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Key outcomes of project 
 
Project Deliverables - were the stated objectives met? 
 
The short term goal of this project was to assess the continued viability of a calibration model as 
a means to precisely and accurately estimate the annual escapement at age of adult Chinook 
salmon to the Siuslaw River basin (excluding the North Fork Siuslaw drainage). Successful 
completion of this study would enable managers to compare and, if necessary, begin to 
recalibrate the relationship developed using 2002-2006 data from spawning ground surveys and 
estimates derived from mark and recapture investigations. Ultimately, this will provide managers 
a cost effective means to generate actual abundance estimates of escapement in the Siuslaw after 
the sunset of the Sentinel Stocks Program. The objectives of the project were: 
 
1) Estimate the 2014 spawner escapement of adult Chinook salmon in the Siuslaw River basin 

above the North Fork drainage and estimate the age- and sex-specific proportions of the 
escapement.  
STATUS: Field work and analysis completed.  

 
2) Determine the appropriate visual indices from spawning ground surveys that best correlate 

with true spawner escapement as determined 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 analyses completed. 
 

3) Refine and develop calibration factors between independent estimates of escapement and 
ongoing historically based surveys. 
STATUS:  Analyses complete; final decisions on long term monitoring and new escapement 
goals based on these calibration relationships will require more internal and external review 
and input (ODFW and PSC-CTC).  
 
 

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 regular 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. 
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• Monitoring and evaluation 
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 this 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 combined six years of support from the Sentinel Stock Committee (one year for the 
Siuslaw and five years each for the Nehalem and Siletz) for the NOC estimation projects 
have produced several tangible benefits that have improved our knowledge of the three 
PSC Escapement Indicator Stocks and our abilities to better estimate abundance for these 
stocks. Specific benefits include: 

• Robust mark-recapture estimates with estimates of precision across a range of 
population sizes 

• Identification 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 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 the Nehalem and 
Siletz basins and to provide timely estimates of ISBM impacts available for 
fisheries management and less biased estimates of escapement (by accounting for 
harvest above the marking point). 

• 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 basin. 

• Increased understanding of the size and other characteristics of the early run of 
Chinook in the Nehalem. Combined with genetic analyses funded by a variety of 
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, however, a separate run-specific estimate will not be generated.  

• This year’s project in the Siuslaw River afforded us the opportunity to test the 
continued relevance of the calibration developed from 2002-2006 data and to add 
another data point to the calibration relationship which currently included only 
five data points.  
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Introduction 
 
In 2014, the Oregon Department of Fish and Wildlife (ODFW) was awarded a research grant 
through the Sentinel Stocks Program of the Pacific Salmon Commission (PSC). The funds were 
awarded to assist the agency in improving the accuracy and precision of spawner escapement 
estimates of fall Chinook salmon (Oncorhynchus tshawytscha) for the Siuslaw River, one of the 
three PSC Escapement Indicator Stocks (EIS) in the North Oregon Coast (NOC) aggregate 
(Figure 1). The main objective of this study was to assess and to improve the long term viability 
of a calibration model as a reliable means to estimate annual spawner escapement of Chinook 
salmon that meets bilateral data standards.   
 

 
Figure 1. Indicator stocks representing 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 
Siuslaw River basin represent one of three CTC approved Escapement Indicator Stocks (EIS) 



7 
 

under PST management which 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 two of the three Aggregate Abundance Based 
Management (AABM) fisheries with importance to both AABM and Individual Stock Based 
Management (ISBM) fisheries. The NOC aggregate has historically been a productive and 
resilient stock complex.  
 
We value and recognize the importance of repeating mark and recapture experiments in the EIS 
basins to reevaluate the effectiveness of and confidence in calibration methods developed during 
previous studies. A greater understanding of the Siuslaw River stock and the continued 
confidence in calibration methods used to produce reliable population estimates now and into the 
future will inform current and future management decisions under state, regional, and 
international agreements.  In addition, scales collected in the Siuslaw basin 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 assess the viability of a calibration model as a reliable 
means to estimate spawner abundance with some measure of precision around that estimate. 
Additionally, successful completion of this study will enable managers to calibrate escapement 
estimates in this basin 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 of the 2014 spawner escapement of adult Chinook salmon into the Siuslaw River 

basin and estimate age- and sex-specific proportions of the escapement.  
 

2) Determine the appropriate visual index from spawning ground surveys that best correlates 
with true spawner escapement as determined from mark and recapture investigations. 

 
3) Refine and develop calibration factors between independent estimates of escapement and 

ongoing historically based surveys.  
 

