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Monarch Butterfly Conservation in

the Western United States
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U.S. Fish & Wildlife Service

A 2014 Presidential Memo
A 2014 ESA petition
A 2014 Director memo

A 2015b I 0 Qf { UNJ US3,
Health of Honey Bees & Other
Pollinators

A 2015 Monarch Initiative: $4Mi
until 2020 ($20M total)

A Currently developing national
framework for conservatlon
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SCIENCE

A U.S. Geological Survey
Monarch Science
Partnership (Powell Center)

A National Inventory &
Monitoring Strategy

HABITAT

A 200,000 acres of habitat
restored or enhanced (FY15)

A Natural Resource
Conservation Service (NRCS
and Farm Bill programs

PEOPLE

A Communications Campaign

A National Wildlife Federation

A Over 750 schoolyard
habitats, pollinator gardens
(D)



THE XERCES SOCIETY i
FOR INVERTEBRATENSERVATION i

Forover forty years, theXerces Societiyas been
at the forefront of invertebrate protection
worldwide, harnessing the knowledge of
scientists and the enthusiasm of citizens to
implement conservatioprograms
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Conservatiorprograms:
wNativePollinators _ TN L
wEndangered Species
wAquaticinvertebrates

- WPesticides
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The Xerces Society for Invertebrate Conservation

HOW WE WORK
Conservation Planning
Applied Research
dtizen Science
Education
Restoration

Policy

Photos: Candace Fallon & Rich Hatfield, The Xerces Society



Overview

A Life History
A Conservation Status
A Potential Threats

A Priority Research & 8% e
CO HSE rvatl O ﬂ EﬁO I'tS Photo by: AnnMarie Krrrﬂot?ch LJSFWS

A Opportunities for Conservation
A Resources and Tools
A Questions and Acknowledgements
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Photo by: Joanna Gilkeson, USFWS




Life History
A World-wide distribution forDanausplexippus
plexippus
A We are focusing on N. American distribution
A Eastern & western monarchs = same genetics
A Much more info for eastern population
A Breeding locations unknown for west

Photo by: Joanna Gilkeson, USFWS



Life History

NO MILKWEEE

Monarch
Migration

Spring & Fall

SPRING/ LEGEND

v Overwintering areas
Spring breeding areas
Spring & summer treeding areas
Summer breeding areas
No milkweed - no breeding area
Nonmigratory population
NONMIGRATORY - - Fall migration
POPULATION
Spring migration
Unconfirmed migration
Northam mit of milkweed

Potential monarch breeding habitat

THE XERCES SOCIETY

\ CONSERVATION

FOR INVERT




Life Cycle

A Multiple generations for western monarch migration
each year

I Number of generations is unknown-42)

A Adults need nectar sources ye@und for migration
and overwintering fuel and hydration

A Monarchs lay eggs on milkweed & Caterpillar food
source Is milkweed
elley USFWS

I More than 35 milkweed species
Photo by: Courtne

western U.S.
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3-5 days 4 days
10-14 days 16 days
10-14 days 28 days*

1 month or up to
9 months

*Time from egg to new adult



Life History of Western Monarchs: Migration

486 H DINGLE ET AL

Dingle et al. (2005) found that
monarch distribution was »
associated with rivers,
consistent with anecdotal
observations that fall migrants
use river corridors

TI AT
Source Dinaleet s
AL R

Photo:Ashley Taylor / ThEercesSociety; Minidoka National Wildlife Refuge, 1D



Life History of Western Monarchs: Migration

Monarch collection records mapped throughout the calendar year
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Life History of Western Monarchs: Migration

TAGGGED MONARCH RECOVERIES
Nevada to California: 5

California to California: 1

Arizona to California: 9

Arizona to Mexico: 22 (5 farm)
SOUTHWEST MONARCH STUDY February 19, 2016

We have recently learned that western monarchs overwinter both in California
and Mexico, although the relative proportions are unknown

Map Courtesy of Gail Morris, Southwest Monarch Stt



Life History of Western Monarchs: Migration

Recoveries of tagged, wild monarchs &

Indicate that monarchs move S, SW, i‘,*

and SSE in the late summer,
suggesting that monarchs from
more northerly areas of the West
may also overwinter in Mexico

