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Report of the Scientific Council Working Group on Ecosystem Science and Assessment(WG-ESA)
13-22 November 2018

INTRODUCTION

The NAFO SC Working Group on Ecosystem Science and Assessmentf®/4&), formerly known as SC Working
Group on Ecosystem Approaches to Fisheries Management (VEBFM), had its11th meeting on 13-22
November 2018 at NAFO Headquarters, Dartmouth, Canada

The work of WG-ESAcan be described under two complementary contexts:

a) work intended to advance theEcosystem Approach to Fisheries Managemenbadmap, which typcally
involves medium to longterm research, and

b) work intended to address specific requests from Scientific Council (SC) and/or Commissiond#), which
typically involves short to medium-terms analysis, aligned to roadmap priorities.

ToRs to be addresed in 2018 were
Theme 1: Spatial considerations

ToR 1. Update on identification and mapping of sensitive species and habitats in the NAFO area. In
support of the Roadmap develop research and summarize new findings on the spatial structure and
organisation of marine ecosystems with an emphasis on connectivity, exchanges and flows among
ecosystem units in the NAFO Convention Area.

Theme 2: Status, functioning and dynamics of marine ecosystems

ToR 2. Develop research and summarize new findingsrmthe status, functioning, productivity of
ecosystems (including modelling multispecies interactions) in the NAFO Convention Area.

Theme 3: Practical application EAFM

ToR 3. Develop research and summarize new findings on longrm monitoring of status and
functioning of ecosystem units (including ecosystem summary sheets) and the application of
ecosystem knowledge for the assessment of impacts and management of human activities in the NAFO
Convention Area.

Theme 4: Specific requests
ToRs 4+. As generic ToRs, these are pladelders intended to be used when addressing expected
AAAEOET T Al OANOAOGOO &EOi1I 1T 3AEAT OEEZEA #1 01 AEl 10O
ToRs above.

The following ToRs were addressed at thelth meeting of WGESA:
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THEME 1: SPATIAL CONIDERATIONS

In support of theroadmap, develop research and summarize new findings on the spatial structure and
organisation of marine ecosystems with an emphasis on connectivity, exchanges and flows among enasyitte
in the NAFO Convention Area.

ToR 1.Update on identification and mapping of sensitive species and habitats in the NAFO area. In support of the
Roadmap develop research and summarize new findings on the spatial structure and organisation of marine
ecosystems with an emphasis on connectivity, exchanges and flows among ecosystem units in the NAFO Convention
Area

1.1. Update on VME indicator species data and distribution

ToR 1.1 Update on VME indicator species data and VME indicator spedisibution from EU and EWBpain
Groundfish Surveys in 2018

New preliminary data on VME encounters in NAFO Regulatory Area (Divs. 3LMNO) from EU and EU -
Spain Groundfish Surveys (2018).

During the 11" NAFO Working Group on Ecosystem Science and Assessm@MGESA) meetingnew
preliminary data on deepwater corals and sponges were presented from the 2018 EU and 8Bpain bottom
trawl groundfish surveys. The data was made available to the NAFO VESA to improve mapping of
Vulnerable Marine Ecosystem (VME) spées in the NAFO Regulatory Area (Divs. 3LMNO).

During the 6" meeting of the NAFO Scientific Council WESA, new quantitative spatial analyses were applied
for corals and sponges for all the available data within the NAFO Regulatory Area ($08.13-24). Outcomes
from the analyses produced the following thresholds for VME species groups: 75 kg per tow for sponges, 0.6
kg per tow for large gorgonians, 0.15 kg per tow for small gorgonians, and 1.4 kg per tow for sea pens. Based
on these thresholds deepwater coral and sponge data were identified and mapped, overlaid with the current
closed areas, polygons for kernel density of sea pens and modified kernel density polygons for sponge grounds
and large gorgonian VMEs.

Data used in this study were collectedrém four surveys:

1. The EU-Spain3NOgroundfish survey, conducted by the Instituto Espafiol de Oceanografia
(IEO), sanpled the Grand Banks of Newfoundland (NAFO Divs.3NO) between 47 - 1380 m depth
with a total of 118 tows.

2. The EU-Spain and PortugalFlemish Capgroundfish survey, conducted bythe IEO together with the
Instituto de InvestigacionesMarinas (I1IM) and Instituto Portugués do Mar e da Atmosfera
(IPMA), sampled the Flemish Cap (NAFODiv.3M) between 129 -1440 m, with a total of184 tows.

3. The EU-SpainFletdn Negro-3L groundfish survey, conducted bythe IEO,sampled northeast
Grand Banks of Newfoundland (NAFMiv. 3L) between116 - 1442 m depth, with a total of
101 tows.

There were 403 bottom trawl! tows (397 valid) carried out during 2018 EU-Spain groundfish in the NRA for
this report (Figure 1.1).
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Figure 1.1. Distributi on of sets (start positions)from 2018 EU-Spain groundfish surveydNAFODivs.
3LMNO).

Following previous methodologies used by WGESAdeep water corals were grouped by VME species
groups and include;largegorgonians(Order: Alcyonacea),smallgorgonians(Order: Alcyonacea),seapens
(Order: Pennatulacea), and spongeéPhylum: Porifera).

Distribution mapsof presence (nonsignificant and significant catches)for large gorgonians, small gorgonians,
seapens, and spongesare presentedbelow (Figures 1.2-1.5). Locationsof eachcoral and spongerecords were
assignedby start position of eachtow for 2018 EU-Spain groundfish surveysCoordinatesand weights of the
significant catchesare provided in Table1.1.

Table 1.1. Significant catches of corals and sponges in the NRA (Divs. 3LMNO) with their
correspondingdepth and weight. Notethat tow positions are in decimal degrees.

Start position

VME

Lat Lon Weight
Indicator Species Year Survey  (N) (W) Depth (m) (kg)
2018 3NO 44.97 -48.76 1380 78.65
SPONGES >= 75 kg 2018 3NO 4552 -48.12 1312 105.99
2018 3NO 45.62 -47.87 1283 385.35
2018 3L 47.23 -46.69 1152 0.24
SMALL GORGONIANS >= 0.15 kg
2018 3M 47.81 -44.03 648 0.17
2018 3L 47.23 -46.69 1152 2.67
SEAPENS >=1.4 kg
2018 3M 48.42 -44.89 723 151
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Sponges

EUSpain2018 Data Spongesvere recordedin 129 of the 397 valid tows (31.7% of the total tows analyzed),
with depths ranging between 77- 1442 m (Figure1.2).

Significant catchesof sponge(l  %gftow) were found in three tows (see Tablel.1l and Figurel.2). These
catches were locatedn Flemish Pass area inside the KDE sponge polygo8pongecatchesfor these
tows ranged between78.65 - 385.35 kg.

Current Closures

Sponge polygon
encompassing
catches 2 75kg

Sponges 2 75 kg

0 25 50 100 * Sponges No Significant (< 75 kg)
—— i . |
T T X 1) LU
52°W 50°'W 48°W 46°W 44°W

Figure 1.2. Distributi on of significant and non-significant catchesof spongesin the study area from
2018 EUSpain surveys(NAFO Divs. 3LMNO). Black crosses represent tows with no
sponge bycatch recorded.

Large Gorgonians

EUSpain2018 Data:Large gorgonianswere recorded in 9 of the 397 valid tows (2.3% of total tows
analyzed), with depths ranging betweeriL 10 - 1347 m (Figure 1.3). None of the tows have significantatches
of large gorgonians(I m8¢@ ECZY Ol x(d8
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Figure 1.3. Distribution of significant and non-significant catches of large gorgonians in the study
area from EUSpain 2018 surveys (NAFO Divs. 3LMNO). Black crossepresent tows
with no large gorgonians bycatch recorded.

Small Gorgonians

EUSpain2018 Data: Small gorgonianswere recorded in 44 tows (10.5 % of total tows analyzed), with
depths ranging between 331- 1364 m (Figure 1.4).

Sgnificant catches(>0.15 kg/tow) were recorded in two tows (0.5% of the total tows) located at the top of
closed area 2 in the Flemish Pass and closed area 14 in the eastern part of Flemish Cap, outside of the actual
closed areas with depths of 648 and 1152 m (Tablkel).

48°N-

46°N-

Small Gorgonians

Current Closures

Small gorgonians polygon
encompassing catches = 0.15kg

A Small Gorgonians 2 0.15 kg

o 25 50 100 +  Small Gorgonians No Significative (< 0.15 kg)

52‘“W 50!’W 48!'W 46!’W 44!{/\/
Figure 1.4. Distribution of significant and non-significant catches of small gorgonians in the study
area from EUSpain 2018 surveys (NAFO Divs. 3LMNO). Black crosses represent tows
with no small gorgonian bycatch recorded.
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Sea Pens

EUSpain2018 Data: Sea pens were recorded in 137 tows (34% of total tows analyzed), with depths
ranging between136 - 1442 m (Figure 1.5).

