22 3426 8382000

16-02-03 12560 30729000 16-03-14 28320 69287000 16-04-23 3506 8578000

16-02-04 13380 32735000 16-03-15 28420 69532000 16-04-24 3556 8700000

16-02-05 14060 34399000 16-03-16 26490 64810000 16-04-25 3421 8370000

16-02-06 14880 36405000 16-03-17 21810 53360000 16-04-26 3257 7968000 11.74

16-02-07 13580 33224000 16-03-18 17410 42595000 16-04-27 3059 7484000

16-02-08 11820 28919000 8 16-03-19 14330 35059000 16-04-28 2937 7186000

16-02-09 10240 25053000 16-03-20 12330 30166000 16-04-29 2801 6853000

16-02-10 9200 22508000 16-03-21 12350 30215000 8.7 16-04-30 2728 6674000

16-02-11 8770 21456000 16-03-22 13700 33518000 16-05-01 2628 6430000

Date

Discharge

Temp Date

Discharge

Date

Discharge

Temp Temp    
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Table A11 (cont.) 

 
  

16-05-02 2544 6224000 16-05-07 2104 5148000 16-05-11 1855 4538000 14.39

16-05-03 2440 5970000 14.39 16-05-08 1995 4881000 16-05-12 1784 4365000

16-05-04 2352 5754000 16-05-09 1955 4783000 16-05-13 1730 4233000

16-05-05 2279 5576000 16-05-10 1903 4656000 16-05-14 1714 4193000

16-05-06 2207 5400000

Discharge

Temp Date

Discharge

Temp Date

Discharge

Temp Date   
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Table A12. We obtained estimates of Chehalis River discharge, in cubic feet per second, by adding discharge from USGS 
gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop River (station located at 
kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 13.0).  The estimates of average discharge 
were converted from cubic feet per second to cubic meters per day, from December 04, 2016 through May 22, 2017. included 
are river temperature measurements taken at the sample site. 

 
  

16-12-04 16080 39341000 17-01-13 6239 15264000 17-02-22 16370 40050000

16-12-05 18010 44063000 7.5 17-01-14 5738 14038000 17-02-23 14270 34913000 5.83

16-12-06 16650 40735000 17-01-15 5355 13101000 17-02-24 12490 30558000

16-12-07 13970 34179000 17-01-16 5024 12292000 17-02-25 10950 26790000

16-12-08 11950 29237000 17-01-17 5580 13652000 17-02-26 10150 24833000

16-12-09 10970 26839000 17-01-18 18820 46045000 17-02-27 9700 23732000

16-12-10 11920 29163000 17-01-19 34570 84578000 17-02-28 8880 21726000

16-12-11 15000 36699000 17-01-20 36250 88688000 5.53 17-03-01 8390 20527000

16-12-12 18700 45751000 17-01-21 26150 63978000 17-03-02 8370 20478000

16-12-13 19000 46485000 17-01-22 19430 47537000 17-03-03 13970 34179000 6.3

16-12-14 15870 38827000 17-01-23 15600 38167000 17-03-04 19530 47782000

16-12-15 13290 32515000 17-01-24 12920 31610000 17-03-05 18430 45090000

16-12-16 11280 27597000 17-01-25 10720 26227000 17-03-06 16440 40222000

16-12-17 9480 23194000 17-01-26 9310 22778000 5.53 17-03-07 15920 38949000

16-12-18 8190 20037000 17-01-27 8290 20282000 17-03-08 17000 41592000

16-12-19 8590 21016000 17-01-28 7310 17884000 17-03-09 18180 44479000 5.8

16-12-20 12920 31610000 17-01-29 6690 16368000 17-03-10 26690 65299000

16-12-21 14960 36601000 17-01-30 6390 15634000 17-03-11 30210 73911000

16-12-22 12940 31659000 17-01-31 6010 14704000 17-03-12 28330 69311000

16-12-23 12940 31659000 17-02-01 5605 13713000 17-03-13 24750 60553000

16-12-24 12870 31487000 17-02-02 5247 12837000 3.39 17-03-14 31040 75942000

16-12-25 11420 27940000 17-02-03 5219 12769000 17-03-15 32130 78608000

16-12-26 10110 24735000 17-02-04 6690 16368000 17-03-16 28800 70461000

16-12-27 10750 26301000 17-02-05 10270 25126000 17-03-17 25790 63097000 6.9

16-12-28 11540 28233000 17-02-06 13480 32980000 17-03-18 32060 78437000

16-12-29 11030 26986000 17-02-07 13390 32760000 17-03-19 29350 71807000

16-12-30 11040 27010000 17-02-08 12360 30240000 17-03-20 24730 60504000

16-12-31 10090 24686000 17-02-09 26140 63953000 17-03-21 19730 48271000

17-01-01 9490 23218000 17-02-10 37950 92848000 17-03-22 16810 41127000

17-01-02 8900 21775000 17-02-11 40090 98083000 17-03-23 15390 37653000 7.7

17-01-03 7920 19377000 17-02-12 35550 86976000 17-03-24 15870 38827000

17-01-04 7155 17505000 17-02-13 24130 59036000 17-03-25 17140 41934000

17-01-05 6481 15856000 1.56 17-02-14 17320 42375000 17-03-26 16610 40638000

17-01-06 5993 14662000 17-02-15 19290 47194000 17-03-27 17440 42668000

17-01-07 5631 13777000 17-02-16 30110 73666000 6.64 17-03-28 20410 49935000

17-01-08 5642 13804000 17-02-17 28100 68749000 17-03-29 31930 78119000

17-01-09 6850 16759000 17-02-18 23870 58400000 17-03-30 27680 67721000

17-01-10 7267 17779000 17-02-19 19160 46876000 17-03-31 21320 52161000 8.1

17-01-11 7450 18227000 17-02-20 18450 45139000 17-04-01 17060 41739000

17-01-12 6851 16761000 2.63 17-02-21 18050 44161000 17-04-02 14260 34888000

Temp Date

Discharge

Temp Date

Discharge

Temp Date

Discharge
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Table A12 (cont.) 

 
 
 

  

17-04-03 12090 29579000 17-04-10 14160 34644000 17-04-17 11220 27451000

17-04-04 10400 25444000 17-04-11 13120 32099000 17-04-18 10780 26374000

17-04-05 11310 27671000 17-04-12 13080 32001000 17-04-19 10300 25200000

17-04-06 12610 30851000 8.06 17-04-13 15790 38631000 17-04-20 9990 24441000 9.7

17-04-07 12810 31341000 17-04-14 16510 40393000 8.2 17-04-21 9760 23879000

17-04-08 16930 41421000 17-04-15 15120 36992000 17-04-22 9080 22215000

17-04-09 16360 40026000 17-04-16 12970 31732000

Date Date

Discharge

Temp 

Discharge

Temp Date

Discharge

Temp    
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Table A13. We obtained estimates of Chehalis River discharge, in cubic feet per second, by adding discharge 
from USGS gages #1231000 on the Chehalis River (station located at kilometer 53.6), #12035000 on the Satsop 
River (station located at kilometer 3.7), and #12037400 on the Wynoochee River (station located at kilometer 
13.0).  The estimates of average discharge were converted from cubic feet per second to cubic meters per day, 
from February 18, 2018 through March 17, 2018. included are river temperature measurements taken at the 
sample site. 

 
 
 

  

18-02-18 12360 30240000 18-02-28 9510 23267000 5.1 18-03-09 9580 23438000

18-02-19 12080 29555000 18-03-01 10510 25714000 18-03-10 9360 22900000

18-02-20 10670 26105000 18-03-02 10820 26472000 18-03-11 8252 20189000

18-02-21 9440 23096000 18-03-03 9770 23903000 18-03-12 7378 18051000

18-02-22 8440 20649000 3.1 18-03-04 8760 21432000 18-03-13 6868 16803000

18-02-23 7660 18741000 18-03-05 8000 19573000 18-03-14 6631 16223000 7.5

18-02-24 7336 17948000 18-03-06 7257 17755000 18-03-15 6202 15174000

18-02-25 8260 20209000 18-03-07 6633 16228000 5.5 18-03-16 5683 13904000

18-02-26 10050 24588000 18-03-08 6663 16302000 18-03-17 5228 12791000

18-02-27 9980 24417000

Date

Discharge Discharge

Temp Temp Date

Discharge

Temp Date   



 

Studies of Eulachon in the Oregon and Washington  September 2018 
90 

Appendix B: Daily Plankton Net Sampling Effort for the 
Columbia, Grays, Naselle, and Chehalis Rivers 

  



 

Studies of Eulachon in the Oregon and Washington  September 2018 
91 

Table B1.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the six sites situated along the Columbia River Price Island/Clifton Channel transect, 
December 03, 2014 through May 5, 2015. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

49 14-12-03 1:52 34.6 3:27 44.0 3:49 58.3 2:43 28.2 4:28 79.0 3:36 40.0

50 14-12-17 2:33 25.9 3:24 38.9 3:14 37.3 2:36 25.2 3:36 55.1 2:46 23.0

2 15-01-05 1:58 25.2 2:36 35.5 2:43 42.7 2:03 22.7 4:23 86.8 2:05 21.4

3 15-01-15 2:26 24.9 3:20 37.3 4:15 50.8 3:46 35.3 3:46 57.9 4:26 32.4

4 15-01-20 3:10 37.0 4:13 57.7 4:30 80.1 3:02 38.0 4:32 96.9 3:03 32.8

5 15-01-29 2:32 25.8 3:34 41.1 3:36 47.6 3:08 27.3 3:45 64.3 3:09 24.3

6 15-02-02 3:06 41.8 3:47 51.3 4:03 51.3 3:26 36.4 5:35 81.9 3:03 24.5

7 15-02-12 2:45 34.1 3:30 45.7 3:35 54.0 2:48 31.0 4:22 82.4 2:43 23.1

8 15-02-17 3:04 41.8 3:24 47.8 3:36 57.9 2:53 33.5 4:19 86.2 2:42 26.8

9 15-02-26 2:36 30.7 3:18 36.2 3:14 43.8 2:35 23.2 3:39 64.5 2:22 14.9

10 15-03-02 2:27 22.2 3:12 29.5 3:02 35.8 2:37 22.9 3:13 49.1 3:00 25.8

11 15-03-10 2:29 24.7 3:18 35.4 3:10 38.8 2:19 13.7 3:10 52.4 2:51 22.3

11 15-03-12 2:44 29.5 3:04 30.9 3:20 39.7 2:39 21.3 3:37 59.1 3:12 16.2

12 15-03-16 2:31 29.6 3:34 37.8 3:25 44.9 2:36 21.2 3:32 58.3 3:04 23.3

12 15-03-18 2:29 26.9 3:19 39.6 3:16 44.2 2:45 24.0 3:33 53.3 2:35 19.3

13 15-03-25 3:09 40.8 4:27 42.1 4:07 63.4 2:36 26.8 4:15 82.5 3:02 28.1

13 15-03-27 2:39 34.0 3:21 42.5 3:26 46.4 2:35 20.3 3:55 73.5 3:10 29.9

14 15-03-30 2:06 26.1 2:56 35.6 2:31 30.7 2:28 24.0 4:20 74.0 1:21 8.4

14 15-04-01 1:46 19.9 2:38 30.8 2:33 33.7 2:09 19.9 3:38 61.6 2:02 16.9

15 15-04-06 1:58 18.1 2:48 27.3 2:49 35.4 1:49 14.8 2:14 43.2 2:28 19.2

15 15-04-10 1:47 16.7 2:41 27.8 2:58 32.7 2:32 19.3 3:19 51.0 2:23 19.6

16 15-04-13 1:50 14.6 2:40 23.0 2:23 22.8 1:58 14.3 2:46 35.3 2:25 17.9

16 15-04-15 2:01 21.5 2:45 29.4 2:34 31.8 2:45 17.0 3:21 50.8 2:09 15.4

17 15-04-20 1:37 11.6 2:47 19.9 2:35 25.7 2:27 20.4 2:47 32.8 2:35 18.1

17 15-04-24 1:57 15.3 2:37 22.6 2:37 27.8 2:24 15.4 3:07 42.7 2:25 15.7

18 15-04-27 1:52 14.4 2:35 18.8 2:30 22.4 2:06 14.6 2:47 34.1 2:10 12.4

18 15-04-29 1:45 9.7 2:25 15.7 2:24 19.7 2:06 14.8 2:37 31.9 2:20 10.0

19 15-05-05 1:28 7.4 2:13 8.4 2:28 15.2 1:48 12.1 2:45 25.5 1:59 11.1

20 15-05-11 2:05 14.5 2:41 13.1 2:36 13.6 2:05 9.5 2:32 11.2 2:15 3.9

21 15-05-18 0:57 10.5 1:32 12.4 1:40 11.5 1:47 10.7 2:27 12.2 2:01 8.3

Sample 2015 C Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
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Table B2.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the six sites situated along the Columbia River Price Island/Clifton Channel transect, 
October 23, 2015 through May 3, 2016. 

 
 

 

  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

43 15-10-23 2:11 16.8 3:09 26.4 3:12 30.2 2:49 16.6 3:03 38.8 3:01 17.7

45 15-11-05 2:06 11.5 2:59 15.9 2:49 19.8 2:31 17.0 2:12 16.8 2:30 12.1

48 15-11-24 2:28 27.7 3:18 39.3 3:10 41.7 2:31 27.6 3:19 49.7 2:31 20.6

49 15-12-03 2:34 29.0 3:14 32.5 3:08 31.1 2:40 17.6 1:55 23.5 2:59 24.4

50 15-12-08 2:45 57.2 3:23 63.0 3:58 66.1 3:00 35.4 3:10 46.2 2:43 16.9

5 15-12-18 2:20 44.5 2:55 50.8 3:07 55.6 2:41 27.9 2:53 43.2 2:50 14.3

52 15-12-23 1:40 29.3 2:51 54.2 2:29 48.5 2:13 28.2 3:26 54.8 1:48 13.4

2 16-01-07 1:55 26.3 2:21 32.0 2:48 38.7 3:07 26.7 2:43 30.9 2:18 12.1

3 16-01-11 2:42 37.7 3:37 50.6 3:11 37.8 4:05 31.6 1:55 7.9 4:30 16.2

4 16-01-20 3:00 56.2 3:54 60.8 3:21 53.7 2:49 27.6 2:59 42.3 3:58 26.8

5 16-01-29 3:14 50.6 3:53 61.3 3:30 54.0 2:47 31.3 3:05 48.5 2:56 24.3

6 16-02-02 2:17 25.5 3:13 36.3 3:26 45.0 2:22 18.9 3:16 56.8 2:50 21.5

7 16-02-08 2:47 38.2 3:10 45.7 3:41 50.4 3:09 24.4 2:01 13.0 3:15 13.1

8 16-02-16 3:08 54.3 3:33 48.6 4:42 71.8 2:47 26.3 2:45 50.0 2:59 20.2

9 16-02-22 2:27 32.2 3:32 43.7 3:19 46.0 2:56 30.6 3:41 71.2 2:43 22.7

10 16-03-03 2:36 29.8 3:12 35.7 3:23 39.8 2:36 19.4 2:51 36.5 2:33 12.6

11 16-03-07 2:52 52.2 3:49 65.2 3:50 65.3 3:11 38.5 3:05 43.9 3:18 21.5

11 16-03-08 3:07 57.4 3:53 63.1 3:52 60.8 3:17 37.9 2:53 35.0 2:44 16.3

12 16-03-15 2:06 35.1 2:54 47.5 3:46 54.4 2:28 23.5 3:21 53.0 2:27 15.4

12 16-03-17 2:19 40.2 3:50 62.4 3:17 51.3 2:36 26.3 3:16 53.5 2:45 16.0

13 16-03-21 2:04 36.0 2:32 37.4 2:51 45.8 2:38 24.5 2:58 34.0 2:41 18.8

13 16-03-23 2:02 31.5 2:36 39.3 2:39 39.8 2:52 26.5 2:40 34.4 2:30 12.7

14 16-03-30 2:14 29.8 2:43 34.3 2:25 31.8 2:33 23.3 2:58 37.6 2:25 12.7

14 16-04-01 1:38 21.0 2:07 26.7 2:21 32.1 2:34 21.7 3:00 39.8 2:23 11.0

15 16-04-04 1:27 18.9 2:01 24.2 2:20 31.5 2:26 18.1 2:16 15.4 2:55 16.5

15 16-04-06 1:40 25.4 2:16 28.8 2:10 27.2 2:37 17.7 2:23 12.4 2:15 6.0

16 16-04-12 2:04 36.0 2:32 37.4 2:51 45.8 2:38 24.5 2:58 34.0 2:41 18.8

17 16-04-18 2:02 31.5 2:36 39.3 2:39 39.8 2:52 26.5 2:40 34.4 2:30 12.7

18 16-04-28 2:14 29.8 2:43 34.3 2:25 31.8 2:33 23.3 2:58 37.6 2:25 12.7

19 16-05-03 1:38 21.0 2:07 26.7 2:21 32.1 2:34 21.7 3:00 39.8 2:23 11.0

Site 6Sample 2016 C Site 1 Site 2 Site 3 Site 4 Site 5
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Table B3.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the six sites situated along the Columbia River Price Island/Clifton Channel transect, 
December 21, 2016 through May 3, 2017. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

52 16-12-21 2:27 31.7 3:16 43.4 3:35 43.8 2:45 24.1 3:21 59.0 2:31 19.9

2 17-01-10 2:39 43.8 3:30 53.9 3:35 53.5 1:41 26.7 2:08 19.5 2:45 14.1

3 17-01-19 2:48 44.9 3:52 47.8 3:13 37.8 2:56 30.0 3:04 39.8 2:26 15.3

4 17-01-23 2:39 41.2 3:27 49.1 3:39 50.2 2:41 24.5 2:50 32.2 2:33 14.1

5 17-02-02 2:21 29.8 3:13 41.3 3:22 41.6 2:43 25.5 2:36 26.8 2:22 10.1

6 17-02-07 2:57 55.5 3:54 68.0 3:55 67.7 2:56 34.6 3:14 49.5 2:08 12.6

7 17-02-17 2:37 48.9 3:31 58.6 4:19 67.2 2:56 33.1 3:26 55.0 2:36 16.6

8 17-02-21 2:58 50.5 3:50 63.6 3:53 62.1 2:50 30.0 3:15 52.6 2:38 21.1

9 17-03-03 3:12 58.7 3:55 63.1 3:52 52.8 2:57 34.8 3:22 51.3 3:15 27.7

10 17-03-07 3:12 52.8 3:35 54.4 3:32 48.9 2:50 28.4 3:03 41.0 2:29 12.4

10 17-03-10 4:25 96.5 4:17 81.3 4:21 84.6 3:17 40.5 3:43 59.5 2:41 20.4

11 17-03-15 2:42 63.0 3:30 69.8 4:12 84.8 3:07 51.9 3:30 73.9 3:05 35.9

11 17-03-17 2:49 54.1 3:41 74.7 3:30 68.0 2:52 39.7 3:48 80.7 2:35 24.8

12 17-03-21 2:56 61.9 3:06 55.6 3:01 58.6 2:32 33.2 3:51 76.9 2:24 20.0

12 17-03-23 2:33 46.1 2:55 54.5 2:56 49.8 2:03 25.9 3:52 66.2 2:14 13.6

13 17-03-27 2:39 54.7 2:51 55.2 3:02 58.3 3:52 45.9 3:31 53.6 3:07 18.8

13 17-03-29 1:30 31.5 2:31 47.1 3:13 64.0 2:19 31.7 3:36 57.4 2:34 20.7

14 17-04-03 2:54 61.4 3:13 63.3 3:09 63.6 2:22 28.6 4:09 79.9 2:52 24.0

14 17-04-06 2:27 47.1 3:23 53.0 3:22 61.7 2:22 26.0 3:16 47.3 4:17 30.2

15 17-04-11 2:57 53.6 3:55 60.9 2:58 34.2 2:40 24.2 2:37 29.4 4:06 21.8

15 17-04-13 3:10 60.0 4:25 76.9 3:21 45.1 3:25 36.0 3:08 40.7 4:09 27.6

16 17-04-19 2:49 48.3 3:43 57.3 3:23 43.9 2:40 25.8 3:29 58.4 7:04 47.7

17 17-04-25 3:13 72.9 4:29 86.8 4:40 89.1 3:18 45.0 3:39 64.6 7:04 49.5

18 17-05-03 3:01 56.7 4:17 76.6 3:47 56.6 2:56 35.7 3:25 73.5 2:24 23.9

Sample 2017 C Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
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Table B4.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the six sites situated along the Columbia River Price Island/Clifton Channel transect, 
January 14, 2018 through April 14, 2018. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

3 18-01-16 2:37 41.81 3:34 62.08 3:14 48.57 2:30 22.50 2:47 30.82 4:10 23.15

4 18-01-25 2:39 39.36 3:22 53.33 3:29 58.64 2:31 23.39 2:55 40.45 4:04 21.74

5 18-01-29 2:27 42.01 3:33 62.47 4:03 75.53 2:38 25.96 3:02 43.68 4:19 22.64

6 18-02-08 2:59 34.67 3:22 51.29 3:26 48.76 2:48 26.97 2:48 36.79 4:10 25.18

7 18-02-12 2:44 46.16 3:27 60.24 3:26 44.44 2:51 28.24 3:21 47.13 5:36 27.78

8 18-02-23 2:28 36.9 3:25 49.4 2:42 27.3 2:30 22.8 3:08 40.1 4:13 23.5

9 18-02-27 2:31 37.9 3:49 61.9 3:08 32.4 2:38 25.6 2:21 22.3 4:01 17.5

10 18-03-08 2:22 27.4 3:06 33.5 3:15 39.4 2:47 22.0 2:07 17.3 4:30 18.4

11 18-03-14 2:50 37.9 3:34 52.0 3:05 33.9 2:50 26.8 2:42 32.1 7:03 33.0

12 18-03-23 2:58 46.0 3:54 45.3 3:19 35.3 3:01 32.4 2:58 32.8 7:19 30.5

13 18-03-27 2:52 38.7 3:40 42.7 3:33 42.5 2:57 31.1 3:08 41.6 7:07 17.8

14 18-04-05 2:33 24.7 3:27 23.7 3:21 26.4 2:48 14.3 2:52 23.0 3:52 12.9

16 18-04-19 3:06 43.3 3:34 37.9 4:49 46.8 3:19 28.7 3:23 39.2 2:46 24.5

Sample 2018 C Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
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Table B5.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the two sites situated at the Grays River Altoona Bridge, January 16, 2015 through 
May 8, 2015. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

3 15-01-16 3:03 16.0 3:02 17.3 3:01 17.2 3:04 18.3 3:02 18.6 3:02 18.2

4 15-01-21 3:03 21.8 2:04 17.5 3:02 25.0 3:04 27.6 3:03 29.6 3:04 30.0

5 15-01-28 5:33 26.0 4:05 20.9 3:06 20.2 2:50 15.2 2:11 15.6 3:05 15.4

6 15-02-03 3:04 17.1 4:05 19.2 5:04 20.1 3:08 20.9 3:05 17.6 3:07 21.7

7 15-02-13 1:51 14.0 1:52 13.7 1:52 13.5 1:49 15.0 1:50 14.0 1:51 14.6

8 15-02-19 1:58 12.3 2:35 11.2 2:35 11.5 1:50 13.5 2:03 16.2 1:54 14.7

9 15-02-27 2:54 7.6 1:37 6.8 2:40 7.6 2:37 8.7 2:37 8.7 2:38 7.8

10 15-03-03 1:54 6.9 1:47 3.7 1:42 7.3 1:43 8.2 1:44 8.6 1:41 9.1

11 15-03-11 1:37 7.3 1:38 7.4 1:39 6.7 1:43 8.9 2:03 10.1 2:05 10.4

12 15-03-17 1:43 14.0 1:48 14.9 1:57 18.3 1:52 18.6 2:01 19.8 1:57 18.4

13 15-03-26 1:40 16.5 1:41 17.5 1:42 18.1 1:45 20.1 1:44 19.9 1:46 20.4

14 15-03-31 1:38 8.2 1:37 9.0 1:38 5.9 1:39 10.1 1:38 11.5 1:40 11.7

15 15-04-09 1:40 7.8 1:40 7.9 1:41 8.7 1:36 9.4 1:38 8.3 1:37 9.0

16 15-04-14 1:51 7.3 1:40 9.0 1:39 9.2 1:47 12.5 1:44 12.2 1:45 13.0

17 15-04-23 1:45 7.5 1:38 7.0 1:36 6.6 1:39 8.2 1:37 8.3 1:36 7.8

18 15-04-28 1:40 5.1 1:39 5.8 1:42 6.7 1:39 7.2 1:37 6.2 1:36 5.8

19 15-05-08 1:38 6.7 1:38 6.9 1:39 6.2 1:39 6.3 1:38 6.4 1:43 7.0

Sample 2015 G Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
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Table B6.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for the two sites situated at the Grays River Altoona Bridge, January 7, 2016 through 
May 4, 2016 

 
 

 

  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

2 16-01-07 3:26 17.2 3:11 17.4 3:06 17.1 3:09 18.2 3:07 20.1 3:08 20.7

3 16-01-15 3:15 21.1 3:18 23.7 3:15 23.0 3:11 24.5 3:14 24.9 3:11 25.7

4 16-01-19 3:35 26.3 3:17 26.6 3:13 28.4 3:14 30.6 3:11 31.4 3:11 32.9

5 16-01-25 2:28 15.4 2:27 15.7 1:49 12.2 1:39 13.4 1:42 14.6 1:41 13.5

6 16-02-04 1:49 17.9 1:53 19.4 2:19 23.7 3:04 22.3 3:07 25.3 3:04 25.5

7 16-02-09 3:10 22.3 3:14 23.0 3:02 21.6 3:09 19.7 3:07 20.6 3:07 21.3

8 16-02-18 1:47 9.6 1:43 11.0 1:45 11.8 1:46 12.4 1:41 12.2 1:42 13.1

9 16-02-23 1:50 9.0 3:12 16.4 3:22 18.7 3:13 22.1 3:23 22.7 3:13 24.0

10 16-03-03 1:46 18.0 1:45 20.1 1:52 21.9 2:24 26.7 2:02 23.9 2:18 24.8

11 16-03-07 1:55 10.3 1:48 11.2 1:43 10.5 1:49 13.9 1:48 14.1 1:41 14.8

12 16-03-18 1:43 9.2 1:43 10.7 1:41 10.7 1:38 9.9 1:37 11.3 1:38 11.9

13 16-03-22 1:41 9.7 1:42 10.7 1:41 11.8 1:41 12.6 1:39 13.4 1:38 11.9

14 16-03-31 0:57 4.7 0:55 5.0 0:58 4.8 1:25 8.0 0:59 5.6 0:56 5.4

15 16-04-05 1:52 9.2 1:44 7.7 1:40 8.3 1:41 10.3 1:37 9.6 1:38 9.8

16 16-04-14 0:57 2.9 1:42 4.5 1:42 5.9 1:39 7.0 1:40 7.6 2:38 6.5

17 16-04-19 1:52 4.7 1:47 5.7 1:38 6.4 1:48 4.7 1:41 6.2 1:39 6.9

18 16-04-29 3:13 7.2 3:09 8.8 3:11 9.5 3:08 9.9 3:08 9.9 3:07 11.3

19 16-05-04 3:09 12.1 3:05 13.0 3:06 13.8 2:03 9.1 2:13 10.4 2:03 8.6

Site 2.1 Site 2.2 Site 2.3Sample 2016 G Site 1.1 Site 1.2 Site 1.3



 

Studies of Eulachon in the Oregon and Washington  September 2018 
97 

Table B7.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for Naselle River, Hwy 401 sample site, January 16 2015 to May 22.2015 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

3 15-01-16 3:04 29.4 3:04 30.5 3:06 31.2 3:09 34.3 3:02 34.5 4:08 34.9

4 15-01-22 3:03 3.3 5:33 2.1 6:04 3.6 6:03 6.2 6:03 9.4 6:06 18.3

5 15-01-28 3:17 21.7 3:08 31.6 3:15 31.4 3:21 33.5 3:28 35.9 3:19 37.1

6 15-02-04 3:04 24.6 3:05 22.8 3:03 24.2 3:04 22.1 4:04 22.6 3:04 22.5

7 15-02-13 1:51 21.0 1:53 25.1 1:55 26.2 2:35 40.7 2:00 28.3 1:55 28.8

8 15-02-18 1:52 11.2 1:52 12.4 2:09 12.7 1:52 14.9 1:52 15.5 1:52 15.5

9 15-02-27 1:38 8.0 1:39 9.2 1:38 8.8 1:38 10.0 1:50 10.5 1:42 11.1

10 15-03-03 1:38 6.0 1:35 6.5 1:44 6.3 1:44 4.8 1:56 5.4 1:45 5.5

11 15-03-12 1:39 10.7 1:43 13.9 1:38 11.0 1:38 11.1 1:39 10.6 1:38 10.9

12 15-03-17 1:43 16.4 1:48 18.5 1:46 17.3 1:48 13.3 1:49 16.5 1:55 18.9

13 15-03-26 1:15 17.0 1:08 14.1 1:10 12.7 1:14 13.8 1:27 16.2 1:20 14.0

14 15-03-31 1:45 13.0 1:40 18.6 1:40 18.2 1:44 19.5 1:48 15.0 1:45 14.9

15 15-04-09 1:39 11.9 1:39 11.6 1:41 11.8 1:40 12.1 1:39 11.4 1:43 11.8

16 15-04-14 1:48 16.1 1:49 17.4 1:50 17.0 1:49 17.5 1:49 16.7 1:48 16.4

17 15-04-23 1:38 10.2 1:47 11.4 1:40 11.6 1:47 10.7 2:02 12.6 1:46 10.9

18 15-04-28 1:39 8.2 1:38 8.1 1:38 8.6 1:44 9.0 1:43 9.0 1:43 8.8

19 15-05-08 1:40 8.5 1:38 8.8 1:43 9.4 1:42 8.9 1:42 7.7 1:43 7.1

20 15-05-13 1:40 8.6 1:40 8.1 1:42 8.1 1:41 7.4 1:40 8.1 1:41 7.4

21 15-05-22 1:39 7.8 1:43 8.2 1:43 8.6 1:46 8.3 1:47 8.7 1:40 8.1

2015 N Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5 Site 1.6
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Table B8.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters) sampled, for Naselle River, Hwy 401 sample site, January 08, 2016 to April 14, 2016 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

2 16-01-08 3:00 24.1 2:53 24.7 3:01 27.0 3:03 24.8 3:03 24.8 3:08 25.7

3 16-01-15 1:39 22.1 1:48 24.2 1:41 24.6 1:43 24.0 1:53 26.9 1:53 23.6

4 16-01-20 1:36 17.7 1:31 18.4 1:36 17.8 1:39 17.4 1:39 17.1 1:45 18.7

5 16-01-25 1:32 15.4 1:31 17.9 1:31 17.0 1:35 17.1 1:28 16.7 1:27 18.3

6 16-02-03 1:45 16.2 1:50 17.4 1:44 17.6 1:49 17.8 1:47 16.9 1:53 21.2

7 16-02-08 1:33 17.8 1:36 18.7 1:39 21.3 1:40 19.3 1:48 22.1 1:47 22.9

8 16-02-19 1:50 16.5 1:49 15.9 1:50 16.1 1:49 17.3 1:48 18.0 1:50 18.6

9 16-02-24 3:19 22.7 3:19 20.7 3:19 23.4 3:16 25.9 3:22 26.8 3:22 28.7

10 16-03-04 1:51 20.0 1:52 19.2 1:48 19.9 1:49 17.1 1:45 17.9 1:47 19.5

11 16-03-07 1:40 16.6 1:44 20.9 1:41 18.6 1:39 20.4 1:40 22.6 1:37 14.4

12 16-03-16 1:42 12.2 1:41 12.4 1:40 13.6 1:38 12.6 1:44 15.8 1:45 14.8

13 16-03-21 1:42 15.3 1:40 13.8 1:42 16.0 1:41 15.6 1:37 15.5 1:39 15.9

14 16-03-30 1:39 12.2 1:45 13.2 1:37 12.6 1:38 12.8 1:40 12.9 1:37 12.2

15 16-04-05 3:17 1.1 3:07 6.4 3:21 5.1 3:07 13.2 3:05 11.0 3:08 12.7

16 16-04-14 1:49 7.7 1:42 7.8 1:40 7.9 1:43 9.1 1:30 8.8 1:41 9.4

2016 N Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5 Site 1.6
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Table B9.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters sampled, for Naselle River, Hwy 401 sample site, January 20 2017 to April 12, 2017. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

3 17-01-20 2:03 12.3 02:02 11.7 2:04 9.9 2:06 11.9 2:03 12.2 2:03 12.2

4 17-01-24 1:43 10.6 01:47 9.5 1:48 10.1 1:52 11.6 1:48 11.2 1:50 12.0

6 17-02-08 1:51 17.5 01:52 18.4 1:52 19.9 1:53 20.5 1:54 20.4 1:51 19.2

7 17-02-16 2:07 14.0 01:39 12.2 1:32 11.7 1:35 12.0 1:32 12.1 1:33 10.9

8 17-02-23 1:49 16.7 01:50 15.8 1:48 14.9 1:48 14.4 1:49 17.3 1:51 16.7

9 17-02-27 1:50 14.6 01:50 16.6 2:00 17.1 1:50 14.5 1:47 14.4 1:48 14.3

10 17-03-09 1:47 18.1 01:51 17.9 1:51 18.8 1:53 20.0 2:01 20.8 1:50 18.1

11 17-03-16 1:54 24.4 01:45 17.6 1:45 17.3 1:47 19.0 1:54 20.0 1:51 18.4

12 17-03-22 1:50 16.4 01:51 18.9 1:53 16.6 1:48 15.6 1:55 17.6 1:47 16.5

13 17-03-28 1:49 16.8 01:50 17.7 1:48 18.2 1:48 16.6 1:49 16.5 1:49 17.3

14 17-04-04 1:51 9.5 01:51 10.8 1:49 11.0 1:49 10.7 1:51 10.7 1:51 11.3

15 17-04-12 1:47 12.8 01:46 12.9 1:46 12.9 1:47 13.6 1:47 14.4 1:49 14.8

2017 N Site 1.6Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5
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Table B10.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters sampled, for the Chehalis River, sample site, January 16 2015 to May 28, 2015. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

3 15-01-16 04:36 25.5 05:07 32.9 05:10 25.5 04:51 27.04948 05:18 40.3 04:49 24.4

4 15-01-20 04:40 27.9 04:46 27.0 04:42 14.8 04:43 17.43529 05:32 19.1 04:40 5.9

5 15-01-28 04:42 37.3 04:59 34.4 04:34 26 04:56 34.31155 05:00 40.4 04:38 27.9

6 15-02-06 05:02 18.7 05:10 19.1 04:25 16.4 04:05 21.09005 04:58 17.6 05:14 12.6

7 15-02-11 04:52 48.0 05:37 23.4 04:42 1.6 05:06 67.24135 04:43 8.4 04:42 6

8 15-02-19 05:16 36.7 04:47 39.1 04:42 20.4 04:45 35.74603 04:52 44.7 05:42 30.8

9 15-02-23 04:20 37.0 04:30 35.2 04:30 1.4 04:30 30.98903 04:30 27.6 04:30 22.5

10 15-03-03 04:40 24.6 04:46 21.3 04:40 17.2 04:40 31.33711 04:50 32.6 04:40 14.8

11 15-03-12 04:53 24.3 04:47 32.0 04:40 9.1 04:45 23.43691 04:47 19.9 04:45 10.1

12 15-03-16 04:50 51.5 05:25 33.1 05:25 18.8 04:53 35.45597 04:51 42.1 04:48 21.8

13 15-03-27 04:54 33.7 04:48 27.3 04:32 25.3 04:48 65.64338 04:58 44 04:37 25.4

14 15-03-31 05:00 23.7 05:00 36.5 05:10 23.1 05:09 21.96023 05:04 29.1 04:59 18.7

15 15-04-10 05:11 30.6 05:06 44.6 05:11 24.9 05:09 30.11885 05:37 30.3 05:03 15.7

16 15-04-14 05:08 22.5 05:03 32.7 05:06 23.2 05:03 26.89654 04:45 27.6 04:56 18

17 15-04-21 04:50 31.6 05:20 32.1 05:03 30.8 05:19 37.52859 04:40 31.7 05:04 21.1

18 15-04-29 04:53 11.1 05:25 23.3 04:58 18.1 05:00 23.83772 04:49 24 04:51 16

19 15-05-08 04:38 25.3 04:43 24.5 04:45 18.7 04:54 27.65597 05:01 26.4 04:55 12.3

20 15-05-13 04:56 13.8 05:51 33.0 04:52 10.4 04:57 21.99188 05:00 25.2 05:03 11.5

21 15-05-22 05:00 27.7 05:18 41.6 04:57 17.6 05:07 26.24259 05:00 25.8 04:50 11.4

22 15-05-28 05:05 14.9 05:00 24.4 04:55 11.1 05:10 14.80365 05:05 17.3 04:48 2.2

Sample 2015 Ch Site 5 Site 6Site 1 Site 2 Site 3 Site 4
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Table B11.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters sampled, for the Chehalis River, sample site, January 05 2016 to May 11, 2016. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

2 16-01-05 04:52 35.3452 05:00 0.3 04:53 21 04:46 24.0 05:06 27.1 04:20 20.5

3 16-01-15 05:26 68.5967 05:20 61 04:35 23.8 05:12 49.0 05:50 39.1 05:00 28.4

4 16-01-19 04:42 49.8219 03:45 27.5 03:51 19.6 04:40 43.7 04:13 56.5 04:31 24.2

6 16-02-02 05:00 50.5286 05:30 74.4 04:50 22.6 04:50 40.3 05:00 54.9 04:55 31.6

7 16-02-08 04:30 40.9513 06:00 63.8 04:30 30.1 04:33 25.4 05:30 30.7 04:30 27.7

8 16-02-18 04:36 40.4345 04:38 57.1 04:33 24.3 04:45 47.2 04:30 54 04:30 32.8

9 16-02-22 04:40 50.0065 04:43 59.6 04:36 24.2 04:33 21.8 04:41 55.7 04:35 35.2

10 16-03-01 04:38 35.7038 04:42 44.9 04:30 21.4 05:00 29.3 05:00 34.1 04:30 24

11 16-03-07 04:40 44.0576 04:39 60.3 04:33 31.2 04:30 43.7 04:30 59.8 04:30 20.7

12 16-03-17 04:30 56.641 04:30 71.8 04:30 33.9 03:10 25.5 04:30 59 04:30 48.6

13 16-03-21 04:58 53.5241 05:02 64.7 04:30 26.4 04:52 41.8 05:02 46.6 04:45 16.6

14 16-03-30 04:30 35.5298 04:30 41.8 04:30 17.6 04:30 29.8 04:30 33 04:30 16.3

15 16-04-04 05:00 39.6539 05:05 49.4 04:50 30.7 04:52 38.0 04:57 36.6 04:40 21.9

16 16-04-11 05:00 39.5379 05:00 42.4 04:30 34.5 04:30 36.5 05:00 46.6 05:00 31.2

17 16-04-18 05:00 28.7951 05:00 28.5 04:55 29.4 04:30 28.2 04:30 15.8 05:00 33

18 16-04-26 05:09 30.5197 05:02 36.8 04:55 21.6 04:30 17.9 04:30 27 04:30 18.2

19 16-05-02 04:49 18.2738 04:38 21.7 04:56 13.3 04:30 17.8 04:30 23.1 04:30 11.8

20 16-05-11 04:30 22.5825 04:30 34.1 04:40 27.2 04:52 26.2 05:02 25.7 05:22 19.5

Site 5 Site 6Sample 2016 Ch Site 1 Site 2 Site 3 Site 4
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Table B12.  Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters sampled, for the Chehalis River, sample site, December 05, 2016 to April 20, 2017. 

 
 
 

Table B13. Daily plankton net sampling effort to collect eulachon eggs and larvae, in minutes and water volume 
(cubic meters sampled, for the Chehalis River, sample site, February 22, 2018 to March 14, 2018. 

