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1.0 Introduction

This report presents results from an assessmentrmérability of freshwater habitat in the Carib@bilcotin to
the effects of climate change, the methods of whiehsummarized in a separate docum@ection 2.0 Spatial
extent— provides maps of distribution of bull trout, @bok salmon, and coho salmon modeled throughout the
study areaection 2.}, and the spatial boundaries delineating alteveatiays of distinguishing among
population groupsSection 2.2— watersheds (for bull trout and coho), salmongaovation Units (for Chinook
and coho), and sub-populations (for coho). Se@ifrStream flows- provides a map of the stream “nodes” at
which flow predictions were available and broadisdéustrations of historic (1961-1990) and fut2020s,
2050s, and 2080s) conditiorSection 3.1 Past conditions represent the “base” case fimpewison and future
conditions are represented by “best” and “worst8ecautcomes across six modeled futures. Streans thoev
measured by summer low flows for reari@g€tion 3.2 and summer-fall bypass flows for spawnigg¢tion
3.3) across 18 locations. Section 4.0 Stream tempesstisimilarly provides a broad-scale illustrationttod
historic (1961-1990) and future (2020s, 2050s, 208Ds) stream temperature conditions as represbwptee:
annual maximum of a 7-day moving average water ézatpre $ection 4.1 Thermal habitats are summarized
in terms of their suitability for bull trouSection 4.2 Chinook salmonSection 4.8 and coho salmorsgection
4.4) using the species distribution layers and bougeddor population groupings as presente8eation 2.0

2.0 Spatial extent

2.1 Species distributions
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Figure 1.  Baseline distribution of bull trout in the Carib@hilcotin study area. Suitable reaches for buolithabitats
are dark grey, those not suitable are light grey.

! Nelitz, M., M. Porter, K. Bennett, A. Werner, Kryan, F. Poulsen, and D. Carr. 2009. Evaluating/theerability of freshwater fish
habitats to the effects of climate change in thelBa-Chilcotin: Part | — Summary of methods. Regrepared by ESSA Technologies
Ltd. and Pacific Climate Impacts Consortium forgeaSalmon and Watersheds Program, B.C. Ministneironment, and Pacific
Fisheries Resource Conservation Council.

1 ESSA Technologies Ltd.
Pacific Climate Impacts Consortium



Figure 2.

Figure 3.
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Baseline distribution of Chinook salmon in the @an-Chilcotin study area. Suitable reaches for Gbln

salmon habitats are dark grey, those not suitakeléght grey.
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Baseline distribution of coho salmon in the Cariligilcotin study area. Suitable reaches for cothmea

habitats are dark grey, those not suitable are goty.
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2.2 Population delineations
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Figure 4. Watershed boundaries for all fourth order or higlitinages draining into the Fraser River. Used to
summarize thermal habitats for bull trout and cshlmon.
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Figure 5.  Spatial boundaries @onservation Units for Chinook salmon in the Capi§ghilcotin — Middle Fraser, spring
timing CU in dark shading, Middle Fraser, summanitig in light shading, Middle Fraser, Portage towh
to be shown (CUs from Holtby and Ciruna 2007).
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Figure 6.

Figure 7.

Spatial boundaries of draft stock units for Chikgalmon in the Cariboo-Chilcotin (C. Parken, Dip@xs.
comm.).

Spatial boundaries for sub-populations within thgper Fraser population of Interior Fraser coho salm
Middle Upper Fraser sub-population delineatedgi#t lshading, Upper Upper Fraser sub-population
delineated as dark shading. The Middle Fraser Geasen Unit includes both of these sub-populations
(Holtby and Ciruna 2007).
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3.0 Stream flows
3.1 Historic (1961-1990) and future (2020s, 2050s, and 2080s) conditions

Figure 8.  Spatial orientation of “nodes” at which flow dat@ne summarized across the study area. Flow rdaaults
Sections 3.2 and 3@esent data from these “nodes”.

