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ABSTRACT 
We examined coho salmon escapement survey counts for groups of streams in the Ketchikan management area 
(14 streams) and the Sitka management area (5 streams). Although escapement goals for these aggregate escapement 
indexes would be useful for fishery management, information on age, total escapement and harvest was inadequate 
for conventional spawner-recruit analysis. We recommend Biological Escapement Goals (BEGs) for these index 
streams based on estimates of smolt production from brood years with high escapement counts as an indicator of 
carrying capacity, combined with estimates of average productivity (smolts/spawner) from literature. Smolt 
production associated with index counts was estimated by incorporating marine survival and exploitation rate 
estimates from established coded-wire tagged wild indicator stocks at Hugh Smith Lake near Ketchikan area and the 
Nakwasina River near Sitka. Brood years with lower escapement counts were excluded to insure that estimates of 
habitat capacity for smolt production were based on a sufficient number of spawners to fully seed available habitat. 
Recommended point goals were based on average coho salmon stock productivity (smolts/spawner at Maximum 
Sustained Yield (MSY)) from 17 studies in literature. Optimum escapements were estimated by dividing the 
estimated smolt production capability (associated with each escapement index) by average productivity at MSY 
(42.4 smolts/spawner from literature, assuming 12% marine survival). We recommend target range counts based on 
the estimated smolt production capacity divided by 50.8 smolts/spawner (lower escapement bound) and 25.4 
smolts/spawner (upper escapement bound). Resultant ranges are of appropriate breadth for management and are 
predicted to produce 84% or more of maximum sustained yield based on a hockey stick relationship. Based on these 
estimates, we recommend a point goal of 5,100 counted spawners with a range of 4,250–8,500 spawners for the 
Ketchikan index and a point goal of 500 counted spawners with a range of 400–800 for the Sitka index.  

Key words:  coho salmon, Oncorhynchus kisutch, Hugh Smith Lake, Nakwasina River, spawning escapement, 
smolt abundance, escapement goal, spawner-recruit, carrying capacity, habitat capability, Ketchikan, 
Sitka, Southeast Alaska 

INTRODUCTION 
Coho salmon escapements in local systems near Ketchikan and Sitka have been indexed using 
aerial and foot surveys since the mid-1980s. The purpose of these surveys has been to obtain a 
representative index of overall escapement in each area. Survey counts provide greater coverage 
than other methods of escapement assessment but, due to several sources of error, are less 
complete and have a lower level of resolution compared with weir and mark-recapture methods. 
Fall months in Southeast Alaska are characterized by high average rainfall and highly variable 
weather and stream conditions. These factors, combined with variation in run timing and 
surveyor efficiency, make obtaining comparable surveys and interpreting results between years 
difficult.  

Surveys are most useful for evaluating trends in escapement (Shaul et al. 2004). However, their 
utility as a fishery management tool has been limited by the absence of a biological escapement 
objective. Conventionally, escapement goals for salmon populations are developed by fitting a 
Ricker or Beverton-Holt model to paired data sets of spawners and returns. However, available 
data on surveyed systems near Ketchikan and Sitka is inadequate to directly estimate a stock-
recruitment relationship because of a lack of harvest estimates and age composition samples 
associated with the counts. 

In similar cases, goals have been established based on rearing habitat measurements combined 
with target spawner densities from literature (Nickelson 1998; Holtby 2002; Bocking and 
Peacock 2004). We rejected the habitat-based approach for estimating optimum escapement to 
these systems for two reasons. First, the method requires calibration of survey counts to total 
escapement. Among the systems under consideration, this calibration has been done only for the 
Nakwasina River.  



 

 2

A second drawback of the habitat-based method is its dependence on a correlation between 
habitat measurements and smolt production capability. Coho salmon habitat has typically been 
quantified based on stream and shoreline length, and sometimes area (Marshall and Britton 1990; 
Holtby et al. 1990; Nickelson 1998). Based on a sample of 86 streams, Bradford et al. (1997) 
found that only stream length and, to a lesser extent, latitude was useful in predicting average 
smolt abundance. They concluded that forecasting smolt yield from stream length and latitude is 
feasible at the watershed or regional level, but that the precision of predictions for individual 
streams was poor. Shaul and Van Alen (2001) also found average smolt production per km of 
stream and lakeshore to vary widely from 213 to 4,140 smolts/km among a group of wild coho 
salmon indicator stocks in Southeast Alaska and northern British Columbia.  

A current study relating detailed habitat measurements with observed fish production for systems 
in Southeast Alaska (Brian Frenette, Alaska Department of Fish and Game (ADF&G), Sport Fish 
Division, personal communication) will help evaluate the habitat-based approach to setting 
escapement goals in this region. However, based on currently available information on variation 
in coho salmon density and habitat features we elected not to incorporate habitat-based 
predictors of smolt production capability. 

METHODS 
We employed an approach for developing escapement goals that assumes recent average smolt 
production during a period of relatively strong runs and escapements represents the capability of 
habitat to produce smolts. Direct smolt yield estimates are unavailable for most surveyed systems 
(with the exception of the Nakwasina River for 2000–2004 returns). However, intensively 
monitored wild indicator stocks have been evaluated for a period of years in both management 
areas. In the Ketchikan area, studies of the Hugh Smith Lake stock have been conducted since 
1982 (Shaul et al. 2004). In the Sitka area, smolt and adult production from the Salmon Lake 
stock was estimated from 1985–1990 (Elliott et al. 1989; Schmidt 1986, 1987, 1988, and 1990; 
Schmidt and DerHovanisian 1991) and again in 1994–1995 (smolt production only; Schmidt 
1996) and from the Nakwasina River during 2000–2004 (Brookover et al. 2001, 2003; Tydingco 
2003, 2005a, 2005b and In prep).  