 
 
 
  

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

50 16-12-05 0.00309 58.9852 0.00315 59.7393 0.00347 35.0149 0.00316 67.2564 0.003507 93.4486 0.00288 33.8066

1 17-01-05 0.0035 46.6432 0.00362 50.0571 0.0035 33.8309 0.00363 53.8684 0.003611 61.0611 0.00405 27.1815

2 17-01-12 0.00322 28.9087 0.00329 42.759 0.00313 25.657 0.00373 57.1688 0.003368 60.2826 0.00317 33.6525

3 17-01-20 0.00203 51.4113 0.0022 46.2945 0.00184 22.608 0.00208 53.9089 0.002141 31.5036 0.00197 15.8207

4 17-01-26 0.00387 13.8989 0.00344 57.3309 0.00351 40.9101 0.00354 26.9382 0.003507 82.3879 0.00362 72.6976

5 17-02-02 0.00337 53.212 0.00347 41.8913 0.00388 16.8587 0.00313 28.6249 0.003646 51.1194 0.00313 32.0195

7 17-02-16 0.00214 37.6422 0.00278 7.12785 0.00208 17.2076 0.00214 27.2221 0.002662 29.371 0.00208 21.3463

8 17-02-23 0.00366 41.6724 0.00351 64.0939 0.00358 29.5396 0.00351 68.3187 0.004398 84.4557 0.00336 21.3463

9 17-03-03 0.00353 34.1958 0.00301 12.0338 0.00353 29.1572 0.00313 45.9945 0.003125 72.949 0.00382 21.3463

10 17-03-09 0.00231 32.6794 0.00291 76.8737 0.0025 6.41425 0.00365 87.5128 0.003403 76.7602 0.0022 16.656

11 17-03-17 0.00194 42.8076 0.00211 46.7324 0.00191 23.0054 0.0024 84.0502 0.002303 68.7485 0.00194 39.8154

12 17-03-23 0.00256 44.2592 0.00278 40.6101 0.00277 34.1066 0.00259 58.5149 0.002523 64.6696 0.00241 7.46843

13 17-03-31 0.00433 78.2928 0.00289 64.7994 0.00288 20.5321 0.00317 107.437 0.003183 77.3441 0.00293 26.9869

14 17-04-06 0.00336 41.5507 0.00302 40.3101 0.00301 19.2184 0.00333 52.8223 0.003171 71.465 0.00229 26.9707

15 17-04-14 0.0022 52.7737 0.00232 64.4993 0.0016 13.1925 0.00241 39.1261 0.002801 82.5744 0.0022 35.3635

16 17-04-20 0.00347 41.5264 0.00324 44.8673 0.00347 36.3204 0.00339 57.0147 0.003299 64.1588 0.0038 38.1044

Site 5 Site 6Sample 2017 Ch Site 1 Site 2 Site 3 Site 4

Week Date Min Vol Min Vol Min Vol Min Vol Min Vol Min Vol

8 18-02-22 5.67 8.82839 4.58 10.81960 4.75 4.45889 4.17 7.69051 5.25 7.46473 5.00 6.32332

9 18-02-28 4.67 10.3009 4.58 8.41473 4.17 6.38302 4.67 9.23297 4.58 10.2926 4.67 8.25091

10 18-03-07 4.50 9.04404 5.08 9.52298 4.50 6.60635 4.00 6.9786 5.00 7.30848 4.50 5.50705

11 18-03-14 4.67 6.69136 4.75 8.92776 5.00 5.83286 5.00 7.87489 5.00 7.98036 4.58 4.69582

Site 3 Site 4 Site 5 Site 6Sample 2018 Ch Site 1 Site 2
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Appendix C: Lab Counts of Eulachon Eggs and Larvae for the 
Columbia, Grays, Naselle, and Chehalis Rivers 
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Table C1. Daily numbers of eulachon eggs and larvae collected during plankton net sampling of the six sites along 
the Columbia River Price Island/Clifton Channel transect, December 03, 2014 through May 18, 2015.  

 
 
 
  

Week Date Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs

49 14-12-03 0 0 0 0 0 0 0 0 0 0 0 0

51 14-12-17 0 0 0 0 0 0 0 0 0 0 0 0

2 15-01-05 59 1 239 0 82 5 47 7 51 9 45 0

3 15-01-15 14 0 105 0 55 5 7 3 27 16 90 1

4 15-01-20 34 3 220 26 241 21 199 34 74 114 376 11

6 15-02-02 241 3 247 18 68 3 379 38 619 64 50 2

7 15-02-12 58 18 38 76 48 126 56 62 80 276 99 20

8 15-02-17 34 84 145 92 32 131 70 228 155 1781 65 50

9 15-02-26 99 3 396 26 241 27 332 91 1235 1074 354 6

10 15-03-02 49 0 326 24 658 53 430 39 1716 655 731 15

11 15-03-10 109 3 325 110 542 174 413 5 1660 1326 307 65

11 15-03-12 205 8 708 82 890 144 498 56 2877 509 336 4

12 15-03-16 67 5 2372 35 3547 92 1289 59 9284 854 1029 13

12 15-03-18 244 3 783 120 1355 107 1041 531 4056 1602 1799 40

13 15-03-25 671 23 2196 48 2835 78 2075 117 5103 760 1416 33

13 15-03-27 1,192 20 3566 84 1971 62 1976 50 5639 247 4369 22

14 15-03-30 2,689 25 3545 89 2294 34 2287 64 2802 18 342 7

14 15-04-01 86 0 2653 40 2028 47 1531 60 7063 295 1869 8

15 15-04-06 99 0 1616 28 1426 7 782 7 8029 377 613 9

15 15-04-10 367 0 2736 5 3953 1 1240 4 4144 34 402 0

16 15-04-13 342 0 713 1 302 1 221 0 2527 12 302 0

16 15-04-15 195 0 1762 2 1134 11 252 2 2672 40 112 1

17 15-04-20 2 0 9 0 37 0 159 3 268 1 200 3

17 15-04-24 48 0 259 2 376 3 102 0 229 6 14 0

18 15-04-27 10 0 78 1 90 0 31 0 88 0 9 0

18 15-04-29 0 0 56 0 32 1 53 0 47 0 3 0

19 15-05-05 0 0 1 0 5 1 61 0 2 0 0 1

20 15-05-11 0 0 0 1 61 0 2 0 0 1 0 0

21 15-05-18 0 1 0 0 2 0 0 1 0 0 0 0

Site 6Sample-2015 C Site 1 Site 2 Site 3 Site 4 Site 5
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Table C2. Daily numbers of eulachon eggs and larvae collected during plankton net sampling of the six sites along 
the Columbia River Price Island/Clifton Channel transect, October 23, 2015 through May 5, 2016. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

43 15-10-23 0 0 0 0 0 0 0 0 0 0 0 0

45 15-11-05 0 0 0 0 0 0 0 0 0 0 0 0

48 15-11-24 0 0 0 0 0 0 0 0 0 0 0 0

49 15-12-03 0 0 0 0 0 0 0 0 0 0 0 0

50 15-12-08 0 0 0 0 0 0 0 0 0 0 0 0

51 15-12-18 0 0 0 0 0 0 0 0 0 0 0 0

52 15-12-23 0 1 0 0 0 0 0 1 0 0 0 0

2 16-01-07 0 127 0 18 0 6 0 14 0 1 0 232

3 16-01-11 1 180 0 386 0 12 2 24 1 11 0 81

4 16-01-20 6 137 5 187 2 69 2 19 16 45 0 183

5 16-01-29 1 81 6 36 2 64 7 62 11 52 2 80

6 16-02-02 0 38 4 62 0 63 3 42 10 31 0 80

7 16-02-08 1 56 10 82 6 66 7 25 1 9 0 51

8 16-02-16 136 63 532 22 91 62 261 42 407 16 27 23

9 16-02-22 22 58 265 164 129 107 428 203 1216 246 35 70

10 16-03-03 68 693 103 674 124 661 20 637 132 1954 0 1713

11 16-03-07 72 623 140 917 87 957 49 1748 216 1481 11 1315

11 16-03-08 36 376 105 404 61 269 49 787 77 655 12 1321

12 16-03-15 101 395 193 590 89 361 73 678 183 1637 0 1471

12 16-03-17 35 171 129 407 62 294 47 439 78 1206 0 720

13 16-03-21 9 249 3 405 14 267 9 722 47 1446 0 1493

13 16-03-23 5 256 9 287 7 285 9 580 25 1407 0 937

14 16-03-30 1 47 1 107 2 101 0 150 15 551 0 238

14 16-04-01 0 35 1 72 1 99 2 144 3 478 0 95

15 16-04-04 0 111 6 101 0 55 0 314 0 103 0 41

15 16-04-06 0 41 0 162 2 196 0 326 0 88 0 38

16 16-04-12 3 45 1 47 0 70 2 27 8 111 0 61

17 16-04-18 1 1 0 5 0 1 0 15 1 10 0 5

18 16-04-28 0 2 0 1 0 0 0 1 1 7 0 2

19 16-05-03 0 0 0 0 0 0 0 0 0 1 0 0

Site 5Sample-2016 C Site 1 Site 2 Site 3 Site 4 Site 6
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Table C3. Daily numbers of eulachon eggs and larvae collected during plankton net sampling of the six sites along 
the Columbia River Price Island/Clifton Channel transect, December 21, 2016 through May 03, 2017. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

52 16-12-21 0 24 0 35 0 2 0 7 0 3 0 26

2 17-01-10 0 236 1 158 0 78 0 31 0 4 0 22

3 17-01-19 0 105 0 67 0 20 0 59 0 19 0 3

4 17-01-23 0 110 0 87 0 64 0 34 0 20 0 8

5 17-02-02 0 38 0 50 1 36 0 21 0 26 0 8

6 17-02-07 0 130 3 90 0 84 0 95 1 43 0 8

7 17-02-17 1 24 1 10 0 17 2 30 0 3 0 5

8 17-02-21 0 34 1 16 0 10 1 22 4 2 0 4

9 17-03-03 4 39 3 70 3 28 9 22 26 15 0 14

10 17-03-07 3 71 6 73 3 32 2 46 11 41 0 94

10 17-03-10 64 168 98 188 76 213 70 198 81 334 2 156

11 17-03-15 53 135 49 166 120 242 102 162 43 353 11 687

11 17-03-17 40 200 36 265 38 177 83 221 51 492 4 594

12 17-03-21 10 137 7 160 16 203 34 97 8 275 18 238

12 17-03-23 16 93 8 167 12 176 9 116 16 143 6 178

13 17-03-27 5 82 1 245 11 266 46 185 12 268 1 326

13 17-03-29 4 48 1 81 3 71 19 112 14 154 5 279

14 17-04-03 9 78 2 149 5 123 18 79 6 148 3 214

14 17-04-06 0 45 1 91 3 139 6 81 13 141 0 177

15 17-04-11 0 49 8 69 0 15 0 59 1 47 0 64

15 17-04-13 1 36 6 63 0 9 1 50 2 83 0 65

16 17-04-19 1 10 1 30 3 25 2 31 3 35 0 58

17 17-04-25 0 2 0 12 11 16 5 10 3 17 0 28

18 17-05-03 0 1 0 2 1 6 0 1 0 2 0 4

Site 5 Site 6Sample-2017 C Site 1 Site 2 Site 3 Site 4
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Table C4. Daily numbers of eulachon eggs and larvae collected during plankton net sampling of the six sites along 
the Columbia River Price Island/Clifton Channel transect, January 16, 2018 through April 19, 2018. 

 
 
 
  

Week Date Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs

3 18-01-16 0 63 0 39 0 4 0 21 0 16 0 30

4 18-01-25 0 19 0 19 0 14 1 3 0 11 0 11

5 18-01-29 0 26 0 20 0 17 2 3 3 10 0 15

6 18-02-08 0 3 0 8 0 1 2 3 1 3 2 6

7 18-02-12 1 4 2 4 0 5 1 3 2 11 0 0

8 18-02-23 3 52 1 28 1 4 0 10 3 16 3 12

9 18-02-27 2 149 0 108 1 36 4 22 0 26 1 286

10 18-03-08 0 52 0 66 1 67 0 9 0 29 0 114

11 18-03-14 0 148 0 96 0 17 0 67 2 112 2 115

12 18-03-23 1 34 1 22 0 16 0 16 1 8 1 58

13 18-03-27 0 10 2 12 1 11 0 9 2 30 0 32

14 18-04-05 0 5 0 6 0 5 1 3 0 7 0 19

16 18-04-19 0 0 0 2 0 1 0 1 0 1 0 1

Site 6Sample-2018 C Site 1 Site 2 Site 3 Site 4 Site 5
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Table C5. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the two sites 
situated at the Grays River Altoona Bridge, January 16, 2015 through May 8, 2015. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

3 15-01-16 1 7 1 7 1 2 2 0 3 0 0 0

4 15-01-21 9 1 2 2 6 1 5 0 4 0 1 0

5 15-01-28 34 45 20 19 21 18 39 7 27 12 42 11

6 15-02-03 12 297 10 321 35 278 14 178 16 236 16 126

7 15-02-13 42 30 51 32 63 21 13 15 28 28 37 36

8 15-02-19 1 0 0 1 2 0 11 6 1 0 18 6

9 15-02-27 0 1 0 0 0 0 0 0 0 1 0 1

10 15-03-04 1 0 0 0 0 0 0 0 1 0 0 0

11 15-03-11 1 23 0 40 1 55 3 14 3 10 0 20

12 15-03-17 155 391 170 341 216 418 95 308 92 297 77 290

13 15-03-26 590 720 640 873 552 910 255 548 151 587 232 609

14 15-03-31 36 594 35 518 40 780 71 121 54 194 36 205

15 15-04-09 6 172 9 119 9 120 13 73 1 60 0 73

16 15-04-14 6 370 3 229 2 302 0 72 0 88 0 66

17 15-04-23 0 1 0 1 0 0 0 0 0 0 0 0

18 15-04-29 0 0 0 0 0 0 0 0 0 0 0 0

19 15-05-08 0 0 0 0 0 0 0 0 0 0 0 0

Site 2.2 Site 2.3Sample-2015 G Site 1.1 Site 1.2 Site 1.3 Site 2.1
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Table C6. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the two sites 
situated at the Grays River Altoona Bridge, January 11, 2016 through May 4, 2016. 

 
 

  
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

2 16-01-11 0 0 0 0 0 0 0 0 0 0 0 0

3 16-01-15 0 0 0 0 0 0 0 0 0 0 0 0

4 16-01-21 0 0 0 0 0 0 0 0 1 0 2 0

5 16-01-26 0 0 0 0 0 0 0 0 0 0 0 0

6 16-02-10 16 0 21 0 14 1 15 0 5 2 11 0

7 16-02-10 10 1 14 0 19 0 5 0 11 0 7 0

8 16-02-23 9 3 9 4 15 4 1 1 2 3 4 4

9 16-02-24 78 138 219 144 176 283 23 77 53 166 230 329

10 16-03-09 491 1280 546 1213 456 594 375 1259 406 1320 403 1200

11 16-03-10 160 870 161 937 136 580 129 441 93 333 107 291

12 16-03-23 91 1688 64 1492 59 1310 23 367 25 320 19 349

13 16-03-23 75 2077 59 2295 80 1917 49 579 34 522 40 524

14 16-04-12 0 1212 1 1894 3 1985 0 491 0 315 4 267

15 16-04-12 6 1894 2 1288 9 1107 3 423 0 480 2 320

16 16-04-14 0 4 0 11 0 13 0 5 0 9 0 6

17 16-04-20 0 0 0 1 0 0 0 0 0 1 0 3

18 16-04-29 0 1 0 0 0 0 0 0 0 0 0 1

19 16-05-05 0 0 0 0 0 0 0 0 0 0 0 0

Site 2.3Sample-2016 G Site 1.1 Site 1.2 Site 1.3 Site 2.1 Site 2.2
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Table C7. Daily numbers of eulachon eggs and larvae collected during plankton net sampling, for Naselle River, 
Hwy 401sample site, January 16, 2015 to May 22, 2015. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

3 15-01-16 0 0 1 0 2 0 2 0 2 0 0 0

4 15-01-22 0 0 0 0 0 0 0 0 0 0 0 0

5 15-01-28 17 3 20 3 28 1 17 1 36 1 20 1

6 15-02-04 35 1 21 1 18 1 19 3 22 2 20 0

7 15-02-13 1 1 0 1 2 1 0 0 0 1 1 0

8 15-02-18 0 1 0 0 0 0 0 0 0 1 0 0

9 15-02-27 81 2 122 1 112 4 97 2 95 3 101 1

10 15-03-03 3 0 7 0 12 0 7 0 6 0 10 0

11 15-03-12 3 2 1 0 2 0 3 1 2 0 2 1

12 15-03-17 116 78 50 49 11 30 13 23 24 56 46 75

13 15-03-26 23 67 37 165 19 54 73 95 117 101 52 132

14 15-03-31 12 52 15 78 15 90 17 130 36 98 51 105

15 15-04-09 0 44 0 52 0 40 0 37 0 53 0 40

16 15-04-14 2 71 0 77 4 61 3 95 4 82 3 90

17 15-04-23 1 1 0 1 0 0 0 2 0 4 0 0

18 15-04-28 0 0 0 1 0 2 0 2 0 1 0 2

19 15-05-08 0 0 0 2 0 0 0 2 0 0 0 0

20 15-05-13 0 0 0 0 0 0 0 0 0 0 0 0

21 15-05-22 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2015 N Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5 Site 1.6
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Table C8. Daily numbers of eulachon eggs and larvae collected during plankton net sampling, for Naselle River, 
Hwy 401 sample site, January 08, 2016 to April  14, 2016. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

2 16-01-08 0 0 0 0 0 0 0 0 0 0 0 0

3 16-01-15 0 0 0 0 5 0 2 0 0 1 0 1

4 16-01-20 0 0 0 0 0 0 0 0 0 0 0 0

5 16-01-25 0 0 0 0 0 0 0 0 0 0 0 0

6 16-02-03 0 0 0 0 0 0 0 0 0 0 0 0

7 16-02-08 0 0 0 0 0 0 0 0 0 0 0 0

8 16-02-19 0 0 0 0 0 0 0 0 0 0 0 0

9 16-02-24 0 0 0 1 0 0 0 0 0 1 0 3

10 16-03-04 0 0 1 0 0 0 0 0 1 0 0 0

11 16-03-07 1 0 0 1 1 0 2 3 0 4 1 2

12 16-03-15 0 0 0 0 0 0 0 0 0 0 0 0

13 16-03-21 0 0 0 0 0 0 0 0 0 0 0 2

14 16-03-30 0 0 0 0 0 0 0 0 0 0 0 0

15 16-04-05 0 0 0 0 0 0 0 1 0 1 0 0

16 16-04-14 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2016 N Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5 Site 1.6
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Table C9. Daily numbers of eulachon eggs and larvae collected during plankton net sampling, for Naselle River, 
Hwy 401 sample site, January 20, 2017 to April 12, 2017. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

3 17-01-20 0 0 0 0 0 0 0 0 0 0 0 0

4 17-01-24 2 0 0 0 0 0 2 0 2 0 1 0

6 17-02-08 0 0 0 0 0 0 0 0 0 0 0 0

7 17-02-16 0 0 0 1 0 0 0 0 2 0 2 0

8 17-02-23 0 0 0 1 0 0 0 0 0 0 0 0

9 17-02-27 0 0 0 0 0 0 0 0 0 0 0 0

10 17-03-09 0 0 0 0 0 0 0 0 0 0 0 0

11 17-03-16 1 1 0 1 0 2 0 0 0 4 0 0

12 17-03-22 0 1 0 0 0 0 0 0 0 0 0 0

13 17-03-28 0 0 0 0 0 0 0 1 0 1 0 0

14 17-04-04 0 0 0 0 0 0 0 0 0 0 0 0

15 17-04-12 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2017 N Site 1.6Site 1.1 Site 1.2 Site 1.3 Site 1.4 Site 1.5
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Table C10. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the Chehalis 
River sample site, January 16, 2015 through May 28, 2015. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

3 15-01-16 1 2 16 2 13 9 3 1 28 10 18 8

4 15-01-20 2 3 0 4 2 2 0 1 0 1 0 4

5 15-01-28 2 7 6 32 10 18 0 15 9 36 8 24

6 15-02-06 13 55 16 25 31 60 28 109 46 43 78 11

7 15-02-11 2 13 10 9 6 11 4 35 7 5 4 2

8 15-02-19 0 24 1 48 4 22 3 21 6 62 14 46

9 15-02-23 5 5 12 26 1 3 0 6 21 14 22 18

10 15-03-03 0 5 2 8 10 19 2 11 8 36 4 13

11 15-03-12 0 16 5 116 1 44 0 46 2 78 0 37

12 15-03-16 1 21 0 4 3 6 0 50 1 55 5 12

13 15-03-27 0 5 3 3 5 7 0 3 4 7 1 7

14 15-03-31 1 1 0 3 1 1 0 0 2 0 0 1

15 15-04-10 0 0 2 0 1 0 0 2 0 1 1 1

16 15-04-14 0 3 0 1 0 0 0 0 0 0 0 0

17 15-04-21 1 0 1 1 2 2 0 0 1 0 2 0

18 15-04-29 0 0 0 0 0 0 0 0 0 1 0 0

19 15-05-08 0 0 0 0 0 0 0 0 0 0 0 0

20 15-05-13 0 0 0 0 0 0 0 1 0 0 0 0

21 15-05-22 0 0 0 0 0 0 0 0 0 0 0 0

22 15-05-28 0 0 0 0 0 0 0 0 0 0 0 0

Site 5 Site 6Sample-2015 Ch Site 1 Site 2 Site 3 Site 4
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Table C11. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the Chehalis 
River sample site, January 05, 2016 through May 28, 2016. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

2 16-01-05 0 0 1 0 0 0 0 0 0 0 0 0

3 16-01-15 0 3 3 22 5 3 1 11 0 100 0 24

4 16-01-19 3 10 0 7 0 15 0 9 4 105 2 15

6 16-02-02 3 1 16 25 14 2 1 10 9 40 13 8

7 16-02-08 0 0 5 4 10 6 0 1 1 0 7 2

8 16-02-18 0 91 5 265 9 148 0 121 14 406 15 244

9 16-02-22 3 81 0 384 0 104 5 88 9 222 14 512

10 16-03-01 10 106 39 223 19 93 4 67 22 226 77 145

11 16-03-07 4 55 4 208 17 261 8 113 64 428 37 75

12 16-03-17 0 0 0 0 0 0 0 0 0 0 0 0

13 16-03-21 3 93 7 2217 0 963 1 55 15 201 4 47

14 16-03-30 7 38 46 119 14 58 0 11 6 30 3 18

15 16-04-04 7 30 14 61 32 69 0 6 4 8 2 23

16 16-04-11 3 2 0 5 3 9 0 2 3 11 0 14

17 16-04-18 0 1 0 2 0 1 0 2 0 1 0 2

18 16-04-26 0 0 0 1 0 1 0 0 0 0 0 0

19 16-05-02 0 0 0 0 0 0 0 1 0 0 0 0

20 16-05-11 0 0 0 0 0 0 0 0 0 0 0 0

Site 3 Site 4 Site 5 Site 6Sample-2016 Ch Site 1 Site 2
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Table C12. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the Chehalis 
River sample site, December 05, 2016 through April 20, 2017. 

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

50 16-12-05 0 0 0 0 0 0 0 0 0 5 0 1

1 17-01-05 0 0 0 5 0 3 1 2 0 1 0 0

2 17-01-12 0 0 0 13 0 4 0 1 1 24 0 5

3 17-01-19 0 0 0 2 0 0 1 0 0 0 1 0

4 17-01-26 1 3 3 6 2 3 1 4 0 7 5 5

5 17-02-02 0 0 0 1 2 0 9 0 8 0 10 0

7 17-02-16 10 0 8 0 6 0 7 0 6 0 19 0

8 17-02-23 2 6 3 12 2 5 4 2 10 11 5 0

9 17-03-03 0 4 1 3 6 4 5 1 23 10 25 0

10 17-03-09 1 0 6 3 8 0 1 1 8 2 6 0

11 17-03-17 2 56 6 200 1 86 3 12 5 208 3 60

12 17-03-23 0 45 0 154 2 114 1 18 0 160 1 14

13 17-03-31 1 25 2 42 1 2 0 5 2 21 4 1

14 17-04-06 0 2 3 9 1 8 0 2 8 21 1 4

15 17-04-14 0 4 4 3 3 9 0 1 2 4 0 3

16 17-04-20 0 2 0 2 0 0 0 0 0 1 0 3

Site 5 Site 6Sample-2017 Ch Site 1 Site 2 Site 3 Site 4
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Table C13. Daily numbers of eulachon eggs and larvae collected during plankton net sampling for the Chehalis 
River sample site  

 
 
 
  

Week Date Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae

8 18-02-22 0 1 1 3 0 1 1 0 3 6 4 6

9 18-02-28 0 3 1 3 1 6 0 2 2 13 2 16

10 18-03-07 0 25 0 33 1 18 0 11 1 55 1 41

11 18-03-14 0 0 1 9 1 15 1 1 3 16 2 10

Site 5 Site 6Sample-2018 Ch Site 1 Site 2 Site 3 Site 4



 

Studies of Eulachon in the Oregon and Washington  September 2018 
117 

Appendix D: Daily and Weekly Eulachon Egg and Larvae 
Sample Densities for the Columbia, Grays, Naselle, and 

Chehalis Rivers. 
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Table D1.  Daily and weekly Columbia River eulachon egg and larval sample densities collected from the six sites 
situated along the Price Island/Clifton Channel transect, December 03, 2014 through May 18, 2015. Yellow 
highlighted cells contain interpolated values. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

49 14-12-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50 14-12-10 0 0 0 0.013 0.013 0.026 0 0.013 0.013 0.02 0 0.013 0.009 0.009 0.018 0.022 0.022 0.044 0.011 0.01 0.02

51 14-12-17 0 0 0 0.026 0.026 0.051 0 0.027 0.027 0.04 0 0.027 0.018 0.018 0.036 0.044 0.044 0.087 0.021 0.019 0.04

52 14-12-24 0.01324456 0.781 0.795 0.017 2.26 2.277 0.039 0.657 0.696 0.129 0.692 0.696 0.047 0.208 0.255 0.029 0.73 0.759 0.046 0.888 0.934

1 15-01-01 0.02648912 1.563 1.589 0.009 4.494 4.503 0.078 1.288 1.366 0.219 1.383 1.366 0.075 0.398 0.473 0.015 1.416 1.431 0.07 1.757 1.827

2 15-01-05 0.03973368 2.344 2.384 0 6.728 6.728 0.117 1.918 2.035 0.309 2.075 2.035 0.104 0.588 0.692 0 2.102 2.102 0.095 2.626 2.721

3 15-01-15 0 0.562 0.562 0 2.815 2.815 0.098 1.083 1.181 0.085 0.198 1.181 0.276 0.466 0.742 0.031 2.781 2.812 0.082 1.318 1.399

4 15-01-20 0.08099071 0.918 0.999 0.451 3.813 4.264 0.262 3.009 3.271 0.894 5.23 3.271 1.177 0.764 1.941 0.336 11.47 11.81 0.533 4.201 4.735

5 15-01-29 0.03872865 1.278 1.317 0.17 2.628 2.798 0.063 1.155 1.218 0.658 1.28 1.218 0.109 3.606 3.715 0.164 5.627 5.791 0.201 2.596 2.796

6 15-02-02 0.07173274 5.763 5.834 0.351 4.819 5.171 0.059 1.326 1.385 1.044 10.41 1.385 0.781 7.554 8.335 0.082 2.042 2.124 0.398 5.319 5.717

7 15-02-12 0.52847119 1.703 2.231 1.664 0.832 2.496 2.335 0.889 3.224 2.001 1.808 3.224 3.35 0.971 4.321 0.866 4.287 5.153 1.791 1.748 3.539

8 15-02-17 2.01015937 0.814 2.824 1.924 3.032 4.956 2.262 0.553 2.815 6.814 2.092 2.815 20.66 1.798 22.46 1.865 2.424 4.289 5.923 1.785 7.708

9 15-02-26 0.09761112 3.221 3.319 0.718 10.94 11.66 0.616 5.497 6.112 3.915 14.28 6.112 16.66 19.16 35.82 0.404 23.82 24.22 3.736 12.82 16.56

10 15-03-02 0 2.21 2.21 0.814 11.06 11.88 1.48 18.37 19.85 1.707 18.82 19.85 13.33 34.93 48.27 0.581 28.31 28.9 2.986 18.95 21.94

11 15-03-10 0.12132439 4.408 4.529 3.109 9.184 12.29 4.48 13.96 18.44 0.365 30.13 18.44 25.32 31.7 57.02 2.919 13.79 16.7 6.053 17.19 23.25

11 15-03-12 0.27135993 6.954 7.225 2.65 22.88 25.53 3.624 22.4 26.02 2.63 23.39 26.02 8.606 48.64 57.25 0.247 20.72 20.96 3.005 24.16 27.17

25.21

12 15-03-16 0.16912073 2.266 2.435 0.926 62.75 63.68 2.049 79.01 81.06 2.783 60.79 81.06 14.66 159.4 174 0.558 44.18 44.74 3.524 68.06 71.58

12 15-03-18 0.11171725 9.086 9.198 3.031 19.78 22.81 2.421 30.66 33.08 22.14 43.41 33.08 30.08 76.15 106.2 2.069 93.06 95.13 9.976 45.36 55.33

63.46

13 15-03-25 0.56361409 16.44 17.01 1.141 52.21 53.36 1.231 44.74 45.97 4.358 77.28 45.97 9.212 61.85 71.07 1.172 50.3 51.48 2.946 50.47 53.42

13 15-03-27 0.58869969 35.09 35.68 1.974 83.82 85.79 1.337 42.52 43.85 2.458 97.12 43.85 3.363 76.77 80.13 0.737 146.3 147.1 1.743 80.27 82.02

67.72

14 15-03-30 0.95723614 103 103.9 2.502 99.65 102.1 1.108 74.74 75.85 2.669 95.39 75.85 0.243 37.88 38.13 0.831 40.59 41.42 1.385 75.2 76.59

14 15-04-01 0 4.328 4.328 1.298 86.07 87.36 1.396 60.23 61.63 3.016 76.95 61.63 4.792 114.7 119.5 0.472 110.3 110.8 1.829 75.44 77.27

76.93

15 15-04-06 0 5.474 5.474 1.027 59.25 60.27 0.198 40.26 40.46 0.472 52.68 40.46 8.735 186 194.8 0.469 31.92 32.39 1.817 62.6 64.42

15 15-04-10 0 21.99 21.99 0.18 98.53 98.71 0.031 121.1 121.1 0.208 64.36 121.1 0.666 81.18 81.85 0 20.55 20.55 0.181 67.95 68.13

66.27

16 15-04-13 0 23.47 23.47 0.043 30.95 30.99 0.044 13.24 13.29 0 15.44 13.29 0.34 71.54 71.88 0 16.91 16.91 0.071 28.59 28.66

16 15-04-15 0 9.049 9.049 0.068 59.86 59.93 0.346 35.69 36.04 0.118 14.81 36.04 0.787 52.55 53.34 0.065 7.281 7.346 0.231 29.87 30.1

29.38

17 15-04-20 0 0.173 0.173 0 0.453 0.453 0 1.441 1.441 0.147 7.801 1.441 0.03 8.167 8.197 0.166 11.04 11.21 0.057 4.846 4.904

17 15-04-24 0 3.143 3.143 0.089 11.46 11.55 0.108 13.55 13.65 0 6.607 13.65 0.14 5.357 5.497 0 0.894 0.894 0.056 6.835 6.891

5.897

18 15-04-27 0 0.694 0.694 0.053 4.148 4.201 0 4.023 4.023 0 2.121 4.023 0 2.584 2.584 0 0.727 0.727 0.009 2.383 2.392

18 15-04-29 0 0 0 0 3.562 3.562 0.051 1.628 1.678 0 3.584 1.678 0 1.476 1.476 0 0.299 0.299 0.008 1.758 1.767

2.079

19 15-05-05 0 0 0 0 0.12 0.12 0.066 0.33 0.395 0 5.036 0.395 0 0.079 0.079 0.09 0 0.09 0.026 0.927 0.953

20 15-05-11 0 0 0 0 0 0 0 0.148 0.148 0 0 0.148 0.269 0.269 0.537 0 0 0 0.045 0.069 0.114

21 15-05-18 0 0 0 0 0 0 0 0 0 0 0.187 0 0 0 0 0 0 0 0 0.031 0.031

Site 6Sample-2015 C Site 1 Site 2 Site 3 Site 4 Site 5 Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean
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Table D2. Daily and weekly Columbia River eulachon egg and larval sample densities collected from the six sites 
situated along the Price Island/Clifton Channel transect, October 23, 2015 through May 03, 2016. 

 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

43 15-10-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

45 15-11-05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48 15-11-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

49 15-12-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50 15-12-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

51 15-12-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

52 15-12-23 0 0.034 0.034 0 0 0 0 0 0 0 0.035 0.035 0 0 0 0 0 0 0 0.012 0.012

2 16-01-07 0 4.837 4.837 0 0.563 0.563 0 0.155 0.155 0 0.524 0.524 0 0.032 0.032 0 19.17 19.17 0 4.213 4.213

3 16-01-11 0.027 4.773 4.799 0 7.623 7.623 0 0.318 0.318 0.063 0.76 0.823 0.127 1.393 1.519 0 5.01 5.01 0.036 3.313 3.349

4 16-01-20 0.107 2.438 2.545 0.082 3.078 3.16 0.037 1.285 1.322 0.072 0.688 0.76 0.378 1.064 1.442 0 6.825 6.825 0.113 2.563 2.676

5 16-01-29 0.02 1.6 1.62 0.098 0.587 0.685 0.037 1.184 1.221 0.224 1.983 2.206 0.227 1.072 1.299 0.082 3.297 3.379 0.115 1.621 1.735

6 16-02-02 0 1.492 1.492 0.11 1.707 1.817 0 1.401 1.401 0.159 2.221 2.379 0.176 0.545 0.721 0 3.725 3.725 0.074 1.849 1.923

7 16-02-08 0.026 1.465 1.491 0.219 1.793 2.012 0.119 1.31 1.429 0.287 1.025 1.312 0.077 0.694 0.771 0 3.893 3.893 0.121 1.697 1.818

8 16-02-16 2.503 1.159 3.662 10.95 0.453 11.4 1.268 0.864 2.132 9.942 1.6 11.54 8.137 0.32 8.457 1.335 1.137 2.472 5.689 0.922 6.611

9 16-02-22 0.683 1.8 2.482 6.059 3.749 9.808 2.803 2.325 5.127 13.98 6.63 20.61 17.07 3.454 20.53 1.541 3.081 4.622 7.023 3.507 10.53

10 16-03-03 2.284 23.27 25.56 2.883 18.87 21.75 3.119 16.63 19.75 1.03 32.8 33.83 3.621 53.6 57.22 0 136.4 136.4 2.156 46.92 49.08

11 16-03-07 3.345 28.94 32.29 3.191 20.9 24.09 2.262 24.89 27.15 0.751 26.79 27.54 3.314 22.72 26.03 0.211 25.19 25.4 2.179 24.9 27.08

11 16-03-08 0.628 6.556 7.184 1.664 6.403 8.067 1.003 4.422 5.424 1.293 20.77 22.06 2.2 18.71 20.91 0.737 81.13 81.87 1.254 23 24.25

25.67

12 16-03-15 2.876 11.25 14.12 4.066 12.43 16.5 1.636 6.634 8.27 3.1 28.79 31.89 3.456 30.91 34.37 0 95.77 95.77 2.522 30.96 33.49

12 16-03-17 0.872 4.259 5.13 2.066 6.519 8.586 1.208 5.726 6.934 1.785 16.67 18.45 1.459 22.56 24.02 0 45.11 45.11 1.232 16.81 18.04

25.76

13 16-03-21 0.25 6.922 7.173 0.08 10.82 10.9 0.306 5.83 6.136 0.367 29.42 29.78 1.381 42.48 43.86 0 79.3 79.3 0.397 29.13 29.53

13 16-03-23 0.159 8.134 8.292 0.229 7.303 7.532 0.176 7.155 7.331 0.34 21.9 22.24 0.726 40.88 41.6 0 73.57 73.57 0.272 26.49 26.76

28.14

14 16-03-30 0.034 1.577 1.611 0.029 3.119 3.148 0.063 3.176 3.239 0 6.434 6.434 0.399 14.64 15.04 0 18.69 18.69 0.087 7.94 8.027

14 16-04-01 0 1.669 1.669 0.037 2.692 2.729 0.031 3.083 3.114 0.092 6.642 6.734 0.075 12 12.08 0 8.651 8.651 0.039 5.79 5.83

6.928

15 16-04-04 0 5.884 5.884 0.248 4.18 4.428 0 1.748 1.748 0 17.31 17.31 0 6.684 6.684 0 2.482 2.482 0.041 6.382 6.424

15 16-04-06 0 1.612 1.612 0 5.617 5.617 0.074 7.207 7.281 0 18.39 18.39 0 7.087 7.087 0 6.382 6.382 0.012 7.716 7.728

7.076

16 16-04-12 0.099 1.492 1.591 0.025 1.173 1.198 0 1.538 1.538 0.085 1.153 1.239 0.174 2.416 2.59 0 2.687 2.687 0.064 1.743 1.807

17 16-04-18 0.036 0.036 0.072 0 0.132 0.132 0 0.027 0.027 0 0.547 0.547 0.024 0.239 0.263 0 0.299 0.299 0.01 0.213 0.223

18 16-04-28 0 0.081 0.081 0 0.029 0.029 0 0 0 0 0.042 0.042 0.019 0.136 0.156 0 0.114 0.114 0.003 0.067 0.07

19 16-05-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0.023 0.023 0 0 0 0 0.004 0.004

Site 5 Site 6 MeanSample-2016 C Site 1 Site 2 Site 3 Site 4

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean

Weekly Mean
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Table D3. Daily and weekly Columbia River eulachon egg and larval sample densities collected from the six sites 

situated along   the Price Island/Clifton Channel transect, December 21, 2016 through May 03, 2017. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

52 16-12-21 0 0.756 0.756 0 0.806 0.806 0 0.046 0.046 0 0.29 0.29 0 0.051 0.051 0 1.308 1.308 0 0.543 0.543

2 17-01-10 0 5.387 5.387 0.019 2.934 2.952 0 1.458 1.458 0 1.161 1.161 0 0.205 0.205 0 1.565 1.565 0.003 2.118 2.121

3 17-01-19 0 2.339 2.339 0 1.402 1.402 0 0.529 0.529 0 1.964 1.964 0 0.478 0.478 0 0.197 0.197 0 1.151 1.151

4 17-01-23 0 2.672 2.672 0 1.771 1.771 0 1.276 1.276 0 1.387 1.387 0 0.62 0.62 0 0.567 0.567 0 1.382 1.382

5 17-02-02 0 1.275 1.275 0 1.211 1.211 0.024 0.866 0.89 0 0.824 0.824 0 0.972 0.972 0 0.792 0.792 0.004 0.99 0.994

6 17-02-07 0 2.343 2.343 0.044 1.323 1.367 0 1.24 1.24 0 2.749 2.749 0.02 0.869 0.889 0 0.635 0.635 0.011 1.527 1.537

7 17-02-17 0.02 0.491 0.511 0.017 0.171 0.188 0 0.253 0.253 0.06 0.907 0.967 0 0.055 0.055 0 0.302 0.302 0.016 0.363 0.379

8 17-02-21 0 0.673 0.673 0.016 0.251 0.267 0 0.161 0.161 0.033 0.732 0.766 0.076 0.038 0.114 0 0.19 0.19 0.021 0.341 0.362

9 17-03-03 0.068 0.665 0.733 0.048 1.11 1.158 0.057 0.53 0.587 0.259 0.633 0.891 0.506 0.292 0.799 0 0.506 0.506 0.156 0.623 0.779

10 17-03-07 0.057 1.345 1.402 0.11 1.343 1.453 0.061 0.655 0.716 0.07 1.618 1.689 0.268 1 1.268 0 7.608 7.608 0.095 2.261 2.356

10 17-03-10 0.664 1.742 2.405 1.205 2.312 3.517 0.899 2.519 3.418 1.727 4.885 6.612 1.362 5.617 6.98 0.098 7.649 7.747 0.992 4.121 5.113

3.735

11 17-03-15 0.841 2.142 2.982 0.702 2.378 3.08 1.414 2.852 4.267 1.965 3.121 5.085 0.582 4.775 5.357 0.306 19.14 19.45 0.968 5.735 6.703

11 17-03-17 0.74 3.699 4.439 0.482 3.547 4.029 0.559 2.604 3.164 2.091 5.567 7.658 0.632 6.095 6.727 0.161 23.98 24.14 0.777 7.582 8.359

7.531

12 17-03-21 0.162 2.214 2.376 0.126 2.877 3.003 0.273 3.465 3.738 1.024 2.922 3.946 0.104 3.578 3.682 0.901 11.92 12.82 0.432 4.496 4.927

12 17-03-23 0.347 2.016 2.363 0.147 3.063 3.21 0.241 3.537 3.779 0.348 4.487 4.835 0.242 2.161 2.403 0.44 13.06 13.5 0.294 4.72 5.015

4.971

13 17-03-27 0.091 1.499 1.59 0.018 4.436 4.454 0.189 4.561 4.749 1.002 4.029 5.031 0.224 4.999 5.222 0.053 17.36 17.41 0.263 6.147 6.41

13 17-03-29 0.127 1.522 1.648 0.021 1.72 1.741 0.047 1.11 1.157 0.6 3.536 4.136 0.244 2.681 2.925 0.242 13.48 13.73 0.213 4.009 4.222

5.316

14 17-04-03 0.147 1.271 1.418 0.032 2.355 2.387 0.079 1.934 2.013 0.63 2.764 3.393 0.075 1.852 1.927 0.125 8.905 9.03 0.181 3.18 3.361

14 17-04-06 0 0.955 0.955 0.019 1.717 1.735 0.049 2.253 2.301 0.231 3.117 3.348 0.275 2.984 3.259 0 5.866 5.866 0.096 2.815 2.911

3.136

15 17-04-11 0 0.914 0.914 0.131 1.134 1.265 0 0.438 0.438 0 2.439 2.439 0.034 1.599 1.633 0 2.929 2.929 0.028 1.576 1.603

15 17-04-13 0.017 0.6 0.617 0.078 0.819 0.897 0 0.2 0.2 0.028 1.387 1.415 0.049 2.037 2.086 0 2.356 2.356 0.029 1.233 1.262

1.433

16 17-04-19 0.021 0.207 0.228 0.017 0.524 0.541 0.068 0.569 0.638 0.078 1.203 1.28 0.051 0.599 0.651 0 1.215 1.215 0.039 0.72 0.759

17 17-04-25 0 0.027 0.027 0 0.138 0.138 0.123 0.18 0.303 0.111 0.222 0.333 0.046 0.263 0.31 0 0.566 0.566 0.047 0.233 0.28

18 17-05-03 0 0.018 0.018 0 0.026 0.026 0.018 0.106 0.124 0 0.028 0.028 0 0.027 0.027 0 0.167 0.167 0.003 0.062 0.065

Site 3Sample-2017 C Site 1 Site 2

Weekly Mean

Weekly Mean

Weekly Mean

Site 4 Site 5 Site 6 Mean

Weekly Mean

Weekly Mean

Weekly Mean
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Table D4. Daily and weekly Columbia River eulachon egg and larval sample densities collected from the six sites 
situated along the Price Island/Clifton Channel transect, January 16, 2018 through April 19, 2018. 

