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Introduction
In 2012, 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.
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Chinook salmon originating from the Nehalem and Siletz river basins represent two of three
approved escapement indicator stocks under PST guidelines and were selected to represent the
natural production of the NOC aggregate (Figure 1). Among coastal Chinook salmon stocks in
Oregon, the NOC and Mid-Oregon Coast (MOC) are the two stock aggregates that contribute
significantly to PST fisheries. The Nehalem and Siletz river Chinook salmon stocks were chosen
to represent the NOC aggregate based on the best available data on geographic, habitat, genetic,
and life history characteristics of all 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.
The NOC stock aggregate is 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 failures to reach escapement goals over the last
decade have 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 AABM
fisheries, as well as ISBM fisheries under Chapter 13 of the 2009 negotiated Chinook salmon
agreement.
Results from both the Nehalem and Siletz studies will be 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 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 into future years past the sunset of the Sentinel Stock
Program. The overall objectives of the project were:
1) Estimate the annual sport harvest of Chinook salmon and estimate age/sex specific
proportions of that harvest/
2) Estimate the 2012 spawner escapement of adult Chinook salmon and estimate age- and sexspecific proportions of the escapement.
3) Determine the appropriate visual index from spawning ground surveys that best correlates
with true spawner escapement as determined from mark and recapture investigations.
4) 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. We may need to develop
run-specific mark-recapture estimates and cost-effective estimation techniques for future
6

application.
All estimates were 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.

Visual survey indices were calibrated against the mark-recapture estimates to determine whether
any of them adequately 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.
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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. Overview 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 a substantial “early” or “spring” run component observed
spawning from late August through September. Information gathered during the 2005-2012 field
studies suggests run-timing is influenced, at least in part, by late summer and early fall flows.
8

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 had 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 added 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 are exploring different approaches to describing that relationship including a
straight 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. Getting estimates
for these basins would require a separate mark-recapture experiment 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 7, 2012
when winter storms and high flows prevented further capture attempts.
A crew of four seasonal technicians started August 15, 2012. 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
temperature standards is particularly important as the coho salmon on this portion of the Oregon
coast are federally listed as threatened by the NMFS. Field crews conducted surveys a couple
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hundred meters up and downstream of capture sites on a daily basis to record any delayed
handling mortality or stressed fish. No carcasses were observed during the initial capture event.
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 2012 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. Two sites were
tidally influenced, and the other two were at the head of tide. Marking efforts began August 22,
2012 and continued through November 7, 2012.
During the capture portion of the experiment, crews attempted to capture fish a total of 36 nights.
We marked fish on 27 of those 36 nights. The nine nights crews attempted to capture but were
unsuccessful were later in the season when flows were high and netting was inefficient.
We used tangle nets that were floating type, 9-strand multifilament with a 4.5” mesh. They
ranged from 50’-150’ in length. Nets were suspended by white or yellow floats with marker
buoys at each end of the net panel. Net depths varied from 8’-20’. Most were of uniform
dimension; however, one was tapered to fit stream channel dimensions at our Cedar Creek
capture site. Nets were deployed both parallel and 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 any fish in the net and to decrease handling time and stress associated with
capture events. 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 from the net. 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 and mixed through
aeration pumps 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, 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 identify the
sex. We measured length (mid-eye to posterior scale (MEPS)), collected scales, and applied a
mutilation mark 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 differential recovery
rates. Five batch marks were issued throughout the capture and marking phase on the Siletz. All
coho salmon and other species captured in the nets were recorded and released. A total of 415
10

Chinook salmon were captured, 408 were marked, and of those marked 351 were wild adults
(Table 1).
Table 1. Number of adult Chinook salmon marked 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
LA
LARA

Batch Period

Marked

8/22 - 9/4

58

9/10

1

RA

9/10 - 10/2

114

LD

10/10 - 10/14

167

RD

10/18 - 10/23

11

Recapture-Carcass Recovery
The second capture event consisted of spawning ground surveys to record numbers of live fish,
redds, and carcasses. 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). A “qualifying” carcass was defined as one in which the
skeleton and opercula were intact. Each fish was sampled once, and the tail was removed to
prevent subsequent sampling.
All surveyors followed established ODFW spawning survey protocols (ODFW 2012). 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. 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. 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, tributary strata were defined as
those stream areas that encompass spawning habitat used by both coho and Chinook salmon as
documented in the ODFW database of spawning distribution. Mainstem strata consist of both
larger tributaries and mainstem river reaches typically used by only Chinook salmon.
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Survey types consisted of standard, select, and other surveys (Table 2). Standard surveys are
those that have been conducted for multiple years, notably 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 basic habitat expansion model. Select
surveys have been conducted during the 2009, 2010, 2011, and 2012 field seasons and are
currently being evaluated to determine their ability to more accurately estimate escapement
abundance. Select surveys were chosen based on the data collected during previous years of
Sentinel Stock Program funded research, which have exhibited high spawner densities and/or
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, and continue expanding the knowledge base of Chinook salmon use in
the Siletz River basin. The select surveys should be considered potential future index surveys
and are being evaluated as such.
Table 2. Surveys conducted in the Siletz River basin by tributary or mainstem, type, and length.
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

Other

25126.5

2

Sam Cr

Mouth

Long Tom Cr

1.3

Other

25126.8

1

Sam Cr

Long Tom Cr

Long Prairie Cr

1

Other

25131.70
25131.7

1
2

Sam Cr

Long Prairie Cr

Bridge

0.33

Other

Sam Cr

Bridge

Sign

0.4

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

Select

25159

1

Buck Cr

Mouth

Buck Cr, E Fk

0.49

Select

25175

1

Elk Cr

Mouth

Headwaters

1.03

Mainstem
Other

25098

2.1

Siletz R

Takeout

Jaybird

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

Ojalla Cr

0.96

Select

25110

2.1

Siletz R

Trib

Ojalla Bridge

1.8
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Type

Reach
ID

Segment

Name

Start

End

Length
(mi)

Select

25112

1.1

Siletz R

Ojalla Bridge

Thompson Cr

1.6

Select

25114

1

Siletz R

Thompson Cr

Tangerman Cr

1.5

Select

25114

2

Siletz R

Thompson Cr

Tangerman Cr

1.2

Select

25116

1.1

Siletz R

Tangerman Cr

Boat launch

0.7

Select

25116

2

Siletz R

Tangerman Cr

Dewey Cr

1.7

Other

25116

3

Siletz R

Tangerman Cr

Dewey Cr

1.1

Select

25120

1

Siletz R

Dewey

Mill Cr

0.6

Other

25124

1

Siletz R

Mill Cr

Bentilla Cr

2.4

Select

25124

2

Siletz R

Mill Cr

Bentilla Cr

1.8

Select

25124

3

Siletz R

Mill Cr

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

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

Buck Cr

2.8

Select

25156

2

Siletz R

Wildcat Cr

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 on approximately a ten day interval. Sampling frequency was increased
in areas with high densities of live fish. This season we experienced an extended period of low
water which led to high recovery rates of early marks (Table 3) and high density spawning in the
mainstem, followed by a succession of high flows beginning in mid-October.
Table 3. Number of each batch mark placed, recovered and recovery rate by batch mark in the Siletz
River in 2012.

