






 Orientation of Drainages - Utah
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Vulnerabilities of stream and river 

ecosystems in the context of climate 

change
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Vulnerability: susceptibility of a system to 

sustaining damage from climate change, 

including variability in climate 

8 IPCC 2001



 
  

West/Southwest & Climate  

Change 

Projections 

• temperatures  will warm (up to +4.6 oC (NCAR)) 

• precipitation is projected to decrease, but intensity may increase 

in winter  months (Schoof et al. 2010) 

• runoff likely decrease 

• likely increases  in droughts, especially  southwest 

9 

Seager et al. 2007 
Christensen & 

Lettenmaier 2007 



 

 

 

Western US – Changes in 

Temperature and Precipitation 

10 
Gutzler and Robbins 2010



 

Palmer Drought 

Severity Index 
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Gutzler and Robbins 2010





 

 

Which areas and types of streams are 

most vulnerable to climate change? 

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 
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Vulnerabilities



 

   

 

 

 

   

   

 

 

  

Map of reference biomonitoring 

sites in the western/ southwestern 

U.S. 

We developed a map for this workshop that shows the spatial 

distribution of reference sites across the region. It is meant to 

help inform our discussion of: 

– landscape-scale vulnerabilities 

– understand the regional context and spatial distribution of sampling 

sites 

– identify candidate sites for long-term monitoring and testing 

hypotheses of climate-related effects on indicators

NOTE: This map does not include all reference sites in the region 

(i.e. it only includes state-designated reference sites provided by 

ID, MT, CO, UT and NM, and tribal sites from the Pyramid Lake 

Paiute Tribe). We would like to thank Chuck Hawkins, LeRoy Poff 

and David Herbst for providing lists of reference sites as well. 
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Reference biomonitoring sites in 

the western/ southwestern U.S. 

Criteria that were used to designate the reference sites are 

summarized in the Handout_RefSiteCriteria.docx handout. 

For this map, “least disturbed condition” (LDC) or „„minimally 

disturbed condition‟‟ (MDC) may be more appropriate terms (See 

Stoddard, J., D. Larsen, C. Hawkins, R. Johnson, and R. Norris. 2006. Setting 

expectations for the ecological condition of streams: the concept of reference 

condition. Ecological Applications 16:1267–1276). 
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Reference Biomonitoring Sites in the 

western/southwestern U.S. 
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Vulnerabilities

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 
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What did we learn from the pilot studies?

ECOREGIONS 

Trends evident in Parameter-elevation Regressions 

on Independent Slopes Model (PRISM) annual 

average maximum and minimum air-temperature 

data (1974 to 2006) 

(PRISM Climate Group, Oregon State University, Corvallis, Oregon; 

http://www.prismclimate.org, data ) 
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PRISM MEAN ANNUAL AIR 

TEMPERATURE AND PRECIPITATION 

(AVERAGED ACROSS ALL SITES) 

Normal values (1971-2000) averaged across all sites in each ecoregion 

Level 3 Ecoregion n Mean Elevation 

(ft) 

Mean PRISM 

annual air 

temperature (C) 

Mean PRISM annual 

precipitation (mm) 

Mojave Basin and Range 4 2476.3 16.8 205.1 

Central Basin and Range 88 4823.4 9.6 403.8 

Northern Basin and Range 2 5806.0 8.4 358.1 

Colorado Plateaus 100 5904.6 8.6 318.0 

Wyoming Basin 3 6461.2 5.3 340.9 

Wasatch and Uinta Mountains 316 7279.6 4.9 562.7 

Southern Rockies 7 8317.6 5.9 717.6 

• More sampling sites in the Wasatch-Uinta mountains 

• Higher elevations  lower mean annual air temperature and 

higher precipitation 



 

 

 

   

 

    

   

   

   

   

    

    

   

LULC WITHIN 1 KM OF SITES (AVERAGED 

ACROSS ALL SITES) 

•Differences in LULC evident across ecoregions

% LULC within 1km buffer (Mean ± St Dev) 

