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Problem statement : 
A Dark Hole in Our Understanding of Marine Ecosystems and Their
Services: Perspectives from the Mesopelagic Community. 

• Provision of food resources
• Nutraceuticals
• Climate regulation→ carbon sequestration through biological

carbon pump
• Diversity

• and they are the food of tunas and other apex predators
St. John MA, et al. Front Mar Sci. 2016;3: 1–6. 
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Implications for apex predators, e.g. food chain length :

Oligotrophic

eutrophic

St. John MA, et al. Front Mar Sci. 2016;3: 1–6.
Young JW, et al. Deep Res Part II Top Stud Oceanogr. 2015;113: 170–187.



Mesopelagic fish are part of a group of organisms referred to
as micronekton (besides jellyfishes and crustaceans), 
• which generally range in size from 1 to 15 cm, with few

exceeding 30 cm in size.
• They have a worldwide distribution, oceanic as well as

pseudo oceanic (neritic zone), and encompass more than
thirty described fish families. 

• They inhabit the mesopelagic zone, generally described as
the water column between 200 and 1 000m depth, and are
found in one or more of several deep scattering layers
during daytime and migrate at night to the surface (at least 
some) 

.

But we start with the „normal“ fisheries !

Mesopelagics – what are we talking about? 

Staby A, Krakstad JO. 2008. BCLME project LMR/CF/03/08 



I. Fisheries of the world & status of stocks : 
By statistical units



I. Fisheries of the world & status of stocks: 
By biome



I. Fisheries of the world & status of stocks: 
By biome : Tuna catches



A fishery is defined by
the amount and kind
of fish caught and 
their monetary value. 
(Pauly, D., and Zeller, D. (2016). Global Atlas of Marine Fisheries. 
Washington: Island Press.)

I. Fisheries of the world & status of stocks: 
Global trend by biome

Pauly, D., and Alder, J. (2005). “Marine 
Fisheries Systems,” in Ecosystems and Human 
Well-being:Current State and Trends, Volume 
1, 478–511.



• Typical species

• Small pelagics : Sardine, Sardinella, 
Anchovies, Herring

• Demersal: Gadids (Hake), groupers, 
serranids, flatfish, eels

• Large pelagics: Tuna, billfish

• Invertebrate: Crustaceans, molluscs

I. Fisheries of the world & status of stocks: 
Global trend by biome



FAO (2018). The State of the World Fisheries 
and Aquaculture. Rome

I. Fisheries of the world & status of stocks: 
Global trend by biome



I. Fisheries of the world & status of stocks: 
By fishing gear and target species = metier



• Purse seining

I. Fisheries of the world & status of stocks: 
By fishing gear and target species = metier



• Long-lining

I. Fisheries of the world & status of stocks: 
By fishing gear and target species = metier



• Trawling, 

• demersal and

• pelagic

I. Fisheries of the world & status of stocks: 
By fishing gear and target species = metier



• A fishery is defined by the amount and kind of fish caught and their
monetary value. 

I. Fisheries of the world & status of stocks: 
By status of the stocks



I. Fisheries of the world & status of stocks: 
Status of the stock and catches – exploitation pattern



I. Fisheries of the world & status of stocks: 
Status of the stock and economic indicators



Greenland cod – exploitation pattern

• Example of a fisheries
from the initial stage
to collapse and slow
recovery – cod, 
Gadus morhua , off 
Greenland
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Seamount fisheries – exploitation pattern

• Boom-and-bust fisheries: even faster collapse of a 
small stock with limited recruitment

Norse EA, Brooke S, Cheung WWL, Clark MR, Ekeland
I, Froese R, et al. Sustainability of deep-sea fisheries. 
Mar Policy. 2012;36: 307–320. 



I. Fisheries of the world & status of stocks: 
By sector

• A fishery is defined by the amount and kind of fish
caught and their monetary value. 

• (Pauly, D., and Zeller, D. (2016). 

• Global Atlas of Marine Fisheries. Washington: Island Press.)