Mark

Batch Period

Marked

Recovered

% Recovered

LA

8/22 - 9/4

58

15

26%

LARA

9/10

1

0

0%

RA

9/10 - 10/2

114

19

17%

LD

10/10 - 10/14

167

23

14%

RD

10/18 - 10/23

11

1

9%

13

Results – Mark-recapture
Mark recoveries
In 2012, we marked a total of 351 wild adult Chinook salmon between August 22 and October
23 though we attempted to capture fish through November 7. We encountered 58 marked fish on
the spawning grounds out of a total of 1,290 wild adults examined through December 14. We
examined these data for evidence of differences in spawn timing and location based on timing of
river entrance but found no clear patterns. This year as in the recent past, we recovered marks at
a higher rate earlier in the season than later. We stratified the mark and recovery data into three
marking and three recovery strata based on dates of marking and recovery and used SPAS
(Stratified Population Analysis Software, Arnason et al. 1996) to identify the least biased and
most precise estimate (Table 4).
Table 4. Timing of marks and carcass recoveries of adult Chinook salmon in the Siletz Basin.

When marks
placed

Number
marked

When marks recovered
Early
(<10/25)

Middle
(10/25 to 11/14)

Late
(>11/14)

8/22 to 9/4

58

11

4

0

9/10 to 10/2

115

9

7

3

0

16

8

145

556

589

10/10 to 10/23
178
Total Number Carcasses
found on Spawning
Grounds

Bias testing
We developed cumulative distribution curves based on observed lengths (MEPS length >510
mm) for all marked fish, mark recoveries, and all recoveries (Figure 3). Marked fish appear to be
smaller than both mark recoveries and all recoveries. To further investigate potential size biases
during sampling, we conducted two-sample Kolmogorov-Smirnov tests for differences in size
distributions between sampling events and marked fish. Our comparisons were between 1)
marked adults and marked adult recoveries and 2) marked adults and all recoveries. Comparison
of the size distribution of marked adults to marked adult recoveries was not significant
(ks=0.1699, p-value=0.07). However, the comparison of marked adults to all adult recoveries
was significant (ks=0.1242, p-value<0.001). This suggests there was no size selectivity during
the recovery, but there was during the marking event leading to the conclusion that size and age
classes from the recovery event should be used to apportion the escapement values.
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Figure 3. Cumulative size distribution curves for Chinook (>510 mm) captured in the Siletz River during
the marking and recovery phase of the project.

Escapement estimate
We used Stratified Population Analysis Software (SPAS, Arnason et al. 1996) software to
further evaluate the need for a stratified estimate. Results from the Chi-square testing for mixing
and equal proportions suggested that pooling may not be appropriate. However, our initial
configuration of three marking and three recovery strata did not produce an estimate using the
Darroch maximum likelihood estimator. Therefore, we grouped the first marking period (8/22 to
9/4) with the second to create two marking events (Table 5). The recovery events were also
grouped into two groups (<10/25 and > 10/24, Table 5).
Table 5. Final groupings of marks and carcass recoveries used to generate a stratified estimate of adult
Chinook salmon in the Siletz Basin.

When marks
placed
8/22 to 10/2

Number
marked

Early (<10/25)

Late
(>10/24)

174

20

14

0

24

145

1145

10/10 to 10/23
178
Total Number Carcasses found
on Spawning Grounds

When marks recovered

Using these data and a Darroch ML estimator, we generated an estimate of 8,994 (SE=1,465,
C.V. 16.3%) Chinook salmon adults returning to the Siletz River at our marking site. This
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compares to a pooled Petersen estimator of 7,701 (SE 886), which is 14% lower than the
stratified estimate but more precise (C.V. 11.5%).
Because of the spatial structure of the in-river recreational fishery and the location of our
marking site, we analyzed the creel data to identify the amount of the harvest above our initial
capture (marking) site. We removed this harvest amount from the estimate to give us a more
accurate portrayal of the fish that made it to the spawning grounds. Adjusting for the number of
fish harvested in the area above our marking site (256 adults, SE=211), we estimate 8,738
Chinook adults spawned in the Siletz River above Cedar Creek in 2012. We added the standard
error from the harvest and spawner estimate for an overall standard error estimate of 1,676 and a
coefficient of variation of 19.2%.
Age and sex composition
As part of our standard protocol, we collect scales from Chinook salmon that are marked,
recovered as carcasses, and examined in the creel. Technicians at the ODFW age lab in Corvallis
analyzed the scales to determine age. Sometimes we cannot collect scales from a fish that is
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 tables may not match the numbers
reported elsewhere in this report as being marked or examined in the creel (Tables 6 and 7).
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.
Table 6. Age and sex composition of wild Chinook salmon encountered during marking activities in the
Siletz basin in 2012.

Female
Male
Grand Total

3
1%
30%
20%

4
38%
46%
43%

5
60%
23%
36%

6
2%
0%
1%

Grand Total
112 (35%)
201 (64%)
313

Table 7. Age and sex composition of wild Chinook salmon carcasses recovered on the spawning grounds
in the Siletz basin in 2012.
3
4
5
6
Grand Total
Female
3%
24%
73%
<1%
191 (51%)
Male
25%
35%
38%
2%
184 (49%)
Grand Total
14%
29%
55%
1%
375

Based on the results of the bias evaluations described above, we used the age and sex
composition data from the fish recovered on the spawning grounds to apportion spawners by age
and sex (Table 8). In 2012, males and females were recovered in approximately equal
proportions on the spawning grounds. Over 70% of the females recovered were age 5 fish. Over
80% of the males were age 4 or 5 and were approximately evenly split between those age
classes.
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Table 8. Mark-recapture escapement estimate apportioned by sex and age.

