


Movement is 
a key 
property of 
connectivity 
occurring 
over a range 
of spatial 
scales and 
can be active 
or passive



Ecosystem Effects and 
Spatial Management

Dispersal drives 
population dynamics, 
community structure, 
adaptation and 
speciation and so is an 
essential component to 
consider in an EAFM 

Costello, M.J., Chaudhary, C. (2017) Marine Biodiversity, Biogeography, Deep-Sea Gradients, and Conservation.  
Current Biology 27(11), R511-R527 https://www.sciencedirect.com/science/article/pii/S0960982217305055



Pepin, P., Higdon, J., Koen-Alonso, M., Fogarty, M., and N. 
Ollerhead. 2014. Application of ecoregion analysis to the 
identification of Ecosystem Production Units (EPUs) in the NAFO 
Convention Area. NAFO SCR Doc. 14/069.

Bioregion, Ecosystem 
Production Unit (EPU), and 
Ecoregion

The distribution ranges of 
major marine resources 
and fish stocks helped to 
inform the establishment 
of three nested spatial 
scales relevant for the 
development of ecosystem 
summaries and 
management plans.
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Genetic 
connectivity is a 
measure of how 
well genes are 
exchanged 
between 
populations and 
is used to 
identify fish 
stocks.



For sessile and sedentary benthic 
species such as the coral and sponge 
vulnerable marine ecosystem (VME) 
indicators, connectivity within and 
among high density patches is a key 
process influencing colonization. 

In such species, connectivity is 
governed by larval transport, 
predominantly mediated through 
ocean bottom currents.

Ruth Gates Restoration Innovation Grants Credit: Johnston Applied Marine Science 

Image courtesy of NOAA Ocean Exploration, 2021 North Atlantic Stepping Stones: New England and 
Corner Rise Seamounts.



Lagrangian Particle 
Tracking Models

User Interface; Individual-level models of 
particles; Realistic 3-D oceanographic 
model of the physics

OceanParcels



Surface currents from the BNAM ocean 
model (blue) and observational surface 
drifter data (red). 

Wang, Z., Brickman, D. and Greenan, B. J. W. (2019). Deep. Sea. Res. I 149, 
103056. doi:  10.1016/j.dsr.2019.06.002 

Physical oceanographic models 
are available at global, regional 
and local scales using structured 
(e.g., NEMO) or unstructured 
grids (e.g., FVCOM) suitable for 
open ocean and coastal areas 
respectively 
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Connectivity - Lagrangian Particle Tracking Models and Genetics
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Examples of 
connectivity 
being used to 
inform decisions 
at different 
spatial scales

Vulnerable marine 
ecosystems in NAFO 



Ecoregions: regional habitat scale 
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Mapping of 
Ecosystem 

Functions at 
the EPU 

Scale

Predicted Fric (Functional Diversity) Predicted Species Density
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Bioturbation Nutrient Cycling Habitat Provision
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Ecoregions and Ecosystem Production Unit Connectivity
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Connectivity Network Simulations
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Agent-based Modeling at the Bioregion Scale

NAFO. 2019. Report of the 12th Meeting of the NAFO Scientific Council Working Group on Ecosystem Science and Assessment (WG-ESA). NAFO SCS 

Doc. 19/25, Serial No. N7027, 135 p.



Closed Area Network Sea Pen Settlement Surface

Adding the average fishing effort 
using VMS fishing effort data 



NAFO. 2019. Report of the 12th Meeting of the NAFO Scientific Council Working Group on Ecosystem Science and Assessment (WG-ESA). NAFO SCS 

Doc. 19/25, Serial No. N7027, 135 p.
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Define functional 
ecosystems

Identification of VMEs

Large-scale functions 
and processes

NAFO EAF Roadmap

KOEN-ALONSO, M., P. PEPIN, M.J. FOGARTY, A. KENNY & E. KENCHINGTON, 2019. The 
Northwest Atlantic Fisheries Organization Roadmap for the development and implementation 
of an Ecosystem Approach to Fisheries: structure, state of development, and challenges. 
Marine Policy 100: 342-352. 



Unseen but 
Connected

• Connectivity between closed areas can be realistically modeled by biologically-
informed particle tracking analyses that identify, for example:

• Areas of retention

• Connected areas

• Unconnected areas

• Larval source/sink areas

• Effectiveness of closed area networks

• Connectivity models can be performed using climate projections and followed up 
with targeted genetic studies and field collections.
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