Level 3 Ecoregion AGR URB FOR 

Central Basin and Range 41.4 ± 37.2 20.5 ± 30.5 19.9 ± 34.5 

Colorado Plateaus 4.4 ± 7.9 3.6 ± 7.5 76.7 ± 22.4 

Mojave Basin and Range* 0.6 ± 1.1 27.0 ± 34.6 64.0 ± 41.0 

Northern Basin and Range* 0 ± 0 2.0 ± 2.9 97.3 ± 3.9 

Southern Rockies* 0.1 ± 0.2 0 ± 0 99.4 ± 0.6 

Wasatch and Uinta Mountains 3.4 ± 11.4 3.7 ± 4.7 89.6 ± 17.2 

Wyoming Basin* 15.7 ± 27.1 2.5 ± 2.2 73.6 ± 27.2 

*values based on limited sample size (<10 sites)



   

 

 

 

 

 

Distribution of cold and warm water 

taxa - ECOREGION 

Cold and warm water taxa will be a focal point of many of 

our discussions because thermal preference metrics 

showed more consistent and noticeable trends than other 

indicators/metrics. 

• 4 individual sites with long-term data (9 or more yrs) 

o 2 in the Wasatch-Uinta Mountains 

o 2 in the Colorado Plateau 

• Evaluated site groups in each ecoregion 

o used more stringent LULC criteria (<5% urban and 

<10% agricultural within a 1 km buffer) 

24 



  

 

 

 

 

  

 

  Distribution of cold water taxa - Utah
FinalID #Sites 4927250 4936750 4951200 5940440 WU_SF WU_ME CP 

Ameletus 5 A P-1L P-1L A P-3L P-9L P-3L

Anagapetus 0 A A A A A A A 

Apatania 3 A P-11M P-2L A A P-2L A 

Bezzia 6 P-2L P-2L P-4L A P-11L P-6L P-5L 

Bibiocephala 1 A A A A A P-2L A 

Capniidae 6 P-1L A P-1L P-2L P-9L P-10M P-5L 

Chelifera 7 P-6L P-6L P-2L P-1L P-11M P-8L P-3L 

Chloroperlidae 7 P-6L P-10L P-1L P-9M P-19M P-12M P-7L 

Cinygma 1 A A P-2L A A A A

Cinygmula 7 P-2L P-4L P-5L P-1L P-14M P-10M P-8M 

Cultus 6 P-5L P-1L A P-1L P-8L P-6L P-3L 

Dicranota 5 A P-1L P-3L A P-11L P-5L P-5L 

Ecclisomyia 0 A A A A A A A 

Ephemerella 7 P-13M P-10M P-11M P-2L P-16M P-10M P-6M 

Glutops 1 A P-1L A A A A A 

Heterlimnius 0 A A A A A A A 

Ironodes 0 A A A A A A A 

Kogotus 1 A A A A P-1L A A 

Lepidostoma 7 P-8L P-8M P-2L P-6L P-11L P-8M P-4M 

Leuctridae 3 A A A A P-7L P-6L P-2L

Megarcys 2 A A A A P-1L P-2L A

Nematoda 6 P-7L P-9M P-8M A P-13M P-9L P-7L

Neothremma 4 A P-2L A A P-4L P-8M P-3L

Oligophlebodes 3 A P-1M A A A P-5M P-2L

 Oreogeton 2 A A A A P-2L P-1L A 

Parapsyche 2 A A A A P-1L P-2L A 

Pericoma 6 P-1L P-1L P-3L A P-15M P-6L P-3L 

Rhabdomastix 0 A A A A A A A 

Rhithrogena 7 P-5L P-6M P-2L P-9M P-13M P-8L P-6L 

Taenionema 5 P-1L A P-5M A P-3L P-3L P-2L 

Visoka 0 A A A A A A A 

Wiedemannia 3 A A P-1L P-1L P-1L A A 

Yoraperla 0 A A A A A A A 

More cold water 

taxa in Wasatch 

mtns 

#Sites refers to the number 

of sites or site groups at 

which the taxa occurs. 

A=absent. P=present. 

Relative abundance codes: 

L=low (<0.01), M=medium 

(0.01-0.1), H=high (>0.1) 

(M or H are in bold type). 

