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Key outcomes of project 
 
Project Deliverables - were the stated objectives met? 
 
The short term goal of this project was to precisely and accurately estimate the annual 
escapement at age of adult Chinook salmon to the Nehalem and Siletz river basins. Additionally, 
successful completion of these studies will enable managers to calibrate escapement estimates in 
these two basins to cost effective survey methods and generate more accurate and precise 
estimates past the sunset of the Sentinel Stock Program. The overall objectives of the project 
were: 
 
1) Estimate the 2013 spawner escapement of adult Chinook salmon and estimate age- and sex-

specific proportions of the escapement.  
STATUS: Field work and analysis complete and reported in detail below 

 
2) Determine the best suite of surveys and the appropriate visual index (indices) from those 

spawning ground surveys that best correlates with true spawner escapement as estimated 
from mark and recapture investigations to determine which will represent fall Chinook 
salmon spawner abundance with sufficient precision and accuracy to form the basis for long-
term monitoring and the incorporation of resulting escapement estimates into PSC harvest 
modeling efforts. 
STATUS: Field work and initial analyses completed; final decisions on long term monitoring 
will require more internal and external review and input (ODFW and PSC-CTC).  

 
3) For the Nehalem River, we added the objective of increasing our understanding of the spatial 

distribution and timing of the fall and summer runs on the Nehalem. With the thought that we 
may need to develop run-specific mark-recapture estimates and cost-effective estimation 
techniques for future application.  
STATUS: Complete, reported below. 
 

Project Schedule - did the project run according to schedule? 
 
• QA/QC - how was progress towards completion measured? 

Progress towards completion was measured through the development of task lists, 
participation in weekly staff meetings, and at least weekly data review by project 
leadership. Our use of field computers and remote upload of data facilitated timely 
review and adaptations of protocols. We compared marking and recovery rates to past 
years to help gauge our progress towards completion of the field work and our ability to 
generate robust estimates and techniques for future estimation. We presented a review of 
project activities and results in December in coordination with the SSC. 
Recommendations, concerns and highlights were exchanged between the project and the 
SSC during and after the annual reviews had taken place. 
 

• Monitoring and evaluation 
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Monitoring and evaluation were completed as mentioned above. Regular review of 
collected data and comparison to past years assisted in the success of this project. A crew 
lead was in place on each project. This person developed weekly schedules and applied 
local knowledge to ensure safe, timely and efficient data collection and analysis.  
 

• Benefits - what tangible benefits have resulted from the project? 
The five years of support from the Sentinel Stock Committee for the Nehalem and Siletz 
estimation projects have produced several tangible benefits that have improved our 
knowledge of these two PSC Escapement Indicator Stocks including: 

• Robust mark-recapture estimates with estimates of precision across low and 
recovering population levels 

• Completion of a comprehensive suite of surveys including historic surveys with 
which to compare mark-recapture estimates for long-term monitoring and 
estimation 

• Mark-recapture estimates, survey data, and age composition data used to improve 
both basin-specific and North Oregon Coast aggregate estimates and forecasts.  

• Four years of in-river harvest data to evaluate rates of harvest in each basin and to 
provide a less biased estimate of escapement (by accounting for harvest above the 
marking point) and timely estimates of ISBM impacts available for fisheries 
management. 

• Two years of mark-recapture estimates in the North Fork Nehalem which 
improved our understanding of the timing and relative contribution of that sub-
basin to the whole Nehalem 

• Increased understanding of the size and other characteristics of the early run of 
Chinook in the Nehalem. Combined with genetic analyses funded by a 
combination sources, including USCTC-LOA; we currently conclude that this run 
should be tracked through completion of annual surveys within the distribution of 
the summer run but it will not be evaluated through a separate estimator.  
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Introduction 
 
In 2013, the Oregon Department of Fish and Wildlife (ODFW) was awarded two continuing 
research grants through the Sentinel Stock Program of the Pacific Salmon Commission (PSC). 
These funds were awarded to assist the agency with improving the accuracy and precision of 
spawner escapement estimates of fall Chinook salmon (Oncorhynchus tshawytscha) for two of 
the three escapement indicator stocks in the North Oregon Coast (NOC) aggregate, the Nehalem 
and Siletz river basins (Figure 1). The main objective of these studies was to develop a cost 
effective method to estimate annual escapement of Chinook salmon that meets bilateral data 
standards and assesses the long-term conservation and production goals established under the 
Pacific Salmon Treaty (PST).   
 

 
Figure 1. Indicator stocks comprising the North Oregon Coast aggregate. 

 
Among coastal Chinook salmon stocks in Oregon, the NOC and Mid-Oregon Coast (MOC) 
aggregates contribute significantly to PST fisheries. Chinook salmon originating from the 
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Nehalem and Siletz river basins represent two of three approved escapement indicator stocks 
under PST management and were selected to represent the natural production of the NOC 
aggregate. These stocks were chosen to represent the NOC aggregate based on the best available 
data on biogeography, habitat use, genetics, and life history characteristics for the NOC basins. 
Scale analyses from spawner returns generally indicate a similar age distribution for Chinook 
salmon originating from NOC basins. Oregon coastal fall Chinook salmon are considered ocean-
type Chinook salmon though some life history variants exist.  
 
The NOC stock aggregate is considered one of five “driver stocks” in Aggregate Abundance 
Based Management (AABM) fisheries with extremely high importance to both AABM and 
Individual Stock Based Management (ISBM) fisheries. The NOC aggregate has historically been 
a very productive and resilient stock complex; however failure to reach escapement goals over 
the last decade prompted greater interest in quantifying the performance of this group. Low 
returns in the Siletz, Nehalem, and Siuslaw rivers can trigger additional management action in 
local, AABM and ISBM fisheries under Chapter 13 of the 2009 negotiated Chinook salmon 
agreement.  
 
Results from the Nehalem and Siletz studies are being used to help generate more accurate and 
precise estimates for these specific indicator stocks and other production areas within the NOC 
aggregate. In addition, scales collected in both basins will assist in the accuracy of forecasts of 
the aggregate’s production through the use of sibling regression models which rely on 
representative sampling of the spawning population.  
 

Project Objectives 
 
The short term goal of this project is to precisely and accurately estimate the annual escapement 
at age of adult Chinook salmon to the Nehalem and Siletz river basins. Additionally, successful 
completion of these studies will enable managers to calibrate escapement estimates in these two 
basins to cost effective survey methods and generate more accurate and precise estimates past the 
sunset of the Sentinel Stock Program. The overall objectives of the project were: 
 
1) Estimate the 2013 spawner escapement of adult Chinook salmon and estimate age- and sex-

specific proportions of the escapement.  
 

2) Determine the best suite of surveys and the appropriate visual index (indices) from those 
spawning ground surveys that best correlates with true spawner escapement as estimated 
from mark and recapture investigations to determine which will represent fall Chinook 
salmon spawner abundance with sufficient precision and accuracy to form the basis for long-
term monitoring and the incorporation of resulting escapement estimates into PSC harvest 
modeling efforts.  

 
3) For the Nehalem River, we added the objective of increasing our understanding of the spatial 

distribution and timing of the fall and summer runs on the Nehalem. With the thought that we 
may need to develop run-specific mark-recapture estimates and cost-effective estimation 
techniques for future application.  
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All estimates are derived with the goal of meeting the bilateral data standards developed by the 
CTC. The applicable bilateral data standards are: 
 

1) Individual estimates of spawning escapement should on average attain an estimated 
coefficient of variation (CV) of 15% or less; and 

2) Those specific estimates shall be demonstrable, consistent estimates, that is, methods 
used to produce them are asymptotically unbiased.  
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Siletz River Basin 
 
The Siletz River originates in the Coast Range of the central Oregon coast (Figure 2). The basin 
drains a mixture of upland commercial forest land, pasture and rural residential areas. The Siletz 
River estuary is approximately 20 miles in length. The watershed is over 200 square miles and 
contains approximately 100 miles of Chinook salmon spawning habitat. 
 

 
 

Figure 2. General map of Siletz River basin. 
 

 
Adult Chinook salmon return to the Siletz Bay from May through December. The majority of 
what are considered “fall” Chinook salmon typically enter the riverine environment in September 
and October (ODFW 1997). Historically, most females returned at age 5 and most males at age 4 
(Nicholas and Hankin 1988). There is an additional early or spring/summer run component 
observed spawning from late August through September. Information gathered during the 2005-
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2013 field studies suggests run-timing is influenced, at least in part, by late summer and early fall 
flows.  

Basin Objectives 
 
Currently, the PSC escapement goal for the Siletz River is 2,944 adult fall Chinook salmon. This 
goal was based on estimates derived from expansions of long-term standard (index) surveys. We 
have concerns that these estimates may not accurately reflect true spawner abundance and 
therefore sought and received funding to try to improve our estimation techniques. Specifically, 
we have conducted mark-recapture experiments to generate relatively precise and accurate 
estimates of spawners returning to the Siletz. These estimates are compared to the indices 
derived from standard index surveys to try to develop a calibration factor. Past comparisons 
between recent mark-recapture estimates and standard survey indices (i.e. peak counts) 
demonstrated poor correspondence and an inconsistent relationship. Therefore, over the last few 
years of work on the Siletz River, we have been evaluating spawning surveys in other areas 
likely to be more representative of the population. These new surveys and the established index 
surveys are then compared to the mark-recapture estimates. Our intent is to find a suite of 
surveys that represent the Chinook population across a range of escapement levels and 
environmental conditions. We have explored different approaches to describing that relationship 
including a calibration factor approach and weighted least squares regression.  
 

