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Conserving sensitive habitat is challenging



Fungal processes are important in ecosystems
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Fungi

✓Decomposition

✓Enzyme activity

✓Soil aggregation

✓Nutrient cycling

✓Supporting plants

✓Water holding capacity

✓Community respiration

✓Ecosystem productivity

✓Stability

✓Resist invasion

✓Nutrient retention

✓Resilience

✓Complexity

High 
Diversity

Low
Diversity

- Less complex

- More vulnerable to threats

Naeem et al. 1994 Nature

(+) Biodiversity

(+) Ecosystem Functioning

(-) Biodiversity

(-) Ecosystem Functioning



Fungi

High 
Diversity

Low
Diversity

Naeem et al. 1994 Nature

(+) Biodiversity

(+) Ecosystem Functioning

(-) Biodiversity

(-) Ecosystem Functioning



Soil Plant litter

dead plant material



Plant species richness in litter
Maltz et al. 2017 PLoS ONE
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Approach: Fungal responses on different scales
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Microbes

Local

Lab

Leverage

Role of

Apply

Characterize



Image Credit: Mary Anne Amalaradjou 



Research framework

drought, land use
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PulsePress

Disturbance



…The butterfly effect

Edward Norton Lorenz



Depends on initial conditions

One Small Change can result in Large Differences in a later state



Response and reassembly

Plant and fungal community assembly post-volcanic eruption



Microorganisms as ecosystem engineers

photo credit: 
D. Newman



Mount St. Helens Eruption

• 5/18/80, 8:32am, 9 hr. duration 

• 57 people killed

• Main eruption

• Landslide N. Fork Toutle River Valley

• Covered 60 km2

• Depth 45 m2

• Burned 60,000 hectares forest

• Subsequent eruptions

• Triggered by earthquake (5.1) 

• Cascades Mountains, Washington USA

• Destroyed 350 km2 coniferous forest



Mount St. Helens Eruption

Before

After

Cascades Mountains, Washington USA



Pioneer species

Lupinus lepidus 
Microbial host plant

Symbioses with N-fixers

Biogeochemical cycling

Thomomys talpoides
Burrowing N. pocket gopher

Unearthing organic matter and 

fungal spores
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Forestry management

Clear-cut Old growth



Recovering forests of Mount St. Helens

• Old growth forests will recover different microbial communities than 

clearcut forests, ostensibly because of mycorrhizal-host interactions

• Historic short-term gopher introductions will result in long-term 

changes in fungal communities because gophers: 

- Serve as vectors for moving plant propagules, soil organic matter, 

and mycorrhizal fungi to the surface of pumice plains 

- Create microsite conditions conducive for primary succession and 

plant establishment
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Picture credit: 
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1982: Pocket gophers (Thomomys talpoides) were experimentally placed in enclosures   

     within the pumice plain along with established individuals of Lupinus lepidus Dougl.

Allen, McMahon, & Andersen 1988

Crisafulli, MacMahon, & Parmenter, in Ed. Dale et al. 2005

, Allen & McMahon 1988 ,Allen 1987, 

,Allen 1988



Methods

photo credits: R. Hernandez



DNA extraction

photo credit: R. Hernandez photo credit: N. Rodriguez



ITS4FUN and 5.8S Fungal communities

SSU

ITS2

Dual-indexed 

Targeted amplicon PCR
Illumina Miseq

Microbial community composition

Mycorrhizal fungi (AMF)

~20 million sequences         

Wanda and AML2     

16S Bacterial communities (Bacteria/Archaea)515F and 806R     



Bacterial beta diversity in old-growth vs. clear-cut forests
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Maltz, et al. Frontiers in 

Environmental Microbiomes

(In Review)



Bacterial and fungal beta diversity in old-growth vs. clear-cut forests
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Maltz, et al. Frontiers in 

Environmental Microbiomes

(In Review)



Arbuscular mycorrhizal fungi: Functional groups

Guild Intraradical

Hyphae

Extraradical

Hyphae

Rhizophilic

Edaphophilic

Ancestral

High

Low

Low

Low

High

Pathogen 

protection

Nutrient 

acquisition

Low

Description of AMF guilds.

Function

Stress-

tolerance(?)

‘root-loving’

‘soil-loving’

Adapted from Weber et al. 2019 Fungal ecology



Fungal families within AM  functional groups

AM Families
Intraradical

Hyphae

Extraradical

Hyphae

Glomeraceae
High

Low

Low

Low

High

Pathogen 

protection

Nutrient 

acquisition

Low

Function

Stress-

tolerance(?)

Claroideoglomeraceae

Adapted from Weber et al. 2019 Fungal ecology

Paraglomeraceae

Gigasporaceae

Diversisporaceae

Ambisporaceae

Archaeosporaceae

Acaulosporaceae
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Gopher exclosures



Bacterial beta diversity for gopher additions in lupine systems

Bacterial

16S

Fungal 

ITS2

Maltz, et al. Frontiers in 

Environmental Microbiomes

(In Review)



Bacterial and fungal beta diversity for gopher additions in lupine systems

Bacterial

16S

Fungal 

ITS2

Maltz, et al. Frontiers in 

Environmental Microbiomes

(In Review)
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Findings

Soil microbiomes differed by forest management methods (Clearcut vs. Old 
growth and whether gophers were introduced to recovering forests.

