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ABSTRACT 
 

Spawner abundance of certain spring, summer, and fall Chinook stocks in Puget Sound, 

including those in the Snohomish River system, have historically been estimated from counts of 

redds.  Additionally, salmon in the Snohomish Basin have been censused at Sunset Falls, at the 

Wallace River Hatchery, and at the Tokul Creek Trout Hatchery, and these have been added to 

the estimated natural spawners to yield basin total spawner escapement.  The Sentinel Stocks 

Program was established by the Pacific Salmon Commission to investigate alternatives to, or 

calibration of, redd-based spawner abundance enumeration methods that could produce estimates 

capable of meeting bilateral data standards set by the Commission (unbiased estimates with CV 

of ≤15%).  This study attempted to capture and mark live Chinook salmon in the Snohomish 

River Basin using beach seines and eddy-set tangle nets, and to subsequently recapture them as 

carcasses on all known spawning grounds or sample them at Sunset Falls, Wallace River 

Hatchery, and Tokul Creek Hatchery to generate a statistically defensible spawner escapement 

estimate.  Each fish was marked with two uniquely coded tags: an external Floy dart tag and an 

injected Passive Integrated Transponder (PIT) tag.  Though initial plans also included oral 

insertion of a radio telemetry tag into a subset of fish, samples size was so low that every fish 

received a radio tag.  In total, only 31 Chinook were captured and 25 tagged, and only one was 

physically recaptured at Wallace Hatchery, making an estimate of spawner abundance using 

mark-recapture statistics impracticable.  Radio telemetry data showed that fish dispersed 

throughout the Snohomish basin from the tagging site on the mainstem Snohomish River and 

that movement was correlated with flow pulses.  Additionally, though sample size was small, 

fish moved as individuals rather than groups and were never observed to hold in the same hole 

concurrently.  Radio telemetry data also showed that several non-adipose fin marked fish 

exhibited hatchery return behavior, spawning in close proximity to the Wallace River Hatchery.  

Radio telemetry data will be used to hone capture and recovery methods in future years of study. 
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INTRODUCTION 
 

Chinook salmon returning to the Snohomish basin play several ecologically important roles, in 

addition to being exploited by commercial, recreational, and Tribal ceremonial and subsistence 

fisheries (Snohomish Basin Salmon Recovery Forum 2005).  The Washington State Department 

of Fish and Wildlife and the Tulalip Tribe's (collectively, the comanagers) primary management 

priority for all species of salmonids in the Snohomish basin is to manage for natural production.  

Concerns with the abundance of wild salmon escapement to the basin, and desires to maintain or 

increase harvest, lead to the establishment of one state (Washington Department of Fish and 

Wildlife) and one tribal (The Tulalip Tribes) hatchery in 1907 and 1973, respectively 

(Snohomish Basin Salmon Recovery Forum 2005). 

 

Spawner abundance of summer and fall Chinook stocks in the Snohomish River system have 

historically been estimated from counts of redds in conjunction with four key assumptions 

(which have been evaluated in other research including Hahn et al. (2001); Hahn et al. (2003b); 

Hahn et al. (2003c); Hahn (2004); and others: 

  

1) For redd AUC (area-under-the-curve) in mainstem areas: an individual redd is visible 

for 21 days;  

2) for marked-redd census (MRC) in tributaries: all redds are visible and remain marked;  

3) each spawning female constructs only one redd; and  

4) 2.5 fish are associated with each redd (1.5 males/female). 

 

Additionally, salmon in the Snohomish Basin have been censused at Sunset Falls, at the Wallace 

Hatchery, and at Tokul Creek Trout Hatchery, and these have been added to the estimated 

natural spawners to yield basin total spawner escapement estimates (Washington Department of 

Fish and Wildlife and Western Washington Treaty Indian Tribes 2002). 

 

In 2009, we captured and marked live Chinook salmon in the Snohomish River Basin by the use 

of beach seines, tangle nets ("eddy sets") and by hook-and-line, followed by an attempt to 

recover these fish later as carcasses on all of the known spawning grounds.  Each fish was 

marked with two uniquely coded tags.  Additionally, all salmon returning to the Wallace 

Hatchery, to the Sunset Falls fish ladder trap, and to the Tokul Creek Trout Hatchery were 

censused. 

 

The intent was to estimate and evaluate predictive relationships (expansion ratios) between 

mark-recapture run size and (a) peak, cumulative & AUC redd counts, (b) peak, cumulative & 

AUC live/dead fish counts, (c) the Sunset Falls passage count, and (d) Wallace Hatchery returns. 

 

Study Area 

The Snohomish River basin is the second largest drainage system (1,856 mi
2
 or 4,807 km

2
) in the 

Puget Sound region after the Skagit River system, entering saltwater near the city of Everett, 

Washington (Snohomish County Department of Public Works 2009) (Figure 1).  The Snohomish 

basin is formed by the confluence of two large river sub-basins, the Skykomish and the 

Snoqualmie.  In addition, there are over 1,700 smaller rivers, creeks and streams with inputs into 

this main complex.  In all, there are 2,718 linear miles of stream in the basin (Snohomish County 

Department of Public Works 2009).  Rainfall varies from 94 to 124 inches annually leading even 



Abundance Estimation of Snohomish System Chinook  

Salmon Via Mark-Recapture, 2009 Sentinel Stock Monitoring. 7 

the larger rivers to vary greatly in their daily flows from several hundred cubic feet per second 

(cfs) to tens of thousands of cfs.  

 

 
Figure 1. Overview map of the Snohomish basin showing major rivers, Wallace River Hatchery, 

Tokul Creek Hatchery, Sunset Falls fish passage facility, and several towns. 

 

Populations of Chinook (Oncorhynchus tshawytscha), pink (O. gorbuscha), chum (O. keta), and 

coho (O. kisutch) salmon are present in the Snohomish basin, as well as steelhead (O. mykiss), 

cutthroat trout (O. clarki), Dolly Varden (Salvelinus malma), bull trout (Salvelinus confluentus), 

and small numbers of sockeye (O. nerka) salmon (Figure 2).  The most common species of 

spawning salmon in odd years are pink salmon, the spawning escapement estimates of which 

peaked at 1,930,000 in 2009 (Washington Department of Fish and Wildlife 2010).  Coho salmon 

are the next most abundant with over 300,000 spawners in some years (Washington Department 

of Fish and Wildlife and Western Washington Treaty Indian Tribes 2002).  Chum Salmon 

spawners may number over 200,000 in some years.  In contrast, the naturally spawning Chinook 

estimate for 2009 was approximately 2,291 fish (Pete Verhey, WDFW, unpublished data, based 

on redd count methodology). 

 

Large numbers of pink salmon spawn in the Skykomish River near the town of Monroe (RM
1
 

25.0) and in downriver areas, however very few spawn in the Snoqualmie River.  Chinook spawn 

                                                 
1
 River mile benchmark from Williams RW, Laramie RM, Ames JJ (1975).  A catalog of Washington streams and 

salmon utilization: Volume 1 Puget Sound region. Washington Department of Fisheries, Olympia, WA. 
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throughout the Skykomish, Snohomish, and Snoqualmie rivers as well as in the larger tributaries 

within the system.  Natural barriers to upriver migration include Sunset Falls on the South Fork 

Skykomish River (RM 51.5) and Snoqualmie Falls (RM 39.6) on the Snoqualmie River.  

However, Chinook have been actively passed over Sunset Falls via a trap-and-haul operation 

since 1958. 

 

Two Chinook populations are now recognized as indigenous to the Snohomish watershed 

(PSTRT 2001).  Chinook returning to the Snohomish and Skykomish, as well as Money, Woods, 

Elwell, Proctor and Bridal Veil Creeks and the Beckler, Foss, Wallace, Pilchuck and Sultan 

Rivers are identified as summer Chinook, returning primarily in June and July and spawning 

throughout September and October (Figure 2).  Green River-origin fall Chinook were historically 

released from the Wallace River and Tulalip Hatcheries; however that practice was discontinued 

in 1997 and 2004, respectively, and only indigenous summer Chinook of Skykomish origin are 

now released from both facilities (Snohomish Basin Salmon Recovery Forum, 2005).  Chinook 

that spawn in the Snoqualmie River are typically characterized by a later, fall-type run timing 

(Figure 2) and a substantially smaller abundance, averaging slightly less than half that of the 

Skykomish spawning escapement over the past ten years (Washington Department of Fish and 

Wildlife and Western Washington Treaty Indian Tribes 2002; Washington Department of Fish 

and Wildlife 2010).  This Snoqualmie stock includes spawners in the mainstem Snoqualmie, 

Raging and Tolt Rivers, and in Tokul Creek. 