Methods - Mark-Recapture 

Capture-Marking 
We conducted mark-recapture experiments to estimate spawner abundance in the Siletz River 
basin. All capture sites were below spawning tributaries with the exception of Drift and 
Schooner creeks, which enter into Siletz Bay, near the town of Lincoln City. Estimating 
abundance in these basins would require separate mark-recapture experiments in those 
tributaries.  
 
In order to better understand and estimate spawner abundance in the Siletz basin, mark-recapture 
experiments were initiated in mid-August. Marking efforts continued through November 6, 2013 
when winter storms and high flows prevented further capture attempts.  
 
A crew of four seasonal technicians started August 12, 2013. Following training and other 
preparation, rotating crews of two to four employees captured fish during a ten-hour work 
session, seven nights a week. We began capture and marking activities after sunset to correspond 
with nocturnal movements of Chinook salmon, to limit interactions between researchers and 
sport anglers, and to avoid handling fish during warm daylight hours. 
 
Field crews were extremely careful when capturing and handling fish. Water temperatures were 
monitored, and capture activities were cancelled or suspended if temperatures exceeded 65°F 
(18°C) at the time capture activities began. This water temperature ceiling for capture activities 
was established in 2003 by the National Marine Fisheries Service (NMFS) to reduce unnecessary 
handling stress experienced by salmon under warmer water conditions. Maintaining these 
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temperature standards is particularly important as the coho salmon on this portion of the Oregon 
coast are federally listed as threatened under the U.S. Endangered Species Act. Field crews 
conducted surveys a couple hundred meters up and downstream of capture sites on a daily basis 
to record any delayed handling mortality or stressed fish. Two carcasses were observed on these 
floats during the initial capture event and were removed from the marked population numbers 
used in analysis. 
 
We deployed tangle nets in areas where Chinook salmon were known to congregate and migrate 
through. The lack of private landowner cooperation in sites used in previous years and the 
inability to locate a quality alternate location made the installation of a weir impossible during 
the 2013 study period. Four capture locations were used; however, one (near confluence with 
Cedar Creek) was most commonly visited. We chose locations based on access, flow, location of 
Chinook salmon in the basin, and the anticipated behavior of the migrating fish. Three sites were 
tidally influenced, and the other one was at the head of tide. Marking efforts began August 27 
and continued through November 6, 2013.  
 
During the capture portion of the experiment, crews attempted to capture fish a total of 42 nights. 
We marked fish on 34 of those 42 nights. The eight nights crews attempted to capture but were 
unsuccessful were during higher flows when netting was inefficient.   
 
We used tangle nets that were floating type, 9-strand multifilament with a 4.5” mesh. They 
ranged from 36’-150’ in length. Nets were suspended by floats with marker buoys at each end of 
the net panel. Net depths varied from 8-16 ft. Most were of uniform dimension; however, one 
was tapered to fit stream channel dimensions at our Cedar Creek capture site. Nets were 
deployed either parallel to or perpendicular to the channel depending on conditions. At times 
combinations of cross-channel and parallel net configurations were employed to maximize 
likelihood of capturing Chinook salmon. We also drifted tangle nets through the water column 
with a line attached to a boat during times when a “set” net was not fishing effectively.  
 
When crews were not actively checking the net, we held on to the float line of the net to detect 
the presence of fish in the net. Once fish were detected in the net; crews used motorized boats, 
inflatable kayaks, and/or pontoon boats to access the net and quickly remove fish to decrease 
handling time and stress associated with capture. Fish were removed from the tangle nets with a 
soft cotton-mesh dip net to prevent injury and minimize scale loss during handling. All Chinook 
salmon captured were placed in a live-well with the head towards circulating water pumps. We 
frequently changed water in live wells to maintain similar temperature to the stream. Artificial 
slime was added to water in live wells to help replenish any protective covering that may have 
been lost during capture and sampling.  
 
Upon being placed in the live-well, we visually inspected all fish for signs of stress, attempted 
predation, and angler-related hook wounds. Any Chinook salmon exhibiting high stress levels or 
major wounds were released away from netting activities following recovery without being 
marked. Fish perceived to be healthy were examined to determine presence of fin marks and to 
identify the sex. We measured length (mid-eye to posterior scale (MEPS)), collected scales, and 
applied a mutilation mark (hole punch) in the operculum. We varied the location of marks on the 
operculum throughout the capture portion of the project to aid in determination of run timing and 
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differential recovery rates. Three batch marks were issued throughout the capture and marking 
phase on the Siletz. A total of 333 Chinook salmon were captured, 297 were marked, and of 
those marked 259 were wild adults (Table 1, includes two removed from analysis). All coho 
salmon and other species captured in the nets were recorded and released.  
 
Table 1. Number of wild adult Chinook salmon marked by date and batch mark in the Siletz 
River, 2013. “L” or “R” indicates left or right operculum. The letters “A” and “C” denote 
location: Above and Center, with D representing a double hole punch on the same operculum. 
 

Mark Batch Period Marked 
LA 8/26 - 9/7 96 
RA 9/15 - 9/27 94 
LD 10/9 - 11/6 69 

 

Recapture-Carcass Recovery 
 
The second capture event consisted of spawning ground surveys to record observations of live 
fish, redds, and carcasses. For all recovered “qualifying” carcasses, surveyors measured MEPS 
length and collected scales for aging purposes. A qualifying carcass was defined as one in which 
the skeleton and opercula were intact. We also examined each carcass for operculum marks, fin 
clips or tags, and determined sex. Surveyors assigned each fish a relative condition factor 
ranging from 1 (best) to 5 (worst). The tail of each sampled fish was removed to prevent 
duplicate sampling.  
 
All surveyors followed established ODFW spawning survey protocols (ODFW 2013). Surveyors 
walked most surveys in the tributary reaches with the exception of the Rock Creek sub-basin. 
Mainstem and Rock Creek reaches were floated with pontoon boats or inflatable kayaks. We did 
not conduct surveys for enumeration or calibration purposes if the riffle bottom was not visible 
due to turbidity. A qualitative turbidity measure was recorded during each sampling event. 
Carcass recovery for mark-recapture purposes from gravel bars and river banks could be 
conducted regardless of water clarity. Surveyors worked in pairs and wore polarized glasses to 
increase their ability to detect and identify live fish and carcasses. As possible, surveyors 
searched all areas of banks, pools, backwaters, log jams, and low energy deposition areas within 
the stream.  
 
The tributary and mainstem strata for all surveys were determined according to the ODFW 
salmon spawner distribution. For the purposes of these studies, the tributary stratum was defined 
as those stream areas that encompass spawning habitat used by both coho and Chinook salmon. 
Mainstem strata consisted of both larger tributaries and mainstem river reaches typically used by 
only Chinook salmon.  
 
Survey types consisted of standard, select, and other surveys (Table 2). Standard surveys are 
those that have been conducted for multiple years; such as Sunshine Creek, which has been 
conducted since 1952 (ODFW 1997). The standard surveys are those traditionally used to 
produce an index of escapement abundance based on a habitat expansion model. “Select” 
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surveys have been conducted during the 2009 - 2013 field seasons and are currently being 
evaluated to determine their ability to more accurately estimate escapement abundance. These 
candidate index surveys were chosen based on the data collected during previous years of 
Sentinel Stock Program and CTC-LOA funded research, which have exhibited good correlation 
with mark-recapture estimates. “Other” surveys are those that may not have shown high spawner 
densities but are being conducted to maximize mark recovery efforts, increase sampling rate of 
carcasses, and continue expanding the knowledge base of Chinook salmon use in the Siletz River 
basin.  

 
Table 2. Surveys conducted in the Siletz River basin by tributary or mainstem, type, and length. 
* depicts surveys conducted as part of GRTS project funded under US-CTC LOA, OR Coast 
Critical Stocks.  

Type Reach 
ID Segment Name Start End Length 

(mi) 

Tributary 

Standard 25102.5 1 Cedar Cr Mouth Trib D 1.6 
Standard 25105 1 Euchre Cr, Mouth Savage Cr 1 
Standard 25134 1 Big Rock Cr Mouth Fall Cr 0.75 
Standard 25165 1 Sunshine Cr Mouth Deer Cr 1.2 

Select 25117 1 Dewey Cr Mouth Miller Cr 0.54 
Select 25121 1 Mill Cr Mouth West Fork 0.3 
Select 25133 1 Rock Cr Mouth Trib A 2.3 
Select 25133.5 1 Rock Cr Trib A Williams Cr 1.9 
Other 25133.7 1 Rock Cr Williams Cr Big Rock Cr 1.7 
Other 25153 1 Palmer Cr Mouth Headwaters 1 
Select 25159 1 Buck Cr Mouth Buck Cr, E Fk 0.49 
Select 25175 1 Elk Cr Mouth Headwaters 1.03 

Mainstem 

Other 25102 1 Siletz R Jaybird Cr Cedar Cr 0.6 
Other* 25102.6 1 Siletz R Cedar Cr Hough Cr 2 
Other 25102.8 1 Siletz R Hough Cr Reed Cr 0.9  
Select 25104 1 Siletz R Reed Cr Euchre Cr 0.9 
Select 25110 1 Siletz R Euchre Cr Trib Right 0.96 
Select 25110 2.1 Siletz R Trib Right Ojalla Cr 1.8 
Select 25112 1.1 Siletz R Ojalla Cr Ojalla Bridge .8 
Select 25112 1.2 Siletz R Ojalla Bridge Thompson Cr .8 
Select 25114 1 Siletz R Thompson Cr Trib Left 1.5 

