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Introduction

Although stock-recruit analysis has been the maathod for establishing
benchmarks for lake sockeye Conservation Units §Ll0' the Skeena watershed to date
(Korman and Cox-Rogers 2012), habitat-based abwedaenchmarks may have
application as well. For example, the lake readagacity estimates (Rmax juveniles and
Smax spawners) from the photosynthetic rate (PR}einaf Shortreed et al (2000) and
Cox-Rogers et al (2010) can be used to independastiess status and develop
benchmarks. Holt et al (2009) endorse using cagrgapacity to develop salmon CU
benchmarks, especially in cases where estimat8mey are not available because
recruitment and/or productivity data are missingiocertain. Where stock-recruit data
are available, independent Smax priors from habitaties can help establish better
estimates of intrinsic productivity in stock-redranalyses (Walters et al 2008) as applied
by Grant et al (2011) and Korman and Cox-Roger&Zp0Finally, where data on
spawner abundance are not available or are ofqueadity (e.g. the majority of BC
sockeye CU'’s) juvenile abundance may provide alondication of spawning status
(Holt et al 2009).

For Skeena sockeye lakes, data on juvenile abuedascbeen collected from
rotational acoustic surveys since the mid-1990@x(Rogers et al 2010) and is routinely
compared against juvenile rearing capacity estim@enax) for general status
assessment. Escapement survey data (where avadahlalso be compared against
Smax spawners for assessing general status. slpapeer, provisional upper and lower
benchmarks from PR-based Rmax and Smax for Skeekaye lakes are suggested, and
recent status relative to these benchmarks is cadpa

Data

Habitat-based Rmax and Smax estimates for Skemkaye lakes come from
Cox-Rogers et al (2010), with recent updates pexvioly Jeremy Hume on file (Cultus
Lake Research Unit, Cultus Lake, British Columbiapublished). Juvenile sockeye
density estimates for Skeena sockeye lakes comefalb fry acoustic surveys following
the methods referenced in Cox-Rogers et al (2@KBena sockeye lakes are acoustically
surveyed on a rotational basis with schedulingioed in the core stock-assessment plan
for North Coast sockeye lakes (English et al 20B6ult spawning escapement series for
Skeena sockeye lakes come from the most recergsassat by English et al (2011) for
the years 1980-2010, and are the same as usednmaki@and Cox-Rogers (2012).



Methods

The habitat-based spawning abundance benchmaths ipaper follow the
abundance metric guidelines developed in Holt €2@09). A possible lower habitat-
based benchmark on spawning escapement, approxion&gen of Holt et al (2009,
Figure 5) would be ~15% of Smax spawning capadatgsasimated from the PR model.
A possible upper habitat-based benchmark on spawasoapement, approximate to
Smsy of Holt et al (2009, Figure 5) would be ~558&max spawning capacity as
estimated from the PR model. Holt et al (2009, Fedgh) note Smsy is approximately
40% of equilibrium replacement capacity (Scap),dsuSmax is lower than Scap, a
higher percentage of Smax corresponds to the samsg foint.

Guidelines for developing benchmarks for juvenber@dance relative to Rmax
have not been developed (Holt et al 2009). Conediytthey should be matched to
stock-recruit relationships. In the example showfigure 5 of Holt et al (2009), Sgen
generates approximately 35% Rmax recruitment, whihsy generates ~90% Rmax
recruitment. However, this relationship will varggending upon stock productivity and
differences in average juvenile to adult survivalbag stocks. For the purposes of this
paper, the benchmark guidelines being used for Sspawners was also applied to
juveniles; that is, a possible lower benchmarkwenile abundance was set to 15% of
Rmax lake rearing capacity, and a possible upgeechimark on juvenile abundance was
set to 55% of Rmax lake rearing capacity. Themome precedence for this approach as
Wood (1999) also suggested using 10%-15% of Rmanijles as a “lower reference
point” both for juveniles and for the spawners pidg them in his evaluations of
Skeena sockeye lakes. Further evaluations of pppte juvenile benchmarks are
expected.

