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Monitoring History

The Washington Department of Fish and Wildlife (WDFW) began adult steelhead monitoring in the Cedar Creek watershed during February 1998 after the installation of an adult trap in the Cedar Creek fishway (Rkm 4.0).  This occurred after the National Marine Fisheries Service (NMFS) status review indicated populations of wild steelhead in the Lower Columbia River were at risk (Busby et al. 1996).  The original intention was to monitor adult steelhead escapement and maintain the genetic diversity of wild steelhead in this basin by limiting the number of out of ESU hatchery steelhead spawning in the upper watershed.   Later that year the adult monitoring program was expanded to include Chinook salmon, coho salmon, and sea-run cutthroat trout.  In March 1998, a rotary screw was installed to estimate steelhead, coho salmon, and sea-run cutthroat smolt production in this watershed.   Smolt monitoring has continued through 2005 and is been funded by the Salmon Recovery Funding (SRF) Board.  Sufficient funding was not available to begin juvenile trapping prior to the start of the fall chinook outmigration in late January; therefore, population estimates were not made for this species.

Study Site

Cedar Creek is a third order tributary to the Lewis River and located in Clark County, WA (Figure 1).   The mouth of Cedar Creek is located across from the Lewis River Salmon Hatchery at RM 15.5 on the Lewis River.  The Cedar Creek basin, which drains approximately 88.6 square kilometers, is a low gradient system with elevations ranging from 10 to 565 meters.  The anadromous salmonid species identified in Cedar Creek include Chinook salmon, chum salmon, coho salmon, cutthroat trout, and steelhead.   Hatchery smolt releases of steelhead, coho and spring chinook into the Lewis River strongly influence the escapement of these species in Cedar Creek.  The hatchery influence on fall Chinook escapement in Cedar Creek is strongly influenced by hatchery strays from outside the Lewis River basin.  A natural fall exists at Rkm 4.0, which restricts salmon and steelhead passage at some flows.  In the 1950’s, a fish ladder was constructed by the Washington Department of Fisheries (WDF) to ensure salmon and steelhead passage at this location.  This site is located below most of the coho salmon, steelhead, and sea-run cutthroat trout spawning, the property is owned by WDFW, and the constricted river allows for acceptable trap efficiencies. These characteristics and properties make this site ideal for juvenile trapping.
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Figure 1.  Lewis River subbasin map with the Lewis River hatcheries and dam, Cedar Creek trap, acclimation, remote site incubator sites. 

METHODS

Trap Operation

On March 11th, prior to the start of the smolt outmigration, a 1.5 meter rotary screw trap was installed just above the fish ladder at Rkm 4.0 (Rawding et al. 2004).  The trap was fished until the end of the smolt migration on June 26, 2004.  The trap was located near the head of a pool, just below a narrow section of fast turbulent flowing water.  The trap was positioned so that stream flow entered in a straight line.  Water velocities at this site were generally greater than 1.5 meter/second producing cone revolutions of between 3 and 12 revolutions per minute (rpm).  It is difficult to trap at this location over the range of flows without moving the trap.  The trap was installed in the downstream section of the riffle and later during this same week it was moved upstream and remained at this site for the remainder of the season.  The trap was adjusted on March 1, 8, and 25, April 11 and 25, and May 2.  The upstream sites are narrower and have higher water velocities.  Trap efficiency is usually higher in these conditions, since the trap fishes a higher cross sectional area when the stream width is narrower and trap avoidance is lower in faster more turbulent water.

The trap was fished 24 hours/day throughout the smolt outmigration period.  A total of 8 days, between March 26 and April 3, were lost due to high flow and debris.  Since this followed a trap efficiency release of salmon and steelhead smolts in early March, these released were not used for the trap efficiency.  There was no estimate to correct for these days and therefore the reported population estimates are biased low.  The trap was checked daily in the morning; fish were removed from the live well and placed into aerated coolers.  Salmonid juveniles were sorted by species composition and life history stage.  Wild salmonids were classified as fry, parr, pre-smolt, or smolt (Rawding et al. 1999).  The criteria for parr included well-developed parr marks and heavy spotting across the dorsal surface.  Pre-smolts were those fish that had faint parr marks, less prominent dorsal spotting, silvery appearance, and no dark caudal fin margin.  Smolts consisted of those salmonids with deciduous scales, silver appearance, and a dark band on the outer margin of the caudal fin.  Since smoltification is a process that salmon, steelhead, and cutthroat undergo along their downstream migration, and these salmonids are more than 140 Rkm from the ocean, we felt it was more accurate to classify fish as pre-smolts and smolts.  However, both groups were combined for the outmigration analysis.