 

 

Figure 2.  Run and spawn timing of salmon and steelhead returning to the Snohomish Watershed.  Vertical 

hashing indicates an overlap in river entry and spawning time. 

Study Purpose and Objectives 

 

The objectives of this study were to: 

 

1. Estimate, via mark-recapture, the number of Chinook salmon of age 3 (“adult”) passing 

upstream of RM 13.4 (the “trestle hole”) in the Snohomish River and intending to spawn 

naturally.  Mark and recapture sufficient numbers such that the estimate is within 30% of 

the true value 95% of the time (CV = ~0.15).  This estimate was to be stratified or parsed into 

the following components: hatchery and natural origin; female and male; and 

Skykomish/Snohomish (summer) and Snoqualmie (fall).  Males may be further stratified into 

small (~age 3) and large (~age 4).  Estimated abundances of adult salmon were also to be 
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parsed into age components using carcass sample data, taking into account possible size 

selectivity in carcass recoveries.  Similarly, estimate the age 2 "jack" male population such 

that the estimate is within 50% of the true value 90% of the time.  Precision goals for age 2 

Chinook were relaxed due to greater difficulty in capturing, marking, and recovering small 

Chinook.   

 

2. Evaluate the closure assumption (fish leaving the system or dying from handling stress) by 

radio tagging fish over the course of the run.  Install and monitor a stationary radio receiver 

site downstream of the initial capture site to record fish emigrating from the river basin and 

potential mortalities.  Conduct truck and aerial mobile surveys to monitor the location of all 

tags.  Search for non-moving tags via snorkel to verify whether pre-spawning mortality or 

regurgitation has occurred.  Also, work with the Tulalip Tribes who sample and census the 

Tulalip Bay Tribal fishery and the Bernie Kai Kai Gobin Salmon Hatchery rack returns to 

record any possible tagged fish that might have emigrated from the system. 

 

3. Estimate the proportion of tag loss (or lack of detection) for each type of tag (dart, PIT, 

radio), at Wallace River Hatchery, and in carcasses after natural spawning.  If appropriate, 

use this information to adjust the number of released, tagged fish and recalculate the mark-

recapture estimates (retention may vary by live fish vs. carcass). 

 

4. Estimate tag identification accuracy at Wallace River Hatchery and during spawning surveys 

by random second sampling (i.e., a second surveyor secretly following the primary sampler 

inspecting all freshly cut carcasses, or re-samples a tote of fish at the hatchery). 

 

5. Estimate the proportion and absolute abundance, accompanied by corresponding precision 

estimates, of natural-origin Chinook salmon of age 3 (“adult”) that move into the 

Skykomish and the Snoqualmie River sub-basins.  Use radio-tagged fish and the binomial 

proportion that moved into either basin.  If appropriate, use a stratified estimator, like 

Darroch (1961) with strata defined by entry into the Skykomish-Snohomish and Snoqualmie 

basins. 

 

6. Census and inspect every Chinook salmon entering the Wallace Hatchery, read all PIT and 

dart tags, check for coded-wire tags (CWTs), record status of adipose fin, sex, and length or 

length category.  Do the same for any salmon entering the trap at the Tokul Creek Trout 

Hatchery.  Take scale samples from every carcass in natural spawning areas and subsample 

Wallace Hatchery fish. 

 

7. Count every Chinook salmon as adult (age 3) and jack (age 2) transported by the Sunset 

Falls trap-and-haul facility and record every PIT tag.  If possible, record presence and color 

of dart tags, status of adipose fin clip, and sex. 

 

8. Survey known spawning areas following established sampling protocols, or by developing a 

novel geographical sub-sampling regime.  Count redds, live and dead fish, and sample all 

carcasses (by sex and size group).  Check for and record all observed/detected tags.  Collect 

otolith, scale, fin clips for DNA and electronically wand all fish and collect snout samples 

when detected positive for CWTs. 

 

9. If feasible, sample landed recreational catch for tagged fish, and estimate the total number of 

tagged fish harvested.  Read all PIT and recover dart and radio tags, check for CWTs, record 
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status of adipose fin, sex, and length or length category and take scales.  If angler creels 

cannot be effectively conducted, base sport fishery catch on post-season Catch Record Card 

analysis. 

 

10. Develop potential predictive estimators of abundance for future application (beyond the 

research period), by calculating ratios of mark-recapture estimates of abundance to various 

redd and fish counts or AUC. 

 

METHODS 
 

We anticipated that broad variations in river size, flow patterns, channel morphology, and large 

woody debris throughout the Snohomish River basin would require the use of several fish 

capture methods to ensure thorough sampling of Chinook.  Methods employed in 2009 included 

beach seining, gill netting, and tangle netting.  Prior to utilizing any capture method, 

considerable site reconnaissance and preparation was required. 

 

Beach Seining 
 

Two beach seines were used during this project. The first was 200 ft. (61 m) long and 14 ft. (4.3 

m) deep, with a mesh size of 2.5 in. (black #21 knotted nylon), with no taper (Hahn et al. 2003a).  

The second was 250 ft. (76.2 m) long and 25 ft. (7.6 m) deep, with a stretch mesh size of 2.75 in. 

and no taper (#21 black bonded knotted nylon, 0.5-in. braided poly top line with BL-2 corks at 1-

ft. centers, 300# braided river master lead line with 10 pounds of extra weight by lead barrels in 

the mid 50 feet, hung with #24 tarred seine twine).  This second net was modified in season by 

tying 5’ of depth to the cork line to create a net 20 ft. (6.1 m) deep. The 200 ft. seine was fished 

first while the 250 ft. seine was being manufactured. The two nets were also fished after being 

joined endwise to create a 450 ft. (137.2 m) long seine. 

 

Two primary capture sites low in the basin on the mainstem Snohomish River were identified by 

regional biologists, technicians, and members of the public as being likely holding areas for 

Chinook during their spawning migration.  These two sites were designated “High Rock 1” and 

“High Rock 2” and were located at RM 19.2 and 18.8, respectively (Figure 3).  Other likely 

holding sites were identified but contained too much debris to be effectively netted.  Potential 

sites were also identified in the lower Skykomish and Snoqualmie Rivers but were not netted in 

2009 because they were too far upstream of the lower boundary of Chinook spawning (about RM 

15-17).  Two sites (a long “run” and a pool) were at approximately RM 21.8 in the Skykomish 

River at a place called “Nordstrom’s Hole”.  One 45-ft. deep pool was at RM 1.6 in the 

Snoqualmie (~22.1 from the mouth of the Snohomish). 

 

Prior to beach seining at either site substantial scouting, using side-scan sonar and dual-

frequency identification sonar (DIDSON), was conducted.  A jet boat was used to drift through 

both sites along multiple transects in search of submerged obstructions, including root wads, 

stumps, and pilings.  Obstructions were mapped and subsequently investigated while snorkeling 

to determine their permanency and potential to be snagged by a beach seine.  Obstructions were 

removed, when possible, or flagged for avoidance during fishing operations.  Once each site was 

cleared and prepared, a heavy chain was dragged repeatedly through the portion of the area 

where the seine would be fished using two jet boats.  This process verified that obstructions had 
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been eliminated while not risking a potentially expensive and dangerous net hang-up.  A short-

range DIDSON unit was borrowed from Sound Metrics Corp., Lake Forest Park, WA twice, with 

the intent to use sonar imaging to locate seinable fish in real time.  Although promising, the use 

of this unit was plagued by technical problems with software and hardware and it was not used 

further. 