Select* 25114 2 Siletz R Trib Left Tangerman Cr 1.2 
Select 25116 1 Siletz R Tangerman Cr Bridge 0.7 
Select 25116 2 Siletz R Bridge Sewage Plant 1.7 
Other 25116 3 Siletz R Sewage Plant Dewey Cr 1.1 
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Type Reach 
ID Segment Name Start End Length 

(mi) 
Select 25120 1 Siletz R Dewey Mill Cr 0.6 
Other* 25124 1 Siletz R Mill Cr Illahee Park 2.4 
Select 25124 2 Siletz R Illahee Park Gauging Station 1.8 
Select 25124 3 Siletz R Gauging Station Bentilla Cr 1.1 
Select 25126 1 Siletz R Bentilla Cr Sam Cr 0.26 
Select 25132 1 Siletz R Sam Cr Scott Cr 0.5 

Select* 25132.7 1 Siletz R Scott Cr Rock Cr 2.7 
Other* 25133 1 Rock Cr Mouth Trib A 2.3 
Other* 25133.7 1 Rock Cr William Cr Big Rock Cr 1.7   
Select 25146 1 Siletz R Rock Cr Mill Cr 0.7 
Select 25152 1 Siletz R Mill Cr Baker Cr 2.1 

Select* 25152 2 Siletz R Baker Cr Palmer Cr 1.8 
Other 25154 1 Siletz R Palmer Cr Wildcat Cr. 1.5 
Other 25156 1 Siletz R Wildcat Cr  Bridge 2.8 
Select 25156 2 Siletz R Bridge Buck Cr 2 
Select 25164 1 Siletz R Buck Cr Sunshine Cr 0.6 
Select 25172 1 Siletz R Sunshine Cr Holman Cr 1.5 
Other* 25174 1 Siletz R Holman Cr Elk Cr 2.5 

 
Surveys were conducted approximately every week to ten days. Sampling frequency was 
increased in areas with high densities of live fish. We conducted regular surveys several miles 
above our Cedar Creek capture site to search for post-handling mortalities. We recovered two 
prespawn adult Chinook that we determined most likely died following handling the previous 
night. These two adult carcasses had our first batch mark of left above (LA) and were removed 
from both the marked numbers and were not included as recoveries in further calculations (Table 
3). The recovery rate for the last batch mark was lower than the other two likely due to poor 
recovery conditions (i.e. high, turbid survey conditions).  
 
Table 3. Number of each batch mark placed, recovered and recovery rate by batch mark in the 
Siletz River in 2013. 

Mark Batch Period 
Number 
marked 

Dates 
recovered 

Number 
recovered % Recovered 

LA 8/26 - 9/7 94 10/11-11/13 20 21% 
RA 9/15 - 9/27 94 10/14-12/10 34 36% 
LD 10/9 - 11/6 69 11/13-11/26 4 6% 

Overall  257  58 23% 
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Results – Mark-recapture 
 
Mark recoveries 
 
In 2013, we marked a total of 257 wild adult Chinook salmon between August 26 and November 
6. We encountered 58 marked fish on the spawning grounds out of a total of 3,269 wild adults 
examined through December 11. We examined these data for evidence of differences in spawn 
timing and location based on timing of river entrance but found no clear patterns. There was a lot 
of overlap in both timing (Table 3) and location of carcass recoveries.  
 
Assumption and bias testing 
 
Age and sex bias 
We developed cumulative size distribution curves based on observed lengths (in MEPS) for 
marked fish, mark recoveries, and all recoveries (Figure 3). To evaluate potential size biases 
during sampling, we conducted two-sample Kolmogorov-Smirnov tests for differences in size 
distributions between sampling events and marked/non-marked fish. Our comparisons were 
between 1) marked adults and marked adult recoveries and 2) marked adults and all recoveries. 
Neither test was significant with p-values exceeding 0.09 in both cases. This suggests there was 
no statistically significant size selectivity during either the marking or recovery events.  
 

 
Figure 3. Cumulative size distribution curves for Chinook captured in the Siletz River during the 
marking and recovery phase of the project. 
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To examine the possibility of sex bias, we calculated a pooled Lincoln-Petersen estimate and 
then separate male and female estimates also using the Lincoln-Petersen estimator. There was 
little difference between the pooled and the sum of the male and female estimates. The sum of 
the stratified estimators was approximately 2% higher than the pooled estimate.  
 
Based on the results of these tests, we combined age and sex data from both sampling events to 
improve the precision of our estimates of age and sex composition of the spawning adults.  
 
Tests of mixing and marked-nonmarked proportions 
We tested the assumptions of complete mixing and equal proportions using Chi-square and a 
variety of analyses using the Stratified Population Analysis Software (SPAS, Arnason et al. 
1996). Our own chi-square test of differences in recovery rates was not significant. The test of 
equal proportions of marked to non-marked fish across spatial strata, however, was significantly 
different. We examined the data further using the SPAS software and testing the possibility of 
using a stratified estimate. One two-by-two matrix successfully converged to form a stratified 
estimate but when compared to the resulting completely pooled estimate was within one standard 
deviation of the pooled estimate and was much less precise. We, therefore, were compelled to 
use the Chapman version of the Lincoln-Petersen estimator.  
 
Escapement estimate 
Using the Chapman modified Lincoln-Petersen estimator, we generated an estimate of 14,298 
(SD=1,822, C.V. 13%) Chinook salmon adults returning to the Siletz River at our marking site.  
Because of the spatial structure of the in-river recreational fishery and the location of our 
marking site, we need to account for harvest above our marking site to reduce potential bias. 
However, we did not conduct creel. Therefore, we estimated harvest above our marking site 
using a relationship between past creel results and an in-season estimator. Using this technique, 
we estimated a harvest of 420 adults above our marking site and reduced our final spawner 
estimate to 13,878 Chinook adults.  
 
Age and sex composition  
As part of our standard protocol, we collect scales from Chinook salmon during both marking 
and recovery. Technicians at the ODFW age lab in Corvallis analyzed the scales to determine 
age. Sometimes we cannot collect scales from a fish that is extremely decomposed, or age cannot 
be determined from the scales collected. Also, this year the aging lab tested the validity of 
subsampling the recovery dataset and decided that subsampling was appropriate. Therefore, the 
numbers presented in the following table may not match the total numbers reported elsewhere in 
this report as being marked or examined on spawning grounds. These data are used to evaluate 
this year’s run and in forecasting the next year’s return. For the purposes of mark-recapture 
estimation, we removed 2-year-olds from the statistics presented below.  
 
Based on the results of the bias evaluations described above, we combined the age and sex 
composition data from the fish encountered during marking and those recovered on the spawning 
grounds to apportion spawners by age and sex (Tables 4 and 5). In 2013, males accounted for 
59% and females, 41%; of spawners. Over 90% of the females recovered were age 4 or 5 fish 
and were approximately evenly split between those age classes. Fifty-nine percent of the males 
were age 4. These results are pretty typical for the Siletz.  
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Table 4. Age and sex composition of adult Chinook sampled for age in the Siletz River, 2013. 
 

 
Age 3 Age 4 Age 5 Age 6 TOTAL 

Male 24% 59% 14% 2% 427 (59%) 
Female 1% 48% 44% 7% 302 (41%) 

 
 
Table 5. Mark-recapture escapement estimate apportioned by sex and age in the Siletz basin, 
2013. 

 Age 3 Age 4 Age 5 Age 6 TOTAL 
Male 1980 4,797 1161 190 8,129 

Female 76 2,741 2,513 419 5,749 
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Nehalem River Basin  
  
Located in the northwest corner of Oregon, the Nehalem River is one of the largest coastal rivers 
in Oregon with a mainstem length of over 120 miles and an estimated total of 121 miles of 
quality spawning habitat (Hodgson and Jacobs 1997, ODFW Database 2010, Figure 4). The river 
is located entirely in the Oregon Coastal Mountain Range with a maximum watershed elevation 
of 3,510 ft. Across 71 years of record, average annual daily maximum discharge is 12,700 CFS; 
average annual daily minimum discharge is 329 CFS  (Figure 5; from 
http://www.nwrfc.noaa.gov, accessed 4/14/2014). Peak discharges typically occur during the 
winter rainy season between November and February. Upland ownership is dominated by 
commercial timberlands, and the floodplain is primarily pastureland.  
 

 
Figure 4. Nehalem River basin. 
  
 

http://www.nwrfc.noaa.gov/
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Figure 5. Summary hydrograph for the Nehalem River gaging station at Foss (1940-2011) [from 
http://www.nwrfc.noaa.gov, accessed 4/14/2014]. 
 