Host-symbiont interactions may have been influenced by differences in 
the variety of mycorrhizal functional groups in this system

Ancestral AM fungi were more common 
in Old Growth forests, but less common 

in gopher plots
 
In gopher plots, rhizophilic AMF may 
have conferred an advantage to plants 

establishing in the pumice plain by 
protecting them from pathogens
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Global change
Emergence of 

pathogens
Crop losses

Study of Microbes

4



Resistance, Resilience, Sensitivity

Shade et al. 
Current Opinions Microbiology, 2023



Selective Mortality

Shade et al. 
Current Opinions Microbiology, 2023



Pickett, Maltz, and Aronson 
Invasive Plants 2018

Revegetation with 
native plants

Plant nurse species
Activated charcoal

Sugar

Planting

Amendments

Microbial additions

Whole soil

Selective enrichment



Pickett, Maltz, and Aronson 
Invasive Plants 2018

Revegetation with 
native plants

Plant nurse species
Activated charcoal

Sugar

Sawdust

Fertilizer

Planting

Amendments

Microbial additions

Whole soil
Plant-supporting 
mycorrhizal fungi

Single species

Selective enrichment



Koziol in review, Fungal Ecology



Fisher’s z-transform

Mycorrhizal colonization

Fisher’s z-transform

Plant performance

(All studies; P<0.001)*

Maltz & Treseder 2015, Restoration Ecology
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Inoculation yields positive effects



Fisher’s z-transform

Mycorrhizal colonization

Fisher’s z-transform

Plant performance

(All studies; P<0.001)*

Maltz & Treseder 2015, Restoration Ecology
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Inoculation yields positive effects

Is the corollary true in post-fire systems?



Phoenicoid fungi



Brewer+, Maltz et al. 2019, mBio

Dove+, Maltz et al. 2020, 

Env Research Letters
Maltz et al. 2022, Frontiers in Microbiology

Aarons, Maltz et al. 2019, Aeolian Research
Treseder, Maltz et al. 2019, 

Ecology Letters Looby+, Maltz et al. 2017, Ecology and Evolution

Maltz et al. 2019 Fungal Ecology

Maltz et al. 2017, PLoS ONE

Plants and microbial communities assemble over time

Temporal dynamics:



Translocating topsoil reduces non-native cover

Fungal taxa richness / diversity

Degraded RestoredDonor
Recipient Recipient

Degraded RestoredDonor
Recipient Recipient

Fire reduces fungal richness and changes 

fungal community composition …

Dove & Hart, 
Fire Ecology (2017)



Translocating topsoil reduces non-native cover

Fungal taxa richness / diversity

Degraded RestoredDonor
Recipient Recipient

Degraded RestoredDonor
Recipient Recipient

… would inoculation of native taxa accelerate fungal post-fire restoration?

Dove & Hart, 
Fire Ecology (2017)



Microbial facilitation post-fire

Composition

Traits Biogeochemistry

Adding 

soil microbes from 
reference unburned sites 

to improve post-fire 

recovery



Bureau of Land Management awarded to Sydney Glassman’s Fungal Ecology Lab at UC Riverside

Stephens’ Kangaroo Rat (Dipodomys stephensi) Preserve, 

at Lake Mathews Estelle Mountain Reserve.



Preliminary site survey site: Line transects

3 Lines - Fall Burn; 3 lines Spring Burn



Pollinator visitation                    Plant community monitoring





AM spores

With Furrows
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Added to soil surface 
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profile 
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profile 





Prepare inocula

Extract AM fungal spores from native 

soil at Lake Mathews 

Sucrose density centrifugation

Collect native soil at Lake Mathews 



AM spores

With Furrows
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Added to soil surface 
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profile Added into soil profile 



Inoculation treatments with and without furrows
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Figure credit: modified from Annika Rose PersonMaltz, et al. Applied Soil Ecology (In prep)



Inoculation treatments with furrows
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Prescribed fire and fungi in an arid grassland chaparral system

21

• Time since fire and burn season affected fungal 

community composition

• Fungal richness ephemerally increased post-fire

• Revegetation and strategic management approaches to 

amending post-fire soils with native microbes may support 

ecosystem functioning





Pile burns at UConn

Photo credit: Dr. Milton Levin



Our “Burning” Questions

How do fires in New England affect soil function, health, and 

physicochemical properties in hardwood stands? 

How does fire affect fungal community composition and soil 

biodiversity in New England forests?

Would post-fire microbial inoculation (PFMI) benefit 

regeneration efforts of blight-resistant chestnuts? 



Collecting inoculum from the chestnut grove



Study System Joshua’s Trust (JT)

UConn 

Forest (UCF)

Joshua’s Trust 

UConn Forest (UCF)



Methods

Suitable burn 

locations are 

identified and  
sampled at T0

Burn 

operations 

occur 

Inoculation 

and sampling 

at day 2, and 
sampling at 

day 29

Physical, 

chemical, and 

biological 
assays are 

performed



Photo credit: 
Dr. Milton Levin



Cation Exchange Capacity and pH Levels

Soil pH was higher in burned plots. Desirable 
zone for soil pH for American chestnut 

regeneration is highlighted.Cation exchange capacity (CEC) 
increased after the fire at UCF.



Fungal Communities 

Inoculation increased fungal diversity in burned plots
Soil fungal communities varied between sites. 
Fire status affected fungal communities at UCF.



Fungal Communities

Inoculation increased fungal diversity in burned plots
Soil fungal communities varied between sites. 
Fire status affected fungal communities at UCF.





Translocating topsoil reduces non-native cover

Fungal taxa richness / diversity

Degraded RestoredDonor
Recipient Recipient

Degraded RestoredDonor
Recipient Recipient

Dove & Hart, 

Fire Ecology (2017)

Fungal richness varied following prescribed burns vs. wildfires

Inoculation may affect ecosystem functioning in unexpected ways





Thank you!
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