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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Siuslaw River Basin 
 
The fall Chinook stock originating from the Siuslaw is the southernmost escapement indicator 
stock within the NOC aggregate (Figure 1). Located approximately midway down the Oregon 
Coast, the Siuslaw River is one of the larger coastal rivers in Oregon with a mainstem length of 
85 miles (Figure 2) and approximately 240 miles of Chinook spawning habitat (Hodgson and 
Jacobs 1997). The headwaters originate in Oregon’s Coast Range with a maximum watershed 
elevation of 3,900 ft. Average annual river discharge is 1,985 cfs and historically has ranged 
from 45 – 49,400 cfs (Figure 3). Peak discharges typically occur during the winter rainy season 
between November and February.  
 

 
Figure 2. Siuslaw River basin with capture site depicted. 

 
Land ownership in the upper watershed is varied and includes commercial forestry companies, 
the Siuslaw National Forest, and the Bureau of Land Management. Most of the lower watershed 
riparian zones are privately owned.
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Figure 3. Summary hydrograph for the Siuslaw River gauging station at Mapleton (1963-2013) 
[from http://www.nwrfc.noaa.gov, accessed 3/9/2015]. 

 

Adult Chinook salmon enter the Siuslaw River from May to December. The relationship between 
residence time in the bay and freshwater entry date is unknown. Although historic records 
indicate the Siuslaw River supported a modest run of spring or summer Chinook in the early 
1900’s, the present day Chinook stock is categorized as a fall run, with females typically 
maturing at age 5 and males at age 4 (Nicholas and Hankin 1988). Cursory information gathered 
during mark-recapture studies conducted by ODFW from 2001-2006 suggests run-timing is 
influenced by late summer or early fall flows, with spawning occurring from September through 
January. 

 

Basin Objectives 
 
The current PSC escapement goal for the Siuslaw River is 12,925 adult fall Chinook salmon. 
This goal was based on estimates derived from habitat-based expansions of long-term standard 
(index) surveys. As an escapement indicator stock, the generation of accurate and precise 
abundance estimates in the Siuslaw is critical to effective management of this stock and the 
aggregate. As we head into the eighth year since the calibration was completed, some questions 

http://www.nwrfc.noaa.gov/misc/summary_plot.php?id=MPLO3&mean=on&max=on&min=on
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arose as to the continued relevance of the surveys and run size in the Siuslaw. The goal of the 
Siuslaw River Escapement Indicator Project was to assess the long term viability of a calibration 
model as a reliable means to estimate spawner abundance. Successful completion of this study 
will enable researchers to compare and recalibrate visual indices of abundance generated from 
the spawning ground surveys to the relatively precise estimates derived from mark and recapture 
investigations conducted between 2002-2006. Ultimately, this will provide managers a cost 
effective means to generate escapement estimates in the Siuslaw and other NOC basins. 
 

Methods - Mark-Recapture 

Capture-Marking 

We conducted a mark-recapture experiment in 2014 to estimate spawner abundance in the 
Siuslaw River basin. The North Fork Siuslaw, which enters directly into the bay at the town of 
Florence, was not included in this study. Capture events were conducted in upper tidewater at 
two primary sites located between river miles (RM) 19 and 20.5 (between the confluences of 
Hadsall Creek and Knowles Creek in Mapleton). We chose these locations based on access, 
flow, location of Chinook salmon in the basin, and the anticipated behavior of the migrating fish. 
These two capture sites were located below the majority of known spawning tributaries on the 
mainstem Siuslaw. We investigated but were unable to locate a quality site at or above the head 
of tide (RM 24.5) to install a weir due to the absence of refugia for fish passed above a weir to 
recover from capture and handling stresses. In addition, strong tidal surges throughout the four 
miles above Mapleton (RM 20.5-24.5) presented safety issues for crews working inside a weir in 
this area.  
 
A crew leader was hired on August 4, 2014 to begin initial set-up and preparation for the field 
season. Four seasonal technicians started August 18th and continued through the end of 
December. Following initial training and preparation, the crew began monitoring water 
temperatures in upper tidewater during day and nighttime hours to identify periods when capture 
activities could be initiated below the maximum temperature ceiling of 65°F (18°C). 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 under the 
U.S. Endangered Species Act. 
 
A warm weather pattern persisted in the Siuslaw basin until the third week in September 2014, 
with daytime high temperatures ranging in the upper 80s to low 90s. Water temperatures 
monitored throughout this period ranged between 65.5°F to 70°F (18.6°C-21°C), precluding all 
capture attempts. Our crew invested their time gaining skills in boat maneuvering and operations 
in the tidal environment, scouting potential capture sites, setting up spawning ground surveys, 
and making landowner contacts for permission to access survey sites across private property.  
Temperatures began to moderate in the second half of September, and our first capture event 
occurred on September 17. The first freshet occurred on September 24 after which water 
temperatures quickly stabilized at or below the 65°F ceiling for the remainder of the season. 
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Capture activities were conducted a total of 32 nights with the last event occurring on November 
6th, after which winter storms and high flows prevented further successful attempts.  
 
