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Although there are currently no examples of serious invasive forest pathogens in Alaska, limited tree
diversity makes Alaska’s forests vulnerable to serious potential impacts. Invasive plant pathogens are
frequently introduced through the movement of live plant material, soil, and wood with bark. American
chestnut blight, Dutch elm disease, white pine blister rust, and sudden oak death provide examples of
diseases caused by invasive plant pathogens that have permanently changed natural and urban forest
composition and structure in North America through the complete or partial eradication of once-
dominant tree species. Examples from the west coast, Argentina and New Zealand highlight three
relatively new diseases caused by pathogens in the genus Phytophthora. All have had cascading
ecological, economic, and social impacts and influenced timber and/or nursery industries. Key
challenges to predicting and preventing the introduction of invasive plant pathogens are that: 1) they do
not cause significant damage in their place of origin and their origin is often unknown, 2) they are
microscopic, biologically complex, and difficult to distinguish from native organisms, and 3) they can
produce different symptoms on different hosts, vary in host-specificity, and can be masked with
fungicides. Once introduced, control is hindered by the lag between introduction, detection, diagnosis,
treatment development, coordinated treatment implementation, and, of course, funding. There are also
frequently historical, cultural and political obstacles to control. For example, if members of society have
never experienced the serious destructive impacts of invasive pathogens, they may not understand the
cost of inaction or may not support regulation or sanitation measures such as diseased tree removal.
Still, there is much that can be done to prevent and mitigate damage from invasive pathogen
introductions in Alaska, first by educating to change the attitude that “it won’t happen here.”
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Alaska: Current Status

Currently no examples of serious pathogen introductions in Alaska
Limited diversity forests creates vulnerability

Live plant, soil & wood movement are key vectors

Warming temperatures, transportation & trade increase risk

Other forest health impacts on the landscape: Yellow-cedar Decline




As for the rest of North America...

Invasive pathogens have had major ecological & economic impacts

Examples from N. America

What can we learn from past introductions?
What is different about modern introductions? |
Can we anticipate & prevent introductions?

Chestnut blight

White pine blister rust
Dutch elm disease
Sudden oak death

What if a serious pathogen of western hemlock or Sitka spruce
was introduced to Southeast Alaska?



Chestnut Blight
Cryphonectria parasitica

Image from North Carolina Forest History Society

S. Fei et al. 2012.Modeling Chestnut biogeography for American chestnut restoration. Diversity and Distributions, 18, 754—-768

Hepting, G.H. 1974. Death of the American chestnut. Journal of Forest History, 18, 61-67.



Chestnut Blight

Cryphonectria parasitica

Detected 1904 at New York Zoo,
spread 24mi/yr

Native to China, introduced 1893 on
nursery stock

Asian chestnuts are disease resistant,
American chestnuts highly susceptible

Saprophytic on oaks, red maple,
shagbark hickory, sumac

Biocontrol (virus) could not keep pace
with pathogen spread, more effective
in Europe

Resistance breeding: must be disease
resistant, regionally adapted to
climate, with desired traits

Cankers & spores of
Cryphonectria parasitica




White Pine Blister Rust

Cronartium ribicola
AR

* Endemic to E Asia, multiple N American introductions

* Introduced early 1900s on white pine seedlings grown in
Germany & France, widely distributed as plantation stock

* Has now spread to 38 states, substantial mortality
* Cycles between 5-needled pines & Ribes/Pedicularis/Castilleja

— eastern white pine, western white pine, sugar pine

— whitebark pine, southwestern white pine, limber pine, foxtail pine,
bristlecone pines

Spores on pine can spread 300-1000 miles




White Pine Blister Rust: Control

Cronartium ribicola

* Ribes eradication efforts to break disease cycle:

— Depression era programs: CCC employed up to
11,000 men/year

— Ribes control considered more successful in
eastern US, ended 1968, $150 million

“Ecological warfare on a biblical scale...in the end, the war
was lost to superior enemy fitness” —Kinloch 2003

* Antibiotics: stem & aerial sprays over whole
watersheds failed

* Resistance breeding: variability among species,
layering resistance genes is critical for durable
protection against multiple pathogen races



“Western white pine remains potentially the most economically and ... ecologically valuable species
in much of the region, white pine blister rust has reduced it to a relic. Consequently, WWP is now
largely represented as widely scattered trees with limited natural regeneration potential in areas it
formerly dominated... [the] population size in the Interior Northwest ... is now estimated to be less
than 5 % of what it was at the turn of the 20th century”- Harvey and others 2008
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Contlnuous forest cover of nearly pure western whlte pine in N Idaho 1938 (USFS)




