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overview
 Co‐evolution and adaptation of species and communities under 
climate change and variability,

 Some examples of evolving communities and potential changes 
in ecosystem dynamics,

 Some proposed recommendations to better understand evolving 
systems.
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Potential Biological Responses to Climate Change
(warming, sea level rise, OA, etc.)

• Metabolic rates (mostly +),
• Productivity (growth, mortality, +/‐),
• Primary Production (mostly +),
• Trophic interactions (difficulty to predict due to spatial processes),
• Competition/predation,

• Invasions/extinctions,
• Host/parasite and disease implications,
• Often confounded with other factors (fishing, eutrophication etc.).

• Depensatory mortality and Allee effects at low population sizes, *
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Warming scenario
Co‐evolved species along a 
bivariate resource continuum

many implications for dynamical processes
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Climate Change Impacts Ecosystem Engineering Species

“March of the mangroves” – global phenomenon

So What?



= black mangrove (AG)

= cord grass (SA)

“Ecotone”

“salt marsh”

Simpson, L.T., et al. 2021. Mangrove Encroachment Alters Decomposition Rate in Saltmarsh 
Through Changes in Litter Quality.  Ecosystems (2021) 24: 840–854 
https://doi.org/10.1007/s10021‐020‐00554‐z

Altered rates and magnitude of organic matter decomposition and nutrient cycling due to differences 
in the structural complexity, litter quality, and other ecophysiological traits of foundation species
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Finding: Although the phenomenon of distributional shifts in response to global warming 
has been studied extensively, proportionally little information on ecosystem dynamical 
responses has been generated (e.g., changes in nutrient cycling, metabolic rates, vital rates)

Findings and Recommendations to consider

Recommendation: Consider a program of ecosystem‐based research on systems undergoing  
rapid change to discern impacts on changes in ecosystem processes determining the 
productivity implications of warming and associated factors.



Finding: NOAA and other mission‐oriented agencies invest heavily in ongoing time series to 
monitor species and communities especially on the continental shelves, but data are 
generally not available for coastal regions where climate effects may be most extreme.

Findings and Recommendations to consider (cont.)

Recommendation: Consider establishing a virtual marine phelology network with 
established coastal marine laboratories (NAMML), NERRS sites, LTERs, coastal NEON sites, 
etc.  This may also include efforts to intercalibrate state‐sponsored survey programs.

Finding: The USA GLOBEC (Global Ocean Ecosystem Dynamics) and CAMEO (Comparative 
Analysis of Marine Ecosystem Organization) were joint agency/academic programs 
emphasizing simultaneous top‐down and bottom‐up effects on marine ecosystems.  
However, both ended prior to the most recent decade when climate change impacts have 
become more acute

Recommendation: Consider developing a new joint academic/government initiative 
to address climate impacts on ecosystems, funded at a decadal scale.



National Association of 
Marine Labs (NAML)

National Estuarine
Research Reserves

National Ecological 
Observatory Network (NEON)

Establishing 
a virtual 
phenology 
network?



Most states have a variety of 
standardized surveys for 
various taxa

(e.g., state trawling surveys in 
Gulf of Mexico states
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Finding: Much of what we know about climate change impacts on marine ecosystems comes 
from the global north, but the impacts may be as ‐ or more ‐ severe in the global south. The 
south also generates substantial fishery landings exported to northern countries in Europe, 
North America and Asia*.  

Findings and Recommendations to consider (cont.)

Recommendation: Consider establishing a program funded by multiple US federal agencies 
(e.g., USAID, NOAA, NSF) to establish a research vessel and cooperative marine research 
program in, e.g., South America or Oceania, to build capacity, provide information critical 
to climate adaptation and expand educational and training opportunities.

* The Norwegian Agency for Development Cooperation (Norad) and the Institute of Marine Research in Norway 
support the Nansen Project, stationing a top‐of‐line research vessel in Africa to address this disparity. 
https://www.fao.org/in‐action/eaf‐nansen/en/
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Thank you…..questions?









The CAMEO program is designed to address these issues 
by supporting research under five themes: 
(1) Connectivity of Marine Ecosystems defines the 
fundamental structural and functional attributes of 
ecosystems and interactions among ecosystems; 
(2) Responsiveness of Ecosystems to 
Perturbations, examines the factors that control 
ecosystem responses to perturbations and stresses; 
(3) State Transitions and Stability identifies equilibrium 
states of ecosystems and the role of attributes (e.g. 
resilience, biodiversity) in determining the transitions 
between these states (4) Human Society and Marine 
Ecosystems examines the critical interactions between 
humans and marine ecosystem processes; and 
(5) Comparative Analysis, Synthesis and 
Forecasting explores new approaches of synthesizing 
existing information on ocean ecosystems and predicting 
the response to fishing and climate variation and change. 



• Depensatory mortality and Allee effects at low population sizes re: resource recovery

• Sustainability of the parts vs. the system as a whole (e.g., are SS MSY’s attainable?)