Significantcatches(> 1.4 kg/ tow) were recorded intwo tows (1.5- 2.6 kg), one located at north of Flemish
Cap (723 m- 1.5 kg) and the other located in the southwest part of Flemish Cap (1152 n2.6 kg), both of
them inside the corresponding VME KDE polygon (Tablel).
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encompassing catches 21.4kg

B SeaPens = 1.4kg
Seapens No Significant (< 1.4 kg)
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Figure 1.5. Distribution of significant and non-significant catches of sea pens in the study area from

EU-Spain 2018 surveys (NAFO Divs. 3LMNO). Black crosses represent tows with no sea
pen bycatch recorded.

Table 1.2. Summary of deepwater corals and spongesecords for the NRA from EUSpain 2018 survey
data.

Presence Significant
EU-Spain data Significant Total Tows Significant Significant Concentrations
and Non- (% of Concentrations | Concentrations inside KDE
2018 Significant tows) (# of tows) (% of tows) corresponding
(# of tows) polygon
Sponges 129 31.7% 3 0.8% 3
Large 9 2.3% 0 0% 0
Gorgonians
Smal 44 10.5% 2 0.5% 2
Gorgonians
Sea Pens 137 34% 2 0.5% 2

Northwest Atlantic Fisheries Organization
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1.2. Progress on implementation of workplan for reassessment of VME fishery closures.

ToR 1.2. Progress on implementation of workplan and timetable for reassessment of VME fishery closures
including seamount closures for 2020 assessmdi@OM Request # 1)1

The workplan of tasks requied for the re-assessment of VME closures in 2020 was discussed and the following
actions agreed and assigned to lead individuals:

1. An update of the KDE analysis from 2014 to include all additional VME indicator species data from
trawl surveys, up-to andincluding the 2019 survey data. The walated survey data should be provided

by 1St October 2019 in order to allow sufficient time to progress the analysis (EU dataMar; Canada
data - Vonda). Updated KDE analysis and maps will be produced for; i. spans (assemblage), ii.
sponges @eodia), iii. large gorgonians (assemblage), iv. small gorgonians (assemblage), v. bryozoans
(assemblage), and vi. stalked tunicatesdfltenia sp. Data on glass sponges will also be compiled and
provisionally analysed (BIO-Ellen/Cam). In the event that the updated data is not available by the
deadline above, it was agreed that the analyses would proceed with the data provided as of that date.

2. An update on SDM (habitat) models incorporating the individual species of sea p&DMs developed
under the ATLAS R&D project (e.g?ennatula sp,Halipteris finmarchica andH. christii), in addition to
the existing sea pen species already modelled will be included in the VME assessment ({B4ar). An
SDM for small gorgonians will &0 be considered, if the data is good enough. Otherwise previous SDMs
will be used to underlay the KDE polygons and closed areas.

3. Forthe bryozoan turf (assemblage), and stalked tunicate80ltenia sp additional seabed physical data
(where available) derived from Roxanne (sea bed sediment discrimination) will be used to refine the
KDE polygons for these two VME indicator groups. In addition, 75 metre resolution data on substrate
type may be included to refine the boundaries of the VME (BlKJavier and ohers)

4. Consideration of the connectivity of VMEs through links between propagule/larval transportation and
VME distribution/location, as investigated by Kenchingtoret al. should be included. This will highlight
the importance of certain VME closed areasisupporting larval dispersal and recruitment between
other VME closed areas of the same type (BH&llen)

5. Consideration of the biodiversity of the closed areas as measured by species density (the number of
species per survey trawl) will be included in he review (BIOG-Ellen/Javier).

6. It was noted that the Corner Rise and New England Seamounts were originally discussed together;
however, only revisions to the New England Seamounts have been progressed to date. To ensure
consistency in approach other seamount closures, in particular th€orner Rise seamount should be
progressed in preparation for the VME fishery closure review in 2020. To be done at the VEESA
meeting 2019. To include any ugates on known VME presence. (including new data on Orpan Knoll
transects in 2010, and Kelvirseamount data in 2016).

7. Observed differences in VME species diversity and VME functions (being progressed under ToR 2.3)
should be highlighted.

13. S$EOAOOCOEIT 11 OPAAOEI ¢ +AOT Al $AT OEOU '1 A1l UGEO AT A
ToR 1.3 Discussion on wglating Kernel$ AT OEOQU 1T A1 UOEO AT A 3%$-80 A O 6-% EIT .
VME fishery closure review in 2020. COM Request # 11.

The outcomes of discussion relating to this ToR areptured under ToR 1.2 above.

1.4. Update on the Research Activities relate d to EU-funded Horizon 2020 ATLAS Project

ToR 1.4 Update on the Research Activities related to fithded Horizon 2020 ATLAS Project, Flemish Cap Case
Study: Species Distribution models for two deewpter pennatulacean coral.(COM Request # 11)

Northwest Atlantic Fisheries Organization www.nafo.int
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Flemish Cap Case StudySpecies Distribution Models (SDMs) for two deep -water corals in the Flemish
Cap and Flemish Pass area (Northwest Atlantic Ocean)

During the 11" NAFO WGESA meetinghe EU ATLAS project (in collaboration with iISEAS project) was
presented giving updated information regardingSpecies Distribution Models (SDMs) for théAnthoptilum
grandiflorum and Funiculina quadrangularisdeep-water pennatulacean coral for Flemish Cap Casgtudy
(Flemish Cap and Flemish Pass areas).

ATLAS is a fomyear EUfunded Horizon 2020 project (www.eu-atlas.org) that started in May 2016 and aims

to gather diverse new information on sensitive Atlantic ecosystems (including Vulnerable Marine Ecosystems
and Ecologically or Biologically Sensitive Areas) to produce a steghange in our understanding of their
connectivity, functioning and responses to future changes in human use and ocean climate. This is possible
because ATLAS takes innovative approaches its work and interweaves its objectives by placing business,
policy and socieeconomic development at the forefront with science.

The main partners involved in this Case Study (Figure.B) are the Instituto Espafiol de Oceanografia (IEO),
Centro Oceanogrfico de Vigo, and Fisheries and Oceans Canada (DFO), Bedford Institute of Oceanography.
Both have extensive experience (e.g. NEREIDA project) and have plans to develop future research in the area.

T
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44°N—
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: / Protection Areas
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Figure 1.6. Flemish Cap Case Study spatial extefrted dashed line)

In terms of SDMs, different modeling algorithms were presented to classify the probability of habitat suitability
for Anthoptilum grandiflorum and Funiculina quadrangularisas a function of a set of environmental variables.

Species datawvere collected during two bottomtrawl groundfish surveys carried out by the Instituto Espafiol

de Oceanografia (IEO) jointly with the European Union (EU): i) the EU Flemish Cap survey sampled all the
Flemish Cap (NAFO Division 3M) and ii) the Spanish 30O OAU OAI b1 AA OEA O. 1 OAd
Newfoundland and the Flemish Pass (NAFO Division 3L)

Northwest Atlantic Fisheries Organization www.nafo.int
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For modeling, both oceanographic variables and bathymetric features were used as predictors of species
habitat suitability:

1. Oceanographic variables: SeBottom Temperature (CTD); Sea Bottom Salinity (CTD); Mixed layer
depth and Bottom Current Speed (VIKNG20 model).

2. Bathymetric features: bathymetry, slope and orientation of the seabed (retrieved from NEREIDA
project and MARSPEC database), sediment texture and gravel (Murillo, 2016).

3. In addition, and following the suggestions made during the 2018 ScientifiCouncil June meeting (p.
121, SCS Doc. 189), fishing effort layer was included as a new predictor variable. The updated results
were presented during the 11h WGESA meeting.

Three different modelling techniques were implemented: Generalised Additive Models (GAM), Random Forest
(RF), and MAXENT (Maximum Entropy modef3.4.1 (MAXENT, 2017)Models were built in theopen source
spatial statistical computing software R (R developmnt Core Team, 2016) using the necessary packages for
each case. We also estimated species probability of occurrence based on an ensemble of all models, as such
predictions are often more robust than predictions derived from a single model. Ensemble prediicnhs were
calculated as averages of singlmodel predictions.

The objective was to identify potentially complex linear and nofinear relationships in multi-dimensional
environmental space and to predict the distribution of Anthoptilum grandiflorum and Funiculina
guadrangularisdeep-water pennatulacean in unsampled locations of the Case Study area.

Maps showing the probability of habitat suitability for A. grandiflorum (Figure 1.7) and F. quadrangularis
(Figure 1.8) in the Flemish Cap and Flemish Pasgere presented together with model prediction performance
statistics (AUC; Specificity; Sensitivity, TSS and correlation of the different models) in order to assess the
accuracy of the different SDMs implemented. Statistics were presented for models withdawithout effort
layer.

MAXENT Random Forest

Figure 1.7. Probability of habitat suitability for A. grandiflorum for GAM, MAXENT and Random
Forest models Presence records (black dots) and KDE sea pens polygons are also
illustrated.

Northwest Atlantic Fisheries Organization www.nafo.int
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MAXENT Random Forest

Longitude (W) Longitude (W) Longitude (W)

Figure 1.8. Probability of habitat suitability for F. quadrangularisfor GAM, MAXENT and Random
Forest models Presence records (black dots) and KDE sea pens polygons are also
illustrated.

Tables1.3 and 1.4below shows the model predictionperformance statisticsof the different modelsin order to

assess the accuracy of the different SDM implemented (values with * correspond to statistics without fishing
effort predictor).