• Industrial sector

• Artisanal sector

• Subsistence sector

• Recreational sector



I. Fisheries of the world & status of stocks: 
By sector



Artisanal fleet , Mbour Senegal, 2015



I. Fisheries of the world & status of stocks: 
By fishing gear and target species = metier

Beach seining , Mindelo, 2018



I. Fisheries of the world & status of stocks: 
Mesopelagics biomass – the unfished target

Pauly, D., and Alder, J. (2005). “Marine Fisheries Systems,” in Ecosystems and Human Well-
being:Current State and Trends, Volume 1, 478–511.
Irigoien X, Klevjer TA, Røstad A, Martinez U, Boyra G, Acuña JL, et al. Large mesopelagic fishes
biomass and trophic efficiency in the open ocean. Nat Commun. 2014;5: 3271. 
doi:10.1038/ncomms4271
* Harvest rate of 20 %

Mesopelagics 15000 millions of tons (above)
vs. 
400 millions of tons* demersal, large and small
pelagics,invertebrates (right)



Pauly D, Piroddi C, Hood L, Bailly N, Chu E, Lam V, et al. 
The biology of mesopelagic fishes and their catches
(1950– 2018) by commercial and experimental 
fisheries. J Mar Sci Eng. 2021;9. 
doi:10.3390/jmse9101057
Proud R, Cox MJ, Andrew S. Brierley. Biogeography of
the Global Ocean’s Mesopelagic Zone. Curr Biol. 
2017;27: 113–119. 

I. Fisheries of the world & status of stocks: 
Mesopelagics biomass – the unfished target



Pauly D, Piroddi C, Hood L, Bailly N, Chu E, Lam V, et al. 
The biology of mesopelagic fishes and their catches
(1950– 2018) by commercial and experimental 
fisheries. J Mar Sci Eng. 2021;9. 
doi:10.3390/jmse9101057
Proud R, Cox MJ, Andrew S. Brierley. Biogeography of
the Global Ocean’s Mesopelagic Zone. Curr Biol. 
2017;27: 113–119. 

I. Fisheries of the world & status of stocks: 
Mesopelagics biomass – the unfished target



Mesopelagic commercial fisheries

1. Pauly D et al. J Mar Sci Eng. 2021;9. 
doi:10.3390/jmse9101057

2. Remesan MP et al.. Fish Technol. 2019;56: 
243–253. 

Lampanyctodes hectoris, lanternfish, 
5-6 cm 



1. Pauly D et al. J Mar Sci Eng. 2021;9. 
doi:10.3390/jmse9101057

2. Remesan MP et al.. Fish Technol. 2019;56: 
243–253. 

Mesopelagic commercial fisheries



Open ocean catches comprise more than only
fish:

No clean catch - a mix of fish (70 %), pelagic
shrimp (15%) and jellyfish (15%) 

Shelf catches can contain more fish (~95%) →
pseudo- oceanic species in the neritic/coastal
and shelf zone

No use for human consumption→ wax ester
Berntssen MHG, et al. . Foods. 2021;10: 
1–19. doi:10.3390/foods10061265

Mesopelagic commercial potential



Berntssen MHG, et al. . Foods. 2021;10: 
1–19. doi:10.3390/foods10061265

Mesopelagic commercial potential

Contaminants



Berntssen MHG, et al. . Foods. 2021;10: 
1–19. doi:10.3390/foods10061265

Mesopelagic commercial potential

Contaminants

Using a feed-to-fillet aquaculture 
transfer model, the use of 
mesopelagic processed aquafeed 
ingredients was estimated to 
reduce the level of dioxins and 
PCBs by ~30% in farmed seafood 
such as Atlantic salmon.