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. The entire crew was scheduled to work four nights a 
week (Monday-Thursday) and maintained this schedule until angling pressure at and near our 
capture sites decreased significantly. In 2014 we maintained a four-night per week schedule 
through the third week of October, after which the majority of angling pressure had transitioned 
upriver above our capture sites. We were then able to conduct capture activities five to six nights 
per week (Sunday-Friday). Our crew also conducted surveys several miles up and downstream of 
capture sites on a daily basis to record any delayed handling mortality or stressed fish. No pre-
spawn mortalities were observed on these floats throughout the capture period. 
 
Using one or two motorboats each staffed by two or three crew members, we deployed tangle 
nets. One boat remained with the net at all times to immediately remove captured fish while the 
second boat released handled fish above the capture site. One crew member was designated as 
boat operator in order to ensure the safety of all crew members while maneuvering in tidally-
influenced waters. Additional project staff and crews from other basins were scheduled to assist 
with capture and marking activities to maintain sufficient staffing per boat and to assist with 
carcass sampling during peak counts on spawning ground surveys (SGS). We used tangle nets 
that were floating type, 9-strand multifilament with a 4.5” mesh. Nets ranged from 36’-150’ in 
length and were suspended by floats with marker buoys at each end of the net panel. Net depths 
varied from 8-20 ft. 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 fish were detected in the net, crews acted quickly to remove the fish from the net and took 
measures to ensure the health of the fish. 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 determining run timing and the presence of differential capture and recovery 
rates. Three batch marks were issued throughout the capture and marking phase on the Siuslaw. 
A total of 184 Chinook salmon were captured, 169 were marked, and of those marked 132 were 
wild adults (Table 1). All coho salmon and other species captured in the nets were recorded and 
released.  
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Table 1. Number of wild adult Chinook salmon marked by date and batch mark in the Siuslaw 
River, 2014. “L” or “R” indicates left or right operculum. The letters “A” and “C” denote 
location: Above and Center; D represents a double hole punch on the same operculum. 
 

Mark Batch Period Marked 
LA 9/23 -10/9 57 
RA 10/12 - 10/23 62 
LD 10/26 - 11/6 13 

 
Coho salmon encounters  
Coho salmon were first encountered during the initial netting event on September 17, 2014. A 
total of 122 coho were caught, and 121 released upstream for the season. One coho jack was 
gilled in the net and recovery efforts were unsuccessful. 

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 examined every carcass for operculum marks and 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 2014). Surveyors 
walked most surveys in the upper tributary reaches of Lake Creek (West Fork Indian Creek, 
Panther Creek, and Fish Creek) and the mainstem tributaries of Whittaker Creek and Esmond 
Creek. We floated the mainstem Siuslaw and the majority of the Lake Creek tributary drainage, 
including Indian and Deadwood Creek reaches, 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 classification for all surveys was 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, zone, and other surveys (Table 2). The standard 
surveys are those traditionally used to produce an index of escapement abundance based on a 
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habitat expansion methodology. Three standard surveys; NF Siuslaw, Esmond Creek, and Lake 
Creek; have been conducted since 1956. The other five were not conducted regularly until 1987.  
During the 2002 - 2006 field seasons, “select” surveys were conducted to facilitate the selection 
of new standardized index surveys should the historic standard surveys prove to not relate 
consistently to the mark-recapture estimates. These surveys had a designated start and end point 
and were conducted regularly throughout the season. During the 2014 mark-recapture study, we 
primarily used knowledge gained during the 2002-2006 surveys to direct crews toward 
productive parts of the basin to recover carcasses and to provide survey data to refine the survey 
design if needed for better correspondence 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 Siuslaw River basin. The survey type “zone” was 
used for carcass sampling outside of survey reaches designated by Reach IDs (e.g., Lake Creek 
to Wildcat Creek or mouth to headwaters). 

Surveys were conducted approximately every seven to 10 days though the end of December. 
Sampling frequency was increased in areas with high densities of live fish. We examined a total 
of 3,188 wild adult Chinook salmon carcasses. Twenty-four of those were marked, an 18% mark 
recovery rate.  
 