In all cases, captured juveniles were anesthetized with MS-222 (~ 40 mg/l) before handling, sampled as quickly as possible and were allowed to recover fully before being released into the river.  The release occurred at the next available public access approximately 5.9 Rkm above the trap site.  Since steelhead and sea-run cutthroat abundance is low, all steelhead and sea-run cutthroat smolts were marked and released upstream to increase the precision of the trap efficiency estimate.  Wild coho salmon were more numerous, and up to 40 per day were released for trap efficiency tests with the remainder being released below the trap to continue their outmigration. Since we were less concerned with estimating hatchery coho salmon because the release number is known, approximately 40 hatchery coho salmon smolts were marked each week to validate our hatchery estimate by comparing it to the release of hatchery coho salmon. All marked fish were enumerated by species, life stage and fork lengths (mm).  Water temperatures were recorded by the United States Fish and Wildlife Service (USFWS) and stream discharge was measured and recorded by the Washington State Department of Ecology (DOE).
Juvenile Production Estimates

The number of juvenile outmigrants was estimated by using a trap efficiency method of releasing marked fish upstream of the trap (Dempson and Stansbury 1991, Thedinga et al. 1994, Carlson et al. 1996, Plante et al. 1998).  Captured juvenile salmonids were marked with a Panjet inoculator (Hart and Pitcher 1969, Thedinga and Johnson 1995).  Our marking schedule rotated every week and used different fin combinations to distinguish between weeks.  Since the marking schedule was Sunday through Saturday, marks were recovered Monday through Sunday.  Data was analyzed by recovery week and statistical weeks in this report were from Monday through Sunday.  To achieve the desired level of precision all maiden steelhead and cutthroat were marked and released 5.9 km upstream while up to 40 maiden coho smolts per day were marked and released upstream to develop trap efficiency estimates.

Smolt abundance estimates in 1998 and 1999 were based on a temporal stratification design.  Initial estimates used BOOTN software as presented in Thedinga et al. 1994 and further described in Murphy et al. (1996) to estimate smolt yield.  This software uses Bailey (1951) estimate for trap efficiency (e) = (R+1)/(M+1), where M is the number of marked fish released upstream of the trap, and R is the number of marked fish recaptured.  The number of migrants (N) = U/e, where U is the total unmarked catch, and e is the trap efficiency.  Variance for each N was determined by a bootstrapping method (Efron and Tibshirani 1986) with 1,000 iterations from a Fortran program (Murphy et al. 1996).  The 95% Confidence interval (95% CI) = 1.96 *V where V is the variance determined from bootstrapping.  From 2000 to 2003, population and trap efficiency estimates were calculated using Stratified Population Analysis Software (SPAS) developed by Arnason et al. (1996), which is based on the maximum likelihood estimator developed by Plante (1990).  Trap efficiencies, population estimates, and standard error (SE) are estimated using standard likelihood methods using equations.  SPAS computes a pooled Petersen (Chapman 1951), a Darroch Moment estimate, and a ML Darroch estimate for non-square arrays.  The partially pooled ML Darroch estimate was used to estimate smolt yield during this period (Rawding et al. 2004).  

The Chapman’s modification to the Lincoln-Petersen estimate is often used to estimate smolt abundance.  When stratified estimates are pooled this is referred to as the pooled Petersen and is: 




N = (C +1) (M+1)  - 1




(1)





(R+1)

where N is the population estimate, M is the total fish that are marked and released, C is the total of fish captured, and R is the number of marked fish that are recaptured.  Seber (1982) provides and approximate unbiased estimate of the variance:



Var =  (M +1) (C +1)  (M – R) (C – R)                     

(2)          



(R +1) (R +1) (R +2)

and normal confidence intervals were calculated from the equation:

95% CI = 1.96  * √Var.