Table 1.3. Model prediction performance statistics forAnthoptilum grandiflorum.

Sensitivity | Specificity
AUC (%True+) (%True -) TSS cor

MAXENT 0.77/0.78* | 0.94/0.91* | 0.60/0.58* | 0.54/0.49* -

GAM 0.86/0.86* | 0.67/0.67* | 0.69/0.69* | 0.36/0.36* | 0.61/0.62*
Random | 65/0 86+ | 0.67/0.67* | 0.68/0.68* | 0.35/0.35* | 0.62/0.63*

Forest

Table 1.4. Model prediction performance statistics forFuniculina quadrangularis.
Sensitivity | Specificity
AUC (%True+) (%True -) TSS cor

MAXENT | 0.79/0.79* | 0.97/0.97* | 0.60/0.58* | 0.58/0.54* -

GAM 0.85/0.85* | 0.67/0.67* | 0.66/0.66* | 0.34/0.34* | 0.59/0.59*
Ré‘gri‘;;" 0.82/0.83* | 0.66/0.66* | 0.65/0.66* | 0.32/0.32* | 0.58/0.61*

where:

Northwest Atlantic Fisheries Organization

AUC measures the ability of a model to discriminate between those sites where a species is present
and those where it is absent, and has been widely used in the species distribution modeling literature
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(Elith et al., 2006). AUC ranges from 0 to 1, with vaés below 0.6 indicating a performance no better
than random, values between 0.7 and 0.9 considered as useful, and values >0.9 as excellent.

- Specificity is the proportion of True Negatives correctly predicted and reflects a model's ability to
predict an asence given that a species in fact does not occur at a location.

- Sensitivity is the proportion of True Positives correctly predicted and reflects a model's ability to
predict a presence given that a species in fact occurs at a location.

- TSSmeasures the accuracy of the model (Allouchet al., 2006) and is calculated as sensitivity +
specificity z 1 and ranges from-1 to +1, where +1 indicates perfect agreement and values of zero or
less indicate a performance no better than random.

Main condusions achieved with this work are:

1. Numerous SDMs methods exist, each one with different data requirements and mathematical
algorithms. They can produce clearly different geographic predictions and therefore resultant
conservation strategies, even whensing the same data. For these reasons we have applied three SDMs
algorithms and compared their results.

2. In general, all models have achieved AUC values greater than 0-80good degree of discrimination
between locations where sea pens are present and lations where sea pens are absent.

3. A. grandiflorum and F. quadrangularisexhibit specific habitat preferences and spatial patterns in
response to environmental variables (mainly bathymetry, sediment texture and current speed).

4. Understanding of sea pen itribution is crucial to delineate VME protection areas, contributing to the
mitigation of by-catch of vulnerable benthic invertebrates.

5. According to the prediction performance statistics, hclusion of Fishing Effort as a new predictor
variable did not imply a substantial improvement in the prediction for the three different models.

This work is the updated version of the work presented during the 2018 June Scientific Council meeting-{4
June 2018) and should be considered as an approach for the atien of sea pen VME species distribution maps
and habitat distribution models (SDMs and HSMs), used to improve our understanding of their biodiversity in
the Flemish Cap and Flemish Pass areas.
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1.5.Non-sponge and non-coral VMESs (e.g. bryozoan and sea squirts).

ToR 1.5 Continue work on nossponge and coral VMEs (for example bryozoan and sea squirts) to prepare for the
next reassessment of bottom fisherig€OM Request # 9)

Last year, the WGESA(SCS Doc. 1021) overlaid the available RoxAnn data (period 1994-2005) on the
records of bryozoans andsea squirts Boltenia oviferg. Patches ohard substrate (small rocks and rocks) vere
observedin areaswith significance catches oBoltenia ovifera Additionally, the presence of shells inside the
Bryozoa KDE polygon was indicated by such datéShells are commonly found attached t&ucratealoricata,
which is the main speciesonstituting the significant bryozoan catches). Based on these observations, the WG
ESAdeliberated that additional information on other habitat data, such as surficial geology layers, should be
examined to support adoption of the KDElerived significant concentrations as VME in 2020

Following this recommendation, theWGESAci T OAAOAA %i E1 EA .1 OAAUAE js$&/h 30
marine substrate for Newfoundland and Labradorwaters as one of her PhD chaptersShe is modelling

substrate based on depth, shape of the seafloor (slopposition index, curvature, etc.), current speed, and

distance from shore (as a proxy for terrestrial sediment inputs)She hasbeen using RoxAnn data as well as

sediment samples, imagery, and sidescan interpretation from the Geological SurvefyCanadato train the

substrate models It is expected thatduring 2019 she will publish aspatially continuous 75m grid layer with a

substrate prediction for each cellthat includes the Tail of the Grand Bankarea where the significant
concentrations ofnon-spongeand coral VMEsare found. This substrate layer if available will be included in the

compilation of additional information to support these non-coral and sponge VME prior to the reassessment of

the VME fishery closures in 2020.

1.6. Ecological diversity mapping and interactions with fishing on the Flemish Cap

TheAT 1T OAOOAOQGETT 1T &£ AEI 1T CEAAT AEOAOOEOU AAUITA AOAAO 1/
profile international issue, and the NAFO Convention on Cooperation in the Northweatlantic Fisheries

includes commitments to the need to preserve marine biodiversity within its jurisdiction (NAFO, 2017). Species

density (SpD), the exponential Shannon diversity index (€ AT A ( AEDS O BEil) viefe@nadpeBoR OAT T A O«
the Flemish Ca based on the trawlcaught benthic invertebrates from the 2007 EU survey (Murillo et al.,

Submitted). Continuous surfaces of each metric were created to 2000 m depth using predictive distribution

models based on random forest (RF) algorithms. Not enouglmsples were collected tadetermine asymptotic

values ofspecies richnessat the community level (as identified by Murillo et al. 2016)When fishing effort was

included as a predictor in the RF models, it was the most important predictor of sample SpD Il prediction

surfaces and model performance differed little. However, it was unimportant in predicting(eand only a minor

predictor of b .’

In the absence of a historical baseline, the spatial impacts of fishing activities on diversity were evaluatesing

a novel approach by simulating and comparing spatial SpD prediction surfaces from response data with
different levels of fishing effort. Although it is not possible to fully evaluate the precise nature of the impact of
fishing on the ecological divergy, the prediction surfaces identified Sackville Spur, Flemish Pass and south of
Flemish Cap as the areas of greatest impact. Combining biomass of sponges and small gorgonian corals, depth,
and fishing effort resulted in the best performing generalized aditive model, explaining 71% of the total
variance in SpD.

Although current closures to protect VMEs from the adverse impacts of bottom fishing activities protect around
60% of the ecological diversity associated with the deeper communities, unique and mgsentative habitats on
top of the Flemish Cap remain unprotected-uture monitoring of benthic diversity should focus on SpD (the
number of species in a standard research trawl) and the working group recommended monitoring this value
in future and to include an assessment of diversity in the review of closed areas to be undertaken at the
November 2019 meeting.

References

Murillo, F.J., ASerrano,E. Kenchington, J. Mora. 20L& pibenthic assemblage®f the Tail of the Grand Bank
and Flemish Capnorthwest Atlantic) in relation to environmental parameters and trawling intensity.
DeepSea Res. | 1099z7122.

Northwest Atlantic Fisheries Organization www.nafo.int



15

Murillo, F.J., BKenchington, M.Koen-Alonso, J.Guijarro, T.JKenchington, M.Sacay L.Beazley& H.T.Rapp.
Mapping ecological diversity ad interactions with bottom-contact fishing on the Flemish Cap
(northwest Atlantic). Ecological Indicators (submittedNovember 2018).

NAFQ 2017. Convention on Cooperation in the Northwest Atlantic Fisheries. NAFO, Dartmouth, Nova Scotia,
Canada. viii+38 p. ISBN 9780-9959516-0-0.

1.7 Sponge removal by bottom trawling in the Flemish Cap area: implications for ecosystem functioning

Sponge aggregations in the deep sea play a key role in the functioning of marine ecosystems (Maldonado et al.,
2016). On Flemish Cap and in Flemish Pass, sponge grounds locally enhance biodiversity (Beazley et al., 2013;
Beazley et al., 2015) and are corggéred structure-forming habitats. In addition, the huge filterfeeding capacity

of sponges and their large consumption of particulate organic carbon (POC) and dissolved organic matter
(DOM) has an impact on benthic pelagicoupling. Sponges may also havesignificant role in the cycling of
inorganic nutrients, such as silicate, nitrate, nitrite, ammonium and phosphate (reviewed in Maldonado et al.
2012). Pham et al. (2018) quantified the biomass of sponges removed by the bottom trawling fleet operating
on the Flemish Cap Area (northwest Atlantic) in order to assess the consequences for ecosystem function in
terms of significant adverse impacts on sponges.