Returning adult Chinook salmon typically begin entering Nehalem Bay in May. The relationship 
between time in the bay and freshwater entry date is thought to depend on river temperatures and 
flows. Nicholas and Hankin (1988) indicated the likelihood of an early (summer) and late (fall) 
component of the Chinook salmon population in the Nehalem basin.  Past radio telemetry and 
spawning survey data provide evidence of a summer or early run component with spatial 
distribution and run timing distinct from that of the fall component. Summer Chinook salmon are 
found spawning as early as September in the upper mainstem (above the town of Mist) as well as 
in headwater tributaries including Wolf Creek and Rock Creek. Fish thought to be “true” fall 
Chinook salmon spawn in and below Humbug Creek (Nehalem RM 35) and in the North Fork 
Nehalem, with peak fall Chinook salmon spawning typically occurring in November. Analysis of 
genetic (DNA) samples from 2009 - 2012 spawning ground surveys suggests there are 
statistically significant differences between these two presumptive population segments; 
however, the degree of difference is not large. This suggests a fair amount of mixing occurs on a 
regular basis between the two run types. Nicholas and Hankin (1988) reported that females in the 
Nehalem River stock mature predominantly at age 5, and males mature between ages 3 and 5 
with few 2-year-old fish contributing to reproduction. 
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Compared to other coastal rivers, the Nehalem River Chinook salmon stock has had minimal 
hatchery influence (Wallis 1961, Nicholas and Hankin 1988, PSFMC 1999). Seventy-six 
hatchery releases (of which thirty-six were spring-run stocks) over ninety years of hatchery 
releases ranged from 15,600 to 1,460,000 Chinook salmon juveniles. All but three of these 
releases occurred before 1952. All of these fish were out-of-basin hatchery stocks, and most were 
fingerlings or of unknown age. Three smolt releases of Trask River stocks occurred in the early 
1970’s. Sampling from SSC and LOA-funded harvest and escapement studies have indicated an 
insignificant contribution of hatchery strays into non-tidal portions of the Nehalem River basin.  
  

Basin Objectives 
 
Currently, the PSC escapement goal for the Nehalem River is 6,989 adult fall Chinook salmon. 
This goal was based on estimates derived from expansions of long-term standard (index) 
surveys. The relationship between this index and actual escapement is unknown. Failure to meet 
that goal repeatedly in the past decade has raised the profile of the basin and associated work to 
improve our understanding of the population and ensure accurate and precise run size estimation.  
 
As stated in the Introduction, we also wanted to gather more information on the presence and 
relative contribution of an early/summer run in the Nehalem. The presence of a distinct 
population has implications for management and conservation. In addition, we continued efforts 
to use the fish ladder at Nehalem Falls to capture Chinook salmon at intermediate to high water 
levels.  
 

Methods – Mark-recapture 

Capture - Marking event  
We conducted mark-recapture to estimate spawner abundance in the Nehalem River basin. In 
2013 our capture efforts were focused on the South Fork Nehalem. Our primary capture site was 
downstream of all spawning habitat except for the population spawning in the North Fork.  
 
A crew of four seasonal technicians started August 1, 2013 and continued through the end of 
December. Following training and preparation, rotating crews of two to three employees 
captured fish during a ten-hour work session, seven nights a week. As the Nehalem is one of the 
largest coastal river systems on the North Oregon Coast, crews from other basins occasionally 
helped during exceptionally busy marking and spawning ground survey (SGS) periods. We 
began capture and marking activities after sunset to correspond with nocturnal movements of 
Chinook salmon, to limit interactions between researchers and sport anglers, and to avoid 
handling fish during warm daylight hours. 
 
We captured fish using tangle nets upstream of tidewater at RM 9, and at the Nehalem Falls fish 
ladder located at RM 15 (Figure 4). The fish ladder was modified in 2011 with the addition of a 
headgate to control water flow and was used to capture salmon when the river level prohibited 



23 
 

capture using nets at downstream locations. Marking efforts began on August 6 and continued 
through November 3, 2013.  
 
As mentioned under the Siletz portion of the report, field crews were extremely careful when 
capturing and handling fish. Capture activities were suspended or cancelled if temperatures 
exceeded 65°F (18°C). In previous years in the Nehalem River, during periods with prolonged 
water temperatures above 18°C, crews encountered recaptured Chinook salmon with fungal 
growth on the snout and mutilation mark areas. In 2013 our crews attempted capture activities 
only when water temperatures were at or below 18°C for more than a few hours each day to try 
to prevent additionally stressing any fish encountered in the net.  
 
We used tangle nets: floating type, 9-strand multifilament line with a 4.5” mesh. Nets ranged 
from 75’-150’ in length and were suspended by white or yellow floats with marker buoys at each 
end of the net panel. Net depths varied from 10-15’. Nets were deployed either parallel or 
perpendicular to the channel depending on conditions. When crews weren’t actively checking the 
net, we held on to the float line to detect the presence of any fish in the net and to decrease 
handling time and stress. Once fish were detected in the net, crews used inflatable kayaks and/or 
pontoon boats to access the net and quickly remove fish with a soft cotton-mesh dip net to 
prevent injury and minimize scale loss during handling.  
 
We followed fish handling, health assessment, and sampling protocols for all captured Chinook 
in the Nehalem River basin as described above for the Siletz River. Healthy Chinook were 
examined to determine sex and the presence of fin marks or previous marking, measured (MEPS 
length), and sampled for scales. We applied a mutilation mark in the operculum with a hole 
punch and released. We varied the location of the operculum marks throughout the capture 
portion of the project to aid in determination of run timing and differential recovery rates. All 
coho salmon and other species captured in the nets were recorded and released. All data collected 
were entered into a PDA and uploaded regularly to a database located on a server at the Corvallis 
Research Lab. 
 
Field crews conducted surveys up and downstream of capture sites on a daily basis to record any 
delayed handling mortality. No marked carcasses were observed during any of floats conducted 
during the initial capture events.  
 
During the capture portion, crews were able to deploy nets on a total of 35 nights in 2013, 
compared to 70 nights in 2012. Between August 6 and September 12, 2013 high water 
temperatures limited our use of nets to capture fish to 17 nights, with 5 – 7 day intervals between 
capture events. Two small freshets in the first half of September improved conditions and 
allowed us to continue marking activities. However, a historic high flow event that began on 
September 28, 2013 prevented further attempts to deploy nets through October 19, 2013 (Figure 
6). We were able resume capture efforts using tangle nets at RM 8 with limited success between 
October 20, 2013 and November 3, 2013.  
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Figure 6. Nehalem River level in feet recorded from USGS gage at River Mile 13.5, including 
effective level of entanglement net and fish ladder. 
 
 
The head gate installed in 2011 at the South Fork Nehalem Falls fish ladder allowed for greater 
ease in sampling and provided a safer work environment for crews at this location. The first adult 
Chinook was captured at the ladder on September 25, 2013. Due to the rapid rise and sustained 
high river level following the late September storm, crews were only able to fish the ladder for 
two days in 2013. No fish entered the ladder during these later attempts and the ladder proved 
ineffective in attracting fish through the rest of the season.  
 
We marked a total of 664 adult Chinook. Of all adults captured, approximately 60% were male. 
We used a combination of five unique batch marks to evaluate run timing and spatial distribution 
(Table 6). Twenty-one adults captured during netting events were released without marks due to 
perceived stress at time of capture.  
 
Table 6. Number of wild adult Chinook salmon marked in the Nehalem River by date and batch 
mark. “L” or “R” indicates left or right operculum. The letters A and C denotes location: Above 
and Center, with D representing a double hole punch on the same operculum. 

Mark Batch Period Marked 
LA 8/11 – 8/15, 8/23 130 
RA 8/24 – 8/28 196 
LC 8/29 – 9/7 191 
RC 9/13 – 9/26 123 
LD 10/20 – 11/3 24 
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Coho salmon encounters  
Coho salmon were first encountered during netting events on the South Fork on August 26, 
2013. Of the 19 coho caught and released upstream for the season, we passed three at the fish 
ladder on September 25, 2013. The last three coho released from the nets at RM 8 occurred 
during our last capture event on November 3. 
 

Recapture event-spawning surveys  
 
The second capture event consisted of spawning ground surveys to record numbers of live fish, 
redds, and carcasses. As described above for the Siletz River, for all recovered qualifying 
carcasses, surveyors measured MEPS length and collected scales for aging purposes. We also 
examined each carcass for operculum marks, fin clips or tags and determined sex. Surveyors 
assigned each fish a relative condition factor ranging from 1 (best) to 5 (worst). Each fish was 
sampled once, and the tail was removed to prevent duplicate sampling.  
 
All surveyors followed established ODFW spawner survey protocols (ODFW 2013). The 
majority of surveys in tributary reaches were walked in an upstream direction at a pace adapted 
to weather and viewing conditions. Mainstem reaches and several tributary reaches were floated 
in pontoon boats or kayaks when water levels were prohibitive to walking. We did not conduct 
surveys for enumeration or calibration purposes if the riffle bottom was not visible due to 
turbidity. A qualitative turbidity measure was recorded during each sampling event. Carcass 
recovery for mark-recapture purposes from gravel bars and river banks was conducted regardless 
of water clarity. Surveyors worked in pairs and each wore polarized glasses to aid in location and 
identification of live fish and carcasses. As possible, surveyors searched all areas of the banks, 
pools, backwaters, and other low energy areas where carcasses were likely to be deposited.  
 
The tributary and mainstem strata for all surveys were determined according to the ODFW 
salmon spawner distribution. For the purposes of these studies, tributary strata were defined as 
those stream areas that encompass spawning habitat used by both coho and Chinook salmon as 
documented in an ODFW database of spawning distribution. Mainstem strata consisted of both 
larger tributaries and mainstem river reaches typically used by only Chinook salmon.  
 