(3)
Since trap efficiencies may change with flow or temperature (Seiler et al.1997, Schwartz and Dempson 1994, and Mantyniemi and Romakkaniemi 2002, Cheng and Gallinat 2004), the pooled Petersen estimate may not always be valid and in this case a stratified estimate is more appropriate (Darroch 1961, Seber 1982, Warren and Dempson 1995, Bannehaka et al. 1997, Miyakoshi and Kudo 1999).  Outmigration data was analyzed using the maximum likelihood estimator for stratified populations developed by Darroch (1961) as illustrated by Seber (1982).  This is a standard analysis for salmonid smolt populations (Dempson and Stansbury 1991).  The software used in this analysis is a program called DARR (Darroch Analysis with Rank Reduction) developed by Bjorkstedt (2000).  DARR 2.0 was in this analysis and is an improved version of the original program Bjorkstedt (2005). In a temporally stratified study design fish are marked and released in s tagging strata, and tagged and untagged fish are recovered in t recovery strata.  The number of smolts captured in recovery stratum j is uj , mi is the number of marked individuals released in tagging stratum i, and rij is the number of marked fish released in tagging stratum i that are recaptured in recovery stratum j.  The probability that a fish tagged in the ith period, will be captured in the jth period, is the joint probability ((ij) that an individual released in period i will resume migration and is susceptible to capture during period j (migration probability ( ij) and is captured during period j (capture probability pj). The joint probability is (ij = (ij pj.  Darroch (1961) provided a maximum likelihood estimator for obtaining nj  where s = t and the rows of R,{ri}, are mutually independent and




ri ~ multinomial (mi, (ij)




uj ~ binomial (nj, pj)     

where i = 1, 2, 3, …s, and j = 1,2,3,…t.  

Data are arranged in matrices as   
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The capture probability or the trap efficiency for each period is estimated as the proportion of marked fish that are recaptured from the matrices :




P = p-1






(4)

Counts of smolts are expanded to estimates of abundance




n = Du P





(5)

where  p = R-1 m, R-1  is the inverse of the recapture matrix, nj are the estimated number of smolts migrating past the trap in the jth recovery period, Du  is a matrix with elements u arranged along the diagonal with zeros elsewhere, and u is the number of unmarked fish passing the trap during recovery stratum.  The total abundance is estimated by summing the estimated number of unmarked individuals.  




N = ( nj





(6)

The variance-covariance matrix for n is approximated by:


cov (n) ~Dn (-1 Du  Dm-1 ((’)-1 Dn + Dn (Dn – I)


(7)

where D is the diagonal matrix, I is an identity matrix, elements of the vector u are calculated ui = (j ((ij /pj) –1, and ( = Dm-1 R Dp .  The estimated variance is for the total population estimate is obtained by summing the elements of the variance-covariance matrix for the stratum estimates.  Normal confidence limits were calculated from equation (3).
Initial data inputs to DARR consisted of a matrix of marks released, recaptures, and captures by week.  DARR 2.0 applies a series of algorithms to aggregate data to yield an admissible estimate of abundance while preserving as much of the data structure as possible (Bjorkstedt 2005).  To increase the precision of the smolt estimate, the partial pooling option in DARR was implemented.  Guidance on appropriate methods of pooling mark and recovery strata are not always clear (Schwarz and Taylor 1998). Two diagnostic chi-square tests were used to determine if pooling adjacent strata was valid (Darroch 1961, Arnason et al. 1996, Schwarz and Taylor 1998).   The equal proportions test determines if the ratio of marked to unmarked fish is constant across all strata and the complete mixing test determines if recovery probabilities are constant across all strata.  If either test yields P-values greater than 0.05, strata can be pooled.  Therefore, after the initial stratified estimate, a chi-square test was used to compare marked and unmarked smolts per release group to formally test pooling (Murphy et al. 1996).  The first two weeks were tested for a significant difference (P-value <0.05).  If not significant, then additional weeks were added until a significant difference was detected.  This process was repeated beginning with the week that caused the P-value to drop below 0.05.   Schwarz and Taylor (1998) indicated that recovery strata may be arbitrarily pooled without affecting the consistency of the Petersen estimate.  Since the Darroch estimate is only valid when the number of tagging and recovery strata are equal, a DARR algorithm pools the recovery strata to match the tagging strata. The purpose of this pooling was to develop homogeneous periods for the population estimate and to increase the precision of the seasonal migration estimate.  This the same pooling procedure used for the 1998-2003 smolt estimates.

