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STATEWIDE WILD COHO FORECASTS FOR 1996

Runsize forecasts for wild stocks are the most important element of the joint state-tribal pre-season
planning process for Washington State coho fisheries. Accurate forecasts on a stock basis are
required to ensure adequate spawning escapements, while realizing harvest benefits and-achieving’
allocation goals.

Various approaches have been used across this state's coho producing systems to predict ocean
recruits. Most of these methods rely on the relationship between adult escapement estimates and
resultant run sizes. Reconstructing coho run sizes, however, is notably difficult due to the problems of
accurately estimating escapements and the inability to account for catches in intercepting fisheries.
Even if the runsize data bases were reasonably accurate however, in systems that are adequately
seeded, coho forecasts based solely on estimated escapement have little or no predictive value. This
is because such forecasts do not account for the two primary and independent components of
interannual variation in run size, freshwater and marine survival. Moreover, because adult to adult
forecasts combine these two parameters, understanding the components of error in the forecast post
season is precluded. Improving our ability to manage wild coho runs depends on learning which
factors cause significant variation in abundance for each major system.

Smolts are the measure of freshwater production. In recognition of this, natural coho escapement
goals throughout this state are based on the projected smolt carrying capacity of each system. To
assess these goals and to improve run forecasts, the department and tribes have made substantial
investments in monitoring smolt populations in a number of basins. These data have been
incorporated into some forecasts, but have not been used on a consistent basis or in all systems.

Marine survival rates for wild coho stocks have also been measured over many years at several
stations in Puget Sound and at one station in the Grays Harbor system. These data describe the
patterns of interannual and inter-system variation in survival within broods. Given the extreme
difficulty in estimating coho escapements with survey-based approaches, only those tag groups
returning to trapping structures with 100% capture capability throughout all flows can be used for
estimating marine survival.

Adult recruits are the product of smolt production and marine survival. Therefore, any estimate of
adult recruits can be expressed in a simple matrix as combinations of these two components. Through
a process of comparing the outcomes for each term relative to measured and or likely values, the
veracity of forecasts derived from methodologies not employing smolt and marine survival estimates
can be assessed. Understanding variation in hatchery runs, for example, is reduced to analyzing the
components of post-release survival because one starts with a known -- the number of smolts released.

Fisheries are managed to achieve escapement goals for natural/wild coho stocks returning to eight
production areas. These systems include; Skagit, Stillaguamish/Snohomish, Hood Canal, Straits,
Quillayute, Hoh, Queets, and Grays Harbor. While the forecasts to these systems, which I term
"primary" management units, will be used to determine the extent and shape of fisheries, production
from all the other freshwater habitat units can also be approximated by extrapolating measured rates.
Expressing natural coho production in the common terms of smolts will enable useful interannual



comparisons within systems and annual comparisons across systems. This also should promote better
understanding by stakeholders as it more directly connects coho production with habitat.

Presented in Tables 1a and 1b are the forecasts of coho run size derived by combining estimates of
natural smolt production and predictions of marine survival for all Puget Sound and Coastal
production areas. The resultant estimates of three year old ocean recruits were "backed up" to
estimate the population in terms of December Age 2 recruits. The following sections detail each
estimate of smolt production and marine survival.
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SMOLT PRODUCTION

A substantial level of coho smolt production evaluation work has been conducted in each of the eight
major natural production systems except the Hoh. In the Skagit River, total smolt production has
been estimated annually since 1990. Total system smolt production has also been estimated for the
Stillaguamishr-and-for tff Chehalis Basirwhich comprises 90% of the Grays Harbor system:~ Smoit- -
production has been measured from significant portions of the Snohomish, Hood Canal, Quillayute,
and Queets. Production from several tributaries to the Straits has also been measured. In aggregate,
this work has produced a body of information that describes wild coho carrying capacity among these
systems, largely as a function of habitat quality and quantity. Seeding levels, environmental effects
(flows), and human-caused habitat degradation explain some of the observed interannual variations in
smolt production (Table 2).