Five standard survey reaches totaling 4.25 miles were included in the survey design. In 2013, we 
selected additional stream reach segments totaling approximately 55 miles of potential habitat 
(Table 7, Figure 7). Surveys were conducted on a seven to ten day interval. Sampling frequency 
was increased in areas with high densities of live fish. This year we also tried using a “zone” 
concept for large general river sections where surveyors might observe fish spawning and collect 
data from carcasses but not conduct a complete, structured survey. Those are also described 
below (Table 7).  
 
Table 7. Spawning survey descriptions with associated lengths and boundaries conducted in the 
Nehalem River Basin in 2013. 
Reach ID Segment Survey Name 

5.1  Zone 1-Tidewater to 26 Bridge 
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Reach ID Segment Survey Name 
5.2  Zone 2-Hwy 26 Bridge to Burn Rd Bridge 
5.3  Zone 3-Burn Rd Bridge to Headwaters 
5.3  Zone 9-Wolf Creek mouth to headwaters 
5.4  Zone 4-North Fork Nehalem River from Tidewater to headwaters 
5.6  Zone 6-Humbug Creek mouth to headwaters 
5.8  Zone 8-Rock Creek mouth to headwaters 

25863 3 Nehalem R, N Fk, Trib left to Soapstone Cr 
25864 1 Soapstone Cr, mouth to Trib right (ChFStand) 

25871.7 1 Nehalem R, N Fk, Sally Cr to Gods Valley 
25901 1 Anderson Cr, mouth to Trib right 
25907 1 Cook Cr, Harliss Cr to Piatt Cr (ChF Stand) 
25917 1 Lost Cr, mouth to sign 
25918 1 Nehalem R, Lost to Fall 
25922 1 Nehalem R, Helloff to Bastard 
25931 1 Salmonberry R, Buick Canyon Cr to 2nd trestle 
25931 2 Salmonberry R, 2nd trestle to Brix Cr (ChFStand) 
25931 3 Salmonberry R, Brix Cr to Belfort Cr (Upper Salmonberry) 
25962 1 Nehalem R, Cronin To Trib 2 
25964 1 Nehalem R, Spruce Run to Cougar Mt. 
25966 2 Nehalem R, bridge to Humbug 
25967 2.1 Humbug Cr, bridge to McClure (ChF Stand) 
25971 1 Humbug Cr, McClure to Larsen 
25973 1 Humbug Cr, Larsen to Bridge 
25973 2 Humbug Cr, Bridge to Big 
25975 1 Humbug Cr, Big to Trib 
25975 2 Humbug Cr, Trib to Alder 
25979 1 Humbug Cr, Alder to E Humbug 
25980 1 E Humbug, mouth to rootwad (ChFStand) 
25994 1 Nehalem R, George to Cow 
25996 1 Nehalem R, Cow to Klines 
25998 1 Nehalem R, Klines to Moores 
26000 1 Nehalem R, Moores to Buster 
26008 1 Nehalem R, Buster To Trib 1 
26008 2 Nehalem R, trib to Fishhawk 
26026 1 Nehalem R, Fishhawk to Slaughter 
26034 1 Nehalem R, Northrup To Sager 
26036 1 Nehalem R, Sager to Lousignont 
26054 2 Nehalem R, Beaver Cr to Unnamed Trib 
26056 1 Nehalem R, Calvin Cr to Ford Cr (or Lindgren) 
26062 1 Nehalem R, Lundgren(Messing) to rd. 
26066 1 Nehalem R, Battle to Deer 
26070 1 Nehalem R, Deer to bridge 
26070 2 Nehalem R, bridge to Gus 
26085 4 Nehalem, EF, trib (bridge?) to Dog Cr 
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Reach ID Segment Survey Name 
26094 3 Nehalem R, cow Xing to 2nd bridge 
26094 4 Nehalem R, 2nd bridge to Knickerson 

26094.7 1 Nehalem R, Knickerson to Coon 
26097 2 Rock Cr, Trib 1 to Trib 2 
26097 3 Rock Cr, Trib 2 to Trib 3 
26097 4 Rock Cr, Trib 3 to Trib 4 
26097 5 Rock Cr, Trib 4 to Trib 5 left 
26141 1 Wolf Cr, mouth to trib left 
26141 2 Wolf Cr, trib left to culvert right 
26141 3 Wolf Cr, culvert right to NF Wolf 
26142 1 Wolf Cr, NF, mouth to trib left 

 
 
 

 
Figure 7. Distribution of spawning surveys in the Nehalem basin. Red lines identify possible 
boundaries between summer and fall runs. 
 
The freshets in late August and early September 2013 aided in the upstream migration of 
Chinook salmon to this area relatively early, and we observed fish spawning in zones outside of 
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traditional surveys we monitor. We were able to initiate spawning surveys in the upper basin of 
the South Fork Nehalem near the town of Vernonia on September 9, two weeks earlier than in 
previous years. This earlier start was in part due to cancellation of capture activities during a 
period of high water temperature, and our crew shifted efforts into surveys. We also hired two of 
our Tillamook GRTS crew in mid-September to assist in conducting these upper basin surveys to 
provide some assurance peak counts could be obtained for the summer fish.  
 
The historic high flow event in late September 2013 further expanded Chinook salmon 
distribution by close to 30 stream miles (Figure 8). Areas of expanded distribution in 2013 
included the mainstem Nehalem River from the mouth of Rock Creek, upstream past the town 
site of Timber (RM 115), 7 miles of Wolf Creek, and an additional 13 miles of Rock Creek. 
After flows receded following the September storm, survey conditions improved and were quite 
favorable through most of October and into early November.  
 

 
Figure 8. Traditional and expanded 2013 Nehalem Chinook salmon spawner distribution. 
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Results – Mark-recapture 
 
Mark recoveries 

In 2013, we marked a total of 664 wild adult Chinook salmon between August 11 and November 
3. We encountered 65 marked fish on the spawning grounds out of a total of 1,586 qualifying 
wild adults examined through December 17 (Table 8). Our overall mark recovery rate was just 
under 10%.  
 
Table 8. Number of each batch mark placed, recovered and recovery rate by batch mark in the 
Nehalem River in 2013. 

Mark Marking Dates 
Number 
Marked 

Recovery 
Dates 

Number 
Recovered % Recovered 

LA 8/11 - 8/23 130 10/8-10/30 14 11% 
RA 8/24 - 8/28 196 9/18-10/24 10 5% 
LC 8/29 - 9/7 191 9/13-11/6 22 12% 
RC 9/13 - 9/26 123 10/3-11/22 17 14% 
LD 10/20 - 11/3 24 11/26-12/17 2 8% 

In 2013, the distinctive pattern of early fish spawning in the upper basin and later fish in the 
lower basin was not as clear as in previous years of this study. We recovered 54 marked fish in 
the upper basin this year, typically habitat for the summer run. In addition, half of the recoveries 
in the lower basin (typically fall fish) were marked during what we would typically call summer 
fish run timing. One potential reason for this apparent anomaly could be the historic high flow 
early in the season (Figure 6). This flood event occurred at a time when the transition in 
migration from summer to fall fish typically occurs. This pulse may have triggered fish that 
typically spawn lower in the basin to surge upstream and mix more with the summer fish. This 
event highlights a potential mechanism for mixing of the fall and summer runs. Past genetic tests 
have demonstrated a small but statistically significant difference between these two runs. 
Infrequent mixing events could explain these results.  
 
Assumption and bias testing 
 
Age and sex bias 
We developed cumulative size distribution curves for adult Chinook based on observed lengths 
(in MEPS) for marked fish, mark recoveries, and all recoveries (Figure 9). To evaluate potential 
size biases during sampling, we conducted two-sample Kolmogorov-Smirnov tests for 
differences in size distributions between sampling events and marked/non-marked fish. Our 
comparisons were between 1) marked adults and marked adult recoveries and 2) marked adults 
and all recoveries. Neither test was significant with p-values exceeding 0.4 in both cases. This 
suggests there was no statistically significant size selectivity during either the marking or 
recovery events.  
 
To examine the possibility of sex bias, we calculated a pooled Lincoln-Petersen estimate and 
then separate male and female estimates also using the Lincoln-Petersen estimator. There was 
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little difference between the pooled and the sum of the male and female estimates, (within one 
hundred fish of the pooled estimate).  
 

 
Figure 9. Cumulative size distribution curves for adult Chinook (MEPS >510) marked, marked 
and recovered, and all recovered; Nehalem River, 2013. 
 
Based on the results of these tests, we will combine age and sex data from both sampling events 
to improve the precision of our estimates of age and sex composition of the spawning adults.  
 
Tests of mixing and marked-nonmarked proportions 
We tested the assumptions of complete mixing and equal proportions using chi-square and a 
variety of analyses using the Stratified Population Analysis Software (SPAS, Arnason et al. 
1996). Our own chi-square test of differences in recovery rates was not significant. The test of 
equal proportions of marked to non-marked fish across spatial strata, however, was significantly 
different. We examined the data further using the SPAS software and tested the possibility of 
using a stratified estimate. A 5 x 5 matrix with temporal marking and recovery strata supported 
our findings with the test for complete mixing demonstrating no statistically significant 
difference but the equal proportions test was significant.   We tried several different 
configurations (temporal and spatial strata) and pooling scenarios with little success generating 
an acceptable stratified Darroch estimator. In other words, either the estimator would not 
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converge, or the estimator was very imprecise. Based on these findings, we were compelled to 
use the Chapman version of the Lincoln-Petersen estimator.  
 
