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Western aquatic systems
face increasing pressures
under climate change:

* Increase drought

* More extreme weather

= Disrupted disturbance
regime (increased fire)

= Shifts in ecosystems
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Percent Change from 1961-80 Base

Substantial declines projected in snowpack
levels for western watersheds
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Processed based models of future biomes based on 16
climate variables (Rehfeldt et al. 2006, 2012)
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Las Cruces
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Biomes

- Chihuahuan Desertscrub D Plains Grassland

[] Great Basin Conifer Woodland I Rocky Mountain Montane Conifer Forest
I Great Basin Desertscrub [ Rocky Mountain Subalpine Conifer Forest
[] Great Basin Montane Scrub [7] semidesert Grassland

[ Great Basin Shrub-Grassland [] sonoran Desertscrub

D Interior Cedar-Hemlock Conifer Forest
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Data available: http://forest. moscowfsl.wsu.edu/climate/



Increasing challenges for
wildlife management

= Multiple interacting climate
effects

= Changes are uncertain

= Adaptation plans are needed but
information and tools are
lacking
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We developed a framework for
integrating multiple data inputs to
produce a series of vulnerability

Legend
assessment prOdU.CtS. Basin
. . Rio Grande-Caballo
We a'pp]'Y this SYStem to 12 Specles " Rio Grande-Elephant Butte

inhabiting the Rio Grande Bosque. Upper Rio Grande



Based on the concept of climate change
vulnerability

Exposure Sensitivity
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From Gilick et al., 2011



Framework for assessing species’ vulnerability

Impact models

1. Ecological 2. Fire simulation
niche models + models
Habitat change Predicted Fire
maps Regime
Products .
Fire Risk Maps

Impact + Adaptive Capacity

3. Vulnerability
assessment scoring

system

Species vulnerability scores
to non-modeled predictors

» Risk analysis matrix



Scenario Based Assessment
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Step 1. Ecological Niche Models

Species selected based
on conservation interest,

habitat use, and
availability of data

Records gathered from
museum and published

records

MaxEnt (3.3) used to

model suitable habitat
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Common Name

SW flycatcher

W. yellow billed cuckoo
Lucy's warbler

Northern leopard frog
American bullfrog
Black-necked garter snake
Western painted turtle

NM meadow jumping mouse

Hispid cotton rat
Occult bat or Arizona bat

Yuma myotis

Long-legged bat

Species

Empidonax traillii extimus
Coccyzus americanus
Oreothlypis luciae
Rana pipiens

Rana catesbeianus
Thamnophis cyrtopsis
Chrysemys picta bellii
Zapus hudsonius luteus
Sigmodon hispidus
Mpyotis occultus

Mpyotis yumanensis

Myotis volans

)rcto

Collaborative Collection Management System

Finch et al., 1997;
Malaney et al., 2012

MaNIS/HerpNet/ORNIS Data Portals



MaxEnt creates probability surface for species
presence based on relationship between species
observations and environmental variable

= Well suited for presence
only analyses

* Unique models created
for each species or

species group

Environmental data:

19 bioclimate (e.g. tmax, tmin)

5 hydrological (e.g. runoff, pet)

4 biophysical (e.g. elevation,
distance to water)

1 biome data layers

Logistic output
for current
distribution



Output presented for individual scenarios and
In consensus maps
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Correlates from Cgcm 3.1 3 time periods
modeled current X Gdfl 2.1 X (2030, 2060, and
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Suitable habitat
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Western painted turtle
(Chrysemys picta bellii)
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Hispid cotton rat Current
(Sigmodon hispidus) ;




Long-legged Myotis (Myotis volans)

Current 2060 2090

Number of models

Geographical distribution of o
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Step 2. Creating fire risk layer for species
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(Scott et al. 2013)



Large Fire Simulation (FSim) system

(Finney et al. 2011)
» Simulates large fires on an -
annual basis L ey, siop.
’II Aspect
= Incorporates the effects of fire /A f;‘;f;l(jg)o e

suppression

Crown base height
Crown bulk density

» Inputs from LANDFIRE project

= OQutputs Overall burn
probability, Relative burn
probabilities at six flame
lengths, and Mean fireline
intensity

Rachel Loehman Lisa Holsinger

USDA Fire, Fuel, and Smoke Science Program
e m Rocknyuuntarin Research Station



Mean Annual Burn Probability

2030 2060 2090

Burn Probability
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[ ]o021-003
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B 0.041-005




Creating Fire Type Layer

Vegetation type*

»

Forest
Shrub
Grass
Non-veg

Canopy Base
Height (CBH)*

Torching
(cfl>cbh)
Non-torching

(cfl<chb)

