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riverine benthic and 
aquifer stoneflies in a 

large alluvial river 
floodplain 





Orthofluvial spring brookParafluvial spring brook

Habitat Complexity

Parafluvial ponds

Beaver ponds

Main channel shallow 
shoreline



The Discovery - 1973

Discovery greatly expanded the scale 
of the hyporheic zone concept 

Stanford & Gaufin 1974; Stanford et al. 2024



Stanford et al. 2005; Whited et al. 2007, 
Helton et al. 2012; Poole et al. 2006; 

• ~10 km long by 2 
km wide

• 30% of the river 
water enters the 
aquifer

• Flow paths are 
highly variable

Geomorphology & Hydrology



Temperature Patterns

Stanford et al. 2016; Arrigoni et al. 2008; Stanford et al. 1975; Helton et al. 2012



Life Cycle
• Amphibitic: aquifer-river-

terrestrial life cycle
• Nymphs must navigate 

the aquifer to return to 
the river

• Emerge from the river 
channel as winged adults



Field Collection Methods



• Species:
  Paraperla frontalis
  Kathroperla perdita
  Isocapnia grandis
  Isocapnia integra
  Isocapnia integra

• Sampling vertical 
profiles can be done 
using baffles

• This floodplain swale 
is 1.2km from the 
river channel

• Aquifer water out-
wells in the spring



Over 3 Decades of Studies

• Hydrology, temperature patterns, 
     aquifer biogeochemistry
• Distribution and abundance of 
     aquifer stoneflies
• Adaptations of aquifer stoneflies

How can alluvial aquifers provide enough 
energy to support huge numbers of aquifer 
stoneflies?

• The paradox of the hyporheos – low microbial production and DOC



River infiltration
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Methane subsidy to the aquifer food web

DelVecchia et al. 2016; Helton et al. 2015



Biomass incorporated into the aquifer food web

DelVecchia et al. 2016

• Aquifer stonefly tissues 
substantially depleted



Overarching Questions
How are aquifer stoneflies adapted to live in this unique 
environment and how vulnerable are they to climate change?

Low Oxygen 
Tolerance?

Mechanisms
underlying 
tolerance?

Ability to 
Forage?

Temperature



Metabolic Rate Methods
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Metabolic Rate Methods



Aquifer – P. frontalis

• Mass specific metabolic rates

Metabolic Rate Methods

• Break points



Metabolic Rate Results
Aquifer – P. frontalis Aquifer – Isocapnia Benthic – P. californica

Benthic – P. badia Benthic – C. sabulosa Benthic – H. pacifica
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Aquifer Oxygen 
Dynamics and 
Stonefly Tolerance 
to Hypoxia

Malison et al. 2020ab

• Aquifer is “mostly” well 
oxygenated

• Stoneflies routinely 
collected from low 
oxygen wells



Aquifer stoneflies 
are adapted to 
anoxia & hypoxia

Malison et al. 2020ab

• Survival and metabolic 
rates studies

• Stoneflies can survive 
and continue moving for 
days in hypoxia & anoxia

• Stoneflies are able to 
tolerate repeated 
exposure to hypoxia and 
anoxia



Respiratory Protein?

www.medicine.net www.nigms.nih.gov

https://www.flickr.com/photos/132574141@N04/42576292762

Perla marginata - Italy

www.nespmarine.edu.au

Brittle Star



Hemocyanin genes detected!

Paraperla frontalis
Isocapnia grandis

Kathroperla perdita

Black highlights = 
Oxygen binding sites



Potential mechanisms
• Specialized abilities to extract oxygen from water given 

higher MR at low oxygen
• Differential gene expression? 

32 genes differentially expressed!
- Removed pairs: 0 min, 5 min, 1 hr



Overarching Questions
How are aquifer stoneflies adapted to live in this unique 
environment and how vulnerable are they to climate change?

Low Oxygen 
Tolerance?

Mechanisms
underlying 
tolerance?

Ability to 
Forage?

Temperature



Prediction: Benthic stoneflies would be less sensitive to warming temperatures 
compared to aquifer taxa





Methods:

• Temperature data
• CTMAX
• Metabolic rates

Benthic:
Claassenia sabulosa
Hesperoperla pacifica
Pteronarcys californica
Pteronarcella badia
Sweltsa coloradensis

Aquifer:
Isocapnia spp.
Paraperla frontalis
Kathroperla perdita



Mean daily river temperature

Mean daily aquifer temperature

Results:

Mean temperature was similar 
for aquifer and benthic habitats 
at the Nyack and Jocko, but was 
warmer in benthic vs. aquifer 
habitats at Wurtz

Benthic habitats were much 
more variable 



Results:

Benthic stoneflies had 
significantly higher CTMAX values 
(F = 6.68, P = 0.021)

Also significant differences 
between genera and mass was 
significant



Results:

No difference in metabolic 
rates among floodplains (F = 
1.78, P = 0.171)



Results:

No difference in metabolic 
rates between habitats(F = 
2.24, P = 0.194)

But benthic stoneflies had a 
greater metabolic breath 
(difference between starting and 
max MR)

Aquifer stoneflies may be more 
vulnerable to warming 
temperatures because they had 
lower critical thermal maximum 
and lower metabolic breath



Take Home Messages:
The discovery of aquifer stoneflies has 
helped shaped our understanding 
hyporheic zones and alluvial aquifers

Aquifer stoneflies are adapted to low 
oxygen conditions, surviving and 
moving much longer

Aquifer stoneflies may be less tolerant 
than benthic taxa to warming 
temperatures but also less vulnerable 
in alluvial aquifers

Investigation of temperature tolerance, 
plasticity, and mechanisms of 
adaptations is ongoing

There is still more to learn
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Questions?
Rachel Malison
rachel.malison@umontana.edu
@rlmalison
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