Results

Table 1 summarizes the most recent juvenile Rmaxaault Smax estimates for
surveyed Skeena sockeye lakes. Table 2 reportstacpuvenile density estimates for
surveyed Skeena sockeye lakes obtained to datgreSig and 2 shows the general
freshwater productivity (mean PR) and estimateenile lake rearing capacity (Rmax)
estimates for Skeena sockeye lakes. Figure 3 sjuwesile stock status for Skeena
sockeye lakes surveyed over the 2000-2010 permitegl against lower and upper Rmax
benchmarks. Figure 4 shows spawning stock statuUSkieena sockeye lakes (2005-2010
average) plotted against lower and upper Smax lmeaidts. Figure 5 shows a simple
traffic light analysis (red/yellow/green) for spawg status assessed against lower and
upper Smax benchmarks for Skeena sockeye lakes2(880

Not surprisingly, there is substantial diversityarg Skeena sockeye rearing
lakes as reflected by the wide range of primarylpativities they exhibit (Figure 1). As
primary productivity is strongly correlated to fosdpplies and smolt production in
sockeye lakes (Shortreed et al 2000), there isveilde variation in estimated maximum



rearing capacities (Rmax in kg/hectare) among Skeenkeye lakes (Figure 2). For
example, the least productive Skeena sockeye (&tegaz, Motase) produce about 75%
less smolt biomass per hectare than the most pigdiugkeena sockeye lakes (Babine,
Kitwanga).

The rearing capacity estimates in Figure 2 assak®rearing capacity, and not
spawning ground capacity or predation, is the prynfinitation to juvenile production in
Skeena sockeye lakes. In cases where this is nPfRsmodel estimates of Rmax and
Smax for Skeena lakes will be biased high andiweé#d to be adjusted downwards to
account for other limiting factors. However, prelmary examination of the very limited
ancillary spawning capacity data for Skeena lakest ¢olumn Table 1) is somewhat
inconclusive regarding what actual or “better” spaw capacities might be, especially
as they do not take possible lake spawning habitatccount.

Habitat-based juvenile status in the Skeena secledes surveyed to date is
variable across the watershed (Figure 3), with B50$urveyed lake CU’s being less than
15% of Rmax rearing capacity (red), 7 of 15 surdelgde CU'’s being less than 55% of
Rmax rearing capacity (yellow), and 3 of 15 lake’€heing greater than 55% of rearing
Rmax capacity (green). Lakes with poor or conceyfivenile status include Bear,
Lakelse, Kitsumkalum, Morice, and Swan.

Habitat-based spawning status (2005-2010) in tlee&k sockeye lakes surveyed
to date is also variable across the watershed (&) with 4 of 14 surveyed lake CU’s
being less than 15% of Smax spawning capacity (#edj 14 surveyed lake CU’s being
less than 55% of spawning capacity (yellow), ared 54 lake CU’s being greater than
55% of spawning capacity (green). Lakes with paaramcerning spawning status
include Bear, Kitwanga, Morice, and Swan.

One might expect greater correspondence betweenijewstatus shown in Figure
3 compared to adult spawning status shown in FiguFer example, Alastair Lake
scores “yellow” and “green” for juvenile and spangpistatus respectively; while
Kitsumkalum Lake scores “red” and “green” for juiterand adult spawning status
respectively. Overall, a higher proportion of sy lakes are below the upper
benchmark when scored for juvenile abundance caedparspawning abundance. Note
that CU status on both metrics is associated witle wonfidence limits that, in many
cases, overlap lower and upper benchmark boundaries

Part of the explanation may be the time perioddpassessed for spawning
abundance (2005-2010) does not properly align thighspawners that actually produced
the surveyed juvenile abundances (all of the 2Q0@rsd so some caution is needed in
interpretation. It is also possible that factoifeeting juvenile status are different than
those affecting spawning status. Other sourcesrof would include incorrect
Rmax/Smax estimates due to spawning ground liraitathcorrect conversion factors
being used to estimate Smax spawners, and/or enrtie escapement data series being
used to assess status.