We applied marine survival and exploitation rate estimates from the indicator stocks in the 
respective areas to the aggregate escapement survey counts to estimate smolt yield. This 
approach implies that marine survival and exploitation rates apply evenly to stocks within each 
area. While variation in these rates likely exists within each area, we believe the potential error in 
this assumption is lower than error in habitat-based predictions of smolt production capacity 
among highly varied local habitats.  

A second advantage of this approach is that the method allows goals to be established based on 
smolt production associated with the summed peak survey counts without the need to expand 
survey counts to total escapement. This feature avoids another problematic assumption inherent 
in the habitat-based approach.  

The observed production and habitat-based approaches both require an assumed value for the 
productivity parameter (α) of a stock and an assumed form of spawner-recruit relationship. In 
developing habitat-based models, Bocking and Peacock (2004) applied average freshwater 
survival values for coho salmon from the literature to estimate the number of smolts/spawner at 
replacement. Based on average fecundity estimates of 2,500 eggs/female for the Nass system and 
3,000 eggs/female for coastal systems and average published egg to fry survival of 19.8% and 
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fry to smolt survival of 7.6% (Bradford 1995), their model assumed productivity of 18.8 to 22.6 
smolts/spawner. These productivity values are likely conservative. Average freshwater survival 
rates may be substantially lower than the survival rate associated with maximum sustained yield 
(MSY) because freshwater survival increases as spawner density declines in streams that are 
fully seeded. Accurate estimates of productivity require estimates of smolts produced per 
spawner at MSY. 

We used literature-based estimates of productivity for coho salmon and scaled them to the 
estimated smolt production potential associated with the survey indexes. For stocks reviewed in 
literature, estimated smolt production capacity was divided by estimated spawning escapement at 
MSY (assuming a constant 12% marine survival rate). We calibrated average estimates of 
smolts/spawner with estimates of average smolt production associated with higher brood year 
counts (assuming returning adults were age 3 and 4), under the assumption of full habitat seeding 
by spawners. We calibrated estimates of average stock productivity from detailed studies with 
estimated habitat capability associated with the survey counts. 

Current escapement goals for the four long-term indicator stocks in the region have upper goal 
bounds that range from 2.2 to 2.5 times the lower bound (Clark et al. 1994). These bounds have 
provided a meaningful management target, considering inseason management capability, 
variation in run size, and uncertainty in the point goal estimates. Based on a decade of experience 
with these goals, we conclude that the ratio of the upper to lower goal bound around the MSY 
estimate should be at least 2 but probably no more than 2.5. In this study we initially set goal 
bounds based on a range estimated to produce 90% or more of MSY, based on the average from 
15 published studies. In cases where we believed the range was narrower than desired as a 
management target, we broadened the goal so that the upper bound was double the lower bound 
while maintaining a constant fraction of MSY at both bounds.  

SURVEY INDEX 
The strategy for counting spawning coho salmon in the Ketchikan and Sitka areas was to survey 
when the peak number of fish was visible in survey areas. Local staff in each area timed their 
survey efforts to the peak of the run, based on experience, and during periods of favorable 
weather conditions and good visibility. Peak counts for individual streams were summed to 
obtain a total index of escapement for each area. Interpolations (described below) were made in 
cases where counts for individual streams were missing to obtain a comparable total index for 
each area. 

Ketchikan Area 
Escapement counts in the Ketchikan area were conducted by helicopter on 14 streams (Figure 1). 
Two surveys were scheduled for different periods: a pre-peak period during about September 
28–October 1 and a peak period during October 15–20. If conditions prevented an effective 
survey during the pre-peak target period, the survey was conducted at the first good opportunity 
after that date. In cases in which the first survey had to be delayed until the peak period, only one 
survey was conducted. Surveys were not conducted after October 31. Spawners were often more 
concentrated in pools during the early period. There were likely more fish present during the 
later peak survey but they were often more scattered throughout the survey area and more 
difficult to thoroughly count. 
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Helicopter surveys were usually conducted from an altitude of 30–50 m with the sun at the 
observer's back when possible. The observer wore polarized sunglasses and the passenger door 
on the observer's side was usually removed to improve visibility. The observer directed the pilot 
through an intercom with headsets. The helicopter was flown slowly along the stream course to 
the side of the channel to provide the observer with optimal visibility into the stream. The 
helicopter was slowed or stopped when necessary to provide the observer time to count larger 
aggregations of fish. 

Each of two staff members in the Ketchikan office was responsible for a different group of 
streams. One biologist surveyed streams in Behm Canal and Portland Canal (Tombstone River, 
Blossum River, Keta River, Marten River and Humpback Creek). The other surveyed Chickamin 
River tributaries (Indian, Barrier, King and Choca Creeks), Burroughs Bay streams (Herman 
Creek, Grant Creek, Klahini River, Eulachon River) and Carroll Creek on Revillagigedo Island. 
All streams in each circuit were usually flown in the same day, but individual streams with poor 
visibility conditions were sometimes skipped and surveyed on a later flight. 

The Ketchikan escapement survey index is the sum of counts for all 14 streams, including 
interpolations (Table 1). 

Sitka Area 
Five streams have been routinely surveyed in and around Sitka Sound since the mid-1980s. The 
Sitka survey index is the sum of counts for the five streams (Table 2), including interpolated 
values for missing counts using a procedure described in the next section. Comparable peak 
counts were obtained from Starrigavan Creek (Figure 2) every year since 1982. St. John's Creek, 
Sinitsin Creek and the Nakwasina River have been surveyed in most years since 1983. Peak 
survey counts were obtained from the Eagle River on Kruzof Island from 1986–2004, with 
exceptions being 1988, 1989 and 1999. 