Source Robert Michael Pyle. 2015. Monarchs in the Mist. In
Eds.OberhauserNail, andAltizer Monarch Butterflies in a
Changing World. Cornell University Press.
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Life History of Western Monarchs: Overwintering

Monarchs spend each winter at hundreds of forested groves on the California Cc

-

Monarch Overwintering Sites
® 1000 ndviduals \

> <1000 ndviduals

Photo: Carly Voight, the Xerces Socit



Life History of Western Monarchs: Overwintering

A Adult monarchsarrive at
overwinteringsitesfrom
SeptOct

From NovFeb, monarch
overwinter in protected

microhabitats of tree -;7.\\\/ ’ s / 3 .

o a7 W
groves s T L i » \.\31‘

. o
Monarchs are in ” ‘ iull Wi. 4 i 0'!‘\
reproductive diapause fo “,‘/‘\ ‘ \\
the winter, with a few & //'.\‘\\\ >\\§',_'?\\\".¥
exceptions 7Ry N ,/‘t\

13X N

Photo: Carly Voight, the Xerces Socit



Life History of Western Monarchs: Overwintering

Treegroves
A Most California overwintering sites
are dominated byexoticEucalyptus

Recentresearch by Griffiths &
Villablancg2015) demonstrated
that monarchs do not prefer
Eucalyptudrees over native tree
species

Photo: Carly Voight, The Xerces Soci



Life History of Western Monarchs: Overwintering

\

MicroclimaticRequirements
Protectionfrom wind andstorms
Shelterfrom freezingiemperatures
Variablelight conditions (dappled
sunlight)

High humidity
Accesdo sources ofvater
Accesdo sources of nectar

(blooming in the fall and/or winter}

Photo: Carly Voight, The Xerces Soci
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Endangered Species Act Process

A August 2014: Service was petitioned to list monarch as
threatened with critical habitat & 4d special rule

A Dec 2014: Service 9fay finding that listing may be
warranted

A Jan 2016: Notice of intent to sue for failure to meet 12
month finding deadline

A 2016: Species Status Assessment (SSA) initiated
A 12-month finding will be made based on SSA

A If warranted, final listing review made within 1 year of
proposed listing



Conservation Status
& 7 [T N
d Monarch populations are estimated?
at overwintering sites in Mexico \
and California

Mexico

- 1990s:populations reache®75
million monarchs T
2015: only ~150 million; recent Io ,.*v"
of 25 million in 2013

" '
N4

California
1990s: populations reached
~one millionmonarchs
2015: only ~270,000

Photo credit: Carly Voight, The Xerces Soci



Conservation Status: Monarchs Overwintering in Mexico

A Analyses of long term population trends of monarchs at Mexican overwintering sites
show an annual decline of ~9% per year for the past 22 years

Historic high of 675 million monarchs; recent low of 25 million monarchs

Substantial probability of quasixtinction (1157%) over 20 years (Semmens et al.
2016); vulnerable to extreme weather events
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Conservation Status: Monarchs Overwintering in Californi

Western Monarch Thanksgiving Count
Total and Average Abundance Estimates w/ Standard Error of the Means
at 76-187 Overwintering Sites from 1997-2015
(Monroe et al. 2016)

© The Xerces Society for Invertebrate Conservation 2016
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tering in Californ

N

Monarchs Overw

Conservation Status

Was1997 ananomaly?

Monarchpopulationestimates illustrate higher pr&997 population estimates

at 3/4 sites for which we have pf#997 monitoring data
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Conservation Status: Monarchs Overwintering in Californi;

Average nurber of
8,000 monarchs per site

7,000
6,000

5,000
4,000
3,000
2,000

Monarchs counted per site

1,000

199/~2001 20102014

A beforeand-after site comparison analysis show3 4% declinen California overwintering
monarchs between recent (2012D14) and historic (1992Z001) time periods.
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Conservation Status: Monarchs Overwintering in Californi;

Long term monitoring within CA monarch breeding range show severe decline

l A Analyses b¥spesett al. (2016) ofi0
years of summeflight recordsin
northern CAshow negative trends

A Declines concentrateéarly in the
breedingseason

A Shiftingclimatic conditionsand
milkweed loss may not be the most
important factors driving monarch
declines; overwintering habitat loss and
insecticide use should also be
investigated

Figure adapted fronkspesett al. 2016.