 

 

Figure 3.  Map of the Snohomish basin showing the location of High Rock-1 (RM 19.2) and High 

Rock-2 (RM 18.8), the two beach seining sites used in this study (above).  “Bird’s eye” aerial 

photographs of High Rock-2 (below left) and High Rock-1 (below right) showing the holes fished 

and the beach seine landing locations. 

 

After site preparation was complete the 200-ft. seine was fished in High Rock 1 on eight days 

between 5/1/09 and 6/29/09.  Flows peaked at about 22,000 cfs in the week of May 31 and 

declined to under 3,000 cfs by July 18 (APPENDIX 1: River Flows).  Fishing generally began 

prior to 0900 and involved two to three passes of the seine through the site before moving on to 

site preparation work at High Rock 2 or conducting other fish capture activities.  The 250-ft. 

seine was used on 7/2/09, and the two seines were attached together on 7/9/09 in an effort to 

extend the capture area at High Rock 1.  On this latter date, the flow at High Rock 1 was 

approximately 3,800 cfs and a 450-ft. net was still needed to span greater than 50% of the river 

channel.  Beach seining was never conducted at High Rock 2 because of a shift in primary 

capture methodology to gill netting on 7/13/2009 and then to tangle netting on 8/4/2009. 

 

Hole 
Hole 

Landing 

site 

Landing 

site 
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In order to fish all seines used in this study at High Rock 1, two jet boats (Figure 4), a stationary 

buoy attached to a pre-driven duckbill anchor, and a shore crew of several people were 

employed.  The buoy was tethered to approximately 400 ft. of high tensile rope (Amsteel Blue 

Spectra) so that it floated approximately 120 ft. upstream of the target fishing hole, just off-

center of the thalweg.  A short 0.5m lanyard with a heavy duty stainless steel shackle hung from 

the buoy/rope end.  

 

 
Figure 4. Two jet boats deploying the 250-ft. beach seine at the High Rock-1 capture site (RM 19.2 

on the mainstem Snohomish River). 

 

The beach seine was pre-positioned on the fore deck of one jet boat so that about one-third was 

to the left (about 75 ft., enough to reach the shore with 15 ft. extra), a quick release device
2
 was 

shackled to the cork line and laid at the bow, and the remainder of the net was stacked to the 

right side.  Net deployment began with the seine boat (operator plus two crew members) nosing 

up to the buoy, clamping the quick release onto the buoy shackle, and paying out approximately 

two-thirds of the seine into the current.  Once this portion of the net settled linearly downstream, 

it created a “curtain” to block fish from moving across the river and out of the path of the seine 

when it was dragged/floated through the hole.  The buoy and current held the boat
3
 and partly 

deployed seine in a fixed position without being dragged downstream until the crew was ready to 

pay out the remainder of the seine.  Once the seine-curtain was in place the second jetboat 

(operator plus two crew) took up a rope attached to the downstream end of the seine, held the 

rope, and prepared to drag the seine through the hole. 

 

On a signal between boat operators, the quick release was triggered by jerking on its lanyard and 

the remaining portion of the net was paid out from the boat as it backed rapidly towards shore.  

At this time the second boat began to move the net downstream with the current.  After paying 

out the remainder of the net to shore, the seine boat maneuvered along the contours of the shore 

                                                 
2
 A custom-built quick release mechanism was fabricated consisting of bolt cutters from which the cutting edges 

were removed and a set of flat tabs welded in their place. One handle was shortened and had a welded ring 

connecting to the shackle via a one foot stout rope, the long handle had a ring welded on and a 4m “triggering” 

lanyard.  Commercial quick release devices are also available. 
3
 A crewman occasionally held part of the seine and/or the boat operator kept the engine engaged in idle forward. 
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through the hole.  After the net was fully deployed the second boat began dragging the 

downstream end towards shore to the midpoint of the prepared landing beach.  This landing area 

contained several primary and secondary high tensile-strength (7500 lbs+) Amsteel anchor ropes 

secured to trees, each with carabiners and two with additional one-way mechanical ascender 

devices (Jumars).  Once the downstream end of the net was secured to one or more ropes, these 

anchors made the net purse and swing with the current into the shore.  After the seine boat had 

cleared the hole, the shore crew was handed a guide rope attached to the upstream end of the 

seine.  This was executed as quickly as possible to allow them to take up as much slack as 

possible until the head of the seine moved passed their position on the bank.  After this time the 

current placed too much tension on the line to allow further shortening of the guide rope and the 

rope was tied off or secured with a carabiner and a Jumar.  Once the seine was secured in place 

and partially pursed several ropes were attached to the lead line with carabiners and the lead line 

was drawn to the shore.  The float line was then pursed completely into shallow water and any 

captured fish would be handled, enumerated, tagged and released. 

 

Gill/Tangle Netting 

 

A 250-ft. (76.2 m), 7.25-in. mesh, single-strand monofilament gill net was borrowed from the 

Skagit Tribal Cooperative and employed near the mouth of the Snohomish River in the town of 

Everett, Washington (Figure 5).  This net was used from 7/13/09 to 7/31/09 when a 230-

ft.(70.1m), 5.0-in. mesh, twisted multistrand monofilament tangle net, similar to those used by 

the Oregon Department of Fish and Wildlife (Weeks et al. 2003a; 2003b), was obtained.  The 

tangle net was deployed near the town of Snohomish, Washington, just downriver of the 

Burlington Northern railroad trestle (the Trestle Hole, RM 13.4).  The Trestle Hole is 

approximately 400 ft. (122 m) across, runs 35-50 ft. (10-15 m) deep, and is tidally influenced (up 

to 10-ft. tidal fluctuation) but far upstream of any saltwater intrusion.  The net was fished from 

the left bank after being attached to a piling near the bank, with the far end attached to an anchor 

(lead line) and buoy (cork line) (Figure 6).  Fished in this configuration, the corkline of the net 

followed the edge of a substantial back eddy and extended approximately two-thirds of the way 

across the river (Figure 7).  The net was fished most effectively from dusk into the early hours of 

the morning (2000 – 0200) and on a slack tide as the direction of flow was transitioning. The net 

was tended continuously while fishing and any Chinook captured was immediately freed and 

transferred with a soft mesh landing net to a floating net pen.  Fish were not lifted out of the 

water except to be placed into or freed from the net pen.  Bycatch species were freed and 

released on the far side of the river.  This method became less effective as pink salmon 

(Oncorhynchus gorbuscha) began to appear in increasing numbers and fishing was abandoned 

some nights because of excessive pink captures in a short time period (>30 fish within 15 

minutes of net deployment).  

 

 Tagging and Biodata Collection 

 

Each healthy fish was tagged with a heavy duty, individually numbered Floy dart tag below the 

base of the dorsal fin, by a coded passive integrated transponder (PIT) tag injected into the dorsal 

sinus, and by an orally inserted radio telemetry tag.   
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Prior to capturing and tagging fish, PIT tag transponder codes, dart tag codes, and radio tag 

numbers were pre-recorded onto slips of write-in-the-rain paper.  These slips, and the associated 

tags, were then placed into separate compartments of a storage box for quick, efficient access 

(Figure 8).  Staff would remove a tag set and slip from the box, hand the slip to the data recorder 

and then verify the tag codes as they were applied.  This allowed the data recorder to keep up 

with the rate of tag application and served as a quality control measure, especially during 

inclement weather and late at night.  Post-implantation of PIT tags and radio tags were verified 

for operational functionality and code using a PIT wand and Lotek receiver, respectively. 

 

When a fish was captured in the tangle net, it was immediately removed and transported to a 

floating holding pen.  Transport was accomplished using a large, knotless-mesh, landing net and 

the fish was oriented head-first into the current to keep water running across the gills and reduce 

stress.  Fish were either processed immediately or left in the holding pen while other fish were 

removed from the net.  Use of a holding pen allowed staff to simultaneously monitor the tangle 

net for new captures and process/tag fish effectively.  The duration of net entanglement was a 

concern because surface water temperatures were often in excess of 65°F, potentially leading to 

stress-induced mortality.  Fish in the holding pen were assessed for tagability prior to processing 

using the following criteria: presence/absence of obvious physical damage, gill movement, and 

righting response (when gently rolled).  If a fish was injured, seemed feeble, and/or did not right 

itself, it was not tagged. 