Access was by road and boat and surveys were conducted by two or three observers who walked 
from tidewater to the uppermost reaches of coho salmon spawning. The crew walked on the bank 
or instream as conditions warranted and attempted to observe as many coho salmon as possible. 
Spawners were often prodded from cover for counting with rocks or long sticks. In some years, 
one observer counted from within the stream, wearing a wetsuit or drysuit, snorkel and face 
mask. This method has been used annually in Eagle River since 1990 and occasionally in the 
other systems.  

Surveys in the Sitka area were targeted for late September and October and scheduled on days 
when weather and visibility conditions were favorable. 
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Figure 1.–Hugh Smith Lake and streams surveyed by helicopter for coho salmon escapement in the 
Ketchikan area. 
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Figure 2.–Ford Arm Lake, Salmon Lake and streams surveyed for coho salmon escapement in the 
Sitka area. 
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Table 1.–Peak coho salmon survey counts for 14 streams in the Ketchikan area and total adult coho 
salmon escapement to Hugh Smith Lake, 1987–2004. Total index is the sum of counts and interpolated 
values. Interpolated values are shown in shaded bold italic print. 

 Herman Grant Eulachon Klahini Indian Barrier King Choca 
Year Creek Creek River River River Creek Creek Creek

1987  92  88  154 62 387 98 304  145  
1988  72  150  205 20 300 50 175  150  
1989  75  101  290 15 925 450 510  200  
1990  150  30  235 150 282 72 35  105  
1991  245  50  285 50 550 100 300  220  
1992  115  270  860 90 675 100 250  150  
1993  90  175  460 50 475 325 110  300  
1994  265  220  755 200 560 175 325  225  
1995  250  94  435 165 600 220 415  180  
1996  94  92  383 40 570 230 457  220  
1997  75  85  420 60 371 94 292  175  
1998  94  130  460 120 304 50 411  190  
1999  75  127  657 150 356 25 627  225  
2000  135  94  600 110 380 72 620  180  
2001  80  110  929 151 1,140 212 891  450  
2002  88  138  1,105  20  940  70  700  220  
2003  242  197  875  39  690  57  1,140  380  
2004  150  230  801  170  935  250  640  180  

T l 1523 1355 4482 901 66 5695 5 1914 1 3172 9 2069 7Average 133  132  551 92 580 147 456  216  

 Carroll Blossum Keta Marten Humpback Tombstone Combined Hugh Smith
Year River River River River Creek River Count  L. (Weir)

1987  180  700  800 740 650 532 4,933  1,118  
1988  193  790  850 600 52 1,400 5,007  513  
1989  70  1,000  650 1,175 350 950 6,761  433  
1990  139  800  550 575 135 275 3,533  870  
1991  375  725  800 575 671 775 5,721  1,826  
1992  360  650  627 1,285 550 1,035 7,017  1,426  
1993  310  850  725 1,525 600 1,275 7,270  830  
1994  475  775  1,100 2,205 560 850 8,690  1,753  
1995  400  800  1,155 1,385 82 2,446 8,627  1,781  
1996  240  829  1,506 1,924 440 1,806 8,831  958  
1997  140  1,143  571 759 32 847 5,063  732  
1998  255  1,004  1,169 1,961 256 666 7,070  983  
1999  425  598  1,895 1,518 520 840 8,038  1,246  
2000  275  1,354  1,619 1,421 102 1,672 8,634  600  
2001  173  1,561  1,612 1,956 506 1,704 11,475  1,580  
2002  270  1,359  1,368  2,302  2,004  1,639  12,223  3,291  
2003  427  1,940  1,934  1,980  214  1,745  11,859  1,510  
2004  455  1,005  1,200  1,835  1,230  823  9,904  840  

T l 2882 9062 9334 12748 4122 12191 71453 12240Average 287  994  1,118 1,429 497 1,182 7,814  1,238  
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Table 2.–Peak escapement counts in five surveyed streams in the Sitka survey index and in the Black 
River, and total escapement estimates for Ford Arm Lake and the Nakwasina River. The Sitka survey 
index is the sum of counts and interpolated values. Interpolated values are shown in shaded bold italic 
print. 

          Sitka  Nakwasina  Black R.  Ford Arm 
   Starrigavan  Sinitsin St. John's  Nakwasina  Eagle  Survey River M/R  Survey    Lake 
Year Creek   Creek Creek   River  River Index  Estimate  Count (Weir-M/R) 

1982  317 46 116 580 486 1,545     2,662 
1983  45 31 12 217 144 457     1,938 
1984  385 160 154 715 649 2,063   425   
1985  193 144 109 408 392 1,246   1,628 2,324 
1986  57 72 53 275 687 702   312 1,546 
1987  36 21 22 47 167 293   262 1,694 
1988  45 56 71 104 127 403   280 3,028 
1989  101 76 89 129 181 576   181 2,177 
1990  39 80 38 195 214 566   842 2,190 
1991  142 186 107 621 454 1,510   690 2,761 
1992  241 265 110 654 629 1,899   866 3,847 
1993  256 213 90 644 513 1,716   764 4,202 
1994  304 313 227 404 717 1,965   758 3,228 
1995  274 152 99 626 336 1,487   1,265 2,445 
1996  59 150 201 553 488 1,451   385 2,500 
1997  55 90 68 300 296 809   686 4,965 
1998  123 109 57 653 300 1,242   1,520 7,049 
1999  167 48 25 291 245 778   1,590 3,598 
2000  144 62 30 459 108 803 2,000 880 2,287 
2001  133 132 80 753 417 1,515 2,992 1,080 2,178 
2002  227 169 100 713 659 1,868 3,141 1,194 7,109 
2003  95 102 91 440 373 1,101 2,063 1,055 6,789 
2004  143 112 79 399 391 1,124     3,867  380 3,539 