Female
Male

3
140
1,070

4
1,050
1,499

5
3,243
1,627

6
22
86

Total
4,456 (51%)
4,282 (49%)

Terminal harvest estimate-Siletz
Background
The Siletz River watershed has limited historical harvest information other than commercial
freshwater fisheries records. Commercial records indicate freshwater harvest ranged from 4,00014,000 Chinook salmon annually. Reliable freshwater recreational harvest data before 1964 is
limited. Recently creel surveys were completed by the ODFW from 2005-2012. Besides a few
targeted efforts such as this, the ODFW has relied on a voluntary angler reporting system to
estimate freshwater harvest in this and other basins on the Oregon coast.
The objective of the creel was to give an accurate estimate of the terminal sport/guide harvest of
Chinook salmon and age composition of the returning salmon. Because we had a mark-recapture
project underway in the Siletz, a creel survey was necessary to provide data to adjust population
estimates for marked fish removed in the fishery.
Although the forecast for 2012 Chinook salmon returning to the Siletz River basin was an
improvement from previous years, conservation concerns remained and the ODFW continued
measures to protect spawning Chinook including a more restrictive seasonal bag limit and angler
deadline than noted in the permanent regulations.
Siletz River 2012 Regulations
2 daily/10 seasonal Aug. 1-Dec. 31.
2012 Closures
Mainstem and tributaries 1,200 feet above Ojalla Bridge (RM 31) closed to Chinook salmon;
Drift Creek closed to Chinook salmon above Quarry Cr. (RM 8).

Methods - Creel
We estimated the harvest of sport-caught Chinook salmon in the Siletz River from data collected by a
stratified random, multi-stage creel survey conducted from August 18 through December 3, 2012.
The sampling period is the length of the fishing day. A three stage sampling design was implemented
(Location/Day/Angler-trip) to monitor the catch in estuarine and riverine portions of the Siletz River.
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Two main types of sport fisheries operate in the Siletz River: a tidewater boat fishery and a riverine
fishery which includes both shore and drift boat anglers. Tidewater begins at the mouth and ends at
approximately RM 21.5, near Cedar Creek. In 2012 the riverine fishery retained the permanent
regulation of 2 per day bag limit reinstated in 2011 along with the reduced seasonal bag limit of 10
fish. The angler deadline was moved 1,200 feet upstream of Ojalla Bridge at river mile 31 to allow
additional bank access for anglers. The tidewater fishery was accessed primarily by means of one
public boat ramp and four private marinas. The riverine portion of the fishery was accessed at a small
number of roadside pull-offs and two public boat launches at Jack Morgan Park and Ojalla Bridge. A
roving-access survey design interviewing completed angler trips was followed for both fishery types.
The creel survey was categorized by catch area (1: Bay, 2: Tidewater, 3: Riverine), month, day type
(weekend, weekday), and angler type (bank or boat). Anglers were further identified as either private
anglers or guided anglers, allowing post-stratification of the data if catch rates were found to differ.
We estimated harvest on a monthly time frame. Past experience has demonstrated that effort is
greater on the weekends; therefore, weekdays and weekends were sampled at different rates.
Sampling occurred on both weekend days, all holidays, and on two intervening randomly chosen
weekdays.
A two-person crew was responsible for interviewing salmon anglers and recording effort counts in
the estuarine and riverine portions of the river. The work week consisted of four 10.5 hour days per
week for the entire season. A mid-day lunch break of ½ hour was mandatory leaving 10 hours per
day for the survey. The minimum sampling goal was 20% of the effort. One shift was selected to
represent the entire fishing day. This shift began at 0900 hours and ended at 1930 hours. All data
was entered into handheld PDAs and data was uploaded nightly to a server located in the
Corvallis Research Lab via cell phone and Bluetooth® technology.

Effort Counts
To estimate angling effort, a creel technician travelled the roads paralleling the river at three time
intervals spaced equally throughout the day and counted the number of vehicles with empty boat
trailers, the number of empty boat slips at the commercial moorages, and the number of shore
anglers. These pressure counts took approximately one hour and were considered instantaneous.

Roving – Access Surveys
In 2012, roving-access surveys were implemented in all bay, tidewater and riverine locations open to
salmon fishing. In these locations, anglers were concentrated at discrete locations (i.e. marinas, boat
ramps, shore access points). Anglers were interviewed as they left an area once fishing was complete.
We attempted to sample access points proportionally to the effort observed at each location.
Surveyors used a predetermined schedule of sampling and travel time to the access points.

Angler interviews captured the number of hours fished, number of anglers in the party (in the
boat or on shore), and the number of salmonids by species harvested and released (recorded by
species). Anglers were chosen for interviews randomly among the boat ramps and marinas in
tidewater areas. In the riverine areas, creel technicians conducted random interviews at boat
ramps and primary bank access points to gather completed trip information. All interviewers
collected biological data from fish harvested, when applicable. Non-anglers were also
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interviewed to estimate use and adjust the effort counts accordingly. Estimation procedures
followed those outlined in Bernard et al. (1998), Jones et al. (1995), and Pollock et al. (1994).
Length of Stay Bias
Oregon’s 2012 sport fishing regulations did not restrict anglers to a one Chinook per day limit as in
previous years. Therefore we did not anticipate a length of stay (LOS) bias in the harvest estimate
from bank anglers in the riverine fishery. This bias is most prevalent in a roving-roving survey design
with a one fish limit, due to the difficulty of encountering anglers that complete their trip and leave
the area immediately after landing a fish (Bernard et al. 1998). Creels prior to 2009 in the Siletz
basin were designed to use the roving-roving methodology to account for harvest from the bank
fishery in this area when take limits were greater than one, and assumed the LOS bias was negligible.
The 2012 creel surveys identified two locations: Cedar Creek and the deadline above Ojalla Bridge
as primary spots for bank angling in Area 3 (riverine). Therefore, the creel technicians had ample
time after their pressure count to wait for anglers to return to their vehicles and gain a complete
interview. This effectively created access sites and combined with the 2-fish limit thereby greatly
reduced or eliminated the risk of the LOS bias.

Results - Creel
Surveyors conducted 1,652 interviews and examined 493 Chinook (463 adults). As mentioned
above, our creel was structured such that we were able to evaluate catch rates and harvest by area
and angler type. Guided anglers were more successful than either private boat or bank anglers in
the Siletz (Table 9). Based on the data collected, we estimated the total harvest of Chinook in the
Siletz basin was 2,002. The wild adult harvest is estimated to be 1,786 (Table 10). Using the wild
adult harvest estimate and the estimate of the number of spawners returning to the basin, we
calculated a harvest rate on wild adults of approximately 17%.
Table 9. Chinook salmon harvest statistics by angler type from the Siletz River basin creel survey in
2012.

Private Boats

Bank Anglers

Guided Boats

CPUE

0.02

0.02

0.07

Estimated Harvest

1,294

168

540

Table 10. Harvest summary statistics by fish origin and age class for Siletz River basin in 2012.