Dutch Elm Disease

Ophiostoma ulmi and O. novo-ulmi
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Dutch EIm Disease
Ophiostoma ulmi and O. novo-ulmi

e Vectored by native & introduced
beetles; root-to-root contact

e Kills by girdling vascular tissue,
blocks water transport

e Control measures:
— diversification of urban forests
— removal of diseased trees
— vector control ;
— pruning, root trenching i Pnioagat
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F;.;ngs Mmrough natural root graft

UGA1501033

— fungicide injections
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* Resistance breeding:
greater susceptibility to other
diseases, changed tree form



Sudden Oak Death

Phytophthora ramorum




Sudden Oak Death

Phytophthora ramorum

* Introduced 1990s to California, identified 2000, origin unknown

e 2004: west coast nurseries shipped 2.3 million potentially
infected rhododendrons & camellias to 49 states, detected in
176 nurseries in 21 states

* Spread: infected plant movement, wind-blown rain,
contaminated irrigation water, possibly soil

* Hosts: Trunk vs. Foliar

— Miillions of tanaok trees & oak species killed since 1995

UGA5251049

— Bay laurel, Doug-fir, coast redwood, larch
Bay Laurel, Umbellularia californica

— Trunk hosts vs. foliar hosts John Bienapfl, UC Davis

— APHIS maintains a growing list of hundreds of
hosts (some Alaskan species)



Sudden Oak Death

Phytophthora ramorum (Oomycete)

. B Bt ¢ Loe
. ,‘. ! ’.4

Phytophthora species: water-molds, unrelated to
fungi but with similar structures, plant-killer genus

Resting spores & swimming zoospores S
’

Pathogen lineages:
— EU1 considered more aggressive than NA1

— NA1 only lineage in US forests until 2015 detection near
a nursery that tested positive in 2012

— EU1 and NA1 are opposite mating types, new risks of
pathogen diversification



Sudden Oak Death: Control Effort

Phytophthora ramorum
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* Aggressive multi-agency control effort in OR Bl . 12 Kl

— USDA APHIS nursery inspections/phytosanitary regulations

— USFS & OR Dept. of Forestry aerial surveys & ground check
monitoring

3

— Stream-baiting in watersheds with nurseries that have tested
positive

— Treatment & continued monitoring in/near eradication sites;
permitting across land ownerships (BLM, state, USFS)

— University research & diagnostics

Prior experience with Port-orford cedar root-rot, P. lateralis




Sudden Oak Death: Control Effort

Phytophthora ramorum

* Removing bay trees, other key hosts

* Fell, pile, cover with plastic until burned,
Agri-Fos® fungicide treatment, monitor
resprouts for infection

e Wildfire risk can delay burning; funding can
delay all treatment

* Quarantine areas: Oregon expanded 6 to 8-
mile buffer to 519mi? in 2015






Mal del cipres

Phytophthora austrocedrae
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 New species (2007); unknown origin

e Chilean cypress mortality in Argentina

e Destructive & invasive; impacts all ages

* |nner bark lesions; roots to lower bole

* Inoculated seedlings killed in <1 mo.

e Isolated from dying yellow-cedar in Scotland park (2011)

* Yellow-cedar susceptibility & pathogen environmental
thresholds unknown: good candidate for inoculation
trials under regulated conditions
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Kauri dieback
Phytophthora taxon agathis

» Kauri (Agathis spp.) appeared in fossil record 20M
years ago, ancient conifer Araucariacaeae

* New Zealand kauri endemic, restricted to 38°S
* Slow growth, immense size, longevity
* Disease spores collected 1970s, identified 2008

* Unprecedented damage to native, iconic, culturally-
important tree

Multi-agency public marketing & science campaign

Waipoa NF
2003




Ka U r| d |eback Phytophthora taxon agath/s




Kauri dieback Phytophthora taxon agathis

Obstacles to disease management

e Cultural importance inhibits sanitation tree removal "' 5 Qe
* Public inexperienced with invasive diseases |
* Trails with healthy kauri closed, diseased kauri open
* Public reaction to anticipated trail closure-
“Use the trails while we can!”
* Spread via dogs, feral pigs, boots
e Public lacks information on disease distribution-
when to use boot washing stations?
* Untapped public marketing potential (e.g. ferry to
Great Barrier Island)

o8 -’:"-, 2

Kauri Dams Trail, Great Barrier Island, Jan 2013

CLEAN YOUR GEAR

Remove soil before AND after

@h forest visits - clean your shoes,

tyres and equipment

STAY ON THE TRACK
AND off kauri roots



Kauri dieback Phytophthora taxon agathis

What’s working?

