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The degree to which geophysical, 
biological and socio--economic systems 
are suscepVble to, and unable to cope 
with, adverse impacts. 

--IPCC 



Resilience 



To promote resilience you need to know vulnerability 

Vulnerability Resilience 



In ecology, resilience and resistance 

Common climate adaptaVon usage: 

 Resilience = Resistance + Capacity to recover 

 
 So ability to resist impacts is part of what is meant by 

most when using the term “resilience”. 



Describe the characterisVcs of an ideal “resilient” 
watershed or landscape. 

 Step 1: IdenVfy a list of watersheds. 

 Step 2: Select one. ( as a group or individuals) 

  Step 3: IdenVfy its characterisVcs that create and maintain 
resilience. 

 Step 4: Give a brief presentaVon with explainaVons 



Exposure ➔ SensiVvity ➔ Values 
To Impacts 
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AdapVve Capacity 
Inherent and by Human intervenVon 
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Exposure x Sensi5vity ÷ Adap5ve Capacity = Vulnerability 
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Loma Prieta (San 
Francisco USA) 1989 

 Magnitude 6.9 
 62 dead 
 4,000 injured 
 $6 billion in 

damages 

Hai5 2010 

 Magnitude 7 
 316,000 dead 
 300,000 injured 
 $14 billion in 

damages 
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Fire r isk signs. An indicator of 
vuInerability 



= Vulnerability to Wildfire 
We can adapt with: 
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 Heat 
 Wind 
 Temperature 
 Humidity 

Sensi5vity 
 Fuels 
 Fuel moisture 
 Topography 
  Fire suppression 

resources 
  Disaster response 

resources 

• Public Awareness 
  Maintaining fire suppression and disaster 

response resources, 
 Fuels treatments, 
 Remote fire detecVon, and so on. 



FuncVon of: 
 Wealth 
 Technology 
 EducaVon & ExperVse 
 InsVtuVons 
 InformaVon 
 Infrastructure 
 “Social capital” 

Having adapVve capacity does not mean it is 
used effecVvely 



 Climate impacts? 

 Which places are vulnerable? 

 Which places are resilient? 

 What areas are the best candidates for refugia? 

 Where will conflicts arise first, and worst? 

 PrioriVes for adapVve efforts? 

 Design context--sensiVve adaptaVons? 

 Further assessment, tracking, and monitoring? 



Can 
 
Could 

Should 



Vulnerability ➔ Priority seh n g 

Low Vulnerability High Vulnerability 

Low Values No Worries Watch 

High Values Refugia Priority 



Focus vs. Comprehensivity 

Ecosystemic & Socio-
economic is 
the ideal 
But do-able
 matters 
Start focused 



Umatilla NF 
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Aqua5c Values 
Water Uses 
Infrastructure 
Species & Habitats 

Water Uses 
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Exposure ranking 
Legend 
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West  Elk 



Erosion / Sediment ProducVon (SensiVvity) 

Runoff Response (SensiVvity) AcVviVes (Stressors) 

Watershed Hazards-- SensiVvit 
& Stressors 
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Species/Habitats X Erosion X Stressors Species/Habitats X Runoff Response X Stressors 



Overall sensit ivity 
Overlap of High Values X Sensitivity X Stressors  Risk Rankings Legend 

c:::J Forest Boundary 
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Unco mpa hgre 



Geographic 
Areas 

Exposure 
Ranking 

Value Risk 
Ranking 

Adjusted 
Vulnerability 
Ranking 

Uncompahgre 6 1 3 

Grand Mesa 5 2 4 
San Juans 4 6 6 
West Elk 3 3 2 

Upper Taylor 2 5 5 
Cochetopa 1 4 Upp er Taylor   1 



 Species? 
 Specific Habitats? 
 By exposure mechanism? 
 Sector? 
 Places – Watersheds someVmes ideal 

Reflects an ecosystems and ecosystems 
services approach 



Recommended Steps 
1. Set up the assessment. Iden5fy values. 