Origin and age class
All Chinook
Adults
Jacks
Wild

Estimated harvest
2,002
1,880
122
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Adults
Jacks
Hatchery
Adults
Jacks

1,786
122
94
6

As with the fish encountered on the spawning grounds and during the marking event, we collect
scales from all Chinook salmon encountered during the creel. The age and sex composition in the
creel was similar to that observed on the spawning grounds (Table 11).
Table 11. Age and sex composition of wild Chinook salmon encountered during creel activities in the
Siletz basin in 2012. Ages are determined through scale analysis.

Female
Male

3
1%
20%

4
23%
35%

5
74%
44%

6
1%
1%

20

Total
206 (49%)
213 (51%)

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 highquality 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. Mean annual river discharge historically has ranged from 1,044 to 4,292 cfs (USGS
Water Data, retrieved from http://waterdata.usgs.gov/nwis, 4/7/2010). Peak discharges typically
occur during the winter rainy season between November and February. Land ownership is
dominated by commercial timberlands, and the river’s floodplain is primarily pastureland.

Figure 4 . Nehalem River basin

Returning adult Chinook salmon 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. However, sufficient life
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history data were not available to describe the life history of those components separately in any
detail. Analysis of genetic (DNA) samples from 2009 - 2011 spawning ground surveys suggests
there is a statistically significant genetic distinction between these two presumptively different
population segments, however, the degree of difference is not large. From past radio telemetry
and spawning survey data, there is evidence of a summer or early run component with spatial
distribution and run timing distinct from that of the fall component. 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. 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.
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 LOA-funded harvest and escapement studies have indicated an
insignificant contribution of hatchery strays into the Nehalem River basin.
The current PST spawning escapement goal for the Nehalem basin is 6,989 adults. 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.

Basin Objectives
Currently, run size in the Nehalem River is largely determined by foot surveys of standard
spawning index reaches counting live and dead salmon. These data are then used to generate an
index of spawner abundance. The relationship between this index and actual escapement is
unknown. Between 2000 and 2003, a mark-recapture study was conducted in the Nehalem River
basin. The data generated from this study were inconclusive and with recent declines in numbers,
it was decided to again pursue a more robust assessment of escapement and compare that to a
suite of spawning surveys to identify the most efficient, accurate, and precise calibration factor
and surveys to pursue into the future.
We conducted a creel with the intent of generating a precise and accurate estimate of freshwater,
terminal harvest in the basin. Also, because we were conducting a mark-recapture experiment,
we wanted to be able to account for marked fish that may have been removed in the fishery. In
addition, the structure of this year’s in-river fishery meant that the upstream boundary for harvest
was upstream of our marking site. Therefore, we decided to account for the removal of any
Chinook above our marking site by structuring our creel to generate an area specific harvest
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estimate for the area above our marking site. Our mark-recapture estimate is then adjusted
downward by this area-specific harvest estimate.
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 higher water levels.

Methods – Mark-recapture
Capture - Marking event
We conducted mark-recapture to estimate spawner abundance in the Nehalem River basin. The
primary South Fork Nehalem capture site was downstream of all spawning habitat except for the
population spawning in the North Fork. In 2012, the North Fork was estimated separately with
its own mark-recapture experiment. Within the North Fork, our capture site was downstream of
all spawning habitat except one tributary and approximately one mile of mainstem spawning
habitat.
A crew of four seasonal technicians started August 1, 2012 focusing on the South Fork Nehalem.
Two additional technicians began efforts on the North Fork Nehalem in mid-September.
Preparation for the field season included training, equipment and supply purchases, and
exploration and assessment of potential netting sites. Rotating crews of two to three 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.
On the South Fork Nehalem, we captured fish using tangle nets upstream of tidewater at RM 9,
and at the Nehalem Falls fish ladder at RM 15 (Figures 4 and 5). 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 capture using nets at downstream locations. We conducted capture
activities using tangle nets in the North Fork Nehalem between tidewater and RM 6.5.
As mentioned under the Siletz portion of the report, field crews were extremely careful when
capturing and handling fish and maintained a temperature threshold of 18°C above which they
did not handle fish. Field crews also 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 the initial capture events.
We used tangle nets that were floating type, 9-strand multifilament with a 4.5” mesh. They
ranged from 75’-150’ in length. Nets 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 both
parallel and perpendicular to the channel depending on conditions. When crews weren’t actively
checking the net, we held on to the float line of the net to detect the presence of any fish in the
net and to decrease handling time and stress associated with capture events. Once fish were
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detected in the net, crews used inflatable kayaks and/or pontoon boats to access the net and
quickly remove fish from the net 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 presence of fin marks and sex, measured (MEPS length), and sampled for
scales and DNA. 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. All data collected were entered into a PDA and uploaded
regularly via cell phone to a database located on a server at the Corvallis Research Lab.
South Fork Nehalem
We began our attempts to capture migrating Chinook salmon on August 6,, 2012. August water
temperatures were relatively high and fluctuated around the 18°C threshold into early September,
precluding marking on some occasions. Water levels remained low through August and
September, followed by a series of high flow events from mid-October through the remainder of
the run.
During the capture portion of the experiment on the South Fork, crews went out a total of 70
nights. We attempted capture activities and were successful in marking fish on 49 nights. Our
crew marked the first Chinook of the season on August 8th. The last Chinook was captured using
tangle nets on the South Fork on October 18, 2012. After that, higher flows prevented further
netting.
The head gate installed in 2011 at the South Fork 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 October 16, 2012 during our first attempt. Due to the rapid rise and
sustained high river level, crews were only able to fish the ladder for eight days in 2012.
On the South Fork Nehalem, we marked a total of 674 adult Chinook, only 3% (20) of which
were captured and marked at the fish ladder. Of all adults captured, 433 were males and 240
were females. Three adults captured during netting events were released without marks due to
our assessment of their health at time of capture. In addition to the adults, we marked 89
Chinook jacks (<510 mm MEPS) and released 4 jacks without marks.
We used a combination of five unique batch marks on approximately a two-week rotation to
evaluate run timing and spatial distribution (Table 12). Four other marks (LARC, RA, LCRC,
LDRC) were issued to one fish each. Two of these marks were placed on the opposite opercula
due to injury on the appropriate side for that date’s assigned batch mark. The remaining two
marks may have been recorded incorrectly. This was handled during estimation by grouping
these marks with the appropriate mark used during this time frame. For example, the single
LARC mark was added to the LA marks for a total of 111 marks placed between 8/24 and 9/16.
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Table 12. Summary of operculum punch placements (relative to center line of operculum) by date range
and recovery rate of batch marks from Chinook salmon carcasses in the South Fork Nehalem River.
(L=Left Operculum, R= Right Operculum, A = Above, B = Below, C =Center, D=Double Punch).

