
State of the Ecosystem 2021: Request Tracking Memo March 18, 2021

Introduction
In the table below we summarize all comments and requests with sources. The Progress column briefly summarizes
how we responded, with a more detailed response in the numbered Memo Section. In the Progress column, “SOE”
indicates a change included in the State of the Ecosystem (SOE) report(s).

Request Year Source Progress Memo
Section

Report card and summary
visualizations

2019 Both Councils SOE new report card table and
summary visualizaitions of
synthesis themes

1

Ecosystem Overfishing indicators
(Link and Watson, 2019)

2020 Both Councils SOE two ecosystem overfishing
indicators included

2

Primary production required,
interpretation of decline?

2020 Both Councils SOE indicator reworked along with
Link and Watson metrics

3

Climate Change context 2020 NEFMC SOE reorganized; Risks section
added emphasizing climate change

4

Clarify language (e.g., primary
production required)

2020 Both Councils SOE edited by Research
Communications Branch; glossary
included

5

Copy Editing 2020 Both Councils SOE edited by Research
Communications Branch

6

Ocean Acidification 2020 NEFMC SOE indicator added with in-situ
data linked to preliminary lab work
on thresholds

7

Include examples of High/Low
engaged ports

2020 NEFMC SOE indicator reworked to show
individual ports and social
vulnerability

8

Expand wind lease area and
habitat overlap

2020 MAFMC SOE indicator expanded to rank
species with habitat in wind lease
areas by landings in wind lease
areas

9

Expand cold pool index 2020 MAFMC SOE indicator expanded with
modeled data to include area and
other attributes

10

Seperate Bigelow/Albatross catch
diversity metric

2020 MAFMC SOE indicator added 11

Shark abundance and catch
indicators

2020 MAFMC SOE multiple shark indicators
added

12

Uncertainty estimates 2020 MAFMC SOE included for subset of
indicators

13

Bycatch index 2020 NEFMC SOE added seal bycatch indicator,
retained harbor porpoise indicator

14

Marine Mammal consumption 2019 MAFMC SOE added discussion of seal diets,
memo no new consumption ests
since Smith et al but could be in
the future once work is complete

15

Estuarine Water Quality 2020 NEFMC SOE Chesapeake indicators
updated and expanded

16

Forage abundance 2019 MAFMC SOE forage anomaly indicator
added

17

Linking Condition 2020 MAFMC in progress; not ready for 2021 18
Avg weight of diet components by
feeding group

2019 Internal in progress; part of fish condition 19

Mean stomach weight across
feeding guilds

2019 MAFMC in progress; stomach fullness
analysis started–species level

20

Shellfish growth/distribution linked
to climate (system productivity)

2019 MAFMC in progress; project with R Mann
student to start 2021

21

1
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(continued)
Request Year Source Progress Memo

Section

Cumulative weather index 2020 MAFMC in progress; data gathered for
prototype

22

Management complexity 2019 MAFMC in progress; student work needs
further analysis, no further work in
2020

23

VAST and uncertainty 2020 Both Councils in progress; not ready for 2021 24
Seal index 2020 MAFMC in progress; not ready for 2021 25
Incorporate social sciences survey
from council

2020 NEFMC unable to start in 2020 26

Young of Year index from multiple
surveys

2019 MAFMC unable to start in 2020 27

Biomass of spp not included in BTS 2020 MAFMC unable to start in 2020 28
Estuarine condition relative to
power plants and temp

2019 MAFMC unable to start in 2020 29

Inflection points for indicators 2019 Both Councils unable to start in 2020 30
Reduce indicator dimensionality
with multivariate statistics

2020 NEFMC unable to start in 2020 31

Breakpoints 2020 NEFMC unable to start in 2020 32
Re-evaluate EPUs 2020 NEFMC unable to start in 2020 33

Responses to comments
1 Report card and summary visualizations
Both Councils requested a “report card” style summary section with visualizations in 2019. We introduced a 2 page
summary format in 2020 with a bulleted list of results on the first page and visualizations on the second. This
year, the report was reorganized to more clearly link indicators with fishery management objectives and to better
synthesize results across indicators, so the summary section was restructured accordingly. The 2021 summary pages
include:

1. a report card style table summarizing status and trends of indicators linked to management objectives,
combined with brief descriptions of implications for management synthesizing across multiple indicators in the
report;

2. a bulleted list highlighting risks to meeting fishery management objectives, including those from climate
change and those from wind energy development; and

3. visualizations of ecosystem synthesis themes integrated in the report, including multiple drivers of change,
regime shifts, and ecosystem reorganization.