 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

3 18-01-16 0.00 1.61 1.61 0.00 0.67 0.67 0.00 0.09 0.09 0.00 1 1.00 0.00 0.55 0.55 0.00 1.38 1.38 0.00 0.88 0.88

4 18-01-25 0.00 1.10 1.10 0.00 0.50 0.50 0.00 0.07 0.07 0.05 0.7 0.75 0.00 0.40 0.40 0.00 1.01 1.01 0.01 0.63 0.64

5 18-01-29 0.00 0.60 0.60 0.00 0.33 0.33 0.00 0.04 0.04 0.00 0.41 0.41 0.07 0.24 0.32 0.00 0.63 0.63 0.01 0.38 0.39

6 18-02-08 0.00 0.09 0.09 0.00 0.17 0.17 0.00 0.02 0.02 0.08 0.12 0.20 0.03 0.09 0.12 0.08 0.25 0.34 0.03 0.12 0.16

7 18-02-12 0.02 0.09 0.12 0.04 0.07 0.11 0.00 0.12 0.12 0.04 0.11 0.15 0.05 0.25 0.29 0.00 0.00 0.00 0.02 0.11 0.13

8 18-02-23 0.08 1.41 1.49 0.02 0.57 0.59 0.04 0.15 0.18 0.00 0.44 0.44 0.07 0.40 0.47 0.13 0.51 0.64 0.06 0.58 0.64

9 18-02-27 0.05 3.93 3.98 0.00 1.74 1.74 0.03 1.11 1.14 0.16 0.86 1.02 0.00 1.16 1.16 0.06 16.30 16.36 0.05 4.18 4.23

10 18-03-08 0.00 1.90 1.90 0.00 1.97 1.97 0.03 1.70 1.73 0.00 0.41 0.41 0.00 1.67 1.67 0.00 6.19 6.19 0.00 2.31 2.31

11 18-03-14 0.00 3.91 3.91 0.00 1.84 1.84 0.00 0.50 0.50 0.00 2.5 2.50 0.06 3.49 3.55 0.06 3.48 3.54 0.02 2.62 2.64

12 18-03-23 0.02 0.74 0.76 0.02 0.49 0.51 0.00 0.45 0.45 0.00 0.49 0.49 0.03 0.24 0.27 0.03 1.90 1.93 0.02 0.72 0.74

13 18-03-27 0.00 0.26 0.26 0.05 0.28 0.33 0.02 0.26 0.28 0.00 0.29 0.29 0.05 0.72 0.77 0.00 1.80 1.80 0.02 0.60 0.62

14 18-04-05 0.00 0.20 0.20 0.00 0.25 0.25 0.00 0.19 0.19 0.07 0.21 0.28 0.00 0.30 0.30 0.00 1.47 1.47 0.01 0.44 0.45

16 18-04-19 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.02 0.02 0.00 0.03 0.03 0.00 0.03 0.03 0.00 0.04 0.04 0.00 0.03 0.03

Site 1Sample-2018 C Site 2 Site 3 Site 4 Site 5 Site 6 Mean
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Table D5. Daily and weekly Grays River eulachon egg and larval sample densities collected from the two sites 
situated at the Grays River Altoona Bridge, January 16, 2015 through May 08, 2015. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

3 15-01-16 0.0626 0.44 0.5 0.0577 0.4 0.46 0.0582 0.1164 0.17 0.1094 0 0.11 0.1611 0 0.16 0 0 0 0.0566 0.16 0.23

4 15-01-21 0.3903 0.04 0.43 0.1108 0.11 0.22 0.2366 0.0394 0.28 0.1802 0 0.18 0.1339 0 0.13 0.0335 0 0.03 0.1809 0.032 0.21

5 15-01-28 1.3091 1.73 3.04 0.9573 0.91 1.87 1.0411 0.8924 1.93 2.5709 0.46 3.03 1.7263 0.77 2.49 2.7284 0.71 3.44 1.7222 0.913 2.64

6 15-02-03 0.6958 17.2 17.9 0.5198 16.7 17.2 1.7044 13.538 15.2 0.6745 8.58 9.25 0.7565 11.2 11.9 0.7439 5.86 6.6 0.8492 12.17 13.02

7 15-02-13 2.891 2.06 4.96 3.7643 2.36 6.13 4.637 1.5457 6.18 0.8729 1.01 1.88 1.9854 1.99 3.97 2.5629 2.49 5.06 2.7856 1.91 4.70

8 15-02-19 0.0814 0 0.08 0 0.09 0.09 0.1744 0 0.17 0.8147 0.44 1.26 0.0616 0 0.06 1.2252 0.41 1.63 0.3929 0.157 0.55

9 15-02-27 0 0.13 0.13 0 0 0 0 0 0 0 0 0 0 0.11 0.11 0 0.13 0.13 0 0.063 0.06

10 15-03-04 0.1451 0 0.15 0 0 0 0 0 0 0 0 0 0.1167 0 0.12 0 0 0 0.0436 0 0.04

11 15-03-11 0.1365 3.14 3.28 0 5.38 5.38 0.1489 8.188 8.34 0.3379 1.58 1.91 0.2972 0.99 1.29 0 1.92 1.92 0.1534 3.532 3.69

12 15-03-17 11.035 27.8 38.9 11.433 22.9 34.4 11.821 22.877 34.7 5.0955 16.5 21.6 4.6388 15 19.6 4.1941 15.8 20 8.0363 20.16 28.19

13 15-03-26 35.711 43.6 79.3 36.585 49.9 86.5 30.566 50.39 81 12.712 27.3 40 7.5948 29.5 37.1 11.378 29.9 41.2 22.424 38.43 60.85

14 15-03-31 4.4056 72.7 77.1 3.8696 57.3 61.1 6.7268 131.17 138 7.0268 12 19 4.7106 16.9 21.6 3.0822 17.6 20.6 4.9702 51.26 56.23

15 15-04-09 0.7727 22.2 22.9 1.1456 15.1 16.3 1.0377 13.837 14.9 1.3822 7.76 9.14 0.12 7.2 7.32 0 8.14 8.14 0.743 12.37 13.12

16 15-04-14 0.8256 50.9 51.7 0.3335 25.5 25.8 0.2168 32.743 33 0 5.78 5.78 0 7.23 7.23 0 5.07 5.07 0.2293 21.2 21.43

17 15-04-23 0 0.13 0.13 0 0.14 0.14 0 0 0 0 0 0 0 0 0 0 0 0 0 0.046 0.05

18 15-04-29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00

19 15-05-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00

Sample-2015 G Site 1.1 Site 1.2 Site 1.3 Site 2.1 Site 2.2 Site 2.3 Mean
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Table D6. Daily and weekly Grays River eulachon egg and larval sample densities collected from the two sites 
situated at the Grays River Altoona Bridge, January 7, 2016 through May 04, 2016. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

2 16-01-07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00

3 16-01-15 0.3903 0.0434 0.43 0.1108 0.1108 0.22 0.2366 0.0394 0.28 0.1802 0 0.18 0.1339 0 0.13 0.0335 0 0.03 0.1809 0.0323 0.21

 

4 16-01-19 0 0 0 0 0 0 0 0 0 0 0 0 0.0319 0 0.03 0.0609 0 0.06 0.0155 0 0.02

5 16-01-25 0.6958 17.221 17.9 0.5198 16.687 17.2 1.7044 13.538 15.2 0.6745 8.5761 9.25 0.7565 11.158 11.9 0.7439 5.8585 6.6 0.8492 12.173 13.02

6 16-02-04 2.891 2.065 4.96 3.7643 2.3619 6.13 4.637 1.5457 6.18 0.8729 1.0072 1.88 1.9854 1.9854 3.97 2.5629 2.4936 5.06 2.7856 1.9098 4.70

7 16-02-09 0.4485 0.0448 0.49 0.6086 0 0.61 0.8803 0 0.88 0.2541 0 0.25 0.535 0 0.53 0.3286 0 0.33 0.5092 0.0075 0.52

8 16-02-18 0.9346 0.3115 1.25 0.8145 0.362 1.18 1.2682 0.3382 1.61 0.0806 0.0806 0.16 0.1634 0.2451 0.41 0.306 0.306 0.61 0.5946 0.2739 0.87

9 16-02-23 8.631 15.27 23.9 13.394 8.807 22.2 9.4151 15.139 24.6 1.042 3.4884 4.53 2.3325 7.3056 9.64 9.6023 13.736 23.3 7.4028 10.624 18.03

10 16-03-03 27.257 71.057 98.3 27.136 60.285 87.4 20.798 27.093 47.9 14.064 47.218 61.3 16.983 55.214 72.2 16.25 48.389 64.6 20.415 51.542 71.96

11 16-03-07 15.491 84.235 99.7 14.378 83.677 98.1 12.939 55.183 68.1 9.2493 31.62 40.9 6.575 23.543 30.1 7.2309 19.665 26.9 10.977 49.654 60.63

12 16-03-18 9.8785 183.24 193 5.979 139.38 145 5.506 122.25 128 2.3315 37.202 39.5 2.2153 28.356 30.6 1.5971 29.336 30.9 4.5846 89.962 94.55

13 16-03-22 7.7336 214.17 222 5.508 214.25 220 6.7549 161.86 169 3.874 45.777 49.7 2.5315 38.867 41.4 3.3484 43.865 47.2 4.9584 119.8 124.76

14 16-03-31 0 258.24 258 0.1998 378.45 379 0.6315 417.87 419 0 61.487 61.5 0 56.166 56.2 0.7424 49.553 50.3 0.2623 203.63 203.89

15 16-04-05 0.6497 205.1 206 0.259 166.77 167 1.0779 132.58 134 0.2906 40.971 41.3 0 49.807 49.8 0.2036 32.576 32.8 0.4134 104.63 105.05

16 16-04-14 0 1.361 1.36 0 2.4303 2.43 0 2.2202 2.22 0 0.7149 0.71 0 1.1827 1.18 0 0.9241 0.92 0 1.4722 1.47

17 16-04-19 0 0 0 0 0.177 0.18 0 0 0 0 0 0 0 0.1612 0.16 0 0.436 0.44 0 0.129 0.13

18 16-04-29 0 0.1393 0.14 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0884 0.09 0 0.038 0.04

19 16-05-04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00

Site 2.2 Site 2.3 MeanSample-2016 G Site 1.1 Site 1.2 Site 1.3 Site 2.1
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Table D7.  Daily and weekly Naselle River eulachon egg and larval sample densities collected from Naselle River, 
Hwy 401 sample site, January 16, 2015 through May 22, 2015. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

3 15-01-16 0 0 0 0.035 0 0.035 0.0684 0 0.0684 0.0622 0 0.0622 0.0619 0 0.0619 0 0 0 0.0379 0 0.0379

4 15-01-22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 15-01-28 0.8378 0.1478 0.9856 0.6751 0.1013 0.7764 0.9536 0.0341 0.9876 0.5412 0.0318 0.5731 1.0722 0.0298 1.102 0.5749 0.0287 0.6036 0.7758 0.0623 0.8381

6 15-02-04 1.5223 0.0435 1.5658 0.9821 0.0468 1.0289 0.7934 0.0441 0.8374 0.92 0.1453 1.0652 1.0398 0.0945 1.1343 0.9509 0 0.9509 1.0347 0.0624 1.0971

7 15-02-13 0.0509 0.0509 0.1018 0 0.0426 0.0426 0.0815 0.0408 0.1223 0 0 0 0 0.0378 0.0378 0.0371 0 0.0371 0.0283 0.0287 0.0569

8 15-02-18 0 0.0952 0.0952 0 0 0 0 0 0 0 0 0 0 0.0687 0.0687 0 0 0 0 0.0273 0.0273

9 15-02-27 10.752 0.2655 11.017 14.166 0.1161 14.282 13.63 0.4868 14.117 10.355 0.2135 10.568 9.6822 0.3058 9.9879 9.7147 0.0962 9.8109 11.383 0.2473 11.631

10 15-03-03 0.5338 0 0.5338 1.158 0 1.158 2.3254 0 2.3254 1.557 0 1.557 1.1818 0 1.1818 1.9379 0 1.9379 1.449 0 1.449

11 15-03-12 0.2997 0.1998 0.4995 0.0768 0 0.0768 0.1934 0 0.1934 0.2897 0.0966 0.3863 0.2015 0 0.2015 0.1965 0.0983 0.2948 0.2096 0.0658 0.2754

12 15-03-17 7.5654 5.0871 12.653 2.8851 2.8274 5.7126 0.6803 1.8555 2.5358 1.0438 1.8467 2.8905 1.5575 3.6343 5.1918 2.5941 4.2295 6.8235 2.721 3.2467 5.9678

13 15-03-26 1.4446 4.2081 5.6527 2.7952 12.465 15.26 1.592 4.5247 6.1167 5.6511 7.3541 13.005 7.6897 6.6381 14.328 3.9614 10.056 14.017 3.8557 7.541 11.397

14 15-03-31 0.9833 4.2609 5.2442 0.8616 4.4802 5.3418 0.88 5.28 6.16 0.9292 7.1059 8.0351 2.5548 6.9547 9.5094 3.6577 7.5306 11.188 1.6444 5.9354 7.5798

15 15-04-09 0 3.9548 3.9548 0 4.7749 4.7749 0 3.6287 3.6287 0 3.2731 3.2731 0 4.9707 4.9707 0 3.615 3.615 0 4.0362 4.0362

16 15-04-14 0.1329 4.7182 4.8511 0 4.7225 4.7225 0.2516 3.8368 4.0884 0.1828 5.7887 5.9715 0.2557 5.2415 5.4972 0.1953 5.8581 6.0534 0.1697 5.0276 5.1973

17 15-04-23 0.1046 0.1046 0.2092 0 0.0937 0.0937 0 0 0 0 0.1997 0.1997 0 0.3399 0.3399 0 0 0 0.0174 0.123 0.1404

18 15-04-28 0 0 0 0 0.1312 0.1312 0 0.2474 0.2474 0 0.2374 0.2374 0 0.1187 0.1187 0 0.2422 0.2422 0 0.1628 0.1628

19 15-05-08 0 0 0 0 0.2436 0.2436 0 0 0 0 0.2402 0.2402 0 0 0 0 0 0 0 0.0806 0.0806

20 15-05-13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

21 15-05-22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Site 1.3 Site 1.4 Site 1.5 Site 1.6 MeanSample-2015 N Site 1.1 Site 1.2
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Table D8.  Daily and weekly Naselle River eulachon egg and larval sample densities collected from Naselle River, 
Hwy 401sample site. January 08, 2016 through April 14, 2016. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

2 16-01-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 16-01-15 0 0 0 0 0 0 0.22 0 0.22 0.09 0 0.09 0 0.04 0.04 0 0.05 0.05 0.051 0.014 0.065

4 16-01-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 16-01-25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 16-02-03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 16-02-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 16-02-19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 16-02-24 0 0 0 0 0.05 0.05 0 0 0 0 0 0 0 0.04 0.04 0 0.11 0.11 0 0.034 0.034

10 16-03-04 0 0 0 0.06 0 0.06 0 0 0 0 0 0 0.06 0 0.06 0 0 0 0.019 0 0.019

11 16-03-07 0.06 0 0.06 0 0.05 0.05 0.06 0 0.06 0.1 0.16 0.26 0 0.19 0.19 0.07 0.15 0.22 0.05 0.091 0.141

12 16-03-15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 16-03-21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.13 0.13 0 0.022 0.022

14 16-03-30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 16-04-05 0 0 0 0 0 0 0 0 0 0 0.08 0.08 0 0.1 0.1 0 0 0 0 0.03 0.03

16 16-04-14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Site 1.4 Site 1.5 Site 1.6 MeanSample-2016 N Site 1.1 Site 1.2 Site 1.3
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D9. Daily and weekly Naselle River eulachon egg and larval sample densities collected from Naselle River, Hwy 
401sample site, from January 20, 2017 through April 12, 2017. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

3 17-01-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 17-01-24 0.2 0 0.2 0 0 0 0 0 0 0.18 0 0.18 0.19 0 0.19 0.09 0 0.09 0.111 0 0.111

5 17-02-03 0.1 0 0.1 0 0 0 0 0 0 0.09 0 0.09 0.1 0 0.1 0.04 0 0.04 0.055 0 0.055

6 17-02-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 17-02-16 0 0 0 0 0.09 0.09 0 0 0 0 0 0 0.18 0 0.18 0.2 0 0.2 0.062 0.015 0.077

8 17-02-23 0 0 0 0 0.07 0.07 0 0 0 0 0 0 0 0 0 0 0 0 0 0.011 0.011

9 17-02-27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 17-03-09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 17-03-16 0.04 0.04 0.09 0 0.06 0.06 0 0.12 0.12 0 0 0 0 0.21 0.21 0 0 0 0.007 0.074 0.081

12 17-03-22 0 0.07 0.07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.011 0.011

13 17-03-28 0 0 0 0 0 0 0 0 0 0 0.06 0.06 0 0.06 0.06 0 0 0 0 0.022 0.022

14 17-04-04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 17-04-12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2017 N Site 1.1 MeanSite 1.2 Site 1.3 Site 1.4 Site 1.5 Site 1.6
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Table D10. Daily and weekly eulachon egg and larval sample densities collected from the Chehalis River sample 
site, January 16, 2015 through May 28, 2015. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

3 15-01-16 0.0393 0.0785 0.1178 0.4867 0.0608 0.5475 0.5093 0.3526 0.8619 0.1109 0.037 0.1479 0.6945 0.248 0.9425 0.737 0.3276 1.0646 0.4296 0.1841 0.6137

4 15-01-20 0.0718 0.1076 0.1794 0 0.1481 0.1481 0.1355 0.1355 0.271 0 0.0574 0.0574 0 0.0522 0.0522 0 0.6748 0.6748 0.0345 0.1959 0.2305

5 15-01-28 0.0536 0.1875 0.2411 0.1746 0.9313 1.106 0.3849 0.6929 1.0778 0 0.4372 0.4372 0.2228 0.8911 1.1139 0.2865 0.8596 1.1461 0.1871 0.6666 0.8537

6 15-02-06 1.9361 8.1913 10.127 2.3214 3.6272 5.9487 5.2615 10.184 15.445 1.3276 5.1683 6.496 2.6162 2.4456 5.0617 6.1805 0.8716 7.0521 3.2739 5.0813 8.3552

7 15-02-11 0.1158 0.753 0.8689 1.1868 1.0681 2.255 10.749 19.707 30.456 0.1652 1.4459 1.6111 2.3218 1.6584 3.9802 1.8497 0.9249 2.7746 2.7314 4.2595 6.9909

8 15-02-19 0 0.6547 0.6547 0.0255 1.2263 1.2518 0.1958 1.0771 1.2729 0.0839 0.5875 0.6714 0.1343 1.3875 1.5218 0.4541 1.492 1.9461 0.1489 1.0708 1.2198

9 15-02-23 0.135 0.135 0.27 0.3405 0.7378 1.0783 0.7075 2.1226 2.8301 0 0.1936 0.1936 0.7601 0.5067 1.2668 0.9781 0.8003 1.7783 0.4869 0.7493 1.2362

10 15-03-03 0 0.2034 0.2034 0.0939 0.3758 0.4697 0.5804 1.1028 1.6831 0.0638 0.351 0.4148 0.2451 1.1031 1.3483 0.2704 0.8788 1.1492 0.2089 0.6691 0.8781

11 15-03-12 0 0.6582 0.6582 0.1563 3.6272 3.7836 0.1098 4.831 4.9408 0 1.9627 1.9627 0.1004 3.9148 4.0152 0 3.6617 3.6617 0.0611 3.1093 3.1704

12 15-03-16 0.0194 0.4077 0.4271 0 0.1209 0.1209 0.1597 0.3193 0.479 0 1.4102 1.4102 0.0238 1.3072 1.331 0.2298 0.5515 0.7813 0.0721 0.6861 0.7582

13 15-03-27 0 0.1484 0.1484 0.1098 0.1098 0.2196 0.1979 0.277 0.4749 0 0.0457 0.0457 0.0909 0.1591 0.2501 0.0394 0.2758 0.3152 0.073 0.1693 0.2423

14 15-03-31 0.0423 0.0423 0.0845 0 0.0823 0.0823 0.0433 0.0433 0.0866 0 0 0 0.0687 0 0.0687 0 0.0536 0.0536 0.0257 0.0369 0.0626

15 15-04-10 0 0 0 0.0448 0 0.0448 0.0402 0 0.0402 0 0.0664 0.0664 0 0.033 0.033 0.0638 0.0638 0.1276 0.0248 0.0272 0.052

16 15-04-14 0 0.1334 0.1334 0 0.0306 0.0306 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0273 0.0273

17 15-04-21 0.0316 0 0.0316 0.0312 0.0312 0.0623 0.0649 0.0649 0.1299 0 0 0 0.0315 0 0.0315 0.0949 0 0.0949 0.0424 0.016 0.0584

18 15-04-29 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0417 0.0417 0 0 0 0 0.0069 0.0069

19 15-05-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 15-05-13 0 0 0 0 0 0 0 0 0 0 0.0455 0.0455 0 0 0 0 0 0 0 0.0076 0.0076

21 15-05-22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 15-05-28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2015 Ch Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Mean
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Table D11. Daily and weekly eulachon egg and larval sample densities collected from the Chehalis River sample 
site, January 05, 2016 through May 11, 2016. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

1 16-01-05 0 0 0 3.87 0 3.87 0 0 0 0 0 0 0 0 0 0 0 0 0.645 0 0.645

2 16-01-15 0 0.04 0.04 0.05 0.36 0.41 0.21 0.13 0.34 0.02 0.22 0.25 0 2.56 2.56 0 0.84 0.84 0.047 0.693 0.739

3 16-01-19 0.06 0.2 0.26 0 0.25 0.25 0 0.77 0.77 0 0.21 0.21 0.07 1.86 1.93 0.0828 0.62 0.7 0.036 0.651 0.687

4 16-01-27 0.11 0.13 0.24 0.3 0.59 0.89 0.86 0.51 1.36 0.03 0.45 0.48 0.26 1.94 2.21 0.612 0.66 1.27 0.363 0.713 1.076

5 16-02-02 0.16 0.05 0.22 0.6 0.93 1.53 1.72 0.25 1.96 0.07 0.69 0.76 0.46 2.02 2.48 1.1412 0.7 1.84 0.691 0.775 1.466

6 16-02-08 0 0 0 0.08 0.06 0.14 0.33 0.2 0.53 0 0.04 0.04 0.03 0 0.03 0.2532 0.07 0.33 0.116 0.062 0.178

7 16-02-18 0 2.25 2.25 0.09 4.64 4.73 0.37 6.1 6.47 0 2.57 2.57 0.26 7.52 7.78 0.4579 7.45 7.91 0.196 5.087 5.283

8 16-02-22 0.06 1.62 1.68 0 6.44 6.44 0 4.3 4.3 0.23 4.03 4.26 0.16 3.99 4.15 0.3973 14.5 14.9 0.141 5.818 5.96

9 16-03-01 0.28 2.97 3.25 0.87 4.97 5.84 0.89 4.34 5.23 0.14 2.29 2.42 0.65 6.63 7.27 3.2089 6.04 9.25 1.004 4.539 5.544

10 16-03-07 0.09 1.25 1.34 0.07 3.45 3.52 0.55 8.37 8.92 0.18 2.58 2.77 1.07 7.16 8.23 1.7856 3.62 5.41 0.624 4.405 5.028

11 16-03-17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 16-03-21 0.06 1.74 1.79 0.11 34.3 34.4 0 36.5 36.5 0.02 1.31 1.34 0.32 4.31 4.64 0.2412 2.83 3.07 0.125 13.49 13.61

13 16-03-30 0.2 1.07 1.27 1.1 2.84 3.94 0.8 3.3 4.09 0 0.37 0.37 0.18 0.91 1.09 0.1837 1.1 1.29 0.41 1.599 2.008

14 16-04-04 0.18 0.76 0.93 0.28 1.24 1.52 1.04 2.25 3.29 0 0.16 0.16 0.11 0.22 0.33 0.0914 1.05 1.14 0.284 0.944 1.228

15 16-04-11 0.08 0.05 0.13 0 0.12 0.12 0.09 0.26 0.35 0 0.05 0.05 0.06 0.24 0.3 0 0.45 0.45 0.038 0.195 0.233

16 16-04-18 0 0.03 0.03 0 0.07 0.07 0 0.03 0.03 0 0.07 0.07 0 0.06 0.06 0 0.06 0.06 0 0.056 0.056

17 16-04-26 0 0 0 0 0.03 0.03 0 0.05 0.05 0 0 0 0 0 0 0 0 0 0 0.012 0.012

18 16-05-02 0 0 0 0 0 0 0 0 0 0 0.06 0.06 0 0 0 0 0 0 0 0.009 0.009

19 16-05-11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sample-2016 Ch Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Mean
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Table D12.  Daily and weekly eulachon egg and larval sample densities collected from the Chehalis River sample 
site from December 05, 2016 through April 20, 2017. Yellow highlighted cells contain interpolated values. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

50 16-12-05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.00 0.05 0.05 0.00 0.02 0.02

1 17-01-05 0.00 0.00 0.00 0.00 0.15 0.15 0.00 0.14 0.14 0.03 0.06 0.09 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.06 0.07

2 17-01-12 0.00 0.00 0.00 0.00 0.47 0.47 0.00 0.24 0.24 0.00 0.03 0.03 0.03 0.61 0.64 0.00 0.23 0.23 0.00 0.26 0.27

3 17-02-09 0.02 0.06 0.08 0.04 0.31 0.35 0.11 0.29 0.40 0.01 0.06 0.07 0.01 0.37 0.38 0.14 0.26 0.40 0.06 0.22 0.28

4 17-01-26 0.04 0.11 0.15 0.08 0.16 0.24 0.22 0.33 0.55 0.02 0.08 0.11 0.00 0.13 0.13 0.29 0.29 0.57 0.11 0.18 0.29

5 17-02-02 0.00 0.00 0.00 0.00 0.04 0.04 0.18 0.00 0.18 0.48 0.00 0.48 0.24 0.00 0.24 0.72 0.00 0.72 0.27 0.01 0.28

6 17-02-22 0.20 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7 17-02-16 0.41 0.00 0.41 1.73 0.00 1.73 0.00 0.00 0.00 0.40 0.00 0.40 0.31 0.00 0.31 0.00 0.00 0.00 0.47 0.00 0.47

8 17-02-23 0.07 0.22 0.30 0.07 0.29 0.36 0.00 0.00 0.00 0.09 0.05 0.14 0.18 0.20 0.38 0.00 0.00 0.00 0.07 0.13 0.20

9 17-03-03 0.00 0.18 0.18 0.13 0.38 0.51 0.00 0.00 0.00 0.17 0.03 0.20 0.48 0.21 0.70 0.00 0.00 0.00 0.13 0.13 0.27

10 17-03-09 0.05 0.00 0.05 0.12 0.06 0.18 1.92 0.00 1.92 0.02 0.02 0.04 0.16 0.04 0.20 0.55 0.00 0.55 0.47 0.02 0.49

11 17-03-17 0.07 2.01 2.08 0.20 6.58 6.78 0.07 5.75 5.81 0.05 0.22 0.27 0.11 4.65 4.76 0.12 2.32 2.43 0.10 3.59 3.69

12 17-03-23 0.00 1.56 1.56 0.00 5.83 5.83 0.09 5.14 5.23 0.03 0.47 0.50 0.00 3.80 3.80 0.21 2.88 3.09 0.05 3.28 3.34

13 17-03-31 0.02 0.49 0.51 0.05 1.00 1.04 0.07 0.15 0.22 0.00 0.07 0.07 0.04 0.42 0.46 0.23 0.06 0.28 0.07 0.36 0.43

14 17-04-06 0.00 0.07 0.07 0.11 0.34 0.46 0.08 0.64 0.72 0.00 0.06 0.06 0.17 0.45 0.62 0.06 0.23 0.29 0.07 0.30 0.37

15 17-04-14 0.00 0.12 0.12 0.10 0.07 0.17 0.00 0.00 0.00 0.00 0.04 0.04 0.04 0.07 0.11 0.00 0.13 0.13 0.02 0.07 0.09

16 17-04-20 0.00 0.07 0.07 0.00 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.12 0.12 0.00 0.05 0.05

MeanSite 2 Site 3 Site 4 Site 5 Site 6Sample-2017 Ch Site 1
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Table D13. Daily and weekly eulachon egg and larval sample densities collected at the Chehalis River sample site 
from February 22, 2018 through March 14, 2018. 

 
 
 
  

Week Date Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo Eggs Larvae Combo

8 18-02-22 0 0.02 0.02 0.02 0.06 0.08 0 0.05 0.05 0.03 0 0.03 0.08 0.1531 0.23 0.13 0.19 0.32 0.042 0.078 0.121

9 18-02-28 0 0.06 0.06 0.03 0.08 0.1 0.04 0.23 0.26 0 0.05 0.05 0.04 0.27557 0.32 0.05 0.42 0.47 0.026 0.184 0.21

10 18-03-07 0 0.61 0.61 0 0.68 0.68 0.03 0.61 0.64 0 0.39 0.39 0.03 1.5051 1.53 0.04 1.65 1.69 0.017 0.909 0.926

11 18-03-14 0 0 0 0.02 0.21 0.24 0.03 0.51 0.55 0.03 0.03 0.05 0.08 0.40098 0.48 0.09 0.46 0.56 0.042 0.27 0.311

Sample-2017 Ch Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Mean
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Appendix E: Adult Information 
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Introduction 
The Spawning Stock Biomass (SSB) approach requires the estimated egg and larval count to be 
converted into the biomass of the adult spawners that produced the observed ichthyoplankton 
outflow.  The details of that approach have been described in various documents (Hay et al. 2002; 
Hay and McCarter 2003; Therriault and McCarter 2005). This Appendix to the final project 
completion report for NOAA Fisheries Protected Species Conservation and Recovery Grant No. 
NA14NMF4720009, provides some more detail of the methods used (Wagemann 2014; Langness 
et al. 2016), and a summary of the data from adult sampling that we used to parameterize our SSB 
estimation model. 
 
In 2012, grants provided us with the opportunity to sample adult Eulachon (Thaleichthys pacificus) 
in order to ascertain whether historical values of fecundity were accurate enough for changing 
conditions, or whether fecundity data needed to be obtained on a yearly basis.  In addition to 
fecundity estimates, we collected biological information, in the form of lengths, weights, ages, 
changes in tooth absorption, egg diameters, and egg consistency (qualitative).  We also obtained 
information from historic documents on historical age and length information.  Lastly, we researched 
eulachon diet, (Barraclough 1964, Barraclough 1967, Robison et al. 1968) then obtained raw krill 
(Euphausiid) data from NOAA Fisheries (a.k.a., NMFS) in order to create indices, and research how 
well the krill data would correlate with copepod data.  It was hypothesized that this data could be a 
strong index for both run size and age class return of the eulachon.  
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Methods 

Biological Data 
For the 2012-2013 NOAA Fisheries Point Adams Research Station (Hammond, Oregon) was tasked 
with the responsibility of collecting Eulachon for WDFW.  Although the sampling did not begin 
until January NOAA was able to provide over 200 female smelt, and calculate sex ratios based off 
of 914 samples.  The NOAA sampling ended in March, 2013.  Moneys were not available for adults 
in 2014, but during 2015-2018 a WDFW staff member with a commercial buyer’s license was able 
to obtain fish directly from commercial fishermen, as well as collect length, sex ratios, and fish per 
pound values, on fish that were not purchased.  All sample fish were randomly selected from a 
variety of individual fish buckets, in order to minimize any potential fish picker bias.  A small 30 
cm board was used to obtain lengths and fish were sorted into buckets, weighed, and a clicker used 
to determine the number of fish per pound.  This process was repeated 1-2 more times for each 
sampling trip.  All fish were field sampled within 4 hours of capture. 
 
Adult samples were brought back to the WDFW Region 5 Office for further processing.  To confirm 
lengths for individually identified samples, we again used the 30 cm measuring board to obtain 
maximum fork lengths (to the nearest millimeter).  All fish were dried before weights were obtained.  
An electronic balance scale was used to weigh the fish (to the nearest 100th of a gram).  Weights 
were regressed against lengths using ordinary least square linear models (LM, LM-log10, LM-
Polynomial), generalized linear models (GLM, GLM-Gamma, GLM-Poisson), and non-linear 
models (NLM-Power) in R version 3.3.1 (R Development Core Team 2016). 
 
In addition to weights and lengths, fish chosen for the fecundity study had an internal and external 
visualization done, including examination for the degeneration of teeth, using a Labomed Luxeo 
(Model 414500) 4d stereozoom microscope.  The presence of foreign bodies or trauma was 
documented, and the stomach and intestinal track were dissected with a fine scalpel in order to 
examine contents.  Hard parts were collected for ageing (see Size and Age Composition section 
below).  Fin clips were taken and archived for future genetic studies. 
 

Sex Ratios 
All sex ratio work was performed in the field.  As the fish were picked from the net, handfuls were 
placed in buckets.  Fish were then sampled from 6-10 different buckets, from 2-4 different fish 
pickers, in order to minimize any potential bias on the part of the fish picker.  Each fish was sexed 
after observations of sexual characteristics.  If fish could not be quickly identified, they were slightly 
squeezed to check for eggs or milt. 
 

Size and Age Composition 
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In order to remove the otoliths with minimal breakage, the fish head was sliced behind the operculum 
and then further divided cranially by hemisphere.  Fine botany tweezers were used to extract the 
otoliths, and in cases where they were wedged, deionized water was used to flush the otolith out.  
Otoliths were gently rubbed to remove outer coating and placed in an open container to dry for 24 
hours before being sealed for transport.  Most otolith work was performed using a 5X lens of an 
Intertek Model LUX 900 dissecting microscope (with 13W lamp). 
 
In 2015, we conducted a study of different hard parts.  In addition to extracting otoliths, we removed 
scales, vertebrae, and cleithra, in order to provide the ageing lab with different ageing type structures.  
Three to six scales were collected from different side quadrants (above lateral line anterior of dorsal 
fin insertion, below lateral line posterior of dorsal fin insertion, etc.) in an effort to determine what 
constituted the best location to collect scales from eulachon adult samples.  The mucus was wiped 
off before a blade of a blunt knife was used to collect the scales.  The scales from each individual 
fish were mounted on adhesive scale cards, arranged according to side quadrant sampled.  Vertebrae 
and cleithra were placed in 150°F water until all tissue was loosened, then gently rubbed to remove 
tissue.  These structures were then dried for 24 hours before being placed in vials. 
 
Otoliths are aged whole (surface age) in ethanol. We used the following ageing criteria for run years 
2012-2018.  (1) An annulus was defined as an opaque zone (summer growth) followed by a complete 
translucent zone (winter growth).  (2) Annuli need not be proportional.  In other words, a smaller 
growth zone may be followed by a larger growth zone or vice versa.  (3) An annulus should be 
visible along most portions of the otolith.  (4) A January 1st birthday was assumed.  Therefore for a 
fish captured during a spawning migration (January-March) the edge of the otolith was counted as a 
year when the edge was an opaque (summer) zone or was beginning to form a translucent (winter) 
zone. Figure E6 shows examples of otoliths determined to be ages 2 through 5. 
 

Fecundity 
In December 2012, prior to the actual fecundity study, a 5% count was performed on 14 eulachon 
females in order to establish a set procedure and datasheet.  Early on in the process is was recognized 
that in order to obtain accurate fecundity numbers, some type of process needed to be established 
whereby a partially spawned out fish could be recognized and eliminated from the study.  A 
rudimentary spawning scale (see Table E13) based on skein/egg observations was established and 
used during the 2012-2018 reporting time.  
 
This initial study was followed by another preparatory study to establish the minimum percentage 
egg count needed, in order to provide the highest confidence level for fecundity estimates. One 
percent, 5%, 10%, 20%, and full egg counts were performed on six fish, in order to ascertain the 
most reasonable approach to counting large numbers of gonad samples for fecundity estimations.  
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Based on the results (Table E14), the 183 fish examined for fecundity following the study had a 5% 
count done in order to estimate total fecundity. 
 
Females were broken into 10mm size groups, starting at 150mm.  Fish from each size class were 
chosen for fecundity work. Those fish were dissected with a straight scalpel under a 5X lens of an 
Intertek Model LUX 900 dissecting microscope (with 13W lamp).  Care was taken to not disturb the 
skeins, and the fish was opened from the vent to the gills.  Each fecundity fish received a general 
exam which included a spawning scale value.  With only a few exceptions, fish with a spawning 
scale of less than 2 or greater than 6 were eliminated from the study. A total of 37 fish were rejected 
from the study, based on the spawning scale criteria. 
 
The ovaries were separated and weighed and ~ 5% of each skein was removed.  Subsamples obtained 
were representative of the anterior, middle, and posterior section of the gonad.  This method of 
sampling was done in order to minimize any potential error created by obtaining all the eggs from 
one section.  The section weights were obtained separately, and any observations unique to each 
section were recorded.  The 5% accuracy was balanced with a concern for potential over 
manipulation of the skein and egg breakage.  A Labomed Luxeo (Model 414500) 4d stereozoom 
microscope was used for egg counting, and a black 8 inch flat dish was used to contain the eggs 
during the count.  An angular teasing needle was used to separate the eggs.  Lysed eggs were counted 
if they were intact.  On the rare instance pieces of eggs were encountered, they were not counted, in 
order to decrease the chance of double counts.  A lab counter was used to keep track of the count. 
Initially distilled water, or Rose Bengal was used to lubricate the eggs and aid in separation, however 
both solutions resulted in an increase in  turbidity, (presumably from lysis)  and the solution was 
changed to a 1% saline, which resulted in a decrease in turbidity.  
 
Eggs were examined under a Nikon Alphaphot-2 YS2 microscope, and the micron ruler embedded 
was used for measuring ova diameters.  Multiple eggs from each subsection were placed on a glass 
slide, with a small amount of deionized water.  Two slides were used, in order to separate out the 
large skein from the small skein.  Eggs measurements were done on eggs that were round and 
undamaged.  Several eggs from each subsection were measured, and an average taken.   
 
Estimated fecundities were regressed against lengths and against weights using ordinary least square 
linear models (LM, LM-log10, LM-Polynomial), generalized linear models (GLM, GLM-Gamma, 
GLM-Poisson), and non-linear models (NLM-Power) in R version 3.3.1 (R Development Core Team 
2016). 
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Results and Discussion 

Biological Data 
Length and Weight 
Eighteen samples were obtained from the spring chinook monitoring program (108 mm [4¼ inch] 
stretch mesh tangle nets deployed in February 2012).  These samples were obtained slightly later in 
the spawning season in an attempt to monitor for differences in age and size between gear types.  All 
tangle net fish were sampled for length, weight and age.  All fecundity fish were examined for the 
presence or absence of teeth. 
 