5 ESSA Technologies Ltd.
Pacific Climate Impacts Consortium



Figure 9. Minimum flow of a 7-day rolling average betweenyliland October 1 as a percentage of Mean Annual
Discharge, calculated across 18 flow nodes fostotic reference period (1961-1990).
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Figure 10. Maximum flow of a 7-day rolling average betweenyJlh and October 15 as a percentage of Mean Annual
Discharge, calculated across 18 flow nodes fostotic reference period (1961-1990).
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Figure 11. “Best” case outcome (i.e., least change in low fpaut of six climate change scenarios. Top pasmlasents locations with low flow concerns at three
time periods (2020s, 2050s, 2080s), while the Ibofanel represents changes from baseline predidtioRigure 9.
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Figure 12. “Worst” case outcome (i.e., greatest change inflows) out of six climate change scenarios. Topgbaepresents locations with low flow concerns at
three time periods (2020s, 2050s, 2080s), whildtiteom panel represents changes from baselinécgioat in Figure 9.
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Figure 13. “Best” case outcome (i.e., least change in bypasssj out of six climate change scenarios. Top pe@esents locations with bypass flow concerns at
three time periods (2020s, 2050s, 2080s), whildtitom panel represents changes from baselinécgicets in Figure 10.
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Figure 14. “Worst” case outcome (i.e., greatest change in byfilaws) out of six climate change scenarios. papel represents locations with bypass flow corscern
at three time periods (2020s, 2050s, 2080s), whdébottom panel represents changes from baselutctions in Figure 10.
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3.2 Suitability of low flows for rearing
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3.3 Suitability of bypass flows for spawning
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Figure 16. Maximum flow of a 7-day rolling average betweernyJUs and October 15 as a percentage of Mean Aridigaharge for historic and future time periods.
13




4.0 Stream temperatures
4.1 Historic (1961-1990) and future (2020s, 2050s, and 2080s) conditions

Figure 17. Predicted thermal classes for a historic refergrec@d (1961-1990) for third order and larger basioross
the Cariboo-Chilcotin study area.

14 ESSA Technologies Ltd.
Pacific Climate Impacts Consortium



ECHAM5 Al1B CGCM3 B1 CGCM B1

Figure 18. “Best” case outcome (i.e., least change in theiaalses) out of six climate change scenarios. Boglprepresents predicted thermal classes over thre
time periods (2020s, 2050s, 2080s), while the Ibotanel represents shifts in thermal classes (&sify legend) from baseline predictions in Figlire
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HADCM3 A1B HADCM3 A1B HADCM3 A1B

Figure 19. “Worst” case outcome (i.e., most change in thertedses) out of six climate change scenarios. Boglprepresents predicted thermal classes over thre
time periods (2020s, 2050s, 2080s), while the bofanel represents shifts in thermal classes (&slity legend) from baseline predictions in Figlie
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4.2 Suitability for bull trout
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Figure 20. Linear extent (km) of thermal habitat classes axBrglge River watershed in a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bds)plo
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Figure 21. Linear extent (km) of thermal habitats acr@sicotin River watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 22. Linear extent (km) of thermal habitats acr@sirn Creek watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 23. Linear extent (km) of thermal habitats acrbss/er Creekwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 24. Linear extent (km) of thermal habitats acr@asesnel Riverwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 25. Linear extent (km) of thermal habitats acr&s&ton Riverwatershed in a historic (1961-1990) and three &utur
time periods (2020s, 2050s, and 2080s) under @rafhglimate change scenarios (box plots).
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4.3 Suitability for Chinook salmon
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Figure 28. Linear extent (km) of thermal habitat classes actheMiddle Fraser spring timing Conservation Unit for
Chinook as compared across a historic (1961-198@}lree future time periods (2020s, 2050s, an®£08
under a range of climate change scenarios (bog)plot
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Figure 29. Linear extent (km) of thermal habitat classes actheMiddle Fraser summer timing Conservation Unit

for Chinook as compared across a historic (196101 8ad three future time periods (2020s, 2050s, and
2080s) under a range of climate change scenariosyots).
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Figure 30. Linear extent (km) of thermal habitat classes actheMiddle Fraser Portage Conservation Unitfor

Chinook as compared across a historic (1961-198@}lree future time periods (2020s, 2050s, an®£08
under a range of climate change scenarios (bog)plot
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Figure 31. Linear extent (km) of thermal habitat classes acthe Cariboo-Chilcotin for areas not captured wwitibove
Conservation Unit boundaries for Chinook as comghai@oss a historic (1961-1990) and three futune ti
periods (2020s, 2050s, and 2080s) under a rangi@ndte change scenarios (box plots).
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Figure 32. Linear extent (km) of thermal habitats acr8sger Creek stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 33. Linear extent (km) of thermal habitats acr8sg Creek stock unitin a historic (1961-1990) and three future
time periods (2020s, 2050s, and 2080s) under &rafhglimate change scenarios (box plots).
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Figure 35. Linear extent (km) of tnermai napitats acr@sslko River stock unit in a nistoric (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 36. Linear extent (km) ot thermal napitats acr@sirn Creek stock unit in a nistoric (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 37.