 

Once a fish was deemed tagable, it was held gently at the water’s surface in the holding pen with 

approximately one inch of its back exposed while fork length, post-orbital to hypural plate (PoH) 

length, adipose fin clip status, CWT presence/absence, and sex were recorded.  No anesthetic 

was used.  A PIT tag (Allflex, Boulder, CO; 12 mm; 134.2 KHz) was then inserted into the 

dorsal sinus using a syringe with a 10-gauge needle.  A dart tag (Floy Manufacturing, Inc., 

Seattle, WA; 4.5 inches; nylon dart) was then implanted below the right side of the dorsal fin 

such that the barb interlaced with the bony and cartilaginous elements in this region.  A smooth 

plastic cradle with an eye hood was kept on hand to assist in the tagging of the fish but was never 

necessary.  The fish was then turned upside down and held while a radio tag (Lotek Wireless 

Inc., Ontario, CA; MCFT-3EM, see details below) was inserted into the esophagus? through the 

mouth using a custom insertion device.  This device consisted of a hollow aluminum tube with 

an inside diameter nominally larger than the outside diameter of the radio tag.  The tag-holding 

end was gently crimped to hold the tag securely until insertion depth was achieved.  A second, 

longer tube that was the same diameter as the tag was placed into the first tube and used to 

secure the tag in the esophagus? while the first tube was removed.  The tag antenna was inside 

both tubes and protected from damage during implantation.  After implantation, the antenna was 

crimped gently and bent to sit in the corner of the fish’s mouth (Figure 9).  Each fish was then 

assessed and its final condition coded as good (1), questionable (2), or deceased (D).  After a 

period of recovery effort for Code 2 fish until their condition improved or stabilized, 
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Figure 5. Location of gillnet deployed on July 20

th
 and 21

st
, 2009 near 

Highway 529 bridge.  Port Susan is to the left and Everett is at the bottom. 

 

 
Figure 6.  Location of the Trestle Hole near the town of Snohomish, Washington (RM 13.4), 

the site used for gill and tangle netting in this study (above).  Photo from the downriver side 

of the Trestle Hole showing a tangle net fishing (below).  Up to two-thirds of the river was 

blocked by the net (the right bank is not shown). 

 



Abundance Estimation of Snohomish System Chinook  

Salmon Via Mark-Recapture, 2009 Sentinel Stock Monitoring. 16 

 
Figure 7. Aerial view of the Trestle Hole, Snohomish River, and the lower Pilchuck 

River. The yellow line below the railroad trestle is the approximate position of our 

tangle net fished in 2009.  The green dashed line represents the potential to extend the 

area fished with a longer net in 2010.  
 

 

Figure 8. Tagging needles being loaded with Floy dart tags.  Each bin of the tagging 

storage box was filled with a loaded Floy needle, a loaded PIT syringe, a radio tag, 

and a slip of paper with the corresponding tag codes written in pencil. 
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Code 1 and 2 fish were transported in the landing net (held in the water) a short distance 

upstream from the net and released to avoid recapture.  Deceased fish were discarded or, if a 

CWT was present, their snout was removed and bagged for further analysis. 

 

Radio tags were Lotek model MCFT-3EM (11mm x 49 mm, 8.9 g in air) (Figure 10) operating 

on a frequency of 148.750 and were batched for different burst rates of 2.4, 3.0, and 3.5 seconds.  

This stagger in burst rate allowed multiple tags to rotate temporally through the listening cycle in 

rapid succession with minimal overlap of coded signals.  The battery life was shortened to give 

the tags a nine-month average life to ensure they would shut off before the following year of 

tracking began.  The antenna of each tag was covered with neon yellow heat shrink prior to 

deployment in an effort to increase visibility during tag recovery efforts.  Larger tags (MCFT-

3FM) commonly used in other salmon radio telemetry studies were not used because data show 

these tags can lead to perforation of the stomach as the spawning season progresses and fish 

condition degrades (Peter Hahn, unpublished data; Hahn et al. 2003a). 

Tracking 

Overview 

Multiple-day, weekly road tracking of radio-tagged fish was conducted using a Lotek SRX W-7 

and/or W-31 radio telemetry tracking unit to provide spatial resolution and timing of individual 

and spawning population movements.  The receiver was multi-port, DSP compatible, and was 

capable of monitoring a 4MHz bandwidth with a programmable range using 148 to 152 MHz. 

The unit was programmed to listen for tags at a 6-second interval.  A cigarette lighter 12 volt 

attachment was used to power the unit during tracking.  A Garmin 60CSX GPS unit was used to 

record the exact position of all fish detected.  Tracking began on 08/04/09 and continued through 

11/06/09.  The reaches selected for tracking during each session were based on coverage during 

the prior week’s session and the entire basin accessible via road was sampled every two weeks.  

A single, aerial tracking session occurred on 10/12/09 with the goal of simultaneously 

determining the location of all tagged fish during a brief temporal window.  During the aerial 

tracking session, 13 fish were located. 

 

Road Tracking Procedures 

Tagged fish were tracked, on average, twice weekly by road and their location and relevant 

landmark data recorded.  The Lotek telemetry unit was tested and calibrated at the beginning of a 

tracking session using an extra tag to check antenna cable integrity.  The tracking vehicle was 

driven on the road with the antennas mounted on a custom-fabricated trailer hitch mount (Figure 

12).  There were two antennas, one pointing directly off each side of the vehicle, that could be 

alternated depending on which side of the vehicle the river was on.  The antennas were isolated 

by a plastic sleeve to remove the majority of vehicle electrical interference.  The unit was not set 

to “code” but only to “scan” so that listening distance was increased (up to three miles depending 

on elevation).  When a tag signal was encountered, the vehicle was stopped on the shoulder and 

turned off, and the Lotek unit was set to “code.”  If the fish could not be coded, the crew exited 
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Figure 9. A recently tagged Chinook with a radio tag antenna draping 

from its mouth.  Prior to release, the antenna was crimped to rest in the 

corner of the mouth. 

 

 

Figure 10. A Lotek model MCFT-3EM radio tag used in this study.  

The antenna has been coated with heat shrink to enhance visibility 

during tag recovery efforts such as spawning ground surveys. 

 

the vehicle and used a hand-held antenna to acquire the tag code.  Once a tag was coded (fish 

number and code recorded), the GPS coordinates (either actual or extrapolated
4
), a physical 

description of the site, and other ancillary data, such as the presence of other fish nearby, were 

recorded.  These data were imported into ArcGIS 9.3.1 to complete an in-depth picture of fish  

 

                                                 
4
 The Garmin 60CSX allows the manual movement of a cursor on the display screen in the direction toward the 

radio tag signal, therefore placing the waypoint over the river.  Topography with hydrography and transportation 

layers were displayed. 
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movements throughout the season.  These data were also used to look for any holding water or 

pools that Chinook might be frequenting to allow the use of a beach seine for additional captures 

and tagging. 

 

 

 
Figure 11. Project staff coding a radio-tagged fish using a mobile Lotek SRX W-31 unit 

(the antenna receiving the signal was mounted on the hitch of the truck).  The location of 

the fish was determined using a Garmin 60CSX GPS unit. 

 

 

 

Wallace Hatchery Test Tag Group 

In order to assess the potential for loss of PIT and dart tags, 12 early-returning hatchery Chinook 

were tagged at the Wallace River Hatchery on 6/18/09.  These test fish were held in hatchery 

raceways until 10/14 when they were spawned and their tag implantation sites and tags 

examined.  In an effort to further investigate the effects of tagging location and barb orientation 

on dart tag retention, a group of ten Chinook was tagged at the Tumwater Falls Hatchery on the 

Deschutes River and held for a week in late-October.  These fish were tagged near either the 

anterior or posterior end of their dorsal fins with the tag barbs facing either forward or backward. 
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Figure 12.  Road tracking near Sunset Falls, South Fork Skykomish River (RM 

51.4).  The bi-directional Yagi antenna mounted on the trailer hitch allowed for the 

detection of radio-tagged fish. 