From January to March of 2013, NOAA trawled for Eulachon samples for WDFW to conduct 
fecundity work (NOAA Fisheries Award No. NA11NMF4370212; Zamon et al. 2015).  They 
provided WDFW with 75 adult Eulachon samples from the Columbia (47 females and 28 males). 
The Cowlitz Indian Tribe was able to provide 90 adult Eulachon samples (65 females and 25 males) 
from their fyke net in the Cowlitz River (the main Eulachon spawning tributary in the Columbia 
Basin).  Biological data, in the form of lengths, weights, DNA samples and otoliths were taken on 
these 165 eulachon (Tables E1 and E6 for 2013 Columbia River samples, and Tables E11 and E 12 
for 2013 Cowlitz River samples, male female tables respectively). In addition, the same type of data 
was collected on 101 Longfin Smelt (Spirinchus thaleichthys) supplied by both the NOAA Fisheries 
crew and the Cowlitz Tribal crew.  There was no Eulachon adult samples taken in 2014 due to the 
lack of funding. 
 
Beginning in 2015, WDFW and ODFW resumed Eulachon commercial fishing (annually during 
February) in the Columbia River, at levels below that prescribed in the WOEMP (WDFW and 
ODFW 2001), as a means to collect biological data on the adult Eulachon run.  A total of 391 
Columbia River fish (170 females and 221 males were purchased and returned to the WDFW lab for 
length and weight measurement, DNA sampling, otolith removal, and potential fecundity work 
(Tables E 2 for males, Table E7 for females).  In addition, 41 other fish from the Sandy and Grays 
rivers were also bio sampled and aged (25 from the Sandy River (5 females: 20 males), and 16 from 
the Grays River (7 females: 9 males)). 
 
After 2015, all Eulachon adult samples were purchased annually from the “research level” 
commercial fisheries held in the lower Columbia River (commercial zones 1-3 below the confluence 
with the Lewis River) for 8 days in February. For 2016, 340 Columbia River fish were sampled (226 
females, and 114 males; TablesE3 and E8 respectively). There were 832 Eulachon adults sampled 
during 2017 (366 females, and 466 males; Tables E4 and E9 respectively). Due to very few adult 
Eulachon being caught in the 2018 commercial fishery, WDFW was only able to obtain 118 fish (51 
females, and 67 males; Tables E5 and E10 respectively) this past winter. 



 

Studies of Eulachon in the Oregon and Washington  September 2018 
137 

 
Figure E1 provides a comparison between the observed fork lengths of fish purchased during the 
2015, 2016 and 2017 Columbia River smelt (Eulachon) commercial fisheries. Size distributions were 
similar between years and within year. 
 
Statistical analyses of the biological data collected up through 2016 were originally reported in 
Langness et al. (2016). Additional data gathered in 2017 and 2018 have not been added to the 
analyses yet, so the following is primarily a recap of the Langness et al. (2016) findings. 
 
Weight (g) was positively correlated to fork length (mm) [r = 0.8251468] for the 389 females 
sampled (47 sampled in 2013 from the Cowlitz River tribal fyke net and from the Columbia River 
estuary trawl survey; 127 sampled from the 2015 Columbia River commercial fishery; and, 215 
sampled from the 2016 Columbia River commercial fishery).  Due to the high correlation coefficient 
value, we can surmise that a strong positive linear relationship exists between these paired variables.  
Using the Shapiro-Wilk normality test, we rejected the hypothesis that the distribution of the lengths 
was not normal (p = 0.1022), but accepted the hypothesis that the distribution of weights was not 
normal (p = 5.435e-05).  The mean length for these 389 females sampled was 181.3 mm.  The median 
of the lengths was 182.0 mm.  SD length was equal to 11.84376.  The mean weight for the 389 females 
sampled was 41.13 g.  The median weight was 40.24 g.  SD weight was 7.744525. 
 
Given the robustness of the t-test, we proceeded to carry out a one sample t-test with mu = 40.84 
g/female (the value reported in our table of biological parameters used to estimate the spawning 
stock biomass (SSB) in the Columbia, Grays, Naselle and Chehalis rivers).  The hypothesis that the 
true mean of the weights (i.e., g/female) was not equal to 40.84 g was rejected (t = 0.74689, df = 
388, p value = 0.4556, α = 0.05). 
 
A power function of the form: 

W = 0.000145 (L) 2.4059 

was derived from an ordinary least squares linear regression of the log10 transformation of weight 
and length for the 389 female sampled.  This proved to be the best model to describe the relationship 
between weight in grams and length in millimeters for female eulachon (r2 = 0.7029). 
 
Since similar data was available for 242 male eulachon, we explored what model best fit their 
weight–length relationship.  Again a linear regression of the log 10 transformation of weight and 
length proved to be the best model (r2 = 0.8906).  The power function for male eulachon is: 

W = 0.000004 (L) 3.1109 

These relationships are depicted for both male and female in Figure E2. 
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Given the results of the one sample t-test, there is no need to revise the value we use for grams per 
female in our SSB estimation model.  The size and age composition of female spawners varied 
significantly during the 2013, 2015, 2016, 2017, and 2018 run years.  It therefore seems unlikely 
that the average weight of the female spawners will vary enough to cause us to abandon the current 
40.84 grams per female value in our SSB estimation model. 
 
The weight-length relationship of fish is typically represented by the power function: 

W=aLb 

where W= weight, L = length (Tesch 1968, Anderson and Gutreuter 1983). The a parameter is the 
intercept, and the b parameter is the slope of the logarithmic transformation of the power function, 
The a parameter varies depending on the units of measurement; however, the slope (b) is the same 
regardless of units of measurement (Schneider et al. 2000). The b parameter is almost always 
between 1.96 and 3.94, with 90% of cases falling inside the 2.7 to 3.4 range (Froese 2006).  When 
b = 3.0, the fish experiencing isometric growth, and when b > 3.0 the fish becomes more robust 
(rounder or heavier) as it increases in length.  Our best model for the weight and length relationship 
of eulachon did prove to be this power function.  It appears that female eulachon may become less 
robust as they grow, whereas the male eulachon become more robust as they grow.  For many fish 
species, the female tends to grow more round and heavier with increments of growth than the male 
of the species.  Adding data from 2017 and 2018 to the analysis might alter the b values for the 
weight-length relationship reported by Langness et al. (2016) to something more consistent with the 
hypothesis that females Eulachon have greater allometric growth than male Eulachon. 
 
Gear Selectivity 
Gillnet gear may be used in the Columbia River to commercially fish for Eulachon, if it does not 
exceed 1,500 feet in length along the cork line and the mesh size of the net does not exceed 2 inches 
(50.8 mm) stretch measure (WAC 220-358-060). The recent Columbia River smelt research-level 
fisheries have been restricted to gillnet gear, with most commercial smelt fishermen using 1 ¼” 
stretch mesh or 1 ½” stretch mesh (approximately 32 mm or 38 mm stretch mesh) netting.  The 
Washington Oregon Eulachon Management Plan (WOEMP; WDFW and ODFW 2001) has 
provisions for a small otter trawl fishery for Eulachon (trawl gear is also defined in WAC 22—358-
060); however, that option has not been implemented by fisheries managers for several years.  
Eulachon are caught late in their spawning run (early March) as bycatch in the Columbia River 
Spring Chinook Salmon (Oncorhynchus tshawytscha) test fishery. Since 2003, this test fishery, and 
the subsequent commercial salmon fishery have used tangle nets with a maximum 4¼" (108 mm) 
stretch mesh size (JCRMF 2004). The intent of using tangle net gear is to have live captured fish. 
Thus, any Eulachon caught in these fisheries are likely to be released alive. 
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In 1939, McHugh completed a study of gear selectivity in the Eulachon gillnet fisheries (Figure 
E12).  In 2013, a gill net and a trawler were compared for Eulachon size demographics. It was found 
that while the gill net out fished the trawler for the 175 - 200 mm size range, the trawler out fished 
the gill net in the 145-170 mm size range. Neither net fished the >200 mm demographic (Zamon et 
al. 2015; Figure E13).  The Eulachon incidentally caught and sampled from the 2012 salmon tangle 
net test fishery (weekly from February 14 to April 15; JCRMF 2013) were larger than those caught 
in the 2012 commercial Eulachon fishery. Without the ability to fish multiple gear types, or 
independently collect random samples from a beach, we have no accurate correction factor.  Since 
length is our measurement for fecundity, it is critical that we have an accurate means for gathering 
data. 
 
Dentition 
The prominent canine teeth on the vomer is a distinguishing feature of the Eulachon (Hart 1973); 
however, in their adult stage at sea Eulachon have substantial teeth throughout their mouth (Hay and 
McCarter 2000). Tooth resorption has been well documented in eulachon literature (Hart and 
McHugh 1944; Hay and McCarter 2000; NMFS 2010).  This resorption of teeth indicates that they 
likely stop feeding as they approach their spawning rivers, and resorb minerals in their teeth (and 
probably scales) to assist with gonadogenesis. In order to have a better understanding of the 
biological changes that occurred in pre-spawn smelt, we examined a sub-sample of our pre-spawn 
fish, comprised largely of females, for tooth resorption.  What we found, is like our age structure 
and egg size, the tooth resorption was not static. 
 
The Eulachon adult examined during the 2013 Columbia River run were largely toothless.  Only six, 
out of the 25 sampled had one partial lower tooth.  In addition, of the eight large tongue teeth, 18- 
fish had reabsorbed half or more. Twenty-one female Eulachon were examined during the 2015 run 
for tooth absorption. Six had three or fewer main teeth and half their tongue teeth.  The remaining 
15 had half or more of their main teeth and half or more of their tongue teeth.   Several had double 
rows remaining of their main teeth. No observations were made during the 2016 run. Twenty-one 
females from the 2017 run were observed to have their canine teeth gone and only single rows of 
teeth remaining. For 2018, forty-nine fish were examined for main tooth absorption. Of these, 26 
had none, 20 contained remnants, that is, teeth that were partially to mostly absorbed, and three had 
one tooth remaining.  
 
The lack of teeth in returning adult Eulachon was mostly noted in our 2013 and 2018 samples.  Tooth 
resorption for gonadogenesis is a known life strategy in eulachon (Hay and McCarter 2000; NOAA, 
2010), but typically it involves canines and or a few side teeth. 2013 and 2018 fish had very few 
teeth left.  It is possible that the ocean conditions for both these years were adequate for a younger 
age demographic, but still not adequate without large amounts of tooth resorption.  
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Genetic Samples 
In addition to the Eulachon larvae samples being retained for genetic studies, fin clips from adult 
samples are also archived. Genetic samples were collected from many length-measured Eulachon 
and, pending funding for analysis, could contribute further to our understanding of Eulachon in the 
marine environment.  
 
The following adult Eulachon genetic sample collections are archived at the WDFW Molecular 
Genetics Laboratory in Olympia, Washington: 

 Cowlitz River (MGL code 09DI) N=108 
 Cowlitz River Tribal Sample (MGL code 13AU) N=62 
 Columbia River Adults (MGL code 13CY) N=69 
 2011 Washington Trawl (MGL code 11DL) N=769 
 Eulachon by-catch, shrimp fishery (MGL code 12DT) N=435  

 

Sex Ratios 
Besides the above mentioned adult Eulachon that were purchased and biologically sampled back at 
the laboratory, additional fish were sexed and weighed at dockside to obtain better fish per pound 
and sex ratio estimates. There was no issue with sex determination. Eulachon hermaphrodites have 
never been noted in the Columbia River. Technically, the estuary extends up into Columbia River 
Commercial Management Zone 2. Because we are seeking sex ratio data nearest to the point of entry 
into the river, we have chosen to describe “estuary” as Zone 1 (below the Megler-Astoria Bridge) 
and Zone 2 and 3 as the “fresh-water” area of the lower Columbia River in which commercial 
Eulachon fisheries have occurred.  
 
The NMFS Point Adams Research Station provided sex ratio data on 8,031 adult eulachon sampled 
from the Columbia River and Cowlitz Indian Tribe Natural Resources Department staff provided us 
with another 90 adults collected from the Cowlitz River.  NMFS Point Adams Research Station’s 
findings indicated an overall sex ratio of 1.07:1 M:F (male to female ratio) with an N=916 total 
(Zamon et al., 2015).  A break out between estuary and fresh water produced a ratio 1.07:1 male to 
female (N=715) in the estuary, and a ratio of 1.96:1 male to female (N=130) in the fresh-water area 
above the estuary. 
 
Four commercial fishery-sampling trips occurred in 2015. A total of 1,055 fish were sampled for 
fish per pound information, and a total of 914 fish were sampled for sex ratio information.  Average 
fish per pound for males was 011.61. Average fish per pound for females was 10.7.  In 2015, 
commercial sampling in the lower Columbia fresh water produced a sex ratio of 1.30:1, M: F. There 
was no lower river estuary sampling for fecundity. 
  



 

Studies of Eulachon in the Oregon and Washington  September 2018 
141 

Four sampling trips occurred in 2016.  A total of 706 fish were sampled for sex ratio information 
and 559 fish were sampled for fish per pound.  Average fish per pound for males was 11.46, and 
average fish per pound for females was 10.2.  In 2016, sampling once again primarily occurred in 
fresh water and the ratio was, on average, 1.69:1 male to female.  The one estuary sampling trip 
yielded a ratio of 0.88:1 male to female (N=105). 
 
Four sampling trips occurred in 2017.  A total of 1,153 fish were sampled for fish per pound and sex 
ratio. The average number of males per pound was 9.65, and average number of females per pound 
was 10.12. In 2017, sampling once again primarily occurred in fresh water and the ratio was, on 
average, 1.61:1 male to female.  
 
Three sampling trips occurred in 2018. Due to the low catch levels; the 118 fish sampled were all 
purchased.  No additional fish were sampled dockside. The average number of males per pound was 
9.16, and average number of females per pound was 10.35.  The sampling occurred only in the fresh 
water, with an average 1.31:1 male to female ratio.  There was no lower river estuary sampling for 
fecundity.  
 
The Cowlitz River was the only tributary consistently sampled by WDFW for sex ratio. Cowlitz 
recreational fishery creel surveys provided the following M:F ratios: 2014[2.13:1, N=474]; 
2015[1.85:1, N=295];  and 2016[10:1,  N=293].  
 
Due to the range in values reported in the literature, the range in values we observed, and concerns 
about potential biases (Moffitt et al. 2002), we decided to follow the example reported in Hay et al. 
(2002) and concluded that it was valid to use a 1:1 sex ratio in our SSB calculations.  The sex ratio 
N values obtained in 2013 were not duplicated in 2015 - 2018 owing to the fact that the greatest 
number of consistent fishermen fished above the salt wedge.  A comparison of estuary vs fresh water 
indicates that fish caught in the estuary are near or at 1:1; however fish caught in fresh water have 
large ranges that are dependent on space and time.  This pattern was initially seen in 2013, during 
the NOAA trawler work (Zamon et al., 2015), and repeated in 2016 during our commercial sampling.  
Previously reported male-biased ratios (Smith and Saalfeld, 1955; Stockley and Ellis, 1970) may not 
be truly representative of the Columbia spawning population as a whole, and may instead reflect 
behavioral or distributional differences between males and females as they migrate into freshwater 
or enter the spawning grounds (Gustafson et al. 2010).  Sex-specific differences in migration timing 
have been observed in Copper River Eulachon populations, where the second half of the run is male-
biased (Moffitt et al. 2002). Enterline et al. (2015) has suggested that male biased ratios in Rainbow 
Smelt (Osmerus mordax) spawning surveys may be the result of female Rainbow Smelt spawning 
once, while the male Rainbow Smelt tends to spawn multiple times, in 1-3 different rivers.  Because 
sampling above the saltwater wedge leads to a wide array of ratios, we would still recommend 
obtaining sex ratios below the wedge in order to reduce errors in the calculation of run return. 
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Therefore, our SSB estimation models always used the 1:1 M:F ratio.  That means that once we have 
determined the number of female spawners required to produce the larval-egg outflow we observed, 
the total number of spawners for that year is simply double the estimated number of females. 
Adequate “estuary” (CRCMZ 1) observations only occurred in the 2013 test fishery and the 2016 
commercial fishery (1.07:1 and 0.88:1 M:F ratios respectively).  In all other years, we would have 
to assume the 1:1 ratio (Table E22). 
 

Size and Age Composition 
Age Demographics 
During the years of 2015-2018, fifteen hundred thirty-three sets of Eulachon otoliths were sent to 
the WDFW ageing lab for analysis.  Ages were obtained on 752 fish (Tables E1-E12). Less than 
three percent of otoliths examined were unreadable.  The sets of otoliths not examined, are archived 
at the ageing lab. In addition, age analysis has been completed for smaller samples collected in the 
Cowlitz River (run year 2012; n= 13), Grays River (run year 2015; 5 n=16), and Sandy River (run 
year 2015 n=25).  In addition to collecting and aging Eulachon otoliths, we also extracted otoliths 
from 115 Longfin Smelt. Those samples have been archived at the WDFW Fish Ageing Lab for 
future ageing. 
 
When we looked at ages over a 5 year period we found that the age demographics changed 
dramatically, with the age shifting upwards till 2016 where it peaked, then returned almost to the 
baseline of 2013 (Figure E7).  Eulachon caught by the NOAA Fisheries Point Adams Research 
Station in 2013 were composed of 94% age-2 and age-3 fish, while catches in Columbia River 
commercial fisheries tended to be composed of primarily age-3 to age-5 fish in 2015 and 2016. Male 
and Female eulachon collected in Columbia River fisheries in 2016 were composed primarily of 
age-3, age-4, and age-5 fish and ranged from age-2 to age-7 (Figure E7).  Age-4 eulachon had the 
highest percent composition for males and females and made up 43% and 46% of commercial 
samples in 2016 respectively. Our ageing results for the 2016 commercial fishery collection 
demonstrates that age composition does vary by gender.  Males were younger, and included some 
Age 2 fish.  Females were older, and included some Age 7 fish.  In contrast, the WDFW Fish Ageing 
Lab completed age analysis on 111 eulachon otoliths from the 2018 Columbia River commercial 
fisheries that were composed primarily of age-2, age-3, and age-4 fish and ranged from age-2 to age-
7 (Figure E7). Age-2 eulachon had the highest percent composition and made up 38% of commercial 
samples in 2018 followed by age-4 (32%), and age- 3 (17%) fish. This is the first year in monitoring 
age structure in the commercial fishery where age-2 fish made up >5% of sample. However, 39% 
samples collected in 2013 at Point Adams were aged as 2 year olds.  
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Two age-readers independently aged samples and the percent agreement between readers was 58% 
for 2018 commercial samples (62% in 2015, 61% in 2016 & 75% in 2017). Despite the poor 
agreement, 91% of disagreements were ±1 year resulting in an average percent error index of  about 
6%, with no bias between readers. The poor agreement between readers highlights the difficulty of 
ageing eulachon otoliths and the need to develop more specific ageing criteria through validation of 
annuli formation.   
 
In 2015, we conducted a study of different hard parts.  In addition to extracting otoliths, we removed 
scales, vertebrae, and cleithera, in order to provide the ageing lab with different ageing type 
structures.  These structures were ultimately found to be inferior to the otoliths for ageing and this 
study was not repeated in 2016 - 2018. Given that non-otolith age structures were inferior to otoliths 
for ageing eulachon, future collections and research on ageing eulachon should be focused on 
otoliths.   
 
Both Smith and Saalfeld (1955), and Barraclough (1964) reported that first time spawners were at 
least 3 years of age.  Wilson et al, 2006 concluded that while first time spawning could occur at any 
time between the ages of two and five, most spawners were Age 2 or Age 3.  Clarke et al. (2007), 
with the use of a new otolith ageing method, hypothesized that eulachon spawning was limited to 
no more than two age classes, and possibly just one (Age 2).  Many other reports have listed different 
age demographics for spawning smelt, but many of these observances have been a one to two year 
snapshot. 
 
If age demographics positively correlate to food source and nutrient availability, it would make sense 
that the age demographic of a run year would be more dynamic.  As such, the recommendation 
would be to continue tracking otoliths for the next 3-5 years, in order to establish a more recognizable 
age pattern, and identify other potential causes for age fluctuation. 
 
When we looked at lengths, we noted a non-significant annual difference (Figure E8).  It was not 
until we began looking at length through an age lens that we were able to grasp the year-to-year 
changes.  There is a 10 cm average increase in length that occurs between the 2 and 3 year old groups 
(Figure E9).  This difference occurs, to a smaller degree, between the 3 and 4 year old fish, but after 
this the length median decreases.  The working hypothesis for this is that under normal conditions, 
the Columbia basin Eulachon returns consist of Age 2 to Age 4 fish.  Fish above Age 4 will occur 
when ocean conditions are poor because, they need to stay out and grow to the minimum size 
required for successful spawning.  When comparing ocean conditions to our age demographic we 
find during poor ocean conditions the average age for the run year changes up to 1.5 years. The 
changes in ageing demographics correlated strongly with both the published NOAA copepod data, 
and unpublished krill data (Lloyd 2018). Biological indices such as the Copepod Richness Anomaly 
are strongly correlated with physical oceanographic indices such as the PDO and ONI (Figure E10). 
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Fecundity 
Average Fecundity 
We developed a spawning scale in order to eliminate fish that were partial spawn-outs, or too green 
to obtain an accurate 5% count.  A problem with the spawning scale is the fact that it continues to 
be more subjective than objective, and attempts to incorporate values such as gonadal somatic index 
(GSI) have not been successful.  However, it has provided us with a tool that allows us to be more 
confident in the fish chosen for fecundity.  The problems we have with many of the historical 
estimates of fecundity are that researchers failed to report how many samples were examined and 
their range of fecundity values seem to suggest that partially spawned out or squeezed fish were 
included in their study. 
 
During the 2012/2013 run, seventy-seven females were sampled for fecundity data (Tables E15, 
E16, and E 21).  Forty were from the Cowlitz River, and thirty-seven from the Columbia River (six 
of which were from the salmon tangle-net fishery).  The average Cowlitz River fecundity was 
34,901.  The average egg diameter was 1.04mm.The average Columbia River bobber net (smelt 
gillnet) fecundity was 31,583. The average Columbia River salmon tangle net fecundity was 49,663.  
The spawning scale information was incomplete for 2013. The average egg diameter was 1.03mm. 
During the 2015 run, twenty-seven females were sampled for fecundity data (Table E17). The 
average fecundity was 29,931.  The average spawning scale was 4. The average egg diameter was 
0.89mm. During the 2016 run, fifty females were sampled for fecundity data (Table E18).  The 
average fecundity was 34,028. The average spawning scale was 3.8. The average egg diameter was 
0.90mm. During the 2017 run, twenty-two females were sampled for fecundity data (Table E19). 
The average fecundity was 39,761. The average spawning scale was 4.1. The average egg diameter 
was 1.01mm. During the 2018 run, seven fish were sampled for fecundity data (Table E20).  The 
average fecundity was 31,829. The average spawning scale was 3.4. At the end of 2018, we 
calculated an overall fecundity average of 33,594.  The average egg diameter was 1.02mm. Coupled 
with our average weight, this gave us and average relative fecundity of 781 eggs/gram of fish. 
 
Due to lack of time, the statistical analysis that follows is that reported by Langness et al. (2016). It 
excludes information from the 29 fish examined for fecundity data during 2017 and 2018. Still, it is 
relevant, and incorporates more samples than any earlier study.  
 
Fecundity was highly correlated to fork length (mm) [r = 0.6962309], and very highly correlated to 
weight (g) [r = 0.8105135], for the 102 females sampled (30 sampled in 2013 from the Columbia 
River estuary trawl survey; 26 sampled from the 2015 Columbia River commercial fishery; and, 46 
sampled from the 2016 Columbia River commercial fishery).  Using the Shapiro-Wilk normality 
test, we rejected the hypothesis that the distribution of the fecundities was not normal (p = 0.1852).  
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The mean length for these 102 female samples was 177.5 mm.  The median of the lengths was 175.5 
mm.  SD length was equal to 14.39455.  The mean weight for these 102 female samples was 40.75 g.  
The median of the weights was 39.39 g.  SD weight was equal to 9.726958.  The mean fecundity for 
the 102 samples was 32,640 eggs per female.  The median fecundity was 32,220 eggs per female.  
SD fecundity was 8364.986.  Mean fecundity divided by mean weight of the females yields a value of 
800.982 eggs per gram of female (eggs per gram of female, also referred to as “relative fecundity”, 
is one of the biological parameters entered into the SSB estimation model, which is used to estimate 
the spawning stock biomass in the Columbia, Grays, Naselle and Chehalis rivers). 
 
Given the robustness of the t-test, we proceeded to carry out a one sample t-test with mu = 32,766 
eggs per female (the value calculated from the entered values of mean female weight and eggs per 
gram female in our SSB estimation model table of biological parameters).  The hypothesis that the 
true mean of the fecundities (i.e., egg/female) was not equal to 32,766 eggs was rejected (t = -
0.15722, df = 101, p value = 0.8754, α = 0.05). 
 
A polynomial function of the form: 

F = 2.231 (L)2 – 391.721 (L) + 31421.308 

was derived from an ordinary least squares linear regression using lengths from the 102 female 
sampled in the fecundity study.  This proved to be the best model to describe the relationship between 
fecundities and length in millimeters for female eulachon (r2 = 0.4886).   
 
A linear function of the form: 

F = 697.03 (W) + 4231.09 

can be derived from either the ordinary least squares linear model (LM) or from the generalized 
linear model (GLM) using weights from the 102 female sampled in the fecundity study.  This proved 
to be the best function to describe the relationship between fecundities and weights in grams for 
female eulachon (r2 = 0.6569 for the LM, and AIC = 2027.8 for the GLM).  This relationship is 
depicted in Figure E4. 
 
Fecundity estimates are typically linearly proportional to weight, and proportional to the cube of the 
length for marine fish (Bagenal and Braum 1968).  A very high correlation coefficient suggested a 
strong positive linear relationship between the paired values of fecundity and weight in our sample.  
Indeed, we did find fecundity to be linearly proportional to weight.  We did not find fecundity 
proportional to the cube of the length, but did find the relationship to be slightly curved upwards (fit 
best to a second order polynomial equation).  While the exponential relationship is common, 
Schaefer (1936) concluded that the fecundity-length relationship for the Surf Smelt (Hypomesus 
pretiosus) of Puget Sound was linear.  DeLacy noted that the relationship was linear for the 18 female 
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Columbia River Eulachon he examined in 1953 (Smith and Saalfeld, 1955).  In our study of the 
Columbia River eulachon, the polynomial model (r2 = 0.4886) was only slightly better than the 
linear model (r2 = 0.4847) in describing the relationship between fecundity and length.  The slope 
of our linear equation was not as steep as that reported by DeLacy (fecundity nearly doubling every 
4 cm for his 1953 study). 
 
Though we found fecundity was better correlated to weight than length, we recommend that the 
reader consider basing eulachon fecundity estimates on either our polynomial or linear fecundity-
length relationship.  Bagenal (1966) believes that fecundity should preferably be related to the length 
of the fish.  He warns that spurious correlations can arise if the gonads are included during the 
weighing of the fish (as we have done in our study).  Excluding gonad weight though also present 
problems when making temporal comparisons of fecundity. 
 
Schaefer (1936) found a significant negative correlation between ova per gram of gonad and the 
length of Surf Smelt (Hypomesus pretiosus) in Puget Sound.  That indicates that as the specimens 
increased in length, the ova per gram decreased. In other words, the longer fish tend to have the 
largest ova.  Our weak negative linear relationship between eggs per gram of gonad and fork length 
for Eulachon in the Cowlitz and Columbia rivers (Figure E4) is consistent with Schaefer’s findings.  
There were several outlier values for eggs per gram that could be investigated and dropped or 
corrected.  Additional samples would no doubt improve our ability to confirm the linear relationship. 
 
Based on the one sample t-tests performed on grams per female (weight) and eggs per female 
(fecundity), there appears to be no reason to revise the currently used 802.255 eggs per gram female 
(relative fecundity) parameter in the SSB estimation model to the 781 eggs per gram female derived 
from  the weight and fecundity data collected for this project.  It seems unlikely that the average 
weight of the female spawners will vary enough to cause a notable change in the calculated fecundity 
parameter in our SSB estimation model. 
 
Egg Morphology 
Many studies have been published on the connection between ova diameter and offspring survival.  
The model of maternal energy and offspring fitness is based on the assumption that there is an 
optimum percentage of available energy for reproduction, and this is balanced against offspring 
fitness, which is measured, in part, by egg size, (Smith and Fretwell, 1974).  Other studies have 
demonstrated that larger eggs are potentially more fertilizable (Macfarlane et al. 2009).  No studies 
of ova diameters in Eulachon have been published, so this became one of our areas of research.  
 
In 2015, we expanded our data analysis and began looking at differences in ova diameters, 
comparing run years and ages within a year.  Our initial findings showed that within a year there 
was no statistical difference between egg sizes, regardless of which part of the skein the eggs were 
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taken from, but the year to year comparative analysis revealed a large statistical difference between 
2013 and 2015 (T test p = 1.38e-12 ).  The difference between 2015 and 2016 was not significant (T 
test p = 0.33) but the age difference between the two years was, in many instances, one full year.  
 
Eulachon gonad samples examined in 2013, and 2015-2018, revealed that while a statistically 
significant difference did not exist between egg diameters obtained from different parts of the skein 
or intra-annually, there was a significant difference between egg diameters from different years 
(Figure E11).  Smaller average egg size for samples taken in 2015 and 2016 might therefore mean 
fertilization success and/or egg-larval survival may have been poor during those years.  In Figure 
E11, you will note that egg diameters ranged from 0.71mm to 1.40mm, with yearly averages ranging 
from 0.89mm to 1.04mm.  McCarter and Hay (2003) report that Eulachon egg diameters are between 
0.8mm and 1.00mm.  Given our data, we recommend that range be expanded to 0.7mm to 1.4mm. 
 
In both 2013 and 2018, the egg membranes presented differently than in 2015-17. Correspondingly, 
the fish examined in 2013 and 2018 demonstrated the most tooth resorption. While the funding was 
not available to have any chemical analysis or histological examinations done, we believe that 
membrane morphology could be used as an indicator of potential fertilization success and proper 
egg development. Also in 2015, it was noted that most females examined had some percentage of 
oocytes remaining.  Like the spawning scale, oocyte tracking remains a work in progress; however, 
a rudimentary table was established, with an enumeration of 1 through 4 that correspond to various 
amounts of oocytes remaining.  
 
Our measurement of fecundity represents the spawning potential of an average female eulachon. In 
other words, it is the number of ripening oocytes and mature ova or eggs just prior to spawning.  
This is different from fertility – the actual number of eggs shed on the spawning ground by the 
female.  In our model to estimate the SSB, we assume that the full spawning potential is met 
(fecundity equals fertility), all eggs are successfully fertilized, and that there is no egg or larval 
mortality.  This leads to a very conservative SSB estimate.  Realistically, it takes more females to 
produce the larval and egg outflow we observe.  We recommend that egg size and quality data 
continue to be gathered in the next few years. Furthermore, new field and hatchery studies should 
be developed to help managers address pre-spawn mortality, egg retention, incomplete fertilization, 
poor egg viability, and egg-larval survival, in their estimation of spawning adults.  
 

Other Topics 
Brood Year Tables 
In 2015, we began to build brood year tables for use in forecasting the Columbia River Eulachon 
run. While 2014 is a missing year, we had data from 2013 and 2015-2018.  The 2014 values were 
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approximated by averaging out 2013 and 2015.  For the run reconstruction and broodyear tables, sex 
ratio was assumed to be 1:1 except during years where lower river sampling produced a different 
value.  Fish sampled above the saltwater wedge were less consistent in their sex ratio, demonstrating 
the temporal and spatial differences that potentially existing between sexes.  Due to this potential 
bias, numbers above the saltwater wedge were not used for table development (Table E22). 
 
The brood year tables are based on the annual run estimates to the Columbia River.  To derive the 
run estimate for a given year, we add the known harvest to our mainstem Columbia River SSB 
estimate for that year.  We then map the ages between the run year and corresponding brood years 
making up the run (Table E23).  Using the sex ratios in Table E22, we split the run estimates into 
male and female components.  The known gender specific age demographics are applied to derive 
Tables 24 and 25.  Because the sex ratios are not a consistent 1:1, and the age demographics vary by 
gender and run year, the brood year tables are different for each gender.  We combine Tables E24 
and E25 to create the overall (combined male and female) broodyear table (Table E26). 
 
Run Predictions 
Under the stock assessment objective, one task was to annually compile environmental correlates 
that may help in the prediction of eulachon adult run strength. Measures of the Pacific Decadal 
Oscillation (PDO) and Multivariate ENSO Index (MEI; El Nino/ La Nina) were gathered from the 
internet. In addition, biological information from the Canadian government was obtained such as the 
eulachon biomass and composition in the West-Coast Vancouver Island (WCVI) shrimp trawl 
surveys, and Fraser River eulachon SSB estimates.  We also began incorporating information about 
Columbia River plume size, water particle travel time, and other factors that may affect survival of 
the outmigrating larvae to their appropriate ocean habitat. 
 
Duration and Timing of Adult Sampling 
In fall of 2017, precipitation fell mostly as rain.  River temperatures were higher than average, and 
strong freshets favorable for eulachon spawning occurred (Gustafson 2010 and 2012).  While we 
have no way of accurately predicting the number of Eulachon that spawned in November and 
December, we do have commercial fisher reports of small schools of Eulachon.  In addition, reports 
from NMFS biologists indicate that sea lions returned to the Columbia earlier than normal.  With 
the strong correlation of sea lions and Eulachon (Rub et al., 2018) it is not a reach to conclude that 
a large percent of the anticipated run came in before larvae and commercial sampling commenced. 
 
The inability to sample throughout the run creates an unknown bias.  Eulachon typically begin 
arriving the third week of November and depending on water temperatures, will continue spawning 
untill the end of April or beginning of May.  Our sampling occurs during the commercial fishing 
season, the length of which is two days a week during the month of February (Figure E1).  This 
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leaves a large amount of the run not sampled, and while the sampling occurs during all or most of 
peak, the eulachon may be better served by monitoring the entire run for 3-5 years, then comparing 
results.  In 1954, Smith and Saalfeld (1955) noted that the monitoring of Columbia River eulachon 
through data collected during just the commercial harvest was inaccurate, as the Columbia was never 
sampled for the run entirety. When the eulachon migrated up the Cowlitz, Columbia River fishing 
ended; Cowlitz fish were dipped, and drew a higher price. 
 
It was noted almost 8 decades ago, that commercial sampling does not satisfy the needs required to 
obtain a proper sampling of an adult eulachon run (McHugh, 1939, Smith and Saalfeld 1955).  In 
order to ascertain run strength and spawning parameters it is necessary to fund fishery independent 
monitoring. 
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Figures 

 

 

 

Figures E1. Box plots of Female fork length distribution throughout the Eulachon commercial fishery sampling 
periods (2015-2017).The red area is the lower quartile, The green is the upper, with the black line in between 
representing the median. End caps on error bars represent Max and min. 2018- Not included due to lack of 

samples.  
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Figure E2.  Comparison of male (n = 242) versus female (n = 389) Eulachon weight as a function of fork length 
for samples taken in the Cowlitz, Grays, and Columbia rivers, 2013, 2015 and 2016.  

 

 

Figure E3.  Fecundity as a function of fork length for female Eulachon captured in the Columbia River estuary 
trawl survey in 2013 and the Columbia River commercial fisheries in 2015 and 2016.  
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Figure E4.  Fecundity as a function of body weight for female Eulachon captured in the Columbia River estuary 
trawl survey in 2013 and the Columbia River commercial fisheries in 2015 and 2016). 

 

 

Figure E5.  Eggs per gram of gonad versus fork length for Eulachon from the Cowlitz River in 2012, and the 
Columbia River in 2013, 2015, and 2016.  
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Figure  E6.  Eulachon otoliths from the primary age classes for fish captured in the Columbia River and 
tributaries in 2012-2018. Otolith age estimates 2-5 are shown and green dots indicate winter annuli as well as the 
otolith edge. 

 

 
Figure E7. All Years Age Demographics. 
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Figure E8. Average age and length by Year Box plot. The blue  area is the lower quartile, The orange is the upper, 
with the black line in between representing the median. End caps on error bars represent max and min. 

 

 

FigureE9. Columbia: All Years Graph of Lengths by Age (N= 93 (2); N=318 (3); N=358 (4); N=154 (5) N=24 (6) 
N=3 (7)) The X represents the Average while the black median line separate the upper and lower quartiles. The 
yellow dots represent length outliers. 
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Figure E10.  NOAA breakout of Northern and Southern Copepods Biomass values are log base-10 in units of mg 
carbon m–3 (NOAA, 2018). 

 
Figure E11. Box plot of egg diameters by year. Cowlitz 2013 (n = 229). Columbia River 2013 (n = 168), 2015 (n = 
144), 2016 (n = 251), 2017 (n = 147), and 2018 (n = 126). The black median line separate the upper and lower 
quartiles. Max and min values are 1.5 * IQR.  Values exceeding that are outliers depicted by dots. 



 

Studies of Eulachon in the Oregon and Washington  September 2018 
159 

  

Figure E12. Smelt Net Mesh Size-Sampling Bias (McHugh, 1939). 

 
Figure E13. Gill net vs Trawler net P(T<=t) two-tail 0.000393697. N=203 for both gear types. 
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Tables 
Table E1. 2013 male Biological Data. 

Year Site Sex Age Fork Length Weight  Year Site Sex Age 

Fork 

Length Weight 

2013 Columbia 1 Male 2 172 36.37 
 

2013 Columbia 1 Male 2 189 49.89 

2013 Columbia 1 Male 3 189 47.25 
 

2013 Columbia 1 Male 3 180 41.01 

2013 Columbia 1 Male 2 172 35.94  2013 Columbia 1 Male 3 164 30.84 

2013 Columbia 1 Male 3 183 41.44 
 

2013 Columbia 1 Male 2 169 38.88 

2013 Columbia 1 Male 2 178 35.70  2013 Columbia 1 Male 4 173 36.66 

2013 Columbia 1 Male 2 157 25.62 
 

2013 Columbia 1 Male 3 189 46.60 

2013 Columbia 1 Male 2 175 42.09 
 

2013 Columbia 1 Male 3 178 48.73 

2013 Columbia 1 Male 2 181 41.77 
 

2013 Columbia 1 Male 2 184 44.99 

2013 Columbia 1 Male 3 186 50.58 
 

2013 Columbia 1 Male 2 165 39.60 

2013 Columbia 1 Male 5 179 40.84  2013 Columbia 1 Male 3 191 53.71 

2013 Columbia 1 Male 2 188 51.01 
 

2013 Columbia 1 Male 3 169 37.93 

2013 Columbia 1 Male 3 188 52.25  2013 Columbia 1 Male   152 27.51 

2013 Columbia 1 Male 2 170 34.45 
 

2013 Averages male 2.6 176.84 41.26652 
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Table E2. 2015 Male Biological Data. 

Year Site Sex Age F.Length  Weight    Year Site Sex Age F. Length Weight 

      2015 Columbia1 male 
 

184 53.49    2015 Columbia1 male 
 

175 39.13 

2015 Columbia1 male   187 45.93    2015 Columbia1 male 
 

185 44.97 

2015 Columbia1 male   195 53.16    2015 Columbia1 male 
 

190 44.64 

2015 Columbia1 male   199 55.11    2015 Columbia1 male 
 

210 62.42 

2015 Columbia1 male   198 55.96    2015 Columbia1 male 
 

197 52.65 

2015 Columbia1 male   170 34.73    2015 Columbia1 male 
 

193 25.58 

2015 Columbia1 male   186 45.42    2015 Columbia1 male 
 

210 49.72 

2015 Columbia1 male   182 40.52    2015 Columbia1 male 
 

194 53.93 

2015 Columbia1 male   194 49.00    2015 Columbia1 male 
 

200 52.60 

2015 Columbia1 male   182 38.20    2015 Columbia1 male 
 

193 54.03 

2015 Columbia1 male   187 42.91    2015 Columbia1 male 
 

180 35.83 

2015 Columbia1 male   185 40.40    2015 Columbia1 male 
 

190 45.19 

2015 Columbia1 male   178 41.54    2015 Columbia2 male 
 

172 35.82 

2015 Columbia1 male   190 47.89    2015 Columbia2 male 
 

195 52.78 

2015 Columbia1 male   200 53.76    2015 Columbia2 male 
 

205 63.06 

2015 Columbia1 male   182 34.59    2015 Columbia2 male 
 

203 55.02 

2015 Columbia1 male   200 42.58    2015 Columbia2 male 
 

173 37.06 

2015 Columbia1 male   203 67.61    2015 Columbia2 male 
 

160 28.62 

2015 Columbia1 male   196 41.01    2015 Columbia2 male 
 

181 37.03 

2015 Columbia1 male   173 34.43    2015 Columbia2 male 
 

192 54.42 

2015 Columbia1 male   183 41.88    2015 Columbia2 male 
 

195 34.01 

2015 Columbia1 male   181 43.11    2015 Columbia2 male 
 

200 51.09 

2015 Columbia1 male   193 40.00    2015 Columbia2 male  180 41.80 

2015 Columbia1 male   178 38.54    2015 Columbia2 male  183 44.56 

2015 Columbia1 male   190 50.17    2015 Columbia2 male  155 28.53 

2015 Columbia1 male   210 65.46    2015 Columbia2 male  160 28.26 

2015 Columbia1 male   205 45.66    2015 Columbia2 male  162 26.95 

2015 Columbia2 male   174 29.56    2015 Columbia2 male 
 

193 46.33 

2015 Columbia2 male   193 39.21    2015 Columbia2 male 
 

157 26.12 

2015 Columbia2 male   153 27.06    2015 Columbia2 male 
 

191 51.44 

2015 Columbia2 male   172 36.54    2015 Columbia2 male 
 

200 51.24 

2015 Columbia2 male   163 23.69    2015 Columbia2 male 
 

202 51.84 

2015 Columbia2 male   176 30.79    2015 Columbia2 male 
 

195 42.34 

2015 Columbia2 male   158 19.39    2015 Columbia2 male 
 

210 70.96 

2015 Columbia2 male   157 25.06    2015 Columbia2 male 
 

187 38.87 

2015 Columbia2 male   198 45.52    2015 Columbia2 male 
 

180 34.24 

2015 Columbia2 male   167 32.34    2015 Columbia2 male 
 

195 51.53 

2015 Columbia2 male   190 50.22    2015 Columbia2 male 
 

203 50.46 

2015 Columbia2 male   162 24.66    2015 Columbia2 male 
 

197 51.49 

2015 Columbia2 male   203 49.82    2015 Columbia2 male 
 

173 29.60 

2015 Columbia2 male   167 32.52    2015 Columbia2 male 
 

172 33.25 

2015 Columbia2 male   173 33.45    2015 Columbia2 male 
 

169 30.06 

2015 Columbia2 male   187 39.12    2015 Columbia2 male 
 

190 54.68 

2015 Columbia2 male   197 51.22    2015 Columbia2 male 
 

170 27.15 

2015 Columbia2 male   185 36.36    2015 Columbia2 male 
 

160 25.62 
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Table E2. 2015 Male Cont. 