While annual smolt monitoring in each system, as presently conducted on the Skagit River would be
optimal, sufficient information exists to approximate production in systems currently unmeasured.
The method of extrapolating measured results to estimate total production will vary, as it depends on
the data available. Within Puget Sound, Zillges (1977) provides a ready means of transferring smolt
production monitoring results among basins (as detailed below). Additionally, and for coastal systems,
smolt production in unmeasured systems can be approximated on the basis of smoit production/mi?
rates.

Puget Sound Primary Units -- Managed for Natural Escapement

Skagit River. Spring 1995 was the sixth year of estimating total smolt production in this system.
This estimate is based on trapping and marking wild coho in tributaries and sampling emigrants in the
lower mainstem river with floating scoop and screw traps. We estimated 727,000 coho smolts
emigrated past the traps in 1995 (Table 3). In the previous five years, production has ranged from
618,000 to 1,129,000, and averaged 817,000 coho smolts.

Stillaguamish River. We estimated smolt production from the Stillaguamish River upstream of RM
16 in three years (1981-1983). Production ranged from 203,000 to 379,000, and averaged 276,000
coho smolts. Expanding for the portion of the projected smolt production (Zillges 1977) downstream
of this point (23%), mean production is estimated at 360,000 smolts. As the 1995 Skagit estimate
indicated lower than average production (89%), we used this rate to reduce the average Stillaguamish
estimate to 320,000 smolts in 1995.

Snohomish River. We measured smolt production from the South Fork Skykomish River over nine
brood years (1976-1984). This basin comprises 20.7% of the Snohomish River system's drainage area.
Excluding the three year's in which escapement was artificially reduced, production averaged 276,000.
smolts. Expansion of this estimate to the entire system calculates an average total production of
1,333,000 coho smolts. Reducing this production by the ratio of 1995 Skagit production to its
average for the previous five years (89%) estimates 1,186,000 smolts.

Hood Canal. In 1995, we trapped and estimated a total of 23,057 coho smolts were produced from
four Hood Canal streams (Big Beef, Little Anderson, Seabeck, and Stavis Creeks-see table below).
This production represents 39% of that projected in Zillges (1977). Application of this rate to the

5



entire projected Hood Canal smolt production estimates 392,000 coho. An alternative expansion
method uses the ratio of the adult return to Big Beef Creek to total estimated Hood Canal wild
escapement. This value has averaged around 5% in recent years (Figure 1). Expanding Big Beef
Creek production by this rate estimates total Hood Canal production at 331,000 smolts. We believe
that the former estimate is more accurate but likely also conservative. This contention is based on
observations indicating That habitat is more degraded in tributaries to northern Hood Canal than in the
streams to the south that account for much of the Canal's production (Dewatto, Union, and Tahuya
Rivers ). If this assessment is true, then actual smolt production is even higher than estimated herein.

Big Beef Creek 38,586 16,567 42.94%
Little Anderson Creek 5,100 779 15.27%
Seabeck Creek 10,497 1,326 12.63%
Stavis Creek 5,027 4,385 87.23%
Total 59,210 23,057 38.94%

Straits of Juan de Fuca. Lacking a representative index stream, we selected a value of 30% to
reduce the projected production (Zillges 1977). We chose this rate, lower than the 39% measured in
Hood Canal, to reflect in part the very low stock status observed at Snow Creek. Application of this
rate to the projected production potential of 443,098 estimates 133,000 coho smolts.

P n n nits -- Mana for Hatchery Harvest R

Nogksack River. Considering the extent of habitat degradation and underseeding due to high harvest
rates, we expect natural smolt production from the Nooksack River system was well below projected
potential in 1995. We used a value of 30% of the projected value (Zillges 1977) to estimate
production at 135,000 smolts in 1995.

Strait of Georgia. We selected a value of 50%, based on the actual-to-projected ratio estimated for
the Skagit River.