We welcome feedback on these revisions and suggestions for further refinements to make this summary more useful.

2 Ecosystem Overfishing indicators (Link and Watson, 2019)
Both Councils have requested more information on ecosystem thresholds and inflection points. This year we have
calculated two ecosystem overfishing indicators with proposed thresholds [1] for each ecological production unit
(EPU) on the northeast US shelf. We note the caveats with this analysis and request feedback on how the Councils
would like to move forward with these indicators in the future:

1. The proposed ecosystem overfishing thresholds are calculated based on total catch while our preliminary
indicators are based on commercial landings. Therefore, our current indicators are underestimated compared
with the proposed thresholds. It is possible to add commercial discards and recreational landings and dead
discards in the future, or to calculate how much additional catch is required to exceed a threshold.
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2. The proposed ecosystem overfishing thresholds are based on a global analysis. The indices define ecosystem
productivity in different ways. The Ryther Index is effectively based on fishery removals relative to global
primary productivity per unit area, while the Fogarty Index is based on fishery removals relative to regional
primary productivity [1]. The study authors “recommend that the indices proposed here be used cognizant of
other potential sources of productivity and that are relevant to the scale at which fisheries management mostly
occurs.”

Our implementation of these indicators is fully documented in an R package eofindices, where a disucssion of
technical details including the 2021 calculations and potential future work are also provided. We welcome suggestions
for further analysis that would be most useful for the Councils to evaluate and potentially use these ecosystem
overfishing indices.

3 Primary production required, interpretation of decline?
Both Councils were interested in further interpretation of the decline in the fraction of primary production required
to support commercial landings presented in the 2020 reports. For 2021, this indicator was extended back in time
by reconstructing total primary production prior to the satellite era using the mean of 1998-2010 as values for pre
1998 (Fig. 1). This gives a fuller context of the demand that much higher historical landings placed on ecosystem
productivity relative to current landings.
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Figure 1: Primary production reconstructed (dashed line) using the mean of satellite-derived values from 1998-2010 (points);
example for the Mid-Atlantic Bight.

It is also interpreted in the context of the ecosystem overfishing indicators introduced this year, which suggest when
ecosystem overfishing may have ocurred over the past 50 years. In the SOE, we note that fisheries catches are
sustained by a lower proportion of the ecosystem’s primary production now than in the past, particularly when
compared with the 1970s when the Fogarty and Ryther indices suggest that ecosystem overfishing may have occurred
in the MAB and on GB. We also note that landings are generally declining while primary production remains
steady or increasing across the EPUs. A full set of plots to help interpret the primary production required and
ecosystem overfishing indices (including mean trophic level, which species are included in the landings, and the
primary production time series) are available online. We welcome suggestions to include additional plots or conduct
analyses to improve interpretation of these indices for the Councils.

4 Climate Change context
The NE SSC was interested in more explicitly addressing climate change in the reports. As described above, we
have now reorganized the report into two major sections. The second section outlines risk to meeting fishery
management objectives, with climate change representing the first major risk category (the other is offshore wind
energy development). Climate risks to meeting fishery management objectives are also explicitly indicated and
cross-referenced in the first section on performance against management objectives. We welcome feedback on this
structural revision.

Climate forecasts at scales relevant to fishery management (months to years) are in progress, with at least one paper
on statistical bottom temperature forecasts in review at present. We plan to include more of this information in
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future reports as the science becomes available, and welcome guidance on which forecast variables might be most
useful to the Councils.

5 Clarify language (e.g., primary production required)
Both Councils asked for clarification of several terms, including “primary production required,” and “fishery
engagement.” The NE SSC suggested adding a glossary to improve clarity. We have added an online glossary
(https://noaa-edab.github.io/tech-doc/glossary.html) which is linked from the report to explain many terms.
The Northeast Fisheries Science Center Research Communications Branch (NEFSC RCB) also reviewed the draft
document to streamline language, and brief text was added to explain the information used in each indicator.