Finally, this analysis does not provide statussfame Skeena sockeye lake CU’s
that are data deficient or difficult to monitor.rFexample, while estimates of Rmax and
Smax actually exist for almost all Skeena sockeke ICU’s (Table 1), some smaller
lakes (Atna, Dennis, Aldrich, Kluatantan, Kluay&zgintine, etc, Table 2) are difficult to
regularly monitor because of small size and/ortioca Status for data deficient CU’s
can perhaps be inferred from geographically sin@lals that are being monitored (Holt
et al 2009). A similar approach is taken by Kornaad Cox-Rogers (2012), who suggest
using a hierarchical Bayesian model to providedis&ibution of productivities for 16
Skeena sockeye lake CU’s where stock-recruit gataigsing.

Conclusions

The results of the habitat-based assessments prddere can be compared
against those from stock-recruit based status ssssegs (Figure 12 of Korman and Cox-
Rogers 2012) or against synoptic-survey assessmemtdeing completed (Blair
Holtby, DFO, pers comm.). As with all metrics cuntlg being used to evaluate status
and develop benchmarks for salmon CU’s in Britighuthbia under the Wild Salmon
Policy (abundance, trends in abundance, distribyaiad fishing mortality, Holt et al
2009) different assessments of WSP status (cdigre)etric, or approaches within
metrics, can be expected (Holt et al 2009, Geaat 2011). It is anticipated that
assigning overall CU status and establishing beacksifor Skeena sockeye CU’s will
require consideration of all technical assessmagmsgucted to date.
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Cultus Lab | Cultus Lab Rmax Rmax Rmax Smax Smax Smax Smay

Lirnnological  Juvenile estimated (2012) 5% lower 95% upper estimated 95% lower 95% upper estimated (1952)
Lake  Assessment Assessment Sm. Biomas (kg/ha) Sm. Biomas (ko/ha)  Sm. Biomas (kofha) SPEWNErS SPAWNErS SpEWNers SpEWNers
Alastair 1956 1994 8.27 5.03 11.51 23437 14280 32624 37000
Lakelse 2003 2003 6.00 3.65 8.35 35916 21837 459995 95000
Swan 2002 2002 295 1.79 4.11 21432 13031 259833 15000
Stephens 2002 2002 8.70 5.29 12.11 7063 4208 5840
Club 2002 2002 360 219 5.0 583 358 820
Morice 2002 2002 B5.00 365 8.35 191362 116348 2BB376
Afna no na
tazxan no no
Slamgeesh 2001 2001 2.30 1.40 3.20 423 287 589
Kitwanga 2003 2003 17.00 10.34 2366 36584 22485 51482
Kalum 19965 1993 270 164 376 20531 12483 28579 42000
tcDonnel 2001 2002 430 261 599 4072 2478 5BEE
Dennis 2001 2001 5.30 3.22 7.38 1091 663 1519
Aldrich 2001 2001 420 2.55 5.85 1116 679 1553
Johanson 2004 2004 5.00 3.04 5.96 2723 1656 3790
Sustut 2004 2004 270 164 376 2775 1687 3863
Bear 2003 2003 5.30 3.22 7.38 40532 24643 56421 16000
Asitka no no
Matrison 1996 1994 3.20 4.99 11.41 44587 27109 G2085
Babine 1955 1995 10.00 6.08 1352 1608245 1099413 2817077
Azuklotz 2003 2003 B.ED 4.01 9.13 55933 3607 8250
Damshilgwit 2001 2001 2.30 1.40 320 423 257 589
Johnston 2008 2005 5.40 3.28 782 4125 2808 9742
Kluatantan no no
Kluayaz 2004 ho
Sicintine 2004 na
Spawning no no
Motase 2003 2003 1.10 0.67 1.53 1764 1073 2455
Bulkley ho no

Mote Rmax and Smax are the averages of available Cultus lab capacity estimates provided by Hume 2012 for the following lakes:
Lakelse, Swan. Morice, Kitwanga, Bear
Mote Damshilgwet Rmax/Smax is using Slamgeesh

Table L Estimated Rmax juvenile (smolt biomass in kgtaee) and Smax spawners
(n) from the PR model for surveyed Skeena sockaes|, with associated 95%
confidence limits. Updated data from Cox-Rogeral €2010). Also shown, (last
column), are independent estimates of spawningotigp@&cap) from visual survey
estimates for some Skeena sockeye lakes condurcirett (1952).



