Climate Change
Implications for Biological Control
of Hemlock Woolly Adelgid
& Mile-a-Minute Weed
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Vital U.S. Government environmental monitoring and analysis: Will
important data and unbiased analysis still be available to the public?
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NOTICE: CDIAC as currently configured and hosted by ORNL will cease operations on September 30, 2017. Data will
continue to be available through this portal until that time. Data transition plans are being developed with DOE to ensure
preservation and availability beyond 2017.

About COIAC = Data + Observing Programs * Resourtes « Newy »

Global Carbon Emissions from Fossil Fuel Combustion and Cement Manufacture
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The Carbon Dioxide Informastion Analysis Center (CDIAC), located at the U S The 2016 glolial carbon Dudoel extinales

Department of Enamy's (DOE) Cak Ridge Nationai Laboratory (ORNL ), Is the pamary from e Glotad Carbon Proect are now
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chimate change data and information analysss center for DOE  CDIAC 1s supported by
DOE's Clhmate and Enveonmeardal Sciences Dwision within the Office of Bxological and Updated fossid tuel CO, amssons
Eovirgnmental Resaarch (BER) estimates through 201) 348 now avadabls




U.5. energy-related carbon dioxide (CO2) emissions (2005-13)
million metnc tons
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Ilce-core data before 1958. Mauna Loa data after 1958.
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Source: climate.nasa.gov
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Indicators of a Warming World

Humidity
‘Glaciers
Temperature Over Land Temperature Over Oceans
. Snow Cover Air Temperature Near Surface (troposphere)
, , , Tree-lines shifting poleward and upward Sea Surface Temperature
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Increased rainfall and flooding

Hotter/Drier Conditions (Interior West) Hotter/Wetter Conditions (NE and Coasts)

Heal Trapped by the Atmosphere Causes more Evaporation ‘ A Warmer Atmosphere Holds More Water Vapor, Which is
and More Precipitation Also a Heat Trapping Gas

Changes Common . . %

.d Potential Evaporatig

" and Waterng o




Extreme and unpredlctable Weather
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On the Edge of 1.5°C

Global year-to-date anomalies from 1881-1910 baseline

+16

Feb Mar Apr May

i mewtigad and s




U.S. Drought Monitor Deombar e February 28, 2017
- oy (Retnased Thurscay, Mar. 2. 2017)




Connecticut Temperature Time Series (Annual)

2000
Mortheast Regional Climate Center




Connecticut Precipitation Time Series (Annual)

2000
Mortheast Regional Climate Center

Connecticut Palmer Z Index Time Series (Annual)

Palmer Z Index

2000
Mortheast Regional Climate Center




Mile-a-minute 'MAM BIOCONTROL TEAM 201517
Weed, Persicara [
perfoliatum

(Polygonaceae):

an invasive vining plant
from Eastern Asia: an
annual in North America,
killed by frost; overwhelms
native vegetation, invades
edges and disturbed

habitats; 1930s accidental oy
Introduction A Y 5 Ve







Annual Growth Potential of MAM

In the mid-Atlantic, in late September, 84% of immature fruit (green)
were viable. In mid-August, only 35% viable (Smith et al. 2014).



Rhinoncomimus latipes
Coleoptera:Curculionidae)




Biology & life cycle of R. latipes

Adults are very host specific

Qs prefer growing tips, &'s prefer leaves and
ocreae (Colpetzer et al. 2004)

Eggs are laid on undersides of leaves and on the
stem and plant capitula of MAM

Larvae hatch, bore into first node in stem and
enter stem to feed

e When mature, they leave the stem and drop to
soil to pupate
e New adults emerge from the soil: generation
time is about 26 d; 3-4 generations in Mid-Atlantic
Adults overwinter and can live about a year
(Lake et al. 2011).




Map (adapted) from Emmett
Varricchio VL, CAES




Connecticut Temperature Time Series (Spring)

202 2014 2016
Mortheast Regional Climate Center

Connecticut Precipitation Time 5eries (Spring)
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Mortheast Regional Climate Center




MAM has a huge
seed bank that can
persist for at least 6

years...

Cool, dry springs delay germination

Early warm springs accelerate




Connecticut Temperature Time Series (Summer)

2010 2012 2014 2016
Mortheast Regional Climate Center

Connecticut Precipitation Time Series (Summer)
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Mortheast Regional Climate Center




Dispersal

« Adult abundance appeared to decrease with
reduced MAM growth during dry summers

« But weevils fly and are highly dispersive and can
appear to rapidly colonize more nutritious patches

* Found 10-14 miles from nearest releases

« Weevils and MAM were found on islands 2-4 miles
offshore




Connecticut Temperature Time Series (Autumn)
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Mortheast Regional Climate Center

Connecticut Precipitation Time Series {Autumn)
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Severe storm damage and floodlng in 2011




Flooding probably
Increases dispersal
of buoyant MAM
seeds

...pupating larvae in
soll are drowned
during prolonged
floods B




DROUGHT

s : R
Intensity:

DO (Abnormally Dry) D2 (Severe Drought) @ 04 (Exceptional Drought)
D1 (Moderate Drought) () D3 (Extreme Drought)

The Drought Monitor focuses on broad-scale conditions. Local conditions may vary. See
accompanying lext summary for forecast statements.
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7 Colebtaok River Lake Reservoir .

