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Predicted effects of climate change on aquatic
nabitats in California

Climate change & native fishes
What can we do: A conservation strategy

Reconciliation ecology
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The 2013-14 Drought
e 3rddry year
* One year w/o significant rain

— Until now...

* Reservoirs near-empty
* Fish vs people arguments arise again

* Under climate change scenarios,
these conditions are likely to become
chronic
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CLIMATE CHANGE
* |s already happening

* CO, continues to rise
* Human populations continue to grow

tmospheric Concentration of Carbon Dioxide (Mauna Loa Dat 2)

 Models to 2100 Ll
* Not good news for fish -

or people
IF PRESENT TRENDS CONTINUE




Predicted effects on aquatic ecosystems

—Sea level rise

—Changes in precipitation patterns
—Changes in stream flows
—Increases in water temperatures
—Increases in droughts and floods




Sea level rise

* 1.4- 1.7 meters by 2100 (conservative)

Rapid rise + hardened fringes =

Loss of estuarine habitat




| “' Precipitation |

l
. Less annual precipitation, on average
— but how much less??

* More variable

— Mediterranean pattern
— most precipitation in winter and spring

* More rain, less snow
— 60-90% loss of snow pack in Sierra Nevada '
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Stream flows
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Flows in Salmon River, Klamath basin
Projected shift due to climate change

CC altered flows
2500 . /

Historical flows

Flow (cms)

Month

Solid line = historical flows; dotted line = predicted flows with 10% increase
in winter flows, 30% reduction in spring and summer flows, and 30 day shift
in peak flows (as in Leung et al. 2004, Kim 2005, Stewart et al. 2005) ‘
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Temperatures

 4-6°C increase in average
air temperature by 2100
* 3-5°Cincrease water temps

— Depends on stream elevation
and size

e Lethal temperatures more
frequent

— Higher air temperature
— Lower flows in late summer




Temperature shifts & fish

- large loss of cold water (<18-20°C in summer) habitats
- Shift northward & upward of cool water streams
- Warmer streams favor non-native species
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Native fishes:

79% are
found
only in
CA
Region

% increasing

N =129



80% of native fishes in decline

Listing
Recommended
229%

Moyle, Katz, and Quifiones (2011)
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FISH SPECIES OF SPECIAL CONCERN IN CALIFORNIA
Out soon, California Dept of Fish & Wildlife

Peter B. Moyle, Rebecca M. Quinones, Jacob Katz, and Jeff Weaver

70 species of special concern
28 species already listed

7 species extinct
24 species OK
Based on systematic scoring methods
in Moyle et al. (2011)



Globally extinct
1950s ———

EXTINCTION HAPPENS!

7/ species lost from CA

Extinct in California 1970s



Causes of native fish declines
(the 1-2 punch)

#1 Habitat loss and degradation
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s X L
Shasta Lake in 1977 when it hit its lowest point ever. (Courtesy: Bureau of Reclamation)
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Climate change: an additional stressor

* Climate change vulnerability study
— California Landscape Conservation Cooperative
— Evaluated vulnerability to extinction
— 100 years
— 121 native fishes

— 43 alien fishes

Moyle PB, Kiernan JD,
Crain PK, Quinones RM.
2013. PLoS One
8:663883.




Methods

 Compile literature and observations
 Determine baseline vulnerability to extinction
— 10 metrics
* Determine climate change vulnerability
— 10 metrics

* Goal: repeatable, verifiable score for each
species

Moyle PB, Kiernan JD,
Crain PK, Quinones RM.
2013. PLoS One
8:663883.




Baseline Vulnerability

e ~49% of 121 native species rated as already
critically or highly vulnerable to extinction

(without climate change)

* All non-native species rated as low
vulnerability to extinction



Number of taxa

70 A

60 -

50 -

40 A

30 A

20 A

10 A

Climate change vulnerability

HEE Native fishes

64 - .
/1 Alien fishes
36
1/ 16
13
8
5 6
0 0]

Critically Highly Less Least Likely to
vulnerable vulnerable vulnerable vulnerable benefit

Climate change vulnerability rating

critical or high

vulnerability to
extinction

Natives = 82%
VS.
Aliens = 19%

Taxa about = to species



Most native fishes face severe decline
or extinction in next 100 years
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If present trends continue...
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Statewide strategy for aquatic
conservation is needed

*GOALS:

locations

*Protect examples of all major s

. SRt ' ¢ *Shasta River
habltats T N e » Areas within fog beit
0N S 4 - Battle Creek
*Self-sustaining RN B DA \\gon Jooauin e
RN R N Salmon
1 Y strongholds

populations of all
native species |
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Some key components

