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Summary

Fisheries production potential estimates are a function of the available production at different trophic
levels, the transfer efficiencies across trophic groups, the proportion of production considered suitable for
harvest, and the determination of sustainable exploitation levels. In this simplified food web approach,
two pathways are recognized for the trophic transfer of primary production — direct grazing of
microplankton, principally diatoms; and transfer of nano/picoplankton production through the microbial
food web. While the fraction of nano/picoplankton production is often greater than microplankton
production, direct grazing is a more efficient pathway. Advances in understanding transfer efficiencies
and data available for global primary production allow for key improvements to production potential
estimation methods. Here satellite remote sensing models of phytoplankton size classes are used to
estimate size fractionated primary production. The fractions of microplankton and nano/picoplankton
production are then traced through a simplified food web to determine the fisheries production potential
of multiple trophic levels. The proposed ecosystem limiting reference level is set by the fraction of
microplankton production. In the Northeast U.S. Continental Shelf (NES), annual primary production
ranges from 260-320 gCm™d™, with approximately 24-28% derived from the microplankton component.
This primary production results in an overall estimated potential yield of approximately 895,000 tonnes
for the benthivore, planktivore and piscivore functional groups, assuming the exploitation rate is the same
at all trophic levels. Alternative exploitation options can be defined that still meet the limiting ecosystem
reference level.

Introduction
The energy-based fishery production potential of marine systems can be estimated by tracing the
energetic pathways from primary production to fisheries yield. This bottom-up control of fish production
has been demonstrated in many regions of the world ocean (Ware, 2000), however estimates of accessible
global fish production potential are highly variable (Pauly 1996). Early estimates were based on total
primary production, inferred ecological transfer efficiencies, and observed or assumed levels of the mean
trophic level of the catch. Our modified approach uses satellite-derived estimates of size-fractionated
primary production, improved estimates of e
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production is transferred directly to mesozooplankton and benthic components, while production from the
smaller size classes is transferred through the microbial food web. The microbial pathway involves two
or more trophic transfer steps before reaching mesozooplankton, which is the bridge to the higher trophic
levels.

Materials and Methods

Annual estimates of primary production were calculated for the Sea-viewing Wide Field-of-View
(SeaWiFsS, 1998-2007) and Moderate Resolution Imaging Spectroradiometer (MODIS-Aqua, 2008-2014)
sensors using a modified version of the Vertically Generalized Productivity Model (VGPM) (Behrenfeld
and Falkowski 1997). This modified VGPM model replaces the original temperature-dependent
description of photosynthetic efficiencies with the exponential “Eppley” function (Eppley 1972) modified
by Morel (1991). To estimate the proportion of primary production attributed to the microplankton
population we first estimated the microplankton total chlorophyll a (i.e. biomass) fraction (Pan et al.
2011) and then used an empirical relationship based on more than 600 in situ measurements of size
fractionated chlorophyll and primary production in the Northeast U.S. Continental Shelf (NES) LME
(O'Reilly et al. 1987) to calculate percent of microplankton production.

Trophic transfer efficiencies were derived from published Ecopath with Ecosim (EwE) models for
temperate-boreal systems. The characterization of transfer efficiencies between discrete trophic levels
based on these EWE models followed the approach of Ulanowicz (1995). Rather than assume or assign
tropic transfer efficiencies at different levels of the food web, we used the model estimates to define
probability distributions characterizing transfer probabilities at each step in the food web (Fogarty et al.
2016).

The fisheries production potential model was implemented in JAGS (Just Another Gibbs Sampler) and
employed a Gibbs Markov Chain Monte Carlo sampler. For each run, 10,000 iterations were used (with
the first 1000 burn-in runs discarded).

Results
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annual production (Figure 2). This primary
production yields nearly 900,000 tonnes of
fisheries production potential. These
estimates can be used in concert with
observed catch data to estimate ecosystem Figure 2. Total annual primary production, percent microplankton
exploitation rates for major ecosystem production and percent nano/picoplankton production.
components including benthos,

benthivores, planktivores and piscivores (Fogarty et al. 2016)
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