Escapement estimate 

The Chapman version of the Lincoln-Petersen estimate for the South Fork Nehalem was 15,989 
(S.E. =1,909, C.V. = 12.0%). No adjustment for the area-specific harvest above our marking site 
was made to the estimate in 2013. We only have one year of creel data for the area above our 
marking site, and the harvest estimate was relatively low with low precision.  
  
Age and sex composition  
 
As part of our standard protocol, we collect scales from Chinook salmon that are marked or 
recovered as carcasses. Technicians from the ODFW Fish Life History Analysis Project in 
Corvallis analyzed the scales to determine age. Sometimes we cannot collect scales from a fish 
that is extremely decomposed, or age cannot be determined from the scales collected. Therefore, 
the numbers presented in the following tables may not match the numbers reported elsewhere in 
this report as being marked or examined in spawning ground surveys. Also, the aging lab tested 
the validity of subsampling the recovery dataset and decided that subsampling was appropriate in 
the Nehalem in 2013. For the purposes of mark-recapture estimation, we removed 2-year-olds 
from the statistics presented below.  
 
Based on the results of the bias evaluations described above, we combined the age and sex 
composition data from the fish encountered during marking and those recovered on the spawning 
grounds to apportion spawners by age and sex (Tables 9 and 10). In 2013, males accounted for 
60% and females, 40%; of returning Chinook. Both male and female portions of the run were 
dominated by 4 year olds (65% and 70%, respectively). The predominance of 4-year-old females 
is atypical.  
 
 
Table 9. Age and sex composition of adult Chinook sampled for age in the Nehalem River, 2013. 

 
Age 3 Age 4 Age 5 Age 6 TOTAL 

Male 26% 65% 8% 1% 849 (60%) 
Female 9% 70% 19% 2% 559 (40%) 

 
 
Table 10. Mark-recapture escapement estimate apportioned by sex and age in the Nehalem basin, 
2013. 

 Age 3 Age 4 Age 5 Age 6 TOTAL 
Male 2,507 6,267 771 96 9,641 
Female 571 4,444 1,206 127 6,348 
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Calibration of mark-recapture to index surveys: long term estimation 
techniques in the Siletz and Nehalem  
 
Historically, the Oregon Department of Fish and Wildlife (ODFW) estimated spawner escapement in 
Oregon coastal basins using habitat-expansion methodology. Agency and partner employees conducted, 
and continue to conduct, standard spawning ground surveys to record live and dead counts of Chinook 
salmon. Then, the largest daily sum of live and dead counts for a given survey location (the peak count) is 
identified, and an index calculated (number of fish per mile). We then expand the index by the total 
estimated available spawning habitat in each basin (in miles). Additional functions are applied to adjust 
for likely observation error and non-random bias. Agency personnel have calculated estimates using these 
traditional methods while concurrently conducting mark and recapture experiments in the Siletz basin 
since 2005 and in the Nehalem from 2000 to 2003 and 2009 to present. 
 
We have conducted studies in the Nehalem, Nestucca, Siletz, Siuslaw, Umpqua, Coos, Coquille and Salmon 
Rivers to explore the use of a calibrated visual index from spawning ground surveys to represent an accurate 
and relatively precise estimate of spawner abundance. Various survey indices; including but not limited to 
peak count, live area-under-the-curve (AUC) estimates, redd counts and sum of dead counts were calibrated 
to mark-recapture derived escapement estimates to determine which index tracks best over a period of years. 
Most of these studies suggested peak counts were the most consistent indicator of abundance, but all have 
some merit. These investigations indicated that the indices derived using surveys in a combination of both 
mainstem and tributary habitats correlated most consistently to overall abundance.  
 
Identification of a consistent relationship between a visual index from the ODFW standard surveys and 
mark-recapture estimates was a primary objective, as this would maintain the historical relevance of the 
surveys and allow for back casting spawner abundance. However, the relationship was inconsistent in the 
Siletz basin (i.e. large variation in the relationship across years) and deemed inadequate as a spawner 
escapement estimator (CV > 30%). Therefore, we have also conducted a suite of select surveys 
throughout the duration of this study in an attempt to develop a calibrated survey design and provide 
managers a cost effective means to generate relatively precise and accurate escapement estimates in the 
future.  
 
Analyses of the relationship between spawning ground surveys and mark-recapture experiments from the 
Siletz and the Nehalem River basins have been conducted. Two techniques were explored for 
comparison; 1) a calibrated index of abundance, and 2) a weighted least squares regression. The 
calibrated index technique follows the approaches described by Pahlke (2006) and Bernard, et al. (2000).  
 
Siletz River basin 
The relationship of visual indices from standard surveys to mark and recapture abundance estimates have 
not correlated as well in the Siletz basin as they have in the other study basins along the Oregon coast 
(Table 11). We hypothesize one reason for this poor relationship is that the standard surveys in the Siletz 
represent smaller, tributary type habitats which are not typically productive Chinook habitat. A better 
relationship was realized by selecting a mix of smaller tributary and select mainstem or large tributary 
surveys.  Results using a sum of dead index from three standard surveys and two select surveys 
(Appendix A) totaling 4.9 miles appear to be a relatively good indicator of spawner abundance for the 
basin (Table 12).  
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Table 11. Comparison of standard and select calibrated surveys for the Siletz and Nehalem River basins. 
*based on 4 years of data 
 
Survey Group 

 
Index 

Mean 
Expansion 

Calibration 
C.V. 

Siletz Standard Sum of Peak 60.7 58% 
Siletz Select Sum of Dead 48.0 27% 
Nehalem Standard Sum of Peak 53.3 24% 
Nehalem Standards + Upper* Sum of Peak 31.3 14% 

 
 
Table 12.  Annual mark-recapture estimates, CV’s, sum of dead index values and derived calibration 
factors from Chinook (>510 mm) encountered on 5 spawning ground index surveys in the Siletz basin, 
2005-2013. Surveys include Sunshine, Buck, Siletz Sunshine (mainstem), Euchre, and Big Rock. 
Year Mark Recapture 

Estimate 
C.V. Mark 
Recapture 

Sum of Dead 
Index 

Calibration 
Factor 

2005 14,355 63% 313 45.9 
2006 15,891 21% 410 38.8 
2007 2,700 16% 38 71.1 
2008 1,218 20% 30 40.6 
2009 2,213 12% 69 32.1 
2010 10,985 43% 175 62.8 
2011 4,985 7% 132 37.8 
2012 8,738 19% 193 45.3 
2013 13,878 13% 240 57.8 

Mean Calibration Factor 48.0 
Calibration Factor C.V. 27% 

 
We are also exploring a weighted least squares regression approach to assess the relationship between a 
visual index and mark and recapture estimates of abundance. This technique gives less weight to 
estimates in years in which the uncertainty around the estimate is high. As mentioned in the previous 
section, we have identified a Sum of Dead index from select reaches in the Siletz River as a potential 
indicator of spawner abundance for future management purposes. Using the weighted least squares 
regression approach, annual spawner escapement and confidence bounds were estimated from the 
regression equation and associated prediction table (Figure 10, Table 13).  
 
Table 13. Excerpts from WLS prediction table using sum of dead index to predict annual spawner 
escapement, standard error and coefficient of variation. 

Sum of Dead 
Index 

Escapement estimate 
(from regression) 

SE CV 

25 1,006 319 32% 
26 1,045 315 30% 
27 1,084 312 29% 
100 3,947 322 8% 
101 3,986 326 8% 
102 4,025 330 8% 
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200 7,868 797 10% 
201 7,907 802 10% 
202 7,946 807 10% 
448 17,592 2,133 12% 
449 17,631 2,139 12% 
450 17,670 2,144 12% 

 

 
Figure 10. Weighted least squares regression of mark-recapture estimates and sum of dead index, 2005-
2013. 
 
Results comparison 
To evaluate the results of the two techniques, potential biases and management implications we graphed 
the percent difference between the actual mark-recapture estimate and each of the predictors (calibration 
and regression) (Figure 11). In this assessment, the calibration factor approach tended to overestimate 
(+6%) and the WLS regression approach tended to underestimate (-13%) the population size. Looking at 
this a little more closely, in two of the three years of very low abundance (2008 and 2009); the calibration 
factor approach overestimated abundance, by as much as 50% in 2009. While in 2007, both methods 
underestimated abundance by more than 30%. There are management implications (conservation and 
fisheries prosecution) to both forms of potential bias. This will require further evaluation.  
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Figure 11. Percent difference between annual mark-recapture estimate and either the calibration factor 
estimate or the weighted least square regression estimate. 
 
Nehalem River basin 
We followed the two approaches described above for the Nehalem. Results from standard survey 
calibration efforts using peak counts from standard surveys in the Nehalem River basin demonstrate a 
relatively strong relationship (C.V. 24%) (Table 14). 
 