Samish River. Assuming that virtually all of the returning adult coho enumerated at the Samish
Hatchery are wild fish, then smolt production is well in excess of the value projected in Zillges (1977).
In some recent years, 10,000 adult coho have returned. Even at a relatively low harvest rate of 50%
and a high marine survival of 20%, production would be estimated at 100,000 smolts. This value is
almost double the projected production. If harvest rates were higher and/or marine survival lower,
then even more smolts were produced. For 1995, we used 100,000 as our best estimate.



hington River, Puyallup River, and Ni Ity River. Coho production in each of -
these systems are impacted by habitat degradation through urbanization, water withdrawals, and
underescapement due to high, hatchery-directed harvest rates. Each of these systems also contains a
major dam on the mainstem. Hatchery fry are outplanted in an attempt to mitigate for the presumed
underseeding by natural spawners. While these outplants may contribute to increasing net production,
it is likely that resultant production is lower than would be produced from adéquate numbers of”
natural spawners. Therefore, we applied the value of 30%, lower than that measured at the Hood
Canal streams, to the projected production (Zillges 1977).

South Sound and East Kitsap. As these streams are similar in size and character to those trapped in
Hood Canal, we applied the production ratio measured in the Canal streams (39%) to the values
projected for the tributaries to South Sound and East Kitsap. ‘

Deschutes River. Based on trapping in 1995, we estimated 25,000 coho smolts emigrated from this
system. The Deschutes has experienced severe habitat degradation in the upper watershed and low
escapements. Even considering these factors, however, the very low actual production relative to the
projected value (11%) contributes to our conservative estimates for the systems in which we did not
directly estimate production.

Coastal Units

Quillayute River. Smolt production has been measured in two sub-basins of the Quillayute River --
the Bogachiel and Dickey Rivers. Over three years, production from the Bogachiel River averaged
53,751 smolts . Relating this production to the 129 mi’ upstream of the trap estimates average
production/mi? at 417 smolts. This work also included evaluating fry plants, and as a result , we
concluded that the system was already seeded to capacity by natural spawners.

Over three years, production from the Dickey River averaged 71,189 smolts from the 87 mi’ upstream
of the trap. Production/area in this system averaged 818 smolts/mi®>. We attributed this production
rate, higher than that measured in the Bogachiel, to this system's low gradient and resultant abundant
over-wintering habitat. Results also indicate this system was seeded to capacity.

To estimate average system smolt production, we applied these average production/area values to the
Quillayute system (629 mi’). Based on stream character, we assumed the Bogachiel average
production/area value (417 smolts/mi?) best represents production in the 521 mi’ of the Quillayute
watershed, excluding the Dickey River Basin. Including the average estimated production from the
Dickey River's 108 mi’ drainage area (88,344 smolts) calculates an average system production of
306,000 smolts.

Attaining average production, however, is dependent on achieving adequate seeding. If the total
system escapement estimated in 1993 of 4,165 adults is accurate, then it is unlikely that 300,000
smolts were produced, as this would equate to an average productivity of 147 smolts/female -- a high
value relative to that measured statewide (Figure 2).

To estimate the likely level of smolt production in 1995, we developed a hypothetical spawner/recruit
relationship for the Quillayute River. This relationship, based on the research conducted at Sunset
Falls, S.F. Skykomish River (Figure 3), models two levels of carrying capacity -- 400,000 and 500,000
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smolts. Using the S.F. Skykomish productivity parameter and these carrying capacities, production
resulting from 2,080 females is estimated at 213,000 and 239,000 smolts, respectively (Figure 4). This
approach and these estimates assume that escapement was accurately estimated in 1993.

Relating these two estimates to the total Quillayute River drainage area (629 mi?) yields average
production rates of 339 and 380 smolts/mi’. These values are only slightly higher than the rate (321)
measured for the Clearwater River in 1995. Use of this rate estimates total production at 202,000
smolts. -

Queets River. Smolt production has been measured from the Clearwater River each Spring since
1981. Over these 15 broods, coho smolt production has ranged two-fold between extremes, from
around 43,000 to 95,000. Estimates of parent spawners have ranged six-fold, from around 300 to
over 1,900 females but have explained none of the variation in smolt production. Instead, we found,
through an analysis of flows during the entire freshwater life, that the severity of flow on one day
during egg incubation explains half the variation in smolt production (Figure 5).