Table 2. Surveys conducted in the Siuslaw River basin with tributary or mainstem designation, 
survey 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 24135 1 Rogers Cr Mouth Left Trib 2.0 
Standard 24136 1 WF Indian Cr Mouth Pyle Cr 1 
Standard 24301 2 Whittaker Cr Bridge Trib right 0.3 
Standard 24303 2 Whittaker Cr Bounds Cr Trib B 0.4 
Standard 24349 1.1 Esmond Cr Mouth Bedrock shelf 1.0 

Other 24088 1 Knowles Cr Mouth Wood bridge 1.0 
Other 24088 2 Knowles Cr Wood bridge Hwy 126 bridge 1.0 
Other 24088 3 Knowles Cr Hwy 126 bridge Jackson Cr 1.5 
Other 24090 1 Knowles Cr Mouth Headwaters 1 
Other 24141 1 Indian Cr West Fork Indian Cr Smoot Cr 1.3 
Other 24143 1 Indian Cr Smoot Cr Gibson Cr 0.9 
Other 24145 1 Indian Cr Gibson Cr Taylor Cr 0.9 
Other 24145 2 Indian Cr Gibson Cr Taylor Cr 1.1 
Other 24147 1.1 Indian Cr Taylor Cr Herman Cr 1.1 

Select 24171 1 Deadwood Cr 
(Tributary) 

Rock Cr Buck Cr 1.2 

Select 24173 1 Deadwood Cr 
(Tributary) 

Buck Cr Panther Cr 0.4 

Other 24177 1 Panther Cr, NF Mouth Trib right 0.8 
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Type Reach 
ID Segment Name Start End Length 

(mi) 
Other 24207 1 Fish Cr Mouth Marsh 1.1 
Other 24301 1 Whittaker  Cr Mouth  Bridge 0.3 
Zone 39.7 0 Whittaker Cr Mouth Headwaters  

Other* 24309 1 Wolf Cr Saleratus Cr Dirt road 0.5 
Other* 24311 1 Wolf Cr Bill Lewis Cr Cougar Gulch Cr 1.8 
Other* 24325 1 Wolf Cr VanCuren Cr 3 tribs 1.1 

Mainstem 

Other 24115 1 Siuslaw R Thompson Cr Cleveland Cr 1.0 
Zone 1 39.1 0 Siuslaw R Knowles Cr Lake Cr 2 
Zone 2 39.2 0 Lake Cr  mouth Fish Cr  
Other* 24124 2 Lake Cr Mouth Indian Cr 2.0 
Select 24125 1 Indian Cr Mouth Velvet Cr 1.1 
Select 24125 2 Indian Cr Mouth Velvet Cr 0.5 
Select 24127 1.1 Indian Cr Velvet Cr Elk Cr 2 
Select 24127 2 Indian Cr Velvet Cr Elk Cr 2.5 
Select 24127 3 Indian Cr Velvet Cr Elk Cr 0.67 
Other 24129 1 Indian Cr Elk Cr Building 1 

Other 24250 1 Lake Cr Green Cr Deadwood Cr 0.8 
Select 24157 1 Deadwood Cr Failor Cr WF Deadwood 0.5 
Select 24161 1 Deadwood Cr WF Deadwood Cr Swartz Cr 0.08 
Select 24163 1 Deadwood Cr Swartz Cr Raleigh Cr 1.8 
Other 24163 2 Deadwood Cr Swartz Cr Raleigh Cr 0.87 
Select 24165 1 Deadwood Cr Raleigh Cr Bear Cr 0.27 
Other* 24169 1 Deadwood Cr Bear Cr Deer Cr 0.5 
Select 24169.4 1 Deadwood Cr Deer Cr Alpha Cr 1.5 
Select 24169.7 1 Deadwood Cr Alpha Cr Karlstrom Cr 0.6 
Select 24169.9 1 Deadwood Cr Karlstrom Cr Rock Cr 0.5 
Select 24182 1 Lake Cr Deadwood Cr Johnson Cr 1.5 
Select 24184 1 Lake Cr Johnson Cr Hula Cr 0.6  
Select 24186 1 Lake Cr Hula Cr Almasie Cr 0.7 
Other* 24190 1 Lake Cr Almasie Cr Wilcut Cr 1.1 
Other* 24198 1 Lake Cr Nelson Cr Wheeler Cr 1.0 
Other* 24200 1 Lake Cr Wheeler Cr Steinhauer Cr 1.4 
Other* 24202 1 Lake Cr Steinhauer Cr  Greenleaf Cr 2.1 
Select 24204 1 Lake Cr Greenleaf Cr Lamb Cr 1.6 

Select & Standard 24206 1 Lake Cr Lamb Cr Fish Cr 1.5 
Other 24210 1 Lake Cr Fish Cr Spring Canyon Cr 0.5 
Zone 39.5 0 Siuslaw R Lake Cr Wildcat Cr  

Other* 24236 1 Siuslaw R Lake Cr Brush Cr 1.7 
Other* 24240 1 Siuslaw R Brush Cr Tilden Cr 0.7 
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Type Reach 
ID Segment Name Start End Length 