 

Spawning Ground Surveys and Fish Counts 

Estimates of naturally-spawning Chinook abundance were derived from spawning ground 

surveys conducted annually throughout the Snohomish basin by WDFW regional and Snohomish 

County Public Utility District staff and by the Tulalip Tribes.  The mainstem Snohomish River 

and all major tributaries are surveyed by air, foot, or boat several times between 9/1 and 11/30.  

Additionally, fish of all species are passed over Sunset Falls (RM 51.5) on the SF Skykomish via 

a trap-and-haul operation.  Chinook arriving at Sunset Falls are either taken to Wallace River 

Hatchery for use as broodstock or passed over the falls.  These census counts are then combined 

with spawning ground survey data to generate basin-total escapement estimates.  For a detailed 

account of the methods used during spawning ground surveys see Smith and Castle (1994), 

Rawson, Kraemer, and Volk (2001), Kraemer et al. (2002), and Hahn et al. (2003b; 2003c). 

 

Returns of hatchery- and natural-origin Chinook to Wallace River Hatchery are independent of 

estimates of natural spawning.  Chinook enter Wallace River Hatchery by either a ladder on the 

Wallace River (upstream passage is blocked by a picket weir) or through a double-fyke on May 

Creek, a tributary to the Wallace River.  May Creek has a holding pool blocked by picket weirs 

and is periodically seined to remove and transfer fish.  Live fish are then enumerated and 

transferred to holding raceways, while dead fish are enumerated and disposed of.  Seasonal totals 

of returns to Wallace River Hatchery can be combined with estimates of natural spawning 

escapement to approximate in-river run size. 

 

Sport Fishery Monitoring 

During years when a mark-selective recreational fishery occurs in the Skykomish River below 

the Wallace River, an estimate of this sport harvest must also be generated.  In 2009, this 
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recreational fishery was scheduled to be opened from June 1st through July 31st, but was 

terminated on July 5th due to an extremely low return to the hatchery.  No monitoring of this 

fishery was planned by WDFW Region 4 staff, and research staff were not able to monitor the 

fishery, therefore catch from the 2009 in-river fishery was estimated later from WDFW catch 

record cards. 

 

RESULTS  

Beach Seining 

Beach seining was performed ten times at High Rock 1 between 5/1/09 and 7/6/09 with 200- to 

450- foot beach seines, requiring a total of 709 man hours and producing 8.5 wet net (i.e., 

fishing) hours (Table 1).  Some staff time was spent on extensive site preparation, mostly cutting 

Japanese Knotweed and other weedy brush in order to create paths for safety rope attachment to 

riparian trees.  On three separate occasions, three largescale suckers (Catostomus macrocheilus) 

were captured, but no other fish were ever caught using beach seining.  Beach seining was 

abandoned as a capture technique in early-July because it was labor intensive, dangerous during 

flows over ~10,000 cfs (even with several safety lines and trained staff), and had failed to catch 

Chinook.  

Gill/Tangle Netting  

 

The 7.25-inch mesh gill net was fished on five dates between 7/13/09 and 7/31/09 near the 

mouth of the Snohomish River in Everett and in the Trestle Hole (APPENDIX 2: Dates Fished).  

Tidal shifts during fishing caused the net to quickly fill with algae and debris during every 

fishing session and only a single Chinook was caught.  This fish was badly tangled in the gills 

and died before it could be disentangled from the net.  Anticipating high mortality rates with 

continued use of this net, the five-inch mesh tangle net was the only net employed after 7/31.  

This net proved to be much gentler on the fish and was subsequently used on 25 dates between 

8/4/09 and 9/16/09, requiring 238.75 man hours and producing 85.75 wet net hours (Table 2).  

Between these dates, a total of 31 Chinook were encountered, 25 of which were tagged and 6 of 

which expired (APPENDIX 2: Dates Fished, APPENDIX 3: Fish Caught). 

 

Fish bycatch during this period included 239+ pink salmon (O. gorbuscha), 19 coho 

salmon (O. kisutch), 4 steelhead (O. mykiss), 1 chum salmon (O. keta), 1 sockeye salmon (O. 

nerka), and 1 American shad (Alosa sapidissima) (Table 2).  A beaver (Castor canadensis) was 

also captured and released alive on 8/4/09 and another was entangled and died on this same date.  

Chinook were caught along the entire length of the tangle net, with no one portion clearly 

intercepting a majority of the fish.  Most fish, however, were caught in the upper 30 feet of the 

net even in regions where the depth of the hole was up to 50 feet deep. 
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Table 1.  Details of beach seining performed at High Rock-1.  Man Hours reflect multiple 

staff (typically 5-6) working each day.  Wet net hours reflect the time the net spent in the 

water actively passing though the target area.  Both nets were attached end-to-end for the 

450-foot seine. 

DATE SEINE USED MAN HOURS WET NET HOURS 

5/1/2009 200’ Beach seine  61 1.0 

5/11/2009 200’ Beach seine 72 1.0 

6/8/2009 200’ Beach seine 72 0.5 

6/15/2009 200’ Beach seine 72 0.5 

6/22/2009 200’ Beach seine 72 1.0 

6/23/2009 200’ Beach seine 72 0.5 

6/26/2009 200’ Beach seine 72 1.0 

6/29/2009 200’ Beach seine 72 1.0 

7/2/2009 250’ Beach seine 72 1.0 

7/6/2009 450’ Beach seine 72 1.0 

TOTAL 709 8.5 

 

Radio-Tagged Fish 

A total of 24 Chinook were radio-tagged at the Trestle Hole during August and September.  A 

25
th

 Chinook was only tagged with dart and PIT tags due to its failure to right itself after several 

minutes of recovery effort.  Fish movement patterns were intensively monitored via road 

tracking and other opportunistic sampling, including a single fixed-wing aircraft survey, from 

August through November.  Of the 24 radio-tagged fish, 17 were actively tracked until coming to 

rest upstream of the tagging site (see below), 5 regurgitated their tag or died shortly after tagging 

(codes 75, 41, 79, and 69), and 2 left the system and never returned
5
 (codes 50, 72) (Figure 11).  

Six fish exhibited a post tagging drop (“sulk”) of a few hundred yards to several miles that is 

well-documented for adult salmonids post handling (e.g., Bernard et al. 1999; Bussanich et al. 

2003; Hahn et al. 2003a; Keefer et al. 2004; Mizell et al. In Prep; but contra Weeks et al. 2003b).  

This drop was followed by movement upward in the river system after a few days to several 

weeks.  The number of fish exhibiting this drop was less than in surgical implantation studies 

(Mizell et al. In Prep).  No SCUBA or snorkel divers were used in 2009 to search for tags or 

mortalities. Water depth and turbidity in the lower river made such searches difficult; SCUBA 

might be the only effective way to find immobile tags (but is expensive and tedious to schedule 

certified agency divers). 
 

Fish Movement Patterns 

Pilchuck River Tag Group 

Three radio-tagged fish spawned in the Pilchuck River.  These fish carried tags with codes 11, 

48, and 70 (Figure 13, Figure 14).  Fish 11, a wild female with a fork length of 67 cm, was 

tagged on 8/11/09 and tracked until 10/21/09, when she stopped moving at ~RM 33.55.  Fish 48, 

                                                 
5
 It is possible these fish reached the saltwater intrusion zone and died or regurgitated their tags. Radio tags do not 

transmit through saltwater. 
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a wild male with a fork length of 65 cm, was tagged on 8/12/09 and tracked until 11/6/09, when 

he stopped at ~RM 24.75.  Fish 70 was tagged on 8/19/09 and tracked until 10/21/09, when it 

stopped at ~RM 33.15.  All three fish are presumed to have spawned at their last known location, 

although carcasses were not recovered. 

 
Table 2.  Details of tangle-netting performed at the Trestle Hole.  The tangle net used was a twisted, 

multi-strand design hung 3:1 with a 5.0-inch mesh size.  Man-hours reflect multiple staff (typically 3) 

each day.  Wet net hours reflect time the net spent deployed in the back eddy. 