In 1995, the Quinault Tribe estimated 45,000 coho smolts were produced from the Clearwater River.
As this estimate is near the lowest on record, it indicates that freshwater survival was poor and/or
seeding was low. Expansion of the 1995 Clearwater production rate of 321 smolts/mi® rate to the
entire Queets system (450 mi?) estimates total production at 145,000 smolts. Quinault Tribal
biologists may favor alternative means of expanding the Clearwater estimate.

Hoh River. Due to the similarity and proximity of the Hoh watershed to that of the Clearwater
River, the smolt production/mile rate estimated in the latter system was used to approximate Hoh
River coho smolt production in 1995. The rate of 321 smolts/mi* times the drainage area of 299 mi® in
the Hoh system estimates 96,000 coho smolts were produced.

Quinault River. Low escapement due to hatchery harvest rates and degraded habitat likely
combined to limit natural smolt production from this system. To reflect these effects, the relatively
low rate of 200 smolts per square mile was selected. This rate times the total area in this basin (434
mi®) estimates total production at around 90,000 smolts.

Independent Tributaries Smolt production has not been directly measured from any of the
independent coastal tributaries. Application of an average production rate of 400 smolts/mi? to their
combined watershed area (424 mi*-Table 1) estimates 170,000 coho smolts were produced from these
systems. The value of 400 smolts/mi’ was selected, slightly higher than the value measured in the
Clearwater River in 1995 for several reasons. First, drainage area values were not available for some
of the minor tributaries, thus the total area estimate is low. Second many of these systems are lower
gradient than the Clearwater River and therefore production per area should be higher. Finally,
escapements may have been better in these systems because most are too small to warrant terminal
fisheries.

Grays Harbor Coho smolt production from the Chehalis River system has been measured each brood
since the 1980 brood through wild smolt trapping/tagging and CWT sampling in the Quinault terminal
net fishery in the lower Chehalis River. Resultant estimates have ranged threefold, from around one
million to over three million (Table 4). Analysis to understand the components of variation has
determined that over these 11 broods only one variable, flow during spawning, explains a significant
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portion of the interannual variation in estimated smolt production (Figure 6). An even better fit R*=
64% vs 54%) was achieved with a binomial curvilinear regression model (Figure 7). Moreover, there
is reason to believe that this relationship may be even stronger than indicated by the correlation
coefficients. For each of the three points that lie well below the regression line other important brood
specific factors were in effect.
® The 1989 brood was likely impacted by the severe storm which produced extremely high
flows on January 10, 1990. On this date, the Chehalis River flooded over Interstate-5.
This storm also triggered mass wasting events in many watersheds.
® The 1986 brood was undoubtedly reduced by the effects of the devastating drought of
summer 1987 which resulted in the lowest production on record from Bingham Creek
(Figure 8).
® The 1982 brood may have been constrained by low escapement.

Apparently, in the low gradient, rain-fed, over-appropriated-for-water-withdrawals Chehalis River
system, the level and timing of significant flow increases during spawning (November and December)
is an important determinant of natural coho production. The most plausible hypothesis we have to
explain this finding is that access to the upper portions of the watershed is a function of flow. In very
dry Falls, such as the 1987 drought, aduit spawners simply cannot distribute as widely and as high in
tributaries as they can in wetter years.

Correlation of estimated escapement with the estimates of smolt production explained only 11% of the
variation. Other flow periods, winter (incubation), spring (fry distribution) and summer (fry rearing)
also yielded insignificant correlations. We excluded the 1990 brood from all of these analyses because
tagging on this brood was limited and therefore, also not representative. As a result, only six wild
tagged adult coho were recovered in an estimated 2,104 wild fish sampled, a very low incidence of
0.29%. This value estimated an unreasonably high wild production of almost six million smolts. The
minimum spawning flow in 1990 was quite high (1,130 cfs), however, so it is likely smolt production
was high on this brood.

For the eleven broods analyzed, this flow correlation indicates that natural seeding rates have been
adequate. It also appears that the fry planting program has not produced enough smolts to obscure
the effect of flow on spawners. Additional analysis may result in a better understanding of the effects
of flows on Chehalis River coho production.