Table 14. Standard survey calibration. Annual mark-recapture estimates, CV’s, sum of peak index values 
and derived calibration factors from Chinook (>510 mm) encountered on standard spawning ground index 
surveys (4) to mark-recapture estimates in the Nehalem basin, 2000-2003, 2009-2013.  
Year Mark Recapture 

Estimate 
C.V. Mark 
Recapture 

Sum of Peak 
Index 

Calibration 
Factor 

2000 10,678 26% 208 51.34 
2001 12,431 5% 335 37.11 
2002 19,956 12% 436 45.77 
2003 21,283 19% 309 68.88 
2009 5,786 17% 116 49.88 
2010 7,097 16% 117 60.66 
2011 11,084 12% 184 60.24 
2012 12,952 19% 184 70.39 
2013 15,989 12% 448 35.69 

Mean Calibration Factor 53 
Calibration Factor C.V. 24% 

  
A weighted least square regression analysis was conducted (Figure 12) to apply uncertainties with the 
calibration relationship by incorporating the variance associated in the annual abundance estimate derived 
through mark-recapture techniques. Using the weighted least squares regression approach, annual 
spawner escapement and confidence bounds could be estimated from the regression equation and 
associated prediction table (Table 15).  
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Figure 12. Standard surveys. Weighted least squares linear regression of mark-recapture estimates and 
sum of peak index from four standard surveys, 2000-2003, 2009-2013. 
 
 
Table 15. Standard survey predictive table. Excerpts from WLS prediction table using Sum of Peak index 
from annual standard surveys to predict spawner escapement, standard error and coefficient of variation. 

Sum of Peak Index Escapement estimate 
(from regression) 

SE CV 

110 6828 1116 16% 
111 6866 1112 16% 
112 6903 1108 16% 
220 10945 800 7% 
221 10982 799 7% 
222 11019 798 7% 
330 15061 915 6% 
331 15098 918 6% 
332 15136 921 6% 
440 19177 1355 7% 
441 19214 1360 7% 
442 19252 1365 7% 

 
We have evidence of two populations, or runs, of Chinook in the Nehalem basin. These groups 
distinguish themselves through spatial and temporal differences in spawning and some genetic disparity. 
The early component generally exhibits peak spawning activity in mid-October and occurs in the upper 
basin, and the late component tends to spawn in November in the lower basin. The presence of distinct 
populations may have implications for both management and conservation. Our current standard index 
surveys are located entirely in the lower portion of the basin (fall run habitat). Therefore, we felt it 
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prudent to include index surveys from the upper basin for the purposes of calibrating to basin-wide 
spawner abundance.  
 
We added two upper basin mainstem surveys to the four standard index surveys in another calibration 
assessment for returns years 2009-2013. The inclusion of these surveys improved the index to abundance 
estimate relationship from that of only standard surveys, although our confidence is not as strong due to 
fewer years of data collection (Table 16).  A WLS regression was also performed for this suite of six 
index surveys and associated predictive estimates derived using the software program R (Figure 13, Table 
17). 
 
Table 16. Full survey calibration. Annual mark-recapture estimates, CV’s, sum of peak index values and 
derived calibration factors from Chinook (>510 mm) encountered on standard spawning ground index 
surveys (4) and select surveys (2) to mark-recapture estimates in the Nehalem basin, 2009-2013. 
 
Year Mark Recapture 

Estimate 
C.V. Mark 
Recapture 

Sum of Peak 
Index 

Calibration 
Factor 

2009 5,786 17% 191 30.3 
2010 7,097 16% 216 32.9 
2011 11,084 14% 380 29.2 
2012 12,952 19% 344 37.7 
2013 15,989 12% 603 26.5 

Mean Calibration Factor 31.3 
Calibration Factor C.V. 13.5% 

 
Table 17. Full survey WLS predictive table. Excerpts from WLS prediction table using Sum of Peak index 
from six select spawning ground surveys to predict spawner escapement, standard error and coefficient of 
variation. 

 
Sum of Peak 

Index 
Escapement estimate 

(from regression) 
SE CV 

150 5,212 668 13% 
151 5,237 665 13% 
152 5,262 662 13% 
350 10,280 498 5% 
351 10,305 500 5% 
352 10,331 501 5% 
648 17,832 1,331 7% 
649 17,857 1,334 7% 
650 17,883 1,337 7% 
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Figure 13. Select surveys. Weighted least squares linear regression of mark-recapture estimates and sum 
of peak index from six spawning ground surveys in the Nehalem basin, 2009-2013. 

 
Results comparison 
To evaluate the results of the two techniques, potential biases and management implications; we graphed 
the percent difference between the actual mark-recapture estimate and each of the estimators using the six 
surveys (Figure 14). In this assessment, the calibration factor approach was very slightly over-estimated 
(+1%) and the WLS regression approach slightly underestimated (-3%) abundance. We will be deciding 
in the coming months which estimation technique to use in future assessments, taking into account a 
range of factors including the number of years included in the analyses, the distribution of sites, and 
ability to use the technique.   
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Figure 14. Percent difference between annual mark-recapture estimates and either the calibration factor 
estimate or the weighted least square regression estimate, Nehalem basin (6 surveys, 2009-2013).  
 

Future Escapement Estimates 
 
We have presented what we believe to be the most cost effective spawning ground survey design 
incorporating both standard and select reaches from which a calibrated visual metric accurately and 
precisely represents Chinook spawner abundance for both of these basins and generates annual spawner 
estimates within the data standards developed by the CTC. Also presented are two approaches to future 
abundance estimation, a calibration factor approach and a weighted least squares regression approach as 
depicted above. Predictive tables can be produced from both of these methods and estimates of abundance 
with associated confidence intervals can easily be obtained from the survey data (Appendix B). Managers 
will decide as to which of these approaches they have the most confidence in for use as a future abundance 
estimator.  
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Appendix A 
 
Descriptions fall Chinook spawning ground surveys in the Nehalem and Siletz River basins of 
coastal Oregon. 
 
Siletz River Basin Standard Surveys 

 
Siletz River Basin Select Surveys 

Reach ID Segment 
Survey 
Name Miles Description 

25102.50 1.0 Cedar Cr 1.60 

From the town of Siletz, drive 8.0 miles west down Hwy 226 to 
bridge over Cedar Cr. There is parking at the trailhead on the 
downstream end of the bridge.  Hike down the trail ~200m to the 
mouth of Cedar Cr (sign on tree on bank).  Survey Cedar Cr from 
the mouth upstream ~1.6 miles to a concrete bridge near a rock 
quarry (sign on right bank).  Survey is easily split by driving 0.8 
miles up Cedar Cr Quarry Rd and parking at the blocked road. 
Follow trail into the woods walk ~200 m to creek. 

25105.00 1.0 

Euchre 
Cr, 

Mouth To 
Savage 

Cr 1.00 

From Newport, drive east on Hwy 20 to Toledo.  Turn left on 
Highway 229.  Drive north to the bridge over Euchre Cr (about 4 
miles north of the town of Siletz).  Park at the gate on the north side 
of the creek.  Walk downstream to the mouth (~0.15 miles).  Survey 
from the mouth (no sign posted) upstream 1.3 miles (end sign is on 
a left bank alder).  Exit via old logging road on the left. NOTE: to 
drive to endpoint, get a key from Plum Creek Industries and drive up 
road on the north side of the creek. Keep right at two forks. 

25134.00 1.0 
Big Rock 

Cr 0.75 

Walking survey. From the town of Siletz, go right onto E. Logsden 
Rd and drive ~12.3 mi until you cross over Big Rock Cr bridge, the 
first bridge past the 12mi marker.  Park near bridge. Walk 
downstream to the mouth of the creek to begin survey. Walk 
upstream ~1.4 mi to the 2ft bedrock ledge spanning the creek, the 
end of the survey. Sign posted on alder left. Walk out through field 
to Rock Cr Rd. and back to truck. NOTES: Contact landowners 
every year before surveys start. 

25165.00 1.0 
Sunshine 

Cr 1.20 

From Logsden, take Moonshine Park Rd ~ 2.5 mi to a junction; stay 
right on gravel road. Go ~6.0 miles to Rd. 120 on right.  Take Rd. 
120, ~1.0 mi to bridge crossing Sunshine Cr.  Park & walk 
downstream to mouth.  Survey from mouth upstream ~1.2 mi to a 
deep pool that is impassable without scaling the cliff (sign on both 
banks alders).  Exit via survey until the road on the right is 
accessible.  Hike road back to truck.   

Reach ID Segment 
Survey 
Name Miles Description 

25165.00 1.0 
Sunshine 

Cr 1.20 

From Logsden, take Moonshine Park Rd ~ 2.5 mi to a junction; stay 
right on gravel road. Go ~6.0 miles to Rd. 120 on right.  Take Rd. 
120, ~1.0 mi to bridge crossing Sunshine Cr.  Park & walk 
downstream to mouth.  Survey from mouth upstream ~1.2 mi to a 
deep pool that is impassable without scaling the cliff (sign on both 
banks alders).  Exit via survey until the road on the right is 
accessible.  Hike road back to truck.  . 
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Nehalem Basin Standard Surveys 

25105.00 1.0 

Euchre Cr, 
Mouth To 
Savage Cr 1.00 

From Newport, drive east on Hwy 20 to Toledo.  Turn left on Highway 
229.  Drive north to the bridge over Euchre Cr (about 4 miles north of 
the town of Siletz).  Park at the gate on the north side of the creek.  
Walk downstream to the mouth (~0.15 miles).  Survey from the 
mouth (no sign posted) upstream 1.3 miles (end sign is on a left bank 
alder).  Exit via old logging road on the left. NOTE: to drive to 
endpoint, get a key from Plum Creek Industries and drive up road on 
the north side of the creek. Keep right at two forks. 