Define scenarios of change 

2. Assess Exposure 
3. Evaluate the sensi5vity of iden5fied 

values 
4. Evaluate and Categorize Vulnerability 
5. Set Priori5es for Adap5ve Responses 
6. Cri5que the Assessment 



Vulnerability will be greater in 

 Low diversity ecosystems 
  High stressors, cumulaVve effects, and 

populaVon pressure 

  Over--allocated and inadequate water 
supplies 

 Shallow, fragile, and dry soils 

 Species already in decline 

 Fragmented ecosystems 

 Threatened, endangered, and rare species 



~1400 Springs 

SCALE MATTERS! 



Vulnerability will be greater in 

 Highly dense populaVons 

 Low resources for health care 

 Low resources for disaster and emergency response 

 Over allocated, polluted, and inadequate water supplies 

 Low diversity of agricultural cropping systems 
 High proporVon of women and children in the 

populaVon 

 Serious exisVng problems 



 Terminology – don’t bog down 
 Don’t obsess about exposure 
 Review observaVons and projecVons 
 Agree on scenarios 

 Focus on sensiVvity 
 How to reduce it 

 Subwatershed (HUC--6) good for 
reporVng 



CC is a risk mul5plier 
 WHAT we can do it the same 
 WHERE and HOW MUCH we 

should do might change 



North Coast Climate Refuge? 
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Recommended Steps 

1. Set up the assessment. Iden5fy values. 
2. Assess Exposure 
3. Evaluate the sensi5vity of iden5fied 

values 
4. Evaluate and Categorize Vulnerability 
5. Set Priori5es for Adap5ve Responses 
6. Cri5que the Assessment 
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 Read this publicaVon (in 
References and Readings): 

 BCC_GTR_884 Watershed 
Vulnerability Assessment 
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 What is this report about? 
      What is the challenge to the USFS? Climate change, how will it affect ecosystems 

values and services, parVcularly those related to water, how to prepare/manage/ 
adapt? How to begin to develop insVtuVonal capacity to do this kind of work. 

 What are typical water resource values for USFS lands? (infrastructure, species, 
habitats, water supply) 

 How do they define watershed resilience? Ability to resist and recover from 
disturbance, impacts. What do you think "resilience" means? 

 What is exposure? 
 Where does exposure data come from? GCMs – downscaled to local predicVons 

for future climate, temp, rainfall typically. 
 Could be linked with hydrologic models to give stream flow, groundwater recharge 

rates. Hard to do this accurately, peak flows, droughts. 
 What is sensiVvity? 
 How does management affect sensiVvity? (some factors of sensiVvity are intrinsic 

– geology, locaVons, some are management related, harvest, roads. 
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      What is the discussion of HUC 4 5 6 about? (Hydrologic UnitCategory scale of 
watershed size – USGS delineaVon – enVre USA mapped. Scale or resoluVon. 
Larger scale may have more climate exposure data, but obscures finer trends. 

 Management best done at HUC 6 scale. See figure 3. 
 What is vulnerability (interacVon of climate exposure with values at risk and 

watershed sensiVvity) 
 What is an adapVve management response? (road work, buy water rights, grazing 

allotments, fire regimes, meadow funcVoning) 
 What if we find out a parVcular species is going to be extremely difficult to save? 

(Consider puh n g money somewhere else. Triage). 
 What are the advantages of local historical data? (it happened -- verified, 

management relevant, easy to Ve into local resource. Smaller scale data owen 
available, be; er than broad scale GCMs. 

 Discuss Figure 2. Provide examples of each of the bubbles and arrows in the figure. 
What point is the figure trying to illustrate? 



•  Discuss: two assumpVons – strong 
correlaVon exists between condiVon 
and resilience of watersheds, and 
climate change is one of many factors 
natural and human, that affect 
watershed condiVon and hydrology. – 
are these assumpVons realisVc? 

•  Discuss Figure 2. Provide examples of 
each of the bubbles and arrows in the 
figure. What point is the figure trying to 
illustrate? 
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 Report menVoned NEPA requirements and watershed 
condiVon work – an area staff have experience with. How can 
we learn more about NEPA and watershed condiVon 
assessments? 



 Describe the characterisVcs of an “vulnerable” 
watershed or landscape. 

 Which elements of vulnerability could be modified to 
make the place more resilient? 



 Which places (watersheds) should be our focus for reducing environmental effects and risk? Which 
areas are most in need of restoraVon? 

 Which places (watersheds) are good candidates for refugia, new protected areas? 
Which areas can anchor the conservaVon of species and ecosystem types? 