Year 

 

Site Sex Age Fork Length Weight   Year Site Sex Age 

Fork 

Length Weight 

2015  Columbia2 male   167 24.70   2015 Columbia2 male   160 29.85 

2015  Columbia2 male   163 30.38   2015 Columbia2 male   193 46.52 

2015  Columbia2 male   166 26.50   2015 Columbia2 male   154 25.94 

2015  Columbia2 male   187 33.85   2015 Columbia2 male   160 28.08 

2015  Columbia2 male   188 40.57   2015 Columbia2 male   193 50.67 

2015  Columbia2 male   181 45.16   2015 Columbia2 male   164 31.17 

2015  Columbia2 male   203 60.58   2015 Columbia2 male   180 44.04 

2015  Columbia2 male   186 37.00   2015 Columbia2 male   195 54.63 

2015  Columbia2 male   194 50.70   2015 Columbia2 male   183 37.07 

2015  Columbia2 male   197 56.07   2015 Columbia2 male   148 22.39 

2015  Columbia2 male   169 27.13   2015 Columbia2 male 3 174 35.50 

2015  Columbia2 male   170 31.51   2015 Columbia2 male 3 200 64.61 

2015  Columbia2 male   197 61.85   2015 Columbia2 male 4 185 47.96 

2015  Columbia2 male 4 172 39.21   2015 Columbia2 male 3 204 58.58 

2015  Columbia2 male 3 173 35.99   2015 Columbia2 male 3 198 56.44 

2015  Columbia2 male 4 198 54.29   2015 Columbia2 male 4 185 43.36 

2015  Columbia2 male 5 195 49.50   2015 Columbia2 male 4 202 62.63 

2015  Columbia2 male 3 180 45.00   2015 Columbia2 male 4 192 48.84 

2015  Columbia2 male 5 200 62.96   2015 Columbia2 male 3 181 42.98 

2015  Columbia2 male 5 173 37.39   2015 Columbia2 male 5 174 35.54 

2015  Columbia2 male 4 186 44.67   2015 Columbia2 male 3 175 39.86 

2015  Columbia2 male 3 200 61.33   2015 Columbia2 male 3 207 57.33 

2015  Columbia2 male 3 175 40.03   2015 Columbia2 male 3 200 58.22 

2015  Columbia2 male 3 183 46.31   2015 Columbia2 male 4 195 50.21 

2015  Columbia2 male 4 191 41.40   2015 Columbia2 male 3 200 69.64 

2015  Columbia2 male 3 169 34.73   2015 Columbia2 male 4 192 54.73 

2015  Columbia2 male 3 168 33.72   2015 Columbia2 male 4 189 52.97 

2015  Columbia2 male 2 190 44.74   2015 Columbia2 male 4 188 48.71 

2015  Columbia2 male 3 189 48.91   2015 Columbia2 male 3 205 68.02 

2015  Columbia2 male 4 185 42.76   2015 Columbia2 male 6 189 49.35 

2015  Columbia2 male 5 176 37.51   2015 Columbia2 male 4 193 55.64 

2015  Columbia2 male 4 180 38.41   2015 Columbia2 male 3 188 53.76 

2015  Columbia2 male 5 189 52.17   2015 Columbia2 male 3 196 55.40 

2015  Columbia2 male 3 192 59.39   2015 Columbia2 male 3 186 44.95 

2015  Columbia2 male 4 195 52.57   2015 Columbia2 male 4 181 39.82 

2015  Columbia2 male 5 185 43.80   2015 Columbia2 male 4 194 47.29 

2015  Columbia2 male 3 199 63.71   2015 Columbia2 male 3 189 48.89 

2015  Columbia2 male 5 205 64.68   2015 Columbia2 male 3 186 50.70 

2015  Columbia2 male 3 180 35.16   2015 Columbia2 male 4 180 39.37 

2015  Columbia2 male 3 194 55.56   2015 Columbia2 male 4 175 33.48 

2015  Columbia2 male 4 189 38.86   2015 Columbia2 male 4 192 42.41 

2015  Columbia2 male 3 190 50.86   2015 Columbia2 male 3 179 36.19 

2015  Columbia2 male 3 192 54.21   2015 Columbia2 male 3 176 36.11 

2015  Columbia2 male 3 197 61.03   2015 Columbia2 male 4 177 36.41 

2015  Columbia2 male 4 200 62.82   2015 Columbia2 male 4 190 44.10 
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Table E2. 2015 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age 

Fork 

Length Weight 

2015 Columbia2 male 4 186 46.44   2015 Columbia2 male 3 146 20.40 

2015 Columbia2 male 4 196 53.54   2015 Columbia2 male 3 170 33.52 

2015 Columbia2 male 4 192 54.15   2015 Columbia2 male 4 175 36.41 

2015 Columbia2 male 3 205 60.72   2015 Columbia2 male   170 34.41 

2015 Columbia2 male 3 185 36.98   2015 Columbia2 male 4 193 46.60 

2015 Columbia2 male 2 155 34.87   2015 Columbia2 male 4 185 35.19 

2015 Columbia2 male 3 172 38.92   2015 Columbia2 male 5 193 54.20 

2015 Columbia2 male 2 158 29.53   2015 Columbia2 male 2 164 28.70 

2015 Columbia2 male 2 164 32.50   2015 Columbia2 male 2 164 28.78 

2015 Columbia2 male 3 168 30.57   2015 Columbia2 male 3 165 26.12 

2015 Columbia2 male 3 166 28.10   2015 Columbia2 male 4 174 32.50 

2015 Columbia2 male 3 172 29.92   2015 Columbia2 male 4 183 38.92 

2015 Columbia2 male 3 178 37.34   2015 Columbia2 male 5 176 39.45 

2015 Columbia2 male 3 183 39.59   2015 Columbia2 male 3 167 31.47 

2015 Columbia2 male 2 178 35.65   2015 Columbia2 male 3 185 40.59 

2015 Columbia2 male 4 177 36.04   2015 Columbia2 male 3 170 32.54 

2015 Columbia2 male 5 176 35.85   2015 Columbia2 male 3 189 41.95 

2015 Columbia2 male 2 164 31.80   2015 Columbia2 male 3 165 29.31 

2015 Columbia2 male 3 171 34.27   2015 Columbia2 male 4 156 24.63 

2015 Columbia2 male 2 174 33.75   2015 Columbia2 male 3 195 57.87 

2015 Columbia2 male   184 41.59   2015 AVERAGE male 3.5 184 42.86 
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Table E3. 2016 Male Biological Data. 

Year Site Sex Age 

Fork 

Length Weight 
 

Year Site Sex Age 

Fork 

Length Weight 

2016 Columbia2 male 4 200 57.01 
 

2016 Columbia2 male 5 158 29.37 

2016 Columbia2 male 4 184 45.93 
 

2016 Columbia2 male 4 203 56.39 

2016 Columbia2 male 3 218 68.10 
 

2016 Columbia2 male 3 167 35.86 

2016 Columbia2 male 3 193 45.97 
 

2016 Columbia2 male 4 174 35.65 

2016 Columbia2 male 4 197 60.61  2016 Columbia2 male 5 176 35.03 

2016 Columbia2 male 5 186 48.18 
 

2016 Columbia1 male 3 197 49.20 

2016 Columbia2 male 3 190 48.93 
 

2016 Columbia2 male 4 190 49.99 

2016 Columbia2 male 4 180 38.85 
 

2016 Columbia2 male 2 177 35.46 

2016 Columbia2 male 4 178 37.45 
 

2016 Columbia2 male 4 192 52.92 

2016 Columbia2 male 5 199 52.54 
 

2016 Columbia2 male 3 188 48.56 

2016 Columbia2 male 5 201 56.33 
 

2016 Columbia2 male 4 196 51.36 

2016 Columbia2 male 3 197 51.18  2016 Columbia2 male 5 181 44.64 

2016 Columbia2 male 5 188 45.27 
 

2016 Columbia2 male 4 163 32.71 

2016 Columbia2 male 4 177 38.00 
 

2016 Columbia2 male 4 186 39.46 

2016 Columbia2 male 3 185 41.03 
 

2016 Columbia2 male 4 174 36.24 

2016 Columbia2 male 4 195 57.74 
 

2016 Columbia2 male 4 186 51.00 

2016 Columbia2 male 3 188 50.88 
 

2016 Columbia2 male 5 166 31.22 

2016 Columbia2 male 3 186 45.16 
 

2016 Columbia2 male 3 190 40.24 

2016 Columbia2 male 4 205 54.35   2016 Columbia2 male 3 170 37.70 
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Table E3. 2016 Male Cont.  
Year Site Sex Age Fork Length Weight  Year Site Sex Age Fork Length Weight 

2016 Columbia2 male 5 195 48.94 
 

2016 Columbia2 male 4 173 38.67 

2016 Columbia2 male 3 186 41.90 
 

2016 Columbia2 male 3 163 34.02 

2016 Columbia2 male 4 170 31.10 
 

2016 Columbia2 male 5 167 26.56 

2016 Columbia2 male 4 190 50.93 
 

2016 Columbia1 male 4 178 31.98 

2016 Columbia2 male 3 204 54.68 
 

2016 Columbia1 male 
 

174 32.31 

2016 Columbia2 male 3 195 66.32 
 

2016 Columbia1 male 4 177 37.48 

2016 Columbia2 male 4 150 24.06 
 

2016 Columbia1 male 3 166 31.78 

2016 Columbia2 male 4 185 49.93 
 

2016 Columbia1 male 5 178 34.06 

2016 Columbia2 male 3 193 45.83 
 

2016 Columbia1 male 4 152 24.22 

2016 Columbia2 male 3 190 47.63 
 

2016 Columbia1 male 5 157 25.67 

2016 Columbia2 male 4 186 44.89 
 

2016 Columbia1 male 4 174 33.72 

2016 Columbia2 male 5 175 37.92 
 

2016 Columbia1 male 5 161 27.76 

2016 Columbia2 male 5 190 44.67 
 

2016 Columbia1 male 4 181 38.18 

2016 Columbia2 male 4 185 42.98 
 

2016 Columbia1 male 5 165 29.39 

2016 Columbia2 male 4 200 57.57 
 

2016 Columbia1 male 3 198 60.41 

2016 Columbia2 male 
 

205 60.72 
 

2016 Columbia2 male 3 181 41.40 

2016 Columbia2 male 3 195 53.33 
 

2016 Columbia2 male 4 170 32.43 

2016 Columbia2 male 4 176 40.90 
 

2016 Columbia1 male 6 170 30.17 

2016 Columbia2 male 5 195 51.27 
 

2016 Columbia1 male 3 167 29.30 

2016 Columbia2 male 4 198 47.25 
 

2016 Columbia1 male 5 155 27.01 

2016 Columbia2 male 6 155 24.33 
 

2016 Columbia1 male 5 169 29.42 

2016 Columbia2 male 4 206 73.64 
 

2016 Columbia2 male 4 177 39.30 

2016 Columbia2 male 
 

200 58.99 
 

2016 Columbia2 male 5 180 45.47 

2016 Columbia2 male 3 199 49.66 
 

2016 Columbia2 male 3 182 41.70 

2016 Columbia2 male 5 182 39.70 
 

2016 Columbia1 male 4 175 34.13 

2016 Columbia2 male 5 176 41.39 
 

2016 Columbia2 male 4 165 32.84 

2016 Columbia2 male 3 167 32.75 
 

2016 Columbia2 male 4 200 53.80 

2016 Columbia2 male 4 172 36.96 
 

2016 Columbia2 male 4 186 43.92 

2016 Columbia2 male 4 171 33.74 
 

2016 Columbia1 male 3 176 39.56 

2016 Columbia2 male 
 

153 25.41 
 

2016 Columbia1 male 4 170 33.29 

2016 Columbia2 male 5 205 66.25 
 

2016 Columbia1 male 3 167 36.48 

2016 Columbia2 male 3 180 47.96 
 

2016 Columbia1 male 5 155 25.64 

2016 Columbia2 male 4 180 45.85 
 

2016 Columbia1 male 4 200 59.63 

2016 Columbia2 male 
 

205 59.51 
 

2016 Columbia1 male 3 165 34.22 

2016 Columbia2 male 4 153 25.73 
 

2016 Columbia1 male 3 175 37.74 

2016 Columbia2 male 5 210 59.93 
 

2016 Columbia2 male 4 170 33.58 

2016 Columbia2 male 4 165 36.17 
 

2016 Columbia1 male 6 168 34.71 

2016 Columbia2 male 4 143 20.48 
 

2016 Average Male 4.0 186 46.57 

2016 Columbia2 male 5 170 36.55 
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Table E4. 2017 Male Biological Data. 

Year Site Sex Age 

Fork 

Length Weight  Year Site Sex Age 

Fork 

Length Weight 

2017 Columbia1 Male   180 42.00  2017 Columbia2 Male  180 37.00 

2017 Columbia1 Male 
 

173 39.00 
 

2017 Columbia2 Male 4 177 42.00 

2017 Columbia1 Male 
 

186 44.00 
 

2017 Columbia2 Male 
 

176 34.00 

2017 Columbia1 Male  202 60.00  2017 Columbia2 Male  188 48.00 

2017 Columbia1 Male 3 210 69.00 
 

2017 Columbia2 Male 
 

199 57.00 

2017 Columbia1 Male 
 

200 62.00 
 

2017 Columbia2 Male 
 

185 48.00 

2017 Columbia1 Male  200 65.00  2017 Columbia2 Male  176 42.00 

2017 Columbia1 Male 
 

188 53.00 
 

2017 Columbia2 Male 
 

180 43.00 

2017 Columbia1 Male 3 178 43.00 
 

2017 Columbia2 Male 6 180 40.00 

2017 Columbia1 Male  200 59.00  2017 Columbia2 Male  173 41.00 

2017 Columbia1 Male 
 

186 46.00 
 

2017 Columbia1 Male 4 180 45.00 

2017 Columbia1 Male 
 

210 81.00 
 

2017 Columbia2 Male 
 

160 31.00 

2017 Columbia1 Male  211 69.00  2017 Columbia2 Male  175 41.00 

2017 Columbia2 Male 
 

188 40.00 
 

2017 Columbia2 Male 
 

190 46.00 

2017 Columbia2 Male 5 187 52.00  2017 Columbia2 Male  205 59.00 

2017 Columbia2 Male 
 

188 51.00 
 

2017 Columbia2 Male 3 163 33.00 

2017 Columbia1 Male 
 

197 58.00 
 

2017 Columbia2 Male 
 

177 39.00 

2017 Columbia2 Male  190 40.00  2017 Columbia2 Male  193 53.00 

2017 Columbia2 Male 
 

190 52.00 
 

2017 Columbia2 Male 
 

182 46.00 

2017 Columbia1 Male 
 

195 55.00 
 

2017 Columbia2 Male 
 

150 24.00 

2017 Columbia2 Male  178 46.00  2017 Columbia2 Male  169 36.00 

2017 Columbia1 Male 4 195 54.00 
 

2017 Columbia2 Male 3 209 59.00 

2017 Columbia1 Male 
 

165 33.00 
 

2017 Columbia2 Male 
 

185 42.00 

2017 Columbia1 Male  190 51.00  2017 Columbia2 Male  154 24.00 

2017 Columbia2 Male 3 199 62.00 
 

2017 Columbia2 Male 
 

165 33.00 

2017 Columbia1 Male 4 185 49.00 
 

2017 Columbia2 Male 3 170 40.00 

2017 Columbia1 Male  205 64.00  2017 Columbia2 Male  155 33.00 

2017 Columbia1 Male 
 

166 32.00 
 

2017 Columbia2 Male 
 

195 45.00 

2017 Columbia2 Male 4 172 33.00 
 

2017 Columbia2 Male 
 

185 46.00 

2017 Columbia1 Male  205 58.00  2017 Columbia2 Male 5 180 44.00 

2017 Columbia1 Male 
 

194 52.00 
 

2017 Columbia2 Male 
 

184 41.00 

2017 Columbia1 Male 4 182 47.00 
 

2017 Columbia2 Male 
 

190 46.00 

2017 Columbia2 Male  185 39.00  2017 Columbia2 Male  163 29.00 

2017 Columbia2 Male 
 

195 58.00 
 

2017 Columbia2 Male 4 166 34.00 

2017 Columbia1 Male 
 

172 40.00 
 

2017 Columbia2 Male 
 

155 28.00 

2017 Columbia1 Male 5 168 30.00  2017 Columbia2 Male  180 47.00 

2017 Columbia1 Male 
 

185 48.00 
 

2017 Columbia2 Male 
 

180 44.00 

2017 Columbia1 Male 
 

171 31.00 
 

2017 Columbia2 Male 3 191 55.00 

2017 Columbia1 Male 4 180 34.00  2017 Columbia2 Male  162 30.00 

2017 Columbia1 Male 
 

170 36.00 
 

2017 Columbia2 Male 4 155 24.00 

2017 Columbia1 Male 
 

175 38.00 
 

2017 Columbia2 Male 
 

182 45.00 

2017 Columbia1 Male 5 192 53.00  2017 Columbia2 Male  170 34.00 

2017 Columbia1 Male 
 

151 25.00 
 

2017 Columbia2 Male 
 

180 43.00 

2017 Columbia1 Male 
 

174 32.00 
 

2017 Columbia2 Male 
 

190 47.00 

2017 Columbia1 Male  170 37.00  2017 Columbia2 Male  187 44.00 

2017 Columbia1 Male 3 190 46.00 
 

2017 Columbia2 Male 3 170 35.00 

2017 Columbia1 Male   176 41.00   2017 Columbia2 Male   174 36.00 
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Table E4. 2017 Male Cont. 

Year Site Sex Age Fork Length Weight   Year Site Sex Age Fork Length Weight 

2017 Columbia1 Male 5 205 71.00 
 

2017 Columbia2 Male 
 

165 31.00 

2017 Columbia1 Male  196 64.00  2017 Columbia2 Male  157 30.00 

2017 Columbia1 Male 
 

150 26.00 
 

2017 Columbia2 Male 4 170 32.00 

2017 Columbia1 Male 
 

202 57.00 
 

2017 Columbia2 Male 
 

166 32.00 

2017 Columbia1 Male  198 56.00  2017 Columbia2 Male  180 32.00 

2017 Columbia1 Male 
 

168 33.00 
 

2017 Columbia2 Male 
 

180 44.00 

2017 Columbia1 Male 5 192 54.00 
 

2017 Columbia2 Male 3 195 58.00 

2017 Columbia1 Male 4 190 52.00  2017 Columbia2 Male  170 38.00 

2017 Columbia1 Male 
 

215 80.00 
 

2017 Columbia2 Male 
 

157 28.00 

2017 Columbia1 Male 3 173 39.00 
 

2017 Columbia2 Male 
 

160 29.00 

2017 Columbia1 Male  200 55.00  2017 Columbia2 Male  175 36.00 

2017 Columbia1 Male 
 

190 52.00 
 

2017 Columbia2 Male 4 187 47.00 

2017 Columbia2 Male 
 

205 67.00 
 

2017 Columbia2 Male 
 

185 45.00 

2017 Columbia2 Male  166 35.00  2017 Columbia2 Male  188 52.00 

2017 Columbia2 Male 5 195 53.00 
 

2017 Columbia2 Male 
 

165 34.00 

2017 Columbia2 Male 3 197 54.00 
 

2017 Columbia2 Male 5 198 54.00 

2017 Columbia2 Male  184 44.00  2017 Columbia2 Male  215 69.00 

2017 Columbia2 Male 
 

184 47.00 
 

2017 Columbia2 Male 
 

155 23.00 

2017 Columbia2 Male 3 174 39.00 
 

2017 Columbia2 Male 
 

172 37.00 

2017 Columbia2 Male  195 57.00  2017 Columbia2 Male  185 41.00 

2017 Columbia2 Male 
 

176 35.00 
 

2017 Columbia2 Male 
 

150 25.00 

2017 Columbia2 Male 
 

193 50.00 
 

2017 Columbia2 Male 
 

168 32.00 

2017 Columbia2 Male 3 179 41.00  2017 Columbia2 Male 5 177 40.00 

2017 Columbia2 Male 
 

160 31.00 
 

2017 Columbia2 Male 
 

196 51.00 

2017 Columbia2 Male 3 168 34.00 
 

2017 Columbia2 Male 
 

175 37.00 

2017 Columbia2 Male  182 47.00  2017 Columbia2 Male  155 25.00 

2017 Columbia2 Male 
 

190 49.00 
 

2017 Columbia2 Male 5 156 25.00 

2017 Columbia2 Male 3 172 36.00 
 

2017 Columbia2 Male 
 

172 39.00 

2017 Columbia2 Male  181 40.00  2017 Columbia2 Male  158 33.00 

2017 Columbia2 Male 
 

204 53.00 
 

2017 Columbia2 Male 
 

167 37.00 

2017 Columbia2 Male 4 189 46.00 
 

2017 Columbia2 Male 3 175 38.00 

2017 Columbia2 Male  206 62.00  2017 Columbia2 Male  180 44.00 

2017 Columbia2 Male 
 

171 38.00 
 

2017 Columbia2 Male 5 190 48.00 

2017 Columbia2 Male 
 

173 41.00 
 

2017 Columbia2 Male 
 

150 24.00 

2017 Columbia2 Male 3 194 50.00  2017 Columbia2 Male 3 203 61.00 

2017 Columbia2 Male 3 211 69.00 
 

2017 Columbia2 Male 
 

150 25.00 

2017 Columbia2 Male 
 

209 64.00 
 

2017 Columbia2 Male 
 

185 53.00 

2017 Columbia2 Male  213 76.00  2017 Columbia2 Male  212 79.00 

2017 Columbia2 Male 
 

205 60.00 
 

2017 Columbia2 Male 4 184 44.00 

2017 Columbia2 Male 
 

180 38.00 
 

2017 Columbia2 Male 
 

222 86.00 

2017 Columbia2 Male  174 35.00  2017 Columbia2 Male  180 44.00 

2017 Columbia2 Male 4 184 47.00 
 

2017 Columbia2 Male 
 

185 53.00 

2017 Columbia2 Male 
 

175 35.00 
 

2017 Columbia2 Male 
 

212 79.00 

2017 Columbia2 Male   175 38.00   2017 Columbia2 Male   184 44.00 
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Table E4.2017 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age Fork Length Weight 

2017 Columbia2 Male 
 

196 56.00 
 

2017 Columbia2 Male 
 

222 86.00 

2017 Columbia2 Male 
 

186 41.00 
 

2017 Columbia2 Male 
 

180 44.00 

2017 Columbia2 Male 
 

185 39.00 
 

2017 Columbia2 Male 
 

180 37.00 

2017 Columbia2 Male 
 

170 34.00 
 

2017 Columbia2 Male 4 186 48.00 

2017 Columbia2 Male 4 172 39.00  2017 Columbia2 Male  155 25.00 

2017 Columbia2 Male 
 

200 53.00 
 

2017 Columbia2 Male 4 182 37.00 

2017 Columbia2 Male 
 

197 56.00 
 

2017 Columbia2 Male 
 

160 28.00 

2017 Columbia2 Male 
 

190 41.00 
 

2017 Columbia2 Male 
 

172 34.00 

2017 Columbia2 Male 3 179 41.00 
 

2017 Columbia2 Male 
 

191 45.00 

2017 Columbia2 Male 
 

184 43.00 
 

2017 Columbia2 Male 3 180 38.00 

2017 Columbia2 Male 
 

185 49.00 
 

2017 Columbia2 Male 
 

170 35.00 

2017 Columbia2 Male  195 60.00  2017 Columbia2 Male  185 45.00 

2017 Columbia2 Male 
 

210 58.00 
 

2017 Columbia2 Male 
 

162 30.00 

2017 Columbia2 Male 3 181 42.00 
 

2017 Columbia2 Male 3 172 41.00 

2017 Columbia2 Male 
 

186 49.00 
 

2017 Columbia2 Male 
 

176 38.00 

2017 Columbia2 Male 
 

184 42.00 
 

2017 Columbia2 Male 
 

170 35.00 

2017 Columbia2 Male 
 

181 43.00 
 

2017 Columbia2 Male 
 

189 49.00 

2017 Columbia2 Male 
 

185 40.00 
 

2017 Columbia2 Male 
 

178 43.00 

2017 Columbia2 Male  190 48.00  2017 Columbia2 Male  203 64.00 

2017 Columbia2 Male 
 

185 40.00 
 

2017 Columbia2 Male 
 

190 53.00 

2017 Columbia2 Male 
 

194 50.00 
 

2017 Columbia2 Male 
 

167 32.00 

2017 Columbia2 Male 
 

184 38.00 
 

2017 Columbia2 Male 6 165 34.00 

2017 Columbia2 Male 
 

176 29.00 
 

2017 Columbia2 Male 
 

175 35.00 

2017 Columbia1 Male 
 

162 30.00 
 

2017 Columbia2 Male 
 

167 34.00 

2017 Columbia2 Male 4 176 33.00 
 

2017 Columbia2 Male 
 

185 42.00 

2017 Columbia2 Male  181 40.00  2017 Columbia2 Male 4 197 54.00 

2017 Columbia2 Male 4 190 52.00 
 

2017 Columbia2 Male 
 

169 34.00 

2017 Columbia2 Male 
 

175 41.00 
 

2017 Columbia2 Male 
 

174 38.00 

2017 Columbia2 Male 3 177 37.00 
 

2017 Columbia2 Male 
 

175 41.00 

2017 Columbia2 Male 
 

176 42.00 
 

2017 Columbia2 Male 
 

160 32.00 

2017 Columbia2 Male 
 

184 35.00 
 

2017 Columbia2 Male 
 

179 41.00 

2017 Columbia1 Male 
 

194 50.00 
 

2017 Columbia2 Male 
 

181 41.00 

2017 Columbia2 Male 
 

187 40.00 
 

2017 Columbia2 Male 
 

186 45.00 

2017 Columbia2 Male 4 195 44.00  2017 Columbia2 Male  195 52.00 

2017 Columbia2 Male 
 

169 34.00 
 

2017 Columbia2 Male 
 

164 32.00 

2017 Columbia2 Male 
 

186 47.00 
 

2017 Columbia2 Male 
 

181 46.00 

2017 Columbia2 Male 
 

189 49.00 
 

2017 Columbia2 Male 
 

208 61.00 

2017 Columbia2 Male 
 

187 48.00 
 

2017 Columbia2 Male 
 

185 44.00 

2017 Columbia2 Male 
 

166 28.00 
 

2017 Columbia2 Male 
 

186 46.00 

2017 Columbia2 Male 3 180 41.00 
 

2017 Columbia2 Male 
 

165 30.00 

2017 Columbia2 Male  196 57.00  2017 Columbia2 Male 4 157 26.00 

2017 Columbia2 Male 
 

173 32.00 
 

2017 Columbia2 Male 
 

195 59.00 

2017 Columbia2 Male 3 164 32.00 
 

2017 Columbia2 Male 
 

190 50.00 

2017 Columbia1 Male 
 

187 46.00 
 

2017 Columbia2 Male 4 190 51.00 

2017 Columbia2 Male   185 45.00   2017 Columbia2 Male   160 27.00 
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Table E4. 2017 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age Fork Length Weight 

2017 Columbia1 Male 
 

176 39.00 
 

2017 Columbia2 Male 
 

188 49.00 

2017 Columbia2 Male 
 

200 58.00 
 

2017 Columbia2 Male 
 

181 29.00 

2017 Columbia1 Male 
 

205 59.00 
 

2017 Columbia2 Male 
 

195 52.00 

2017 Columbia1 Male 3 192 58.00 
 

2017 Columbia2 Male 5 166 30.00 

2017 Columbia1 Male  205 60.00  2017 Columbia2 Male  188 48.00 

2017 Columbia1 Male 
 

180 38.00 
 

2017 Columbia2 Male 
 

170 32.00 

2017 Columbia1 Male 3 183 47.00 
 

2017 Columbia2 Male 3 180 43.00 

2017 Columbia1 Male 
 

185 46.00 
 

2017 Columbia2 Male 
 

196 41.00 

2017 Columbia1 Male 4 194 55.00 
 

2017 Columbia2 Male 
 

188 46.00 

2017 Columbia1 Male 
 

170 35.00 
 

2017 Columbia2 Male 
 

155 25.00 

2017 Columbia1 Male 
 

186 43.00 
 

2017 Columbia2 Male 
 

165 30.00 

2017 Columbia1 Male  194 54.00  2017 Columbia2 Male  184 45.00 

2017 Columbia1 Male 
 

185 34.00 
 

2017 Columbia2 Male 
 

184 42.00 

2017 Columbia1 Male 3 200 61.00 
 

2017 Columbia2 Male 
 

177 37.00 

2017 Columbia1 Male 
 

180 48.00 
 

2017 Columbia2 Male 
 

164 29.00 

2017 Columbia1 Male 4 197 58.00 
 

2017 Columbia2 Male 4 192 47.00 

2017 Columbia2 Male 
 

197 54.00 
 

2017 Columbia2 Male 
 

176 40.00 

2017 Columbia2 Male 6 154 26.00 
 

2017 Columbia2 Male 
 

173 30.00 

2017 Columbia2 Male  168 31.00  2017 Columbia2 Male  193 51.00 

2017 Columbia2 Male 4 195 53.00 
 

2017 Columbia2 Male 
 

176 38.00 

2017 Columbia2 Male 3 200 54.00 
 

2017 Columbia2 Male 
 

174 43.00 

2017 Columbia2 Male 
 

185 41.00 
 

2017 Columbia2 Male 3 160 27.00 

2017 Columbia2 Male 
 

180 43.00 
 

2017 Columbia2 Male 
 

224 68.00 

2017 Columbia2 Male 
 

190 49.00 
 

2017 Columbia2 Male 4 172 38.00 

2017 Columbia2 Male 
 

177 39.00 
 

2017 Columbia2 Male 
 

179 42.00 

2017 Columbia2 Male 4 181 42.00  2017 Columbia2 Male  176 44.00 

2017 Columbia2 Male 
 

176 38.00 
 

2017 Columbia2 Male 
 

156 25.00 

2017 Columbia2 Male 
 

198 57.00 
 

2017 Columbia2 Male 
 

185 45.00 

2017 Columbia2 Male 
 

196 55.00 
 

2017 Columbia2 Male 
 

199 59.00 

2017 Columbia2 Male 4 197 56.00 
 

2017 Columbia2 Male 
 

176 42.00 

2017 Columbia2 Male 
 

187 49.00 
 

2017 Columbia2 Male 3 180 44.00 

2017 Columbia2 Male 
 

185 52.00 
 

2017 Columbia2 Male 
 

167 32.00 

2017 Columbia1 Male 
 

187 46.00 
 

2017 Columbia2 Male 
 

201 64.00 

2017 Columbia2 Male  195 62.00  2017 Columbia2 Male  157 28.00 

2017 Columbia2 Male 
 

167 36.00 
 

2017 Columbia2 Male 
 

196 57.00 

2017 Columbia2 Male 
 

185 49.00 
 

2017 Columbia2 Male 
 

180 38.00 

2017 Columbia2 Male 
 

167 31.00 
 

2017 Columbia2 Male 
 

166 33.00 

2017 Columbia2 Male 
 

194 54.00 
 

2017 Columbia2 Male 
 

179 39.00 

2017 Columbia2 Male 
 

196 47.00 
 

2017 Columbia2 Male 
 

185 44.00 

2017 Columbia2 Male 
 

195 54.00 
 

2017 Columbia2 Male 
 

163 26.00 

2017 Columbia2 Male 4 187 48.00  2017 Columbia2 Male  186 48.00 

2017 Columbia2 Male 
 

184 44.00 
 

2017 Columbia2 Male 
 

172 37.00 

2017 Columbia2 Male 
 

169 32.00 
 

2017 Columbia2 Male 
 

178 43.00 

2017 Columbia2 Male 
 

189 44.00 
 

2017 Columbia2 Male 
 

203 58.00 

2017 Columbia2 Male 3 190 59.00   2017 Columbia2 Male   172 40.00 
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Table E4. 2017 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age 

Fork 

Length Weight 

2017 Columbia2 Male 3 195 55 
 

2017 Columbia2 Male 
 

177 41 

2017 Columbia2 Male 5 162 27 
 

2017 Columbia2 Male 4 185 44 

2017 Columbia2 Male 
 

168 32 
 

2017 Columbia2 Male 
 

174 38 

2017 Columbia1 Male 
 

176 38 
 

2017 Columbia2 Male 
 

186 46 

2017 Columbia2 Male  192 48  2017 Columbia2 Male  173 35 

2017 Columbia2 Male 
 

186 41 
 

2017 Columbia2 Male 4 165 31 

2017 Columbia2 Male 5 187 53 
 

2017 Columbia2 Male 5 185 46 

2017 Columbia2 Male 
 

205 62 
 

2017 Columbia2 Male 
 

170 38 

2017 Columbia2 Male 4 193 56 
 

2017 Columbia2 Male 
 

165 32 

2017 Columbia2 Male 
 

186 41 
 

2017 Columbia2 Male 
 

180 34 

2017 Columbia2 Male 
 

170 30 
 

2017 Columbia2 Male 
 

167 34 

2017 Columbia2 Male 4 177 36  2017 Columbia2 Male  158 28 

2017 Columbia2 Male 
 

192 53 
 

2017 Columbia2 Male 
 

205 53 

2017 Columbia2 Male 
 

168 36 
 

2017 Columbia2 Male 
 

187 40 

2017 Columbia2 Male 4 185 44 
 

2017 Columbia2 Male 
 

192 52 

2017 Columbia2 Male 
 

195 51 
 

2017 Columbia2 Male 
 

200 48 

2017 Columbia2 Male 
 

193 49 
 

2017 Columbia2 Male 
 

200 49 

2017 Columbia2 Male 
 

182 45 
 

2017 Columbia2 Male 
 

185 43 

2017 Columbia1 Male  195 57  2017 Columbia2 Male 6 185 37 

2017 Columbia2 Male 3 170 45 
 

2017 Columbia2 Male 
 

154 24 

2017 Columbia2 Male 
 

194 52 
 

2017 Columbia2 Male 
 

191 49 

2017 Columbia2 Male 
 

190 42 
 

2017 Columbia2 Male 
 

215 70 

2017 Columbia2 Male 
 

180 39 
 

2017 Columbia2 Male 3 180 41 

2017 Columbia2 Male 
 

197 60 
 

2017 Columbia2 Male 
 

190 44 

2017 Columbia2 Male 
 

195 53 
 

2017 Columbia2 Male 
 

215 81 

2017 Columbia2 Male 4 160 29  2017 Columbia2 Male  170 34 

2017 Columbia2 Male 
 

190 47 
 

2017 Columbia2 Male 3 164 30 

2017 Columbia2 Male 
 

170 36 
 

2017 Columbia2 Male 3 175 33 

2017 Columbia2 Male 
 

175 39 
 

2017 Columbia2 Male 4 170 38 

2017 Columbia2 Male 
 

175 35 
 

2017 Columbia2 Male 
 

165 35 

2017 Columbia2 Male 
 

173 34 
 

2017 Columbia2 Male 
 

168 32 

2017 Columbia2 Male 
 

164 32 
 

2017 Columbia2 Male 
 

156 28 

2017 Columbia2 Male 3 194 46 
 

2017 Columbia2 Male 
 

195 51 

2017 Columbia2 Male 4 179 35  2017 Columbia2 Male  195 55 

2017 Columbia1 Male 
 

196 64 
 

2017 Columbia2 Male 
 

170 32 

2017 Columbia1 Male 
 

182 56 
 

2017 Columbia2 Male 4 184 43 

2017 Columbia1 Male 
 

205 56 
 

2017 Columbia2 Male 
 

184 39 

2017 Columbia1 Male 4 195 54 
 

2017 Columbia2 Male 
 

198 59 

2017 Columbia1 Male 
 

205 63 
 

2017 Columbia2 Male 
 

164 32 

2017 Columbia1 Male 
 

194 53 
 

2017 Columbia2 Male 
 

171 34 

2017 Columbia1 Male 2 215 74  2017 Columbia2 Male  188 50 

2017 Columbia1 Male 
 

187 44 
 

2017 Columbia2 Male 3 193 49 

2017 Columbia1 Male 
 

190 52 
 

2017 Columbia2 Male 
 

183 46 

2017 Columbia2 Male   168 33   2017 Columbia2 Male   182 37 
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Table E4. 2017 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age 

Fork 

Length Weight 

2017 Columbia2 Male 3 195 55 
 

2017 Columbia2 Male 
 

177 41 

2017 Columbia2 Male 5 162 27 
 

2017 Columbia2 Male 4 185 44 

2017 Columbia2 Male 
 

168 32 
 

2017 Columbia2 Male 
 

174 38 

2017 Columbia1 Male 
 

176 38 
 

2017 Columbia2 Male 
 

186 46 

2017 Columbia2 Male  192 48  2017 Columbia2 Male  173 35 

2017 Columbia2 Male 
 

186 41 
 

2017 Columbia2 Male 4 165 31 

2017 Columbia2 Male 5 187 53 
 

2017 Columbia2 Male 5 185 46 

2017 Columbia2 Male 
 

205 62 
 

2017 Columbia2 Male 
 

170 38 

2017 Columbia2 Male 4 193 56 
 

2017 Columbia2 Male 
 

165 32 

2017 Columbia2 Male 
 

186 41 
 

2017 Columbia2 Male 
 

180 34 

2017 Columbia2 Male 
 

170 30 
 

2017 Columbia2 Male 
 

167 34 

2017 Columbia2 Male 4 177 36  2017 Columbia2 Male  158 28 

2017 Columbia2 Male 
 

192 53 
 

2017 Columbia2 Male 
 

205 53 

2017 Columbia2 Male 
 

168 36 
 

2017 Columbia2 Male 
 

187 40 

2017 Columbia2 Male 4 185 44 
 

2017 Columbia2 Male 
 

192 52 

2017 Columbia2 Male 
 

195 51 
 

2017 Columbia2 Male 
 

200 48 

2017 Columbia2 Male 
 

193 49 
 

2017 Columbia2 Male 
 

200 49 

2017 Columbia2 Male 
 

182 45 
 

2017 Columbia2 Male 
 

185 43 

2017 Columbia1 Male  195 57  2017 Columbia2 Male 6 185 37 

2017 Columbia2 Male 3 170 45 
 

2017 Columbia2 Male 
 

154 24 

2017 Columbia2 Male 
 

194 52 
 

2017 Columbia2 Male 
 

191 49 

2017 Columbia2 Male 
 

190 42 
 

2017 Columbia2 Male 
 

215 70 

2017 Columbia2 Male 
 

180 39 
 

2017 Columbia2 Male 3 180 41 

2017 Columbia2 Male 
 

197 60 
 

2017 Columbia2 Male 
 

190 44 

2017 Columbia2 Male 
 

195 53 
 

2017 Columbia2 Male 
 

215 81 

2017 Columbia2 Male 4 160 29  2017 Columbia2 Male  170 34 

2017 Columbia2 Male 
 

190 47 
 

2017 Columbia2 Male 3 164 30 

2017 Columbia2 Male 
 

170 36 
 

2017 Columbia2 Male 3 175 33 

2017 Columbia2 Male 
 

175 39 
 

2017 Columbia2 Male 4 170 38 

2017 Columbia2 Male 
 

175 35 
 

2017 Columbia2 Male 
 

165 35 

2017 Columbia2 Male 
 

173 34 
 

2017 Columbia2 Male 
 

168 32 

2017 Columbia2 Male 
 

164 32 
 

2017 Columbia2 Male 
 

156 28 

2017 Columbia2 Male 3 194 46 
 

2017 Columbia2 Male 
 

195 51 

2017 Columbia2 Male 4 179 35  2017 Columbia2 Male  195 55 

2017 Columbia1 Male 
 

196 64 
 

2017 Columbia2 Male 
 

170 32 

2017 Columbia1 Male 
 

182 56 
 

2017 Columbia2 Male 4 184 43 

2017 Columbia1 Male 
 

205 56 
 

2017 Columbia2 Male 
 

184 39 

2017 Columbia1 Male 4 195 54 
 

2017 Columbia2 Male 
 

198 59 

2017 Columbia1 Male 
 

205 63 
 

2017 Columbia2 Male 
 

164 32 

2017 Columbia1 Male 
 

194 53 
 

2017 Columbia2 Male 
 

171 34 

2017 Columbia1 Male 2 215 74  2017 Columbia2 Male  188 50 

2017 Columbia1 Male 
 

187 44 
 

2017 Columbia2 Male 3 193 49 

2017 Columbia1 Male 
 

190 52 
 

2017 Columbia2 Male 
 

183 46 

2017 Columbia2 Male   168 33   2017 Columbia2 Male   182 37 
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Table E4. 2017 Male Cont. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age Fork Length Weight 

2017 Columbia2 Male 
 

180 44 
 

2017 Columbia2 Male 
 

188 46 

2017 Columbia2 Male 
 

184 45 
 

2017 Columbia2 Male 
 

185 48 

2017 Columbia2 Male 
 

164 34 
 

2017 Columbia2 Male 4 170 34 

2017 Columbia2 Male 
 

185 44 
 

2017 Columbia2 Male 
 

186 43 

2017 Columbia2 Male 3 182 43 
 

2017 Columbia2 Male 
 

186 40 

2017 Columbia2 Male 3 176 38 
 

2017 Columbia2 Male 5 155 27 

2017 Columbia2 Male 
 

203 61 
 

2017 Columbia2 Male 
 

184 45 

2017 Columbia2 Male 5 167 33 
 

2017 Columbia2 Male 4 204 63 

       2017 Average   3.71 185.665236 46.5236 
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Table E5. 2018 Male Biological Data. 