Cultus Lab Surveys | Cultus Lab Surveys SFC Surveys SFC Surveys SFC Surveys SFC Surveys Avg Survey

reported reported reported reported reported reported Density (2000's)
Lake Sm. Biomas (ketha) | Srn. Biornas (ka/ha) S Biornas (kgsha) | Sm. Biomas (kgtha) | S, Biomas (kadha) S, Bioras (kgéha) | Sm. Biomas (kg/ha) Prop Rroasx
Alastair 339 177 19 1.84 0.22
Lakelse 1.80 0.95 0.80 1.10 0.60 o70] 0.83 0.14
Swan 063 0.38 0.10 i 0.24 0.08
Stephens 1.88 3.10 2.49 0.29
Club 0.11 0.1 0.03
Marice 0.17 0.16 0.13 0.14 002
Atna
Maxan
Slamgeesh 1.96 1.96 0.8s
Kitwanga 018
Kalurn 0.20 0.50 o2/ 0.35 0.13
tcDonnel 0.50 2.00 1.00 1.20 2.00 1.42 0.33
Dennis
Aldrich
r

Johanson 037 241 0.60 1.51 0.30
r

Sustut 1.58 0.10 1.20 065 0.24
r

Bear 0.35 0.38 0.10 0.24 0.0s

Asitka

Maortison 162

Bahine

Azuklotz 1.82 0.50 1.168 0.18

Darnshilgpwit 1.96 1.96 0.8s

Johnston 3.04 5.10 407 075

Kluatantan

Kluayaz

Sicintine

Spawning

Motase 0.08 0.40 023 0.1

Bulkley

Table 2. Measured juvenile densities (smolt biomass ihéctare) for surveyed Skeena
sockeye lakes. The 2000’s average and the propdRioax this represents.
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Figure 1. Productivity of Skeena sockeye lakes, asseseeatiteasured mean seasonal
photosynthetic rate. Data from Cox-Rogers et al @@vith updates provided by DFO’s
Cultus Lake Research Unit (2012).
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Figure 2. Maximum juvenile rearing capacity of Skeena sgekiekes (Rmax smolt
biomass as kg/hectare), estimated from the PR mbDdéh from Cox-Rogers et al (2010)
with updates provided by DFO’s Cultus Lake Rese&hatt (2012).
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Figure 3. Current juvenile abundance status of Skeenaeyeclakes expressed as
proportion of Rmax lake rearing capacity. Shownthesaverages (dots) for available
surveys conducted from 2000-2011, with 95% configdimits about the averages
incorporating uncertainty in the Rmax estimates Uipper dashed line represents a
possible upper juvenile abundance benchmark of B&%x rearing capacity. The lower
dashed line represents a possible lower juveni@addnce benchmark of 15% Rmax
rearing capacity.
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Figure 4. Current adult spawning abundance status of $keeckeye lakes expressed
as proportion of habitat-based Smax spawning cgp&itiown are the averages (dots)
for from 2005-2010, with 95% confidence limits abthe averages incorporating
uncertainty in the Smax estimates. The upper daémedepresents a possible habitat-
based upper spawning abundance benchmark of 55% §yawning capacity, which is
similar to Smsy of Holt et al (2009) The lower deghines represents a possible habitat-
based lower spawning abundance benchmark of 15% Spaavning capacity, which is
similar to Sgen of Holt et al (2009).
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Figure 5. Traffic light analysis of spawning abundance stdtar Skeena sockeye lakes
1980-2010 (columns), based on spawning escaperatnpcesented in English et al
(2011). Cells shaded red represent spawning aboedarthat year less than a lower
benchmark of 15% of habitat-based Smax, which pg@pmate to Sgen of Holt et al
(2009). Cells shaded green represent spawning abgedn that year greater than an
upper benchmark of 55% of habitat-based Smax, wkiapproximate to Smsy of Holt
et al (2009). Cells shaded yellow represent stag¢tween the lower and upper
benchmarks. The last column reports status fontg@©05-2010) average spawning
abundance, which is also plotted in Figure 4. ©@ata deficient).