Data from bottom trawl research surveys (between 2006 and 2010) were used to estimate total sponge
biomass present on the Flemish Cap, Flemish Pass and Tail of the Grand Bank. These biomass layers were
created using different approaches (focal statistics and random forest modelling). Total sponge biomass within
the NAFO fishing footprint was estimated toange between 80 to 100 thousand tonnes. Preliminary estimates
suggest that a large portion of sponge biomass is located inside the NAFO closures. These biomass estimates
were overlaid with data on the spatial distribution of fishing effort (based on Vesséllonitoring System, VMS)

to estimate total removal of sponge biomass between 2010 and 2013. The total romerlapping footprint of

the trawling fleet (all sponges were assumed to be removed by a single trawl pass) was 9600&nrvhich was
estimated to haveremoved 220-1500 tonnes of sponges.

Information on the ecological functions of sponges were compiled from the literature for filtration rate (litres

x 106 day1), respiration (mol Oz dayt), carbon consumption (tC day), ammonium consumption (mol NH* day-

1), nitrite consumption (NOz- day!) and nitrate release (N@ day). Preliminary results suggest that sponge
communities in the Flemish Cap area are filtering water at a rate of 70 million 3rday? with significant
consequences for nutrient cycling. Currently, the protections offered by the NAFO closures are safeguarding a
significant portion of carbon and nutrient cycling function of sponges. These values will be used to complement
the biological traits work undertaken by the working group and provide a contextual basis for the relative
removals vs. protection of sponge ecosystem functioning in this area. The working group suggested the more
years of VMS be evaluated than the current 4 years and thah update on the work be presented at the
November 2019 meeting. It was noted that this work was undertaken by the EU Horizon2020 project SponGES.
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1.8 Predicted distribution and biodiversity associated with the Vazella pourtalesi glass sponge grounds
off Nova Scotia, Canada

The glass spongé/. pourtalesiforms a large monospecific aggregation on the Scotian Shelf off Nova Scotia,
Camada. The shear density of. pourtalesiand its large size compared to other areas of its distribution (i.e.
Florida and the Azores) renders the population off Nova Scotia globally unique (Beazley et al. 2018). While this
species was cited as being indicate of a vulnerable marine ecosystem (see Fuller et al. 2008), it has not yet
been reported in the NAFO Regulatory Area (NRA). However, information on its distribution, life history, and
ecosystem function is still relevant to WE&ESA and may provide furthe support to the protection of the NRA
sponge grounds.

In collaboration with the EUfunded SponGES project, a study was recently conducted to predict the
distribution of this species across the Scotian Shelf using random forest modelling and identify the
environmental variables important for its distribution (Beazley et al. 2018). The results of random forest were
interpreted in light of both the current and historical hydrographic conditions in order to deduce the variability

in conditions experienced by his long-lived population, which was first documented off Nova Scotia in 1889.
With a high degree of accuracy random forest predicted the highest probability of occurrence \éf pourtalesi

in the inner basins on the Scotian Shelf (Emerald and LaHave Bagiridinimum bottom temperature was the
most important determinant of its distribution, and examination of the hydrographic conditions in the area
revealed thatV. pourtalesiis associated with a warm, saline water mass that infiltrates the inner basins ohe
Scotian Shelf. This water mass was identified as Warm Slope Water, originating from the Gulf Stream.
Infiltration of Warm Slope Water into the region creates bottom temperatures ranging on average between 8
AT A pmo# 1T OAO OEA 11 A BxEniration offreddristAicted Beinpe@tdre apdsalbity to
1870 from the Simple Ocean Data Assimilation (SODA) revealed that tWe pourtalesisponge grounds have
been subjected to strong multidecadal variability in water mass characteristics, with botbm temperatures
OAOUET ¢ AU yo# 1 OAO OEA OEIi A PAOET A8 #11 A PAOEI AO xAOA
OAi PAOAOOOAO 1 OAO OEA OPI 1 CA COlddoddadl Garishiybsrdndistetiwithi  OT  x o
the influence of the Atlantic Multi-Decadal Oscillation, or AMO. These results suggest that the populatiorVof
pourtalesion the Scotian Shelf has persisted in the face of this climatic variability. Furthermore, it suggests that
caution should be taken when using species distribution models based on current climatic conditions to define
environmental envelopes and niches. Rure work will be conducted to model the distribution of this species
under various climate scenarios and determine whether its range expands or contracts with increasing
temperature.

Additionally, work conducted under the SponGES project to examine theddiiversity of epibenthic megafauna
associated with theV. pourtalesisponge grounds was recently undertaken (Hawkes et al. under review in
MEPS) to further inform the role that sponge grounds play in the provision of habitat. Despite biodiversity
conservation being one of the rationale for the call to protect sponge grounds (UNGA, 2006), very few studies
have examined the impact these ecosystems have on the surrounding megafaunal community. In the NRA
however, similar studies were undertaken in the mixeespecies sponge grounds of the Flemish Pass (Beazley
et al. 2013) and Sackville Spur (Beazley et al. 2015), allowing for the first time a direct comparison of the
diversity associated with mixedspecies versus monospecific sponge grounds.

Five photographic transects were collected in Emerald Basin on the Scotian Shelf by Fisheries and Oceans
Canada (DFO) in 2011 using the drop camera CAMPOD. These transects were analyzed for the abundance of
epibenthic megafauna, defined as those motile and sessile fauna gerathan 1 cm (see Beazley and
Kenchington, 2015). Unlike the tetractinellid sponge grounds of the NRX, pourtalesisettles on hard substrate.

Thus further analyses were conducted to tease apart the effects of the sponge versus the presence of hard
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substrate on the diversity of associated fauna. Generalized linear models were used to examine the impact of
Vazellapresence/absence per photo, location (transect) in Emerald Basin, and the percentage cover of hard
substrate on species density (i.e. the numbeof taxa per photo) and abundance. The presence Whzella
accounted for the greatest amount of deviance in the species density and abundance data, with higher metrics
found in photos with V. pourtalesipresent compared to absent, across all transects examed. However there
was a strong association between the presence ¥t pourtalesiand hard substrate, which also contributed to
the diversity within the sponge grounds. When compared to the tetractinellid mixedpecies sponge grounds,
the monospecific spmge grounds formed byV. pourtalesihad a lower diversity and abundance of epibenthos.
This phenomenon could possibly be due to differences in the provision of habitat by the different taxa. For
example, the tetractinellid sponges of the NRA often acted asttlement substrate themselves, with attached
soft corals, tunicates, and other sponges observed (Beazley et al. 2015). However, very few epifauna were
observed on the surface oV. pourtalesi In contrast, the barrel shape o¥. pourtalesiallowed larger, motile
AADOT A Oi OEEAAS8 EIT OEAA OEA OPiTCAh A AEAAOOOA 1160
comprised mostly of massive or globular morphologies.

Similar to the findings of Beazley et al. (2013, 2015), th&. pourtalesisponge groundsare areas of enhanced
diversity and abundance of epibenthic megafauna compared to the surrounding habitat, providing further
evidence of the functional significance of sponge grounds in the deep ocean ecosystems of the northwest
Atlantic.
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1.9 Assessment of connectivity among closed areas in the fishing footprint of the NRA

Knowledge of population and landscapeconnectivity in marine systems is an important foundation for
evaluating the effectiveness of closed areas (Whigt al,, 2014; Andrelloet al., 2017). Kenchingtoret al. (2018)
have evaluated the potential for connectivity among the 14 areas closed by NAFO to protect VME (excluding
the 30 coral closure with Canada), with emphasis on connections between areas closed to protect the same
taxa. Given the poor knowledge of tareproductive and larval biology of the VME species in the fishing footprint

of the NRA, they used a scenartesting approach to run particletracking models using a range of realistic
parameters to evaluate potential dispersal kernels. There are a numbef passiveparticle tracking models
available, many of which use flow fields from a particular ocean model, coupled with a tracking algorithm.

Kenchingtonet al.j ¢ mpyq OOAA OEA 7AAAOT COA $OEAO O0OAAEAOEIT

Labradorh CAx £ BT Al AT A 3 E AT /6 http://wviwioio.de.ca/scieBcd/@search
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recherche/ocean/webdrogue/sins-tnls-en.php accessed 23 May A8). This model draws on regional
historical observations and primitive-equation numerical models with forcing by tides, wind stress, and
baroclinic and barotropic pressure gradients and was developed as an offline tool by Fisheries and Oceans,
Canada. Th resolution of the model is high on the Flemish Cap and on the shelf break with a typical nodal
spacing of ~5 km. Passivgarticle dispersal was assessed using seasonalodelled drift trajectories at two

depths (surface and 100 m). To independently valida the passiveparticle drift trajectories and importantly,

to extend those results to the sea floor, currents at depth from an eddgsolving model (NEMO) were

ET OAOOECAOAA | OEA OOOEMAAKNOI g AIADOEOME KHEAT ®AKI EOI
currents was evaluated through comparison with the observed surface currents from drifter data and found to

be highly comparable.