Year Site Sex Age 

Fork 

Length Weight   Year Site Sex Age 

Fork 

Length Weight 

2018 Columbia2 Male 2 170 32.63 
 

2018 Columbia2 Male 4 185 46.78 

2018 Columbia2 Male 5 175 40.41 
 

2018 Columbia2 Male 3 163 35.09 

2018 Columbia2 Male 4 205 63.89 
 

2018 Columbia2 Male 4 188 55.34 

2018 Columbia2 Male 2 166 38.59 
 

2018 Columbia2 Male 4 168 40.02 

2018 Columbia2 Male 3 175 42.58 
 

2018 Columbia2 Male 5 198 57.82 

2018 Columbia2 Male 2 172 41.34 
 

2018 Columbia2 Male 4 200 61.87 

2018 Columbia2 Male 4 206 65.79 
 

2018 Columbia2 Male 2 179 45.08 

2018 Columbia2 Male 3 195 52.91 
 

2018 Columbia2 Male 4 175 45.74 

2018 Columbia2 Male 5 215 63.65 
 

2018 Columbia2 Male 2 188 40.80 

2018 Columbia2 Male 2 170 36.54 
 

2018 Columbia2 Male 2 171 37.70 

2018 Columbia2 Male 3 212 76.10 
 

2018 Columbia2 Male 4 178 40.93 

2018 Columbia2 Male 4 215 82.42 
 

2018 Columbia2 Male 4 170 39.53 

2018 Columbia2 Male 2 170 36.07 
 

2018 Columbia2 Male 3 178 48.21 

2018 Columbia2 Male 4 197 54.87 
 

2018 Columbia2 Male 4 197 61.15 

2018 Columbia2 Male 6 182 62.18 
 

2018 Columbia2 Male 3 164 34.31 

2018 Columbia2 Male 2 180 46.57 
 

2018 Columbia2 Male 4 180 41.28 

2018 Columbia2 Male 4 195 61.07 
 

2018 Columbia2 Male 3 166 36.09 

2018 Columbia2 Male 2 175 43.02 
 

2018 Columbia2 Male 2 162 32.73 

2018 Columbia2 Male 4 192 51.12 
 

2018 Columbia2 Male 6 211 75.62 

2018 Columbia2 Male 5 210 65.88 
 

2018 Columbia2 Male 2 166 33.78 

2018 Columbia2 Male 7 201 58.67 
 

2018 Columbia2 Male 2 170 39.80 

2018 Columbia2 Male 7 172 44.03 
 

2018 Columbia2 Male 2 168 38.38 

2018 Columbia2 Male 2 170 38.87   2018 Columbia2 Male 2 190 54.48 

2018 Columbia2 Male 3 185 44.47 
 

2018 Columbia2 Male 4 171 41.77 

2018 Columbia2 Male 4 180 46.05 
 

2018 Columbia2 Male 4 203 71.00 

2018 Columbia2 Male 4 195 55.89 
 

2018 Columbia2 Male 2 171 38.73 

2018 Columbia2 Male 4 183 39.75 
 

2018 Columbia2 Male 3 168 41.05 

2018 Columbia2 Male 2 176 41.17 
 

2018 Columbia2 Male 2 173 39.60 

2018 Columbia2 Male 2 175 40.92 
 

2018 Columbia2 Male 2 168 32.69 

2018 Columbia2 Male 5 170 37.36 
 

2018 Columbia2 Male 
 

182 45.35 

2018 Columbia2 Male 4 170 39.42 
 

2018 Columbia2 Male 
 

196 61.79 

2018 Columbia2 Male 4 183 47.56 
 

2018 Columbia2 Male 
 

168 37.82 

2018 Columbia2 Male 3 182 43.18 
 

2018 Columbia2 Male 
 

178 43.06 

      
 

2018 Columbia2 Male   175 40.75 

       
2018 Columbia2   3.6 185 49.54 
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Table E6. 2013 Female Biological data. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2013 Columbia1 Eulachon 2 Female 3 183 47.63 

2013 Columbia1 Eulachon 3 Female 3 173 37.29 

2013 Columbia1 Eulachon 4 Female 3 162 33.14 

2013 Columbia1 Eulachon 6 Female 3 177 44.81 

2013 Columbia1 Eulachon 8 Female 4 209 66.00 

2013 Columbia1 Eulachon 10 Female 2 152 22.65 

2013 Columbia1 Eulachon 12 Female 2 172 39.45 

2013 Columbia1 Eulachon 15 Female 3 171 34.26 

2013 Columbia1 Eulachon 16 Female 4 167 33.75 

2013 Columbia1 Eulachon 18 Female 
 177 42.06 

2013 Columbia1 Eulachon 20 Female 2 169 34.27 

2013 Columbia1 Eulachon 25 Female 2 183 42.25 

2013 Columbia1 Eulachon 27 Female 3 184 39.25 

2013 Columbia1 Eulachon 28 Female 2 181 45.85 

2013 Columbia1 Eulachon 29 Female 3 161 27.03 

2013 Columbia1 Eulachon 34 Female 2 169 36.36 

2013 Columbia1 Eulachon 37 Female 2 179 46.62 

2013 Columbia1 Eulachon 38 Female 3 190 51.82 

2013 Columbia1 Eulachon 39 Female 3 171 36.85 

2013 Columbia1 Eulachon 40 Female 2 177 41.83 

2013 Columbia1 Eulachon 41 Female 2 159 25.30 

2013 Columbia1 Eulachon 43 Female 3 175 28.75 

2013 Columbia1 Eulachon 50 Female 2 160 33.84 

2013 Columbia1 Eulachon 52 Female 2 162 33.39 
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Table E6. 2013 female cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2013 Columbia1 Eulachon 54 Female 2 170 33.46 

2013 Columbia1 Eulachon 55 Female 2 155 22.98 

2013 Columbia1 Eulachon 56 Female 3 177 50.46 

2013 Columbia1 Eulachon 58 Female 3 155 26.93 

2013 Columbia1 Eulachon 59 Female 3 168 36.55 

2013 Columbia1 Eulachon 60 Female 3 175 39.32 

2013 Columbia1 Eulachon 61 Female 2 164 33.73 

2013 Columbia1 Eulachon 67 Female 2 168 39.14 

2013 Columbia1 Eulachon 107 Female 180 43.98 

2013 Columbia1 Eulachon 108 Female 174 37.40 

2013 Columbia1 Eulachon 112 Female 183 47.37 

2013 Columbia1 Eulachon 116 Female 176 39.30 

2013 Columbia1 Eulachon 117 Female 170 34.23 

2013 Columbia1 Eulachon 120 Female 166 29.70 

2013 Columbia1 Eulachon 169 Female 165 36.92 

2013 Columbia1 Eulachon 170 Female 3 179 33.17 

2013 Columbia1 Eulachon 235 Female 183 47.37 

2013 Columbia1 Eulachon 236 Female 166 29.70 

2013 Columbia1 Eulachon 237 Female 180 43.98 

2013 Columbia1 Eulachon 238 Female 174 37.40 

2013 Columbia1 Eulachon 239 Female 170 34.23 

2013 Columbia1 Eulachon 240 Female 176 39.30 

2013 Average     Female 2.6 173.5 38.5 
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Table E7. 2015 female Biological Data. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2015 Columbia2 Eulachon 15CF1B068 female 4 190 48.94 

2015 Columbia2 Eulachon 15CF1B056 female 3 177 36.69 

2015 Columbia2 Eulachon 15CF1B057 female 3 180 39.14 

2015 Columbia2 Eulachon 15CF1B058 female 3 191 49.58 

2015 Columbia2 Eulachon 15CF1B059 female 2 182 40.51 

2015 Columbia2 Eulachon 15CF1B060 female 3 188 46.61 

2015 Columbia2 Eulachon 15CF1B063 female 2 170 35.30 

2015 Columbia2 Eulachon 15CF1B064 female 3 181 39.46 

2015 Columbia2 Eulachon 15CF1B065 female 3 178 39.29 

2015 Columbia2 Eulachon 15CF1B067 female 2 183 39.70 

2015 Columbia2 Eulachon 15CF1B032 female 4 180 37.24 

2015 Columbia2 Eulachon 15CF1B069 female 3 178 35.30 

2015 Columbia2 Eulachon 15CF1B070 female 4 182 43.99 

2015 Columbia2 Eulachon 15CF1B071 female 3 205 54.27 

2015 Columbia2 Eulachon 15CF1B072 female 3 187 51.31 

2015 Columbia2 Eulachon 15CF1B073 female 4 183 40.19 

2015 Columbia2 Eulachon 15CF1B074 female 3 189 41.03 

2015 Columbia2 Eulachon 15CF1B075 female 4 189 44.07 

2015 Columbia2 Eulachon 15CF1B076 female 3 185 41.51 

2015 Columbia2 Eulachon 15CF1B077 female 5 186 36.72 

2015 Columbia3 Eulachon 15CF1C001 female 
 

192 50.54 

2015 Columbia2 Eulachon 15CF1B066 female 4 169 34.83 

2015 Columbia2 Eulachon 15CF1B049 female 3 187 42.63 

2015 Columbia2 Eulachon 15CF1B037 female 2 160 27.25 

2015 Columbia2 Eulachon 15CF1B038 female 4 185 44.15 

2015 Columbia2 Eulachon 15CF1B039 female 3 182 38.32 

2015 Columbia2 Eulachon 15CF1B040 female 4 195 47.83 

2015 Columbia2 Eulachon 15CF1B041 female 3 185 36.57 

2015 Columbia2 Eulachon 15CF1B042 female 3 180 36.37 

2015 Columbia2 Eulachon 15CF1B043 female 4 204 54.83 

2015 Columbia2 Eulachon 15CF1B044 female 3 174 35.31 

2015 Columbia2 Eulachon 15CF1B045 female 4 185 40.56 

2015 Columbia2 Eulachon 15CF1B046 female 3 190 47.55 

2015 Columbia2 Eulachon 15CF1B055 female 3 179 39.11 

2015 Columbia2 Eulachon 15CF1B048 female 3 185 38.09 

2015 Columbia2 Eulachon 15CF1B031 female 5 180 41.66 

2015 Columbia2 Eulachon 15CF1B050 female 3 176 38.01 

2015 Columbia2 Eulachon 15CF1B051 female 3 188 44.09 

2015 Columbia2 Eulachon 15CF1B052 female 3 180 42.73 

2015 Columbia2 Eulachon 15CF1B053 female 3 196 49.09 

2015 Columbia2 Eulachon 15CF1B054 female 3 166 31.33 

2015 Columbia2 Eulachon 15CF1B035 female 4 180 38.04 

2015 Columbia2 Eulachon 15CF1B034 female 4 180 39.95 

2015 Columbia3 Eulachon 15CF1C007 female 3 183 38.83 

2015 Columbia2 Eulachon 15CF1B033 female 3 178 35.84 

2015 Columbia3 Eulachon 15CF1C002 female   188 48.75 
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Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2015 Columbia2 Eulachon 15CF1B036 female 4 190 43.88 

2015 Columbia2 Eulachon 15CF1B047 female 3 195 45.78 

2015 Columbia3 Eulachon 15CF1C114 female 4 193 53.04 

2015 Columbia3 Eulachon 15CF1C005 female 
 

194 48.02 

2015 Columbia3 Eulachon 15CF1C103 female 4 190 48.31 

2015 Columbia3 Eulachon 15CF1C104 female 4 185 41.00 

2015 Columbia3 Eulachon 15CF1C105 female 4 196 50.49 

2015 Columbia3 Eulachon 15CF1C106 female 3 185 41.90 

2015 Columbia3 Eulachon 15CF1C107 female 4 181 38.82 

2015 Columbia3 Eulachon 15CF1C108 female 3 195 50.86 

2015 Columbia3 Eulachon 15CF1C109 female 4 175 40.17 

2015 Columbia3 Eulachon 15CF1C110 female 3 190 39.61 

2015 Columbia3 Eulachon 15CF1C111 female 3 190 48.60 

2015 Columbia3 Eulachon 15CF1C036 female 
 

160 30.44 

2015 Columbia3 Eulachon 15CF1C113 female 4 181 42.11 

2015 Columbia3 Eulachon 15CF1C032 female 3 160 31.56 

2015 Columbia3 Eulachon 15CF1C115 female 3 180 39.15 

2015 Columbia3 Eulachon 15CF1C116 female 5 176 39.68 

2015 Columbia3 Eulachon 15CF1C125 female 4 187 46.74 

2015 Columbia3 Eulachon 15CF1C124 female 3 184 48.06 

2015 Columbia3 Eulachon 15CF1C123 female 5 185 48.41 

2015 Columbia3 Eulachon 15CF1C122 female 4 198 53.74 

2015 Columbia3 Eulachon 15CF1C121 female 3 184 39.57 

2015 Columbia3 Eulachon 15CF1C120 female 4 194 50.45 

2015 Columbia3 Eulachon 15CF1C119 female 4 188 47.59 

2015 Columbia3 Eulachon 15CF1C118 female 4 180 41.93 

2015 Columbia3 Eulachon 15CF1C112 female 3 183 45.04 

2015 Columbia3 Eulachon 15CF1C016 female  178 37.61 

2015 Columbia3 Eulachon 15CF1C004 female 
 

175 34.67 

2015 Columbia2 Eulachon 15CF1B030 female 2 172 37.58 

2015 Columbia3 Eulachon 15CF1C006 female 4 197 56.46 

2015 Columbia2 Eulachon 15CF1B025 female 3 197 46.13 

2015 Columbia3 Eulachon 15CF1C008 female 
 

170 33.17 

2015 Columbia3 Eulachon 15CF1C009 female 
 

185 45.50 

2015 Columbia3 Eulachon 15CF1C010 female 4 180 39.79 

2015 Columbia3 Eulachon 15CF1C011 female 3 180 37.49 

2015 Columbia3 Eulachon 15CF1C012 female 3 190 45.74 

2015 Columbia3 Eulachon 15CF1C013 female 
 

170 35.16 

2015 Columbia3 Eulachon 15CF1C044 female 
 

193 46.97 

2015 Columbia3 Eulachon 15CF1C015 female 
 

185 53.25 

2015 Columbia3 Eulachon 15CF1C003 female 5 190 45.19 

2015 Columbia3 Eulachon 15CF1C017 female 5 190 45.49 

2015 Columbia3 Eulachon 15CF1C018 female 
 

185 40.33 

2015 Columbia3 Eulachon 15CF1C019 female 
 

183 40.61 

2015 Columbia3 Eulachon 15CF1C020 female 
 

185 43.58 

2015 Columbia3 Eulachon 15CF1C021 female   185 40.87 
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Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2015 Columbia3 Eulachon 15CF1C022 female 
 

175 34.94 

2015 Columbia3 Eulachon 15CF1C023 female 
 

178 38.82 

2015 Columbia3 Eulachon 15CF1C024 female 
 

191 48.42 

2015 Columbia3 Eulachon 15CF1C025 female 
 

180 38.22 

2015 Columbia3 Eulachon 15CF1C026 female 
 

190 44.52 

2015 Columbia3 Eulachon 15CF1C014 female 
 

170 33.78 

2015 Columbia1 Eulachon 15CB1A027 female 
 

189 43.91 

2015 Columbia1 Eulachon 15CB1A035 female 
 

206 66.38 

2015 Columbia1 Eulachon 15CB1A020 female 
 

203 53.60 

2015 Columbia2 Eulachon 15CF1B027 female 4 186 43.22 

2015 Columbia1 Eulachon 15CB1A022 female 3 191 47.53 

2015 Columbia2 Eulachon 15CF1B029 female 4 180 39.28 

2015 Columbia1 Eulachon 15CB1A024 female 
 

196 52.12 

2015 Columbia1 Eulachon 15CB1A018 female 
 

186 43.76 

2015 Columbia1 Eulachon 15CB1A026 female 
 

185 39.65 

2015 Columbia1 Eulachon 15CB1A017 female 3 190 47.36 

2015 Columbia1 Eulachon 15CB1A028 female 
 

189 41.17 

2015 Columbia1 Eulachon 15CB1A029 female 
 

175 35.20 

2015 Columbia1 Eulachon 15CB1A030 female 
 

198 55.10 

2015 Columbia1 Eulachon 15CB1A031 female 
 

183 36.23 

2015 Columbia1 Eulachon 15CB1A032 female 
 

188 44.08 

2015 Columbia1 Eulachon 15CB1A033 female 
 

176 36.25 

2015 Columbia1 Eulachon 15CB1A034 female 
 

205 68.10 

2015 Columbia1 Eulachon 15CB1A025 female 
 

185 41.54 

2015 Columbia1 Eulachon 15CB1A009 female 3 193 50.36 

2015 Columbia1 Eulachon 15CB1A001 female 3 170 35.56 

2015 Columbia1 Eulachon 15CB1A002 female 3 186 41.13 

2015 Columbia1 Eulachon 15CB1A003 female 3 173 34.02 

2015 Columbia1 Eulachon 15CB1A004 female 3 191 42.90 

2015 Columbia1 Eulachon 15CB1A005 female 4 187 39.67 

2015 Columbia1 Eulachon 15CB1A006 female 4 195 49.76 

2015 Columbia1 Eulachon 15CB1A019 female 
 

167 31.10 

2015 Columbia1 Eulachon 15CB1A008 female 3 197 48.14 

2015 Columbia1 Eulachon 15CB1A023 female 5 180 41.70 

2015 Columbia1 Eulachon 15CB1A010 female 3 195 47.60 

2015 Columbia1 Eulachon 15CB1A011 female 
 

189 47.67 

2015 Columbia1 Eulachon 15CB1A012 female 
 

209 61.81 

2015 Columbia1 Eulachon 15CB1A013 female 
 

187 40.61 

2015 Columbia1 Eulachon 15CB1A014 female 3 200 58.29 

2015 Columbia1 Eulachon 15CB1A015 female 4 187 42.08 

2015 Columbia1 Eulachon 15CB1A016 female 
 

192 46.44 

2015 Columbia1 Eulachon 15CB1A007 female 3 189 51.54 

2015 Columbia2 Eulachon 15CF1B021 female 3 199 56.12 

2015 Columbia2 Eulachon 15CF1B012 female 3 178 39.39 

2015 Columbia2 Eulachon 15CF1B013 female 3 184 42.96 

2015 Columbia2 Eulachon 15CF1B015 female 2 181 39.83 
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Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2015 Columbia2 Eulachon 15CF1B016 female 3 193 46.32 

2015 Columbia2 Eulachon 15CF1B017 female 4 180 41.52 

2015 Columbia2 Eulachon 15CF1B018 female 3 152 24.34 

2015 Columbia2 Eulachon 15CF1B011 female 4 205 71.38 

2015 Columbia2 Eulachon 15CF1B020 female 5 178 38.99 

2015 Columbia2 Eulachon 15CF1B024 female 3 190 45.81 

2015 Columbia2 Eulachon 15CF1B022 female 3 166 31.31 

2015 Columbia2 Eulachon 15CF1B023 female 4 175 36.93 

2015 Columbia1 Eulachon 15CB1A036 female 
 

185 43.61 

2015 Columbia2 Eulachon 15CF1B026 female 3 190 46.90 

2015 Columbia1 Eulachon 15CB1A021 female 
 

180 39.52 

2015 Columbia3 Eulachon 15CF1C117 female 3 195 54.50 

2015 Columbia2 Eulachon 15CF1B028 female 4 170 34.57 

2015 Columbia2 Eulachon 15CF1B019 female 2 160 29.85 

2015 Columbia1 Eulachon 15CB1A039 female 
 

178 38.20 

2015 Columbia2 Eulachon 15CF1B010 female 3 183 39.42 

2015 Columbia1 Eulachon 15CB1A038 female 
 

197 40.54 

2015 Columbia1 Eulachon 15CB1A040 female 
 

205 54.75 

2015 Columbia1 Eulachon 15CB1A041 female 
 

175 37.20 

2015 Columbia1 Eulachon 15CB1A042 female 
 

197 53.43 

2015 Columbia1 Eulachon 15CB1A043 female 
 

179 37.69 

2015 Columbia1 Eulachon 15CB1A044 female 
 

200 56.61 

2015 Columbia2 Eulachon 15CF1B001 female 2 173 40.19 

2015 Columbia2 Eulachon 15CF1B008 female 3 185 42.52 

2015 Columbia2 Eulachon 15CF1B003 female 3 173 38.33 

2015 Columbia2 Eulachon 15CF1B004 female 3 188 46.73 

2015 Columbia2 Eulachon 15CF1B005 female 4 186 44.33 

2015 Columbia2 Eulachon 15CF1B006 female 5 182 40.58 

2015 Columbia2 Eulachon 15CF1B007 female 4 191 43.81 

2015 Columbia2 Eulachon 15CF1B009 female 3 179 38.02 

2015 Columbia1 Eulachon 15CB1A037 female 
 

195 53.13 

2015 Columbia2 Eulachon 15CF1B002 female 4 179 39.38 

2015 Average       3.4 185 43.15 
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Table E8. 2016 Female biological Data. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2016 Columbia2 Eulachon 16EE319 female 5 194 40.76 

2016 Columbia2 Eulachon 16EE317 female 4 196 35.84 

2016 Columbia2 Eulachon 16EE321 female 4 200 41.84 

2016 Columbia2 Eulachon 16EE314 female 3 185 32.20 

2016 Columbia2 Eulachon 16EE264 female 3 189 34.68 

2016 Columbia2 Eulachon 16EE311 female 5 199 39.45 

2016 Columbia2 Eulachon 16EE326 female 3 185 37.02 

2016 Columbia2 Eulachon 16EE335 female 3 190 37.81 

2016 Columbia2 Eulachon 16EE272 female 3 184 32.57 

2016 Columbia2 Eulachon 16EE309 female 5 191 35.31 

2016 Columbia2 Eulachon 16EE276 female 4 188 37.01 

2016 Columbia2 Eulachon 16EE331 female 4 188 32.58 

2016 Columbia2 Eulachon 16EE308 female 4 195 40.37 

2016 Columbia2 Eulachon 16EE307 female 5 190 34.07 

2016 Columbia2 Eulachon 16EE306 female 4 195 44.96 

2016 Columbia2 Eulachon 16EE305 female 4 198 45.99 

2016 Columbia2 Eulachon 16EE304 female 3 185 38.94 

2016 Columbia2 Eulachon 16EE298 female 5 187 34.59 

2016 Columbia2 Eulachon 16EE293 female 4 198 40.04 

2016 Columbia2 Eulachon 16EE288 female 3 205 42.45 

2016 Columbia2 Eulachon 16EE282 female 4 201 43.48 

2016 Columbia2 Eulachon 16EE277 female 5 182 33.52 

2016 Columbia2 Eulachon 16TN01 female 4 185 39.72 

2016 Columbia2 Eulachon 16TN03 female 5 220 48.35 

2016 Columbia2 Eulachon 16TN04 female 4 195 51.21 

2016 Columbia2 Eulachon 16TN05 female 5 200 57.48 

2016 Columbia2 Eulachon 16EE280 female 3 195 38.93 

2016 Columbia2 Eulachon 16EE192 female 6 194 53.60 

2016 Columbia2 Eulachon 16EE174 female 5 183 45.35 

2016 Columbia2 Eulachon 16EE175 female 5 185 48.96 

2016 Columbia2 Eulachon 16EE177 female 5 167 36.54 

2016 Columbia2 Eulachon 16EE178 female 7 203 58.84 

2016 Columbia2 Eulachon 16EE182 female 3 181 42.65 

2016 Columbia2 Eulachon 16EE183 female 4 174 36.47 

2016 Columbia2 Eulachon 16EE184 female 5 175 38.59 

2016 Columbia2 Eulachon 16EE187 female 3 190 53.01 

2016 Columbia2 Eulachon 16EE188 female 5 161 51.61 

2016 Columbia2 Eulachon 16EE144 female 4 190 44.90 

2016 Columbia2 Eulachon 16EE191 female 
 

184 38.79 

2016 Columbia2 Eulachon 16EE171 female 5 195 48.97 

2016 Columbia2 Eulachon 16EE193 female 4 170 40.90 

2016 Columbia2 Eulachon 16EE194 female 4 174 43.21 

2016 Columbia2 Eulachon 16EE196 female 5 194 47.61 

2016 Columbia2 Eulachon 16EE200 female 5 176 40.44 

2016 Columbia2 Eulachon 16EE201 female 4 171 37.02 

2016 Columbia2 Eulachon 16EE202 female 4 166 33.69 
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Table E8. 2016 Female Cont. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2016 Columbia2 Eulachon 16EE203 female 4 171 35.24 

2016 Columbia2 Eulachon 16EE204 female 5 180 43.86 

2016 Columbia2 Eulachon 16EE205 female 5 180 41.49 

2016 Columbia2 Eulachon 16EE207 female 4 179 46.14 

2016 Columbia2 Eulachon 16EE189 female 5 170 38.10 

2016 Columbia2 Eulachon 16EE158 female 4 160 31.63 

2016 Columbia2 Eulachon 16EE145 female 4 180 42.59 

2016 Columbia2 Eulachon 16EE146 female 
 

144 22.40 

2016 Columbia2 Eulachon 16EE147 female 4 195 52.68 

2016 Columbia2 Eulachon 16EE148 female 4 173 39.72 

2016 Columbia2 Eulachon 16EE149 female 3 178 36.44 

2016 Columbia2 Eulachon 16EE150 female 4 185 47.03 

2016 Columbia2 Eulachon 16EE151 female 4 160 28.71 

2016 Columbia2 Eulachon 16EE152 female 3 180 37.65 

2016 Columbia2 Eulachon 16EE153 female 5 181 39.98 

2016 Columbia2 Eulachon 16EE154 female 4 185 39.34 

2016 Columbia2 Eulachon 16EE173 female 6 186 44.06 

2016 Columbia2 Eulachon 16EE157 female 4 180 40.03 

2016 Columbia2 Eulachon 16EE172 female 6 176 37.62 

2016 Columbia2 Eulachon 16EE159 female 5 205 55.87 

2016 Columbia2 Eulachon 16EE160 female 6 171 37.48 

2016 Columbia2 Eulachon 16EE161 female 4 166 33.63 

2016 Columbia2 Eulachon 16EE163 female 3 180 43.07 

2016 Columbia2 Eulachon 16EE164 female 3 205 50.44 

2016 Columbia2 Eulachon 16EE167 female 4 185 43.59 

2016 Columbia2 Eulachon 16EE168 female 3 184 42.60 

2016 Columbia2 Eulachon 16EE169 female 5 150 25.25 

2016 Columbia2 Eulachon 16EE170 female 4 176 40.43 

2016 Columbia2 Eulachon 16EE210 female 
 

173 44.63 

2016 Columbia2 Eulachon 16EE156 female 5 164 30.52 

2016 Columbia2 Eulachon 16EE254 female 5 174 35.02 

2016 Columbia2 Eulachon 16EE208 female 6 195 44.54 

2016 Columbia2 Eulachon 16EE241 female 6 197 54.65 

2016 Columbia2 Eulachon 16EE242 female 3 187 39.10 

2016 Columbia2 Eulachon 16EE243 female 4 182 47.74 

2016 Columbia2 Eulachon 16EE244 female 4 188 51.48 

2016 Columbia2 Eulachon 16EE245 female 5 190 44.85 

2016 Columbia2 Eulachon 16EE246 female 4 182 47.93 

2016 Columbia2 Eulachon 16EE247 female 4 192 55.21 

2016 Columbia2 Eulachon 16EE248 female 4 185 42.15 

2016 Columbia2 Eulachon 16EE249 female 4 182 40.52 

2016 Columbia2 Eulachon 16EE239 female 3 185 43.37 

2016 Columbia2 Eulachon 16EE252 female 3 195 55.73 

2016 Columbia2 Eulachon 16EE238 female 3 190 47.03 

2016 Columbia2 Eulachon 16EE255 female 4 182 42.04 

2016 Columbia2 Eulachon 16EE257 female 4 184 39.29 
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Table E8. 2016 Female cont. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2016 Columbia2 Eulachon 16EE258 female 5 185 49.35 

2016 Columbia2 Eulachon 16EE259 female 5 176 37.01 

2016 Columbia2 Eulachon 16EE260 female 3 188 48.27 

2016 Columbia2 Eulachon 16EE261 female 4 198 53.95 

2016 Columbia2 Eulachon 16EE262 female 4 189 37.38 

2016 Columbia2 Eulachon 16EE263 female 4 189 38.94 

2016 Columbia1 Eulachon 16EE1 female 3 165 29.51 

2016 Columbia2 Eulachon 16EE291 female 4 192 35.96 

2016 Columbia2 Eulachon 16EE250 female 4 190 50.53 

2016 Columbia2 Eulachon 16EE225 female 4 176 37.90 

2016 Columbia2 Eulachon 16EE251 female 5 199 38.87 

2016 Columbia2 Eulachon 16EE211 female 4 182 36.09 

2016 Columbia2 Eulachon 16EE212 female 5 168 35.27 

2016 Columbia2 Eulachon 16EE213 female 4 165 37.09 

2016 Columbia2 Eulachon 16EE214 female 5 171 40.18 

2016 Columbia2 Eulachon 16EE215 female 4 174 40.26 

2016 Columbia2 Eulachon 16EE216 female 5 188 52.67 

2016 Columbia2 Eulachon 16EE218 female 3 184 45.37 

2016 Columbia2 Eulachon 16EE219 female 5 173 37.45 

2016 Columbia2 Eulachon 16EE221 female 4 179 39.03 

2016 Columbia2 Eulachon 16EE240 female 3 190 43.64 

2016 Columbia2 Eulachon 16EE224 female 5 184 44.19 

2016 Columbia2 Eulachon 16EE209 female 5 190 46.32 

2016 Columbia2 Eulachon 16EE228 female 3 203 54.10 

2016 Columbia2 Eulachon 16EE229 female 5 194 46.34 

2016 Columbia2 Eulachon 16EE230 female 4 175 39.81 

2016 Columbia2 Eulachon 16EE231 female 5 185 44.89 

2016 Columbia2 Eulachon 16EE232 female 5 175 37.35 

2016 Columbia2 Eulachon 16EE233 female 3 170 32.37 

2016 Columbia2 Eulachon 16EE234 female 4 190 43.12 

2016 Columbia2 Eulachon 16EE235 female 5 205 55.25 

2016 Columbia2 Eulachon 16EE236 female 
 

180 42.75 

2016 Columbia2 Eulachon 16EE237 female 4 190 45.80 

2016 Columbia2 Eulachon 16EE222 female 3 168 37.29 

2016 Columbia2 Eulachon 16EE66 female 4 164 27.31 

2016 Columbia2 Eulachon 16EE80 female 3 172 36.80 

2016 Columbia1 Eulachon 16EE48 female 4 190 45.41 

2016 Columbia1 Eulachon 16EE49 female 4 201 53.65 

2016 Columbia1 Eulachon 16EE50 female 4 178 37.71 

2016 Columbia1 Eulachon 16EE51 female 3 183 43.00 

2016 Columbia1 Eulachon 16EE52 female 3 174 36.64 

2016 Columbia1 Eulachon 16EE53 female 5 187 42.25 

2016 Columbia1 Eulachon 16EE54 female 5 171 32.70 

2016 Columbia1 Eulachon 16EE55 female 
 

172 34.43 

2016 Columbia1 Eulachon 16EE56 female 5 184 41.93 

2016 Columbia1 Eulachon 16EE46 female 4 165 30.02 
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Table E8. 2016 Female Cont.    
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2016 Columbia2 Eulachon 16EE65 female 5 196 55.32 

2016 Columbia1 Eulachon 16EE45 female 4 176 33.13 

2016 Columbia2 Eulachon 16EE67 female 4 172 34.02 

2016 Columbia2 Eulachon 16EE68 female 5 180 41.72 

2016 Columbia2 Eulachon 16EE69 female 
 

196 58.82 

2016 Columbia2 Eulachon 16EE70 female 5 177 40.54 

2016 Columbia2 Eulachon 16EE71 female 3 177 36.08 

2016 Columbia2 Eulachon 16EE72 female 5 176 36.78 

2016 Columbia2 Eulachon 16EE73 female 4 179 37.62 

2016 Columbia2 Eulachon 16EE74 female 4 207 56.41 

2016 Columbia2 Eulachon 16EE75 female 3 181 41.93 

2016 Columbia2 Eulachon 16EE79 female 4 181 46.26 

2016 Columbia1 Eulachon 16EE57 female 4 176 41.02 

2016 Columbia1 Eulachon 16EE26 female 4 186 42.20 

2016 Columbia1 Eulachon 16EE3 female 3 155 27.78 

2016 Columbia1 Eulachon 16EE6 female 5 170 33.15 

2016 Columbia2 Eulachon 16EE253 female 4 192 49.58 

2016 Columbia2 Eulachon 16EE142 female 4 175 39.05 

2016 Columbia1 Eulachon 16EE8 female 3 174 36.56 

2016 Columbia1 Eulachon 16EE10 female 4 195 52.20 

2016 Columbia1 Eulachon 16EE12 female 5 161 29.64 

2016 Columbia1 Eulachon 16EE14 female 4 171 33.49 

2016 Columbia1 Eulachon 16EE15 female 5 155 27.26 

2016 Columbia1 Eulachon 16EE17 female 6 168 31.66 

2016 Columbia1 Eulachon 16EE47 female 4 182 36.35 

2016 Columbia1 Eulachon 16EE24 female 5 170 31.17 

2016 Columbia1 Eulachon 16EE18 female 3 185 36.45 

2016 Columbia1 Eulachon 16EE27 female 5 164 32.23 

2016 Columbia1 Eulachon 16EE28 female 5 185 36.61 

2016 Columbia1 Eulachon 16EE29 female 6 175 32.28 

2016 Columbia1 Eulachon 16EE30 female 
 

171 30.68 

2016 Columbia1 Eulachon 16EE31 female 4 169 32.68 

2016 Columbia1 Eulachon 16EE40 female 5 185 39.47 

2016 Columbia1 Eulachon 16EE41 female 4 190 46.74 

2016 Columbia1 Eulachon 16EE42 female 3 155 28.01 

2016 Columbia1 Eulachon 16EE43 female 3 197 47.01 

2016 Columbia1 Eulachon 16EE44 female 4 165 32.70 

2016 Columbia1 Eulachon 16EE23 female 5 195 46.71 

2016 Columbia2 Eulachon 16EE124 female 5 195 47.60 

2016 Columbia2 Eulachon 16EE112 female 4 175 40.44 

2016 Columbia2 Eulachon 16EE113 female 4 183 45.35 

2016 Columbia2 Eulachon 16EE115 female 4 185 46.72 

2016 Columbia2 Eulachon 16EE116 female 4 166 34.04 

2016 Columbia2 Eulachon 16EE117 female 4 178 34.97 

2016 Columbia2 Eulachon 16EE118 female 4 175 32.17 

2016 Columbia2 Eulachon 16EE119 female 4 185 48.38 
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Table E8. 2016 Female Cont. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2016 Columbia2 Eulachon 16EE120 female 4 165 32.66 

2016 Columbia2 Eulachon 16EE121 female 5 195 45.03 

2016 Columbia2 Eulachon 16EE122 female 5 173 38.60 

2016 Columbia2 Eulachon 16EE111 female 3 178 40.00 

2016 Columbia2 Eulachon 16EE141 female 4 185 44.59 

2016 Columbia2 Eulachon 16EE127 female 3 187 46.32 

2016 Columbia2 Eulachon 16EE125 female 4 180 44.80 

2016 Columbia2 Eulachon 16EE140 female 5 195 51.65 

2016 Columbia2 Eulachon 16EE128 female 5 175 41.54 

2016 Columbia2 Eulachon 16EE129 female 3 169 35.30 

2016 Columbia2 Eulachon 16EE131 female 5 178 43.63 

2016 Columbia2 Eulachon 16EE132 female 4 168 37.59 

2016 Columbia2 Eulachon 16EE136 female 3 180 40.24 

2016 Columbia2 Eulachon 16EE81 female 4 159 32.84 

2016 Columbia1 Eulachon 16EE16 female 6 188 50.53 

2016 Columbia2 Eulachon 16EE137 female 
 

187 45.82 

2016 Columbia2 Eulachon 16EE138 female 4 170 36.68 

2016 Columbia2 Eulachon 16EE123 female 4 184 44.79 

2016 Columbia2 Eulachon 16EE92 female 
 

176 36.17 

2016 Columbia2 Eulachon 16EE84 female 5 168 33.72 

2016 Columbia2 Eulachon 16EE110 female 3 180 38.55 

2016 Columbia2 Eulachon 16EE86 female 4 160 27.34 

2016 Columbia2 Eulachon 16EE87 female 4 156 26.63 

2016 Columbia2 Eulachon 16EE89 female 3 185 43.07 

2016 Columbia2 Eulachon 16EE85 female 4 172 38.31 

2016 Columbia2 Eulachon 16EE90 female 4 190 48.79 

2016 Columbia2 Eulachon 16EE93 female 4 197 54.85 

2016 Columbia2 Eulachon 16EE94 female 5 196 54.23 

2016 Columbia2 Eulachon 16EE95 female 4 177 42.73 

2016 Columbia2 Eulachon 16EE96 female 3 188 45.17 

2016 Columbia2 Eulachon 16EE83 female 3 180 43.11 

2016 Columbia2 Eulachon 16EE103 female 5 175 38.89 

2016 Columbia2 Eulachon 16EE107 female 4 170 36.29 

2016 Columbia2 Eulachon 16EE97 female 4 176 40.25 

2016 Columbia2 Eulachon 16EE108 female 4 160 33.18 

2016 Columbia2 Eulachon 16EE106 female 3 190 52.47 

2016 Columbia2 Eulachon 16EE82 female 4 182 44.46 

2016 Columbia2 Eulachon 16EE102 female 4 194 51.17 

2016 Columbia2 Eulachon 16EE101 female 4 202 59.95 

2016 Columbia2 Eulachon 16EE109 female 5 182 42.62 

2016 Columbia2 Eulachon 16EE99 female 4 190 48.44 

2016 Columbia2 Eulachon 16EE98 female 3 168 35.22 

2016 Average     female 4.2 182 41.15 
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Table E9. 2017 Female Biological Data. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0320 Female   200 61.00 

