
Activity and 
replication limits in 
dry permafrost

Jackie Goordial
Assistant Professor

School of Environmental Sciences

 Committee on Planetary Protection 
Limits of Life Meeting - June 1-2, 2026



Dry permafrost

• Permafrost: ground/rock that 
remains frozen for > 2 years

• Dry permafrost: Insufficient 
interstitial moisture (ice) to 
cement minerals together 
(<5%) 



Dry permafrost is a rare 
cryoenvironment on Earth

• Widespread on Mars
• Rare on Earth: Localised to cold deserts in Antarctica or 

high altitude

• Documented occurrences: 
•  Stable Upland Zone of the McMurdo Dry Valleys (>1000 m) 
       Bockheim et al., Permafrost and Periglacial Processes, 2007

• Elephant Head, Ellsworth Land, Antarctica
     McKay et al., Antarctic Science, 2019 

• Untersee Oasis, Queen Maud Land Antarctica
  Lacelle et al., Antarctic Science, 2024 

• High Altitude Chilean Andes > 6400 m ( ex. Ojos del Salado of 
Atacama desert) 

     Yoshikawa et al., Arctic, Antarctic and Alpine Research, 2025 
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• University Valley: 
Oligotrophic, cold-arid soils 

• Low biomass (<1000 cells/g)
• Few culturable isolates 

(6 total)
• Metagenomes suggest 

environment is rich in genes 
for dormancy and sporulation

Microbiology of dry permafrost

• No microbial activity 
using radiorespiration 
assays



-Confirms cells remain viable in dry 
permafrost on long timescales
(oldest sample frozen for ~150K 
years)

-Genomic enrichment for dormancy 
traits (Goordial 2017)

Microbial activity in University Valley dry permafrost resumes above 
freezing (in SOME permafrost soils) 

Adapted from Goordial et al., ISME  2016
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Stable Upland Zone 
MDVs (ex. University 

Valley)

Coastal Antarctica

“If uninhabited soils do exist, we might 
expect to find them in Antarctica…our 
results suggest that microbial life is 
severely restricted in the coldest, driest, 
Antarctic soils” 

Dragone et al., 2021 JGR Biosciences

Is dry permafrost a natural habitability boundary for microbial life? 

Biomass

Activity

Low and mid-elevation 
McMurdo Dry Valleys, 

Antarctica
Ex. Taylor Valley 

Anderson et al., Astrobiology 2025 

Bakermans et al., FEMS Mic. Eco. 2014

Goordial et al, 2016, 2017
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University Valley, 
McMurdo Dry 

Valleys, Antarctica

Is dry permafrost a natural habitability boundary for microbial life? 

2017: Confirmation of a new 
site ~2000 km away from the 

Dry Valleys with dry at Elephant 
Head, Ellsworth Land, 

Antarctica
(McKay et al., 2019)

A 2nd site 
(sampled 
Jan 2020)  

Elephant Head, 
Ellsworth land,  

Antarctica



Elephant Head, Antarctica 
microbiology

• Low nutrients ~ 0.07% OC  
( higher than University Valley)

• Low biomass (104 cells/ g soil)
(an order of magnitude higher than University Valley dry permafrost)

• Fungal communities more diverse than bacterial, no 
archaea recovered in sequencing

•  21 psychrotolerant, salt tolerant, aerobic 
heterotrophs 

      (slightly higher than University Valley, 6 isolates total)
• All grow at 0°C and at least up to 5% salt
• 1 cryophile: Arthrobacter agilis ANT-EH-1  (-5 °C – 30°C) 

Wood et al., 2024, ISME Comm



1,2-14C Acetate radiorespiration assay

Low… but detectable amounts of activity in Elephant Head dry 
permafrost

Adapted from Wood et al., 2024, ISME Comm.



Adaptations to cold and oligotrophic soils  

Low [DNA] required MDA*

• Presence of genes associated 
with cold adaptation: 
– Redundant osmotic stress 

adaptations (Compatible solute 
production, Ion transporters)

• Oxidative stress

• Genes for heterotrophy and 
recycling of cellular material 
abundant

• Presence of aerobic H2-uptake 
NiFe group 1l)
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University Valley, 
McMurdo Dry 

Valleys, Antarctica

Dry permafrost does not exclude active microbial life

Biomass
Activity

Culturable 

Elephant Head, 
Ellsworth land,  

Antarctica

Goordial et al. 2016 ISME  
NO activity, dormant
“Nearing the cold-arid 

limits of life”
Wood et al. 2024 ISME Comms  

LOW (detectable!) activity 

Why is Elephant Head different than 
University Valley? 

Wood et al., ISME Comm 2024



Soils <0°C can have unfrozen water 
content due to : 

-Amount of salt and solutes
--Mineral composition and size 
-Amount of water-ice
-Temperature 

Follow the Water….

Elephant Head meets the conditions for water 
activity >0.6 and temperatures above −18°C for 

900 hours more of the year (~10% of a year) 
compared to University Valley

Wood et al., 2024, ISME Comm.



-5 C

Growth (replication) is not the same as activity

• No published studies on 
replication in dry permafrost 
settings 

• To learn about replication, turn to 
(the few) isolates from dry 
permafrost that grow at permafrost 
temperatures



Different optima for replication and respiration in Arthrobacter agilis isolated from 
Elephant Head  

 

Wood et al., 2025, Front. Micro

Growth is not the same as activity

Growth rate (h−1)
 

Respiration 



Cell physiology shifts with temperature 

Arthrobacter agilis ANT-EH-1

Wood et al., 2025, Front. Micro

-5°C

5°C25°C



University Valley isolate Rhodococcus sp. JG3

• Isolated from dry permafrost aged 
~150,000 years

• Does not form spores
• Genomic traits for cold adaptation

Goordial et al., FEMS Microbial Ecology  2016

Activity observed down to -15°C

Starting inoculum 106 cells/g

Doubling 
time 14 
days 

Doubling 
time 10 
hours 

Observed Growth: -5°C to 30°C 
 No growth below -5°C



Summary

• Dry permafrost does not exclude active 
microbial life though not all dry permafrost 
is equal

• Nothing is known about replication limits 
in natural dry permafrost settings 
currently. 

• Isolates from dry permafrost help inform 
replication and activity limits, and 
disconnections between them, in cold-arid 
conditions.  



Questions?
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