Three biological traits of the VME indicators were considered in the models: spawning season(s), position of
gametesand larvae in the water column, and duration of larvae in the water column (planktonic larval duration,
PLD), although Younget al. (2012) have modelled deegsea larval dispersal using only PLD. These traits were
used to evaluate the trajectories as biphysical models for matching scenarios, while species distribution
models identified potential source populations from hindcast projections. Five of the 14 areas, including the
three largest closures (Areas 2, 4, 5), showed particle retention, with three aths showing retention within 10

km of their boundaries (Table 15) z a distance considered so as to recognize the resolution of the models.
Tendency for retention is expected to increase with depths below 100 m (Table5l) where modeled bottom
currents show decreased velocities. The number of overlying water masses also increase with depth and
present potential barriers to vertical larval migration (Crooks and Sanjayan, 2006). The regional pattern of
currents and their extreme topographic forcing emergeds a strong structuring agent in this region. A system
of weakly-connected closed areas to protect sea pen VMEs on Flemish Cap was identified (Tabk),1

A

AT 1 £ZEOI ET ¢ OOOPEAEIT O 11 OAA AU OEA x1 OEET C Cdde@sd DOAOE

to protect sea pens in the shallower waters of Flemish Cap was inferred from their distributions (NAFZD13).

The conducted approach illustrates the added value of assessing/modelling networking properties when
designing MPAs and the working groupecommended including forecast trajectories in the evaluation of the
closed areas to take place at the 2019 WGESA meeting. It was noted that this work was undertaken by the EU
Horizon2020 project SponGES.
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Table 1.5. Summary of structural connectivity and retention for each of the closed areas linking areas
with the same conservation targets (from Kenchington et al., 2018). Bracketed connections
end within 10 km of the named closed areas. Conservation targets: S=Sponge grounds, SGC=
Small gorgonian corals LGC=Large gorgonian corals, SP=Sea pens.

Max. Rgtentior_]
Depth ) o . . with  Drift
Closed Closed Area Conservation Connectivity with Drift Depth  of
Area (m) Description Target(s) Depth of 100 m 100 m
Area 1 1917 Tail of the Bank S, SGC ? ?
Flemish Pass / Eastern
Area 2 2211 Canyons S, LGC, SP Area 1 Yes
Area 3 2598 Beothuk Knoll S ? Yes
Area 4 2754 Eastern FC S, LGC ? Yes
Area 5 2688 Northeast FC S,LGC ? Yes
Area 6 1952 Sackville Spur S ? ?
Area 7 718 Northern FC SP (Area 8) ?
Area 8 1088 Northern FC SP (Area 14) ?
Area 9 1120 Northern FC SP Area 8 (Area 10, Area 14) (Yes)
Area 10 1177 Northwest FC SP (Area 14) ?
Area 1l 1132 Northwest FC SP ? (Yes)
Area 12 1003 Northwest FC SP Area 7, (Area 10) ?
Area 13 924 Beothuk Knoll LGC ? Yes
Area 14 688 Eastern FC SP (Area 9) (Yes)
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THEME 2: STATUS, FURTIONING AND DYNAMIS OF NAFO MARINE EGRYSTEMS.

ToR 2. Update on recent and relevant research related to status, functioning and dynamics of ecosystems in the

NAFO area.

2.1. Progress of analysis undertaken by EU NEREIDA research

ToR 2.1. Progress of analysis undertaken by EU NEREIDA resegkME sea pen resilience and mapping fishing

effort (COM Request #P
i) Mapping fishing effort.
Highlights:

1. 2017 Haukby-haul logbook data was merged with the 2017 vessel monitoring system (VMS) data to
map fishing effort from VMS positions that occurred within the reported fishing time interval.

2. The use of haulby-haul logbook data permitted VMS pings to be éacted and mapped if they occurred
within reported start and end times for fishing. This provided a more accurate measure of when vessels
were trawling and allowed each haul to be assigned to a fishery.

3. The hautby-haul effort maps were considered to be @ improvement over past effort maps derived
from a 1z 5 nautical mile per hour speed filter because it reduced spurious effort points.

4. WGESArecommends to SC thaiadditional information be recorded in the hadby-haul data as follows
(1) an appropriate measure of gear dimensions to facilitate future work on developing estimates of the
area being swept by the trawl and (2) target species.

During the 100 WGESA it was agreed that they would like to see ongoing yearly mapping of the cumulative and
fisheries-specific fishing effort. This will help understand if and how fishing effort is changing over the years.

This analysis details the 2017 fishing footprint maps derived from vessel monitoring system (VMS) and haul

by-haul catch data.

Logbook data and VMS & complementary and the coupling of both datasets has already proven powerful for
describing the spatial distribution of fishing activity at a much finer resolution. Figure2.1 illustrates the
flowchart with the main steps involved on the procedure of linkng VMS with logbook data.

VMs Qo\

D N
ata _L#A Q

| Raw data cleaning |

VMS

(2017)

Data matching

erge atase

=

Results

Coupling VMS and Logbook data

Logbook
Data
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Figure 2.1. Flowchart with the main steps involved on the procedure of coupling VMS and logbook

data.
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erroneous entries namely: points with incomplete timestamps; wrong vessel positions; duplicated records;

Headings outside a compass range, etc
onceEA Al AATET ¢ EAO AAAI
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analyses depend on the success of the linkiag & OT i OEA O- AOCAA AAOAOGAOG6 xA AAT
CAO OEA EET Al O02A00i 6068

Haul-by-haul catch data is logbook data collected during vessel fishing activities. Specifically, timestamps and

geographic coordinates for gear deployment and retéval are recorded, as well as the catch and discard weight

for each species caught. This new data format, implemented in 2016, is an improvement over 2015 where data

was recorded only for only the top three species by weight and did not include fishing testamps.

Use of the haulby-E AOT AAOA DPAOI EOO 6-3 DPEI CO-AEOEAEA CHORRAPAMA TAO »
or not they fall within fishing time intervals reported in the haul-by-haul data (match in time window, see

Figure 22). That is, start and end of fishing timestamps from the logbooks are used to extract relevant VMS

points which are then mapped in space to represent fishing effort. Because these VMS points are directly within

the reported fishing times interval, they are considered to bessociated with fishing activity.

For the same Date and Vessel.....

“Non-Fishing” “Non-Fishing”
VMS pings VMS pings

9:00 10.00 11:00 12:.00 13:00 14:00 15:00 16:00 17:00

VMS
timestamps

Match in time window

Start Fishing End Fishing
Time: Time:
LD Fishing time 25:39
interval
Loghook Haul .
r |

Interval

Figure 2.2. Match in time window procedure.

In previous years, a simple speed filter of £ 5 knots (rounded to the nearest integer) was used to filter VMS
points and assign them as fishing activities, but it was challging to decide which thresholds were appropriate
across entire fleets. While applying a speed filter is a very common method for extracting VMS points associated
with fishing, there will inevitably be some points that are misclassified at a rate that is fficult to quantify.

Through this updated analysis, fishing footprint layers were created for fisheriespecific and cumulative
fishing effort using VMS data and new hatlby-haul catch data (logbook) from the year 2017.

To create fisheryspecific effort maps, VMS points were assigned to a fishery based on the species with the

highest retained catch weight in the logbook during the corresponding logbook fishing time interval. This

definition of fishery is based solely on the main species in the catch andsome cases the main species may

differ from the main species sought.

&E1 OAOAA 6-3 DI EI OOBIMBDA EACHRETIAMA O GCRPAEHIGAOAT O OEA ADO!/
calculated as the forward difference in time between VMS points. Typicallying intervals were approximately

one hour, so if the interval exceeded 2 hours, it was assigned to be 2 hours to avoid inflating effort within a cell.

4EA 1 AOO 6-3 PIETO ET A OAOOAingiderval hQHak/€ssek TnOWAOIE CT AA  OF
were aggregated over a 0.05 x 0.05 degree grid and the pitighe intervals were summed to represent the

hours fished in each cell.

A second set of fishing effort layers were produced from the same data using the method$Si@S Doc.5:019.
VMS pants were assigned to a fishery based on the main catch from the daily catch records, and VMS points
were filtered if they reported a speed between & 5 knots. Effort was represented by VMS ping time, i.e. the
time intervals between consecutive fishing pigs, which were summed and applied to a 0.05 x 0.05 degree grid.
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AEA EEOEET ¢ AEZI 00 1 AUAOGN AOKEROAMAE A 10OAEMA EAMTM | EO EIARD
AE 1 OA O 06z5 kriotGpeéiidta, were compared side by side and visualxamined for congruence.

Overall, the areas represented by the logbook hatiime filter method and the simple speed filter method

showed fishing activities in the same general areas with similar patterns of intensity. However, the footprint

from the logbook hauttime method was casidered an improvement because it tended to have fewer spurious

points outside of the main footprint area (Figure2.3). With the new method, there were also fewer cells

displaying fishing effort within the vulnerable marine ecosystem (VME) closures, anflwe assume the closures

are being respected, this would indicate that the simple speed method over represents fishing effort in some

cells, particularly where effort appears to be low. In the logbook hattime filtered maps there were still some

points outside of the NAFO fishing footprint, in deep waters, likely due to VMS points associated with steaming.

4EEO DPOT AAAT U T AAOOOAA AAAAOCOA 1T &# Al ET AT OOAAO OOAOOTAI

simple speed filter logbook haul-time filter

Figure 2.3. Cumulative fishing effort maps(hours fished per cell) from 2017 VMS and logbook data
produced by two different methods. Left: VMS data was filtered for speeds within-2
knots, right: VMS was filtered if it was within the reported fishing time interval in the
logbook.

Key fishing effat layers and comparison Figures are shown below.