Author(s): )
Chris Fenimore, NOAANESDIS/NCE = Sep 2016
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February 28, 2017 February 28, 2017

As of Feb. 28 2017, 28% of
e CT in_ extreme drought;
D0 (Abnommaly ry) () D2 (SevereDrought) (@) D4 Exceptonal ooy | 400 1N SEVEre drought
Mfmestiome MRSty (U.S. Drought Monitor);
This current drought has
— been ongoing since Jan

Chris Fenimore, NCAA/NESDIS/NCEI 20 15

The Drought Monitor focuses on broad-scale conditions. Local conditions may vary. See
accompanying 1ext summary for forecast statements.




rought impacts in 2015-2016
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No. of CT Towns

History of Rhinoncomimus latipes releases in CT

[ Cumulative R. latipes releases
—@— Cumulative # Towns + MAM
=X/ # of release points including major subsites
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What are the implications for
Invasive hemlock pests?

HWA= Hemlock woolly
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Damaging HWA Generations in Eastern US

f—t Adults — + Eggs
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Connecticut Temperature Time Series (Winter)

2000
Mortheast Regional Climate Center

Connecticut Precipitation Time Series (Winter)

2000
Mortheast Regional Climate Center




The 3 climatic zones of Connecticut
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Progression of HWA In CT




The significant rise in minimum winter temperatures
In CT climate divisions from 1895-2015

CT Division 1 Northwest: 1895-2015 CT Division 2 Central: 1895-2015
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Expansion of HWA in Connecticut in
relation to winter temperatures

Minimum winter temperatures in CT climate divisions 1980-2015
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Patterns of Winter Mortality of
Hemlock Woolly Adelgid in CT

N

When winters are extreme

and severe or with a
sudden cold snap........




Dead vsS Live HWA

ENGIVVA

Dead HWA are easily
detached from stems
with a probe and

tend to be shrivelled.






Winter Mortality of HWA In CT 2000-2016

HWA Winter Mortality in CT 2000-2016
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Effects of winter polar vortex
outbreaks on HWA survival




What Is a polar vortex?

Picture from NASA

Major Polar Vortex Events:

1985, 1994, 1996, 2014, 2015, 2016
2009 was an example of the polar
vortex splitting apart

*The polar vortex is a whirling and
persistent large area of low
pressure, found typically over both
North and South poles, flowing west
to east (NASA)

*Usually centered over Baffin Island,
Canada and NE Siberia, it is
strongest in winter

*Occasionally, the polar vortex can
either be forced well south of its
typical position, or a significant
piece of the larger spin can break off
and plunge south into the U.S.

(www.wundergrund.com)



Polar Vortex Outbreak
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2009 Polar Vortex

2009.01.01 00:00 UTC 2009.02.02 12:00 UTC




The 2009 polar vortex resulted in heavy
HWA winter mortality throughout CT
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Snowfall (inches)
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Heavy snow cover can protect

HWA and predators from




2014 Winter Mortality of HWA
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2015 Winter Mortality of HWA

' l

8 &
91.8% . 88.8% (-5 tg -16°F)

(-7:!) - 14°F) 2

B }% -

2015




2016 Winter Mortality of HWA
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Important determinants of
HWA Winter Mortality

(December

t predictor
O

Negative Degree Days or NDD



Implications for HWA

predators:
current biological control strategies favor
winter active predators such as Laricobius
spp. reared in field insectaries....... IS this
practical for the NE?



Life cycle showing active feeding
period of S. tsugae

Overwintering by adults Ove rWi ntered

r-
@ lts emerge

T Adults ——> + Eggs

SISTENS
Nymphs (N1-4)

Sistens N1

AN y PROGREDIENS
Summer diapause Nymphs (N1-4) 1
(aestivation) SUMMER Winged dults

\ sexuparae
Hatch (— 'égglst“ @

Sasajiscymnus tsugae
Native to Japan




A HWA predator from sprlng to fall
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Average Global Sea Surface Temperatures

Figure 1. Average Global Sea Surface Temperature, 1880-2015
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Arctic Sea lce Minimums

million square km

1980 1985 1990 1995 2000 2005 2010 2015
YEAR

Source: climate.nasa.gov
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Polar vortex outbreaks may be more of the norm

Recent trends In summerArctlc Ice melting, open oceans
absorbing more heat, thus warming arctic air, reduces
temperature differential between the northern and
southern latitudes. Current active research suggests this
may cause greater instability of the jet stream, allowing
more Iintrusions of polar air into the lower latitudes.



Figure 3. Current distributions (area below each line) of the introduced
adelgids and scales on T. canadensis and P. resinosa in Connecticut (C),
Massachusetts (M), and Rhode Island (RI). The species are A. tsugae (A.t.),
F. externa (F.e.), and N. tsugae (N.t.) on hemlock, M. matsumurae (=

M. resinosae) (M.m.) and P. boerneri (P.b.) on pine.




Connecticut EHS Survey 2011

~ EHS Ratings: Survey 2011-2013
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EHS Winter Mortality 2014-2015
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The Impact of Drought +
Elongate Hemlock'ScaIe”

o

% Uppe'r Barkﬁ ;;ted Reservmr

Resérvoir 201 S
Upper Shepaug River Valley



2016-2017

5
.,v.p,f. R

Wil

Ba!m_ TR
§§ .f%

Extreme Drought + Hemlock Borer In



HWA Summary

Climate change is influencing the abundance of the
Invasives; impact on predators?

In spite of the trend in warming winters, back to back polar
vortex incursions have reduced HWA in the forest and
landscape to their lowest levels since 1985

Extreme, prolonged drought coupled with previous EHS
buildup now threatening hemlock survival, especially on
marginal sites; major outbreaks of hemlock borer may be
Imminent.

Predators like Sasajiscymnus tsugae, which target
resurgent spring and summer HWA should be released
after extreme winters to maintain HWA at low levels in the
forest. S. tsugae is available commercially!
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Biological Control of MAM In CT
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