SourceEspesett al. 2016



Conservation Status

NatureServe Conservation Staissessment
A standardized method to evaluate extinction risk using range extent, populatio
trends, threats, vulnerability, and other factors

Conservation Status and Ecology of the
. Monarch Butterfly in the United States
Danausplexippus

plexippugMonarch) G4T3¢ Vulnerable

D. p.plexippuspop. 1 |
(CalifornisOverwintering GAT2TZ Imperiled /

Population) Vulnerable
D. p.plexippuspop. 2 N
(MexicanOverwintering GA4TIc Critically
i Imperiled
Population)

& Tue Xerces Sociery
NatureServe ey




Potential Threats

Photo by: TonKgeme




Potential Threats

B

A Development £
A Agricultural conversion

A Loss and alteration of
overwintering habitat

A Breeding & migratory
habitat may be declining

A Herbicides & Insecticides
I Glyphosate common in CA
I Neonicotinoids

A Drought & climate change
A Disease




Why are Western Monarchs Declining?
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Overwintering Habitat Loss

A At least 30 overwintering
sites have been logged fQrEs
housing developments :
and no longer support
monarchs

32 additional sites have
become unsuitable for 2
monarchs due taliseasedf: V/,‘ v
trees or habitat
alterations(such as tree 4%
trimming or fires) AE

Photo: The Xerces Society/Carly Voir



Why are Western Monarchs Decllnlng’>

H \ . ‘r . '. - 3 .'? -

o Systemldnsectu:ldes
(neonicotinoids):

wSystemic mode adction: |
all plant partsincluding
leaf tissue anahectar

wPersistent for long periods
in plants, soil, and water |
bodies

wHighly toxic to beeqjew
USDA research linked |
neonicotinoids to monarch™
declines

’ Sgy/rceﬁecenka& Lundgren 2015

Phota Rich Hatfield, the Xerces Socie



Why are Western Monarchs Declining?

Natural Enemies

A Impact of most natural enemies on
monarchs is poorly understood

A OE(Ophryocystiglektroscirrhis
the most well studied of monarch
natural enemies

A Severe infestationsf OE can slow
development, crippladults and
reduce reproductive fitness

Photo Courtesy of Dara Satterfield, Project Monarch Hee



Why are Western Monarchs Declining?

Tropical milkweed and OE

A Due to its evergreen nature,
tropical milkweed is associated
with winter breeding monarchs

A Winter breeding monarch |
populations on the Gulf Coast &
were 5x more likely to be N
infected with OE than migratory
monarchs

A The impact of winter breeding
and tropical milkweed in the
Western US is currently being
investigated by Monarch Healt
and collaborators

Phota JM Garb, Wikimedi@ommons



Priority Research & Conservation Efforts

"




Priority Research & Conservation Efforts in the West

Natal & Migratory Habitat OverwinteringHabitat
A Applied Research and Citizen ScienceAo Citizen Science
iInform Habitat Management A Developing Technical Guidance to
A Developing Technical Guidance to inform Habitat Management
iInform Habitat Management
A Habitat Enhancement

3'*".‘"”\. 1Y
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Photos: Sarina Jepsen (Left), Carly Voight (Right), Xeocesty



Conservation: Natal & Migratory Habitat
2 A TN

The most important monarch natal
sitesand migratory pathways in the
West are poorly understood

SRS

*

Photo: Candace Fallon, Xerces Society



Conservation: Natal & Migratory Habitat

Previous studies have revealed some general regional patterns of monarch
natal origins

[:] <130 %

|:] between -130 and -115 %o

- between -115 and -100 %o

- >-100 %o

Source Yang et al. 2015 Source Stephens and Frey 2010



Conservation: Natal & Migratory Habitat Research

\ FAR ¢
To better understand where monarchs reproduce in the Wias?013 the
Xerces Society initiateal milkweed and monarch breeding survey to ask la
managers, monarch and native plant enthusiasts, and others to record th

observations of milkweeds, monarch eggs, caterpillars, and chrysalises:
www.xerces.org/milkweedsurvey