Fishing activities for Greenland halibut appeared to have fewer spurious cells (individual cells) as part of the
fishing footprint when using the logbook hauttime filter (Figure 2.4), such as on the top of the Flemish Cap.
Also, cells on the tail of the Grand Banks (Division 3N) that were represented as part of the fishing footprint
with the simple speed filter (left panel) were no longer represented in the layer with the logbook ha-time
filter (right panel). This example also highlights how the use of hatby-haul data to assign to a particular
fishery can change in comparison with the daily catch records. In the right panel of Figu2e! there is a string

of cells on the east sid of the Flemish Cap, slightly over top of the sea pen vulnerable marine ecosystem (VME)
polygon. That string of points is not represented in the corresponding left panel, but it appears in the cod
bottom otter trawl effort in the right panel (Figure 2.5). Figures are shown for redfish bottom otter trawl in 3M
(Figure 2.6); redfish bottom otter trawl in 3LNO (Figure2.7); Atlantic halibut longline (Figure 2.8); Silver Hake
(Figure 2.9); Skates (Figure2.10); Witch flounder (Figure 2.11) and Yellowtail flounder (Figure 2.12).
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simple speed filter logbook haul-time filter
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Figure 2.4. Greenland halibut fishing effort maps (hours fished per cell) from 2017 VMS and logbook
data produced by two different methods. Left: VMS data was filtered for speeds within 1
5 knots, right: VMS was filtered if it was witlin the reported fishing time interval in the
logbook.

COD-OTB

simple speed filter logbook haul-time filter

Figure 2.5. Cod bottom otter trawl fishing effort maps (hours fished per cell) from 2017 VMS and
logbook data produced by two different methods. Left: VMS data was filtered for speeds
within 1 -5 knots, right: VMS was filtered if it was within the reported fishing time interval
in the logbook.
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RED-3M

simple speed filter logbook haul-time filter

Figure 2.6. Redfish 3M bottom trawl fishing effort maps (hours fished per cell) from 2017 VMS and
logbook data produced by two different methods. Left: VMS dataas filtered for speeds
within 1 -5 knots, right: VMS was filtered if it was within the reported fishing time interval
in the logbook.

RED-3LNO

simple speed filter logbook haul-time filter
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Figure 2.7. Redfish 3LNO bottom trawl fishing effort maps (hours fished per cell) from 2017 VMS and
logbook data produed by two different methods. Left: VMS data was filtered for speeds
within 1 -5 knots, right: VMS was filtered if it was within the reported fishing time interval
in the logbook.
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HAL

simple speed filter logbook haul-time filter

Figure 2.8. Atlantic halibut longline fishing effort maps (hoursfished per cell) from 2017 VMS and
logbook data produced by two different methods. Left: VMS data was filtered for speeds

within 1 -5 knots, right: VMS was filtered if it was within the reported fishing time interval
in the logbook.

HKS

simple speed filter logbook haul-time filter

Figure 2.9. Silver Halke bottom trawl fishing effort maps (hours fished per cell) from 2017 VMS and
logbook data produced by two different methods. Left: VMS data was filtered for speeds

within 1 -5 knots, right: VMS was filtered if it was within the reported fishing time interva
in the logbook.
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SKA

simple speed filter logbook haul-time filter

Figure 2.10 Skate bottom trawl fishing effort maps (hours fished per cell) from 2017 VMS and logbook
data produced by two different methods. Left: VMS data was filtered for speeds within 1
5 knots, right: VMS was filtered if it was witlin the reported fishing time interval in the
logbook.

WIT

simple speed filter logbook haul-time filter

O =~ N w H» OO N

Figure 2.11 Witch flounder bottom trawl fishing effort maps (hours fished per cell) from 2017 VMS
and logbook data produced by two different methods. Left: VMS data was filtered for
speeds within 1-5 knots, right: VMS was filtered if it was within the reported fishing time
interval in the logbook.
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YEL

simple speed filter logbook haul-time filter
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Figure 2.12. Yellowtail flounder bottom trawl fishing effort maps (hours fished per cell) from 2017
VMS and logbook data produced by two different method&eft: VMS data was filtered
for speeds within 1-5 knots, right: VMS was filtered if it was within the reported fishing
time interval in the logbook.

The ability to filter VMS points that are within reported fishing times allowed us to examine the speed
frequency histograms as a means to evaluate the efficacy of the original assumption that speeds betweén 1
nautical miles represented fishing effort.Histograms of speeds for the various fisheries generally occurred
within 1 z 5 knots but also had slower speeds, and in some cases such as Atlantic halibut, there were some
speeds > 5 knots (Figure 13). This is not unexpected given the method of deploymémtthese fixed gears
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Figure 2.13. Fishery-specific speed histograms from VMS points within hattime intervals. COBOTB
= cod bottom otter trawl, GHL = Greenland halibut, HAL = Atlantic halibut, HKS = silver
hake, RED = redfish, SKA = skates, WIWitch, YEL = yellowtail flounder.

We conducted a simple overlay analysis to estimate the area of VME polygons that is overlapped by the 2017
cumulative fishing footprint and fisheries-specific footprints (Figure. 2.14). The fishing effort layers used were
based on logbook hautime filtering. Overall, we found that 19.3% of the total VME area had some degree of
fishing in 2017, with fishing activities occurring in each of the three VME taxa polygons. Large gorgonian, Sea
pens, and sponge VMEs respectivelyad 24.6%, 22.7% and 17.2% of their area within the 2017 fishing
footprint.
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The Greenland halibut fishery had the greatest areal overlap with the VME polygons, for each of the VME taxa
(sea pen: 17.4%; sponge: 15.8% and large gorgonian: 12.5%). Redfish3i and 3LNO together with Cod
bottom otter trawl fisheries had the next largest overlaps in the three VME types.

The fishing effort overlay analysis using the logbook hattime filtering on 2017 data are in agreement with
results of the previous WGESA neeting (NAFO 2016) where the overlay analysis was conducted on fishing for
the 2012-2015 time period. Those results also showed that Greenland halibut bottom otter trawl fishery
appeared to have the largest footprint in the various VME polygons, followed bedfish fisheries. When several
years of fishing data are combined into one fishing footprint layer, the extent is larger than that of a single year;
therefore the absolute percentage of VME overlapped was higher.

304
=
1 5429 =
20 4361 é
N - —_— N I R 51”
04 L 50 139 & & 22 113 0
304 5
—_ 864 g
P
& 20 @
- 438 a
S B 0 o N 0 . o |B
o
> 304
o 1814 o
% 204 1391 o
pe)
298
o4 —— Y ot e N - .
304
(%)
e
207 3410 3132 3
[(e]
10 - - m
01 25 4 0 352 146 0 0 0
&
@ <D O
N N <= N
@ O X N % oy pio & N
& & ¥ ¥ S & &S ©
"}\/ (@) & &
Fishery

Figure 2.14. The percent of VME polygn overlapped by cumulative fisheries (fafleft bars) and
fisheries-specific footprints using the hautby-haul time filtering of 2017 VMS records.
The top panel represents the area of all VMEs combined, and the bottom three panels
represent the specific WIE polygons by taxa. The number on top of each bar represents
the absolute area of VME (km2) that is overlapped by the fishing footprint. Note that
the VME polygons are not the same as the VME closure areas. The fisheries
abbreviations are given in the capon for Figure. 2.13.

Overall, the haultime method appears to improve the fishing effort spatial layers in several ways. First, only
points that are within reported fishing times are mapped, and provided that the reported start and end times
are correct, this reduces the likelihood that norfishing points are included in the effort. Second, using this new
method reduces effort that is represented inside of VME closures. Third, there are fewer points that appeared
to be spurious effort, i.e. individual ells with low levels of fishing, often in deep waters. Finally, the ability to
assign fisheries on a hauby-haul basis provides more detail and certainty to the fishing activity associated
with each VMS ping. However, it is important to keep in mind thahe resolution used is coarse with a 0.05 x
0.05 degree grid cell size and does not allow us to evaluate the fiseale impacts that occur on the sea floor.
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i) Modelling seapenresilience

Background

This analysis builds upon and develops the work previously undertaken to assess SAl on VME as part of the
NAFO review of bottom fisheries in 2016 (NAFO, 2016a) and the following work on estimating the resilience
of sea pens to fishing impacts, specificalthe time it takes for sea pen VME biomass to recover to a certain level
post fishing impact (NAFO,2016b). The 2016 study on resilience simulated the rate of accumulation of swept
area from repeated passes of a bottom trawl though an area of seabed usinglightly aggregating random
placement of lines across a set area. Lines representing trawl passes across a 1 x 1 km polygon (Step 1) were
created by randomly drawing start and end points for lines placed in a nortlsour orientation from a normal
distribut ion around the previous line. The lines were buffered to the width of the expected ground impact of
fishing gear used in the study area (150 metres), and the increase in area covered was calculated for each added
line (Step 2). The buffered lines were alsoverlaid to estimate the percentage of the square with various
number of accumulating passes (Step 3). The time, in years, taken to cover 99% of the square was calculated
for the different levels of fishing effort (hrs*km2*yr-1), based on the total lenth of tow required and an
estimated fishing speed of four knots (Step 4). The time (t) it takes to impact 99% of the seabed area (or sea
pen biomass) for a given level of fishing effort, and the proportion of seabed area impacted once (f1), twice(f2)
etc,was then used to estimate the recovery time to sustain a given level of sea pen biomass (Step 5) by applying
the following equation:

EQ.1(0 120 M0 I ® YEQA+"Q+B8 ®I=D 0.8 QOE 0 Q1 @

A detailed description of methodologyis given in NAFO (2016b).