T t l #### 2395 1730 8263 4 ####Average 156 121 89 443 371 1,179 2,813 833 3,358 
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ACCOUNTING FOR MISSING COUNTS 
Only peak survey counts that met standards for timing, survey conditions, and completeness 
were included in the indexes. Interpolations were made for missing counts under the assumption 
that the expected value is determined for a given stream and year in a multiplicative way (i.e., 
counts across streams for a given year are multiples of counts for other years, and counts across 
years for a stream are multiples of counts for other streams). The estimated expected count for a 
given stream in a given year is then equal to the sum of all counts for the year times the sum of 
all counts for the stream divided by the sum of counts over all streams and years. If there is more 
than one missing value, an iterative procedure, as described by Brown (1974), was used since the 
sums changed as missing counts were filled in at each step. The interpolated values are shown in 
bold italics in shaded blocks (Tables 1 and 2). 

ESTIMATING SMOLT PRODUCTION CAPABILITY 
We used average estimated smolt numbers associated with the survey counts as a best estimate 
of habitat capability or carrying capacity (K) based on an assumed hockey stick model 
(Barrowman and Meyers 2000) in which production was assumed to be independent of spawning 
escapement above a minimum threshold level or reference point. Since smolt production may 
have been limited by spawning escapement in some years, we also calculated averages that 
excluded years with low brood year peak spawner counts and used those numbers if they were 
higher than the average for all years.  

The estimated number of smolts (Nsi) associated with the escapement index count (Ei) for each 
area in year i was estimated as follows: 

( )[ ]ii

i

SH
EsN i ˆˆ1

ˆ
−

=  

where Hi is the exploitation rate for the indicator stock in year i 

and Si is the marine survival rate for the indicator stock in year i 

The resultant estimates do not account for total system smolt production, but represent only 
estimates of the number of smolts that resulted in the number of spawners in the combined peak 
survey count. The smolt estimates were averaged, and averages from higher brood year 
escapement counts were used to estimate habitat capability associated with the survey index. 

RESULTS 
SMOLT PRODUCTION CAPACITY 
Ketchikan Area 
Smolt production associated with the Ketchikan escapement index in 1987–2004 was estimated 
based on marine survival and exploitation rate estimates for the Hugh Smith Lake indicator stock 
(Figure 1). Resultant smolt production estimates associated with the survey index during an 18-
year period averaged 215,581 smolts (Table 3). Average smolt production associated with 7 
brood years in which escapement counts were over 7,000 spawners remained nearly unchanged 
at 215,755 smolts, suggesting that spawning escapement has likely not been an important factor 
limiting production in most years. 
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Table 3.–Estimates of smolt production associated with the Ketchikan coho salmon escapement 
survey index based on exploitation rate and marine survival rate estimates for local wild indicator stocks. 
Also shown are escapement reference points based on a target range of 25.4–50.8 smolts/spawner. 

    Hugh Smith Lake         Reference Points based  
     Indicator Stock  Ketchikan Survey Index     on Smolts/Spawner  

Return  Exploitation Marine  Sum. of   Associated  Lower  MSY  Upper
Year  Rate  Survival   Counts     Smolts  (50.8)  (42.4)  (25.4) 

1987  52.3%  10.7%  4,933 96,529  1,902  2,277  3,806
1988  66.5%  4.2%  5,007 353,495  6,965  8,337  13,937
1989  82.1%  10.4%  6,761 364,381  7,179  8,594  14,366
1990  81.1%  17.3%  3,533 108,103  2,130  2,550  4,262
1991  68.1%  17.4%  5,721 103,156  2,032  2,433  4,067
1992  70.8%  21.0%  7,017 114,805  2,262  2,708  4,526
1993  80.6%  13.0%  7,270 287,757  5,670  6,787  11,345
1994  81.4%  19.4%  8,690 241,910  4,766  5,705  9,537
1995  73.6%  13.7%  8,627 238,732  4,704  5,630  9,412
1996  75.7%  17.9%  8,831 203,404  4,008  4,797  8,019
1997  72.4%  8.2%  5,063 223,470  4,403  5,271  8,810
1998  77.2%  11.4%  7,070 272,573  5,370  6,429  10,746
1999  70.2%  14.0%  8,038 192,690  3,797  4,545  7,597
2000  55.5%  6.6%  8,634 292,917  5,771  6,908  11,548
2001  49.4%  13.5%  11,475 168,385  3,318  3,971  6,639
2002  38.9%  14.7%  12,223 135,564  2,671  3,197  5,345
2003  58.8%  13.7%  11,859 210,767   4,153  4,971  8,310
2004  65.0%  10.4%  9,904 271,817  5,356  6,411  10,716

Average (n = 18) 67.8%  13.2%  7,814 215,581  4,248  5,084  8,499
Average for Returns after 1990 with           
Both Brood Year Escapements >7,000           
Spawners (n = 7)    8,998 215,755  4,251  5,089  8,506
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Sitka Area 
Smolt production associated with the Sitka escapement index in 2000–2004 (Table 4) was 
estimated based on marine survival and exploitation rate estimates for the Nakwasina River stock 
(Brookover et al. 2003; Tydingco 2003, 2005a, 2005b and In prep). Estimates for the Salmon 
Lake stock were available from 1985–1990 (Elliott et al. 1989; Schmidt 1986, 1987, 1988, and 
1990; Schmidt and DerHovanisian 1991). However, we elected not to include Salmon Lake 
estimates in the analysis since most were taken from weir counts made under periodic flood 
conditions without back-up mark-recapture estimation. Also, Salmon Lake smolts are 
exceptionally large and their marine survival rate may not be indicative of most stream systems 
near Sitka. 