(mi) 
Other* 24244 1 Siuslaw R Barber Cr Pat Cr 0.8 
Other* 24250 1 Siuslaw R San Antone Cr Smith Cr 1.6 
Other* 24256 1 Siuslaw R Rock Cr Turner Cr 1.4 
Other* 24260 1 Siuslaw R Turner Cr Waite Cr 0.5 
Other* 24262 1 Siuslaw R Waite Cr Sutherland Cr 1.3 
Other* 24262 3 Siuslaw R Waite Cr Sutherland Cr 1.7 
Other 24300 1.1 Siuslaw R Wildcat Cr Whittaker Cr 1.6 
Other* 24263 2 Wildcat Cr 1st bridge 3rd bridge 1.2 
Zone 39.6 0 Wildcat Cr Mouth Headwaters  

Other* 24304 1 Siuslaw R Whittaker Cr Big Canyon Cr 1.5 
Other* 24304.7 1 Siuslaw R Big Canyon Cr Wolf Cr 1.5 
Other 24304.7 2 Siuslaw R Big Canyon Cr Wolf Cr 0.9 
Other* 24304.7 3 Siuslaw R Big Canyon Cr Wolf Cr 1.5 
Other* 24304.7 4 Siuslaw R Big Canyon Cr Wolf Cr 1.5 
Other 24346 1 Siuslaw R Wolf Cr (Not)Big Canyon 1.0 
Other 24348 1 Siuslaw R (Not)Big Canyon Esmond Cr 1.0 
Other 24360 1 Siuslaw R Esmond Cr Cedar Cr 1.3 
Other 24362 1 Siuslaw R Cedar Cr Fawn Cr 0.5 
Other* 24363.1 1 Siuslaw R Fawn Cr Pugh Cr 2.0 
Other 24363.1 2 Siuslaw R Fawn Cr Pugh Cr 0.6 
Other 24363.3 2 Siuslaw R Pugh Cr Trail Cr 0.6 
Other 24363.5 2 Siuslaw R Trail Cr North Cr 0.6 
Other 24364 1 Siuslaw R North Cr Mill Cr 0.7 
Other 24366 1 Siuslaw R Mill Cr Collins Cr 0.3 
Other 24368 1 Siuslaw R Collins Cr Haskins Cr 0.5 
Other 24370 1 Siuslaw R Haskins Cr LaRue Cr 0.5 
Other 24372 1 Siuslaw R LaRue Cr Clay Cr 1.9 
Other* 24374 1 Siuslaw R Clay Cr Edris Cr 0.8 
Zone 39.8 0 Siuslaw R Edris Cr Headwaters  

Other* 24382 1 Siuslaw R Johnson Cr Luyne Cr 0.5 
Other* 24384 1 Siuslaw R Luyne Cr Farman Flat 0.6 
Other* 24400 1 Siuslaw R Camp Cr Conger Cr 0.55 
Other* 24402 1 Siuslaw R Conger Cr Pheasant Cr 2.78 
Other* 24436 1 Siuslaw R Smith Cr Fawn Cr 1.1 
Other* 24444 1 Siuslaw R Douglas Cr Lick Cr 2.1 

Methods – Age analysis 
 
Reliable estimates of age and sex composition are an integral component of PST and terminal 
fisheries management. These data are used in forecasting stock abundance and assessing fishery 
harvest impacts. Scales were collected from all fish sampled during the conduct of marking and 
recovery. Four to five scales were taken from one side of a marked fish. Ages were determined at 
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the Corvallis Research Lab using standard methods (Borgensen et al. 2014). Because of the large 
sample size and the time sensitive nature of these data, staff applied a subsampling regime prior 
to ageing (Falcy, et al. memorandum 2014). This analysis indicated that 997 scale samples would 
be sufficient to produce an accurate and precise age dataset and reduce the staff time needed to 
accomplish this task.  
 

Methods – Data analysis 

Following review of the data for potential errors and inconsistencies, we tested for biases in 
spatial distribution of marks, age composition, and sex composition of marked and non-marked 
fish using Chi-square and Kolmogorov-Smirnov tests on the marked and recovered populations. 
A pooled estimator will be used if no appreciable biases are found.  
 

Results  
 
In 2014, we marked a total of 132 wild adult Chinook salmon and encountered 24 marked fish on 
the spawning grounds out of a total of 3,188 wild adults examined (Table 3). This equates to an 
18% mark recovery rate. We examined these data for evidence of differences in spawn timing 
and location based on batch marks (i.e. timing of river entrance) but found no clear patterns. 
There was a lot of overlap in both timing and location of carcass recoveries. Recovery rates for 
each of the three batch marks used are shown in Table 3. No recoveries were made for fish with 
the last batch mark likely due to both the small sample size marked and poor recovery conditions 
during the period when these fish would have been encountered on the spawning grounds (i.e. 
high flow, turbid survey conditions).  
 