Testing the assumptions
The first four steps in the 2016 analysis relied on assumptions surrounding the following terms:

91 the pattern of accumulation of consecutive passes of fishing gear across the 1 x 1 km area;
1 the width of impact of the fishing gear on the ground;

9 the even distribution of sea pen biomass; and

1 the speed vessels are travelling at whilst fishing.

This study addresses the uncertainty around the resilience estimates arising from the above assunopis, by
calculating recovery times based on a range of values around those used in 20T@lfle 21). Each analysis step
was evaluated separately by varying one term at a time, keeping others at the default value used in the 2016
study. The simulation was repeated 100 times for each variant of each term.

The levels of fishing effort (hrs*km2*yr-1) corresponding to 5z 95% biomass remaining used in Step 4, are
derived from those calculated from biomass accumulation curves in the 2016 study and remain the same
through all iterations.
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Analysis term

Variant

Spatial distribution
of fishing effort
(Step 1)

Random
Drawn from a wide normal distribution

Drawn from a narrow normal distribution

Width of impact
from fishing gear
(Step 2)

75m

100 m
125 m
150 m
175m

Spatial distribution
of biomass (Step 2)

Even spatial distribution
Moderately spatially aggregated
Highly spatially aggregated

Speed of vessel
(Step 3)

2 knots
3 knots
4 knots
5 knots
6 knots

Step 1: Spatial aggregation of fishing effort

In a fishery that follows bathymetric contours, the placement of fishing tows is unlikely to be random. Three
levels of increasing spatial aggregation of the fishing effort within the 1 x 1 km square were teste2l15). The
2016 study used moderatespatial aggregation, simulated by generating statdf-line x-coordinates for new
lines by sampling a normal distribution with a standard deviation (s.d.) of 500 m centred around the stadf
line x-coordinate of the current line. The end of line coordina was sampled from a normal distribution with

a s.d. of 250 m centred around the stamf-line x-coordinate. The alternative scenarios were: 1) fully
randomised selection of the startof-line and endof-line x-coordinates and 2) startof-line and end-of-line x
coordinates sampled from narrower normal distributions (100 m and 50 m, respectively). Lines with start or
end xcoordinates falling outside of the 1 km square were excluded, and where the start coordinate fell more
than 1000 m outside of the squareoordinates, a new random start was initiated inside the boxHigure 2.1).
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Figure 2.15. Sampling of simulated fishing tows across the wide (a) and narrow (b) normal
distributions, with the respective spatial distribution of lines (c and d).

Step 2: Width of impact from fishing gear

The actual impact on the sea floor may not directly correspond to the full width dhe fishing gear. Whilst the
doors and net certainly impact the benthos, the full width between the doors includes lines and warps not
directly in contact with the seabed. The unnetted parts of the fishing gear can still potentially impact benthic
fauna that stands erect off the seabed (Eigaard et al., 2016, Bt¥brtenson et al., 2013), such as the sea pens
commonly encountered off the Flemish Caplalipteris sp. (sea whip). In the 2016 study, gear width (150 m)
was set midway between the full width of thetwo most commonly used types of fishing gear used in the area
(Table?2). For the purpose of testing the effect of the gear width assumption, four adidinal impact widths (75

m, 100 m, 125 m and 175 m) were used in simulation runs.
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Table 2.2. Dimensions of the two types of fishing gear most commonly used in the study area.

Redfish and Cod Gear Dimensions
fisheries

Net horizontal opening | 59 metres

Net vertical opening 5 metres

Door opening 140 metres
(between otter boards)

Greenland halibut Gear Dimensions
fishery

Net horizontal opening | 63 metres

Net vertical opening 6 metres

Door opening 165 metres
(between otter boards)

175m swath
150m swath
125m swath
100m swath
75m swath

Figure 2.16. Range of impact width values included in the simulations.

Step 2: Spatial distribution of biomass

The 2016 analysis assumes thahe cumulative percent of area covered by consecutive passes of the fishing
gear is equivalent to the percent of sea pen biomass impacted. For this assumption to be true, biomass would
need to be evenly distributed, or at least sampled with equal likelihaty across the square. In nature an even
distribution is unlikely. Consequently, the alternative scenarios for biomass spatial distribution estimated two
increasing levels of spatial aggregation. The spatial pattern of aggregation was simulated using atisly
correlated neutral landscape model (Kéry and Royle, 2016). Each landscape model iteration was a 1 x 1 km
raster with a 1 m cell size produced using thelm_gaussianfieldeOT AOET 1 ET OEA OQetal, 26
2018) in R-3.4.3 (R Core Tean®017). Both spatial aggregation variants used a magnitude of variation of 100
and a mean of 50. The variant with moderate spatial aggregation was created using a 500m autocorrelation
distance and high spatial aggregation with a 100m autocorrelation distare.

The gaussian field landscape model creates a normal distribution of values. In reality, the biomass is more likely
to follow a gamma distribution. To approximate a more skewed distribution of biomass, with a wider range,
the raster cell values were eplaced by values drawn from a Gamma probability distribution. Replacement
values for the moderate spatial aggregation followed a gamma distribution with a shape and rate of 5,
producing values between @ 4.7. For the moderate spatial aggregation shapadrate were set at 1, producing
values between 0z 16.9 (Figure 2.17). For all three distributions the mean was 1. The combination of spatial
autocorrelation and gamma distribution resulted in most of the square covered by very low values with a small
area of very large values for the higher spatial aggregation.
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The biomass rasters were standardised by converting all values to percent of the total biomass in the 1 x 1 km
square. Instead of percent of the area of the square covered with each added limed &uffer, the percent
biomass covered by the buffer was added to the cumulative coverage. In all spatial biomass distribution
variants, 100% of the square area must be covered before 100% of the biomass has been accumulated, but the
rate of accumulation ketween 07 100% varies.
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Figure 2.17. Spread of biomass values assigned to raster cells under the moderate spatial aggregation
(a) and high spatial aggregation (b) scenarios. The mean is shown as a solid vertical line,
and minimum and maximum values are indicated by dashed lines.
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Figure 2.18. Spatial distribution of sea pen biomass under the three scenarios used in simulation runs.
Values shown are the percentage of total biomass over the 1 x 1 km square.

Step 3: Speed of vessel

The speed of the vessel whilst trawling influences the timi takes to travel the distance needed to cover the
whole square. With fishing effort estimated as hrs*kn2*yr-1, the distance travelled in a set time affects the
number of years taken to fully cover the area. The 2016 analysis assumed an average speetikofots, which

is the meanof the range of empirically observed speeds of vessels whilst fishing. Four other speeds (2, 3, 5 and
6 knots) were used in the alternative simulations to estimate the effect of speed on the results.

Simulation results

The largeg source of variability across the simulation runs was the stochasticity in the placement of lines
during each run, irrespective of the term being tested. Variability between runs increased with restrictions on
OEA TETA Pl AAAT AT O Adgéner@iBripat@rh ghan@d the griedteét vafidbibty Flgute 2.19
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a). Forcing the new lines to occur close to existing ones creates a pattern where some areas of the square are
likely to encounter a high number of passes, before lines cover the whole ar@&gure 2.19 b).
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Figure 2.19. (a) Biomass (area) covered against the log of tow length from all 100 simulation runs,
and (b) an example of the percent of area impacted different times for the random, wide
normal distribution and narrow normal distribu tion variants of spatial aggregation in
line generation.
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showing on average a much longer time of recovery when comparing the central trend for alins (Figure
2.20). Speed of vessel and to a lesser extent the gear width also show a notable range in the central trend,
indicating that the decision of what speed and gear width are used to calculate ttiene taken to cover the
square have a substantial effect on the recovery time estimates. The most accurate estimates would be derived
using an average speed derived from an analysis of empirical data of fishing speeds and a realistic
approximation of the catch efficiency of different parts of the gears used. Biomass distribution had very little
impact on the recovery estimates. Although individual trawl passes encounter different percentages of the total
biomass, overall the removal rate is averaged to lrelatively similar for each spatial aggregation variant.
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Table 2.3. Years for biomass to recover to apecified percentage ofpre-impact biomass for each variant
of each termin the simulations. Variants inbold are the values used in the 2016 analysis.