2017 Columbia2 Eulachon 17-0321 Female 4 186 50.00 

2017 Columbia2 Eulachon 17-0327 Female 
 

185 37.00 

2017 Columbia2 Eulachon 17-0330 Female 
 

191 46.00 

2017 Columbia2 Eulachon 17-0331 Female 
 

196 60.00 

2017 Columbia2 Eulachon 17-0333 Female 3 190 43.00 

2017 Columbia2 Eulachon 17-0339 Female 
 

188 47.00 

2017 Columbia2 Eulachon 17-0319 Female 
 

175 35.00 

2017 Columbia2 Eulachon 17-0322 Female 
 

184 40.00 

2017 Columbia2 Eulachon 17-0340 Female 
 

200 57.00 

2017 Columbia2 Eulachon 17-0353 Female 4 200 60.00 

2017 Columbia2 Eulachon 17-0344 Female 
 

190 41.00 

2017 Columbia2 Eulachon 17-0346 Female  180 42.00 

2017 Columbia2 Eulachon 17-0349 Female 5 196 58.00 

2017 Columbia2 Eulachon 17-0351 Female 
 

197 55.00 

2017 Columbia2 Eulachon 17-0357 Female 4 176 48.00 

2017 Columbia1 Eulachon 17-0298 Female 
 

188 50.00 

2017 Columbia2 Eulachon 17-0354 Female 
 

188 55.00 

2017 Columbia2 Eulachon 17-0355 Female 
 

200 55.00 

2017 Columbia2 Eulachon 17-0356 Female  197 59.00 

2017 Columbia2 Eulachon 17-0341 Female 3 191 47.00 

2017 Columbia1 Eulachon 17-0291 Female 
 

205 64.00 

2017 Columbia1 Eulachon 17-0270 Female 
 

190 55.00 

2017 Columbia1 Eulachon 17-0271 Female 
 

187 40.00 

2017 Columbia1 Eulachon 17-0268 Female 
 

170 38.00 

2017 Columbia1 Eulachon 17-0267 Female 
 

175 35.00 

2017 Columbia1 Eulachon 17-0277 Female 3 185 51.00 

2017 Columbia2 Eulachon 17-0396 Female 
 

178 45.00 

2017 Columbia2 Eulachon 17-0358 Female 
 

197 59.00 

2017 Columbia1 Eulachon 17-0283 Female 
 

161 34.00 

2017 Columbia1 Eulachon 17-0286 Female 5 186 53.00 

2017 Columbia1 Eulachon 17-0301 Female 4 200 55.00 

2017 Columbia1 Eulachon 17-0289 Female 4 195 55.00 

2017 Columbia2 Eulachon 17-0318 Female 
 

187 39.00 

2017 Columbia1 Eulachon 17-0294 Female  173 34.00 

2017 Columbia1 Eulachon 17-0300 Female 
 

184 40.00 

2017 Columbia1 Eulachon 17-0278 Female 
 

182 44.00 

2017 Columbia1 Eulachon 17-0303 Female 
 

168 34.00 

2017 Columbia1 Eulachon 17-0304 Female 
 

195 59.00 

2017 Columbia1 Eulachon 17-0308 Female 
 

180 41.00 

2017 Columbia1 Eulachon 17-0309 Female 3 164 35.00 

2017 Columbia2 Eulachon 17-0311 Female  185 37.00 

2017 Columbia2 Eulachon 17-0312 Female 
 

178 43.00 

2017 Columbia2 Eulachon 17-0316 Female 
 

195 46.00 

2017 Columbia1 Eulachon 17-0287 Female 
 

205 67.00 

2017 Columbia2 Eulachon 17-0420 Female   183 48.00 
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Table E9. 2017 Female Cont. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0403 Female 
 

195 53.00 

2017 Columbia2 Eulachon 17-0404 Female 
 

177 47.00 

2017 Columbia2 Eulachon 17-0405 Female 4 188 51.00 

2017 Columbia2 Eulachon 17-0406 Female 
 

177 41.00 

2017 Columbia2 Eulachon 17-0410 Female 
 

180 43.00 

2017 Columbia2 Eulachon 17-0411 Female  170 37.00 

2017 Columbia2 Eulachon 17-0412 Female 
 

180 36.00 

2017 Columbia2 Eulachon 17-0414 Female 
 

197 65.00 

2017 Columbia2 Eulachon 17-0415 Female 
 

197 53.00 

2017 Columbia2 Eulachon 17-0393 Female 4 184 43.00 

2017 Columbia2 Eulachon 17-0417 Female 4 197 49.00 

2017 Columbia2 Eulachon 17-0399 Female 
 

181 43.00 

2017 Columbia2 Eulachon 17-0422 Female  194 63.00 

2017 Columbia1 Eulachon 17-0266 Female 
 

161 29.00 

2017 Columbia2 Eulachon 17-0142 Female 
 

188 49.00 

2017 Columbia2 Eulachon 17-0424 Female 
 

195 58.00 

2017 Columbia2 Eulachon 17-0425 Female 3 186 43.00 

2017 Columbia2 Eulachon 17-0428 Female 
 

186 42.00 

2017 Columbia2 Eulachon 17-0429 Female 
 

194 62.00 

2017 Columbia2 Eulachon 17-0430 Female 4 181 45.00 

2017 Columbia2 Eulachon 17-0431 Female 
 

190 48.00 

2017 Columbia2 Eulachon 17-0416 Female 
 

168 37.00 

2017 Columbia2 Eulachon 17-0381 Female 5 181 38.00 

2017 Columbia2 Eulachon 17-0360 Female 
 

183 47.00 

2017 Columbia2 Eulachon 17-0361 Female 3 190 46.00 

2017 Columbia2 Eulachon 17-0363 Female 
 

185 45.00 

2017 Columbia2 Eulachon 17-0365 Female 3 184 37.00 

2017 Columbia2 Eulachon 17-0367 Female 
 

165 28.00 

2017 Columbia2 Eulachon 17-0368 Female 
 

175 32.00 

2017 Columbia2 Eulachon 17-0370 Female 
 

175 33.00 

2017 Columbia2 Eulachon 17-0372 Female 
 

188 56.00 

2017 Columbia2 Eulachon 17-0374 Female 
 

179 39.00 

2017 Columbia2 Eulachon 17-0402 Female 
 

194 50.00 

2017 Columbia2 Eulachon 17-0380 Female 
 

178 39.00 

2017 Columbia2 Eulachon 17-0401 Female 3 176 38.00 

2017 Columbia2 Eulachon 17-0382 Female 
 

184 45.00 

2017 Columbia2 Eulachon 17-0384 Female 
 

190 41.00 

2017 Columbia2 Eulachon 17-0385 Female 4 184 45.00 

2017 Columbia2 Eulachon 17-0386 Female 
 

195 48.00 

2017 Columbia2 Eulachon 17-0387 Female 
 

190 51.00 

2017 Columbia2 Eulachon 17-0389 Female 4 201 43.00 

2017 Columbia2 Eulachon 17-0392 Female  179 34.00 

2017 Columbia2 Eulachon 17-0394 Female 
 

187 44.00 

2017 Columbia2 Eulachon 17-0398 Female 
 

165 32.00 

2017 Columbia2 Eulachon 17-0359 Female 
 

188 50.00 

2017 Columbia2 Eulachon 17-0375 Female   178 40.00 
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Table E9. 2017 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0129 Female 5 186 46.00 

2017 Columbia2 Eulachon 17-0143 Female 
 

203 50.00 

2017 Columbia1 Eulachon 17-0116 Female 
 

175 44.00 

2017 Columbia1 Eulachon 17-0117 Female 4 176 44.00 

2017 Columbia1 Eulachon 17-0118 Female 
 

197 57.00 

2017 Columbia1 Eulachon 17-0120 Female  187 55.00 

2017 Columbia1 Eulachon 17-0121 Female 4 179 46.00 

2017 Columbia1 Eulachon 17-0122 Female 
 

171 42.00 

2017 Columbia2 Eulachon 17-0124 Female 
 

175 36.00 

2017 Columbia2 Eulachon 17-0125 Female 3 187 49.00 

2017 Columbia1 Eulachon 17-0112 Female 
 

164 35.00 

2017 Columbia2 Eulachon 17-0128 Female 
 

177 44.00 

2017 Columbia1 Eulachon 17-0111 Female  170 36.00 

2017 Columbia2 Eulachon 17-0130 Female 
 

182 53.00 

2017 Columbia2 Eulachon 17-0131 Female 
 

190 50.00 

2017 Columbia2 Eulachon 17-0133 Female 4 173 34.00 

2017 Columbia2 Eulachon 17-0135 Female 
 

197 48.00 

2017 Columbia2 Eulachon 17-0136 Female 
 

183 44.00 

2017 Columbia2 Eulachon 17-0137 Female 3 175 38.00 

2017 Columbia2 Eulachon 17-0138 Female 
 

187 70.00 

2017 Columbia2 Eulachon 17-0139 Female  203 61.00 

2017 Columbia2 Eulachon 17-0147 Female 
 

175 37.00 

2017 Columbia2 Eulachon 17-0126 Female 
 

173 41.00 

2017 Columbia1 Eulachon 17-0084 Female 
 

175 40.00 

2017 Columbia1 Eulachon 17-0073 Female 3 180 37.00 

2017 Columbia1 Eulachon 17-0075 Female 
 

167 39.00 

2017 Columbia1 Eulachon 17-0076 Female 
 

175 41.00 

2017 Columbia1 Eulachon 17-0077 Female 5 170 35.00 

2017 Columbia2 Eulachon 17-0634 Female 
 

168 39.00 

2017 Columbia2 Eulachon 17-0432 Female 
 

192 51.00 

2017 Columbia1 Eulachon 17-0078 Female 
 

175 35.00 

2017 Columbia1 Eulachon 17-0079 Female 
 

166 32.00 

2017 Columbia1 Eulachon 17-0080 Female 
 

190 52.00 

2017 Columbia1 Eulachon 17-0115 Female 
 

184 50.00 

2017 Columbia1 Eulachon 17-0082 Female  205 56.00 

2017 Columbia2 Eulachon 17-0148 Female 
 

172 37.00 

2017 Columbia1 Eulachon 17-0086 Female 
 

190 53.00 

2017 Columbia1 Eulachon 17-0088 Female 
 

176 39.00 

2017 Columbia1 Eulachon 17-0090 Female 
 

169 37.00 

2017 Columbia1 Eulachon 17-0093 Female 4 171 38.00 

2017 Columbia1 Eulachon 17-0094 Female 
 

183 42.00 

2017 Columbia1 Eulachon 17-0100 Female 
 

184 43.00 

2017 Columbia1 Eulachon 17-0107 Female  185 50.00 

2017 Columbia1 Eulachon 17-0108 Female 
 

176 47.00 

2017 Columbia1 Eulachon 17-0109 Female 3 184 52.00 

2017 Columbia1 Eulachon 17-0081 Female 4 186 48.00 
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Table E9. 2017 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia1 Eulachon 17-0249 Female 4 172 34.00 

2017 Columbia2 Eulachon 17-0141 Female 4 182 41.00 

2017 Columbia1 Eulachon 17-0224 Female 
 

185 45.00 

2017 Columbia1 Eulachon 17-0227 Female 
 

180 32.00 

2017 Columbia1 Eulachon 17-0230 Female 
 

175 39.00 

2017 Columbia1 Eulachon 17-0233 Female 6 196 63.00 

2017 Columbia1 Eulachon 17-0234 Female 
 

189 49.00 

2017 Columbia1 Eulachon 17-0235 Female 
 

170 33.00 

2017 Columbia1 Eulachon 17-0236 Female 
 

175 37.00 

2017 Columbia1 Eulachon 17-0246 Female 
 

155 28.00 

2017 Columbia2 Eulachon 17-0209 Female 4 175 44.00 

2017 Columbia1 Eulachon 17-0248 Female 
 

190 53.00 

2017 Columbia2 Eulachon 17-0205 Female 4 201 62.00 

2017 Columbia1 Eulachon 17-0252 Female 
 

182 46.00 

2017 Columbia1 Eulachon 17-0253 Female 4 180 40.00 

2017 Columbia1 Eulachon 17-0255 Female 
 

193 55.00 

2017 Columbia1 Eulachon 17-0256 Female 
 

177 35.00 

2017 Columbia1 Eulachon 17-0257 Female 5 166 34.00 

2017 Columbia1 Eulachon 17-0258 Female 
 

190 52.00 

2017 Columbia1 Eulachon 17-0259 Female  155 26.00 

2017 Columbia1 Eulachon 17-0261 Female 4 175 51.00 

2017 Columbia1 Eulachon 17-0247 Female 
 

176 42.00 

2017 Columbia2 Eulachon 17-0177 Female 5 192 56.00 

2017 Columbia2 Eulachon 17-0150 Female 
 

163 33.00 

2017 Columbia2 Eulachon 17-0151 Female 
 

192 47.00 

2017 Columbia2 Eulachon 17-0152 Female 
 

164 31.00 

2017 Columbia2 Eulachon 17-0153 Female 4 179 38.00 

2017 Columbia2 Eulachon 17-0159 Female 
 

206 57.00 

2017 Columbia2 Eulachon 17-0162 Female 
 

180 42.00 

2017 Columbia2 Eulachon 17-0163 Female 
 

175 44.00 

2017 Columbia2 Eulachon 17-0167 Female 
 

204 64.00 

2017 Columbia2 Eulachon 17-0168 Female 
 

196 63.00 

2017 Columbia2 Eulachon 17-0212 Female 
 

200 60.00 

2017 Columbia2 Eulachon 17-0175 Female 
 

205 55.00 

2017 Columbia1 Eulachon 17-0264 Female  180 33.00 

2017 Columbia2 Eulachon 17-0178 Female 
 

170 35.00 

2017 Columbia2 Eulachon 17-0182 Female 
 

166 28.00 

2017 Columbia2 Eulachon 17-0184 Female 
 

206 63.00 

2017 Columbia2 Eulachon 17-0191 Female 
 

177 40.00 

2017 Columbia2 Eulachon 17-0192 Female 
 

176 38.00 

2017 Columbia2 Eulachon 17-0193 Female 4 173 40.00 

2017 Columbia2 Eulachon 17-0195 Female  175 39.00 

2017 Columbia2 Eulachon 17-0196 Female 
 

196 58.00 

2017 Columbia2 Eulachon 17-0200 Female 
 

180 43.00 

2017 Columbia2 Eulachon 17-0173 Female 4 173 42.00 
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Table E9. 2017 Female Cont. 
Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0795 Female 
 

192 48.00 

2017 Columbia2 Eulachon 17-0805 Female 3 175 33.00 

2017 Columbia2 Eulachon 17-0677 Female 4 171 36.00 

2017 Columbia2 Eulachon 17-0689 Female 3 180 43.00 

2017 Columbia2 Eulachon 17-0690 Female 
 

164 31.00 

2017 Columbia2 Eulachon 17-0703 Female  181 40.00 

2017 Columbia2 Eulachon 17-0704 Female 
 

175 35.00 

2017 Columbia2 Eulachon 17-0705 Female 5 155 28.00 

2017 Columbia2 Eulachon 17-0791 Female 
 

168 32.00 

2017 Columbia2 Eulachon 17-0792 Female 
 

176 36.00 

2017 Columbia2 Eulachon 17-0675 Female 
 

165 32.00 

2017 Columbia2 Eulachon 17-0794 Female 
 

186 48.00 

2017 Columbia2 Eulachon 17-0674 Female  192 43.00 

2017 Columbia2 Eulachon 17-0796 Female 
 

176 45.00 

2017 Columbia2 Eulachon 17-0797 Female 3 175 38.00 

2017 Columbia2 Eulachon 17-0798 Female 
 

197 70.00 

2017 Columbia2 Eulachon 17-0799 Female 
 

175 36.00 

2017 Columbia2 Eulachon 17-0800 Female 
 

195 53.00 

2017 Columbia2 Eulachon 17-0801 Female 3 175 39.00 

2017 Columbia2 Eulachon 17-0802 Female  180 47.00 

2017 Columbia2 Eulachon 17-0803 Female 
 

204 53.00 

2017 Columbia2 Eulachon 17-0600 Female 
 

190 43.00 

2017 Columbia2 Eulachon 17-0793 Female 5 200 52.00 

2017 Columbia2 Eulachon 17-0657 Female 4 187 51.00 

2017 Columbia2 Eulachon 17-0628 Female 
 

160 35.00 

2017 Columbia2 Eulachon 17-0606 Female 
 

180 44.00 

2017 Columbia2 Eulachon 17-0607 Female  167 34.00 

2017 Columbia2 Eulachon 17-0609 Female 4 170 41.00 

2017 Columbia2 Eulachon 17-0624 Female 
 

195 55.00 

2017 Columbia2 Eulachon 17-0633 Female 6 205 60.00 

2017 Columbia2 Eulachon 17-0641 Female 5 174 41.00 

2017 Columbia2 Eulachon 17-0646 Female 
 

175 40.00 

2017 Columbia2 Eulachon 17-0650 Female 
 

164 31.00 

2017 Columbia2 Eulachon 17-0676 Female 
 

192 54.00 

2017 Columbia2 Eulachon 17-0652 Female  192 51.00 

2017 Columbia2 Eulachon 17-0806 Female 
 

167 32.00 

2017 Columbia2 Eulachon 17-0658 Female 
 

190 52.00 

2017 Columbia2 Eulachon 17-0662 Female 
 

161 33.00 

2017 Columbia2 Eulachon 17-0663 Female 
 

190 50.00 

2017 Columbia2 Eulachon 17-0664 Female 
 

166 36.00 

2017 Columbia2 Eulachon 17-0665 Female 3 175 37.00 

2017 Columbia2 Eulachon 17-0669 Female 3 162 27.00 

2017 Columbia2 Eulachon 17-0671 Female 
 

167 38.00 

2017 Columbia2 Eulachon 17-0672 Female 
 

172 32.00 

2017 Columbia2 Eulachon 17-0673 Female 6 170 36.00 

2017 Columbia2 Eulachon 17-0651 Female   196 59.00 
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Table E9. 2017 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0032 Female 
 

175 34.00 

2017 Columbia2 Eulachon 17-0804 Female 
 

162 33.00 

2017 Columbia1 Eulachon 17-0061 Female 3 184 47.00 

2017 Columbia1 Eulachon 17-0060 Female 
 

168 38.00 

2017 Columbia1 Eulachon 17-0056 Female 
 

182 52.00 

2017 Columbia1 Eulachon 17-0054 Female  162 32.00 

2017 Columbia2 Eulachon 17-0051 Female 
 

185 41.00 

2017 Columbia2 Eulachon 17-0045 Female 3 173 36.00 

2017 Columbia2 Eulachon 17-0042 Female 
 

179 32.00 

2017 Columbia2 Eulachon 17-0040 Female 
 

187 45.00 

2017 Columbia1 Eulachon 17-0064 Female 
 

180 44.00 

2017 Columbia2 Eulachon 17-0033 Female 4 180 41.00 

2017 Columbia1 Eulachon 17-0066 Female  180 46.00 

2017 Columbia2 Eulachon 17-0029 Female 
 

162 30.00 

2017 Columbia2 Eulachon 17-0027 Female 
 

178 35.00 

2017 Columbia2 Eulachon 17-0026 Female 
 

187 41.00 

2017 Columbia2 Eulachon 17-0022 Female 
 

176 34.00 

2017 Columbia2 Eulachon 17-0003 Female 
 

179 37.00 

2017 Columbia2 Eulachon 17-0002 Female 
 

186 51.00 

2017 Columbia1 Eulachon 17-0072 Female  192 55.00 

2017 Columbia2 Eulachon 17-0822 Female 
 

173 41.00 

2017 Columbia2 Eulachon 17-0036 Female 
 

185 37.00 

2017 Columbia2 Eulachon 17-0818 Female 
 

180 34.00 

2017 Columbia2 Eulachon 17-0807 Female 
 

173 39.00 

2017 Columbia2 Eulachon 17-0808 Female 
 

165 30.00 

2017 Columbia2 Eulachon 17-0809 Female 4 164 36.00 

2017 Columbia2 Eulachon 17-0810 Female  175 46.00 

2017 Columbia2 Eulachon 17-0811 Female 
 

182 38.00 

2017 Columbia2 Eulachon 17-0812 Female 
 

173 48.00 

2017 Columbia2 Eulachon 17-0813 Female 4 172 43.00 

2017 Columbia2 Eulachon 17-0814 Female 
 

181 42.00 

2017 Columbia2 Eulachon 17-0815 Female 
 

170 34.00 

2017 Columbia1 Eulachon 17-0062 Female 
 

190 63.00 

2017 Columbia2 Eulachon 17-0817 Female 3 170 35.00 

2017 Columbia2 Eulachon 17-0599 Female  190 43.00 

2017 Columbia2 Eulachon 17-0819 Female 
 

174 50.00 

2017 Columbia2 Eulachon 17-0820 Female 
 

185 33.00 

2017 Columbia2 Eulachon 17-0821 Female 4 155 30.00 

2017 Columbia2 Eulachon 17-0827 Female 
 

188 61.00 

2017 Columbia1 Eulachon 17-0071 Female 
 

195 50.00 

2017 Columbia1 Eulachon 17-0070 Female 
 

190 52.00 

2017 Columbia1 Eulachon 17-0069 Female 3 204 55.00 

2017 Columbia1 Eulachon 17-0068 Female 
 

175 39.00 

2017 Columbia1 Eulachon 17-0067 Female 
 

187 48.00 

2017 Columbia2 Eulachon 17-0816 Female   154 25.00 
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Table E9. 2017 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0498 Female 
 

175 41.00 

2017 Columbia2 Eulachon 17-0521 Female 5 190 55.00 

2017 Columbia2 Eulachon 17-0482 Female 
 

191 47.00 

2017 Columbia2 Eulachon 17-0485 Female 4 189 36.00 

2017 Columbia2 Eulachon 17-0486 Female 
 

180 40.00 

2017 Columbia2 Eulachon 17-0487 Female  190 53.00 

2017 Columbia2 Eulachon 17-0488 Female 
 

185 56.00 

2017 Columbia2 Eulachon 17-0489 Female 4 200 54.00 

2017 Columbia2 Eulachon 17-0491 Female 
 

176 37.00 

2017 Columbia2 Eulachon 17-0492 Female 
 

180 46.00 

2017 Columbia2 Eulachon 17-0480 Female 
 

205 54.00 

2017 Columbia2 Eulachon 17-0496 Female 
 

179 48.00 

2017 Columbia2 Eulachon 17-0479 Female  175 32.00 

2017 Columbia2 Eulachon 17-0499 Female 
 

191 42.00 

2017 Columbia2 Eulachon 17-0505 Female 3 190 44.00 

2017 Columbia2 Eulachon 17-0510 Female 
 

170 33.00 

2017 Columbia2 Eulachon 17-0512 Female 
 

180 43.00 

2017 Columbia2 Eulachon 17-0513 Female 3 176 38.00 

2017 Columbia2 Eulachon 17-0515 Female 
 

185 45.00 

2017 Columbia2 Eulachon 17-0516 Female 
 

175 41.00 

2017 Columbia2 Eulachon 17-0519 Female  178 34.00 

2017 Columbia2 Eulachon 17-0602 Female 
 

180 38.00 

2017 Columbia2 Eulachon 17-0493 Female 4 190 49.00 

2017 Columbia2 Eulachon 17-0458 Female 
 

186 42.00 

2017 Columbia2 Eulachon 17-0436 Female 
 

194 54.00 

2017 Columbia2 Eulachon 17-0439 Female 
 

185 42.00 

2017 Columbia2 Eulachon 17-0441 Female 4 179 35.00 

2017 Columbia2 Eulachon 17-0442 Female  187 38.00 

2017 Columbia2 Eulachon 17-0443 Female 
 

193 55.00 

2017 Columbia2 Eulachon 17-0444 Female 
 

197 58.00 

2017 Columbia2 Eulachon 17-0446 Female 
 

207 66.00 

2017 Columbia2 Eulachon 17-0449 Female 3 176 40.00 

2017 Columbia2 Eulachon 17-0450 Female 
 

192 51.00 

2017 Columbia2 Eulachon 17-0481 Female 3 177 41.00 

2017 Columbia2 Eulachon 17-0453 Female 4 188 52.00 

2017 Columbia2 Eulachon 17-0524 Female 
 

190 45.00 

2017 Columbia2 Eulachon 17-0459 Female 
 

200 54.00 

2017 Columbia2 Eulachon 17-0460 Female 
 

190 40.00 

2017 Columbia2 Eulachon 17-0465 Female 4 182 40.00 

2017 Columbia2 Eulachon 17-0466 Female 
 

175 38.00 

2017 Columbia2 Eulachon 17-0467 Female 
 

188 49.00 

2017 Columbia2 Eulachon 17-0468 Female 
 

179 37.00 

2017 Columbia2 Eulachon 17-0471 Female  182 46.00 

2017 Columbia2 Eulachon 17-0473 Female 4 189 49.00 

2017 Columbia2 Eulachon 17-0478 Female 
 

170 37.00 

2017 Columbia2 Eulachon 17-0452 Female   182 42.00 
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Table E9. 2017 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2017 Columbia2 Eulachon 17-0588 Female 
 

185 43.00 

2017 Columbia2 Eulachon 17-0520 Female 
 

195 50.00 

2017 Columbia2 Eulachon 17-0560 Female 
 

197 56.00 

2017 Columbia2 Eulachon 17-0561 Female 3 225 95.00 

2017 Columbia2 Eulachon 17-0562 Female  185 45.00 

2017 Columbia2 Eulachon 17-0566 Female 
 

195 59.00 

2017 Columbia2 Eulachon 17-0569 Female 5 181 40.00 

2017 Columbia2 Eulachon 17-0572 Female 
 

188 43.00 

2017 Columbia2 Eulachon 17-0573 Female 4 180 46.00 

2017 Columbia2 Eulachon 17-0574 Female  175 39.00 

2017 Columbia2 Eulachon 17-0558 Female  190 46.00 

2017 Columbia2 Eulachon 17-0587 Female 
 

175 38.00 

2017 Columbia2 Eulachon 17-0557 Female 3 181 44.00 

2017 Columbia2 Eulachon 17-0589 Female 5 196 54.00 

2017 Columbia2 Eulachon 17-0591 Female 
 

175 32.00 

2017 Columbia2 Eulachon 17-0592 Female  180 36.00 

2017 Columbia2 Eulachon 17-0593 Female 4 177 40.00 

2017 Columbia2 Eulachon 17-0594 Female 
 

178 35.00 

2017 Columbia2 Eulachon 17-0595 Female 
 

179 42.00 

2017 Columbia2 Eulachon 17-0596 Female 
 

175 33.00 

2017 Columbia2 Eulachon 17-0597 Female 3 171 31.00 

2017 Columbia2 Eulachon 17-0598 Female  186 46.00 

2017 Columbia2 Eulachon 17-0586 Female  163 29.00 

2017 Columbia2 Eulachon 17-0541 Female 3 180 43.00 

2017 Columbia2 Eulachon 17-0525 Female 4 190 46.00 

2017 Columbia2 Eulachon 17-0526 Female 
 

175 38.00 

2017 Columbia2 Eulachon 17-0528 Female 
 

176 37.00 

2017 Columbia2 Eulachon 17-0529 Female 5 179 45.00 

2017 Columbia2 Eulachon 17-0532 Female  196 52.00 

2017 Columbia2 Eulachon 17-0533 Female 5 165 33.00 

2017 Columbia2 Eulachon 17-0534 Female 
 

183 45.00 

2017 Columbia2 Eulachon 17-0535 Female 
 

190 50.00 

2017 Columbia2 Eulachon 17-0559 Female 
 

177 43.00 

2017 Columbia2 Eulachon 17-0540 Female  170 34.00 

2017 Columbia2 Eulachon 17-0434 Female  192 51.00 

2017 Columbia2 Eulachon 17-0542 Female 
 

181 43.00 

2017 Columbia2 Eulachon 17-0545 Female 4 163 30.00 

2017 Columbia2 Eulachon 17-0547 Female 
 

190 58.00 

2017 Columbia2 Eulachon 17-0548 Female 
 

177 41.00 

2017 Columbia2 Eulachon 17-0549 Female 4 173 36.00 

2017 Columbia2 Eulachon 17-0550 Female  195 56.00 

2017 Columbia2 Eulachon 17-0551 Female 
 

200 61.00 

2017 Columbia2 Eulachon 17-0552 Female 
 

164 32.00 

2017 Columbia2 Eulachon 17-0553 Female 4 209 72.00 

2017 Columbia2 Eulachon 17-0555 Female 
 

182 41.00 

2017 Columbia2 Eulachon 17-0537 Female 3 215 72.00 

2017 Average     Female 3.9 182 44.31 
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Table E10. 2018 Female Biological Data. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2018 Columbia2 Eulachon 18-005 Female 4 170 39.85 

2018 Columbia2 Eulachon 18-007 Female 5 190 48.11 

2018 Columbia2 Eulachon 18-008 Female 4 195 51.43 

2018 Columbia2 Eulachon 18-012 Female 3 190 44.75 

2018 Columbia2 Eulachon 18-015 Female 4 212 75.37 

2018 Columbia2 Eulachon 18-016 Female 4 192 49.97 

2018 Columbia2 Eulachon 18-017 Female 5 205 67.76 

2018 Columbia2 Eulachon 18-018 Female 4 187 43.61 

2018 Columbia2 Eulachon 18-019 Female 4 196 52.06 

2018 Columbia2 Eulachon 18-021 Female 2 171 35.04 

2018 Columbia2 Eulachon 18-022 Female 2 166 33.69 

2018 Columbia2 Eulachon 18-026 Female 2 166 31.82 

2018 Columbia2 Eulachon 18-027 Female 4 186 51.28 

2018 Columbia2 Eulachon 18-028 Female 5 184 57.03 

2018 Columbia2 Eulachon 18-031 Female 2 170 42.06 

2018 Columbia2 Eulachon 18-036 Female 5 182 50.94 

2018 Columbia2 Eulachon 18-039 Female 6 185 55.41 

2018 Columbia2 Eulachon 18-040 Female 3 184 37.01 

2018 Columbia2 Eulachon 18-042 Female 2 176 43.98 

2018 Columbia2 Eulachon 18-054 Female 2 173 36.40 

2018 Columbia2 Eulachon 18-055 Female 3 175 37.67 

2018 Columbia2 Eulachon 18-056 Female 2 171 35.34 

2018 Columbia2 Eulachon 18-058 Female 3 175 36.55 

2018 Columbia2 Eulachon 18-059 Female 4 178 40.20 

2018 Columbia2 Eulachon 18-065 Female 3 189 37.41 

2018 Columbia2 Eulachon 18-067 Female 4 196 50.10 

2018 Columbia2 Eulachon 18-071 Female 4 170 35.89 

2018 Columbia2 Eulachon 18-077 Female 3 173 35.38 

2018 Columbia2 Eulachon 18-080 Female 2 168 30.05 

2018 Columbia2 Eulachon 18-081 Female 3 180 41.28 

2018 Columbia2 Eulachon 18-084 Female 2 180 40.91 

2018 Columbia2 Eulachon 18-088 Female 2 191 41.97 

2018 Columbia2 Eulachon 18-090 Female 2 175 38.56 

2018 Columbia2 Eulachon 18-096 Female 2 178 47.82 

2018 Columbia2 Eulachon 18-097 Female 2 175 44.11 

2018 Columbia2 Eulachon 18-098 Female 2 180 49.49 

2018 Columbia2 Eulachon 18-099 Female 3 187 50.61 

2018 Columbia2 Eulachon 18-100 Female 2 170 44.08 

2018 Columbia2 Eulachon 18-101 Female 2 175 47.47 

2018 Columbia2 Eulachon 18-102 Female 2 170 41.09 

2018 Columbia2 Eulachon 18-103 Female 2 170 43.94 

2018 Columbia2 Eulachon 18-104 Female 3 177 48.96 

2018 Columbia2 Eulachon 18-105 Female 3 173 46.11 

2018 Columbia2 Eulachon 18-106 Female 4 170 37.41 

2018 Columbia2 Eulachon 18-107 Female 4 175 47.06 

2018 Columbia2 Eulachon 18-108 Female 2 178 39.72 

2018 Columbia2 Eulachon 18-109 Female 4 172 41.60 
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Table E10. 2018 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2018 Columbia2 Eulachon 18-110 Female 2 172 37.35 

2018 Columbia2 Eulachon 18-111 Female 2 173 33.36 

2018 Columbia2 Eulachon 18-113 Female 
 

176 50.81 

2018 Columbia2 Eulachon 18-115 Female   168 35.14 

2018 Average     Female 3.1 179 43.82 

 

Table E11. 2013 Cowlitz Male Biological Data. 

Year  Site Sex Age Fork Length Weight 

2013  NA Male 2 172 36.37 

2013  NA Male 3 189 47.25 

2013  NA Male 2 172 35.94 

2013  NA Male 3 183 41.44 

2013  NA Male 2 178 35.70 

2013  NA Male 2 157 25.62 

2013  NA Male 2 175 42.09 

2013  NA Male 2 181 41.77 

2013  NA Male 3 186 50.58 

2013  NA Male 5 179 40.84 

2013  NA Male 2 188 51.01 

2013  NA Male 3 188 52.25 

2013  NA Male 2 170 34.45 

2013  NA Male 2 189 49.89 

2013  NA Male 3 180 41.01 

2013  NA Male 3 164 30.84 

2013  NA Male 2 169 38.88 

2013  NA Male 4 173 36.66 

2013  NA Male 3 189 46.60 

2013  NA Male 3 178 48.73 

2013  NA Male 2 184 44.99 

2013  NA Male 2 165 39.60 

2013  NA Male 3 191 53.71 

2013  NA Male 3 169 37.93 

2013  NA Male   152 27.51 

2013 Average    Male 2.6 176.8 41.3 
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Table E12. 2013 Cowlitz Female Biological Data. 

Year Sample Site Species Fish Number Sex Age Fork_Length Weight 

2013 NA Eulachon 12Cow1-1 Female 3 195 47.53 

2013 NA Eulachon 12Cow1-2 Female 
 

191 51.42 

2013 NA Eulachon 12Cow1-3 Female 2 201 53.80 

2013 NA Eulachon 12Cow1-4 Female 3 187 57.67 

2013 NA Eulachon 12Cow1-5 Female 
 

195 63.30 

2013 NA Eulachon 12Cow1-6 Female 3 201 63.24 

2013 NA Eulachon 12Cow1-7 Female 4 190 58.65 

2013 NA Eulachon 12Cow1-8 Female 4 211 85.70 

2013 NA Eulachon 12Cow2-1 Female 3 200 59.79 

2013 NA Eulachon 12Cow2-2 Female 4 215 82.40 

2013 NA Eulachon 12Cow2-3 Female 4 215 65.59 

2013 NA Eulachon 12Cow2-4 Female 2 188 55.39 

2013 NA Eulachon 12 Cow2-5 Female 4 205 60.58 

2013 NA Eulachon 12Cow2-6 Female 2 181 49.33 

2013 NA Eulachon 12Cow2-7 Female 4 214 79.90 

2013 NA Eulachon 12Cow2-8 Female 3 185 48.88 

2013 NA Eulachon 12Cow2-9 Female 2 190 54.35 

2013 NA Eulachon 12Cow2-10 Female 3 174 34.25 

2013 NA Eulachon 12Cow2-11 Female 4 197 48.25 

2013 NA Eulachon 12Cow2-12 Female 4 200 57.42 

2013 NA Eulachon 1 Female 
 

189 52.03 

2013 NA Eulachon 2 Female 
 

210 74.24 

2013 NA Eulachon 4 Female 
 

220 92.4 

2013 NA Eulachon 15 Female 
 

225 100.86 

2013 NA Eulachon 17 Female 
 

207 77.61 

2013 NA Eulachon 31 Female 
 

207 71.68 

2013 NA Eulachon 32 Female  150 22.85 

2013 NA Eulachon 33 Female 
 

164 37.7 

2013 NA Eulachon 35 Female 
 

170 41.003 

2013 NA Eulachon 36 Female 
 

184 53.99 

2013 NA Eulachon 37 Female 
 

207 67.52 

2013 NA Eulachon 38 Female 
 

160 33.81 

2013 NA Eulachon 39 Female 
 

168 31.54 

2013 NA Eulachon 40 Female 3 185 51.21 

2013 NA Eulachon 41 Female 4 172 36.47 

2013 NA Eulachon 42 Female 2 174 39.23 

2013 NA Eulachon 43 Female 
 

170 33.22 

2013 NA Eulachon 45 Female 
 

175 37.3 

2013 NA Eulachon 46 Female 
 

170 39.22 

2013 NA Eulachon 47 Female 2 165 28.3 

2013 NA Eulachon 48 Female 
 

202 64.72 

2013 NA Eulachon 49 Female 2 155 25.28 

2013 NA Eulachon 50 Female 3 151 25.12 

2013 NA Eulachon 51 Female 2 172 30.31 

2013 NA Eulachon 52 Female 
 

168 31.85 

2013 NA Eulachon 53 Female 2 168 37.19 
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Table E12. 2013 Female Cont. 

Year Sample Site Species Fish Number Sex Age Fork Length Weight 

2013 NA Eulachon 54 Female 2 161 33.77 

2013 NA Eulachon 60 Female 3 152 22.31 

2013 NA Eulachon 61 Female 3 159 26.39 

2013 NA Eulachon 62 Female 3 177 30.95 

2013 Average     Female 3.0 185.4 50.6 

 

Table E13. Maturation Index.  

Rating                             Maturation Index 

 
0  Under-developed eggs, but potentially a current year spawner.     

1  Tight skein, connective tissue present, ovary membrane thick. Turbidity   
   

 may be high.          

2  Slight reduction in all the above.        

3 
 

Decreased membrane thickness, skeins less tight (ie. Eggs attaching to instruments 
or finger). 

4  Continued reduction in membrane thickness; increase in loosening      
 of skein.           

5  Spawn-ready-eggs loose, membrane very thin, but mostly intact.     

6  Spawning in progress.         

7  Spawn-out. Ovary bloody/flaccid, but eggs (both developed and     

   oocytes) may still remain.         

            

 

Table E14.  Cowlitz River Eulachon total egg count vs. partial egg count summary (fyke net collections, 2012). 

Percent 

count 

Fish 

fork 

length 

(mm)  

Fish 

weight 

(gm) 

Gonad weight (gm) Actual egg 

count 

Total 

Count 

Predicted 

Total 

count 

Actual 

Percent error 

between 

predicted and 

actual 

1% 174 34.25 2.9 0.03 101 9,841 7,032 39.90% 

1% 205 60.58 10.2 0.11 262 23,991 36,865 -34.90% 

5% 190 54.35 13.6 0.73 2,155 40,593 42,126 -3.60% 

10% 185 48.88 11.7 1.14 2,705 28,948 30,305 -4.50% 

20% 215 82.4 19.7 3.94 11,920 59,487 59,848 -0.60% 
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Table E15. The 2012 Tangle Tooth net Bycatch, Adult Eulachon fecundity data with 5% egg counts. 

Fish number Gonad Subsample Total Gonad  fecundity 

12TN03 0.510 10.41  35,343 

12TN12 0.829 16.48  55,939 

12TN11 0.571 11.89  37,586 

12TN09 1.490 20.52  48,560 

12TN02 0.764 15.15  50,274 

12TN01 1.730 20.96 
 

70,277 

Average 0.982 15.90 
 

49,663 

 
Table E16. 2013 Adult Eulachon fecundity data with 5% egg counts. 

Fish Number Gonad Subsample Total Gonad (gm) fecundity 

2 0.501 10.99 45,010 

3 0.396 7.67 30,639 

4 0.338 6.43 26,723 

6 0.478 0.00 36,277 

8 0.788 9.36 46,087 

10 0.271  21,962 

12 0.461 15.46 33,745 

15 0.728 
 

32,637 

16 0.404 5.30 27,666 

18 0.544 1.85 36,405 

20 0.417 9.21 29,840 

50 0.329 2.70 27,071 

56 0.470 1.76 34,451 

58 0.262 9.80 27,940 

59 
 

8.10 26,722 

60 0.368 1.82 29,866 

61 0.362 10.32 28,745 

67 0.500 1.73 35,120 

107 0.602 7.83 36,498 

108 0.502 1.23 27,448 

112 0.550 2.62 34,860 

116 0.540 2.39 34,569 

117 0.512 2.93 31,338 

120 0.432 7.12 24,917 

169 0.305 2.08 22,911 

235 0.55 
 

34,860 

236 0.432 10.74 24,917 

237 0.602 6.31 36,498 

238 0.502 3.22 27,448 

239 0.512 3.18 31,338 

240 0.54 2.16 34,569 

2013 Average 0.473 5.51 31,583 
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Table E17. 2015 Adult Eulachon fecundity data with 5% egg counts. 