 Which places (watersheds) should be reviewed and assessed for the applicaVon of land management 
best pracVces to reduce climate impacts? 

 Which populaVons and communiVes are at greatest risk, so that they can receive priority for 
assistance in health delivery, disaster response readiness, migraVon, and educaVon and awareness? 

 Which values may be irretrievably lost, and which can be sustained? 

       Which areas will have the greatest conflicts, so that these can be pro--acVvely managed with land--use 
planning, water allocaVon, restoraVon, public awareness, and so on. Which areas are most at risk for 
water shortages? 

 Which species are at greatest risk of loss, and for which we may collect seed, consider assisted 
migraVon, habitat restoraVon, and establishing refugia for conservaVon? 

 What addiVonal informaVon, GIS layers, and analysis is most needed for the future? 

 Where and how should monitoring and evaluaVon be conducted? For how long? 

 What research is needed to resolve criVcal uncertainVes revealed by the VA? 



IniVally can be the most difficult step: 

  Climate change projecVons are available globally. Downscaled 

projecVons available in only a few places 

  What emission scenarios to use? 

  What Vme period? 

  What a ; ributes? 

Using globally available projecVons is sufficient for most VAs at this 

Important Finding from USFS assessment pilots: 
  Don't obsess about exposure projecVons & downscaled projecVon 

not necessary for most vulnerability assessments ---- focus on sens 
Uncertain about exposure, clear on values, sensiVvity to impacts, 
importantly, on adapVve capacity. 



Drought 

Cold spell 

Hot spell 

Early onset of rain season 

Delayed onset of rain season 
 
Heavy rain 

Flooding (rain), landslide 

Heavy storm, whirlwind 

Cold humid wind 
 
Hot dry wind 
 
Saline water intrusion/ winds 
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Choosing and Using Climate Change 
Scenarios for Vulnerability 

Assessments of California’s 
Salmonids 

Nate Mantua 
Southwest Fisheries Science Center 

Santa Cruz, CA 

SWFSC - FED 

33rd Annual Salmonid Restoration Conference 
Santa Rosa, CA        March 13, 2015 



Motivation 

•  California’s climate is extreme, and California’s salmonids 
are at the warm end of their range 
•  California’s climate has always been important for its salmon, and has 

likely become more important with lost and degraded habitats, and 
smaller and simplified fish populations (diminished portfolio effects) 

•  Climate is changing – need to develop an understanding for 
the space-time evolution of climate risks for California’s 
salmon to inform conservation and restoration planning 

 



Klamath River fish kill 2002 – a case where a 
short-term heat and drought amplified 
existing stresses on cold water 

Conservation concerns over 
the offspring from the 2002 
returns led to a curtailed 
CA/OR chinook season in 
2005, and sharp restrictions 
in 2006 

www.oregonwild.org 



•  Climate variability had a hand in this disaster too … this time it 
was terrible ocean conditions due to delayed upwelling 



2015: extended drought + a very warm ocean, a 
bad combination for California’s salmon 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 5 

March 2, 2015 
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•  Material in this presentation is based on this article, which was part of a special issue 
of Conservation Biology focused on Climate Change and the Endangered Species Act 

•  My goal today is to apply Snover’s general guidelines to the specific case of 
California’s salmonids 

Snover et al. (2013): Conservation Biology, 27: 1147–1157. doi: 10.1111/cobi.12163 
 



Snover et al. 2013 
•  Literature synthesis to support objective approaches 

to choosing and using future climate scenarios 
•  Addresses common misconceptions about the 

accuracy and utility of climate change projections 
•  Provides structured approach & general guidelines 

for C&U scenarios 
•  Examples from marine science, ESA-relevant 

assessments and others 



The challenge 

•  Effective use of climate change information is limited by 
misperceptions about the strengths and weaknesses of 
available information, the large and growing number of 
future climate scenarios, and best practices for coping with 
uncertainty in future projections 

•  3 key streams of uncertainty in future climate scenarios are (1) future 
greenhouse gas and aerosol concentrations, (2) climate model errors, 
and (3) natural variability in the Earth system (long-lived climate 
oscillations, El Niño, random climate wandering from “the butterflies”, 
volcanic activity, etc.) 