6 Copy Editing
The NE SSC pointed out copy editing errors in the document. The NEFSC RCB copy edited a draft version of the
2021 document. We are working to further integrate RCB copy editing into our production process in the future.

7 Ocean Acidification
Last year we reported on work in progress related to Ocean Acidification (OA), including:

• Aleck Wang (WHOI) and Chris Melrose (NEFSC) are working on climatology of spatial and seasonal patterns
of carbonate chemistry parameters on the Northeast U.S. Continental Shelf, which will form a critical baseline
for future OA indicators.

• Grace Saba (Rutgers) is the lead PI on a new project which is using gliders to characterize OA conditions and
to validate/improve OA models for the region.

• There is ongoing experimental work being conducted at the NEFSC Milford lab that we could include if the
information is relevant

Both Councils, and in particular the NE SSC, were interested in including this work as it becomes available. This
year we included the data from gliders characterizing seasonal OA conditions on the Mid-Atlantic shelf (p. 25-26
MAFMC and Fig. 2), and compared the observed OA conditions with preliminary lab results on pH thresholds
where surfclam growth may be impacted (p. 32 MAFMC).

Figure 2: Locations and timing of glider-based pH transects on the Mid-Atlantic shelf.
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We will continue to update OA information as it becomes available.

8 Include examples of High/Low engaged ports
Both Councils were interested in more information on fishery engagement trends, including clearer definitions of
engagement and reliance, and the NE SSC requested examples of engagement scores at the fishing community level.
Fishery engagement, reliance, and social vulnerability are briefly defined in the SOE text and glossary, with a link
to the NMFS webpage defining all of these indicators and a maps with information for all communities.

A new presentation of individual community status with respect to engagement, reliance, and social vulnerability for
both commercial and recreational fisheries was included as a baseline (p. 15-17 MAFMC and p. 19 NEFMC), to be
updated in future years so that Councils may keep track of changes in community status.

9 Expand wind lease area and habitat overlap
The Mid-Atlantic Council and SSC remain interested in the potential effects of offshore wind development on
ecosystems and fishery management, and asked to see expanded consideration of information beyond the NEFSC
bottom trawl survey. This year offshore wind development indicators are highlighted in the new SOE section on risks
to meeting fishery management objectives. The MA SSC expressed interest in an indicator of fishery revenue within
wind lease areas, which has been provided this year with a focus on Council-managed species in each SOE report
(p. 36 MAFMC and p. 36 NEFMC). Information on overlap of scientific surveys for ocean physics, low trophic levels,
shellfish, fish, and protected species with wind lease areas is also provided in each report (p. 37 MAFMC and p. 38
NEFMC). Detailed maps highlighting the timing and type of potential development are also included. The wind
energy area and habitat overlap information presented in 2020 could not be updated as there were no new NEFSC
bottom trawl surveys, but the table is retained online as supplementary informtion.

During the production process, new information summarizing seabird, cetatean, and turtle “hotspots” with respect
to wind lease areas was submitted by Timothy White (BOEM). We present that information here for feedback to
determine if this should be refined and included in future SOE reports. Hotspot richness was defined as the sum of
the number of persistent hotspots across taxa. Tim calculated individual persistent hotspots for about 60 different
species (whales, seabirds, and sea turtles), then summed the individual hotspots across each grid cell to calculate
hotspot richness, as shown on the map. A cell with a hotspot richness value of 8 represents 8 species-specific hotspots.
All the wind energy areas intersect hotspots, and all values greater than 1 represent multi-species persistent hotspots
(Fig. 3). Visualizations of hotspots for cetaceans, seabirds, and turtles separately are also available.
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Figure 3: Overlap of whale, seabird, and turtle hotspots with wind lease areas.6
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We welcome further discussion on the expanded offshore wind development section, and suggestions for further
indicator development that is most beneficial to the Councils.

