SCALING THE BENEFITS OF AND RISKS TO THE ECOSYSTEM SERVICES OF THE MIDWATER
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The midwater, or the “ocean’s twilight zone” (OTZ), is renowned for its un- The oceans twilight zone (OTZ) can be conceptualized as a stock of natural
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usual life forms, including 13 species of bristlemouths, which are thought to SEAFOOD, FISH OIL, NEUTRACEUTICALS, COSMETICS capital, subject to capital gains or losses, that may yield flows of benefits,
be the most numerous vertebrates on earth. Irigoien et al. (2014) have raised termed “ecosystem services.” In any future period, the economic value of the
the median estimate of midwater fish biomass by an order of magnitude to w natural capital is the discounted value of service flows and capital gains,
~11x10°t. Some observers have suggested that these fish constitute an CONSERVATION & ARUACULTURE where the discount rate is adjusted up (down) by removals from (additions to)
enormous potential source of protein that literally could “feed the world.” M:ANAGEMENT the stock (Fenichel et al. 2016).

Diel vertical migrations of zooplankton lead to the consumption of epipelagic — In this work, we have been focusing on developing estimates of the economic
phytoplankton, and the zooplankton, in turn, are consumed by the mid- HARVEST R scales of flows of OTZ ecosystem services. Understanding the benefits that
water’s fish. This ecological cycle comprises one central element of a TECHNOLOGY LINKS are associated with these services is fundamental to assessing the op-

“biological carbon pump” (BCP) that leads eventually to the very long-term portunity costs of proposed activities that might mitigate those benefits,

sequestration of carbon in deep waters or on the deep seabed. While the net L such as unregulated fishery exploitation or the effects associated with
amounts of carbon sequestered in this way are highly uncertain, estimates === Potential orincompletely known relationships GENETIC RESOURCES climate changes in the ocean, including temperature increases, acidification,
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range between 4 to 12x10°t annually. decreased dissolved oxygen levels, or shifts in biological diversity .
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In September 2018, a formal international conference initiated work on a new
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Provisioning ecosystem services are the “products obtained from ecosystems, Regulating ecosystem services are the “benefits obtained from the regulation of ecosystem Cultural ecosystem services have been defined as the “non-material benefits people
including: Bbod, Pgenetic resources, biochemicals, natural medicines, pharmaceuticals, processes, including, for example, the regulation of climate, water, and some human obtain from ecosystems through spiritual enrichment, cognitive development,
or biological materials that serve as sources of energy” (MA 2005) . Benefits: undeter- diseases” (MA 2005). Benefits: there exist a wide range of estimates of OTZ ocean carbon reflection, recreation, and aesthetic experience, including, e.g., knowledge systems,
mined, but commercial fishing interests have expressed interest in the potential sequestration, from 4 to 12x10°t per year. Using a mid-range estimate of a “carbon price” of social relations, and aesthetic values” (MA 2005). Benefits: undetermined. Risks: lack
exploitation of twilight zone fish for supplying fishmeal, neutraceuticals, or cosmetics. $30/t of CO?% (S110/t of C) this regulating service benefits the world on the order of $400- of public knowledge about the OTZ; loss of the functioning of physical and ecological
There have been several earlier efforts to exploit the OTZ fish biomass, specifically 1,300 billion each year. Using a social rate of time preference of 3%, the asset value of this processes.
but most were abandoned eventually due to high costs and technical problems. Risks: threatened potentially by the effects of climate change in the ocean, leading to phenomena direct, but likely non-intrusive use. Social scientists would describe these other non-
the potential over-exploitation of resources that are not well-characterized. Further, such as thermal stratification and acidification that could affect carbon fluxes to deep material benefits as “passive uses,” and methodologies exist—but have not yet been
exploitation could lead to unknown effects on predator stocks (see the discussion of knowledge about the OTZ and its widespread dissemination.
Supporting Services below). The biological carbon pump (BCP) sequesters organic carbon in the deep ocean via marine
organisms. Approximately 1% of the total particulate organic carbon (POC) produced by DR. BEEBE DESCENDS - |
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An in situ perspective of the food web derived from ROV-based observations of feeding, as 9 000
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In the OTZ, these services comprise light levels, temperature, and nutrients, as well as the &, @ =@ T | N billion a year, however, and a study of the total resource rents that obtained from tuna
midwater fish, salps, jellies, zooplankton, and bacteria and other microbes. By definition, ecosystem , i ¥ = Tw_gms B Preropods Squid fisheries in the Western Central Pacific Ocean approached a negative $1 billion (Sumaila et
services in their supporting roles are not used directly by humans, implying that assigning economic N 5 Other Invertebrates al. 2010, 2014). The absolute dissipation of resource rents through over-fishing abetted by
values to those services sometimes can be problematic. Where commercial uses are linked to Jellies A & Salps i+ Lavaceans subsidies would imply that society imputed no value for twilight zone organisms in the
supporting services, such as in the case of predator-prey relationships among commercial /// 7~ e @ N ) role of a supporting service for ecologically linked epipelagic fish. Thus, the conservation of
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fisheries for tunas and twilight zone fish, in principle, the net social value (resource rents) from J Jelyfish . - - /\ apex predators is important to characterizing the economic value of the ocean twilight zone
the commercial fisheries could be imputed to the twilight zone fish in their supporting role. In i """ Siphonophores ' Bt Anglerfish as a supporting service.
undertaking such a valuation, it would be important to avoid the “double-counting” of economic
values.
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