Coping with uncertainty:  
Addressing misperceptions about climate scenarios 
Myth Climate scientists can identify the “best” or most likely scenarios. 
Reality It is impossible to determine the “best” climate-change scenario due to 

uncertainty in future greenhouse gas emissions, climate model deficiencies, and 
natural climate variability 

Take home Choosing the “best” scenario for a particular analysis depends on characteristics 
of the biological system of interest and the associated decision context. 

Myth Because global climate models don’t always agree on the projected 
direction of change in important variables, their output is not useful. 

Reality Even in such cases, robust scenarios of future conditions can be developed 
when biological effects are dominated by changes in other, better-understood 
variables. 

Take home An essential first step for choosing relevant scenarios for analysis is 
understanding the primary local climate-related drivers of the biological system 
of interest. 

From	  Snover	  et	  al.	  2013,	  Table	  3	  	  



Selecting climate scenarios for ecological-impact assessments. 
Step 1: Begin with the end in mind 

X	  
Step	  #1:	  Iden;fy	  primary	  local	  climate	  drivers	  
of	  the	  biological	  system	  of	  interest	  
	  
1a:	  develop	  a	  conceptual	  model	  to	  iden;fy	  
climate	  effect	  pathways	  for	  the	  target	  species	  
or	  ecosystem	  
	  
1b:	  iden;fy	  the	  local	  climate	  drivers	  
	  

The	  top-‐down	  impact	  assessment:	  a	  common	  
method	  of	  assessing	  climate	  impacts	  



The salmon lifecycle, a 
terrific conceptual model for 
identifying climate effects 

Their complex lifecycle that 
includes freshwater spawning and 
rearing, (sometimes) estuary 
rearing, and an extended ocean life 
for growth and maturation puts 
them in highly dynamic climate-
driven habitats.  
 
Climate effects …  
•  freshwater habitats: flow and 

temperature 
•  estuaries: temperature, FW inflows, 

sea level rise  
•  ocean: upwelling, currents and 

related ocean conditions 



Selecting climate scenarios for ecological-impact assessments. 
Step 2: Determine appropriate sources of information  

Can I use GCM output directly?  
Do I need to use downscaled data? 
Where do I find information about my 
local climate driver?  
•  Decision-tree and guiding 

questions for selecting among 
GCM output, downscaled data, 
output from intermediary impacts 
models 

•  Choice depends on how well 
processes controlling local climate 
are spatially resolved 

 
Benefits from expertise in climate/
climate impacts modeling 

Climate drivers of key 
habitat pathways: 
Freshwater Flow and T:  air 
temperature and precipitation drive 
hydrologic responses 
Estuaries: again, air temperature and 
precipitation drive hydrologic inputs 
from upstream; sea level rise is key 
driver on the ocean side 
Ocean: surface winds, both local and 
basin scale, key for coastal upwelling 
and currents 



Selecting climate scenarios for ecological-impact assessments. 
Step 2: Determine appropriate sources of information  

Freshwater:  typically use hydrologic models to translate downscaled air 
temperature and precipitation into hydrologic responses 
 
Estuaries: inflows from output of a hydrologic model; sea level rise 
scenarios from climate models may be adequate; a variety of estuary 
habitat models have been used in different studies 
 
Ocean: key for coastal upwelling is high-resolution surface winds; may 
need to use regional, high-resolution ocean-atmosphere models to 
account for feedbacks between surface winds and surface temperatures 
(these models are just now being developed and operated in climate 
studies) 
 



Selecting climate scenarios for ecological-impact assessments. 
Step 3: Select (a subset of) scenarios for analysis 
Objectively select (a subset of) scenarios for use in impact 
assessment based on:  
•  whether climate-model errors significantly affect model sensitivity 

to global warming 
•  effect of natural climate variability 
•  time horizon of associated decisions 
•  observed emission trends 
•  decision context and risk tolerance 
Guidance & examples provided for each case 
Requires knowledge of decision context – time frame, risk tolerance, 
reversibility, etc., as well as expertise in climate science & system of 
interest 



A bracketing 
approach 
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From the Bay Delta Conservation Plan 
Climate Change Strategy Whitepaper (2009) 

Precipitation Change (%) 
(2011-2040 Mean from 1971-2000 Mean) 
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 20+ different climate models, multiple 
future emissions scenarios, and each 
model is run multiple times == literally 
hundreds of future climate scenarios to 
choose from!  
 