Murphy et al. (1996) listed the standard assumptions of the Petersen method that apply in trap efficiency experiments: (1) the population is closed; (2) all fish have the same probability of capture in the first sample; (3) the second sample is either a simple random sample, or if the second sample is systematic, marked and unmarked fish mix randomly; (4) marking does not affect catchability; (5) fish do not lose their marks; and (6) all recaptured marks are recognized.  During the smolt trapping season, we took steps to reduce the possibility that these assumptions were violated.  Assumption 1 is that of closure, which assumes that no fish leave or enter between sampling occasions.  However, the Petersen estimate is still consistent if the loss rate of tagged and untagged smolts is the same (Arnason et al. 1996).  Therefore, the closure assumption is considered be met in this study except for 9 days from March 26 to April 4 when the trap was not fished due to high water and debris load.

To the extent possible, we conducted experiments to determine the bias caused by violations of other assumptions and develop correction factors.  Assumptions 2 and 3 were addressed by estimating populations by species, origin, and life stage. A Chi-square test was used to test for differences in recovery rates by length.  Although Seber (1982) recommends a comparison of recaptured fish with those captured not seen again, this is not possible with the batch mark we used for smolt trapping.  For batch marked fish, we followed the recommendation of Thedinga et al. (1994) and compared recaptured fish with all marked fish.  Assumptions 4 and 5 were estimated by holding marked fish to assess tag loss and handling mortality (Thedinga et al. 1994, Carlson et al. 1996, Rawding et al. 1999).  When properly applied the panjet mark is easily observed, and retention consistently exceeded the three week period required for this study (Thedinga and Johnson 1995, Rawding and Cochran 2001).

Contribution of Remote Site Incubator (RSI) to Coho Salmon Smolt Production

Habitat restoration projects have been implemented in the Cedar Creek watershed to increase juvenile salmon and steelhead productivity and capacity by Fish First, a local fishing and conservation group.  Eggs were collected from adult coho salmon returning in the fall and winter of 2002.  Eggs were incubated at Lewis River hatchery and transferred to Washougal Hatchery for otolith marking.  Thermal marks were created by manipulating water temperature between the eyed egg and yolk absorption stages.  Each time the water temperature is dropped by two to four degrees centigrade, a distinctive black band is deposited in the microstructure of the developing otolith.  Exposure to chilled water for periods of 8 to 48 hours will create “bar” codes on the otolith that can be read (Figure 2).  Voucher samples were taken to determine mark quality and form.  Otoliths collected from sampling coho salmon smolts were analyzed by WDFW, Science Division, Otolith Laboratory.  A total of 420,000 thermally marked eggs for RSI were given to Fish First (Josua Holowatz, WDFW personal communication). 
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Figure 2.  Thermally marked otolith.  (Photo courtesy of Eric Volk, WDFW)

The origin of naturally produced coho salmon smolts were classified as RSI or wild.  The proportion of coho salmon smolts in each category was estimated as:

pk = nk / nt;






(8)

Where nk = the number of wild or RSI otoliths from examined coho salmon smolts, and  nt = the number of analyzed otoliths.  The variance of the proportion was estimates as: 

V(pk)  =   (pk (1- pk)) / (nt –1)




(9)

Abundance by origin was estimated as: 

N*P(Var)  =  V(N)pk 2  + V(pk) N2  + V(N) V(pk);


(10)

where N = coho smolt estimate from natural production and V(N) = the variance of the coho salmon smolt estimate from natural production.

RESULTS

Assumptions

Assumptions 2 and 3 address equal catchability.  In mark-recapture studies, population estimates are made for homogeneous groups because they are likely to have the same capture and recapture probabilities.  In this study design, separate estimates were made for different species.  Furthermore, estimates were only made for the pre-smolt/smolt life stage.  Parr or fry are smaller than smolts and may not be actively migrating; therefore, parr and fry were identified and enumerated separately.  In addition, trap efficiency and ultimately population estimates may be affected by fish size or length.