This relationship provides a means to predict freshwater production. Flows during Fall 1993 were
very low and therefore, we expect smolt production was also low. Based on the minimum flow value
(206 cfs) recorded at Grand Mound on November 15, 1993, the model predicts 1,439,000 smolts
were produced from the Chehalis Basin. Relating this production estimate to the drainage area in the
basin (2,114 mi® which includes the Wishkah River) estimates average production/area in 1995 at 680
smolts. In addition to the Chehalis River watershed, the 2,550 mi? Grays Harbor Basin includes the
watersheds of the Hoquiam River (90 mi®), the Humptulips River (250 mi?), and the watersheds of
other, primarily southside watersheds (John's and Elk Rivers) that account for the remaining 96 mi’,
Application of the production rate estimated for the Chehalis River to the entire drainage area
estimates a total of 1,734,000 smolts were produced in 1995. For purposes of the forecast, the
Humptulips portion (170,000) smolts was separated and the Hoquiam and southside tributaries were
added to the Chehalis production to estimate 1,564,000 smolts were produced from these systems.
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Willapa Bay. The Willapa Basin, with a total area of 850 mi?, is drained by four main river systems
and a number of smaller tributaries. Little empirical smolt production evaluation work has been
conducted in this system. Given the presumed high harvest rates in Willapa Bay, the generally
degraded condition of the habitat, and the environmental conditions affecting the 1993 brood, it is
likely that coho production from this basin was lower than that of the adjacent Grays Harbor system.
To approximate prodution in 1993 we seiécted a value of 400 smolts/mi*>. This'value appliedto the
total basin area estimates 340,000 coho smolts were naturally produced in 1995.

MARINE SURVIVAL

Puget Sound

Marine survival rates for Puget Sound wild coho stocks have been measured for many years at Big
Beef Creek, Deschutes River, South Fork Skykomish, and (as of the 1989 brood) Baker River.

Marine survival, in terms of age 3 recruits, has varied from 10% to over 30% at Big Beef Creek, and
averaged near 20%. In some recent years, we have measured low survival for Deschutes River coho,
but believe these estimates are biased because of low sampling rates in certain fisheries and low
numbers of smolts tagged. Marine survival measured at Sunset Falls (SF Skykomish) also ranged
three-fold (8% to 24%), and has averaged 15%, somewhat lower than the rates estimated for Big Beef
Creek and Deschutes River coho. We attribute this lower survival to the smaller smolts produced
from this colder, higher-elevation system. Survival of Baker River coho appears to track that of the
other stations so far (Figure 9).

In addition to within-brood survival, ocean exploitation rates are also correlated among these three
stocks (Figure 10). This suggests that while differences in survival may exist among Puget Sound wild
coho stocks, survival for all stocks tends to rise and fall in response to ocean conditions. The
importance of this observation is that rates measured for selected stocks can be extrapolated to
estimate survival of smolts produced in other systems.

Presently, no correlation with ocean environmental conditions has been found to explain the observed
inter-annual variation in marine survival. Clearly, the ocean was in an altered state during the ocean
entry period for brood years 1988 through 1990. Prior to this period, we had not measured any
consecutive low survival years in Puget Sound. Correlation between jack returns and same-brood
survival-to-adults at the only stations where jacks are reliably enumerated (Big Beef Creek and
Deschutes River) has not indicated any relationship. Lacking a useful indicator of marine survival,
forecasts must rely on a combination of recent average rates and judgement regarding ocean
conditions. :

Straits of Juan de Fuca
We currently lack any direct measurement of marine survival in tributaries to the Straits of Juan de

Fuca. Observations at Snow Creek and spawning ground information from other systems, however,
indicate marine survival in this region is considerably lower than that of inner Puget Sound coho.
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The wild coho trapping and tagging conducted annually at Bingham Creek (Grays Harbor) since the
1980 brood represents the only measurement of marine survival on the Washington Coast. Marine
survival (age 3) of wild Bingham Creek coho has ranged fifteen-fold, from 0.6% to 10%, and averaged
1% over 3 years (Figite-1'1). -Although-highly variable, marine survival is-also somewhat predictable:
Tagged jack returns correlated with same brood adult survival explains some of the inter-annual
variation in marine survival. Over all years and including all broods, however, the relationship is poor
(Figure 12). When the data set is split into early- and later-years the correlation improves especially if
the El Nifio broods are excluded from the correlation (Figure 13). In these broods (1980 and 1990)
adult survival was very low relative to the high jack returns. This phenomenon has been observed
elsewhere on the coast, notably in the Oregon Production Index.