* Native fish rescue facilities

e Database (PISCES)

* Protect best of what’s left

* Environmental flows below dams
* Dam removal

 Manage floodplains

* Manage estuaries
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Natlve F|sh Rescue Facilities

“Emergency rooms” for fish
— Drought

Proposed Rio Vista facility for Delta fishes

“Re-purposing” trout hatcheries
— e.g., Mt Shasta Hatchery

Ponds and other facilities statewide
— Need for Clear Lake facility



PISCES: a Progrummable geographic Information System for Cataloging and Encoding Species observations

Center for Watershed Sciences, University of California, Davis
Nick Santos, Joshua Viers, Jacob Katz, Peter Moyle
Using walersheds as the ared!

unit ollows PISCES 1o link
managoment unif

Dorado, and Plumas National

Forests. Furthermore, using

¢ TS - HUCs allows PISCES to create
- the highest resolution

distributions of aquatic

species in California 10 dote.

STANDARDIZATION AND STORAGE

PISCES processes sposal and lobulor coordinote
observations ond expert opinions on the locohon of
fish taxo. PISCES stondordizes oll doto o s own | -
database by using Arcpy to join data fo USGS 12 A
digit Hydrologic Unit Codes (HUC 12s) . |

PISCES process occumence data in any spatiol or |
tabular format with minimal human input. We odd

new dota to the datobase by indicating o dataset, o J
code class, ond o species iranslation table. We con /

also manuoly odd or correct data in ArcMap 10 by
passing selected HUC 125 through our custom Python

ol tool - P ,
While it handles most data formats with no i — /
oddirona! coding, PISCES can be extended with new Observed Licedy Present |
dato peocesieg code via Python classes or function

1o adopt fo small in 1A
fomiliar datosets 03152 y
Dam Sousces /

Spocies occurrence dato is the foundation of PISCES.
Currently, PISCES includes data from and
Randall 1998, Moyle and Katz 2011 in prep, United
States Forest Service field dota, and the California
Natural Diversity Dotabose.

Dara Comronents

Species
Occurrence Data

Spotiol Antbutes

Number of Sensitive
Native Species 0

Number of Native Species

1

o e W

Diversity/Richness

We configured PISCES to provide a
count of species per HUC, giving us o
quick measure of fish diversity. At
bottom left is a species richness map of

Range Mapping

PISCES was designed fo create
species rangemaps from presence
data from varying sources and of
varying quality (observations,

Sensitive Species by HUC
PISCES stores auxiliary information
about each species and each HUC,

We prokooded PISCES with expent information on the allowing for map genefohon that

distibution, history, and sensitities of each native

Data base
~ PISCES

Programmable geographic
Information

System for

Cataloging and

Other

PISCES provides answers to

questions in the form of maps and

data tables. PISCES can answer
most gt in the scope of its

relates any number of
human, or ecological variables.
Results can be displayed as a map, or
in tobular form as simple SQL queries,
allowing us to rapidly answer complex
questions in map form.

spocies. W use this dato 1o produce reports on eoch
species, but i is also occessible for use by map
producing SGL queries (see below)

Marrmic

PISCES maps are, of their base, a set of SQL queries
that return HUCs fo be mapped. These queries ore
extonded 1o produce sets of mops and process daka
in four signcant ways:

expert predictions, efc). The top
maop shows Chum Salmon
distribution in Califomnia ot the
HUC 12 level. PISCES layers
observations on fop of expert-
predicled range for the species.

PISCES at a a Glance

Mendocino National Forest showing
HUC 12s, where deeper orange
indicates more species. When mapped
stotewide, richness maps illuminate
both data gaps and hotspots of fish
diversity.

Mapping Unit
Processes Outs and
Generzies Varieses ot

DataImporter
i it
1. erators and Data Driven Poges: Map iferators.

turn the values in @ dotabase column info bind e R — Custrn e usng Arpy

variables on a map’s SGL queries in order fo create "DATA MANAGEMENT Observations - e

sets of mops from a single query. PISCES generates o A o ) |° Owmabase  » oo

map foe cach volue in thot column. — - {imdd) | )

2. Postprocessing Functions and Queries: Afier o > oata | |

query’s results have been retrieved, postprocessing —

functicns in the form of code or simple SOL queries Points Tables M |

odd additicnal affributes to each HUC's record. J ¥ oaa | -

These aftributes can then be symbolized or lobeled Remole S

occording 1o o kayer file assocated with the query. : b A Sansing |
Input with Arcpy d =

3. Base MXDs: FISCES adds generated dota layers 1o or AcGIS 10 scrip! fool Expert . Standard A

a speched .mxd ble of @ known evel i the Toble of Opinions . Plugns NEpoite o b

Contents. We use different mxd files in order fo

symbolize ce highlight specific loyers, peovide extvo Tnpot flkers ore o W Ml 1 Maps

data, or enable ArcGIS’ Data Driven Poges e

Presence Recoed

4, Layers: Each generoted layer can specify o lyr file Data STORAGE AND REPORTING

to copy symbology from. Combined with dofa added Species © ) Date
via o collbock function, we con oulomatically HUC D ;:;J:v
generate and symbolize all of the maps on this poster ("vm‘m' rheest |

ond mony more.