During the 1999–2003, estimated smolt production from the Nakwasina River averaged 43,134 
fish and ranged from 22,472 to 55,424 fish (Brookover et al. 2003; Tydingco 2003, 2005a, 2005b 
and In prep). Brookover et al. 2001 estimated that a substantially larger number of smolts 
(102,794; standard error = 14,255) migrated in 1998. We elected not to incorporate the 1998 
smolt estimate because marine survival and the exploitation rate estimates were not made for the 
associated 1999 adult return and because available rearing habitat appeared to decrease after 
1998. A beaver dam that existed in 1998 later deteriorated and its impoundment was drained 
(Tom Brookover, ADF&G, Anchorage, personal communication).   

Survival and exploitation rate estimates for the Sitka survey index based on the Nakwasina 
indicator stock are limited to 5 return years, making it difficult to compare average production 
associated with low and high brood year escapement. Tydingco (In prep) estimated an average of 
97.6% (range 96.4–98.7%) of adults returning to the Nakwasina River to be age 3. Based on the 
assumption of only one contributing brood year (age 1), smolt production from three brood year 
escapement counts ranging from 776–809 spawners averaged 19,013 (range 11,993–25,947) 
smolts compared with 19,847 (range 16,110–23,583) smolts from two brood year escapement 
counts ranging from 1,242–1,515 spawners. The slightly (4.4%) greater average smolt 
production estimate from the higher brood year escapements was used as the best estimate of 
smolt production capability at full seeding. 

SPAWNER PRODUCTIVITY 
We reviewed the literature to determine an expected number of smolts per spawner at maximum 
sustained yield (MSY). Bradford et al. (2000) estimated MSY reference points for 14 coho 
salmon stocks from Oregon to central British Columbia based on a review of studies that resulted 
in paired data sets of escapement and smolt production (Table 5). From their hockey stick 
parameter estimates based on these data sets, we calculated a range of smolts per spawner 
associated with lower and upper escapements expected to produce 90% or more of MSY, based 
on a constant marine survival rate of 12%. 

We followed a similar procedure using a Ricker model fit to paired escapement and smolt 
production estimates (PMFC 2001) for the Queets River stock on the Washington coast. 

Finally, we followed the same procedure for four wild coho salmon indicator stocks in Southeast 
Alaska (Clark et al. 1994), except that we used average survival rates for each system instead of 
assuming a constant 12% survival rate. Substantial errors have been found in aging of Southeast 
Alaska coho salmon after these goals were established, but there is no indication from 
subsequent returns that they do not reasonably approximate MSY escapement. The Berners 



 

 12

River scale collection has been re-aged based on known-age standards acquired from an aging 
validation study. An updated spawner-recruit relationship based on expanded survey estimates 
was fit using a hockey stick model (Shaul and Crabtree In prep). Spawner-recruit relationships 
and escapement goals for Auke Creek, Ford Arm Lake and Hugh Smith Lake have not been 
updated. 

Productivity estimates at MSY for studies reviewed by Bradford et al. (2000) averaged 47 
smolts/spawner and ranged from 19 for Hunt's Creek in southern British Columbia to 106 for 
Minter Creek, Washington. Excluding those two extremes, estimates for the remaining 12 
systems ranged from 22 for the Deschutes River to 72 for Carnation Creek and averaged 44 
smolts/spawner (Table 5). Excluding Hunt's and Minter Creeks, bounds associated with 90% or 
more of MSY averaged 30 and 49 smolts/spawner, respectively. MSY for the Queets River was 
estimated at 37 smolts/spawner by the Ricker model with 90% of MSY bounds of 25-58 
smolts/spawner (assuming constant 12% marine survival). Estimates associated with existing 
MSY goals for the four long-term Southeast Alaska indicator stocks vary from 20 (range 14–34) 
smolts/spawner for Auke Creek to 41 (range 29–63) smolts/spawner for Hugh Smith Lake. The 
Auke Creek stock has had a high average marine survival rate of 20% and a low average 
exploitation rate of 40% (Shaul et al. 2004). The current Auke Creek escapement goal was based 
on data with relatively little contrast and high average marine survival (natural and fishing-
related) and may be substantially higher than actual MSY.  

Our recommended goals for Ketchikan and Sitka surveyed systems are based on an average 
productivity at MSY for twelve of the systems considered by Bradford (excluding Hunt's and 
Minter Creeks), and the Queets River, Toboggan Creek, Auke Creek, Hugh Smith Lake, and an 
updated estimate for the Berners River (Shaul and Crabtree In prep). On average, at MSY these 
17 systems produce an estimated 42.4 smolts/spawner (range of 29.1 to 50.1 smolts/spawner 
corresponds with 90% or more of MSY). This range is relatively narrow for an escapement goal 
range given the lack of fine scale in-season assessment information, with the upper bound only 
1.72 times the lower bound compared with our desired ratio of no less than 2. Therefore, we set 
the recommended upper bound at double the lower bound based on a hockey stick model and an 
MSY reference point of 42.4 smolts/spawner, assuming a marine survival rate of 12%. The 
resulting range corresponds with 84% or more of MSY at equilibrium exploitation rates of 80% 
at the upper bound and 67% at the lower bound. The range corresponds with 25.4 to 50.8 
smolts/spawner when escapements at the bounds are applied to smolt production at carrying 
capacity. Note that the hockey stick model predicts actual maximum productivity at only 42.4 
smolts/spawner at the lower escapement bound but the higher smolts/spawner number at the 
lower bound applies to smolts at carrying capacity (instead of predicted production) divided by 
escapement.  