10 Expand cold pool index
The MA SSC was interested in an expanded cold pool index, in particular with respect to timing of stratification
and its breakdown in the fall. This year we introduced new cold pool metrics based on the GLORYS12V1 dataset,
which is an global ocean reanalysis model for the ocean physics with 8 km resolution and 50 depth layers. In prior
years, bottom temperature observations from the surveys were used to define the cold pool index. The advantage of
the modeled product is the improved spatial and temporal resolution compared to the survey data. The vertical
layers of the model will also allow us to examine stratification and mixing indices in future reports. One limitation,
however, is the time series is shorter and there is a lag in the availability of the more recent data; current availaility
is January 1993-June 2019.

In the SOE we visualize changes in cold pool area using this dataset to allow the Council to see how this dynamic
habitat varies annually and in response to the temperature indicators we report. While we considered this to be
an intuitive initial presentation, there are many other possible cold pool metrics that could be reported from this
dataset. For example, time series of four additional metrics are available in the SOE dataset, ecodata (Fig. 4):

1. Name: T_mean; Definition: yearly-mean cold pool temperature distribution; Units: degrees C.

2. Name: T_min; Definition: yearly-min cold pool temperature distribution; Units: degrees C.

3. Name: T_peak; Definition: spatial cold pool temperature distribution at the peak day 140; Units: degrees C.

4. Name: V_max; Definition: yearly-max cold pool vertical distribution relative to depth; Units: meter/meter.

T_peak V_max

T_mean T_min

2000 2010 2000 2010

2000 2010 2000 2010
4

5

6

7

0.675

0.700

0.725

0.750

0.775

7.0

7.5

8.0

8.5

9.0

7.0

7.5

8.0

8.5

9.0

C
o

ld
 P

o
o

l

Cold Pool Index

Figure 4: Mid-Atlantic cold pool metrics from the GLORYS reanalysis dataset, as defined in text above.

We welcome feedback on whether using this reanalysis dataset is preferable to the prior observation-based cold pool
index. Dynamics of the cold pool have been described in detail using model-based information [2]. If this dataset
seems promising, we seek suggestions on metrics the SSC would like to see from this dataset and how to present this
information so that it is most useful to the Council.
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11 Seperate Bigelow/Albatross catch diversity metric
The NE SSC requested a species diversity metric based on NEFSC trawl survey data. We had included such a
metric in past reports (2017), but were concerned that apparent differences in diversity prior to and after 2008 may
be driven by differences in survey vessels. While species-specific cpue and sizes have calibration coefficents between
survey vessels, the number of species captured by the vessels has no known calibration coefficient.

After discussion with both SSCs in 2020, we calculated NEFSC trawl survey diversity metrics separately for the
Albatross and Bigelow survey vessel time series. In each 2021 SOE we report the expected number of species
per 1000 individuals sampled for each EPU in the fall, with uncertainty (p. 15 MAFMC and p. 18 NEFMC).
Distinguising potential vessel effects from trends in diversity should be facilitated by this presentation. Plots
for spring, as well as comparisons with Shannon diversity metrics combining both vessel time series as originally
calculated, are available online (https://noaa-edab.github.io/ecodata/macrofauna_NE#Survey_Shannon_Diversity,
https://noaa-edab.github.io/ecodata/macrofauna_MAB#Survey_Shannon_Diversity). We welcome further
discussion to refine this and other diversity indices.