Mark
LC
LA
LARC
LARA
RC
RA
LCRC
LD
LDRC

Total

Batch Period

Number
Placed

Number
Recovered

8/8 - 8/29
8/24 - 9/16
13-Sep
9/17 - 9/20
9/22 - 10/11
30-Sep
4-Oct
10/12 - 10/24
14-Oct

134
110
1
54
240
1
1
132
1

4
0
0
3
10
0
0
8
0

674
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% Recovered
3.0
0
0
5.6
4.2
0
0
6.1
0
3.7

North Fork Nehalem
Beginning September 17, 2012 our North Fork technicians initiated capture activities at one main
netting site above tidewater. We used similar tangle net specifications and methods described
above; however challenges to capturing fish at this locations included the flashy nature of the
system during storm events and lack of good holding pools for Chinook salmon in the lower
river. The first net-caught adult Chinook salmon was captured on September 26, and the last was
captured on October 23; after which high water prevented further netting activities. Once river
levels became too high to effectively net, we attempted capture by rod-and-reel. Three adult
Chinook were captured with rod-and-reel from November 18 to November 28, 2012.
We captured and marked 25 adult Chinook salmon in the North Fork in 2012. Of the adults
caught, 17 were males and 8 were females. All Chinook salmon were marked by our crews at the
netting/angling sites in the lower river; no fish captured at other ODFW project traps were
marked for this study. Only one operculum batch mark (left center - LC) was used on the North
Fork.
Coho salmon encounters
Coho salmon were first encountered during netting events on the South Fork on September 11,
2012. Of the 71 coho caught and released upstream for the season, we passed 32 at the fish
ladder with a majority (22) passed in one day. The highest number released from the net was 17
on October 13, 2012. On the North Fork, the first coho was captured on September 12, 2012 with
a season total of 60 coho encountered among all the netting sites.

Recapture event-spawning surveys
In the South Fork, the second capture event consisted of spawning ground surveys to record
numbers of live fish, redds, and carcasses. On the North Fork, in addition to spawning ground
surveys, we recovered marked fish at the upstream trap location for another ODFW project. For
all recovered qualifying carcasses, surveyors measured MEPS length, collected scales for aging
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purposes, and collected tissue samples from opercula for genetic analysis. Each carcass was also
examined for operculum marks, fin clips or tags, and sex was determined. A qualifying carcass
was defined as one in which the skeleton and operculum were intact. Each fish was sampled
once, and the tail was removed to prevent subsequent sampling.
All surveys were performed according to the ODFW spawner survey protocol (ODFW 2012).
Surveys in tributary reaches were walked in an upstream direction at a pace adapted to weather
and viewing conditions. Mainstem reaches were floated in pontoon boats or kayaks when water
levels were prohibitive to walking. Surveys were not conducted if the bottom of riffles were not
visible due to weather-related water clarity. Surveyors worked in pairs and each wore polarized
glasses to aid in location and identification of live fish. 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 the ODFW database of spawning distribution. Mainstem strata consist 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 addition,
we selected additional stream reach segments totaling approximately 30 miles to survey in 2012
(Table 13, Figure 5). Surveys were conducted on a seven to ten day interval. Sampling frequency
was increased in areas with high densities of live fish.
Table 13. Spawning survey descriptions with associated lengths and boundaries conducted in the
Nehalem River Basin in 2012.
Reach ID

Segment

Name

Start

End

Length

25864.0
25907.0
25931.0
25967.0
25980.0

1.0
1.0
2.0
2.1
1.0

Soapstone Cr
Cook Cr,
Salmonberry R
Humbug Cr
East Humbug Cr

Standard
Mouth
Harliss Cr
Trestle
Bridge
Mouth

Buchanan Cr
Piatt Canyon Cr
Brix Cr
McClure Cr
Headwaters

0.69
1.00
0.50
0.88
1.18

25901.0
25917.0
25967.0
25969.0
25971.0
25975.0
25975.0
25979.0
26107.0
26150.0

1.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0
3.0
4.0

Anderson Cr
Lost Cr
Humbug Cr
Humbug Cr
Humbug Cr
Humbug Cr
Humbug Cr
Humbug Cr
Rock Cr
Nehalem R

Tributary Select
Mouth
Mouth
Mouth
Cedar Cr
McClure
Big Cr
Trib
Alder Cr
Boulders
Castor Cr

Trib
Headwaters
Cedar Cr
McClure
Larson Cr
Trib
Alder Cr
East Fk
Martin Cr
Step Cr

1.1
1.1
1.7
0.4
0.15
1.2
0.62
1.0
0.98
0.85

Mainstem Select
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Reach ID
25863.0
25863.0
25863.0
25902.0
25902.0
25916.0
25931.0
25931.0
25966.0
26054.0
26066.0
26094.0
26094.0
26094.7
26097.0
26097.0
26101.0

Segment
1.0
2.0
3.0
1.0
2.0
1.0
1.0
3.0
1.0
2.0
1.0
3.0
4.0
1.0
3.0
4.0
1.0

Name
NF Nehalem R
NF Nehalem R
NF Nehalem R
Nehalem R
Nehalem R
Nehalem R
Salmonberry R
Salmonberry R
Nehalem R
Nehalem R
Nehalem R
Nehalem R
Nehalem R
Nehalem R
Rock Cr
Rock Cr
Rock Cr

Start
Trail Cr
Trail Cr
Trail Cr
Anderson Cr
Trib
Cook Cr
Buick Canyon
Brix Cr
George Cr
Beaver Cr
Battle Cr
Road
Hwy Crossing
Knickerson Cr
Trib 2
Trib 3
Maynard Cr
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End
Soapstone Cr
Soapstone Cr
Soapstone Cr
Trib
Cook Cr
Lost Cr
Trestle
Belfort Cr
Humbug Cr
Trib
Dear Cr
Hwy Crossing
Knickerson Cr
Coon Cr
Trib 3
Trib 4
Selder Cr

Length
1.0
1.2
0.8
1.3
1.3
1.1
0.42
0.75
1.4
2.3
0.7
1.4
0.75
1.70
1.2
2.4
1.0

Figure 5. Distribution of spawning surveys in the Nehalem basin. Red lines identify possible boundaries
between summer and fall runs.