Map Projection: NAD 1983 Califoria Tesle Albers
Software: AxGIS 10 5P2; Arcpy on Python 2.6 with PyODBC; Windows 7 x64 ond Windows

Reports generaled in
Access include species
stolus, presence on
nationol forests, o
picture, and other

relevant information.

We use a Personal Geodalabase for all primary
dota storoge in order 1o link Microsoft Access doto
tables that store observations and other data fo
critical feature dlasses using only SGL. Access
provides an interfoce for joined queries and analysis

CASO; Forest Service boundaries from United States Forest Service; Species presence dala from Moyle
ond Randall 1998, Moyle and Katz 2011, United States Forest Service, CNDDB.

Date: June 22, 2011

Funding Agency: United States Depariment of Agricuture - Forest Service - Region 5

Website: hitp.//wotershed wedovis.edu | Twitter: @UCDovisWoter

Metodata

data with SQL statements or with
a Python extension.

Encoding
Species observations

Future maps from PISCES will
include better measures of
diversity, species-specific habitat
suitability modeling, and analysis
of species distributional shifts dve
fo interactions of climate effects,
habitat characteristics and life
history fraits.

MAFING AND ANAIYS

A database that tracks

SQL Query
Select HUC12 o3 Zore_ID from

: h in fi
R changes In 11S
- MCO1, SOMO?.CS804.
Muitiple Loyers ”-'ym mnh”m;«uu
uTuxn. can modify alreody . . .
. Istributions
Posh o Wems, ond do ol
P wiog ey | 100 saiog
Reiirhybeic .
fxiblo loyers
RE  CENTER ror
ISCES using
arcpy.
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1975 “ 2010

DRAFT Maps by Andy
Bell & Rebecca Quinones
Nov. 2013
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How much
. ) Protected areas (green)
aquatic habitat Vs

' & ° .:' Fish species richness
is protected? e ges,

oy e . .
£ ;g@' b ?} (darker is higher)
4 : 'ﬂ

e Not much!

DRAFT 10Feb 14

0 50 100 200 Kilometers
T O T |

Native Species Richness and Protected Areas

Data Sources - Forest Service Boundaries: USDA Forest Service;
Rivers: USGS, HUC 12: USDA NRCS; Hillshade: ESRI;

State Boundary: CaSIL; Species Distribution: Moyle and Randall (1998)

Map Generated: 2014/02/10



Protect best of what iIs left
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Blue Creek

westernrivers.org



Big Springs Creek Restoration
Shasta Valley

B cenren o SEEESEEE The Nature Conservancy
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Environmental Flows Below Dams

FOLSOM RESERVOIR, AMERICAN RIVER

JAN 2014




Dam Reoperation
Study

By Ted Grantham,
CWS

1400 ‘large’ dams

' 200 candidate dams
(20 case histories)
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Legal tools for dam reoperation

e Section 5937, California
Fish and Game Code

 Public Trust Doctrine

 Endangered Species
Acts (state and federal)



Dam Removal

Matilija Dam, Ventura River Quifiones et al. in press
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70+% of anadromous

salmon habitat above
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Manage Floodplains
for Floods, Fish, Wildlife and Farming.
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Manage Estuaries
 Endangered statewide

e Sea level rise
e Decreased inflows

 Habitat alterations

* e e o
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Delta
Where the Wild Things Aren’t: Making the Delta a
Better Place for Native Species

(0

{ 2%
(tieddiies

Peter Moyle, William Bennett, John Durand, William Fleenor, Brian
Gray, Ellen Hanak, Jay Lund, Jeffrey Mount

: : - .
AL PBRIC . PUBLIC POLICY jg UCDAVIS
wnN | . INSTITUTE oF CALIFORNIA s CENTER ror

WATERSHED SCIENCES
Funding by the S.D. Bechtel, Jr. Foundation



Edited by

e Suisun Marsh

Amber D. Manfree Ecological History & Possible Futures

UC Press,
Swisun Marsh ~ March 2014

William F. Jackson. ca 1900
Suisun Marshes e
Crocker Art Museum R

WATERSHED SCIENCES




Reconciliation Ecology
A basic approach to conservation

Humans dominate all ecosystems
Most ecosystems are novel ecosystems
Alien species & altered habitats
Climate change increases need

What species do we want to save?