12 Shark abundance and catch indicators
The MAFMC requested information on biomass of sharks, as fishermen had reported encountering more blacktip,
spinner, and sandbar sharks each summer. Both Councils have been interested in expanding data sources beyond
the NEFSC bottom trawl survey for improved understanding of ecosystem dynammics. We were able to obtain
commercial landings (Fig. 5), recreational landings (SOE p. 6 MAFMC and p. 8 NEFMC), and CPUE data (SOE
p. 31 MAFMC and p. 34 NEFMC) from the Highly Migratory Species (HMS) group at NMFS Headquarters as well
as bycatch information from the NEFSC Observer Program (SOE p. 30 MAFMC and p. 34 NEFMC).
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Figure 5: Highly Migratory Species (HMS) landings; groups include “Bluefin Tuna”, “BAYS”, “Swordfish”, “Large Coastal
Sharks”, “Small Coastal Sharks”, “Pelagic Sharks”, “Smoothhound Sharks”. “BAYS” includes bigeye, albacore, yellowfin
and skipjack tunas. “Large Coastal Sharks” includes blacktip, bull, great hammerhead, scalloped hammerhead, smooth
hammerhead, lemon, nurse, sandbar, silky, spinner, and tiger sharks. “Small Coastal Sharks” includes Atlantic sharpnose,
blacknose, bonnethead, finetooth sharks. “Pelagic Sharks” includes blue, porbeagle, shortfin mako, and thresher sharks.
“Smoothhound Sharks” includes smooth dogfish shark.
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In addition, commercial revenue from HMS (Fig. 6) and information on CPUE (bycatch) of many other species
(Table 2) is available.
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Figure 6: HMS revenue, groups are the same as previous figure.
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Table 2: Species with CPUE available from HMS fishery observations.

Species Species, continued
AMBERJACK SHARK HAMMERHEAD SMOOTH
BARRACUDA SHARK MAKO
BLUEFISH SHARK MAKO LONGFIN
BONITO SHARK MAKO SHORTFIN
CIGARFISH SHARK NIGHT
COBIA SHARK OCEANIC WHITETIP
DOLPHIN ATLANTIC SPOTTED SHARK PORBEAGLE
DOLPHIN BOTTLENOSE SHARK REQUIEM
DOLPHIN COMMON SHARK SAND TIGER
DOLPHIN FISH SHARK SANDBAR
DOLPHIN PANTROPICAL SPOTTED SHARK SILKY
DOLPHIN RISSOS SHARK SPINNER
ESCOLAR (SMOOTH SKIN) SHARK THRESHER
GANNET NORTHERN SHARK THRESHER BIGEYE
GULL SHARK THRESHER COMMON
GULL GREAT BLACK BACKED SHARK TIGER
GULL HERRING SHEARWATER
JACK SHEARWATER CORY’S
LANCETFISH SHEARWATER GREATER
LITTLE TUNNY SKATES/RAYS
MACKERAL SNAKE SPEARFISH
MACKEREL KING SPEARFISH LONGBILL
MANTA RAY SPEARFISH ROUNDSCALE
MARINE FINFISH SQUID
MARLIN BLUE STORM PETREL
MARLIN WHITE SUNFISH
OILFISH (ROUGH SKIN) SUNFISH OCEAN
OPAH SUNFISH SHARPTIAL
PELAGIC STINGRAY SWORDFISH
POMFRET TUNA ALBACORE
PUFFER TUNA BIGEYE
REMORA TUNA BLACKFIN
SAILFISH ATLANTIC TUNA BLUEFIN
SHARK TUNA SKIPJACK
SHARK ATLANTIC SHARPNOSE TUNA YELLOWFIN
SHARK BIGNOSE TURTLE GREEN
SHARK BLACKNOSE TURTLE HAWKSBILL
SHARK BLACKTIP TURTLE KEMP’S RIDLEY
SHARK BLUE TURTLE LEATHERBACK
SHARK BULL TURTLE LOGGERHEAD
SHARK CROCODILE UNCODED ANIMAL
SHARK DOGFISH UNKNOWN
SHARK DOGFISH SMOOTH WAHOO
SHARK DOGFISH SPINEY WHALE BEAKED
SHARK DUSKY WHALE PILOT
SHARK FINETOOTH WHALE PILOT LONGFIN
SHARK HAMMERHEAD WHALE PILOT SHORTFIN
SHARK HAMMERHEAD GREAT WHALE SPERM PYGMY
SHARK HAMMERHEAD SCALLOPED WHITE MARLIN / R.S. SPEARFISH

10



State of the Ecosystem 2021: Request Tracking Memo

With these new contributions, we can potentially include more information on performance relative to management
objectives for HMS, such as a Kobe plot similar to the one presented for Council-managed species. We welcome
feedback on what additional information on HMS would be most useful to the Councils in future SOE reports.