Guide to interpretation: P-

1L = present, occurred 

during1 year, low relative 

abundance (RA), P-11M = 

present, occurred during 11 

years, medium RA, etc. 
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Distribution of warm water taxa Utah

Warm water taxa

better 

represented at 

Colorado 

Plateau sites 

FinalID #Sites 4927250 4936750 4951200 5940440 WU_SF WU_ME CP 

Ambrysus 2 A A P-1L A A A P-4L 

Asellidae 3 P-1L A P-1L A P-1L A A

Caenis 1 A A A A P-1L A A 

Calineuria 1 A A A A A P-1L A 

Caloparyphus 2 A A P-2L A P-3L A A

Cheumatopsyche 6 P-4L P-3L P-3L A P-2L P-1L P-1L 

Coenagrionidae 3 A A P-3L A P-1L A P-4L 

Leptohyphidae 5 P-9L P-3L P-15H A P-8L A P-6M 

Maruina 2 A A A A P-1L A P-1L 

Microcylloepus 2 A A P-4M A A A P-2M 

Nectopsyche 0 A A A A A A A 

Ochrotrichia 3 P-1L A P-1L A P-1L A A 

Oecetis 6 P-7L P-1L P-1L A P-9L P-2L P-1L 

Ordobrevia 0 A A A A A A A 

Psephenus 0 A A A A A A A 

Tinodes 1 P-5L A A A A A A 

#Sites refers to the  number  of  sites 

or  site  groups at which the taxa 

occurs. A=absent. P=present. 

Relative abundance  codes: L=low 

(<0.01), M=medium (0.01-0.1), 

H=high (>0.1) (M or H are  in bold 

type). Guide  to interpretation: P-1L  

=  present, occurred during1 year, 

low relative abundance  (RA), P-

11M = present, occurred during  11 

years, medium RA, etc. 
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Distribution of cold and warm water 

taxa – Reference Sites only 

Low numbers of warm water taxa in both ecoregions;

Median # of cold water taxa slightly lower & median # of warmer water taxa

slightly higher in Colorado Plateaus;

Similar patterns at all sites (vs. just reference), but more „noise‟ 27 



Vulnerabilities

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 

28 

Vulnerabilities





  

  

 

Distribution of cold and warm water taxa

– Reference Sites Only 

•Higher median # cold water taxa at higher elevation sites (> 2000 m) 

•Low # warm water taxa at all the sites; slightly higher median # warm 

water taxa at lower elevation sites (< 2000 m) 

•Similar patterns at all sites (vs. just reference), but more „noise‟ 30 



Vulnerabilities

Considerations: 

•Ecoregions 

•Elevation 

•Stream size (Strahler order) 

•Land use 

•Groundwater inputs 

•Reference sites 

31 

Vulnerabilities





 

  

 

 

Size and position along stream

Stream temperatures are close 

to groundwater temperatures 

near source 

Streams warm in the 

downstream direction 

Diel variability increases 

initially, then declines due to 

thermal inertia of larger water 

volume 

33 

from Caissie (2006)





Vulnerabilities

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 
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Vulnerabilities



















What we did 

•  Collect 
urban and 
forest flow 
data 

44 





 

Indicators of Hydrologic Alteration 

(IHA) 

http://www.nature.org/initiatives/freshwater/conservationtools/art17004.html 

Conservation Biology 1996, v. 10(4) 
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What we found

Low Flow Metrics Land Use Climate 

Low Pulse Count Y Y 

Low Pulse Duration Y N 

1 day/3 day/7 day min N Y 

Extreme Low Peak N N 

Extreme Low Frequency/Duration Y Y 

Climate Swamps Land Use Effects

Climate: Magnitude ↓; Frequency ↑; Duration ↑; Timing ↓; Rate of Change NA 

Land Use: Magnitude NA; Frequency ↑; Duration ↓; Timing NA; Rate of Change NA 
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FutureFuture ClClimaimatete EfEffectfect LaLargerge ReRelalativetive toto 

LaLandnd UseUse 

MoreMore Frequent,Frequent, LoLongngerer,, LoLowwerer FlFloowwss 

inin “Fu“Futureture ClimaClimate”te” 

< 

 Low Flow Events

 

 

 

 

 

 

FutureFuture ClClimaimatete EfEffectfect SmalSmalll ReRelalativetive toto 

LaLandnd UseUse 

MoreMore Frequent,Frequent, ShoShorterterr, H, Higigher Flher Floowwss 

inin UrUrbanban 

> 
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High Flow Events 

Summary



Vulnerabilities

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 

49 

Vulnerabilities



  

   

  

 

  

 Regional  vulnerability to climate change

• Numerous factors drive stream/river thermal regimes 

• These lead to regional differences in thermal 

characteristics and responses to climate change 

50 

from Cassie et al. 2006

see also Poole and Berman 2001



 

 

 

   

Vulnerability - Temperature

Stream structure  resistance to warming and cooling:

• Insulating processes (e.g., channel width, riparian 

vegetation 

• Buffering processes  (e.g., hyporheic flow) 

51 
from Poole and Berman 2001 



    

Distributions of stream types

52 

from Poff and Ward 1989



    

 

 

 

    

 

Distributions of stream types – 

West/Southwest 

Regional variation: 

• mesic groundwater 

• winter rain 

• snowmelt 

• snow + rain 

• perennial flashy 

• intermittent flashy, etc 

from Poff and Ward 1989 

53 
How important is groundwater buffering, other 

buffering characteristics, in the west? 