» >~
-
5
-

Photo: EdLisowski



Conservation: Natal & Migratory Habitat Research

WesternMonarch & Milkweed HabitatSuitability Assessment
A collaboration between USFWS and XeBmsety

A Geographic features, climate variability, and milkweed availability influence
monarch habitat distribution

A Milkweed and monarch data in the West is limited

A Need to identify high priority monarch breeding areas to inform restoration and
management efforts

A Species distribution models can quantify these relationships and help to priorit
landscapes

Photo: Umatilla National Wildlife Refuge, Sarina Jepsen, Xerces St



Conservation: Natal & Migratory Habitat Research

o
USFWS / Xerces Western Monarch &
Milkweed Habitat Suitability
Assessment Objectives

A Consolidate existing western
milkweed and monarch records
from Xerces database and other
sources

* % A Collect new data for milkweed
and monarchs

" A Compile geospatial data layers

that may influence milkweed &
monarch distribution

Photo: Eliss8uttermore, Columbia National Wildlife Refuge



Conservation: Natal & Migratory Habitat Research

USFWS / Xerces Western Monarch & Milkweed Habitat Suitability Assessment
Highand Medium accuracy recordsedto createhabitat suitability models (using

Max Ent) for multiplemilkweedspecies ananonarchs in the West
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Documenting Known and

Potential Monarch
Breeding Areas

in the Western US:

A Review of Milkweed -
and Breeding Records -5
in Eleven Western States == 71

SYARPY

- ' '
«  Mikweed Records y == ;v.'.f.-_..%g NG
= Monarch Breeding Records 5 S RPRIRL  + e ;’;
USATopo Maps & ‘-.'.‘ ALY
Ql_ s < 3 L. ’
< '_i ;.._. ' .
N\ coneSSERTRRN.
0 .45 260 500 Mies ,\ = B
L I 1 1 L I 1 | N - .~ d i

Data for this map have been provided by numerous mdwidusls, agences herbana,
online databases and reponts. For a full list of data providers, please visit
www xerces orgimikweed-data-providers. '

' ol ,J By

© The Xerces Society for Invertebrate Conservation 2016




USFWS / Xerces Western Monarch & Milkweed Habitat Suitability Assessmer

Showy milkweed

(Asclepiaspeciosa
AUC = 0.AUC.dif£0.03, RM=2.25

tmin coldest month: 23.9%
tmaxwarmest month: 16.1%
ppt warmest quarter: 14.2%
temp seasonality: 12.6%
slope: 11.5%

distance to water: 9.2%

ppt coldest quarter: 8.3%
Topsoil Silt Fraction: 4.2%

Points by accuracy class
*  High
° Medium-High
o  Medium
Relative Habitat Suitability

- High : 0.997782

Low: 0

Slide courtesy of Madeline Steele and Eowley USFWS Region 1
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USFWS / Xerces Western Monarch & Milkweed Habitat Suitability Assessmer
e | e

Spider milkweed

0
(Asclepiasasperulg °8
AUC = 0.71AUC.dif£0.05, RM=1.5 | g 5
A é{‘t
ppt seasonality: 32.1% A o

ppt coldest quarter: 21.7%
AET annual mean: 16.3%
ppt warmest quarter: 9.2%
tmeanwarmest quarter: 6.6%
distance to water: 6.3%
LANDFIREeclass 3.7%

slope: 3.6%

Topsoil Silt Fraction: %6

7 Modeling extent
Points by accuracy class

° Medium or better

o Low (but not vague)

Relative Habitat Suitability

- High : 0.999626

Slide courtesy of Madeline Steele and Eowley USFWS Region 1 < L




USFWS / Xerces Western Monarch & Milkweed Habitat Suitability Assessmer

Monarch breeding

AUC = 0.7AUC.dif£0.06, RM=1.25

fascicularisnodel: 41.6%
speciosanodel: 22.7%
tmeanwarmest quarter: 9.7%
AET annual mean: 5.5%
ppt warmest quarter: 4.1%
eriocarpamodel: 3.4%

ppt seasonality: 2.9%
asperulamodel: 2.8%

slope: 2.5%

Topsoil Sand Fraction: 1.5%
cordifoliamodel: 1.3%
Topsoil Clay Fraction: 1.1%
distance to water: 0.9%