13 Uncertainty estimates
Both Councils asked for uncertainty estimates to be included with indicators. Uncertainty estimates are now
included for all survey biomass indices (see also Section 23), survey diversity (expected number of species), harbor
porpoise and gray seal bycatch, North Atlantic right whale abundance, forage anomaly, and forage fish energy
density indicators. We continue to work towards including uncertainty estiamtes for as many indicators as possible.
We welcome feedback from the Councils on which indicators are highest priority for the estimation and visualization
of uncertainty.

14 Bycatch index
The NEFMC was interested in additional bycatch indices. This year we added an index of gray seal bycatch to both
SOE reports (p. 18 MAFMC and p.21 NEFMC). We have also added observer information on bycatch of sharks in
Northeast US fisheries and additional information is available on catch and bycatch of multiple species in pelagic
fisheries (see Section 12). We welcome suggestions for which species bycatch indices to prioritize in future reports.

15 Marine Mammal consumption
The MAFMC has continued interest in estimates of marine mammal consumption. While there have been no
updated reports of total marine mammal consumption for the US Northeast Shelf ecosystem since 2015 [3], new diet
studies are in progress. We included updated information on seal diets in both SOE reports (p. 31 MAFMC and
p. 34 NEFMC). Once completed, these diet studies combined with mammal population estimates (see Section 24)
could be used to update marine mammal consumption estimates.

16 Estuarine Water Quality
Both Councils have been interested in estuarine water quality. While the Chesapeake Bay water quality index
reported previously is updated on a 3-year basis, so no update was available this year, we included more information
on Chesapeake Bay conditions and impacts to managed species in the MAFMC SOE (p. 22-23, p. 31) as well as in
the MAFMC EAFM risk assessment update. In addition a new indicator catalog (currently in progress) will contain
more in-depth information on temperature, salinity, dissolved oxygen, and submerged aquatic vegetation submitted
by the NOAA Chesapeake Bay Office. There are plans to expand this contribution in the future to include more
MAFMC managed species, and to use the online catalog as a repository for detailed information in support of the
SOE.

The NE SSC was interested in estuarine water quality in the New England region; and we have been in discussion
with multiple organizations working in coastal and estuarine systems to incorporate more information. However we
had inadequate resources develop New England estuarine water quality indicators in 2020.

17 Forage abundance
The MAFMC has requested integrated indicators of small pelagic fish and forage abundance for several years. In
addition to the trawl survey-based information on planktivores included in the document, this year we have added a
new forage anomaly indicator based on combined zooplankton and ichthyoplankton data (p. 28-29 MAFMC and
p. 32 NEFMC). We welcome feedback on this new indicator, including taxa currently included (Table 3).
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Table 3: Groups included in the zooplankton and ichthyoplankton-based forage anomaly indicator

Group Category Taxa Included
Calanus finmarchicus Zooplankton Calanus finmarchicus
Large Calanoid Copepods Zooplankton Calanus spp., Calanus minor, Eucalanus spp., Metridia

lucens
Small Calanoid Copepods Zooplankton Small Calanoid Copepods less than 1.6 mm Prosome

length
Cyclopoid Copepods Zooplankton Cyclopoid Copepods
Krill Zooplankton Euphausiacea
Mysid Zooplankton Mysidacea
Hyperiidea Zooplankton Hyperiidea Amphipods
Gammaridea Zooplankton Gammaridea Amphipods
Pteropod Zooplankton Pteropoda
Larvaceans Zooplankton Appendicularia
Cnidaria Zooplankton Cnidaria
Ctenophore Zooplankton Ctenophora
Salp Zooplankton Thaliacea
Unmanaged Clupeids Ichthyoplankton Clupeidae
Managed Clupeids Ichthyoplankton Clupeidae- Atlantic herring, Atlantic menaden, Alosa spp.
Anchovies Ichthyoplankton Engraulidae
Sandlance Ichthyoplankton Ammodytidae
Bristlemouths and hatchetfishes Ichthyoplankton Stomiiformes
Lanternfish Ichthyoplankton Myctophidae
Rocklings Ichthyoplankton Lotidae
Codlets Ichthyoplankton Bregmacerotidae
Cuskeels Ichthyoplankton Ophidiidae
Cod, Haddock, Pollock Ichthyoplankton Gadidae- Atlantic cod, Haddock, Pollock
Urophycis Hakes Ichthyoplankton Phycidae- Urophycis spp., Red hake, White hake, Spotted

hake
Merluccius Hakes Ichthyoplankton Merlucciidae- Merluccius spp., Silver hake, Offshore hake
Mackerels Ichthyoplankton Scombridae
Butterfishes Ichthyoplankton Stromateidae
Unmanaged Flounders Ichthyoplankton Pleuronectiformes- Citharichthys, Etropus, Syacium,