J—

Conditional
Flame Length
(CFL)

* Derived from Landfire Biophysical Settings (BpS) data

Fire type

Fire Type

l:l Shrub with torching
D Shrub without torching
- Forest with torching
D Forest without torching
- Grass or non-veg

Conditional Flame Length (CFL) layers for each time period were classified into four categories (taking after Calkin
etal.2010): 1. Low = 0-0.61 -> 0.62; 2. Mod=0.61-1.83 -> 1.83; 3. High=1.83-3.66 -> 3.66; 4. Very High=3.66-7.62 ->

1.62




Classified species risk to each fire
type

R , o
Ers., \E‘ble 1. Species response scores used for fire risk maps.

l ResPONSE FUNCTION

WILDFIRE RISK shrub shrub forest forest grass or
Species with without with without non-
torching torching torching torching veg
Empidonax t. extimus -2 -1 -2 -1 0
Oriothlypis luciae -2 -2 -2 -1 0
Coccyzus a. occidentalis -2 -1 -2 -1 0
Myotis yumanensis - 0 0 -2 0 0
M. yumanensis -foraging 1 1 1 1 0
Mpyotis occultus - roosting 0 0 -2 0 0
M. occultus - foraging 1 1 1 1 0
-2 -1 0 1 2 M. volans - roosting 0 0 -2 0 0
M. volans - foraging 1 1 1 1 0
< . . > Siemodon hispidus -2 -1 -2 -1 -1
risk benefit Zapus h. luteus -2 -1 -2 -1 -2
Chrysemys picta belli -2 -1 -2 -1 -1



Fire risk ma

Fire Type
[ shrub with terching
I:l Shrub without torching
- Forest with torching
’:| Farest without torching
Il Grass or non-veg

Response
scores

. o

Fire Risk

’_—] minimal
. o



Myotis volans: Consensus predictions for
suitable habitat X Fire risk

2030 ~ . | 2060 - .7 | 2090

Fire Risk

minimal

B rioh



Zapus luteus: Consensus predictions for
suitable habitat X Fire risk

2030 2090

Fire Risk

___Jna

B +ioh
- Moderate
- Grass Fire



Impact models

Useful for

* Estimating magnitude impact

* Provide information on refugia

* Identifying need for intervention
* Scenario based exercises

Not useful for:

* Predicting future distributions of species

* Predicting species adaptive capacity

* Predicting indirect exposure and sensitivity



Step 3. Vulnerability scoring for non-modeled

climate impacts

= System for Assessing
Vulnerability (SAVS) to
Climate Change (Bagne et
al.,2011)

Adaptive
Capacity < \

" 22 Species traits predictive
of species response to
climate impacts

S A System for A
= Includes traits relating to e
habitat, ph-y-siolo gY! @ Kare . agn,Megan M. Figges,and Db . Finch
phenology and biotic &1
interactions i |

Exposure

Sensitivity
\ traits

-



Modified SAVS vulnerability scoring system

Questions

1. Changes to non-modeled habitat components

2. Change in habitat quality

3. Dispersal ability (Site fidelity or other limitations)

4. Reliance on migratory or transitional habitats

5. Increase or decrease in physiological range limitation

6. Sex ratios determined by temperature or food changes

7. Response to predicted extreme weather events/disturbances

8. Changes to daily activity period

9.Variable life history traits or coping strategies

10. Ability to outlive limiting conditions

11. Migrates/hibernates in response to weather cues

12. Reliance on weather mediated resource (e.g. insect emergence)
13. Spatial or temporal separation between critical resources and life history stages
14. Can adjust timing of critical activities

15. Likelihood for decreased food resource

16. Likelihood of increase predation

17. Loss of important symbiotic species

18. Increase in high mortality/morbidity disease

19. Increased competitive pressures

Characteristic
Exposure
Exposure
Adaptive Capacity
Sensitivity
Adaptive Capacity/Sensitivity
Sensitivity
Sensitivity
Sensitivity
Adaptive Capacity
Sensitivity
Sensitivity
Sensitivity
Sensitivity
Adaptive Capacity
Sensitivity
Sensitivity
Sensitivity
Sensitivity

Sensitivity




Vulnerability scores for RG species

Southwestern willow flycatcher
Northern leopard frog
Western yellow-billed cuckoo
New Mexican meadow jumping mouse
Lucy's warbler

Black-necked gartersnake
Hispid cotton rat

Western painted turtle
Long-legged bat

Yuma bat

Occult bat

American bullfrog (I)

Lik
cor

Decreasing adaptive capacity

Low

Medium

High

Magnitude of

impact



Using risk matrix for climate change
studies

= Risk analysis is helpful for
identifying or distinguishing
between management
strategies