•  At right, 4 future climate scenarios 

were selected from a much larger 
collection to represent warmest/
driest, warmest/wettest, least warm/
driest, least warm/wettest …  

The focus here was an impacts 
assessment for Central Valley hydrology 
and water resources 



Future Scenarios 
continued 
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2013 

2014 

You don’t need climate models to generate 
future scenarios for evaluating climate 
vulnerability 
•  The historical climate record has lots of 

informative variability, including extremes 
(see 2013 and 2014!) 

•  Paleoclimate records provide deeper 
insights into future climate possibilities 

•  You can generate synthetic climate futures 
(just make them up!) to evaluate climate 
sensitivity 
•  This is especially valuable when you 

have an easy to run quantitative 
model that uses climate inputs 

•  an option for the challenging problem 
of future ocean conditions 



Take Home 
•  For future climate scenarios relevant to California’s salmon 
•  Key climate-driven pressure points include stream flow 

and temperature, sea level rise and hydrologic impacts on 
estuaries, and ocean conditions 

•  Many future scenarios are available for California’s air 
temperature, precipitation, hydrology, and sea level rise 

•  Some are available for stream flow and coastal upwelling 
winds 

•  very few available for comprehensive ocean conditions 
•  We recommend interaction among climate scientists, natural 

and physical scientists, and decision makers throughout the 
process of choosing and using climate-change scenarios for 
ecological impact assessment 



California golden trout: can their warming 
streams handle cattle grazing and climate 

change? 
Kathleen R. Matthews 
USDA PSW Forest Service Research 
Sebastien Nussle & Stephanie Carlson 
UC Berkeley ESPM 



California Golden Trout 
 

•  California’s state fish; one of few native 
fish >8000 ft; inhabits  high elevation 
meadow streams in the southern Sierra 

•  Native to South Fork Kern River and 
Golden Trout Creek; not native to lakes  

•  Most of its native range now within 
Golden Trout Wilderness 



Golden Trout 
Wilderness 
encompasses 
most of the 
subalpine 
meadows of the 
Kern Plateau—
all meadows 
grazed since the 
1800s 



Non-native trout 

Climate warming 

Degraded habitat from cattle grazing 

Limited distribution and in headwaters 

Loss of  genetic 
diversity 

Can Golden 
Trout handle 

another stressor? 



Climate change: some factors that may influence golden 
trout and their habitat 

•  Decreased snowpack—may be more dramatic at 
lower elevation (<9000 ft) 

•  Earlier snowmelt some year-round mountain 
streams going dry by summer  

•  More sediment scouring from increased 
precipitation 

•  Increasing water and air temperatures- 2-5oC 
over next 100 years 



How are they doing?? 
•  Were threatened by exotic trout 
•  Genetic integrity imperiled 
•  Very dense, stunted populations 
•  Stream habitat degraded 
•  Water temperatures are high  
•  Limited distribution & at the headwaters 



Cows and Meadow streams- all of  the GTW streams have 
been grazed 



What happens to trout with warmer (>21oC) water 
temperature? 

•  Increased metabolism/decreased growth 
•  Increased susceptibility to disease/fungal 

infections 
•  Decreased survival/low condition 
•  Dissolved oxygen becomes lower 
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Predicted climate change 
effects 

Known effects of cattle 
grazing 

Combined—double	  whammy??	  

Increasing water and air 
temperatures- 2-7oC	  

Reduced streamside 
vegetation and widened/
shallow streams 
lead to higher water 
temperatures  

Lethal water temperatures for salmonids 

Reduced snowpack, less 
water availability, reduced 
vegetation growth 

Reduced streamside 
vegetation from grazing and  
subsequent bank instability 

Inability to keep to stream cool--lethal 
water temperature and reduced dissolved 
oxygen 
 

What can we do? 
Climate adaptation 

Current condition Action 

Need resilient stream 
ecosystems to adapt to 
future warming 

Low resiliency to future 
warming and little 
opportunity for recovery 

Beschta et al. (2013) recommend 
eliminating grazing (especially in 
wilderness) to ensure stream habitats can 
tolerate future warming 

Climate change and cattle grazing—similar stressors to aquatic systems 



“Livestock grazing exacerbates climate change 
effects on stream, riparian, and upland natural 
resources.” 
 
