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“… recognizing the immense importance and 
value of deep sea ecosystems and the biodiversity 
they contain; “ A/RES/61/105 para 80



Murillo et al. 2020. Ecological Indicators 112: 106135. 



“ (b) Conduct further marine scientific research and use the best 
scientific and technical information available to identify where 
vulnerable marine ecosystems are known to occur or are likely to 
occur“ A/RES/64/72 para 119



Distribution Modeling 
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• Relative probability of occurrence between known occurrences
• Interpolate predictions to new areas
• “Where species are known or likely to occur”



Wang et al. (2022) Frontiers in Marine Science 9: 863693



The Effects of 
Climate 
Change



Predictions of Distribution to Mid-Century (2045-2065) and Beyond

Wang et al. (2022) Frontiers in Marine Science 9: 863693



Identification of Climate Refugia

Wang et al. (2022) Frontiers in Marine Science 9: 863693



“171. Calls upon States to take action immediately… to continue to 
implement the 2008 International Guidelines … in order to sustainably 
manage fish stocks and protect vulnerable marine ecosystems … from 
fishing practices with significant adverse impacts on vulnerable marine 
ecosystems, recognizing the immense importance and value of deep 
sea ecosystems and the biodiversity they contain as documented in the 
First Global Integrated Marine Assessment“ A/RES/71/123



NAFO Scientific Council WG-ESA 2021 Kenny et al.



Agent-based Modeling

Before Fishing

After Fishing Evaluation of 
Closures and 

recovery times

NAFO Scientific Council WG-ESA 2020-2021 Koen-Alonso et al.

Simulating a Sea Pen Life Cycle with Fishing 
Impacts in Space and Time



Mapping of 
Ecosystem 
Functions



Predicted Fric (Functional Diversity) Predicted Species Density

Murillo et al. (2020) Ecological Indicators 112: 106135. 



Joint Species 
Distribution 

Models

Modified from: Ovaskainen et al. 2017. Ecology Letters 5, 561-576



Murillo et al. (2020) Diversity and Distributions 26 (4): 460-478 



Bioturbation Nutrient Cycling Habitat Provision

Murillo et al. (2020) Diversity and Distributions 26 (4): 460-478 



Surface Deposit Feeders Active Filter Feeders 



Passive Filter Feeders Benthic predators



http://paws.wcu.edu/dperlmutr/sponge%20type.JPG

Geodia barretti can filter up to 1,000 litres of water per kilogram of tissue 
each day. Other species have filtration rates of up to 20,000 litres water 
kg-1 h-1 [dry wt].

Sponges can remove up to 95% of bacteria and particles from the water 
and 90% of dissolved organic carbon (DOC).

Benthic-Pelagic Coupling



Pham et al. (2019) estimated that the 
sponge grounds in the Flemish Cap area 
filter 56,143 million litres of seawater daily. 
An Olympic-sized pool holds 2.5 million 
litres of water!

The filtering capacity of the Toronto 
Ashbridges Bay Treatment Plant is up 
to 818 million litres day−1

Pham et al. (2019). Nature Scientific Reports 9: 15843



Sediment core samples reveal Sponge 
Grounds 17,000 BP

Single long core on Flemish Cap showed 
that Geodia sponges present 130,000 years 
ago



Wurz et al. (2021) Front. Mar. Sci., 24 March 2021

Impacts of Sediment Plumes on Sponges



Wurz et al. (2021) Front. Mar. Sci., 24 March 2021







27 Taboada et al. (2022) Molecular Ecology (Submitted)

Connectivity - Lagrangian Particle Tracking Models



Photo: Thorsten Reusch

Habitat Configuration 
and Closed Area 
Networks

Habitat configuration includes properties of:

• Total habitat area
• Patch size
• Patch number
• Amount of edge
• Degree of isolation (connectivity)

Andrén, H. 1994. Oikos 71: 355–366.



Photo credit: www.audubon.org/news/global-study-reveals-extent-habitat-fragmentation

Habitat Fragmentation and SAI



Seven Focal Benthic Habitats

• Foundation species (structure-forming)
• Locally enhance biodiversity
• Vulnerable marine ecosystems
• Deep-sea habitats (200-2000 m)
• Passive larval dispersal (lecithotrophic,  

short PLD)
• Bottom currents > 10 cm s-1



Simulations of Habitat Loss



Fish Use of Vulnerable Marine Ecosystems





Vazella specimens used to optimize the 
methodology, revealed trapped biodiversity 
of approx. 20 species (7 cetaceans, 
including blue whale).



Amblyraja hyperborea (Collett, 1879). Arctic skate.

Meyer, H. (2022) PhD Thesis, University of Bergen

Fish Use of Vulnerable Marine Ecosystems





Passive Acoustic Monitoring



Four-Channel 
Hydrophone 

System 

2-D 
electromagnetic 
Current Meter

Low-Cost Camera System
Developed at the Bedford 
Institute
of Oceanography



Fish Grunt Sound from Lander#1- Zoomed in (0.30 Second)  

Play Speed is reduced 5 times from original soundtrack. 



Blue Shark Bluefin Tuna

Atlantic Salmon



Thank you - Merci beaucoup