A rough comparison with estimates of smolt production associated with the Ketchikan survey 
index suggests that Ketchikan area stocks are capable of this level of productivity. If we average 
age 3 and 4 brood year escapements associated with the Ketchikan survey index (assuming a 
50% contribution by each brood year), production has averaged 31 smolts/spawner (range 18–
56). If all returning adults are assumed to be age 3, production has also averaged 31 
smolts/spawner with a range of 16–81 smolts/spawner. The average of 31 smolts/spawner is 
likely well above MSY since there is no indication that index counts of over 7,000 spawners 
(90% or more of average) have resulted in significantly higher production than lower 
escapements (Table 3). 
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Table 4.–Estimates of smolt production associated with the Sitka coho salmon escapement survey 
index based on exploitation rate and marine survival rate estimates for local wild indicator stocks. Also 
shown are escapement reference points based on a target range of 25.4–50.8 smolts/spawner. 

           Reference Points based
         Indicator Stock Estimates  Sitka Survey Index   on Smolts/Spawner 

Retur  Exploitation Marine  Sum. of   Lower MSY Upper 
Year Stock    Rate   Survival  Counts     Smolts  (50.8) (42.4) (25.4) 

1982      1,545      
1983      457      
1984      2,063      
1985 Salmon L. 35.2% 13.5% 1,246 14,215  280 335 560
1986 Salmon L. 43.5% 12.7% 702 9,779  193 231 386
1987 Salmon L. 55.1% 9.4% 293 6,948  137 164 274
1988 Salmon L. 48.1% 10.9% 403 7,088  140 167 279
1989 Salmon L. 71.9% 5.6% 576 36,507  719 861 1,439
1990 Salmon L. 73.8% 8.2% 566 26,330  519 621 1,038
1991      1,510       
1992      1,899       
1993      1,716       
1994      1,965       
1995      1,487       
1996      1,451       
1997      809       
1998      1,242       
1999      776       
2000 Nakwasina R. 37.9% 6.8% 803 19,100  376 450 753
2001 Nakwasina R. 32.5% 9.5% 1,515 23,583  465 556 930
2002 Nakwasina R. 18.9% 8.9% 1,868 25,947  511 612 1,023
2003 Nakwasina R. 22.6% 11.9% 1,101 11,993   236 283 473
2004 Nakwasina R. 29.8% 9.9% 1,124 16,110  317 380 635

Average 42.7% 9.8% 1,178 17,964  354 424 708
Salmon L. (Average) 54.6% 10.1% 628 16,811  331 396 663
Nakwasina             
2000–2004 Average 28.3% 9.4% 1,282 19,347  381 456 763
2001, 2004 Average 31.2% 9.7% 1,320 19,847  391 468 782
2000, 2002 and 2003 Average 26.5% 9.2% 1,257 19,013  375 448 750
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Table 5.–Coho salmon smolt production per spawner based on estimates of habitat carrying capacity divided by estimates of spawning 
escapement at MSY and at lower and upper bounds estimated to produce 90% of MSY (assumes a constant 12% marine survival rate).  

           Smolts Per Spawner 
System        Source   Model   MSY Lower Upper

Big Beef Cr.  aSharma 1998 Hockey Stick 34 37 26
Big Qualicum River aFraser et al. 1983 " 44 49 31
Bingham Creek  aSharma 1998 " 40 44 29
Black Creek  aJ. Irvine and K. Simpson, unpublished data " 39 43 28
Carnation Creek  aAnderson and Scrivener 1993; P.Tschaplinski, " 72 80 41
   B.C. Ministry of Forests, unpublished data      
Deer Creek  aKnight 1980 " 54 60 35
Deschutes River  aSharma 1998 " 22 24 19
Flynn Creek  aKnight 1980 " 40 44 29
Hooknose Creek  aHunter 1959 " 70 78 40
Hunt's Creek  aFraser et al. 1983 " 19 21 17
Minter Creek  aSalo and Bayliff 1958 " 106 118 49
Needle Branch Creek aKnight 1980 " 40 44 29
Skykomish River  aSharma 1998 " 44 48 31
Snow Creek  aJohnson and Cooper 1995 " 34 38 26
Average (Bradford et al. 2000) 47 52 31
Average without Hunt's Cr. and Minter Cr. 44 49 30
    
Queets R.  PMFC 2001 Ricker 37 58 25
Babine River   Shaul and Van Alen (2001) Ricker 129 205 89
Toboggan Creek   Shaul and Van Alen (2001) Ricker 39 62 27
Berners River (adj. for survey efficiency) Estimates through 2004 return Hockey Stick 28 31 23
Berners River Current Goal  Clark et al. 1994 Ricker 37 58 25
Hugh Smith Lake Current Goal Clark et al. 1994 Ricker 41 63 29
Auke Creek Current Goal  Clark et al. 1994 Ricker 20 34 14
Ford Arm Lake Current Goal (presmolts) Clark et al. 1994 Ricker 29 46 21
 a Cited by Bradford et al. 2000. 
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Figure 3.–Sum of peak coho salmon escapement survey counts for 14 streams in the Ketchikan area 
(top figure) and coho salmon escapement counts and estimates for Hugh Smith Lake (bottom figure). 
Also shown are 3 1/2 year "cycle" trends, the current escapement goal for Hugh Smith Lake, and a 
recommended goal (5,100 spawners) and goal range (4,250–8,500 spawners) for Ketchikan surveyed 
streams. 
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Figure 4.–Sum of peak coho salmon escapement survey counts for 5 streams in the Sitka area (top 
figure), coho salmon escapement counts and estimates for Ford Arm Lake.(middle figure), and peak 
survey counts of coho salmon in the Black River (bottom figure). Also shown are 3 1/2 year "cycle" 
trends, the current escapement goal for Ford Arm Lake, and a recommended aggregate goal (500 
spawners) and goal range for streams surveyed streams in the Sitka area (400–800 spawners). 
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ESCAPEMENT GOAL RECOMMENDATIONS 
For the Ketchikan index, an index count point goal of 5,084 is suggested by associated habitat 
capability estimated at about 215,581 smolts (average for higher brood year escapements) 
combined with an average MSY estimate of 42.4 smolts/spawner from indicator stock studies. 
Bounds corresponding with 25.4–50.8 smolts/spawner based on a 2 to 1 ratio between the upper 
and lower bound indicate an escapement goal range of about 4,251–8,506 spawners (point goal 
5,089). We recommend rounding these goals to the nearest 50 spawners for a point goal of 5,100 
spawners with a range of 4,250–8,500 spawners (Figure 4). 