High

» Indicated for situations where
there is not enough time or
resources to address all risks

Likelihood of consequence
Medium

Low

= First applied by Iverson et al.,
2011 (trees), Mathews and _ |
Friggens, 2013 (birds) o edum e

Magnitude of impact

USDA
=
Effects of Climatic Variability and . .
. Change on Forest Ecosystems: Modified from Yohe and Leichenko,
Norpae A Comprehensive Science 20 1 0
. Synthesis for the U.S. Forest

Sector




Risk Matrix for 12 species inhabiting riparian
areas along the Rio Grande

6
Climate Management
Change Risk Need
4 | Very High - Imm ediate
Moderate Assess
o B Low Manitor
2 Potential Serreen
E 6 Benefit
B o |
2 Arapi Araca  @myoc
3 emyvo @myyu @sihi
2 | ®zalu mluwa  mswil
mybcu  ethcy ®chpi
-4 )03
2060
2090
B E
2.00 1.50 1.00 0.50 0.00

Habitat change

rapi= Lithobates (Rana) pipiens (Northern Leopard froq), raca= L. (Rana) catesbeiana (American bullfrog), myoc=Myotis
occultus (Occult bat), myvo= M. volans (long-legged bat), myyu= M. yumanensis (Yuma bat), sihi=Sigmodon hispidus
(Hispid cotton rat), zalu=Zapus luteus (New Mexico Meadow jumping mouse), luwa= Lucy’s warbler (Oreothlypis luciae),
swil=Southwestern willow flycatcher (Empidonax traillii extimus), ybcu= Yellow-billed cuckoo (Coccyzus a. occidentalis),
thcy= Thamnophis cyrtopsis (black-necked gartersnake), and chpi= Chrysemys picta belli (Western painted turtle).



Framework for assessing species’ vulnerability

Impact models

1. Ecological 2. Fire simulation
niche models + models
Habitat change Predicted Fire
maps Regime
Products .
Fire Risk Maps

Impact + Adaptive Capacity

3. Vulnerability
assessment scoring

system

Species’ vulnerability
scores to non-modeled
predictors

» Risk analysis matrix



To find data and more information:

DA Ustes States Depariment of Agictuen

- Forest Service

RMRS Project Page: http://
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Overview

» Research Labs The interaction of fire and dimate change is predicted to have extreme effects for ecosystem

the interior western U.S. Climate drive changes to river flows through modified preuum

» Rocky Mountain regimes and higher that increase tion rates ( -

Reseatch Sution 2013). These changes will n turn increass the risk of severe ires within riparian woodtand [ s et ES1OAUA g 1= AN AT IO =5
Rolated rce habitats, affecting species composition, function and structure. Resource managers need too Landscape Conservation Cooperative
» Cimate Change that identify the ikely future of riparian habitats under various climate and fire scenarics, no

Resource Center only to focus limited rescurces on the most critical needs, but to identify opportunities for

Experimental Forests &  Promoting natural regenaration of riparian woodiand and wetland habitats. This project will H = (@
e create decision support tools to help outline critical intervention points for species conservatic powered by DATA (g} BASIN
> Ressrch Netrat under changing dimate. Our goal is to identify the conditions and locations where biodiversity

Aress will be most affected by future changes as well as which species are most likely to experien
» Search for Publications  declining or enhanced populations as a resukt of those changes. Get Started Create ‘ Collaborate My Workspace

Background
SOUTHERN ROCKIES LCC CPA | GALLERIES | VULNERABLITY OF RIPARIAN OBLIGATE SPECIES IN THE RIO GRANDE TO THE
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Desert Ec pviddgod e 9 - INTERACTIVE EFFECTS OF FIRE, HYDROLOGICAL VARIATION AND CLIMATE CHANGE
333 mv SE Suﬂ 15 :nnb:\‘?;D:::lm"‘“ combines species si =
Albuquerque, NM 87102- Leerzon et gl ETEL
fire behas odels (e.g. Finne A - . " " - % . ” » =

UST e BT e _i) Vulnerablity of riparian obligate species in the Rio Grande to the interactive
505-724-3888 (la) assessment methods (Bagne et al, 2011)

effects of fire, hydrological variation and climate change

to generate spatially explicit estimates of
species vulnerability to the interactive
effects of cimate change and fire. This
project is focused on habitats and animal
species along the Rio Grande, NM (Figure

Created by SRLCC CPA Admin Feb 3, 2015 ( Last modified Apr 2:

o % /thW' e ek R oopuil Recommended by SRLCC CPA
The dominant vegetation along the Ri 55 We propose to identify future risk of wildlife population

