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Environment Evolution

• Change in existing plant-pathogen interaction
• Create novel plant-pathogen interaction

•Selection on 
pathogen 
by uniform hosts

•Pathogen hybrids
with new host range

•Pathogen

•Host

• Climate change

• ∆ forest structure

• ∆ disturbance regime

• Pollution

- All can create emergent disease epidemics.
- When and where are each more important?



Pitch canker

Rizzo & Garbelotto 2003

Sudden Oak Death

Faramea rust



Porroca on coconut



-Reproduce
-Disperse
-Find more suitable hosts

Pathogen needs
Ecological (movement)

Evolutionary 
- host acquisition
- environmental conditions

Modes of change

Introduced pathogen
-specialized on a common host
-specialized on a rare host
- with broad host range
- restricted by environmental conditions

Emergent disease scenarios



•Suitable host
(preadapted)
• Appropriate
environment

Specialist on a common host



•Suitable host
(preadapted)
• Appropriate
environment

Specialist on a common host



•Suitable host
(preadapted)
• Appropriate
environment

Strong selection pressure 
to acquire new hosts

Specialist on rare host 



•Suitable host
(preadapted)
• Appropriate
environment

Narrow host range
-dispersal ability of pathogen
-density of susceptible host
-environmental heterogeneity

•Strong selection pressure 
to acquire new hosts

•More likely to acquire:
--closely related hosts?
--abundant hosts?

- USDA database for fungi
- all fungi on Coast Live Oak
- all recorded host spp. for those fungi 

in CA coastal forests
- phylogenetic distance among hosts



Verbena sp.
Proboscidea sp.
Myoporum sp.
Pinguicula sp.
Buddleja sp.
Orobanche sp.
Verbascum sp.
Hippuris sp.
Plantago sp.
Salvia sp.
Chilopsis sp.
Carlowrightia sp.
Fraxinus sp.
Ipomoea sp.
Cuscuta sp.
Datura sp.
Gentiana sp.
Asclepias sp.
Apocynum sp.
Cephalanthus sp.
Pholisma sp.
Cynoglossum sp.
Phacelia sp.
Garrya sp.
Valeriana sp.
Dipsacus sp.
Sambucus sp.
Pittosporum sp.
Sanicula sp.
Aralia sp.
Baccharis sp.
Menyanthes sp.
Campanula sp.
Ilex sp.
Cornus sp.
Mentzelia sp.
Sarracenia sp.
Arbutus sp.
Styrax sp.
Primula sp.
Fouquieria sp.
Phlox sp.
Simmondsia sp.
Phytolacca sp.
Abronia sp.
Sesuvium sp.
Opuntia sp.
Anredera sp.
Portulaca sp.
Glinus sp.
Amaranthus sp.
Salicornia sp.
Silene sp.
Armeria sp.
Rumex sp.
Tamarix sp.
Frankenia sp.
Drosera sp.
Epilobium sp.
Lythrum sp.
Punica sp.
Eucalyptus sp.
Staphylea sp.
Crossosoma sp.
Limnanthes sp.
Reseda sp.
Isomeris sp.
Brassica sp.
Koeberlinia sp.
Batis sp.
Tropaeolum sp.
Dirca sp.
Cistus sp.
Hibiscus sp.
Fremontodendron sp.
Ruta sp.
Melia sp.
Castela sp.
Bursera sp.
Rhus sp.
Acer sp.
Aesculus sp.
Juglans sp.
Corylus sp.
Myrica sp.
Quercus sp.
Elaeagnus sp.
Ceanothus sp.
Cannabis sp.
Ficus sp.
Urtica sp.
Ulmus sp.
Rosa sp.
Eriogonum sp.
Lupinus sp.
Cucurbita sp.
Datisca sp.
Viola sp.
Linum sp.
Bergia sp.
Euphorbia sp.
Hypericum sp.
Salix sp.
Euonymus sp.
Oxalis sp.
Larrea sp.
Krameria sp.
Geranium sp.
Vitis sp.
Lithophragma sp.
Ribes sp.
Crassula sp.
Haloragis sp.
Paeonia sp.
Arceuthobium sp.
Comandra sp.
Gunnera sp.
Platanus sp.
Berberis sp.
Ranunculus sp.
Papaver sp.
Pilostyles sp.
Umbellularia sp.
Calycanthus sp.
Anemopsis sp.
Aristolochia sp.
Scheuchzeria sp.
Halodule sp.
Potamogeton sp.
Zannichellia sp.
Lilaea sp.
Alisma sp.
Najas sp.
Arum sp.
Lemna sp.
Iris sp.
Agave sp.
Corallorhiza sp.
Typha sp.
Arundo sp.
Juncus sp.
Scirpus sp.
Eichhornia sp.
Commelina sp.
Phoenix sp.
Ceratophyllum sp.
Nymphaea sp.
Brasenia sp.

Juglans regia
Juglans unk.

Alnus incana
Alnus oregona
Alnus unk.
Alnus tenuifolia
Corylus rostrata

Quercus agrifolia
Quercus alba
Quercus borealis
Quercus cerris

Quercus chrysolepis
Quercus coccinea
Quercus douglasii
Quercus dumosa
Quercus dunnii
Quercus durata

Quercus emoryi
Quercus engelmanni
Quercus garryana
Quercus ilex

Quercus kelloggii
Quercus laurifolia
Quercus lobata
Quercus macrocarpa
Quercus mongolica

Quercus nigra
Quercus oblongifolia
Quercus obtusata
Quercus palustris
Quercus phellos

Quercus robur
Quercus sadleriana
Quercus sp.
Quercus suber
Quercus turbinella
Quercus velutina

Quercus virginiana
Quercus wislizeni
Lithocarpus densiflora
Castanea unk.

Quercus agrifolia
Quercus alba

Arbutus menziesii

Rhododendron californicum

Rhododendron macrophyllum

Rhododendron occidentale

Rhododendron unk.

Arctostaphylos patula

Arctostaphylos unk.

Cercis occidentalis

Caesalpinia gilliesi

Lathyrus odoratus

Acacia unk.

Robinia pseudoaca

Gleditsia triacantho

Cornus californica

Cornus glabrata

Cornus nuttallii

Encelia californica

Baccharis pilularis

Phoenix 
dactylifera

Fouquieria
splendens

Crossosoma sp.

Cephalanthus
occidentalis

Sambucus glauca

Eriogonum
arborescens

Plant species sharing fungi with Quercus agrifolia in California 

Oaks

Ericales

Asterids

Legumes

Other Fagales

Of 70 fungal spp.
on coast live oak:

-80% close relatives
-of remainder, most 
on common associates

An introduced pathogen with a 
broad host range may be 
preadapted to an unpredictable 
set subset of local hosts, 
depending on what taxa were 
common in its original range.



•Suitable host
(preadapted)
• Appropriate
environment

White Pine Blister Rust
Selection for environmental tolerance

McDonald & Hoff 2001

Restricted by environmental conditions



Movement

Change Environment
Evolution of host range
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