Table 3. Number of each batch mark placed, recovered and recovery rate by batch mark in the 
Siuslaw River in 2014. 

Mark Batch Period 
Number 
marked 

Dates 
recovered 

Number 
recovered % Recovered 

LA 9/23 - 10/9 57 11/3-12/09 15 26% 
RA 10/12 - 10/23 62 11/11-12/08 9 15% 
LD 10/26 - 11/5 13 None 0 0% 

Overall  132  24 18% 
 

Assumption and bias testing 

We developed cumulative size distribution curves for adult Chinook based on observed lengths 
(in MEPS) for marked fish, mark recoveries, and all recoveries (Figure 4). While the size 
distribution of fish captured and marked during the first event appears to be smaller than those 
recovered on the spawning grounds, the difference is not significant (Kolmogorov-Smirnov tests 
of CDFs of sampled fish, p-value>0.05, Figure 4). Chi-square tests to examine potential bias in 
sex and age composition between sampling events (marking and spawning surveys) showed no 
significant differences (p>0.10 in all cases). We tested the assumptions of complete mixing and 
equal proportions using Chi-square analyses. Our Chi-square test of differences in recovery rates 
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and test of equal proportions of marked to non-marked fish across spatial strata were not 
statistically significant. We did not find any suggestion of bias in pooling compared to stratifying 
by sex or age (i.e. less than a 5% difference in total estimates when stratified by sex or age 
compared to a completely pooled estimate).  We, therefore, were compelled to use the Chapman 
version of the Lincoln-Petersen estimator with no stratification.  
 

 
Figure 4. Cumulative size distribution curves for Chinook captured in the Siuslaw River during 
the marking and recovery phase of the project. 
 
 

Escapement estimate 

Using the Chapman modified Lincoln-Petersen estimator, we generated an estimate of 16,964 
(SD=3,289, C.V. 19%). Because of the spatial structure of the in-river recreational fishery and 
the location of our marking sites, we accounted for harvest above our marking sites to reduce 
potential bias. Our harvest estimate in Area 3 above our marking sites was 569 adult Chinook 
(SD=113.6, C.V. 20%). Therefore, we reduced our final spawner estimate to 16,395 Chinook 
adults (adjusted SD=3,291, adjusted C.V. 21%).  
 
Age and sex composition  
As part of our standard protocol, we collected scales from Chinook salmon during both marking 
and recovery. The age data are used to evaluate this year’s run and in forecasting the next year’s 
return. Technicians from the ODFW Fish Life History Analysis Program in Corvallis analyzed 
the scales to estimate age. This year the ageing lab applied a subsampling routine to the scales 
collected on the Siuslaw spawning grounds. Therefore, the numbers presented in the following 
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table may not match the total numbers reported elsewhere in this report as being marked or 
examined on spawning grounds. For the purposes of mark-recapture estimation, we remove 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 2014, males accounted for 
41% and females, 59% of adult spawners. Most fish (male or female) returned as 4-year-olds in 
2014. An additional 35% of females were five years old compared to 14% males. Almost one 
quarter of the males were age 3 compared to very few females (2%).  
 
 
Table 4. Age and sex composition of adult Chinook sampled for age in the Siuslaw River, 2014. 

 
Age 3 Age 4 Age 5 Age 6 Age 7 TOTAL 

Male 23.5% 61.9% 13.8% 0.5% 0.2% 412 (41.3%) 
Female 2.0% 61.4% 35.2% 1.4% 0% 586 (58.7%) 
 
 
Table 5. Mark-recapture escapement estimate apportioned by sex and age in the Siuslaw basin, 
2014. 

 Age 3 Age 4 Age 5 Age 6 Age 7 TOTAL 
Male 1,593 4,189 936 33 16 6,768 

Female 192 5,911 3,389 135 0 9,627 
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Calibration of mark-recapture to index surveys: long term estimation 
techniques in the Siuslaw River Basin  
 
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 (i.e. peak count) is identified, and an index calculated (e.g. peak 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. These methods continue to be used to estimate escapement in many places on 
the coast; however, ODFW has undertaken multiple efforts to improve this approach to better 
represent actual abundance.  
 
With the intent of improving spawner estimates along the Oregon coast, 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 expanded to 
represent an accurate and relatively precise estimate of spawner 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 more straightforward back-casting 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 and is more logistically 
possible than some other indices. Standard surveys do not relate well to actual abundance in all 
basins.  In these cases, typically the indices derived using surveys in a combination of large river and 
smaller tributary habitats correlated most consistently to overall abundance as determined from the 
mark-recapture. We hypothesize the distribution of the spawning population may shift among years 
due to a combination of higher flows allowing access to smaller tributaries in some years and also 
density dependent competition during high run years forcing subordinate fish to lower quality 
habitats.  
 