For steelhead and sea-run cutthroat trout, lengths were grouped by 10mm intervals from 140 to 240mm.  If fish were less than 140mm or greater than 240mm, they were assigned to the smallest or largest group to ensure few intervals had less than 5 fish (Quinn and Keogh 2002).   Since coho salmon smolts were more smaller and more numerous, intervals ranged from 85 to 160mm based on 5mm increments.  Chi-square tests were not significant for sea-run cutthroat (P-value = 0.957, df=10, χ2 =3.755), steelhead (P-value = 0.394, df=10, χ2 =10.550), and coho salmon smolts (P-value = 0.827, df=15, χ2 =9.885) (Figure 3). 

Assumptions 4, 5, and 6 address tag induced mortality, tag loss, and tag recognition.  A secondary experiment was conducted to assess tag loss and handling mortality.  From March 23 to June 12, a total of 105 coho salmon were marked and tagged, and held in a live box for a period of 24 hours after being trapped and marked.  Panjet mark retention and survival were 100% indicating the tag loss and mortality assumptions were met.  Coded-wire-tag (CWT) retention was 100%.
We did not specifically assess if field staff properly identified marked or tagged fish.  However, these experienced staff knew the importance of carefully sampling fish and the need to identify all tagged fish.  The likelihood that staff did not identify tags in this study is believed to be low.   Based on this information, no serious violation of the assumptions required for unbiased population estimates occurred and it is believed that the smolt population estimates for sea-run cutthroat trout, steelhead, and coho salmon are not significantly biased.
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Figure 3.  Comparison of first time captures and recaptures of wild coho salmon, wild steelhead, and wild sea-run cutthroat trout smolts at the Cedar Creek trap in 2005.  The solid blue line indicates maiden captures and the dashed magenta line indicates recaptures

Cutthroat

A total of 914 cutthroat trout classified as pre-smolts and smolts were captured during the trapping period.  The mean size for wild sea-run cutthroat smolts was 178.0mm with a SE of 20.06 (Table 1).  Over the season the weekly mean size declined from 210 to 159 mm between weeks 12 and 24 (Table 1 and Figure 4).

Table 1.  Mean fork lengths (mm), standard deviations, ranges, and sample sizes of wild sea-run cutthroat trout smolts measured by statistical week in Cedar Creek, 2005.
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Figure 4.  Weekly average, minimum, and maximum sea-run cutthroat trout smolt fork lengths measured at the Cedar Creek screw trap, 2005. 

A total of 921 cutthroat trout were marked for 14 different release groups.  The chi-square diagnostic complete mixing and equal proportions tests yielded P-values of 0.027 and 0.043, respectively.  Since neither of these P-values exceeded 0.05, the pooled Petersen estimate was not valid.  An admissible estimate (5,221, SE = 587) was obtained from DARR when release groups were reduced to six groups. However, chi-square diagnostic tests yielded P-values greater than 0.05 when partial pooling of weeks 10-16 and 17-24 was implemented.  The final stratum estimate based on these two periods was 5,085 with a 95% CI from 4,021 to 6,249 for sea-run cutthroat trout smolts (Table 2).   Trap efficiency for wild sea-run cutthroat smolts was ~9% through week 16 and ~23% from week 17-24.  The different trap efficiencies were not unexpected.  From week 17 onward the trap was fished at a relatively consistent site at the head of the pool but prior to this trap was located further downstream where it is less efficient at capturing smolts due to lower velocities and sampling a smaller cross-section of the creek.  Weekly trap catches increased from statistical week 10 (March 11-12) to week 19, and steadily declined through week 24 (Figure 5).   Peak outmigration occurred during week 19, which corresponds to the period between May 8 and May 14.  

Table 2.  Catch and population estimates for sea-run cutthroat trout smolts emigrating past the Cedar Creek Trap during 2005.
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Figure 5.  Weekly catch and population estimates for sea-run cutthroat trout smolts migrating past the Cedar Creek trap in 2005.

Steelhead

A total of 1,080 steelhead trout classified as pre-smolts and smolts were captured during the trapping period.  The mean size for wild steelhead smolts was 176.2 mm (SE = 23.72).  As with sea-run cutthroat trout, the mean weekly size declined from 188 mm to 156 mm during the trapping period (Table 3 and Figure 6).