For the Sitka index, an index count point goal of 468 is suggested by habitat capability estimated 
at about 19,847 smolts (based on Nakwasina survival and exploitation rates) combined and 42.4 
smolts/spawner from indicator stock studies suggests. Bounds corresponding with 25.4–50.8 
smolts/spawner indicate an escapement goal range of about 391–782 spawners (point goal 468). 
We recommend rounding these goals to a point goal of 500 spawners with a range from 400–800 
spawners (Figure 5). 

The recommended lower and upper goal bounds are 0.83 to 1.67 times the recommended point 
goal for the Ketchikan index and 0.85 to 1.70 times the recommended point goal for the Sitka 
index. These ranges are consistent with the recommended range for Pacific salmon stocks by 
Eggers (1993) of 0.8 to 1.6 times MSY escapement.  

We consider these goals to be Biological Escapement Goals as defined in the Sustainable Salmon 
Fisheries Policy (5 AAC 39.222 (f)(3).1 

                                                 
1 Biological escapement goal or “(BEG)” means the escapement that provides the greatest potential for maximum 
sustained yield; BEG will be the primary management objective for the escapement unless an optimal escapement or 
inriver run goal has been adopted; BEG will be developed from the best available biological information, and should 
be scientifically defensible on the basis of available biological information; BEG will be determined by the 
department and will be expressed as a range based on factors such as salmon stock productivity and data 
uncertainty; ADF&G will seek to maintain evenly distributed escapements within the bounds of a BEG. 

 



 

 18

REFERENCES CITED 
Anderson, B. C., and Scrivener, J. C.  1993.  Fish populations of Carnation Creek 1987–1990. Canadian Data Report 

Fisheries and Aquatic Sciences No. 890. 

Barrowman, N. J. and R. A. Myers.  2000.  Still more spawner-recruitment curves: the hockey stick and its 
generalizations. Canadian Journal of Fisheries and Aquatic Sciences 57: 665–676. 

Bocking, R. and D. Peacock.  2004.  Habitat-based production goals for coho salmon in Fisheries and Oceans 
Statistical Area 3. Canada Department of Fisheries and Oceans, Canadian Science Advisory Secretariat, 
Research Document 2004/129. Nanaimo, British Columbia, Canada. 

Bradford, M. J.  1995.  Comparative review of Pacific salmon survival rates. Canadian Journal of Fisheries and 
Aquatic. Sciences 52: 1327–1338. 

Bradford, M. J., Taylor, G. C. and Allan, J. A.  1997.  Empirical review of coho salmon smolt abundance and the 
prediction of smolt production at the regional level. Transactions of the American Fisheries Society 126: 49–64. 

Bradford, M. J., R. A. Myers, and J. R. Irvine.  2000.  Reference points for coho salmon (Oncorhynchus kisutch) 
harvest rates and escapement goals based on freshwater production. Canadian Journal of Fisheries and Aquatic 
Sciences 57: 677–686. 

Brookover, T. E., P. A. Hansen and T. A. Tydingco.  2001.  Smolt production and adult harvest of coho salmon from 
the Nakwasina River in Southeast Alaska, 1998–1999. Alaska Department of Fish and Game, Fishery Data 
Series No. 01-16, Anchorage. 

Brookover, T. E., P. A. Hansen and T. A. Tydingco.  2003.  Smolt production, adult harvest and spawning 
escapement of coho salmon from the Nakwasina River in Southeast Alaska, 1999–2000. Alaska Department of 
Fish and Game, Fishery Data Series No. 03-25, Anchorage. 

Brown, M. B.  1974.  Identification of sources of significance in two-way contingency tables. Applied Statistics 23: 
405–413. 

Chen, D. G. and L. B. Holtby.  2002.  A regional meta-model for stock-recruitment analysis using an empirical 
Bayesian approach. Canadian Journal of Fisheries and Aquatic Sciences 59: 1503–1514. 

Clark, J. E., J. H. Clark, and L. D. Shaul.  1994.  Escapement goals for coho salmon stocks returning to Berners 
River, Auke Creek, Ford Arm Lake, and Hugh Smith Lake in Southeast Alaska. Alaska Department of Fish and 
Game, Commercial Fisheries Division, Regional Information Report No. 1J94-26. Douglas, Alaska. 

Eggers, D. M.  1993.  Robust harvest policies for Pacific salmon fisheries. Proceedings of the International 
Symposium on Management Strategies for Exploited Fish Populations. Alaska Sea Grant College Program, AK-
SG-93-02: 85-106. 

Elliott, S. T., A. E. Schmidt, and D. A. Sterritt.  1989.  A study of coho salmon in Southeast Alaska. Alaska 
Department of Fish and Game, Fishery Data Series No. 113, Juneau. 

Fraser, F. J., Perry, E. A., and Lightly, D. T.  1983.  Big Qualicum River Salmon Development Project. Vol. 1. A 
biological assessment 1959–1972. Canadian Technical Report Fisheries and Aquatic Sciences No. 1189. 

Holtby, B.  2002.  Stock status of Northern Boundary coho-Canadian Report. [in]: Status of coho salmon stocks and 
fisheries in the Northern Boundary Area, Pacific Salmon Commission, Report TCNB (02)-3 Appendix 2. 
Vancouver, British Columbia, Canada. 