DATE 

MAN 

HOURS 

WET NET 

HOURS 

CHINOOK 

CAUGHT BYCATCH 

8/4/2009 14.25 4.75 2 2 beavers (1 alive, 1 dead) 

8/5/2009 13.50 4.50 1 None 

8/6/2009 9.00 3.00 0 None 

8/9/2009 6.00 2.00 1 None 

8/10/2009 6.00 2.00 0 None 

8/11/2009 15.00 5.00 1 None 

8/12/2009 9.75 3.25 2 6 pink, 1 coho, 1 shad 

8/13/2009 9.75 3.25 0 4 pink, 1 coho 

8/14/2009 3.00 1.00 0 None 

8/17/2009 16.50 5.50 7 None 

8/18/2009 13.50 4.50 4 2 pink, 1 coho, 1 steelhead, 1 chum 

8/19/2009 13.50 4.50 6 3 pink 

8/24/2009 9.75 3.25 2 5 pink, 1 coho 

8/25/2009 3.30 1.10 1 27 pink, 1 coho, 1 steelhead 

8/26/2009 2.70 0.90 1 40+ pink, 1 coho 

8/27/2009 12.00 4.00 0 5 pink, 4 coho 

8/28/2009 12.00 4.00 1 3 pink 

8/31/2009 9.75 3.25 0 8 pink, 1 steelhead 

9/1/2009 10.00 4.00 0 5 pink, 1 steelhead 

9/2/2009 12.00 5.00 1 13 pink, 2 coho 

9/3/2009 12.00 5.00 0 25 pink, 1 coho 

9/8/2009 5.70 1.90 0 49 pink, 1 coho 

9/9/2009 9.15 3.05 0 24 pink, 1 coho 

9/15/2009 9.15 3.05 1 15 pink, 1 coho, 1 sockeye 

9/16/2009 12.00 4.00 0 5 pink, 3 coho 

TOTAL 238.75 85.75 31 See summary in text 

 
 
 

Snoqualmie River Tag Group 

One tagged fish spawned in the mainstem Snoqualmie River and two spawned in the Tolt River, 

a tributary of the Snoqualmie River at RM 24.9.  The mainstem Snoqualmie River fish was Fish 

40 and the two Tolt River fish were Fishes 15 and 73 (Figure 13, Figure 15, Figure 16).  Fish 40, 

a wild female with a fork length of 97 cm, was tagged on 8/17/09 and tracked until 10/28/09, 
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when she stopped at RM 29.8.  Fish 15, a wild female with a fork length of 68 cm, was tagged on 

8/4/09 and tracked until 10/28/09, when she stopped at RM 48.8.  Fish 73, a wild male with a 

fork length of 90 cm was tagged on 8/17/09 and disappeared after a second track point on the 

lower Snoqualmie.  It was reacquired by air on 10/12/09 at RM 57.4 on the upper Tolt River, 

which is a few hundred yards below an impassable barrier and the highest a salmonid can ascend 

into the basin.  All three fish are presumed to have spawned at their last known location, 

although their carcasses were not recovered. 

 

 

 

 
Figure 13. Locations of last detection for each radio-tagged Chinook.  Labels are radio tag 

code followed by date (mm/dd).  Fish with tag codes 50 and 72 presumably left the system in 

late-September (i.e., were detected low in the system and never detected upstream after that 

date). 
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Figure 14. Movement of radio tagged fish from the Trestle Hole (RM 13.4) into the 

Pilchuck River over the course of the study.  The mouth of the Pilchuck River is at 

~RM 13.8 (from the Snohomish River mouth) 

 

 

 

 

Figure 15. Movement of radio tagged fish from the Trestle Hole (RM 13.4) into the 

Snoqualmie River over the course of the study.  The mouth of the Snoqualmie 

River is at ~RM 20.5 (from the Snohomish River mouth). 
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Figure 16. Movement of radio tagged fish from the Trestle Hole (RM 13.4) into 

the Tolt River over the course of the study.  The mouth of the Tolt River is at 

~RM 45.4 (from the Snohomish River mouth) and the mouth of the Snoqualmie is 

at RM 20.5. 

Skykomish River Tag Group 

Four fish spawned in the Skykomish River.  These fish carried tags with codes 14, 80, 81, and 89 

(Figure 13, Figure 17).  Fish 14, a wild male with a fork length of 95 cm, was tagged on 8/12/09 

and was tracked until 11/6/09, when he stopped at RM 42.95 on the SF Skykomish.  This was 

our only SF Skykomish fish in 2009.  Fish 80, a wild male with a fork length of 83 cm, was 

tagged on 8/6/09 and was tracked until 10/28/09, reaching RM 24.9 in the lower Skykomish 

River.  Fish 81, a wild male with a fork length of 85 cm, was tagged on 9/15/09 and tracked until 

11/6/09, when he stopped at RM 26.02.  This fish was the darkest and last fish tagged.  Fish 89, a 

wild female with a fork length of 78 cm, was tagged on 8/24/09 and tracked until 11/6/09, when 

she stopped at RM 45.66.  This fish had opercle damage from a gillnet (not ours) that was just 

beginning to heal at the time of tagging. 

Wallace River Tag Group 

Four tagged fish, codes 12, 68, 74, and 71, entered the Wallace River (Figure 13, Figure 18).  

Three spawned near the hatchery and one (Fish 71) was captured at the rack and was spawned 

manually in the hatchery.  Fish 12, an adipose-clipped female with a fork length of 85 cm, was 

tagged on 8/12/09 and tracked until 11/6/09, when she stopped just above Wallace River 

Hatchery at RM 39.9.  Fish 68, a wild female with a fork length of 95 cm, was tracked from 

8/18/09 to 9/22/09, when she stopped at RM 39.85 just below Wallace River Hatchery.  Fish 74, 

a wild male with a fork length of 97 cm, was tracked from 8/17/09 to 11/6/09, when he stopped 

at RM 38.9 approximately ½ mile below Wallace River Hatchery.  There is a possibility that 

these “wild” fish are actually F2 hatchery fish progeny whose parents spawned naturally, so even 

though they originally were produced from the hatchery, the F2 decendents were not tagged.  

Then again, there are many natural spawners in the Wallace River of which most spawn below 

the hatchery weir (albeit most of those likely originated from hatchery production).  Fish 71, an 
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adipose-clipped male with a fork length of 73 cm, was tracked from 8/19/09 to 9/22/09 when it 

was captured at the hatchery rack and spawned in the facility (Figure 9). 

 

 

Figure 17.  Movement of radio tagged fish from the Trestle Hole (RM 13.4) into 

the Skykomish River over the course of the study.  The mouth of the Skykomish 

River is at ~RM 20.5 (from the Snohomish River mouth).  The confluence of the 

Skykomish South and North Forks is at RM 49.6. 

 

 

Figure 18.  Movement of radio tagged fish from the Trestle Hole (RM 13.4) into the 

Wallace River over the course of the study.  The mouth of the Wallace River is at 

~RM 35.7 (from the Snohomish River mouth). 
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Snohomish River Tag Group 

The Snohomish River tag group includes fish that spawned, did not spawn, regurgitated tags, left 

the system, or possibly died, such that we have no evidence of their movement out of the 

mainstem Snohomish River.  Fishes 50 and 72 were last detected on 9/22/09 well below the 

Trestle Hole near the mouth of the Snohomish River (Figure 13, Figure 19).  These fish may 

have left the system entirely and may have been “dip ins” from other nearby stocks.  This would 

not be surprising given that the majority of coded-wire tags recovered from Chinook carcasses 

on the spawning grounds in past years have been found to be from fish that do not even originate 

from Snohomish region hatchery programs.  The two fish that presumably spawned in the 

mainstem were Fishes 69 and 88 (Figure 13, Figure 19).  Fish 69, a wild male with a fork length 

of 98 cm, was tagged on 8/19/09 and tracked until 11/6/09, when he stopped at RM 13.8.  

Though this fish did not travel far, there is appropriate spawning gravel at RM 13.8, redds were 

observed in the area during spawning ground surveys, and telemetry detections of this fish did 

not indicate movement out of the area so spawning is assumed to have occurred.  Fish 88, a wild 

male with a fork length of 86 cm, was tagged on 8/24/09 and tracked until 11/6/09, when he 

stopped at RM 15.4.  Again, there is appropriate spawning gravel at RM 15.4 and, for the reasons 

cited above, spawning is assumed to have occurred.  Fish 13, a wild jack with a fork length of 47 

cm was most likely entrained into an irrigation pump system and killed as it was tracked to the 

structure and never left the vicinity (Figure 13, Figure 19). 