Table 3.  Mean fork lengths (mm), standard deviations, ranges, and sample sizes of wild steelhead smolts measured by statistical week, Cedar Creek, 2004.
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Figure 6.  Weekly average, minimum, and maximum yearling steelhead fork lengths measured at the Cedar Creek screw trap, 2004.

A total of 635 steelhead trout were marked for 12 different release groups.  The chi-square diagnostic for complete mixing and equal proportions tests yielded P-values less than 0.001 for each group.  The initial estimates from DARR for seven periods was 2,440 with a SE of 233.98.  As with the sea-run cutthroat smolts, Chi-square diagnostic tests indicated partial pooling for weeks 10-16, and 17-24 was acceptable yielding a final estimate of 2,372 (SE = 214.10).  Since trapping was initiated prior to the smolt outmigration period, no expansion of the estimate was required to obtain a total smolt outmigration estimate.  Weekly trap catches increased from statistical week 10 to week 18, and steadily declined through week 21 (Figure 7).  Peak steelhead emigration occurred during week 16 (April 17 – 23), which is 3 weeks earlier than the peak in sea-run cutthroat outmigration,     

Table 4.  Catch and population estimates for steelhead smolts emigrating past the Cedar Creek Trap during 2005. 
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Figure 7.  Weekly catch and population estimates for steelhead smolts migrating past the Cedar Creek trap in 2005.

Coho Salmon

Both hatchery and naturally produced coho salmon smolts were found in Cedar Creek.  A supplementation program for coho salmon was initiated for Cedar Creek coho salmon to ensure fish could utilize habitat where restoration projects improved access and habitat.  Hatchery coho salmon smolt program was discontinued in 2004 but a Remote Site Incubator (RSI) program is ongoing. A total of 27,337 natural coho salmon classified as pre-smolts and smolts were captured during the trapping period.  The mean size for natural coho salmon smolts was 116.2 mm (Table 5.  Over the season the mean weekly size of wild coho salmon decreased from 126 mm to 97 mm during the trapping period (Figure 8).  

Table 5.  Mean fork lengths (mm), standard deviations, ranges, and sample sizes of naturally produced coho salmon smolts measured by statistical week, Cedar Creek, 2005.
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Figure 8.  Weekly average, minimum, and maximum yearling wild coho salmon fork lengths measured at the Cedar Creek screw trap, 2005.

A total of 3,242 natural coho salmon were marked for 15 different release groups.  The chi-square diagnostic complete mixing and equal proportions tests yielded P-values of less than 0.001 for both tests, which indicated the pooled Petersen estimate is not valid.  An admissible estimate of 58,174 wild coho salmon smolts was obtained from DARR without pooling.   A chi-square test was used to compare marked and unmarked coho salmon smolts by release groups to formally test pooling.  The results indicated trap efficiencies were significantly different for seven periods and population estimates were calculated for these periods separately. The final seven period stratification estimate of the outmigration was 58,921 (SE = 1,572).    The 95% CI for the final estimated ranged from 55,840 to 62,002 smolts (Table 6).  Since trapping was initiated prior to the smolt outmigration no expansion of the estimate was required to obtain a total smolt outmigration estimate.

Coho salmon smolts were collected from May 2 through June 22 using a systematic sampling rate of ~ 1:40.  A total of 629 fish were sacrificed for otolith collection and 627 otoliths were analyzed.  The results indicate that 524 were collected from adults that spawned in the river and 103 were collected from smolts originating from an RSI’s.    The estimated natural production was 49,770 smolts with a 95% CI of 45,932 to 53,608 smolts. Production from RSI’s totaled 9.151 smolts with a 95% CI from 7,366 to 10,937 smolts.  Based on a total of 420,000 thermally marked eggs, the estimated egg to smolt survival was 2.2% with a 95% CI from 1.8% to 2.6%.  The peak coho salmon emigration occurred during week 20 (May 15-21), which is 4 weeks later than the steelhead outmigration and 1 week later than the cutthroat outmigration.