Based on the relationship developed for the recent years, the return of 15 tagged wild jacks to
Bingham Creek in 1995 predicts an adult marine survival to the ocean (age 3) of 5.4%. This value is
our best estimate for the Chehalis River system. Chehalis Basin coho have generally had a marine
survival rate at around half that of Humptulips wild coho, although in some recent broods this
discrepancy has decreased (Figure 14). For predicting survival of Humptulips River coho and other
coastal stocks we selected a rate of 7% which equates to a differential survival ratio for the Chehalis of
75%.
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ESTIMATION OF NON-LANDED AND NATURAL MORTALITY RATES FOR 1996
COHO FORECASTS ‘

Marine Survival -+ -

Coho forecasts developed for the model describe each managed cohort in terms of December
Age 2 recruits. These forecasts are developed by multiplying smolt production estimates by a
forecasted marine survival rate to account for losses to the cohort as a result of natural mortality
to December Age 2. Historical marine survival rates can be used to develop a range of rates for
use in forecasting. Historical marine survival rates are often derived from fishery and
escapement tag sampling. The basic form for deriving these rates from sampling data is the
following:

MSR, = Sum of Expanded Recoveries

Tagged Smolts

where: MSR, is the basic marine survival rate derived from tag recoveries

If smolt production is multiplied by this basic marine survival rate, an estimate of landed catch
plus escapement is the product. This is essentially the output from the FRAM model. To
provide an input forecast to the model, the basic rate must be adjusted to a December Age 2
marine survival rate by incorporating non-landed mortality and natural mortality occurring after
December Age 2 recruitment. Remember that for a number of wild coho stocks, the basic marine
survival rates are empirically derived from known smolt production levels, landings, and
escapements. What is less well understood are the number of non-landed and natural mortalities
that occur after recruitment. Therefore, if non-landed and natural mortality adjustments to the
basic marine survival rates are derived from the FRAM model calibration values, the resulting
rate will yield December Age 2 recruitment forecasts that, when run through the model, will
yield catch plus escapements that are similar to those forecasted from the empirically derived
basic marine survival rates. Since the catch plus escapement values found using the empirically
derived rates are expected to be fairly realistic, deriving non-landed and natural mortality rates
from the model is the most reasonable way of estimating these parameters. The following
section describes how these adjustments were derived from the FRAM model.

Natural and Non-Landed Mortality Adjustments

Final FRAM pre-season model runs 9426 and 9538 were used to estimate non-landed and natural
mortalities occurring after recruitment for each management unit. These two years were chosen
because they represent the most recent suite of regulations and allow for comparison of rates
between years. Non-landed mortality and natural mortality estimates were generated for each
Puget Sound management unit (i.e., Nooksack/Samish, Skagit, Stilly/Sno, South Sound, Hood
Canal, and Strait). Since the rates were used to adjust marine survival primarily for wild stocks,
South Sound rates were estimated using only the South Sound Normal stock component.



The model has the ability to provide monthly natural mortality rates and fishery specific non-
landed mortality rates; however, this level of resolution was not felt to be appropriate for this use
since the size of the cohort in any month and the power of the fishery in any time cell can be
highly variable. Non-landed and natural mortality rates were therefore simply rolled up across
months and fisheries for each-stock. '

Total non-landed mortalities were calculated for each stock by subtracting modeled total landed
catch from modeled total fishery mortalities across all fisheries. Natural mortality was calculated
by subtracting total fishing mortality and escapement from recruits for each stock. The natural
mortality estimate was also checked independently by calculating monthly natural mortality
using monthly cohort size and escapement data provided in the FRAM model's population
statistics report.