25134.00 1.0 
Big Rock 

Cr 0.75 

Walking survey. From the town of Siletz, go right onto E. Logsden Rd 
and drive ~12.3 mi until you cross over Big Rock Cr bridge, the first 
bridge past the 12mi marker.  Park near bridge. Walk downstream to 
the mouth of the creek to begin survey. Walk upstream ~1.4 mi to the 
2ft bedrock ledge spanning the creek, the end of the survey. Sign 
posted on alder left. Walk out through field to Rock Cr Rd. and back 
to truck. NOTES: Contact landowners every year before surveys 
start. 

25172.00 1.0 
Siletz 

Sunshine  1.1 

2014 (JP edit)  From the town of Siletz go right on E.Logsden Rd 
~7.5 mi to the town of Logsden. Turn left onto Moonshine Pk Rd. 
after bridge & drive ~4 mi to a split. Keep right onto gravel road. Turn 
CB on to Ch 4. Continue up Gorge Rd/1000 Line ~9.5 mi. Turn R on 
old skid rd. Park at landing at end of rd. Access river down trail. 
Survey starts  at the mouth of Holman Cr on right & ends ~2 mi down 
at Sunshine Cr. Take out at Buck Cr Bridge. *Surveyable just above 
5 feet on Siletz USGS gauge if water is dropping; below 5 feet if 
water is rising or level. 

Reach ID Segment 
Survey 
Name Miles Description 

25967.00 2.1 

Humbug Cr, 
Bridge to 
McClure  0.88 

From Jewell Junction and Highway 26 drive west on Hwy 26 for 1.6 
mi to Woodward Rd.  Turn left and drive ~0.5 mi to stop sign at Lower 
Nehalem Rd.  Turn left and drive 0.7 mi to a bridge over Humbug Cr.  
Park on right, just past bridge.  Survey from the bridge (no start sign) 
upstream 0.9 miles to a small house on the right (sign on alder left.)  
End point is ~ 200 meters upstream of McClure Cr. Exit via the 
survey, or house if arranged.  

25980.00 1.0 
East 
Humbug  Cr 0.90 

From Seaside, go east on Hwy 26 to milepost 17.4 and bridge on 
right. Access E Humbug Cr below the bridge and walk to the mouth 
(sign on alder right). Survey from the mouth upstream 0.9 miles, to a 
left bank tributary with bridge over it. Exit via road on left. 

25931.00 2.0 

Salmonberry 
R, 2nd 
trestle to 
Brix  0.50 

From Hwy 26 near Elsie, turn South on Lower Nehalem R Rd. and go 
to the end of the road ~12 mi.  Follow RR tracks/road along 
Salmonberry R to second trestle. Survey ~0.5 mi upstream to Brix Cr. 
From Wheeler: drive north on 101 about 0.2 miles and turn right onto 
Hwy 53. Drive 1.3 mi and turn right onto Main River Rd. Drive 1.0 mile 
and turn left onto Foss Rd. Drive approx. 14 mi up the Nehalem to a 
road on the right just before crossing Salmonberry R. Survey 
Salmonberry R from 2nd railroad trestle crossing upstream for 0.5 
miles to the mouth of Brix Cr on right. 
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Nehalem Basin Select Surveys (standards + upper basin index) 

25907.00 1.0 

Cook Cr, 
Harliss to 
Piatt  1.10 

From Mohler (Hwy 53) go south on River Rd for 1.0 mile, take a left 
on Foss Rd.  Drive approx. 6.8 miles to Cook Cr Rd (just past the 
bridge over the Nehalem R). Travel Cook Cr Rd for 3.9 miles to 
mouth of Harliss Cr. Park at the pullout just before the creek. Follow 
Harliss Cr downstream to the confluence with Cook Cr (sign on left 
bank alder). Survey Cook Cr upstream 1.1 mile to the confluence with 
Piatt Cr on the left.  End sign on left bank alder at tributary mouth. 

Reach ID Segment 
Survey 
Name Miles Description 

25967.00 2.1 

Humbug Cr, 
Bridge to 
McClure  0.88 

From Jewell Junction and Highway 26 drive west on Hwy 26 for 1.6 
mi to Woodward Rd.  Turn left and drive ~0.5 mi to stop sign at 
Lower Nehalem Rd.  Turn left and drive 0.7 mi to a bridge over 
Humbug Cr.  Park on right, just past bridge.  Survey from the bridge 
(no start sign) upstream 0.9 miles to a small house on the right (sign 
on alder left.)  End point is ~ 200 meters upstream of McClure Cr. 
Exit via the survey, or house if arranged.  

25980.00 1.0 
East 
Humbug  Cr 0.90 

From Seaside, go east on Hwy 26 to milepost 17.4 and bridge on 
right. Access E Humbug Cr below the bridge and walk to the mouth 
(sign on alder right). Survey from the mouth upstream 0.9 miles, to a 
left bank tributary with bridge over it. Exit via road on left. 

25931.00 2.0 

Salmonberry 
R, 2nd 
trestle to 
Brix  0.50 

From Hwy 26 near Elsie, turn South on Lower Nehalem R Rd. and go 
to the end of the road ~12 mi.  Follow RR tracks/road along 
Salmonberry R to second trestle. Survey ~0.5 mi upstream to Brix Cr. 
From Wheeler: drive north on 101 about 0.2 miles and turn right onto 
Hwy 53. Drive 1.3 mi and turn right onto Main River Rd. Drive 1.0 
mile and turn left onto Foss Rd. Drive approx. 14 mi up the Nehalem 
to a road on the right just before crossing Salmonberry R. Survey 
Salmonberry R from 2nd railroad trestle crossing upstream for 0.5 
miles to the mouth of Brix Cr on right. 

25907.00 
 
 
 
 

2.0 
 
 

Cook Cr, 
Harliss to 
Piatt 

 

1.1 From Mohler (Hwy 53) go south on River Rd for 1.0 mile, take a left 
on Foss Rd.  Drive approx. 6.8 miles to Cook Cr Rd (just past the 
bridge over the Nehalem R). Travel Cook Cr Rd for 3.9 miles to 
mouth of Harliss Cr. Park at the pullout just before the creek. Follow 
Harliss Cr downstream to the confluence with Cook Cr (sign on left 
bank alder). Survey Cook Cr upstream 1.1 mile to the confluence 
with Piatt Cr on the left.  End sign on left bank alder at tributary 
mouth 

26904.00 3.0 
Nehalem 

CowX 1.4 

From Pittsburg, drive 1.9 miles south to a road on the left. Follow the 
road to the end and enter the river. Survey the Nehalem from this 
point upstream 1.4 miles to the highway crossing. 
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26097.00 4.0 Rock T3T4 1.10 
From Vernonia, drive ~2.8mi N on Keasey Rd. to crossing over small 
trib. Walk trib down to Rock Cr. Survey up ~2.4mi to trib on R. 
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Appendix B 
 
Predictive table excerpts with 95% CI for Nehalem River calibrated  
Standard Surveys 2000-2003, 2009-2013 

Sum Peak 
Predicted 
Spawners 

Spawner 
Variance 

Standard 
Dev  + .95 CI  - .95 CI 

100 5333 989086 995 7282 3383 
150 7999 2225444 1492 10923 5075 
200 10666 3956345 1989 14564 6767 
250 13332 6181789 2486 18205 8459 
300 15998 8901775 2984 21846 10150 
350 18665 12116305 3481 25487 11842 
400 21331 15825379 3978 29128 13534 
450 23997 20028995 4475 32769 15226 

 
 
Predictive table excerpts with 95% CI for Nehalem River calibrated  
Select Surveys 2000-2003, 2009-2013 
Sum 
Peak 

Predicted 
Spawners 

Spawner 
Variance 

Standard 
Dev  + .95 CI  - .95 CI 

100 3130 235884 486 4082 2178 
200 6259 943538 971 8163 4356 
300 9389 2122960 1457 12245 6533 
400 12519 3774151 1943 16327 8711 
500 15649 5897111 2428 20408 10889 
600 18778 8491839 2914 24490 13067 

 
 
Predictive table excerpts with 95% CI for Siletz River calibrated  
Standard Surveys 2005-2013. 
Sum 
Peak 

Predicted 
Spawners 

Spawner 
Variance 

Standard 
Dev  + .95 CI  - .95 CI 

25 1517 575822 759 3004 30 
50 3034 2303287 1518 6009 60 
75 4551 5182396 2276 9013 90 

100 6069 9213149 3035 12018 119 
125 7586 14395545 3794 15022 149 
150 9103 20729585 4553 18027 179 
175 10620 28215269 5312 21031 209 
200 12137 36852596 6071 24036 239 
225 13654 46641567 6829 27040 269 
250 15171 57582181 7588 30045 298 

 
 
 
 
 



47 
 

Predictive table excerpts with 95% CI for Siletz River calibrated  
Select Surveys 2005-2013. 
Sum 
Peak 

Predicted 
Spawners 

Spawner 
Variance 

Standard 
Dev  + .95 CI  - .95 CI 

50 2400 180415 425 3232 1567 
100 4800 721660 850 6465 3135 
150 7200 1623734 1274 9697 4702 
200 9600 2886638 1699 12930 6270 
250 12000 4510372 2124 16162 7837 
300 14399 6494936 2549 19395 9404 
350 16799 8840330 2973 22627 10972 
400 19199 11546553 3398 25859 12539 
450 21599 14613607 3823 29092 14106 
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