Mesopelagic commercial potential

„… We can reject the third hypothesis that
expected increased costs (compared to likely
prices/earnings), and thus the expected larger 
BEP of mesopelagic fishery, are too extensive to
obtain an adequate profitability to conduct
potential mesopelagic fishery with either current
fleet or investment into new fleet capacity given
different scenarios of economic BEP (covering
among other prices, catch amounts, and costs
per unit of effort). The current results indicate
relatively high profit in most of the current
pelagic fisheries as well as similar level of profits
in potential mesopelagic fishery.“

Based on estimated catch rates of 5 –
25 t/h or 1000 t per 5-day trip

Paoletti S et al. Front Mar Sci. 2021;08: 1–21. doi:10.3389/fmars.2021.720897



Mesopelagic commercial potential
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BEP of mesopelagic fishery, are too extensive to
obtain an adequate profitability to conduct
potential mesopelagic fishery with either current
fleet or investment into new fleet capacity given
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among other prices, catch amounts, and costs
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in potential mesopelagic fishery.“

Based on estimated catch rates of 5 –
25 t/h or 1000 t per 5-day trip
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“…Since fine-meshed trawl gears will be 
used, potential bycatch includes 
vulnerable species as well as other 
juvenile fish that might have commercial 
importance.”

Consequences.
The ‘‘tragedy of the commons’’ has been recognized→
In 2006, United Nations General Assembly (UNGA) 
adopted a resolution on ‘‘Sustainable Fisheries’’ calling on 
states to undertake an 
• explicit set of time-limited actions to ensure

sustainability of deep-sea fisheries on the high seas
and 

• to protect vulnerable deep-sea ecosystems, consistent
with the precautionary and ecosystem approaches.



Mesopelagic commercial potential →MEESO

„… We can reject the third hypothesis that
expected increased costs (compared to likely
prices/earnings), and thus the expected larger 
BEP of mesopelagic fishery, are too extensive to
obtain an adequate profitability to conduct
potential mesopelagic fishery with either current
fleet or investment into new fleet capacity given
different scenarios of economic BEP (covering
among other prices, catch amounts, and costs
per unit of effort). The current results indicate
relatively high profit in most of the current
pelagic fisheries as well as similar level of profits
in potential mesopelagic fishery.“

Based on estimated catch rates of 5 –
25 t/h or 1000 t per 5-day trip

MEESO : Paoletti S et al. Front Mar Sci. 2021;08: 1–21. doi:10.3389/fmars.2021.720897

Consequences.
UNGA also requested that FAO develop ‘‘Guidelines for
the management of deep-seas fisheries on the high seas.’’ 

• Keep catch rates low until knowledge, management
capacity and measures for monitoring, control and 
surveillance increase

• RFMOs shall not to authorize deep-sea fisheries unless
an impact assessment had been performed and 
measures adopted to prevent significant impacts on 
deep-sea ecosystems

• Where scientific information is uncertain, unreliable or
inadequate, to ‘‘adopt precautionary management
measures to ensure that fishing effort, capacity and 
catch levels did not exceed levels consistent with the
sustainability of the fish stocks and non-target species.“

Norse EA, et al.. Mar Policy. 2012;36: 30–3207. 



Biogeography of the Sea and oceanic features

North Atlantic Sutropical Gyre

South Atlantic Subtropical Gyre

Subtropical Convergence

Coastal Upwelling: Benguela, 
Canary Current

Subpolar gyre

Longhurst A. Ecological Geography of the Sea. San 
Diego: Academic Press; 1998. 



Biogeography of the Sea and oceanic features

SST clustering

Sutton TT, et al. Deep Res Part I 
Oceanogr Res Pap. 2017;126: 85–102



Provinces in the Sea

Sutton TT, et al. Deep Res Part I 
Oceanogr Res Pap. 2017;126: 85–102

• Water mass distribution

• Oxygen minimum zones

• Temperature extremes

• Surface water productivity

• Biotic partitioning

• 2 major EBUS
• The Guinea basin
• The subtropical gyres
• The subtropical convergence



Biotic partitioning

Effects of topography



Biotic partitioning

Effects of topography



Biotic partitioning

Fock HO, Ehrich S. J Appl Ichthyol. 2010;26: 85–101. 



Longitudinal gradients – bathypelagic diversity

Temperature gradient and seasonality gradient