CASE STUDY

LOWER PUTAH CREEK

Regulated by dams
30km Riparian “shred”
Novel Ecosystem

Model for reconciled
aguatic/riparian
ecosystems

?!.,‘,

Feb2,2014







Species group (#) Percent alien species
Trees (46) 35

Shrubs (39) 23

Herb. plants (198) 61

Butterflies (31) 25

Fish (35) 63

Amphibians (3) 33

Reptiles (10) 10

Birds (92 breeding) 3

Mammals (31) 11

Percent aliens of recorded species, Putah Creek, UCD
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Nestbox management
& monitoring

450 -

« | Nestbox output

350 -

Tree Swallow Ash-throated Flycatcher

300 == Bewick's Wren
E» 250 Brown-headed Cowbird
§’ House Finch
i 200 A —— House Wren
** House Wren .

150 - = (QOak Titmouse

tern Bluebird Tree Swallow
100 4 = \Nestern Bluebird
50 - Ash-throated Flycatcher —\White-breasted Nuthatch
0 - . . e ——
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

>8000 fledglings produced so far. . .



What does It take to manage Putah Creek as
a Reconciled Ecosystem?

* VISION N
* Accord o

« WATER S &
» Water Agency Cooperation e
« Streamkeeper .
« Community involvement

— Putah Creek Council
 Landowner co-operation
* Monitoring program




MONEY IS
NEEDED
(Lots of It)

Why give away fish flows for

free during a drought?

Posted on February 11, 2014

By Jay Lund, Ellen Hanak, Barton “Buzz”
Thompson, Brian Gray, Jeffrey Mount and
Katrina Jessoe

California Water Blog

s UCDAVIS
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Proposed water system X
Because of upstream diversions and water exports, the California Delta has suffered from dropping
water levels during recent decades. The latest plan calls for taking water out before it hits the delta g Freeports  Three new intake
and transporting it via tunnels to a new reservoir. Water is then pumped into aqueducts. Improved ; gates on the
fish screens at the intake gates should protect endangered species, such as the delta smelt. Sacramento River will
= allow water to be
Sacramento ‘o drawn out before it
Delta water sources Where Delta water goes hits the lower delta.
These CALIFORNIA Delta detail This is intended to
::?"oria [ rrancisce reduce the number of
wet year: 2 fish affected and the
Sacramento Delta 5 water flow.
River
watershed — California
86%_ ] 2::1"” to Aqueduct s %
[ Francisco Metropolitan S Walnut
Bay Water District Rio o Grove
2% | 7% service area Vit .b‘
San I )
Joaquin e = - Proposed tunnel
R Exports to central and To s
Southern California éi'
Francisco
Bay & e The
/ Suisun ;1'0 g
Sediment o $ Delta
settling basin "
Saltwater intrusion o
Height of surge tower Creeps past bece when s¥
has been reduced. deita has low flow.
P
il (©) e new Intermediate Forebay wi Stockton
RSN O, = hold the water before It flows via
e % gravity through tunnel system. ”
o ”‘“n'“‘ Y Currently, water is
Hundreds of " drawn into the Clifton
.‘ agricultural fields Court Forebay before
z fill the fertile deita. B Tract heading south in two

Forebay aqueducts. This can
CUIfton  reverse the delta’s

%
//' = San Joaquin suteprolect  corona normal flow out to San
— Pumplog station i
(/// River ] o San Francisco Bay. ;’,’;‘75,“,‘"
= . - /&
5 — T~

Riverbank water inlets

Important improvements are the three Existing intake gates

new water intake gates along the > S,
Sacramento River. Each gate would have g K PP The Deita-Mendota
an advanced fish screen intended to 2 - 0 - aqueduct is part of
protect fish from being sucked in, CJ the Central Valley

Project that
- carries water 117
A ‘ miles back to the
F San Joaquin River.
~ ' i

The new Byron Tract'
Forebay will hold water
until it is moved into the
existing Clifton Court
Forebay. Large pumping
stations move water from
Clifton Court into two
aqueducts.

150 feet deep

About 30 feet
deep and
40 feet wide

Graphic by
SCOTT BROWN / Water levels inside the 40-foot-wide pipelines

The Register will vary depending on deita conditions.

Sources: Dept of Water Resources, Buredu of Reclamation
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Conclusions

« Systematic actions needed to save California’s
endemic aquatic species
« We can do it!
« Climate change is accelerating rate of declines
« 2014 drought —example of what is to come...
« If we let present trends continue
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Questions?
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