The resulting estimates of non-landed and natural mortality for each stock were divided by
recruitment to yield non-landed and natural mortality rates that were fairly consistent between
stocks and years (Table). However, since these rates would be used to adjust basic marine
survival rates that yield landed catch plus escapement, the estimates of non-landed and natural
mortalities for each stock were also divided by the stock specific catch plus escapement to
provide a rate that would back the basic marine survival rate to a December Age 2 rate (Table 1).
These rates can be used to adjust historical tag sample derived estimates of marine survival to
December Age 2 marine survival estimates as shown in the following equation:

MSR, = MSR, + MSR, x (nl + n)

Where:  MSR, is the final marine survival rate,
nl is non-landed mortality divided by catch plus escapement, and
n is natural mortality after recruitment divided by catch plus escapement.



Mortality Rates used to calculate coho Dec Age 2 recruits from forecasts of catch + escapement

1994 Mortality Rates (mortality/(catch+esc))
Nook Skagit
Nan-Landed Mortality, - 0.048 0.034
Natural Mortality 0.291 0.304
Total Mortality 0.339 0.337

1995 Mortality Rates (mortality/(catch+esc))

Non-Landed Mortality 0.040 0.029
Natural Mortality 0.297 0.307
Total Mortality 0.337 0.336

94-95Average

Non-Landed Mortality 0.044 0.031
Natural Mortality 0.294 0.305
Total Mortality 0.338 0.337

1994 Mortality Rates (mortality/recruits)

Nook Skagit
Non-Landed Mortality 0.036 0.025
Natural Mortality 0.217 0.227
Total Mortality 0.253 0.252

1995 Mortality Rates (mortality/recruits)

Non-Landed Mortality 0.030 0.022
Natural Mortality 0.222 0.230
Total Mortality 0.252 0.252

94-95Average

~ Non-Landed Mortality 0.033 0.023
Natural Mortality 0.220 0.228
Total Mortality 0.253 0252

Still/Sno
0.034
0.296
0.331

0.031
0.299
0.330

0.033
0.298
0.330

Still/Sno
0.026
0.223
0.249

0.023
0.225
0.248

0.024
0.224
0.248

SSnd
0.052
0.312
0.364

0.043
0.313
0.356

0.047
0.313
0.360

SSnd
0.038

0.229 -

0.267

0.032
0.231
0.262

0.035
0.230
0.265

Hood

1 0.028 .

0.312
0.340

0.026
0314
0.340

0.027
0.313
0.340

Hood

0.021
0.233
0.254

0.019
0.234
0.253

0.020
0.233
0.254

Strts

. 0.041
0.30t
0.342

0.035
0.306
0.341

0.038
0.304
0.342

Strts
0.030
0.225
0.255

0.026
0.228
0.254

0.028
0.226
0.255

Rates derived using final Fram pre-season runs for 1994 and 1995. Non-Landed mortality was
found by subtracting total fishing mortality from total catch. Natural mortality was calculated
by subtracting total fishing mortality plus escapement from Dec Age 2 recruits.

Volkhardt 01/09/96 MORT9495.WBI
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Table 3. Estimation of wild coho smolt production, Skagit River, 1995.

Total mainstem trap catches 27,764 N= (m+l)(c+l)
Baker River -531° (r+l)
Skagit Hatchery -10,079°

- Var = (m+1)(c+l) (m-r)fc=r}
(r+1)“(r+l)
Subtotal -10,610
Wild coho (c) 17,154
LVs recaptured (r) 768 CV = _sd
LVs released (m) 31,076 N
Total Production (N) 693,272
variance (Var) 5.8221x 10°® CI = +1.96(sd)

standard deviation (sd) 24,129
Coefficient of Var. (CV) 3.48%
Confidence Interval (CI) 147,242

Estimated coho smolt production

Skagit River 693,272
Baker River 33,388
Total production 726,660
Upper CI (95%) 773,953
Lower CI (95%) 679,367

® Estimated: Baker recovery rate from 389 tags read from a
sample of 536 (389 tags read; 92 Baker wild and 297 Skagit
hatchery = .2365 x 1,415 total ad-marks captured = 335
estimated Baker wild tags in the catch x 33,388/21,060 wild
Baker expansion = 531 estimated total wild Baker River smolts.

B Hatchery smolt total from counts obtained at trapping.
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