 

Fish 79, 41, and 75 were tagged and then tracked without movement change for several months 

with no position change after initial movement.  These fish either regurgitated the tags or became 

deceased and are presumed to not have spawned as the position of the three tags were in deep 

water with a heavy mud substrate. 

 

Fishes 78 and 92 were tagged and then never detected again.  There are three primary 

explanations for this: 1) they were not present: they left the system and died, shed their tags 

while in saltwater and returned, or were “dip-ins” and went to another system; or 2) they were 

removed from the system by an illegal fishery; or 3) their tags stopped working or they were able 

to escape our tracking efforts over the course of the season.  Based on experience with Lotek tags 

and telemetry equipment, we believe this third option is highly unlikely. 

 

When movement data is considered for all fish simultaneously and cross referenced with flow 

gage data, an obvious upstream movement pattern associated with a freshet the first week of 

September is apparent (Figure 20).  When flows began to be consistently higher in mid- to late-

October, fish had already ascended to locations high in the system and, generally, ceased 

movement.  Presumably this lack of movement was associated with the selection of a spawning 

location and, ultimately, the post-spawning death of the fish. 
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Figure 19.  Movement of radio tagged fish from the Trestle Hole (RM 13.4) 

throughout the mainstem Snohomish River over the course of the study.  These 

fish did not ascend above the confluence of the Skykomish and Snoqualmie 

Rivers (RM 20.5) or enter any tributary. 

 

 
Figure 20.  The temporal relationship between flow in the mainstem Snohomish River (measured at 

USGS flow gage 12150800 near Monroe, Washington) and movement of radio-tagged fish from the 

Trestle Hole (RM 13.4) throughout the entire Snohomish River basin over the course of the study.  The 

yellow area highlights a freshet with which rapid movement of several tagged fish was correlated. 
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Wallace River Hatchery Test Tag Group 

When fish from the test tag group were spawned on 10/14/09, all PIT tags were found and coded, 

but no dart tags were observed.  Implantation wounds from both PIT and dart tags were 

completely healed with no signs of fungal growth, despite the long holding period under 

hatchery conditions.  Fish in this test group were tagged very early in the season before staff had 

significant experience applying tags.  Given this, there was a possibility that operator error 

during tag implantation lead to immediate loss of dart tags.  However, a test group of Chinook at 

Tumwater Falls Hatchery all retained their dart tags over the course of a week regardless of tag 

placement or barb orientation.  This included two Chinook that died during the post-tagging 

evaluation period.  Since only a single tagged fish (Fish 71) returned to the Wallace River 

Hatchery rack, which had lost its dart tag but retained its PIT and radio tags, but no tagged fish 

were recovered during spawning ground surveys, a thorough assessment of tag loss under natural 

conditions was not possible. 

Spawning Ground Surveys 

Spawning ground surveys were conducted in 2009 throughout the Snohomish basin by WDFW 

regional and Snohomish County Public Utility District staff.   Effort was supplemented as 

available by project staff.  In total, over 114 linear miles of stream were surveyed over the course 

of 2.5 months and the fish ladder and trap and haul at Sunset Falls were operated from 7/31/09 to 

12/31/09 (Table 3).  The preliminary total expanded natural escapement estimate for the entire 

basin was 2,289 Chinook salmon based on historical (redd expansion) methods.  The percentage 

of hatchery origin fish in various parts of the basin will be estimated later when all relevant data 

is analyzed.  

 

Spawning ground surveys conducted throughout the basin on all major tributary and mainstem 

rivers failed to recovery any tagged fish.  The final disposition of all tagged fish except Fish 71 

(Wallace Hatchery rack return) is unknown. 

 

DISCUSSION 
The power, depth, and speed of the Snohomish River precluded effective fish capture without 

specialized gear.  A second and greater issue with beach seining on the Snohomish River is the 

spatial and temporal distribution of the target species.  Effectively sweeping a beach seine 

through our main capture site (High Rock 1) required intense preparation and good timing. It 

also required fish to be present to be caught during the three minutes it takes to sweep the hole. 

From this 2009 radio tracking data, we noticed that Snohomish Chinook seemed to move 

sporadically from pool to pool during their upstream migration
6
.  This, coupled with a record low 

run of fish for the year, only exacerbated an already difficult undertaking.  There did not appear 

to be a holding area anywhere within the Snohomish basin where large numbers of adult 

Chinook congregate.  This in and of itself precluded effective beach seining. We did, however, 

figure out a way to beach seine in a large river and proved it could be done with the right 

preparation and the new gear we created.  Had there been an aggregation of Chinook holding in 

High Rock 1, we would have been able to catch them. 

                                                 
6
 However, continuous telemetry monitoring did not occur at High Rock 1 nor at any other pool. Selected pools will 

be monitored in 2010. 
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Table 3.  Details of spawning ground survey data collected throughout the Snohomish Basin.  A 

combination of Area-Under-the-Curve (assuming a 21.0 day redd life) and redd census techniques were 

used.  SF Skykomish data are counts of fish passed above Sunset Falls fish passage facility. 

Location 

River Mile Total 

Miles 

Redds 

Counted 

Redds/

Mile 

Number 

of Fish* Begin End 

Snohomish-Skykomish (mainstem) 20.5 51.5 31.0 269 8.7 671.9 

NF Skykomish River 0 13.5 13.5 24 1.8 60.0 

SF Skykomish (Sunset Falls) --- --- --- --- --- 342.0
†
 

Pilchuck River 2.0 26.5 24.5 48 2.0 120.0 

Elwell Creek 0 1.0 1.0 0 0.0 0 

Sultan River 0 9.7 9.7 53 5.5 133 

Wallace River (Lower) 0 4.4 4.4 26 5.9 65 

Wallace River (Upper) 4.4 7.3 2.9 14 4.8 35 

Bridal Veil Creek 0 0.4 0.4 4 10.0 10 

Olney Creek 0 0.6 0.6 0 0.0 0 

Snoqualmie River (Lower) 20.5 24.9 4.4 17 3.9 42.5 

Snoqualmie River (Upper) 32.9 39.6 6.7 231 34.5 577.5 

Tokul Creek (Lower) 0 0.3 0.3 18 60.0 45 

Tokul Creek (Upper) 0.3 0.6 0.3 0 0.0 0 

Raging River 0 4.6 4.6 13 2.8 32.5 

Tolt River (Lower) 0 6.0 6.0 42 7.0 105 

Tolt River (Upper) 6.0 8.9 2.9 20 6.9 50 

SF Tolt River 0 1.6 1.6 0 0.0 0 

TOTAL 114.8 779 --- 2289 

* Based on a standard expansion factor of 2.5 fish per redd.  This assumption has not been recently evaluated. 
†
 92 fish were Summer Chinook, the remainder were Fall Chinook.  92 were jacks (36 Summer, 56 Fall).   

 

One further modification that can be tried in the future is to use the tethered buoy but move it 

downstream another 100 meters (even with mid-pool) and deploy 80% of the 450-foot seine but 

keep it tethered.  The tail of the seine would instead have its hauling line pulled to shore.  A third 

boat (or the second boat since it would not be needed at the tail of the seine) would then 

approach the pool from above, pulling a weighted air hose to create an underwater bubble 

curtain, zig-zag through the fish holding area, and scare fish downstream between the seine and 

the near shore. Once this boat arrives at the tethered boat, that seine boat would release the 

quick-release device and the net, and pay out the remaining net toward shore.  The tail of the 

seine would simultaneously be pulled onto shore (using a winch if necessary).  In this way, the 

seine would be nearly pursed before fish were scared into it, and it would not have to be hauled a 

long distance.  This will only be effective if sufficient fish hold in pools to make the effort 

worthwhile. 
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Overview 

The intent of this research project was to mark and recapture (as post-spawn carcasses) enough 

Chinook salmon to generate an escapement estimate for the Snohomish basin, accompanied by 

estimates of precision, that could be compared and contrasted with estimate generated by the 

current redd-based methodology.  A record high pink salmon run (4.2 million fish) and a record 

low Chinook escapement to the basin (APPENDIX 4: Wallace Hatchery Historic Chinook 

Returns), coupled with early season failure to catch fish via beach seining, prevented attainment 

of this goal.  We were able to generate other useful data, such as capture techniques and radio 

telemetry tracking, to help us encounter the requisite number of fish to make further study years 

successful.  