KAURI DIEBACK

e Kauriis an icon for all New Zealanders, b

especially in the largest city, Auckland

* Public is experienced with & supports
invasive species control

* Even in urban centers, the public values the
natural environment

* Aggressive public marketing campaign is
getting the word out

* Scientific information about the pathogen &
disease is accumulating

« Kauri dieback is a soil-borne disease causAed t:‘v a giTa:)\
hthora taxon Agathis |
pathogen known as Phytop! : a“}

« The disease is specific to kaurl and is killing trees o
ages and sizes
 Itis soil-borne and attacks a tree through the roots

What are the symptoms?

« Dead branches

« Yellowing leaves e Thinning canopy 2

« Bleeding lesions at the bottom of the tr

How do you stop it spreading?

o Scrub all soil and mud from footwear of equipment
o Spray entire surface with Trigene disinfectant
o Leave footwear to dry before moving to another area of
kauri forest

www.kauridieback.co.nz

0800 NZ KAURI

KEEP

TANDING




Key Challenges to Predicting, Preventing & Controlling
Invasive Pathogens

1. We often don’t know their origin, little or no damage to native hosts

2.  Microscopic, complex biology & spread

3. Variability in host specificity, different symptoms on different hosts

4. Lag between introduction, detection, diagnosis, treatment development,
funds mobilization, & action (even with aggressive multi-agency effort)

5. Historical, cultural, political obstacles to control

6. Difficult to assess potential costs before potential impacts realized

At this time, there are no examples of successful eradication of naturalized




Sounds grim- what can we do?

Encourage policies/regulations that target key introduction pathways (live
plants & soil movement, nursery sanitation)

Develop Unwanted Pathogens lists based on host genera & climate;
coordinate between experts, border protection & extension service providers

Support evaluation & monitoring programs for early detection, then early &
aggressive investigation of causal agents

Determine how sanitation measures could slow or halt spread; requires
knowledge of pathogen biology; engage the public

Reduce the lag between introduction, detection, diagnosis, treatment
development, funds mobilization, & action by preparing an aggressive multi-
agency taskforce (scenarios planning)

Anticipate & confront historical, cultural & political obstacles to control; learn




Unwanted Forest Pathogens List for Alaska

Pathogen name Disease name Host/s species In AK? Invasive
in Alaska ranking
Chrysomyxa abietis (Wallr.) Spruce needle Spruce No High
Unger rust
Phytophthora austrocedrae Mal del ciprés Yellow-cedar No High
Gresl.& EM Hansen
Bursaphelenchus xylophilus Pine wilt Lodgepole pine No Moderate
nematode
Chrysomyxa ledi var. Rhododendron- Spruce & No Moderate
rhododendri (de Bary.) Savile spruceneedle Rhododendron
rust
Cistella japonica Suto et Resinous stem Yellow-cedar No Moderate
Kobayashi canker
Didymascella chamaecyparidis  Cedar shot hole Yellow-cedar No Moderate
(JF Adams.) Maire
Lophodermium Cedar leafblight Yellow-cedar No Moderate
chamaecyparissi Shir & Hara.
Melampsora larici-tremulae Poplarrust Aspen, larch & pine No Moderate
Kleb.
Seiridium cardinale (Wagener) Seiridiumshoot Yellow-cedar No Moderate
Sutton & Gibson blight
Erwinia amylovora (Burrill) Fireblight Mountain-ash & Yes Low
Winslow ornamental fruit trees
Phytopthora ramorum Werres Sudden oak death Pacific yew & No Low
deCock Manin’t Veld understory spp. !
Phytophthora alni subsp. Alder Alder Yes Lowz
uniformis Brasier & SA Kirk Phytophthora
Taphrina betulae (Fckl.) Johans. Birchleafcurl Birch No Low
Taphrina betulina Rostr. Birch witches Birch No Low

Valsa hariotii

Apiosporina morbosa
(Schwein.:Fr.) Arx

broom
Valsa canker

Black knot

Aspen, cottonwood,
willow

Bird cherry
(invasive/ornamental)

No

Low

Very Low



What can we learn from past introductions?
What is different about modern introductions?
Can we anticipate & prevent introductions?

How can we better prepare Alaska to respond to a serious introduced
pathogen threat to our forests?
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