South Fork Nehalem
Spawning surveys on the South Fork began on September 5, 2012, with our first live adult
Chinook salmon observed spawning on September 15, 2012. Between October 1 and November
26, we recovered 25 marked adult fish on the spawning grounds out of a total of 503 adult
carcasses examined, a recovery rate of 3.7 percent.
North Fork
Spawning surveys on the North Fork Nehalem began on October 15, 2012, with the first live
adult Chinook observed spawning on that date. We combined our recovery data with data
collected by another ODFW project which runs two adult fish traps upstream of the netting sites.
Only those recoveries on spawning surveys downstream of the trap sites were used in
calculations. We recovered five marked fish out of 140 fish examined with the last carcass
recovered on December 11, 2012. This equates to an 18% recovery rate.
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Results – Mark-recapture
Escapement estimate
The timing of when the different runs come into the basin and spawn is not clearly defined and
likely fluctuates depending on water level and temperature (as conventional wisdom supports).
In 2012, the distinctive pattern of early fish spawning in the upper basin and later fish in the
lower basin was not as clear. We recovered eight marked fish in the upper basin this year. Half
were marked prior to our typical cutoff for summer run fish and half were marked after that
typical cutoff. In addition, three of 15 recoveries in the lower basin (typically fall fish) were
marked during what we would typically call summer fish run timing. The lack of pattern and
relatively low recovery rates made the use of a stratified estimator difficult. The use of a pooled
estimator is also supported by assumption tests run by the SPAS software package on a three by
three matrix of marking and tagging strata (Table 15) (Arnason et al. 1996). The chi-square test
of complete mixing was not significant (p=0.07) and the chi-square test of equal proportions was
also not significant (p=0.17).
Table 14. Stratified dataset of marks placed, marks recovered, and all carcasses recovered. Three marking
and three recovery strata were used.
Date range of carcass recovery
Date range of mark
Number
placement
marked
<10/25
10/26-11/18
>11/18
245
8/8 – 9/16
3
1
0
296
9/17 - 10/11
6
7
0
133
10/12 - 10/24
0
6
2
Carcasses w/ no mark
165
201
112
TOTALS
674
174
215
114

The pooled Petersen estimate for the South Fork Nehalem estimate was 13,084 (S.E.=2,405,
C.V. = 18.4%). Adjusting for the area-specific harvest above our marking site (132 fish, SE=69),
we arrived at an estimate of 12,952 (S.E.=2,474, C.V. 19.1%).
Bias testing
We developed cumulative distribution curves based on observed lengths (>510 mm) for all
marked fish, mark recoveries, and all recoveries (Figure 6). Fish recovered with marks and all
carcass recoveries appear to be similarly sized while the marked fish appear smaller than the
other two. To further investigate potential size biases during sampling, we conducted two-sample
Kolmogorov-Smirnov tests for differences in size distributions between sampling events and
marked fish. Our comparisons were between 1) marked adults and marked adult recoveries and
2) marked adults and all recoveries. Comparison of the size distribution of marked adults to
marked adult recoveries (sample size = 58) was not significant (ks=0.1169, p-value=0.889).
However, the comparison of marked adults to all adult recoveries was significant (ks=0.2117, pvalue<0.001). This suggests there was no size selectivity during the recovery, but there was
during the marking event leading to the conclusion that size and age classes from the recovery
event should be used to apportion the escapement values.
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Figure 6. Cumulative size distribution of fish caught in the Nehalem during marking and carcass
recovery.

Age and sex composition
As part of our standard protocol, we collect scales from Chinook salmon that are marked,
recovered as carcasses, or examined in the creel. Technicians from the ODFW Fish Life History
Analysis Project in Corvallis analyze the scales to determine age. Sometimes we cannot collect
scales from a fish that is 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 (Tables 16
and 17). Also, this year the aging lab tested the validity of subsampling the recovery dataset and
decided that subsampling was not appropriate in the Nehalem. These data are used to evaluate
this year’s run and in forecasting the next year’s return.
Table 15. Age and sex composition of Chinook salmon encountered during marking activities in the
Nehalem basin in 2012. Ages are determined through scale analysis.

Female
Male

3

4

5

6

10%
51%

54%
39%

36%
10%

0%
0%

Total (% by
sex)
245 (36%)
439 (64%)

Table 16. Age and sex composition of Chinook salmon carcasses recovered on the spawning grounds to
the Nehalem basin in 2012. Ages are determined through scale analysis.

3

4

5
30

6

Total

Female
Male

3
3%
39%

4
20%
33%

5
76%
26%

6
1%
0%

Total
275 (47%)
335 (53%)

Based on the results of the bias evaluations described above, we used the age and sex
composition data from the fish recovered on the spawning grounds to apportion spawners by age
and sex (Table 18).
Table 17. Mark-recapture escapement estimate apportioned by sex and age in the South Fork Nehalem.

Female
Male

3
198
2,665

4
1,189
2,291

5
4,603
1,939

6
66
0

Total
6,057
6,895

North Fork Nehalem
We marked a total of 27 wild adult Chinook salmon and recovered five of those marks out of 140
fish examined (18.5% of marks recovered). A fishery occurred in the North Fork Nehalem
upstream of our marking site. Therefore, we removed the portion of the harvest attributable to
that area from our final estimate. Because of the low numbers of marked and recovered fish, a
pooled Peterson estimator was used to generate an estimate of 657 wild adult Chinook. (S.E.
=215.71, C.V. =32.8%). A fishery took place in the North Fork above our marking site. We
estimated that 78 Chinook were harvested above our marking site. Therefore, we subtracted this
amount from our original pooled estimate to conclude that an estimated 579 Chinook spawned in
the North Fork in 2012.