 

The tangle net used in 2009 was too deep and regularly became snagged on the bottom.  This 

would create tension on the net and when fish would enter it and become entangled, the corks, 

which were used as indicators of fish presence, would not bob.  The mortalities we had in 2009 

were due to mouth clamping and the fish not being released from the net in a timely manner due 

to not seeing the corks bob.  Within the first few sets of the tangle net, one person on the boat 

was designated as an observer who would do nothing but watch the corks for the entire set while 

the net was out.  This included when a fish was being disentangled from the net and moved to the 

holding pen, and when fish were being tagged in the holding pen. 

Fish Movement Patterns 

There were not enough fish tagged in 2009, and the entire run was not covered because the 

tangle net effort did not begin until halfway through the run, to make any more than precursory 

inferences as to individual basin population timing and movements. 

Pilchuck River Tag Group  

The Pilchuck River population moved into the Pilchuck River and then moved slowly upstream 

in spurts, with long holding periods in between movements.  These fish were not affected by the 

September freshet, most likely due to the much smaller drainage area of the Pilchuck River, 

which moderates the flow. 

Snoqualmie River Tag Group  

The Snoqualmie River population, which includes the Tolt River, moved early and quickly into 

the system.  This movement pattern would be expected as the lower Snoqualmie River is slow 

moving, stagnant and warm.  It is in the best interests of the fish to transit quickly out of this 

area.  The fish that spawned in the Tolt River also moved to locations very high into the system, 

with one and possibly two radio-tagged fish observed to move up to a known impassable barrier 

before dropping back downstream to spawn.  One fish was captured and tagged early in August, 

while the other two were captured and tagged in the third week of August 2009. 

Skykomish River Tag Group 

The four fish that were captured and tracked to the Skykomish River were captured across the 

tangle netting effort through the beginning of August to the middle of September 2009.  No 

movement inferences can be made as to timing, and movement patterns can also be seen to cover 
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a wide spectrum.  These fish do not seem to have any discernable timing or movement patterns, 

although it is hard to make any inference from only four fish. 

 

Wallace River Tag Group 

The Wallace River radio tag group consisted of four fish in 2009.  One of these fish returned to 

the hatchery rack while the other three returned to the river proper.  All four fish were tagged 

within seven days of each other in the middle of August.  All four fish also demonstrated nearly 

identical movement timing and patterns.  Once again, with only four fish, the data is not 

definitive. 
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APPENDIX 1: River Flows 
 

River flows at USGS gauging stations in the Snohomish, Skykomish, and Snoqualmie rivers 

over the course of the field season. 
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APPENDIX 2: Dates Fished 
 

 

Summary of all dates fished with all gill and tangle nets used in this study. 

 
Date Location Net MH

7/13/2009 Misc. Locations: Tangle 7+ mesh 59

7/14/2009 Misc. Locations: Tangle 7+ mesh 36

7/15/2009 Misc. Locations: Tangle 7+ mesh 36

7/20/2009 Everett - Hwy. 529 7+ mesh 36

7/21/2009 Everett - Hwy. 529 7+ mesh 36

7/22/2009 Drift Penitentiary hole 7+ mesh 28

8/4/2009 Snohomish Trestle 4+ mesh 28

8/5/2009 Snohomish Trestle 4+ mesh 24

8/6/2009 Snohomish Trestle 4+ mesh 24

8/9/2009 Snohomish Trestle 4+ mesh 24

8/10/2009 Snohomish Trestle 4+ mesh 24

8/11/2009 Snohomish Trestle 4+ mesh 24

8/12/2009 Snohomish Trestle 4+ mesh 24

8/13/2009 Snohomish Trestle 4+ mesh 24

8/14/2009 Snohomish Trestle 4+ mesh 24

8/17/2009 Snohomish Trestle 4+ mesh 18

8/18/2009 Snohomish Trestle 4+ mesh 12

8/19/2009 Snohomish Trestle 4+ mesh 12

8/24/2009 Snohomish Trestle 4+ mesh 12

8/25/2009 Snohomish Trestle 4+ mesh 3

8/26/2009 Snohomish Trestle 4+ mesh 3

8/27/2009 Snohomish Trestle 4+ mesh 3

8/28/2009 Snohomish Trestle 4+ mesh 3

8/31/2009 Snohomish Trestle 4+ mesh 12

9/1/2009 Snohomish Trestle 4+ mesh 12

9/2/2009 Snohomish Trestle 4+ mesh 15

9/3/2009 Snohomish Trestle 4+ mesh 15

9/8/2009 Snohomish Trestle 4+ mesh 1

9/9/2009 Snohomish Trestle 4+ mesh 2.5

9/15/2009 Snohomish Trestle 4+ mesh 9

9/16/2009 Snohomish Trestle 4+ mesh 9  
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APPENDIX 3: Fish Caught 
 

Summary of Chinook caught and tagged during this project.  The Everett site is near the mouth of the 

mainstem Snohomish River.  The Trestle site is at RM13.4 on the mainstem Snohomish River near the 

town of Snohomish.  All details on the first fish caught were not recorded, but from memory it had an 

intact adipose and was estimated to weigh over 30 pounds. 

 

 

Fish Date Site Sex

Mark 

Status CWT

Fork 

Length 
(cm)

PoH 

Length 
(cm) PIT Tag #

Floy Tag 

#

Radio 

Tag #

Release 

Status

1 7/21 Everett M NM unk unk unk n/a n/a n/a Dead

2 8/4 Trestle M NM N 71 56 88295973 Y0248 N/A Okay

3 8/4 Trestle F NM N 68 55 88296030 Y0247 15 Good

4 8/11 Trestle F NM N 67 51 88296144 Y0244 11 Good

5 8/12 Trestle F AD N 85 54 88296410 Y0230 12 Good

6 8/12 Trestle M NM N 95 74 88296049 Y0227 14 Good

7 8/17 Trestle F NM N 97 76 88296373 Y0236 40 Good

8 8/17 Trestle M NM N 84 68 88296051 Y0231 41 Good

9 8/17 Trestle F NM N 98 76 88296360 Y0229 50 Good

10 8/17 Trestle M NM N 65 50 88296434 Y0289 48 Good

11 8/17 Trestle M NM N 97 73 88296510 Y0241 74 Good

12 8/17 Trestle M NM N 90 74 88295976 Y0243 73 Good

13 8/18 Trestle F AD N 80 72 88296327 Y0201 78 Good

14 8/18 Trestle F NM N 85 68 88296062 Y0240 72 Good

15 8/18 Trestle M NM N 87 72 88296677 Y0234 79 Good

16 8/18 Trestle F NM N 95 80 88296233 Y0284 68 Good

17 8/19 Trestle M NM unk 98 79 88296260 Y0290 75 Good

18 8/19 Trestle M AD unk 73 58 88292410 Y0297 71 Good

19 8/19 Trestle M NM unk 98 82 88296085 Y0298 69 Good

20 8/24 Trestle M NM N 86 67 88296241 Y0232 88 Okay

21 8/24 Trestle F NM N 78 61 88296443 Y0296 89 Okay

22 8/25 Trestle F NM N 74 59 88295964 Y0238 92 Okay

23 8/26 Trestle M NM N 83 67 88296333 Y0246 80 Good

24 9/15 Trestle M NM N 85 68 88295978 Y0237 81 Good  
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APPENDIX 4: Wallace Hatchery Historic Chinook Returns 
 

 

Summary of adult Chinook returns (hatchery and wild fish) to the Wallace River Hatchery by season 

since 2000.  The 2009 return year represented a historic low in hatchery returns. 

 

 

 