Bothus, Hippoglossina, Trichopsetta
Managed Flounders Ichthyoplankton Pleuronectiformes- Paralichthys, Pseudopleuronectes,

Hippoglossoides, Hippoglossus, Limanda, Glyptocephalus

Forage energy content is another important consideration which may affect predators as much as fluctuations in
abundance. We have updated information on forage fish energy content based on NEFSC bottom trawl surveys in
the SOE reports (p. 29 MAFMC and p. 32 NEFMC) which highlights the potential for seasonal and interannual
variability in energy content.

The MAFMC asked whether Atlantic menhaden could be evaluated for energy content. We agree that it would be
useful to look at energy content of menhaden, but they are not included at present because they are not caught
reliably in NEFSC bottom trawl surveys. Menhaden are much higher in the water column and/or inshore of NEFSC
surveys. Any other source of data would need to maintain the rapid processing and freezing methods applied on the
NEFSC survey vessel to allow accurate estimation of % dry weight.

18 Linking Condition
Both Councils were interested in more quantitative analysis linking environmental indicators, managed fish indicators,
and fishery indicators to facilitate use of this information in management. Considerable progress has been made on
linking environmental indicators to fish condition for multiple species, with an overview of preliminary Generalized
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Additive Modeling (GAM) results described in the SOE. The NE SSC commented that overall (total) biomass could
be included in the analysis of fish condition; this has been included in the analysis, as well as local abundance and
local biomass (Fig. 7).

Figure 7: Preliminary results: GAM fish condition deviance explained by environmental variables, with darker cells indicating
more important variables for that species.

Correlations between the potential drivers of condition are also being explored. Indices that are correlated (R>0.3,
dark cells in Fig. 8) will not be used together in future full GAM analyses.

Figure 8: Preliminary results: correlations between potential environmental drivers of fish condition.
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The MA SSC commented that indices of growth (weight at age) used in stock assessments could also be included
in the analysis, and that methods such as Gaussian network modeling may be appropriate. The fish condition
working group explored GAM analyses to link environmental indices to weights at age for managed fish species,
but there were diagnostic issues that were not present in the condition analyses. The fish condition working group
is continuing to make improvements to the GAM analyses, exploring options for indices of growth to integrate
this information into future analyses. Similarly, modeling approaches in addition to GAMs are under investigation.
Another component of the project evaluating potential links between fish condition and market prices is also ongoing.

19 Avg weight of diet components by feeding group
This information is being examined as part of the fish condition links project described above. However, we had
insufficient resources to develop an independent indicator for the SOE in 2020.

20 Mean stomach weight across feeding guilds
This information is being examined as part of the fish condition links project described above. However, we had
insufficient resources to develop an independent indicator for the SOE in 2020.

21 Shellfish growth/distribution linked to climate (system productivity)
The MAFMC requested that we investigate how shellfish growth and distribution information could be linked to
climate indicators and possibly ecosystem productivity. We are working with Dr. Roger Mann who has obtained
NSF INTERN funding for his student Alexis Hollander to spend up to 6 months at NEFSC working on shellfish
growth, and to facilitate integration of SOE climate indicators with this work. This work should proceed later in
2021 or whenever in-person work is feasible.

22 Cumulative weather index
The MAFMC requested that we include information on weather that might affect recreational or commercial
fishing effort. We are partnering with the National Weather Service (NWS) to provide this type of information. A
preliminary index was developed based on Small craft/Gale warnings from the NWS Boston forecast office for the
area off Cape Cod (Table 4).