Linear extent (km) of thermal habitats acr@sgtonwood Creek stock unitin a historic (1961-1990) and
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Figure 38. Linear extent (km) of thermal habitats acrekssefly River stock unit in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 39. Linear extent (km) of thermal habitats acrbssver Cariboo River stock unit in a historic (1961-1990) and
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Figure 40. Linear extent (km) of thermal habitats acrbssver Chilcotin River stock unit in a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bds)plo
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Figure 41. Linear extent (km) of thermal habitats acrb&sckin Creek stock unit in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 42. Linear extent (km) of thermal habitats acrbsscosli Creek stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 43. Linear extent (km) of thermal habitats acrbks/er Creek stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 44. Linear extent (km) of thermal habitats acr®sstage Creek stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 45. Linear extent (km) of thermal habitats acr@sesnel River stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 46. Linear extent (km) of thermal habitats acr8ssin River stock unitin a historic (1961-1990) and three future
time periods (2020s, 2050s, and 2080s) under arahgimate change scenarios (box plots).
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Figure 47. Linear extent (km) of thermal habitats acrdsseko River stock unitin a historic (1961-1990) and three
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Figure 48. Linear extent (km) of thermal habitats acrbggper Cariboo River stock unitin a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bds)plo
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Figure 49. Linear extent (km) of thermal habitats acrbggper Chilcotin River stock unit in a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bds)plo
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Figure 50. Linear extent (km) of thermal habitats acr@ésst Road River stock unitin a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 51. Linear extent (km) of thermal habitats acr@édliams Lake River stock unit in a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bdg)plo
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4.4 Suitability for coho salmon
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Figure 52. Linear extent (km) of thermal habitat classes actheMiddle Fraser Conservation Unit for coho as

compared across a historic (1961-1990) and threreefiime periods (2020s, 2050s, and 2080s) undange
of climate change scenarios (box plots).
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Figure 53. Linear extent (km) of thermal habitat classes actheMiddle Upper Fraser sub-populationas compared

across a historic (1961-1990) and three future feréods (2020s, 2050s, and 2080s) under a rang@enadte
change scenarios (box plots).
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Figure 54. Linear extent (km) ot thermal habitat classes actheUpper Upper Fraser sub-populationas compared

across a historic (1961-1990) and three future pemods (2020s, 2050s, and 2080s) under a rangiatdte
change scenarios (box plots).
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Figure 55. Linear extent (km) of thermal habitats acrddisali Creek watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 56. Linear extent (km) of thermal habitats acr8s&ker Creek watershed in a historic (1961-1990) and three

future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 57. Linear extent (km) of thermal habitats acr8s&lge River watershed in a historic (1961-1990) and three

future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 58. Linear extent (km) of thermal habitats acr@ss1oe Riverwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 59. Linear extent (km) of thermal habitats acr@sicotin River watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 60. Linear extent (km) of thermal habitats acr@sirn Creek watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 61. Linear extent (km) of thermal habitats acrB&g) Creekwatershed in a historic (1961-1990) and three &utur
time periods (2020s, 2050s, and 2080s) under arahgimate change scenarios (box plots).
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Figure 62. Linear extent (km) or thermal habitats acr@sspard Creekwatershed In a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 63. Linear extent (km) of thermal habitats acrb&sckin Creek watershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 64. Linear extent (km) of thermal habitats acrbesosli Creekwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 65. Linear extent (km) of thermal habitats acrbs/er Creekwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 66. Linear extent (km) of thermal habitats acr@asesnel Riverwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 67. Linear extent (km) of thermal habitats acr8sdon Riverwatershed in a historic (1961-1990) and three &tur
time periods (2020s, 2050s, and 2080s) under arahgimate change scenarios (box plots).
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Figure 68. Linear extent (km) of thermal habitats acr8ssin River watershed in a historic (1961-1990) and three &utur
time periods (2020s, 2050s, and 2080s) under arahgimate change scenarios (box plots).

(o lVV)
1 @
500 t
£ 400
[y 4
<)
& 300
I ]
o
5200
N
i3]
100 é -
T |
O o o o o o o o o o o o
[e)] N [Te] o] ()] N n [ee] N n [ee]
(o)) o o o [0)} o o o o o o
— N N N — N N N N N N
o &
o (e}
[0)] [e)]
— —
cold-cool coolwater cool-warm
transition transition

Figure 69. Linear extent (km) of thermal habitats acr8seft River watershed in a historic (1961-1990) and three &itur
time periods (2020s, 2050s, and 2080s) under arahgimate change scenarios (box plots).
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Figure 70. Linear extent (km) of thermal habitats acr@ésst Road Riverwatershed in a historic (1961-1990) and three
future time periods (2020s, 2050s, and 2080s) uadange of climate change scenarios (box plots).
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Figure 71. Linear extent (km) of thermal habitats acr@é¢dliams Lake River watershed in a historic (1961-1990) and
three future time periods (2020s, 2050s, and 20803¢r a range of climate change scenarios (bds)plo
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