Siuslaw River calibration 
During the first calibration efforts (2001-2006), a strong relationship was observed between the 
sum of peak counts index from the standard surveys and the mark-recapture abundance (Table 6, 
Figure 5). Data collected during 2001 is omitted from this analysis. The 2001 Siuslaw Indicator 
Stock Project was designed, funded and conducted with the objective of testing the feasibility of 
implementing full basin-scale mark-recapture/calibration studies in the Siletz and Siuslaw rivers. 
We proposed a feasibility study in the first year because ODFW had never attempted mark-
recapture experiments at a full basin scale, and the likelihood of success was considered low. 
These data were not intended to be part of the calibration.  In 2001, various types of nets, mesh 
sizes, marks and mark placements were tested. Tides and water temperature were monitored to 
identify successful capture timing. There was no spawning ground survey protocol for 
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recoveries, and the standard index surveys were omitted from the study. Years later, we 
evaluated the data through SPAS for possible inclusion in the calibration and found the pooled 
Petersen estimate was likely biased—the stratified Darroch estimate was 15% higher than the 
Petersen. We believe there is a high likelihood of substantial bias in the abundance estimate that 
we cannot account for with any certainty given the survey design applied. Therefore, we decided 
it was inappropriate to include the results from 2001 in the calibration assessment for the Siuslaw 
River basin.   
 
Table 6. Index and estimates generated during initial calibration project, 2002-2006. 

Year Sum of Peak Counts M-R population estimate 

2002 1,180 22,506 

2003 1,764 28,801 

2004 1,510 29,119 

2005 614 13,771 

2006 594 13,380 

 
   

 
 
Figure 5. Regression relationship between sum of peak counts and spawner abundance derived 
during initial calibration effort, 2002-2006. 
 
Between 2007 and the present, ODFW estimated spawner escapement in the Siuslaw using the 
traditional habitat escapement methodology and the 2002-2006 survey calibration method (Table 
7). The calibration is an expansion of index survey counts to actual abundance and is based on a 
relationship between these counts and actual abundance calculated during mark-recapture years. 

y = 14.437x + 5167.3 
R² = 0.9652 

0

5000

10000

15000

20000

25000

30000

35000

0 500 1000 1500 2000

Sp
aw

ne
r A

bu
nd

an
ce

 

Sum of Peak 



21 
 

Note, since completing the initial calibration, we have evaluated alternative indices and found 
that the sum of peaks across all surveys is a more consistent index than the normalized index 
(peak per mile) when compared to the mark-recapture estimates. We have updated the calibration 
accordingly; this is what is presented in this report (Figure 5, Table 6).  
 
We have examined multiple approaches to expand the sum of peak counts to total abundance 
(e.g. regression (with and without zero intercept), weighted least squares regression and the 
calibration factor approach). Our current plan is to use the regression with intercept for years 
within the range of the mark-recapture and use the calibration factor approach for other years. 
The estimates generated using the calibration factor, regression and traditional habitat methods 
vary (Table 7). Using this year’s sum of peaks and the original regression estimator, we would 
estimate a spawner return of 17,237; (SD 2,365) with the original calibration factor, we would 
estimate 16,659 spawners (SD 2,590) (Table 7).   
 
Table 7. Comparison of estimates from mark-recapture, traditional habitat expansion, regression 
expansion (2002-2006) and calibration factor (2002-2006) methodologies. 
Year M-R estimate Habitat expansion Regression estimate 

(2002-6) 
Calibration Factor 
estimate (2002-6) 

2002 22,506 41,058 22,203 23,514 
2003 28,801 58,998 30,634 35,152 
2004 29,119 40,033 26,967 30,091 
2005 13,771 17,618 14,032 12,236 
2006 13,380 28,082 13,743 11,837 
2007 NA 6,764 8,084 4,025 
2008 NA 11,119 8,574 4,703 
2009 NA 14,094 NA NA 
2010 NA 22,197 12,949 10,741 
2011 NA 30,713 14,234 12,514 
2012 NA 20,018 16,702 15,922 
2013 NA 23,411 15,215 13,870 
2014 16,395 28,200 17,237 16,659 
 