Terminal harvest estimate-Nehalem
Background
Nicholas and Hankin (1988) summarized commercial freshwater harvest data from fish-packing
plants from 1896 until commercial freshwater harvest was eliminated in the early 1950’s.
Commercial freshwater harvests ranged from 8,000 – 18,000 fish. Reliable freshwater
recreational harvest data before 1964 is limited. Creel surveys were completed from 1946-1949
(Henry et al. 1950), and from 1998-2003 and 2010-2012 (ODFW). Besides a few targeted
efforts, the ODFW has relied on a voluntary angler reporting system to estimate freshwater
harvest in this and other basins in the absence of creel surveys.
Due to continued concerns about Chinook salmon returns to the Nehalem River in 2012, the
following conservations measures were in effect:
2 daily/10 per season in aggregate with all waters in the Nehalem basin (July 1-December31),
and other NW Zone and Tillamook ocean terminal area waters with a 10 fish seasonal aggregate
(August 1-December 31).
Mainstem closed to all salmon above Foss Road Bridge (RM 15.5) July 1-Dec. 31.
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Methods - Creel
We estimated the harvest of sport-caught Chinook salmon in the Nehalem River from data
collected by a stratified random, multi-stage creel survey conducted from July 26 through
December 8, 2012. We implemented a three stage sampling design (Location/Day/Angler-trip)
with the sampling period as the length of the fishing day.
Two main types of sport fisheries operate in the Nehalem River: a tidewater boat fishery and a
riverine fishery which includes both shore and drift boat anglers. Four catch areas were
categorized as follows:
Area 1: The Jaws, includes the area from the jetties upstream to Fishery Point.
Area 2: Tidewater, includes mainstem tidewater from Fishery Point upstream to MiamiFoley bridge (coho deadline), and includes tidewater areas of the North Fork
Nehalem River (to McDonald Bridge).
Area 3: Riverine, North Fork Nehalem River from Aldervale upstream to the Hwy 53
Bridge -just above hatchery. The 2012 angling deadline for Coho on the North
Fork is at the North Fork Bridge (Aldervale).
Area 4: Riverine, includes mainstem river from Miami-Foley Bridge upstream to Foss
Road bridge at river mile 15.5 (no coho angling).

Figure 7. Creel area boundaries and general basin vicinity map.
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The creel survey was categorized by catch area (1: bay, 2: tidewater, 3: North Fork riverine, 4:
South Fork riverine), month, day type (weekend, weekday), and angler type (bank or boat).
Anglers were further identified as either private anglers or guided anglers, allowing poststratification of the data if catch rates were found to differ. We estimated harvest on a monthly
time frame. Past experience has demonstrated that effort is greater on the weekends; therefore,
weekdays and weekends were sampled at different rates. Sampling occurred on both weekend
days, all holidays, and on two intervening randomly chosen weekdays.
A two-person crew was responsible for interviewing salmon anglers and recording effort counts
in the estuarine and riverine portions of the river. The work week consisted of four 10.5 hour
days per week for the entire season. A mid-day lunch break of ½ hour was mandatory leaving 10
hours per day for the survey. The minimum sampling goal was 20% of the effort. An assessment
of various shift durations from creel surveys conducted in previous years suggested that that a
work schedule beginning at 0800 hours and ending at 1830 hours sufficiently represents a
complete day available for angling throughout the season. All data was entered into a PDA and
downloaded nightly via cell phone to a database located on a server at the Corvallis Research
Lab nightly.
Angler interviews captured the number of hours fished, number of anglers in the party (in the
boat or on shore), and the number of salmonids by species harvested and released (recorded by
species). Anglers were interviewed randomly among the boat ramps and marinas in tidewater
areas. In the riverine areas, creel surveyors circulated among the primary access spots available
to shore anglers and conducted interviews at boat ramps to gather angling trip information. All
interviewers collected biological data from fish harvested, including sampling for scales and
DNA, fork length, sex, and the number and types of marks (fin and operculum). Estimation
procedures followed those outlined in Bernard et al. (1998), Jones et al. (1995), and Pollock et
al. (1994).
A roving-access creel survey was used for all bay and tidewater locations in Areas 1 and 2.
These areas were accessed by three public boat launches and five private marinas. Access points
in these areas were sampled proportionally to the monthly effort observed at each landing
location during the 1998-2003, and 2010-2011 creel studies. Surveyors used a predetermined
schedule of sampling and travel time to the access points. Three systematic effort counts were
conducted daily in all designated areas from vantage points along the road. Effort counts took
approximately one hour and were considered instantaneous. Early in the season, during each
sampling period one surveyor was responsible for all effort counts in Areas 1 and 2. For Areas 1
and 2, only boats determined to be actively fishing for salmon and individual shore anglers were
counted. For Area 3, private and guide vehicles with empty trailers and individual shore anglers
were counted. Surveyors used binoculars during effort counts to aid in determining whether
boats were salmon fishing. As the fish moved up into Area 3, the pressure counts were divided
with one surveyor conducting all daily counts in Area 1, and the second surveyor conducting all
daily counts in Areas 2 and 3. Angler interviews were conducted by each surveyor in between
pressure counts.
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Results - Creel
The creel design used on the Nehalem River accurately reflected the fishing pressure and
allowed for an adequate percentage of the Chinook salmon harvested to be sampled. Although
the crew was unable to interview those boats launching and returning to private docks, that
portion of the effort was accounted for during the pressure counts, and associated harvest rates
were applied during estimated harvest expansions. We assume no difference between anglers
launching from private docks and those launching from public access points.
Some difficulties arose during efforts to conduct interviews at the State Park, Roy Creek,
Petersen Creek and Mohler Sand and Gravel access sites due to travel time between locations
and private ownership conflicts. However, all areas were sampled sufficiently to meet the 20%
minimum sampling rate per area.
A total of 2,150 interviews were conducted, and 552 Chinook salmon were examined. We
estimate the total harvest (adults and jacks) to be 3,035 (2,761 adults and 274 jacks). The
majority of the harvest was from private boat anglers (2,705 fish, Table 20). Almost half of the
harvest (1,461 Chinook) occurred in Area 1 which covered the jaws (mouth) to Fishery Point;
basically the lower estuary. Thirty-five of the 260 fish (13%) sampled in Area 1 were of hatchery
origin indicating that at least a portion of the fish observed in this area may have been from out
of the basin. Only an additional five more hatchery origin fish were observed in the remainder of
the creel; four in Area 2 (tidewater) and one in Area 3 (North Fork riverine).
Table 18. Chinook salmon harvest statistics by angler type from the Nehalem River basin creel survey in
2012.

Private Boats

Bank Anglers

Guided Boats

CPUE

0.02

0.01

0.05

Estimated Harvest

2,705

77

253

Table 19. Harvest summary statistics by fish origin and age class for Nehalem River basin in 2012.

Origin and age class
All Chinook
Adults
Jacks
Wild
Adults
Jacks
Hatchery
Adults
Jacks

Estimated harvest
3,035
2,761
274
2,553
263
208
11

Using the total Chinook salmon run (summer and fall) as the baseline, this translates to an
approximate 18% harvest rate on adult fish in the Nehalem.
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As with the fish encountered during marking and spawning surveys, we collected scales during
the creel. Technicians from the ODFW Fish Life History Analysis Project analyze those scales
(Table 22).
Table 20. Age and sex composition of Chinook salmon encountered during creel activities in the Nehalem
basin in 2012. Ages are determined through scale analysis.