Holtby, L. B., B. C. Andersen and R. K. Kadowaki.  1990.  Importance of smolt size and early ocean growth to 
interannual variability in marine survival of coho salmon (Oncorhynchus kisutch) . Canadian Journal of Fisheries 
and Aquatic Sciences 47: 2181–2194. 

Hunter, J. G.  1959.  Survival and production of pink and chum salmon in a coastal stream. Journal of the Fisheries 
Research Board of Canada 16: 15–25. 

Johnson, T. H., and Cooper, R.  1995.  Annual Report, Anadromous Game Fish Research and Planning. Report 
prepared for Washington Department of Fish and Wildlife, Olympia, Washington. 

Knight, N. J.  1980.  Factors affecting the smolt yield of coho salmon (Oncorhynchus kisutch) in three Oregon 
streams. MS. Oregon State University, Corvallis, Oregon 



 

 19

REFERENCES CITED (Continued) 
Marshall, D. E. and E. W. Britton.  1990.  Carrying capacity of coho salmon streams. Can. Man. Rep. Fisheries and 

Aquatic Sciences 2058.  

Nickelson, T. E.  1998.  A habitat-based assessment of coho salmon production potential and spawner escapement 
needs for Oregon coastal streams. Information Reports Number 98-4. Oregon Department of Fish and Wildlife, 
Portland, Oregon.  

PFMC (Pacific Fishery Management Council).  2001.  Queets coho stock assessment Salmon Technical Team 
Report, Portland, Oregon. 

Salo, E. O., and Bayliff, W. H.  1958.  Artificial and natural production of silver salmon (Oncorhynchus kisutch) at 
Minter Creek, WA. Washington Department of Fisheries Restoration Bulletin No. 4. 

Schmidt, A. E.  1986.  Status of selected coho salmon stocks in Southeastern Alaska. Alaska Department of Fish and 
Game, Federal Aid in Fish Restoration, Annual Performance Report, 1985–1986, Project F-10-1, 27 (S-1-4), Juneau. 

Schmidt, A. E.  1987.  Coho salmon studies in Southeast Alaska. Alaska Department of Fish and Game, Fishery 
Data Series No. 18, Juneau. 

Schmidt, A. E.  1988.  Coho salmon studies in Southeast Alaska. Alaska Department of Fish and Game, Fishery 
Data Series No. 45, Juneau. 

Schmidt, A. E.  1990.  Coho salmon studies in Southeast Alaska, 1989: Salmon Lake, Eagle River, St. John and 
Sinitsin Creeks. Alaska Department of Fish and Game, Fishery Data Series No. 90-12, Anchorage. 

Schmidt, A. E. and J. A. DerHovanisian.  1991.  Coho salmon studies in Southeast Alaska, 1990: Salmon Lake, 
Eagle River, St. John and Sinitsin Creeks. Alaska Department of Fish and Game, Fishery Data Series No. 91-16, 
Anchorage. 

Schmidt, A. E.  1996.  Interception of wild Salmon Lake coho salmon by hatchery supported fisheries. Alaska 
Department of Fish and Game, Fishery Data Series No. 96-26, Anchorage. 

Sharma, R.  1998.  Influence of habitat on smolt production in coho salmon (Oncorhynchus kisutch) in fourteen 
Western Washington streams. MS, University of Washington, Seattle, WA. 

Shaul, L. and K. Crabtree.  In prep.  A biological escapement goal for coho salmon in the Berners River. Alaska 
Department of Fish and Game, Special Publication, Anchorage. 

Shaul, L. D. and B. Van Alen.  2001.  Status of coho salmon stocks in the Northern Boundary Area through 1998. 
Alaska Department of Fish and Game, Division of Commercial Fisheries, Regional Information Report No. 
1J01-01, Juneau, Alaska. 

Shaul, L., S. McPherson, E. Jones, and K. Crabtree.  2004.  Chapter 3: Coho salmon stock status and escapement 
goals in Southeast Alaska. [in]: Geiger, H. J. and S. McPherson. 2004. Stock status and escapement goals for 
salmon stocks in Southeast Alaska. Alaska Department of Fish and Game, Divisions of Sport Fish and 
Commercial Fisheries, Special Publication No. 04-02, Anchorage. 

Tydingco, T. A.  2003.  Smolt production, adult harvest and spawning escapement of coho salmon from the 
Nakwasina River in Southeast Alaska, 2000–2001. Alaska Department of Fish and Game, Fishery Data Series 
No. 03-19, Anchorage. 

Tydingco, T. A.  2005a.  Smolt production, adult harvest and spawning escapement of coho salmon from the 
Nakwasina River in Southeast Alaska, 2001–2002. Alaska Department of Fish and Game, Fishery Data Series 
No. 05-04, Anchorage.  

Tydingco, T. A.  2005b.  Smolt production, adult harvest and spawning escapement of coho salmon from the Nakwasina 
River in Southeast Alaska, 2002–2003. Alaska Department of Fish and Game, Fishery Data Series No. 05-26, 
Anchorage. 

Tydingco, T. A.  In prep.  Smolt production, adult harvest and spawning escapement of coho salmon from the 
Nakwasina River in Southeast Alaska, 2003–2004. Alaska Department of Fish and Game, Fishery Data Series, 
Anchorage. 


	TABLE OF CONTENTS
	 LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	METHODS
	Survey Index
	Ketchikan Area
	Sitka Area

	 Accounting for Missing Counts
	Estimating Smolt Production Capability

	RESULTS
	Smolt Production Capacity
	Ketchikan Area
	 Sitka Area

	Spawner Productivity

	 ESCAPEMENT GOAL RECOMMENDATIONS
	REFERENCES CITED