 
As it had been eight years since the original calibration was developed and given the importance 
of the Siuslaw as a PST Escapement Indicator Stock; in 2014, we revisited this calibration to test 
its continued relevance and accuracy and to add another data point to the estimator. Given future 
and current constraints around personnel and funding resources, this research has focused on 
continuing and improving the calibrated index survey approach for estimation. We have updated 
the calibration analysis of spawning ground survey data and mark-recapture estimates using the 
2014 data from the Siuslaw River basin. Results from standard survey calibration efforts using 
sum of peaks as an index compared to six years of mark-recapture in the Siuslaw River basin 
continue to demonstrate a relatively strong relationship (Figure 6) and is very similar to the 
regression from the original calibration (Figure 5). The regression estimates using the original 
and original plus one datasets were very similar (</= 2% difference) and both are similar to the 
mark-recapture estimate suggesting the relationship continues to be valid (Table 8).  
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Figure 6. Linear regression demonstrating the relationship between the sum of peaks on standard 
index surveys and mark-recapture estimates, 2002-2006 and 2014. 
 
  
Table 8. Comparison of sum of peaks index, mark-recapture estimates, original regression 
calibrated estimates, and the new regression calibrated estimates. 

Year Sum of Peak Index Mark-Recapture 
Estimate 

Regression 
Estimate 
(original) 

New Regression 
Estimate 

(original +2014) 
2002 1,180 22,506 22,203 22,079 
2003 1,764 28,801 30,634 30,613 
2004 1,510 29,119 26,967 26,901 
2005 614 13,771 14,032 13,808 
2006 594 13,380 13,743 13,516 
2014 836 16,395 17,237 17,052 

 
 
For estimation purposes, we also expressed this relationship in the form of a calibration factor to 
use to estimate escapement outside of the range of the mark-recapture years following Pahlke 
(2008). We compared the 2002-2006 original dataset and the updated dataset (original plus 2014) 
using Pahlke’s methods (Table 9). Values presented as the “calibration factor” represent the 
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mark-recapture estimate divided by the index (sum of peaks). The original calibration factor was 
19.93; the updated factor is 19.87. To implement this approach, the sum of peaks is multiplied by 
the calibration factor for the surveys identified (Table 10).  
 
Table 9. Calibration of index values from Chinook salmon (>600mm) encountered on standard 
spawning ground surveys to mark-recapture estimates in the Siuslaw River basin. The index 
value is an annual average from six surveys totaling 5 miles. 

Run year 
Mark-

Recapture 
Estimate 

CV of MR 
Estimate 

Index (Sum 
of Peak) 

Calibration 
factor 

2002 22,506 7% 1180 19.1 
2003 28,801 8% 1764 16.3 
2004 29,119 9% 1510 19.3 
2005 13,771 9% 614 22.4 
2006 13,380 9% 594 22.5 
2014 16,395 20% 836 19.6 

Calibrated Index CV 11.7% 
 
 
Table 10. Comparison of sum of peaks, mark-recapture estimates, original calibrated expansion 
factor estimates, and updated calibrated expansion factor estimates.  

Year Sum of Peak 
Index 

Mark-
Recapture 
Estimate 

Calibration 
expansion 
estimate 
(original) 

Calibration 
expansion 
estimate  

(original +2014) 
2002 1,180 22,506 23,514 23,452 
2003 1,764 28,801 35,152 35,059 
2004 1,510 29,119 30,091 30,011 
2005 614 13,771 12,236 12,203 
2006 594 13,380 11,837 11,806 
2014 836 16,395 16,659 16,615 

 
 
One way to examine the two methods is to compare the difference between the estimates 
generated by the two methods and the mark-recapture estimate for that year. These are not 
independent—the mark recapture estimates are used in the derivation of the regression and 
calibration. Both estimators perform well in this assessment with mean percent differences of -
1% and 0% for the calibration factor and regression respectively (Figure 7).  
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Figure 7. Percent difference between estimates derived through mark-recapture and either a 
calibration factor or regression. 
 

 
Future Escapement Estimates 

 
We plan to continue conducting annual spawning ground surveys on the standard index surveys 
in the Siuslaw basin. These data will be used to generate annual escapement estimates for the 
basin using either a calibration factor (=19.87, CV 12%) or the regression relationship 
demonstrated above. Either of these methods will allow us to generate relatively robust 
abundance estimates with precision bounds. An internal committee has met to discuss and 
establish standard methods for internal and PST use. To date for the Siuslaw basin, we’ve 
decided to use the regression relationship with a calculated intercept except where the sum of 
peak index extends above or below the range used in the regression analysis. The surveys used in 
this estimation technique are 1) Lake Creek, 2) Rogers Creek, 3) Indian Creek-WF, 4) Whittaker 
Creek (lower), 5) Whittaker Creek (upper), and 6) Esmond Creek. These are the standard surveys 
for which we have decades of survey data. Maintenance of these surveys into the future is 
needed to implement this strategy for trend analysis and escapement estimation for PST and 
ODFW fisheries management purposes.  
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