Vulnerabilities

Considerations: 

• Ecoregions 

• Elevation 

• Stream size (Strahler order) 

• Land use 

• Groundwater inputs 

• Reference sites 

54 

Vulnerabilities





56

 Reference sites vulnerability to 

development 

56 



 

 

   

   

Reference sites vulnerability to 

development 

Future Scenario 

(A2) 

State 2000 2050 2100 

Mean of reference sites 

≥10% 

Maine 23% (26) 24% (26) 30% (32) 

North Carolina 20% (9) 27% (9) 40% (10) 

Utah 0% (0) 87% 

(2) 

64% 

(3) 

Mean of all reference 

sites 

Maine 6% (139) 6% (139) 8% (139) 

North Carolina 4% (82) 5% (82) 7% (82) 

Utah 0% 

(27) 

6% 

(27) 

7% 

(27) 

57 

Urban/Suburban Development within 1 km2 of Reference Sites
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Assessment finding: Reference station 

status degrades over time 
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Structure & function similar to 
natural community with some 
additional taxa & biomass; 
ecosystem level functions are fully 
maintained.

Evident changes in structure due 
to loss of some highly sensitive 
taxa; shifts in relative abundance; 
ecosystem level functions fully 
maintained.

Moderate changes in structure due 
to replacement of some sensitive 
ubiquitous taxa by more tolerant 
taxa; ecosystem functions largely 
maintained.

Sensitive taxa markedly diminished; 
conspicuously unbalanced 
distribution of major taxonomic 
groups; ecosystem function shows 
reduced complexity & redundancy.

Extreme changes in structure and
ecosystem function; wholesale 
changes in taxonomic composition; 
extreme alterations from normal 
densities.

Natural structural, functional, and 
taxonomic integrity is preserved.

Chemistry, habitat, and/or 

flow regime severely altered 
from natural conditions

5

6

4

3

2

1

Watershed, habitat, 

flow regime and 
water chemistry as 

naturally occurs

Levels of Biological Condition

B
io

lo
g

ic
a

l 
C

o
n

d
it

io
n

Exposure to Stressors 

      

BCG – level 1 & 2 sites- more likely to 

drop a level? 

59 

Schematic of biological condition gradient, showing six levels of condition. 



  

Reference sites

Goals: 

• Understand the regional context of 

sampling sites 

• identify candidate sites for long-term 

monitoring and testing hypotheses of 

climate-related effects on indicators 

60 



  

 

 

 

 

Reference sites

Definitions: 

• Least disturbed condition (LDC) - best 

available physical, chemical, and biological 

habitat conditions given today‟s state of the 

landscape (Stoddard et al. 2006). 

o Criteria will vary from region to region. 

o Criteria developed iteratively to establish the 

least amount of ambient human disturbance 

(e.g., ,1% agricultural land use, ,3% 

agriculture, ,20% agriculture, etc.) in the 

region under study. 
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Reference sites

Definitions: 

• Minimally disturbed condition (MDC) - the 

biological state showing only slight signs of 

human disturbances. (Stoddard et al. 2006). 

o Contrasts LDC which shows lowest signs of 

human disturbance in an area with extensive 

human disturbance. 
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Reference sites

How do states and tribes select:

• long-term monitoring sites 

• trend monitoring sites 

•sentinel monitoring sites 

What is the intent? 

63 



Biomonitoring Reference Sites

64 
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Vulnerabilities - SUMMARY

• Differences in temperature trends across ecoregions 

• Differences in distributions of cold and warm water taxa 

across ecoregions, elevations 

• Climate and land use interaction – 

• With high flows, land use likely to dominate signal 

• With low flows, climate likely to dominate signal

• Climate change may affect reference sites 

disproportionately 

• Groundwater influence likely to be important 

67 
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Questions? 

Comments? 