Table 6.  Catch and population estimates for wild coho salmon smolts emigrating past the Cedar Creek Trap during 2005.
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Figure 9.  Weekly catch and population estimates for wild coho salmon smolts migrating past the Cedar Creek trap in 2005.
Other species and life stages

A total of 15,032 chinook fry were captured at the Cedar Creek trap during its operation period.   An additional 135 cutthroat, 73 rainbow/steelhead, and 62 coho salmon parr were trapped.  Largemouth bass, bluegill, pumpkinseed, brown bullhead, crappie, sculpins, mountain whitefish, largescale sucker, three-spine stickleback ,western brook lamprey, Pacific lamprey, adult steelhead, adult cutthroat, and adult spring chinook were also identified by the sampling crew.   

DISCUSSION

Since the assumptions of the Petersen estimate were met, it’s likely the population estimates are relatively unbiased.  During the eight trapping days that were missed from March 26 to April 3 and an unknown number of fish passed during this period.  Since this is prior to significant migration, the number of fish passing during this time is likely insignificant.

In previous years, the estimated number of hatchery coho salmon smolts migrating past the trap was not significantly different from the number of hatchery coho salmon smolts released into Cedar Creek as long as the trap was operated throughout the entire migration period (Rawding et al. 2004, Rawding and Groesbeck 2005).

Robson and Reiger (1964) suggested that the precision of population estimates be scaled to the use of the estimate.  For management, they recommended the 95% CI of the population estimate be less than 25% and for research they recommended 10% or less.  This equates to a coefficient of variation (CV) of 12.7% and 5.1%, respectively.  Since this monitoring project goes beyond management, project goals were for CV of 5% or less for wild populations.   For wild cutthroat, steelhead, and coho salmon smolts the CV were 10.7%, 9.0%, and 2.7%, respectively.  The precision of population estimates is directly tied to the number of recoveries, and for small populations like sea-run cutthroat and steelhead trout there are no easy solutions to increasing the level of precision other than marking all fish and choosing efficient sites to fish.  In 2005, all steelhead and cutthroat smolts were marked and transported upstream. As long as abundance levels for steelhead and cutthroat smolts remain less than 3,000 smolts, it will be difficult to achieve the precision goals for these species. However, it should be noted despite this difficulty, the CV was 10.7 and 9.0% compared to the goal of 5%.

Based on simulations (Dan Rawding - WDFW, unpublished), it was estimated that up to 40 coho salmon smolts per day should be used for trap efficiency tests.  Catch above this level were CWT and released below the trap.  The CV for wild coho salmon was 2.7% and exceeded our precision target of a CV less than 5%. 

A total of 26,493 wild coho salmon smolts were tagged with a CWT.  This tagging serves two purposes, the first is to provide marks for a coho salmon smolt estimate obtained from adults (Seiler et al. 1997) and the second is to provide information about the ocean and Columbia River fisheries interception of wild Lower Columbia River coho salmon, which are listed as a candidate species under the Endangered Species Act (ESA).  Since, adult coho salmon typically return after two summers in the ocean, an independent smolt estimate from adult returns and harvest information will be available after the 2005 adult return.

Recommendations

1) Funding for this trapping operation covers a field season from late March to late June, which coincides with the migration of yearling coho salmon, steelhead, and sea-run cutthroat smolts.  Fall chinook salmon are listed for protection under the ESA, and these fish spawn also in the area above the trap.  Funding should be provided to estimate the fall chinook outmigration.  This would necessitate initiating trapping by mid to late January.

2) An adult trap currently is operated by WDFW in a fish ladder adjacent to the juvenile trapping site.  Currently, WDFW maintains a count of adult salmon, cutthroat, and steelhead.  With additional funding, fish caught in the trap could be tagged and carcass surveys, snorkeling, or an upstream trap could be used to obtain recoveries.  Using mark-recapture, accurate and precise population estimates could be obtained in Cedar Creek, thereby increasing the value of the juvenile dataset.

3) Population estimates were obtained from standard mark-recapture methods.  Since temperature and flow are known to influence smolt migration (Seiler et al. 1997 and Rawding et al. 1999), flow and temperature data could be incorporated as co-variates to potentially develop estimates that are less biased and more precise (Schwarz and Dempson 1994, Mantyniemi and Romakkaniemi 2002, Cheng and Gillinant 2004).
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