
THE ECOSYSTEM SERVICES OF THE 
OCEAN'S TWILIGHT ZONE (OTZ) 

Porter Hoagland 
 

Marine Policy Center 
Woods Hole Oceanographic Institution 

Woods Hole, MA 02543 
 

January 30,2019 
 

University of Connecticut at Avery Point 
 

*Acknowledgements: Di Jin, Ankur Shah, other WHOI/OTZ principals 

 

*https://twilightzone.whoi.edu/ 



OUTLINE 

• Goal of sustainable conservation 

• Physical environment 

• Law of the Sea jurisdictions 

• MA 2005 Framework (ecosystem services) 

• Important services 

• Some analytical directions 

• Policy relevance 

 



“Few have heard of the mesopelagic. It is a layer of the ocean, a few hundred metres 
below the surface, where little light penetrates, so algae do not live. But it is home to 
animals in abundance. .. [The Economist, April 15, 2017] 

Barbeled dragonfish 



These descents of mine beneath the sea seemed to partake of a real cosmic character…there 
was the complete and utter loneliness and isolation, a feeling wholly unlike the isolation felt 
when removed from fellow men by mere distance … [William Beebe, Half Mile Down (1951)] 



Dahra, Senegal 
• Pop. 32,000 
• Main industries: agriculture 

and animal breeding 
• Weekly livestock auction 



SEA/MBC C-279 (2018) 



“Now boys…hold the net steady and remember our rule— 
not to kill more than we can actually use…” 

[Charles Frederick Holder (1892) Along the Florida Reef] 













Ecosystem Service Typology 

Provisioning 

Regulating 

Supporting 

Cultural 

seafood, genetic resources 

C-sequestration, waste assimilation 

science, education, “sense-of-place” 

1° productivity, lower trophic levels  



Ecosystem Service Typology 

Provisioning 

Regulating Supporting 

Cultural 



Millennium Ecosystem Assessment (2005) 

A typology for organizing our thinking about tradeoffs. 



OTZ ECOSYSTEM SERVICES 
• A WHOI/OTZ Program Goal is the 

development of  scientific knowledge for 
the sustainable use and conservation of 
the OTZ (across generations) 

• Identifying and characterizing the 
ecosystem services (ESs) of the OTZ 
provides an organizing framework for 
conceptualizing sustainability 

• Understanding the OTZ’s economic 
benefits is critical for gauging the 
opportunity costs of activities that could 
diminish those benefits 

• International MA Framework: 
Provisioning, Regulating, Cultural, and 
Supporting ecosystem services 



Provisioning Services 



“Despite a slowdown in its annual growth rate, aquaculture will be the main driver of 
[future] growth in seafood production. [OECD (2016)] 

FAO (2018) 



“…the continued high costs of fishmeal, fish oil and other related feeds will serve as a 
drag on growth as they are a crucial component of production for many species, in 
particular carnivorous ones….” [OECD (2016)] 



“The amount of fishmeal and fish oil in aquaculture feeds are expected to continue their 
downward trend due to high prices and major innovation efforts, and fishmeal and fish 
oil will be more frequently used as strategic ingredients to enhance growth at specific 
stages of fish production.” [OECD (2016)] 





Reykjanes Ridge* 
(Norway 2018) 



Bristlemouths (Maurolicus spp.) 

EXPERIMENTAL FISHERY AND UTILIZATION OF 
MESOPELAGIC SPECIES IN THE NORTH EAST 
ATLANTIC – NEAFC RA 1 REYKJANES RIDGE AREA 
 
Grimaldo et al. (2018) ICES/ASC 
 
[Norwegian Fishing Industry Project] 



Davison et al. (2013) 

Regulating Services 





Source: Rose (2014) 

• Jin et al. (in progress): value of information approach 

• Potential impacts of climate change, midwater fisheries? 



Cultural Services 





SEA sampling  pic 



World fisheries are heavily subsidized, and, in many countries, resource rents from fisheries 
are negative—meaning that revenues do not fully cover the costs of fishing. At the global 
level, the data show that, overall, $83b of resource rent was foregone in global fisheries in 
2012.  [DeFontaubert et al. (2018)] 

Supporting Services 

• Overexploitation of surface water 
fisheries… 

• …implies supporting services (prey, 
other components of the ecosystem) 
are undervalued 

• What are the ecological links between 
the surface and the midwater? 



BBNJ 
• Extends UNCLOS III to high 

seas governance 

• Area-based conservation (high 
seas MPAs) 

• Environmental impact 
assessments (EIAs) 

• Access to marine genetic 
resources [MGRs] and 
allocation of benefits 

• Science and technology 
transfers to LMICs 



IUCN (2018) MPAs 
• EBSAs identified mainly 

on the basis of surface 

water observations 

• Links to mesopelagic 

may be important 

• Focus of the BBNJ has 

been on surface waters 

and the deep seabed 

“The simple truth is that [the greatest assemblage of animal species on the planet live in an 
immense and inaccessible habitat that is difficult to sample and even harder to visualize.” 
[Robison (2009)] 



• No single sovereign “owner” of the 

high seas 

• Freedom of marine scientific 

research 

• Variable IP laws: US, AUS: cannot 

patent a natural genetic sequence: 

EUR, JAP: possible 

• Concentration in marine IP 

holdings (BASF 40%) 

• Push to transfer benefits, 

technologies to LDCs 

MGRs 

Source: Harden-Davies (2017) 



SUMMARY 

• Ecosystem service framework provides a way of organizing our 
thinking about the ocean’s twilight zone 

• Its services are already highly beneficial, but they’re out of sight 

• Need to think about tradeoffs: what do we gain and what do we lose 
from future actions that could affect OTZ ecosystem services? 

• Helpful to compare apples with apples 

• Can we use it sustainably? 