Modeling extent

Points by accuracy class
. High

° Medium-High
° Medium

Relative Habitat Suitability

Low:0

Slide courtesy of Madeline Steele and Howley USFWS Region S
) {




USFWS / Xerces Western Monarch & Milkweed Habitat Suitability Assessmer

Monarch breeding,
projected across
largeunsampled
areas

Points by accuracy class
e High
° Medium-High

° Medium

Relative Habitat Suitability
High : 1
—

Low:0

Slide courtesy of Madeline Steele and &owley USFWS Region &r—r{
) Y B




Conservation: Natal & Migratory Habitat Research

of the West

Summer 2016USFWS, Xerces, and partners are collecting data to improve
model in NV, UT, WY, MT, CO, ID, WA, and OR

To contribute data to the model, visit: www.xerces.org/milkweedsurvey/

Photo: Ashley Taylor, Xerces / USF



Conservation: Natal & Migratory Habitat Research
vy
Integratrng Strategic Conservation Approaches into the State Wildlife Actron

' Plans for Idaho and Washington -

: 'v..l'\\\ fv "
¢S t, i
,“-.‘F: A Collect additional historical data on monarchs and milkweed y
. A Launch a website to provide a centralized location for citizen scientists,ar

WA
N agency staff to report and access western milkweed occurrence data

,\.e'f throughout the West

= A Prowde short courses for land managers and crtrzen screntrsts
| ' o RS o 7 PR

Project Partners Idaho Department of Frsh & Game Washington Department of Fish & W|Id||fe Xerces Society
Fundrng provrded by us Frsh & Wildlife Servrce through a State W|Id||fe Grant

Photo Ashley Taylor, Xerces / USFWS Mrnrdoka National W|Id||fe Refu



Conservation: Natal & Migratory Habitat Management

‘— v
Fllllng Information Gaps and Developing Best
Management Practices to Sustain Monarchs an

Milkweeds in Public Lands of the Western US

A Conductmilkweedand monarch breeding surveirs -
the GreatBasin in 2016

A Interview land managers in western states to better
understand how land management practices affect
monarch habitat, especially on rangelands

Develop BMPs to improve habitat for milkweed anc
monarchs on western public lands

Conduct short courses for public land managers o
monarch habitat management

Partners: Xerces Society, USFWS, USFS, BLMidvister(University of Nevada, Reno);
Funding provided biXational Fish & Wildlifeoundation from USFWS, USFS, BLM

Photos: Ashley Taylor (Xerces/lUSFWS), Sarina Jepsen, Xerces



Conservation: Natal & Migratory Habitat Management

~Half of the lanebase in the Western US is managed by Federal agencies,
presenting a major opportunity for monarch habitat conservation

s
"
(N HENEEER
SFEJIFEEFE

Map: http://nationalatlas.gov/printable/fedlands.html



http://nationalatlas.gov/printable/fedlands.html

Conservation: Natal & Migratory Habitat Management

To aid in habitatmanagement and restoration efforts, we are developing 15 regio
monarch nectar plant lists for land managers and restoration practitioners

A Monarch attractive

A Native

A Commercially available

A Hardy, noaweedy, and appropriate for larggcale restoration

A In bloom during the time period when monarchs are in a particular region

2 . . B O s SO S . R0
In partnership with the Monarch Joint Venture, Natural Resources Conse ¥at|gn.SerV|ce, and National \

A 2 AL o & Ve y ) P4 o . 2 \
1 &Y

Photo:Baccharigilularisin SE California, ShellEjlis



Conservation: Natal & Migratory Habitat Enhancement
Across the US, restoration of @155 million |

acres/year of habitat with milkweed and
nectar plants is needed

A Native, locally appropriate milkweed is '( e
not available in key areas of the ”&f‘ 5\
Y2YI NOKQa ONBSRAY <

A Where it is available, it is expensive

o™

Photos:JohnAnderson, Hedgerow Farms, InBarina Jepsen, Xerce



Conservatlon Natal & Migratory Habitat Enhancement
ARONEAD NN/

Prolect Milkweed

A Mass seed increase in
California,Great Basin,
Southwest, Texas, and
Florida %

~ A Seedproductionguidelines | &
" A Over 35 million seeds of 11 4%
| milkweed species have  §i. &

been produced so far

In partnershlp with USDA Natural Resources
| 2YyaSNBFGA2Yy { SNBAOSQa
; Monarch Jornt Venture multlple seed companles

Photos: John Anderson Hedgerow Far



Milkweed seed finder a national directory
of milkweed seed vendors to help
restoration practitionerdind locally
appropriate sourcesf seed.
www.xerces.org/milkweedseedfinder

— FINDER =
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Conservation: Natal & Migratory Habitat Enhancement

& P o, ‘..“t.l.'