Female
Male

2

3

4

5

6

8

0%
13%

14%
47%

31%
23%

54%
16%

2%
<1%

<1%
0%
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Total (% by
sex)
198 (39%)
312 (61%)

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.
Nehalem River
Results from standard survey calibration efforts using peak counts in the Nehalem River basin
suggest a relatively strong relationship (C.V. 26%) (Table 21). We would need additional years
of data in the North Fork before a calibration attempt is possible.
However, given the evidence that two distinct runs are present, we must evaluate the need to
expand our current index survey design to 1) cover representative surveys in that portion of the
population and 2) possibly develop a separate calibration factor for that population. The current
distribution of standard surveys only covers the fall portion of the run.
Table 21. Calibration of index values from adult Chinook encountered on standard spawning ground
surveys to mark-recapture estimates in the Nehalem River basin. The calibrated index CV represents the
variation around the calibration value over the eight years of study. The peak count index represents the
average from all surveys of the maximum sum of live and dead fished by mile encountered on a given day
(peak count/mile).

Year

Traditional
Abundance
Estimate
2000
6,855
2001
11,662
2002
18,089
2003
10,965
2009
4,070
2010
5,384
2011
7,665
2012
7,515
Calibrated Index C.V.

Peak
Count
Index
56
96
112
87
29
31
46
47

Mark
Recapture
10,678
12,431
19,956
21,283
5,786
7,097
11,084
12,952
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C.V. Mark Calibration
Recapture Value
26%
12%
5%
11%
17%
16%
11%
19%

0.0052
0.0077
0.0056
0.0041
0.0050
0.0044
0.0041
0.0036
26%

Siletz River
The relationship of visual indices from Siletz River standard surveys have not correlated well
with the mark-recapture estimates. We hypothesize one reason for this poor relationship is that
the standard surveys in the Siletz represent smaller, tributary type habitat which is not typically
productive Chinook habitat and may not be accessible for spawning in low flow years. In basins
where the relationship between the standard surveys and the mark-recapture estimate is strong
(i.e. Siuslaw and Salmon rivers), the standard surveys occur in habitats more typical of Chinook
spawning habitat.
To address the issue, as part of the Siletz mark-recapture project protocol, we conduct a suite of
mainstem surveys in conjunction with tributary surveys to assess relationships of a visual index
to known spawner abundance values from mark-recapture estimates. In addition, we have
investigated the use of other indices in addition to peak count. The sum of dead index from three
select reaches in the Siletz River basin has been identified as a relatively good indicator of
spawner abundance. “Sum of dead” is the total number of dead fish observed in a survey reach
over the course of the season. The selected surveys represent one mainstem and two tributary
surveys totaling 3.2 miles. The coefficient of variation for the calibration values over the last
eight years is 25% (Table 22), indicating a relatively consistent and robust relationship between
these surveys, the sum of dead index, and the mark-recapture estimates. With support through
Sentinel Stocks funding we continue to explore a survey design and estimation method that uses
both mainstem and larger tributary reaches outside the historical standard survey design and look
forward to applying this calibration technique into the future on the Siletz.
Table 22. Calibration of the sum-of dead index values from Chinook (>510 mm) encountered on
select spawning ground surveys to mark-recapture estimates in the Siletz basin. The calibrated
index CV represents the variation around the calibration value over the eight years of study.
Year
Traditional
Mark
C.V. Mark Calibration
Sum of
Abundance
Recapture
Recapture
Value
Dead
Estimate
2005
6631
240
14355
36%
0.00584
2006
4108
344
15891
16%
0.00825
2007
528
32
2700
16%
0.00963
2008
1203
27
1218
19%
0.01314
2009
2905
51
2213
12%
0.01085
2010
4225
127
10985
32%
0.00381
2011
3638
93
4985
8%
0.00963
2012
4871
141
8738
19%
0.00664
Calibrated Index C.V.
25%

Alternative approach
We are exploring a weighted least squares regression approach to assess the relationship between
a visual index and the mark and recapture estimates of abundance. This technique may allow
researchers to include study years where these abundance estimates did not meet the precision
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standards necessary for the calibration approach. It 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 (Figure 7) index from
select reaches in the Siletz River basin and a Peak Count index (Figure 8) from standard surveys
in the Nehalem basin as potential indicators of spawner abundance for future management
purposes. Using this approach, annual spawner escapement could be estimated from the
regression equation and confidence bounds of the estimate as derived by the index value.

Figure 7. Linear model for a weighted least squares regression of a visual index of abundance and
spawner escapement for the Siletz River. Dashed lines represent the prediction intervals for the model.
Dead counts represented as black dots with associated 95% C.I. for eight study years in the Siletz River
basin, 2005-2012.
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Figure 8. Linear model for a weighted least squares regression of a visual index of abundance
and spawner escapement in the Nehalem River. Dashed lines represent the prediction intervals
for the model. Peak counts represented as black dots with associated 95% C. I.for eight study
years in the Nehalem River basin 2000-2003 and 2009-2012.
From the least squares regression, we can generate a table of predicted estimates and confidence
measures around those estimates (e.g., Table 23). This table would be used beyond the sunset of
the Sentinel Stock program to generate an escapement estimate.
Table 23. Predicted escapement and uncertainty measures from average peak count value at index surveys
using the Nehalem River weighted least squares regression.
Peak Count

Escapement

SE

Coeff of
Variation

Lower 95 CI

Upper 95 CI

25

6239

1587.901

25.45177

837

11641

26

6390

1567.304

24.52894

1058

11721
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Peak Count

Escapement

SE

Coeff of
Variation

Lower 95 CI

Upper 95 CI

27

6540

1546.835

23.65059

1278

11802

28

6691

1526.497

22.81379

1498

11884

29

6842

1506.297

22.01588

1718

11966

……………….. BREAK……………………….
111

19203

1211.89

6.310797

15081

23326

112

19354

1228.992

6.350008

15173

23535

113

19505

1246.358

6.389961

15265

23745

114

19656

1263.976

6.430586

15356

23955

115

19806

1281.836

6.471814

15446

24167

Conclusion and next steps
We successfully implemented mark-recapture and creel in the Siletz, Nehalem, and North Fork
Nehalem in 2012. Our estimates continue to indicate a modest upswing in population sizes from
the lows observed in the last decade. In addition, our analyses of calibration techniques for both
major basins continue to show promise for a robust estimation method into the future. Over the
next several months we will continue to summarize past results and evaluate the use of the
calibration factor and weighted least squares regression approach for both basins.
The Sentinel Stock Committee has awarded ODFW funding for an additional year of markrecapture in the Nehalem and Siletz basins. This funding will help provide additional data to
support the progress made to date in improving our biological and ecological understanding of
these two stocks and in the development of estimation methods to use into the future for these
two important PST Escapement Indicators.
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