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Outline

• Background- tropicalization and mangrove range expansion

• Projections of mangrove expansion (Bardou et al. 2024 and 
Kang et al. 2023)

• Ecological implications of mangrove expansion





Tropicalization of temperate ecosystems 
due to warming winters

Osland et al. 2021, Global Change Biology



Cold damage/mortality events are infrequent in the 
tropical-temperate transition zone

Osland et al. 2021, Global Change Biology
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January 2025: Snow in south Louisiana!



Northward position of 
climatic zones under 

alternative future 
scenarios - a 2°C, 4°C, 

and 6°C increase in 
winter temperature 

extremes

Osland et al. 2021, Global Change Biology
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Warming winters are expected to lead to range expansion
of mangrove forests at the expense of marsh 
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Osland et al. 2022, Global Change Biology



The tipping point: where salt marshes are replaced by 
mangrove forests

Osland et al. 2013, Global Change Biology

Zone of instability:
-7.6 to -6.3oC

Inflection Point:
-7oC

 



Cross-ecosystem concept paper on ecological 
thresholds and transformations (2025, Ecosphere)
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Projections of 
future mangrove 

abundance 
under alternative  

scenarios
 (2071-2100)

Recent (1981-2010)

Future (2071-2100); intermediate

Future (2071-2100); high

Bardou et al. 2024
Journal of Biogeography



Projections of 
coastal wetland 

vegetation height 
under alternative  

scenarios
 (2071-2100)

Recent (1981-2010)

Future (2071-2100); intermediate

Bardou et al. 2024
Journal of Biogeography

Future (2071-2100); high



Projections of 
future coastal 

wetland 
aboveground 

biomass under 
alternative  
scenarios

 (2071-2100)

Recent (1981-2010)

Future (2071-2100); intermediate

Bardou et al. 2024
Journal of Biogeography

Future (2071-2100); high





18 field sites that 
span the marsh-

mangrove 
transition zone

Kang et al. 2024, 
Journal of Ecology



Quantified relationships 
between temperature and 
many ecological attributes

Kang et al. 2024, 
Journal of Ecology



Projections of 
mangrove 

expansion under 
alternative 
warming 
scenarios

Kang et al. 2024, 
Journal of Ecology



Alternative range expansion pathways

A: steps

B: continuous

C: expansion/contraction

D: no expansion

Osland et al. 2021, Global Change Biology



Red mangrove propagules in Alabama (2015)



Mangrove propagule density (Van der Stocken et al. 2018, PNAS)



+
Mangroves 
on the move

=
Sea-level

 rise
Warming
winters

Long-distance dispersal
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Mangrove forests and salt marshes are both frequently ranked among the most 
valuable ecosystems on the planet (Costanza et al. 2014; Barbier et al. 2011)

Osland et al. 2022, Global Change Biology



Local Impacts &
 Trade-offs Photo credit: Travis Glidden

Photo credit: Louisiana Department of Wildlife & Fisheries



Cedar Key, Florida



Port Aransas, Texas

Photo credit: Travis Glidden



Port Fourchon, Louisiana

Photo credit: Louisiana Department of Wildlife & Fisheries



Apalachicola, Florida

Photo credit: Caitlyn Snyder



Take home messages

• Tropicalization: tropical species moving northward with 
warming winters & impacting “temperate ecosystems” 

• Mangrove range expansion: Local impacts & trade-offs
– local-scale differences in perceptions of the impacts of mangrove 

expansion into salt marshes
– some individuals see mangrove expansion as a positive change to be 

embraced
– others see mangrove expansion as a negative change to be 

constrained



Thanks!

mosland@usgs.gov
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