In partnership with NRCS and private & 1 g
landowners, we have restored >200,0Q0088
acres of flower rich habitat, including &
tens of thousands of acres with

milkweed.




Conservation: Natal & Migratory Habitat Enhancement

/ v
. Milkweedwithin a native pollinator i
restoration planting adjacent to an
almond orchard in Arbuckle, Californi
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Photo:Jessa Cruz, the Xerces Soci



Conservation: Natal & Migratory Habitat Enhancement

Milkweedwithin ahedgerowplanting
at a Muir Glen farm in northern
California

TN B o -4 TE 2 =
i e N IREARE N AU st S S

ssa Cruz, the Xerces Soci

Photo:Je




Conservation: Overwintering Habitat

Photo: Carly Voight, the Xerces Socit



Conservation: Overwintering Habitat

In the fall and winter, monarchs are found
clustering inr>300coastal Californigroves.

Some sites host20,000monarchs, but only ~45 -‘. /
sites regularly have more than 1,06tnarchs. "
’

&1y
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Photos: LeHCandace Fallon, RigBarly Voight, the Xerces Socie




Conservation: Overwmterlng Habltat
& ...' 1! / ( 4 3 Fo
Western Monarch
Thanksgiving Count

A Annual monitoring of
California monarch groves &
centered around |
Thanksgiving

A 100+ volunteers in 2015
‘ surveyed >185 sites
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Photo: Candace Fallon, Xerces Society



Conservation: Overwintering Habitat

www.westernmonarchcount.org

Western Monarch Thanksgiving Count
Total and Average Abundance Estimates w/ Standard Error of the Means
at 76-187 Overwintering Sites from 1997-2015
(Monroe et al. 2016)

© The Xerces Society for Invertebrate Conservation 2016
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Conservation: Overwintering Habitat

Overwintering Site Database

Aggregated data from California Natural Diversity Database, Xerces
Thanksgiving Counts and other sources including: yeadwts, spatial
boundaries, habitat quality, threat&and ownership

P/ Data uses:

A Identify conservation needs and data gaps
A Prioritize sites for restoration
A Evaluate impacts afevelopmentspast use by monarchs, coastaine
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In partnership withCalifornia Natural Diversity
Database, Monarch Joint Venture

[

Photo: Candace Fallon, the Xerces Soc



Conservation: Overwintering Habitat

State of the California
Overwintering Sites: A project of
USFWS and Xerces Society

We ranked the top 50 highest
priority monarch overwintering
sites for conservation action
based upon:

A Decline (comparing 1997
2001 count average to 2010
2014 count average)

A Proportionof the remaining
total population in20102014
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Conservation: Overwintering Habitat

Top 10 highest priority overwintering sites for restoration or active management

3060

2732
2920
2751
3056

2935
3000

2833
2983
3043

San Luis Obispo Pismo Beach State Park

Private Site 2732
Monterey Private Site 2920
Santa Barbara Ellwood Main

San Luis Obispo Morro Bay Golf Course

Santa Barbara

Monterey Pacific Grove Sanctuary

Santa Cruz Lighthouse Field State
Beach

Alameda San Leandro Golf Course

Santa Cruz Moran Lake

San Luis Obispo PechoRoad, Los Oso

25,494

12,686
16,362
12,142
11,306

11,914
7,360

5,350
3,915
4,321

64.8 %

67.6 %
48.7 %
58.0 %
61.2 %

51.8 %
83.6 %

63.0 %
4.7 %
64.3 %



Conservation: Overwintering Habitat

In partnership with USFWS,
Groundswell, Lighthouse Field
State Park anérdenwood

Historic Farm, Xerces is developing
Site Management Plans for two
high priority overwintering sites

Photo: Carly Voight, the Xerces Socit