Table 4: Gales = winds >=34 knots (usually associated with a coastal storm); Storm = winds >=48 knots

Year Gale.Warnings Storm.Warnings
2008 61 8
2009 49 11
2010 47 6
2011 48 5
2012 30 8
2013 43 6
2014 36 7
2015 80 3
2016 55 8
2017 52 15
2018 60 14
2019 57 8

We seek feedback from the Council on the utility of this information to further develop an indicator for future SOE
reports. Is monthly data more useful than annual as above? Would seasonal aggregates be useful? Is there a certain
wind speed where vessels alter effort? We look forward to further integration of NWS information for our region.
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23 Management complexity
The MAFMC asked for indicators of management complexity for use in the EAFM risk assessment. An NEFSC
summer student started work on this in 2018, but we have lacked capacity to finish the project since then. If
resources allow we will continue the project, and guidance for further indicator developmet is welcome.

24 VAST and uncertainty
Both Councils were interested in model-based estimates of aggregate fish biomass and uncertainty based on preliminary
results presented in 2020. We experimented with a model-based estimate of uncertainty for survey biomass which
accounts for both spatial and temporal sources (VAST; [4]). Although the surveys were not completed this year,
work on model-based estimates continues and may be presented next year.

25 Seal index
The MA SSC requested indices of abundance for seals rather than the narrative supplied in 2020. Analysis and
review is in progress to update abundance and possibly assess trends in US waters for harbor and gray seals; however,
these estimates were not available for the 2021 SOE. New information on increasing numbers of gray seal pups
born at US pupping sites has been added to the narrative for both SOE reports [5]. A plot visualizing pup rates of
increase has been added to the NEFMC SOE (p. 23), as it is most relevant to the Gulf of Maine.

A detailed stock assessment for Canadian Northwest Atlantic gray seals was published in 2017 and is available online.
As noted in the SOE, the Candian population is likely supplementing the US population, and seals range widely, so
distinguishing trends within US waters or individual EPUs is complex. However, a gray seal survey is in progress for
2021, and updated information will be included as it is available.

As noted by the MA SSC, seals are important predators in the ecosystem, so we have included additional updates
on seal diet studies in progress, and have moved the discussion of seals as predators into a more general discussion of
predator trends in the SOE along with information added for sharks.

26 Incorporate social sciences survey from council
The NE SSC was interested in reviewing information on the perception and use of social science information from
an NEFMC survey. We had insufficient resources to address this in 2020. We welcome input from the New England
Council and staff on how best to incorporate this information in future reports.

27 Young of Year index from multiple surveys
The MA SSC was interested in a young of year index from multiple surveys. In past reports we have included the
fish productivity index, which calculates the number of small fish per biomass of large fish of the same species from
NEFSC surveys. This index is based only on the NEFSC bottom trawl survey, which was not completed in 2020, so
the index was not updated; we retain last year’s indices online for reference ( MAB, GB and GOM). We recognize
that this is not strictly a young of year index, and it is from a single survey.

We had insufficient resources to address this in 2020.

28 Biomass of species not included in bottom trawl surveys
We included information on sharks this year (Section 12), and data streams for many other species not captured by
bottom trawl surveys (BTS) are under investigation. However, we had insufficient resources to address this fully in
2020.

29 Estuarine condition relative to power plants and temp
We had insufficient resources to address this in 2020.
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30 Inflection points for indicators
While this could not be addressed for individual indicators in 2020, we did include new Ecosystem Overfishing
indicators with proposed thresholds (see Section 2, Ecosystem Overfishing indicators). We welcome suggestions for
which additional indicators or groups of indicators should be prioritized for inflection point/threshold analysis in
upcoming years.

31 Reduce indicator dimensionality with multivariate statistics
The NE SSC suggested statistical analysis to reduce the number of indicators and remove redundant indicators in
the report. Some work has been initiated on this in past years, but we had insufficient resources to complete this in
2020.

32 Breakpoints
While this could not be addressed for individual indicators in 2020, our newly introduced regime shifts synthesis
theme will be explored further in upcoming years. We welcome suggestions for which individual indicators or groups
of indicators should be prioritized for regime shift analysis in upcoming years.

33 Re-evaluate EPUs
Initial planning for re-evaluating Northeast US Shelf ecological production units has started, but we had insufficient
resources to begin the project in 2020.
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