GI:nde n".::mx:.mm';ﬂmehf’ e decline for species inhabiting the Rio Grande, New Admin

woodlands to the north to open scrubland Mexico. Specifically, we will examine and quantify the ® This gallery is visible to everyone

habitat in the south. The Bosque, or
riparian forest, along the Rio Grande has

interactive effect of fire and climate change on the -
presence and long-term persistence of native and

nonnative species in residing within Rio Grande riparian
and wetland habitats. We will build upon recent species

Figure 1: Boundaries of Rio Grande study site - |
ta setarne
Gallery contains

work for the Rio = 3
Grande and incorporate new data and model output S 3Folders
= $ regarding fire behavior under different climate scenarios. E 78 Datasets

Predictions for future species distributions will be coupled
3 with scores representing species adaptive capacity to 22 Maps
quantify vulnerability to changing climate and disturbance
° regimes. Future distribution will be estimated by
The S outher n Ro ckle s integrating output from models of fire behavior, bioclimate models of plant and animal species distributions, and
projections of future river flow. Measures of adaptive capacity will address non-modeled species characteristics
- such as dispersal capacity, drought sensitivity and biotic interactions. Maps will be generated that identify areas
with suitable habitat as defined by climate space, char. and regime

) °
[]

C o nser vat 10 n Plannlng Atlas u We will also use this information to create decision support tools that outiine critical intervention points for

species conservation under changing climate. Our goal is to identify the conditions and locations where
. biodiversity will be most affected by future changes as well as which species are most likely to experience
h . declining or enhanced populations as a result of those changes. This effort will allow managers to identify critical
ttp . //Sr]_cc . datab asl I I - org/ needs with respect to species conservation under climate change by identify potential intervention points for

managing native and exotic species as well as the location of critical habitats for protection or preservation for
riparian and wetland species. The methods developed for this project can be applied to other riparian systems.

| Information and

+ Final Report

« Project Data

Tags
native species. wetiands, species distribution

Skip to slide demonstration

ity, riparian, decision support
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Contact Information Background Fills
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Albuguerque, NM 87102- distribution modeling (Jverson et al,

3497 ), fire behavior models (e.g. Finney
505-724-3660 &t al., 2010), and vulnerability
505-724-3688 (fax) thods (Bagne et al. 2011)

to generate spatially explicit astimates of
species vulnerability to the interactive
effects of climate change and fire, This
project is focused on habitats and animal
species along the Rio Grande, NM (Figure
1).

The dominant vegetation along the Rio
Grande transitions from mixed conifer
woodlands to the north to open scrubland
habitat in the south, The Bosque, or z 9 ) ey
riparian forest, along the Rio Grande has Figure 1: Boundanies of Rio Grande study site - glick
high value for wildlife, but because of
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Niche Modei Analysis
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Niche Model Analysis
We uze Maximum Entropy
suitable habitat dus climate : We use Maximum Entropy (MaxEnt 3.3.3) methods to estimate change in
axtart spacies will be expol suitable habitat due climate change in order to determine how and to what
HaxEnt hss become & o axtark spacles will be expased to unauitadle conditions (Phillips et al., 2008).
work with presence anly (ol . MaxEn has become 3 popular tool for these types of estimations 35 it can
shown to be able to accura . wark with presence anly (.9 museun) data, Is user friendly, and has bagn
samples (Wisz o4 al., 2008 : =hown ta be able to accurately represent suitable habitat with a3 littie as 10
spacies bused on coliection samples (Wisz et al., 2008).We created models of sultabe habitat for sach
biophysical, and vegetatio > i spacies based on coifection and survey samples from New Mexico and climate,

bioghysical, and vegetation characteristics of habitats along the Rio Grande
(see final report). We then project future suitability by applying these modals
to future conditions a3 predicted by three climate models st three times
parfods, 2030, 2060 and 2090 (Figurs 1).
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Common Name Genus Species Species
Report
Amphibians
American bullfrog (1) Lithobates catesbeiana =
Northern |eopard frog Lithobates pipiens
Birds
Lucy's warbler Oveothlyprs fucioe -
Southwostarn witlow flycatcher  Empidonax eraillil extimes b
Western yetlow-bilfed cuckoo  Coccyzus . ocaidentalis
Mommals
Hispid cotton rat a2
New Maxican maadow Jumping  Zapus hudsonis Iutaus *
mouse
Occult bat Myotis accultus =
Long-legged bat Myotis volans b A
Yuma bat Myatis yumanensis *
Reptites
cyrtopsis
Westarn painted turtle Chrysemys p. belii -
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