Fish Number Gonad Subsample Total Gonad fecundity 

15CF1C012 0.423 8.58 32,069 

15CB1A023 0.411 8.94 33,164 

15CF1B018 0.247 5.50 16,581 

15CF1B022 0.483 5.69 14,893 

15CF1B046 0.369 7.43 31,259 

15CF1B066 0.376 7.51 29,816 

15CF1C006 0.596 11.80 44,947 

15CF1C007 0.426 7.33 33,238 

15CB1A022 0.472 9.32 35,218 

15CF1C011 0.427 8.16 22,937 

15CB1A009 
 

11.14   

15CF1C017 0.476 9.24 22,623 

15CF1C010 0.377 7.98 31,568 

15CB1A017 0.529 10.69 35,998 

15CB1A015 0.314 6.27 28,754 

15CF1C032 
 

5.80   

15CB1A010 0.459 9.16 34,665 

15CF1C003 0.571 11.47 33,285 

15CB1A008 0.425 8.54 31,195 

15CB1A007 0.501 9.83 36,734 

15CB1A005 0.382 7.59 25,512 

15CB1A004 0.441 8.72 33,259 

15CB1A003 0.329 6.63 22,446 

15CB1A002 0.537 10.64 34,753 

15CB1A001 0.218 4.35 21,950 

15CB1A014 0.710 9.33 26,273 

15CF1B057 0.361 7.44 26,847 

Average 0.435 8.39 28,608 
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Table E18. 2016 Adult Eulachon fecundity data with 5% egg counts. 

Fish 

Number 

Gonad 

Subsample 

Total 

Gonad 

(gm) fecundity   

Fish 

Number 

Gonad 

Subsample 

Total 

Gonad 

(gm) fecundity 

16EE187 0.637 12.67 46,957 
 

16EE209 0.465 9.43 38,551 

16EE107 0.364 7.28 28,424 
 

16EE261 0.541 10.81 41,949 

16EE108 0.314 6.23 22,184 
 

16EE66 0.276 5.29 20,397 

16EE113 0.440 8.69 39,462 
 

16EE56 0.446 8.96 33,758 

16EE119 0.520 10.26 41,922 
 

16EE55 0.244 4.86 18,318 

16EE120 0.410 8.11 29,844 
 

16EE45 0.191 3.88 20,882 

16EE121 0.473 9.38 37,643 
 

16EE30 0.274 5.43 23,721 

16EE122 0.410 8.11 29,844 
 

16EE28 0.349 6.73 29,416 

16EE125 0.473 9.38 37,643 
 

16EE27 0.278 5.60 22,360 

16EE128 0.570 10.21 38,913 
 

16EE23 0.471 9.46 38,029 

16EE140 0.638 12.97 48,600 
 

16EE17 0.297 5.93 22,837 

16EE146 0.212 4.18 17,606 
 

16EE16 0.378 7.76 42,059 

16EE102 0.472 9.42 4,328 
 

16EE15 0.229 4.63 19,807 

16EE169 0.310 5.93 25,234 
 

16EE81 0.346 6.99 26,529 

16EE192 0.488 9.75 43,995 
 

16EE101 0.671 13.42 41,489 

16EE69 0.633 12.69 52,921 
 

16EE12 0.300 5.93 20,291 

16EE193 0.369 7.42 33,831 
 

16EE84 0.294 5.86 23,304 

16EE210 0.469 9.43 40,691 
 

16EE87 0.380 6.12 27,598 

16EE214 0.420 7.89 32,843 
 

16EE75 0.374 7.40 29,917 

16EE216 0.433 8.73 37,525 
 

16EE74 0.692 13.78 44,951 

16EE218 0.435 8.66 36,803 
 

16EE1 0.259 5.22 23,193 

16EE252 0.729 14.26 49,216 
 

16EE3 0.257 5.78 23,696 

16EE253 0.477 9.70 40,752 
 

16EE6 0.254 5.22 22,565 

16EE254 0.425 8.49 32,945 
 

16EE8 0.440 8.67 28,387 

16EE259 0.491 9.79 34,588 
 

16EE10 0.740 14.21 44,648 

16EE160 0.398 8.21 30,049 
 

16EE86 0.262 5.15 21,897 

16EE65 0.557 11.22 52,249   Average 0.420 8.33 35,538 
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Table E19. 2017 Adult Eulachon fecundity data with 5% egg counts. 

   

Fish Number Gonad Subsample Total Gonad fecundity 

17-0561 1.011 20.31 55,115 

17-0552 0.301 6.00 20,890 

17-0551 0.802 15.94 45,015 

17-0537 0.780 14.95 52,325 

17-0532 
 

4.99   

17-0499 0.575 11.45 34,390 

17-0496 
 

9.75   

17-0487 0.630 12.74 45,626 

17-0609 0.575 11.90 33,363 

17-0446 0.842 16.83 48,151 

17-0233 0.731 11.39 36,526 

17-0444 0.820 16.57 53,190 

17-0480 0.563 11.55 34,663 

17-0628 0.410 8.17 28,649 

17-0798 0.951 19.16 58,041 

17-0809 0.437 8.70 29,798 

17-0827 0.801 15.95 46,325 

17-0428 0.377 7.40 26,797 

17-0090 0.442 8.84 34,956 

17-0256 
 

4.32   

17-0062 0.734 15.33 48,675 

17-0227 0.282 5.75 22,400 

17-0135 0.512 10.22 39,407 

17-0442 
 

6.66   

17-0286 0.680 12.22 40,670 

Average 0.631 11.48 39,761 
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Table E20. 2018 Adult Eulachon fecundity data with 5% egg counts. 

Fish Number Gonad Subsample Total Gonad fecundity 

18-108 0.534 10.92 30,101 

18-005 
 

5.83   

18-015 0.822 16.42 37,394 

18-016 
 

11.97   

18-017 0.819 16.37 41,509 

18-105 0.541 10.70 28,568 

18-111 0.307 6.17 19,104 

18-113 0.531 10.63 32,053 

18-100 0.459 9.12 34,072 

Average 0.573 10.90 31,829 
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Table E21. 2012-13 Cowlitz River Fecundity Data with 5% egg counts. 

 
  

Year SampleSite Fish_Number Sex Age Fork_length Weight Gonad_Subsample Total_ Gonad Fecundity

2012 Cowlitz 12Cow1-1 female 3 195 47.53 1.700 9.23 21,814

2012 Cowlitz 12Cow1-2 female 191 51.42 1.140 11.80 34,282

2012 Cowlitz 12Cow1-4 female 3 187 57.67 1.212 12.24 45,687

2012 Cowlitz 12Cow1-5 female 195 63.30 1.244 13.24 41,263

2012 Cowlitz 12Cow1-6 female 3 201 63.24 1.241 11.99 27,649

2012 Cowlitz 12Cow1-7 female 4 190 58.65 1.200 14.48 40,963

2012 Cowlitz 12Cow1-8 female 4 211 85.70 1.720 17.37 43,998

2012 Cowlitz 12Cow2-1 female 3 200 59.79 1.263 12.86 16,473

2012 Cowlitz 12Cow2-2 female 4 215 82.40 3.933 19.66 59,814

2012 Cowlitz 12Cow2-3 female 4 215 65.59 0.259 5.30 15,525

2012 Cowlitz 12Cow2-4 female 2 188 55.39 0.645 13.72 37,562

2012 Cowlitz 12 Cow2-5 female 4 205 60.58 0.111 1.12 23,877

2012 Cowlitz 12Cow2-6 female 2 181 49.33 0.616 12.40 34,201

2012 Cowlitz 12Cow2-7 female 4 214 79.90 0.940 19.62 54,994

2012 Cowlitz 12Cow2-8 female 3 185 48.88 1.141 9.20 30,109

2012 Cowlitz 12Cow2-9 female 2 190 54.35 0.726 13.64 42,126

2012 Cowlitz 12Cow2-11 female 4 197 48.25 0.396 8.12 22,832

2013 Cowlitz 13_Cow_112 female 183 47.37 0.550 10.97 34,764

2013 Cowlitz 13_Cow_120 female 166 29.70 0.432 8.58 24,917

2013 Cowlitz 13_Cow_107 female 180 43.98 0.620 11.74 36,498

2013 Cowlitz 13_Cow_108 female 174 37.40 0.520 10.10 27,448

2013 Cowlitz 13_Cow_117 female 170 34.23 0.512 10.33 31,338

2013 Cowlitz 13_Cow_116 female 176 39.30 0.540 10.87 34,569

2013 Cowlitz 31 female 207 71.68 0.982 20.38 51,685

2013 Cowlitz 33 female 164 37.70 0.489 10.05 27,754

2013 Cowlitz 35 female 170 41.00 0.439 15.41 37,655

2013 Cowlitz 36 female 184 53.99 0.853 16.83 47,508

2013 Cowlitz 38 female 160 33.81 0.630 12.60 39,959

2013 Cowlitz 39 female 168 31.54 0.429 9.96 31,311

2013 Cowlitz 40 female 3 185 51.21 0.790 14.21 49,817

2013 Cowlitz 41 female 4 172 36.47 0.850 16.67 36,705

2013 Cowlitz 45 female 175 37.30 0.323 14.65 30,532

2013 Cowlitz 46 female 170 39.22 0.353 11.10 29,710

2013 Cowlitz 48 female 202 64.72 1.980 21.93 50,002

2013 Cowlitz 49 female 2 155 25.28 0.611 9.34 30,846

2013 Cowlitz 50 female 3 151 25.12 0.455 9.60 24,640

2013 Cowlitz 51 female 2 172 30.31 0.465 9.55 26,020

2013 Cowlitz 52 female 168 31.85 0.435 12.69 29,349

2013 Cowlitz 53 female 2 168 37.19 0.470 14.60 37,503

2013 Cowlitz 54 female 2 161 33.77 0.420 12.38 32,356

2013 Average 3.0 184 48.65 0.841 12.51 34,901
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Table E22. Sex Ratio assumed for a given run year based on ratios observed in the Columbia River Commercial 
Management Zone 1 (lower estuary). 

      Run Year            M:F                         Run Year               M:F 

2011 1:1 2015 1:1 

2012 1:1 2016   0.88:1 

2013         1.07:1 2017 1:1 

2014 1:1 2018         1:1 

 
 
 
 
 
 
 
 
 

Table E23.  Mapping of age to brood year and run year. Bolded values represent ages that were present during 
sampling for that given run year. 
 

Age Mapping Table 

BY \ 
RY

 2012 2013 2014 2015 2016 2017 2018 

2005 7 
     

 

2005 6 7 
    

 

2007 5 6 7 
   

 

2008 4 5 6 7 
  

 

2009 3 4 5 6 7 
 

 

2010 2 3 4 5 6 7  

2011 
 

2 3 4 5 6 7 

2012 
  

2 3 4 5 6 

2013 
   

2 3 4 5 

2014 
    

2 3 4 

2015 
     

2 3 

2016 
      

2 
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Table E24. Brood Year Table for estimated total numbers of female Eulachon in the run (SSB plus Harvest). 
Grey cells with italicized type indicates a non-sampling year where the numbers shown are an average of two 
opposing years. Yellow cells indicate preliminary values from the 2018-run year. 

 

 

Table E25. Brood Year Table for estimated total numbers of male Eulachon in the run (SSB plus Harvest). Grey 
cells with italicized type indicates a non-sampling year where the numbers shown are an average of two opposing 
years. Yellow cells indicate preliminary values from the 2018-run year. 

 
 

Table E26. Brood Year Table for estimated total numbers of both male and female Eulachon in the run. 

 

  

BROOD YEAR 2 3 4 5 6 7 Total

2005 0 0

2006 0 0 0

2008 0 0 0 0

2009 2,598,440 1,932,292 0 223,362 4,754,093

2010 28,582,840 19,709,375 2,652,083 893,447 0 51,837,745

2011 20,787,520 48,693,750 23,868,750 8,264,385 195,745 0 101,810,150

2012 22,414,583 31,825,000 14,741,876 978,723 41,849 70,002,032

2013 5,304,167 6,254,129 4,110,638 167,396 15,836,330

2014 0 3,914,894 544,037 4,458,930

2015 0 418,490 418,490

2016 878,829 878,829

BROOD YEAR TABLE (Female) Total Fish

BROOD YEAR 2 3 4 5 6 7 Total

2005 0 0

2006 0 0 0

2008 2,653,867 1,159,375 0 3,813,242

2009 2,653,867 6,845,833 1,591,250 0 11,090,950

2010 15,923,200 16,893,750 6,365,000 252,102 0 39,434,052

2011 34,500,267 33,345,833 20,155,833 6,554,649 283,077 66,148 94,905,808

2012 34,505,208 27,581,667 11,848,789 1,556,923 66,148 75,558,735

2013 7,956,250 7,815,158 4,246,154 165,371 20,182,933

2014 252,102 2,972,308 727,632 3,952,042

2015 141,538 330,742 472,280

2016 694,558 694,558

BROOD YEAR TABLE (Male) Total Fish

BROOD YEAR 2 3 4 5 6 7 Total

2005 0 0

2006 0 0 0

2008 2,653,867 1,159,375 0 3,813,242

2009 5,252,307 8,778,125 1,591,250 223,362 15,845,043

2010 44,506,040 36,603,125 9,017,083 1,145,549 0 91,271,797

2011 55,287,787 82,039,583 44,024,583 14,819,034 478,822 66,148 196,715,958

2012 56,919,792 59,406,667 26,590,665 2,535,646 107,997 145,560,767

2013 13,260,417 14,069,288 8,356,792 332,767 36,019,264

2014 252,102 6,887,201 1,271,669 8,410,972

2015 141,538 749,232 890,770

2016 1,573,387 1,573,387

BROOD YEAR TABLE (Combined Male and Female) Total Fish
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Appendix F. Genetic Temporal Analysis 
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Columbia River Eulachon Genetic Analysis 

 

Maureen P. Small1, Olaf Langness2 and Cherril Bowman1 

 
1 Molecular Genetics Lab, Washington Department of Fish and Wildlife, Olympia WA, 98502 

2 WDFW Vancouver WA 98661 
 

Objective 2: (Genetic Analysis) Assess the genetic uniqueness of spatial components of 
Oregon/Washington coastal Eulachon smelt runs. 
Federal Recovery Outline (NMFS, NW Region, 2013) Recovery Tasks Addressed: 
Research and Monitoring 7. Expand genetic research to refine Eulachon population 
structure and stock composition. 

 

Genetic Analysis Objective  
Eulachon spawning in the Columbia River and its tributaries span a wide temporal range.  The “pilot” 
run enters the river as early as November, while the main run occurs in March.  The latest spawner 
aggregate spawns in the Sandy River in April.  Eulachon population structure was examined using 
microsatellite DNA over a broad range, from Alaska to the Columbia River, by Beacham et al. 
(2005), Department of Fish and Oceans (DFO), Canada.  However, samples were collected from 
single years from the Columbia mainstem (2000, N = 74) and the Cowlitz River (2002, N = 200) 
and the collection from the Columbia River was relatively small.  Pairwise FST values were small 
between the Fraser and Columbia (0.0022) and were nearly identical to values between the Columbia 
and the Cowlitz (0.0020) and between the Fraser and Cowlitz (0.0016), yet all were significantly 
different from zero.  Mixed stock fishery simulations indicated low power to correctly allocate 
mixture components of these three Eulachon groups.   DFO worked with CRITFC to develop single 
nucleotide polymorphism (SNP) markers for Eulachon to try to improve population genetic 
resolution (J. Candy, pers. Comm.).  With a battery of over 4000 SNPs, 193 possibly under selection, 
resolution improved for distinguishing between Alaska and BC coast Eulachon.  The WA samples 
included in the study were smaller (Cowlitz N = 37, 2002; Columbia N = 22, 2011-12) and the 
pairwise FST values changed (Fraser-Columbia, 0.0163, p < 0.001; Fraser-Cowlitz 0.0053, p < 0.05; 
Columbia-Cowlitz 0.000, ns).  Mixed fishery simulations were not conducted, but in “leave-one-
out” assignment tests assignments to populations were weak but improved over microsatellite 
results.  Thus, the ability to identify Eulachon by-catch components back to their river of origin 
within the Columbia River is unknown.  Because of the high temporal and spatial variability in 
Eulachon abundance, and the low sample sizes in the SNP development, the consensus from a 
conference call between WDFW and NOAA, Dec. 4, 2014, was to focus the available section 6 
funds on examining genetic structure within the Columbia River as a basis for pursuing funds to 
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expand genetic examinations of Eulachon collected down the coast to Oregon and California and as 
by-catch in shrimp trawls. 
  
This project will examine spatial and temporal differences among Eulachon in the Columbia River 
(“pilot” versus “main” run; the Sandy River late run, etc.) using large (N = 95) sample sizes of larvae 
collected 2013-2014.  If differences are found, then the next step will be to expand the study 
geographically and temporally to locations outside the Columbia River (e.g., Fraser River, Elwha 
River, Mid-Oregon coastal streams).  When population structure is better defined, WDFW-MGL 
can then perform a MSA of the hundreds of samples collected from the pink shrimp fishery bycatch 
during the 2010-2012 Section 6 grant project.  
 
For genetic analysis whole larvae or pieces of fin tissue from adults were collected and stored in 
DNA preservative (100% ethanol). These samples were archived at WDFW Molecular Genetic 
Laboratory in Olympia. The samples will be genotyped using molecular markers identified in the 
studies used to describe the proposed DPS characteristics (e.g. microsatellite [Beacham et al. 2005] 
because SNP loci for Eulachon are still in the developmental stage and unavailable for general use.     
 

Objectives 
Genotype Eulachon larvae (14DK) and adult fish (14GC):  
 95 from “pilot run” or first 95 larvae collected in the time series (14DK001-011) 
 95 from the end of the larval outmigration period (14DK0141-0161) 
 95 from Sandy River (14GC) 
 

Methods 
The DNA was extracted from samples with Qiagen spin columns, following manufacturer’s 
recommendations.  DNA samples were genotyped at 14 Eulachon microsatellite loci (Table E1).  
Microsatellite alleles were PCR-amplified using fluorescently labeled primers (see Table 1 for label 
information).  PCRs were conducted in 384 well plates in 5 μl volumes employing 1 μl template 
with final concentrations of 1.5 mM MgCl2, 200μM of each dNTP, and 1X Quiagen multiplex PCR 
buffer.  The PCRs followed a standard protocol: the temperature cycles consisted of denaturing at 
94° for 30 seconds, annealing at 57° for 90 seconds, extension at 72° for 90 seconds for 35 cycles, 
followed by a final 30-minute extension at 60°.  Samples were run on an ABI 3730xl automated 
DNA Analyzer and alleles were sized (to base pairs) and binned using an internal lane size standard 
(GS500Liz from Applied Biosystems) and GeneMapper software (Applied Biosystems).   
 
During the development phase of this project, WDFW had obtained DNA samples from the 
Canadian Department of Fisheries Lab (DFO) and standardized allele nomenclature with the DFO 
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lab (Small and Peterson 2011).  Allele bins were named according to DFO nomenclature such that 
genotypes developed by WDFW could be compared with original genotypes from DFO to confirm 
that allele calls matched for WDFW and DFO. In this project, DNA samples were genotyped and 
compared to each other (larvae to adults) and compared to two samples of Eulachon from Canada, 
from Ucluelet and Pachena Bay on the West Coast of Vancouver Island. 
 
The amount of genetic variation (pairwise FST values) was quantified between samples collected 
within the Columbia River and between the Columbia River and Canadian samples using the 
program GENETIX (Belkhir et al. 2001).  The significance of FST values, whether values differed 
from zero, was assessed with 1000 permutations.   
 

Results 
Most of the larvae from the pilot run sample were not Eulachon larvae: 94/95 samples failed to 
produce genotypic data at most or all loci and any data were outside the bounds of known Eulachon 
allele distributions.  Discussions suggested that the larvae could have been long-fin smelt or starry 
flounder (O. Langness, pers. comm.; B. McCarter, DFO, pers. comm.).  The later run larvae were 
mostly Eulachon (77/95).  The Eulachon larvae and adult sample from the Sandy River amplified 
well at the microsatellite loci, producing mostly complete genotypes.  The comparison between the 
larval and adult sample from the Columbia River was not significantly different from zero (Table 
E2) indicating no detectable genetic difference between samples collected in the Columbia River.  
The comparisons between the Columbia River and Canadian samples were also not significantly 
different from zero, indicating no detectable genetic difference between samples collected in the 
Columbia River and coastal Canada. 
 

Summary 
These results support previous results (Beacham et al. 2005) indicating little to no genetic difference 
among Eulachon spawning in rivers of the Pacific Northwest. 
 

Acknowledgements 
Funding was provided by a Section 6 grant from NOAA and Washington State General Funds.  We 
thank Terry Beacham and John Candy at DFO for providing Eulachon DNA samples, genotypic data 
and assistance in developing this project.  We thank Bruce McCarter for advice on unknown larval 
samples.  Columbia River larval and adult samples were collected by WDFW personnel.  
 

  



 

Studies of Eulachon in the Oregon and Washington  September 2018 
209 

References 
Beacham, T. D., Hay, D., and Le, K. 2005.  Population Structure and Stock Identification of 

Eulachon (Thaleichthys pacificus), an Anadromous Smelt, in the Pacific Northwest. Marine 
Biotechnology 7, 363–372. 

Belkhir, K., P. Borsa, L. Chikhi, N. Raufaste, and F. Bonhomme. 2001. GENETIX 4.05, logiciel 
sous Windows ™ pour la genetique des populations. Laboratoire Genome, Populations, 
Interactions, CNRS UMR 5000, Universite de Montpellier II, Montpellier (France). 

  



 

Studies of Eulachon in the Oregon and Washington  September 2018 
210 

Appendix G. Environmental DNA Assessment of Eulachon 

(The following is an incomplete draft paper on a proposal developed under the Section 6 grant 
genetic objective but subsequently carried out using Chehalis Flood Control Project dollars).  
 
 
Please contact Phillip Dionne for permission to use this information, or to provide you with 
the final citable document. 
  



 

Studies of Eulachon in the Oregon and Washington  September 2018 
211 

Preliminary Report: Assessment of Eulachon Smelt in the Chehalis River Using eDNA 

Phillip Dionne1, Jennifer Allen2, Taal Levi2, Olaf Langness1, Hannah Faulkner1, and Timothy Quinn1 
1Washington Department of Fish and Wildlife 

2Oregon State University Department of Fisheries and Wildlife 

 

Background  

The Southern Distinct Population Segment (DPS) of the Eulachon Smelt (Thaleichthys pacificus), 
which includes all Eulachon spawning in Washington State, was listed as threatened under the 
Endangered Species Act (ESA) in 2010. Since the listing, we have used ichthyoplankton tows to 
estimate densities of Eulachon larvae passively transported down river after hatching in the 
Columbia River System, the largest and most productive Eulachon spawning system in 
Washington State. This survey method has become the primary means of assessing annual run size 
as commercial and recreational fisheries data that had previously be the source of this information 
have been closed or severally restricted since the ESA listing. In 2014, with funding from an ESA 
Section 6 grant, WDFW and ODFW began a project to estimate the run size in several additional 
Washington and Oregon rivers including the Chehalis River. Based on estimates derived from 
ichthyoplankton surveys, we estimated the number of spawning adult Eulachon in the Chehalis 
River and its tributaries upriver of Friends Landing during the 2015, 2016, and 2017 spawning 
seasons at 270,000, 760,000, and 190,000, respectively.  

A critical assumption of estimates derived from ichthyoplankton surveys is that we correctly 
identify the species of larvae collected. We tested this assumption on the Columbia River, by 
comparing results of our species identification with genetics analyses. We found is that in some 
cases, as few as 10% of larvae identified as Eulachon visually were Eulachon as determined 
genetically (Langness, unpublished data). We suspect that the misidentified larvae were most 
likely Longfin Smelt (Spirinchus thaleichthys), another anadromous Osmeridae that has a 
spawning season and distribution that may overlap with Eulachon spawning. In river systems such 
as the Chehalis where recent presence of Eulachon has not been verified by recorded observations, 
collections, or harvest of adults, these findings may cast some doubt on our ability to use larvae 
identification to conclusively verify that Eulachon inhabit the system. During the 2017 spawning 
season, we had the opportunity to address these concerns. With funding provided by the State 
Legislature, we teamed with Oregon State University Department of Fisheries and Wildlife (OSU) 
to supplement our ichthyoplankton surveys to  assess the presence and relative abundance of 
genetic material from Eulachon and Longfin Smelt using a relatively new approach called 
quantitative environmental DNA (eDNA). This approach, which uses the density of genetic 
material from a target species to determine relative abundance, has recently been used for several 
species including salmon and smelt for studies in Alaska (Levi, work in progress; Tillotson et al. 
2018) 

Project Objectives: 
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1.) Use eDNA to assess presence and relative abundance of Eulachon genetic material in the 
Chehalis, Satsop, Wynoochee, and Wishkah rivers. 

2.) Use eDNA to assess presence and relative abundance of Longfin Smelt genetic material in 
the Chehalis, Satsop, Wynoochee, and Wishkah rivers. 

3.) Collect eDNA samples that overlap spatially and temporally with ichthyoplankton samples 
collected on the Chehalis River to allow comparison of quantitative eDNA with 
ichthyoplankton densities. 
 

Methods 
 
Ichthyoplankton Survey: 
On the Chehalis River we used a plankton net deployed from an anchored vessel to capture larvae. 
The net was comprised of a tapered nylon mesh sock (200cm length, 250 micron mesh) tied to a 
circular frame (0.5m inside diameter). A spherical lead weight (9.07kg) was attached to the bottom 
of the frame. The net was lowered to the river bottom by hand and then retrieved with the aid of an 
EZ-Pull pot puller. We measure the total volume of water filtered with a General Oceanic Model 
2030R mechanical flowmeter mounted in the mouth of the net. Samples were collected in an 
11cm, two-piece PVC cod end attached to the end of the sock. After each tow, we removed and 
rinsed the cod end into a 1L Nalgene bottle and preserved the contents with ethanol. We also 
rinsed the net between each tow to remove any debris. . 
 
A sample at the Chehalis River consisted of a three plankton tows (2-6 minutes in duration)  along 
two transects, one  upriver and another downriver of Friends Landing on the Chehalis River 
(Figure 1). Plankton tows were conducted on the north side, south side, and center of the channel 
in along each transect from an anchored boat.  
 

 
Figure G1: Map of the lower Chehalis River with red dots indicating survey areas. 
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We sampled during daylight hours for safety and logistical reasons. We also recorded water 
temperature, depth, and turbidity readings. A tow consisted of lowering the plankton net to the 
river bottom and then retrieving it. Sample frequency was set to occur weekly during the peak out-
migration period.  
 
Ichthyoplankton samples were collected on the Satsop, Wynoochee, and Wishkah rivers in a 
similar manner.  We deployed the plankton nets from bridges by hand, and only one sample was 
collected per sampling event. 
 
We analyzed samples by examining them in a black dish using the 5X lens of an Intertek Model 
LUX 900 magnifying glass.  We identified and counted eggs and larvae and attributed them to 
either Eulachon or other species.  We estimated Eulachon egg and larval density for each sample 
based on counts and the estimated volume of water filtered through the plankton net.  
 
eDNA Water Sampling: 
The eDNA sample collection and preservation protocols were adapted from Carim et al. (2016) 
and the protocol provided by OSU. Disposable gloves and bleach were used as described in the 
protocols to avoid contamination of samples. We also took care to collect water samples up current 
of where we stood to avoid contamination from boots or waders.  
 
Water Sample Collection:  We collected water samples by holding the open mouth of a 1.24L 
Whirl-pak bag below the surface of the water until it was full. A small amount of water was then 
squeezed out of the bag so that the top of the bag could be rolled and sealed with the attached wire 
twist ties. We placed each sample bag in a cooler with dividers that held the bags upright for 
transportation back to the WDFW lab in Olympia.  
 
We collected water samples two days a week from the Chehalis River. During one of the two days 
of sampling, three water samples were collected by boat from the center of the river, and an 
addition three water samples were collected from the riverbank. On the other day of sampling, we 
collected just three water samples from the riverbank. 
We collected a single riverbank water sample from each of the Satsop, Wynoochee, and Wishkah 
rivers once a week. 
 
Water Sample Filtering and Preservation: The filtration and preservation of eDNA from water 
samples was conducted at the WDFW lab in Olympia. Samples were kept in a cooler until they 
were filtered, and filtering began within 3 hours of collection to minimize deterioration of genetic 
material. We used single use Nalgene 250mL filter funnels with 0.45µm cellulose nitrate 
membranes, a Welch 46L per minute vacuum pump (model# 2546B-01), and three 2L flasks to 
filter the water samples, allowing us to filter up to three samples simultaneously (Figure 2). 
 
Prior to filtering, a filter holder adapter was snuggly fit into the stopper on the top of each flask. 
We then attached a filter funnel to each adapter. Each funnel came equipped with a lid that was 
only removed when filling the funnel with the water sample. To fill the funnel, the sample was first 
inverted several times to ensure that any material that had settled to the bottom of the Whirl-pak 
bag was re-suspended. We then opened and poured the water directly into the funnel and filled the 
funnel to the 250mL level. Then we resealed the bag, returned it to the cooler, and covered the 
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funnel. This was repeated for two additional samples until all three funnels were full. Care was 
taken not to touch the inside of the bag or the funnel, and fresh gloves were used between handling 
each sample. Once all three funnels were filled, we turned on the vacuum pump and monitored the 
funnels until all the water was removed. We then turned off the pump and added an additional 
250mL of water from each sample as described above. The total volume of water filtered from 
each sample was 500mL with the exception of the water samples collected on the first day of the 
project, for which 1,000mL was filtered for each sample.  
 
After filtration was complete, each filter funnel was removed from the flask, the funnel was 
removed from the filter holder, and the filter was carefully folded using filter forceps. The folded 
filter was then placed in a 2.5mL screw cap vial that was then filled with 100% molecular-grade 
ethanol. The samples were stored in the refrigerator until they were shipped to OSU for DNA 
extraction and analysis. 
 

 
Figure G2: Image of vacuum filter system in use.   
 
DNA extraction: We extracted DNA from the filters using the Qiagen DNeasy Blood and Tissue 
Kit.  We followed kit instructions with the following modifications:  Each folded filter paper was 
placed on a new, UV-sterilized, 15cm diameter filter paper and air-dried at room temperature 
overnight (12 hours) before extraction. Drying took place in a fume hood wiped down with a 10% 
bleach solution. For extraction, each filter was placed in a 2ml tube, and 630ul Buffer ATL and 
70ul proteinase K were added to ensure the filter was completely soaked in the buffer. After 
incubation at 56ºC for 48 hours, 300ul of lysate was pipetted to a new 1.5ml microcentrifuge tube. 
Then 300ul Buffer AL and 300ul 100% ethanol were added. Following this step, kit instructions 
were followed for DNA extraction.  
 
Droplet Digital PCR: Samples were amplified in a multiplex reaction containing two sets of 
primers and probes (Table 1), targeting the cytochrome c oxidase subunit I gene (COI). The 
Eulachon (Thaleichthys pacificus) probe contains a FAM (blue) fluorescent probe, and the Longfin 
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Smelt (Spirinchus thaleichthys), contains a VIC (green) fluorescent probe. Excitation at different 
wavelengths were used to differentiate DNA from different species.  
 
Two digital droplet PCR replicates were performed for each sample. We performed ddPCR on the 
Bio-Rad QX-200 Droplet Digital PCR System (Bio-Rad Laboratories, Inc., Pleasanton, CA) using 
species-specific probes. Each 20ul ddPCR reaction mixture contained 10ul 2X Supermix for 
Probes (Bio-Rad Laboratories, Inc., Hercules, CA), 900nM of each primer, 250nM probe, 4ul 
DNA solution, and sterile water. The reaction mixture was mixed with Bio-Rad droplet generator 
oil and partitioned into 20,000 droplets by using the Bio-Rad QX-200 droplet generator (Bio-Rad 
Laboratories, Inc., Pleasanton, CA). Then the droplets of individual samples were separately 
transferred into a new 96-well plate. PCR was proceeded in triplicate using the Bio-Rad C1000 
Thermal Cycler (Bio-Rad Laboratories, Inc., Pleasanton, CA) under conditions of 10 minutes at 
95°C, 45 cycles of denaturation for 30 seconds at 94°C, and extension for 60 seconds at 60°C with 
ramp rate of 1°C s-1, followed by 10 minutes at 98°C and a hold at 4°C. Then the plate was read in 
the QX-200 Droplet Reader (Bio-Rad Laboratories, Inc., Pleasanton, CA). QuantaSoft Version 
1.7.4 (Bio-Rad Laboratories Inc., Pleasanton, CA) is the software provided with the system that 
allows us to quantify copies of DNA per microliter of each PCR reaction.   
 
 
Table G1. 

Target 
Primer 
Name Sequence Size (bp) 

Thaleichthys pacificus 

Tpac_F CTCCCTCCTTCCTTCTCCTT 

227 Tpac_R GGTCTGGTACTGGGAAATGG 

Tpac_I 

6FAM-
AGCGGGAGCCGGGACTGGCT-
MGBNFQ 

Spirinchus thaleichthys 

Stha_F AACAGTTTACCCACCACTCG 

163 Stha_R CTGGTATTGGGAGATGGCAG 

Stha_I 

VIC-
AGCCCATGCGGGAGCCTCGGTA -
MGBNFQ 

 

Results 

Ichthyoplankton Survey: 
Chehalis River: We conducted 16 ichthyoplankton surveys on the Chehalis River from December 
5, 2016 to April 20, 2017. Low numbers of Eulachon eggs and/or larvae were visually identified in 
each survey, with peak egg densities observed the week of February 12, 2017 and peak larvae 
densities observed the week of March 12, 2017 (Figure 3). 



 

Studies of Eulachon in the Oregon and Washington  September 2018 
216 

Satsop, Wynoochee, and Wishkah Rivers: We collected ichthyoplankton samples from the 
Satsop and Wishkah rivers on 17 occasions and the Wynoochee River on 18 occasions from 
December 29, 2016 to April 24, 2017. We visually observed Eulachon larvae in four samples from 
the Wishkah River and one sample from the Wynoochee River. No Eulachon eggs or larvae were 
observed in samples collected from the Satsop River (Table 2). 

Table G2: Daily counts of larvae visually identified as Eulachon from the Satsop, Wishkah, and Wynoochee 
Rivers. 

 

eDNA Sampling:  

Chehalis River: Water samples were collected from the Chehalis River from December 5, 2016 to April 
24, 2017. A total of 147 samples were collected from the Chehalis River; 99 from the river bank and 48 
from the center of the river channel.  

Eulachon genetic material was detected in at least one of the two replicates from 60 of the 147 samples. The 
minimum, maximum and average density (copies/µl) of genetic material for only Chehalis River samples 
containing Eulachon DNA were 0.07, 56.8, and 3.4 respectively. Eulachon were first detected in the 
Chehalis River in samples collected on December 5, 2016, last detected on April 14, 2017.  The greatest 
density of Eulachon genetic material was observed in samples collected on February 16, 2017 (Figure 3).  
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Figure G3: Graph of the average concentration of Eulachon genetic material quantified as copies of DNA per 
microliter of each PCR reaction (orange line, left axis), and visually identified Eulachon egg (red line, right 
axis), and larvae (blue line, right axis) densities form the Chehalis River plotted across time.  

Longfin Smelt genetic material was detected in at least one of the two replicates from 25 of the 
147 samples. The minimum, maximum and average density (copies/µl) of genetic material for only 
Chehalis River samples containing Longfin DNA were 0.07, 0.9, and 0.15 respectively. Longfin 
were first detected in the Chehalis River and the greatest density of Longfin genetic material was 
observed in samples collected on December 5, 2016. Longfin Smelt were last detected on March 
31, 2017.   

Satsop, Wynoochee, and Wishkah Rivers: We collected samples from the Wishkah and 
Wynoochee rivers on 17 occasions and from the Satsop River on 18 occasions between 29 
December 2016 to 24 April 2017. Neither Eulachon nor Longfin Smelt were detected in any 
samples from the Satsop River; Eulachon was the only species detected in the Wynoochee River, 
and both Eulachon and Longfin Smelt were detected in the Wishkah River (Tables 3 and 4).  

Table G3: Average copies/µl of Eulachon genetic material by sample date from the Satsop, Wishkah, and 
Wynoochee Rivers. 
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Table G4: Average copies/µl of Longfin Smelt genetic material by sample date from the Satsop, Wishkah, and 
Wynoochee Rivers. 

 

Four of 17 samples collected from the Wynoochee River were positive for Eulachon, with 
minimum, maximum and average density (copies/µl) of genetic material for samples containing 
Eulachon DNA of 0.07, 0.37, and 0.15 respectively. Eulachon were first detected in samples 
collected from the Wynoochee River on January 17, 2017, last detected on March 29, 2017 and the 
greatest density of Eulachon genetic material was observed in samples collected on January 31, 
2017.  

Eight of 17 samples collected from the Wishkah River were positive for Eulachon, with minimum, 
maximum and average density (copies/µl) of genetic material for samples containing Eulachon 
DNA of 0.07, 0.9, and 0.24 respectively. Eulachon were first detected in samples collected from 
the Wishkah River on January 3, 2017, last detected on April 12, 2017 and the greatest density of 
Eulachon genetic material was observed in samples collected on March 1, 2017. 

Six of 17 samples collected from the Wishkah River were positive for Longfin Smelt, with 
minimum, maximum and average density (copies/µl) of genetic material for samples containing 
Longfin DNA of 0.08, 0.56, and 0.24 respectively. Longfin were first detected in samples collected 
from the Wishkah River on January 3, 2017, last detected on April 12, 2017 and the greatest 
density of Longfin genetic material was observed in samples collected on February 7, 2017. 

Discussion 

Despite low densities, Eulachon DNA was identified in three of the four rivers sampled including 
the Chehalis, Wishkah and Wynoochee rivers.  These results validated the results of the 
ichthyoplankton surveys that first indicated Eulachon likely spawn regularly in the Chehalis River 
Basin, even during periods of low abundance. The estimated run size of Eulachon spawning in the 
Chehalis River during the 2017 spawning season was the lowest in three years of monitoring. This 
low run strength was seen throughout the region with estimates of Eulachon spawning in the 
Columbia River at the lowest level since intensive ichthyoplankton monitoring began in 2011 and 
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very small landings observed in the limited commercial and recreation fisheries in the lower 
Columbia and Cowlitz rivers. Presumably, low adult returns resulted in very low densities of 
Eulachon eggs, larvae, and genetic material in the river systems that we sampled. These low 
densities resulted in spotty detection of Eulachon with both ichthyoplankton and eDNA methods. 
The issue of low densities was likely exacerbated for the eDNA analysis by our decision to deviate 
from the stand protocol of filtering 1L of water per sample, and instead filtered only 500mL per 
sample. We made this decision based on our experience with the first sampling event where due to 
the turbidity of the Chehalis River during the winter, filtering 1L of water took in excess of three 
hours, while filtering 500mL took roughly 45 minutes.  

In addition to verifying the presence of Eulachon, we detected Longfin Smelt DNA in the Chehalis 
and Wishkah rivers, suggesting that some eggs or larvae visually identified as Eulachon may 
actually be Longfin Smelt. This issue of misidentification is potentially greatest for samples 
collected early in the season. Longfin smelt were most abundant in the first sample collected 
suggesting that the peak of the Longfin spawning run may have occurred before this project 
commenced sampling. Further investigation is required to determine to what degree current 
methods of assessing Eulachon run size may be impacted by misidentification and whether eDNA 
or other genetic analysis could be used to develop method to account for seasonal shifts in relative 
abundance of both species.  

As anticipated, the peak of Eulachon genetic material in the Chehalis River appears to be 
associated with the arrival and spawning by adults.  We found little or no genetic signal associated 
with the peak of larvae density. During the week of 19 February 2017, we collected adult Eulachon 
from a relatively large school of smelt in the lower Wynoochee River.  The peak density of 
Eulachon genetic material was observed the week prior to this in the Chehalis River at our sample 
sites downriver of the confluence of the Chehalis and Wynoochee rivers. The peak in genetic 
material also coincided with the observed peak of egg densities. Eulachon eggs generally attach to 
the river substrate preventing rapid advection downriver; however, the eggs collected in our 
ichthyoplankton tows are generally unattached, drifting eggs.  We assume that the peak in egg 
densities closely follows the peak in spawning activity. We observed peak larvae densities four 
weeks after the peaks in eggs and genetic material. This lag between peaks is consistent with our 
expectation of timing between spawning and hatching since Eulachon eggs incubate for roughly 
four to six weeks, depending on temperature (Garrison and Miller 1982).  

Additional years of comparison between quantitative eDNA and other assessments of abundance 
such as catch per unit effort or larval production, will be required to determine whether 
quantitative eDNA can be a reliable tool for assessing trends in run strength. We are encourage 
that even during a year with a small spawning run, we were able to detect changes in concentration 
of genetic material that where consistent with our observations and understanding of the biology of 
this species. Future investigations would benefit from earlier sampling in an effort to determine the 
timing and relative scale of the peak of the Longfin Smelt run and the degree to which the 
emergence of Longfin larvae may overlap with the emergence of Eulachon larvae. These methods 
may also be useful assessing the range of river habitat utilized by these species and to what extent 
this range may increases as run size increases. 
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