“Greatly reducing public land livestock grazing… 
would reduce the susceptibility of.. resources to 
climate change.” 
 

Livestock grazing in the West: Sacred cows 
at the public trough revisited—AFS 
Fisheries (8/14) President’s Commentary 



Golden Trout Wilderness 
temperature vulnerability assessment 

Quantified stream water temperatures, shading & 
dissolved oxygen (DO) in three meadows: Mulkey, 
Ramshaw, and Big Whitney 

90 temperature probes record data 
every 20 minutes  



Preliminary findings/concerns from 2008-2013 

•  Maximum temperatures in summer reach 26oC, up 
to 55 days w/water temperature exceeding 20oC 

•  Diel (24 hr) fluctations range up to 15oC  
•  Stressful combination of high temperature and low 

shading 
•  Streams don’t have resilience to future warming 
•  CGT are in the headwaters, no place to go 



Summer mean water temperatures-Mulkey, Ramshaw & Big Whitney 



Thunderstorms	  

Summer range of water temperatures—all 3 meadows 
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Solar input high (>90%) & shading low (<10%) 

50-80% shading considered 
good 



Water temperature varies throughout stream 

•  Shaded undercut bank, 1 m 
deep 

•  Coolest temperatures found 
here 

•  Open to solar radiation, .2 m 
deep 

•  Highest temperatures found 
here 









Willow numbers and heights inside and outside 
Mulkey cattle  exclosures  

N=1052 
Inside (ungrazed) = 976 (93%) 
Outside (grazed)= 76 (7%) 





N=1052 
Inside (ungrazed) = 976 (93%) 
Outside (grazed)= 76 (7%) 



Minimum 
temperature 
higher w/willows 

Max 
temperature 
lower w/willows 
 

Solar radiation 
higher/shading lower  
outside cattle exclosure 
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Some stream sections exceed 20oC >55 
days 



Ramshaw meadow recovering stream areas, 
water temperatures did not exceed 19oC 
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What is thermally “suitable habitat” 
for golden trout? 

•  For most trout, upper tolerance is 20-24oC 
•  Nothing is known regarding temperature 

tolerances for golden trout 
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Golden trout growth and water 
temperature 

???? 



Is CGT stream habitat resilient to climate 
warming? 

 •  No! None of the streams withstand 
increased warming  

•  Interim thresholds for conservation?? 
•  Restoration should prioritize keeping 

streams cool 

 
 



Climate	  change	  
	  
Warmer	  temperature	  &	  
reduced	  snowpack	  
predicted	  to	  increase	  
water	  temperatures	  

CaQle	  grazing	  
	  
Reduced	  streamside	  
vegetaTon	  and	  widened	  
streams	  have	  led	  to	  
increased	  water	  
temperatures	  

Can	  Golden	  Trout	  handle	  both	  stressors??	  

??? 



Of the 12 million acres of 
federal land in the Sierra 
Nevada 

3.7. million acres (30 %) are  

Designated Wilderness  

Federal Wilderness in 
the Sierra Nevada 



Wilderness Act of 1964 
“An area of wilderness is further defined…to mean an area of 

Federal land retaining its primeval character and influence…which 
is generally protected and managed to preserve its natural 
conditions and which generally appears  to have been affected 
primarily by forces of nature, with the imprints of man’s work 
substantially unnoticeable” 



“Removing or reducing livestock across large areas of 
public land would alleviate a widely recognized and 
long-term stressor and make these lands less susceptible 
to the effects of climate change.” 
 
 
“we recommend removing livestock …from national 
parks, monuments, wilderness areas, and wildlife 
refuges wherever possible…” 
 

Beschta et al. 2013 Environmental Management 
article on Grazing and Climate Change 



California Golden Trout Resilience Strategy 

 

•  Focus on management actions that cool streams and 
increase resiliency—restoration 

•   Set aside refuges or reference sites in Wilderness– areas 
that minimize or eliminate activities such as grazing that 
render stream habitats less resilient to increased warming  

•  Open question—Can we have resilient salmonid streams 
and cattle grazing?? 



Funded by: USDA Forest Service Pacific 
Southwest Research Station, National Fish 
& Wildlife and the Sierra Pacific Flyfishers 
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