Years to
recover
Term Variant 3.7+£1.7 50% 90%
Line Random 9.8+3.1 59+3.2 30.9+17.9
distribution - e normal 28+1.2 165+6 | 83.3%335
Narrow normal 46+1.9 5+24 279+ 13.6
Gear width | 75 m 3.8+1.8 7.7+35 412 +19.2
100 m 49+15 6.4+3.2 345+17.8
125 m 33%x15 9.2+29 55+17.6
150 m 29+1.2 58+2.8 31.9+15.8
175m 33x15 51+24 28.5+13.9
Biomass Even spatial distribution 26+1.2 58+2.8 31.9+1538
distribution Moderately spatially aggregated 29+13 4624 255+134
Highly spatially aggregated 6.7+29 51+26 28.4+14.7
Vessel 2 knots 45+19 116 +5.5 63.8 £ 31.6
speed 3 knots 33£15 77+37 |425+211
4 knots 27+1.2 58+2.8 31.9+15.8
5 knots 22=+1 4622 255+126
6 knots 3.7+£1.7 39+18 21.3+10.5
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Figure 2.20. Years for biomass to recover to a percentage of total biomass for each variant of each
term. The point clouds represent values from each simulation run and trend lines are
provided for each variant. The values and trend line corresponding to the defaulaxiant
for each term is shown in orange.

Future improvements to methodology

An accurate representation of the spatial accumulation of fishing effort (lines) is critical to obtaining reliable
estimates of resilience. The most realistic approximation of thepatial placement of lines can be derived from
VMS data that has been filtered to represent fishing activity and vectorised to lines representing tows. Buffering
and aggregating the individual tow lines across a grid of 1 x 1 km squares in real geographigace will allow
calculation of the average number of lines and time in years it takes to fully cover a square.

A review of information on removal rates of different parts of the fishing gear would further narrow the error
introduced by using the fullgear width with an expectation of 100% removal of biomass on first pass.

Empirical data combining VMS and fisheries log book data would also yield the most accurate estimate of the
average speed of vessels whilst fishing.
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2.2. Update on VME modelling

ToR2.2. Up-date on VME modellingCOM Request 8).

i) Predicting sea pen settlement probability across space
Agent Based Model overview

An Agentbased Model (ABMwas developed to simulate the population dynamics of a generalized sea pen in
the Newfoundland and Labrador and Flemish Cap bioregions. The simulated sea pen distribution can be
subjected to various peturbation scenarios to provide insight into outcomes for management options. While
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the ABM simulates many life history traits and physical processes, the work presented here focuses on a single
componentz the sea pen settlement probability spatial layer.

The settlement layer is a critical component of the ABM because it determines where recruitment and
colonization will occur. Sea pen distributions are partly driven by the suitability of locations where fredoating
larvae settle into sediments and metamiphose into juveniles. The settlement layer provides a celvise
probability of sea pen larval settlement across the study area.

Methods overview

A preliminary layer was constructed using a generalized linear model for the purpose of ABM development.
This initial version was constrained to Canadian research vessel data (517 presences and 4708 absences, years
2005-2015) and Canadian fishing effort (mean annual effort 2002016). Both Canadian research vessel
surveys and Canadian fishing effort is limited ithe NAFO regulatory area, but the model was still used to
predict in the NAFO Regulatory Area (Figurg.21).

The work presented here focuses on a revised version of the settlement layer developed to improve predictions
outside of Canadian waters beyondhe 200-mile limit. The basic structure of the analysis is similar for the two
versions of the settlement layer, however, the revised version has the following differences: it incorporates
data from European Union/Spanish research vessel surveys, it consideboth Canadian and international
fishing effort, it incorporates the stratum data grouping as a random effect in a generalized linear mixed effects
model (GLMM) framework, and it includes an environmental predictor of depth

Adult sea pen catcheswer® OAA AO A DPOT @U &£ O 1TAAGEITO 1T £ 1 AOOAI
A binary presenceabsence of adults in research vessel tows was assumed to reflect the presenbsence of
settlement in a given location. We combined data from 2002015 Canadian research vessel surveys (all sea
pen species caught) and 2002017 EU/Spanish data forPenatula aculeataand Funiculina quadrangularis
species only.

Response data were assigned to cells on 3 x 3 nm grid, keeping only one observation per cell (presence was
kept if both presence and absence occurred in a cell). In order to develop a presence probability layer that was
independent of fishing effort pointsthat were located in cells with greater than 10 min of fishing knd yearion

a combined CanadaNAFO fishing effort layer were excluded (Figur@.22). This fishing effort layer summed
2005-2016 annual mean fishing effort from Canadian vessels (produced@wrding to methods in KoenAlonso

et al. 2018) and 20122015 annual mean fishing effort in the NAFO Regulatory area (produced according to
methods in NAFO 2015). The final dataset contained 8379 Canadian data points and 2200 EU/Spanish data
points which were divided into 1158 presences and 9421 absences.

Environmental covariate layers were resampled to the 3 x 3nm grid and values were extracted for each cell.
The environmental predictors used in the GLMM are known to influence settlement: grain size (logXbhia and
Crawford 1973), bottom current velocity (Baillon et al. 2014, Baillon et al. 2015), bottom current direction (8

bins representing the cardinal and intercardinal compass directions; Baillon et al. 2014, Baillon et al. 2015),
slope (Malecha and Stoe 2009), depth (Murillo et al. 2011), depth (Veazey et al. 2016), relative topographic
index (supplement to grain size), eastness and northness (Lauria et al. 2017, De Clippele et al. 2018), and the
interactions latitude:longitude, latitude:depth and longitude:depth. Oceanographic data (current velocity and
bearing were obtained by taking the average and mode (respectively) over ApglAugust 2000-2015) from
GLORYS 2V4 (Mercator Ocean 2018) and bathymetric data was derived from GEBCO 2014 (GEBCO 2014). A
random set of 25% of data per strata was reserved for testing the predictive ability of the model.

Prediction and model assessment

All analyses and data manipulation were performed with R version 3.5 (R Core Team 2018). The model was
used to predict overthe whole study area (Canadian waters and NAFO Regulatory Area), including strata where
there was no RV data recorded (Figurg.23). Therefore, only the fixed effects portion of the model was used in
prediction.
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Model predictive ability was assessed byatculating the areaunder-curve statistic from the receiver operator
curve; this rendered a value of 0.95 indicating good fit. Also, 1000 simulated datasets were created using the
binomial probability of success fitted by the model. Then the mean true pdaie rate over simulated data (0.56)
and the mean true negative rate (0.95) were calculated. Examinations of semivariograms and plots of residuals
over space showed a very small but stiIJ sigrjificantAamczunt of positive spatial autocorrelation remaining the
AAOA j-1TO0AT60 ) OOAODEOOEA E n8mnmwh D E p @ pmn

Further work

WGESA members provided the following feedback on the settlement layer model:

1. Filtering cells to keep those with low or nonexistent fishing effort may not necessarily be helpful,
especially since the collection of our sea pen response variable is conducted through fishing itself.
Further work will formally compare models with fishing-filters to models with all data included (no
filter for low -intensity fishing points).

2. GLORYS2Vv4 @anographic data may be too coarse for modelling in this specific regign

recommendations wereto explore the use of ZeilangWang andDavid" OEAET AT 86O 1T AAAT T CC

model and compare results.

3. Rather than solely relying on presence/absence of sea pen caésh the use of sea pen biomass could
be explored as a response variable to add further information on the quality of the potential habitat
for settlement.

4. As NAFO releases data, instead of the 20PP15 period, a more encompassing set of years could be
used for creating an annual fishing footprint.
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Figure 2.21. Preliminary settlement layer used in ABM, with Canada RV catches overlaid.
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Figure 2.22. Combined fishing effort (all fisheries) from Canadian and NAFO vessel monitoring
systembased layers.
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Figure 2.23. Sea pen settlement probability, with Canadian and EU/Spanish sea pen catches overlaid.
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ii) Agent-based Sea Pen model implementation
Context

VME species are typically longived and slow growing and thus their population dynamics are expected to
playout at larger temporal scales than typical commercial species (e.g. fishes). Given the lonijae scales at
play, fishing impacts and recovery of these species at the population scale are difficult to assess; the current
status of their populations would be expected to still show the effects of the impact of past fishing activities.

Given the ses#e and/or sedentary nature of adult VME organisms, their dynamics is highly linked to habitat
characteristics. On the other hand, colonization of new areas relies on larval dispersal, which is dependent on
oceanographic features (transport by currents).

Protection of VME species, and the habitats they generate, requires not just understanding their dynamics and
responses to perturbations over time; it also requires understanding the level of connectivity and dependence
among the distinct aggregations thaexist on the seascape.

Northwest Atlantic Fisheries Organization www.nafo.int


http://www.gebco.net/
https://www.mercator-ocean.fr/
https://www.mercator-ocean.fr/
https://www.r-project.org/

43

In this context, the goals of this work were to a) develop a spati@mporal model that describes the population
dynamics of a generalized sea pen species in the Newfoundlahdbrador and Flemish Cap Bioregion, and b)
explore the time scales for colonization, responses to perturbations, and preliminary explore the effectiveness
of closures as a mechanism to promote recovery.

Modelling Approach

This model was implemented using an agertbtased model (ABM) architecture that simulates thactions and
interactions of autonomous agents within a system with a view to evaluating the system as a whole. The agents
in this model represent collectives of sea pens where at each tirstep the agents follow specific rules that
simulate life-history processes. The agents operate within a matrix where each cell has properties that affect
the behavioral responses of the agents. The processes/behaviors affecting and effected by the agents have
probabilistic components which randomize the dynamics of theystem.

This model was developed and implemented using Agent Analyst (Collier et al, 2013) within ArcGIS. Agent
Analyst provides a software framework and tools to describe the agents, implement the processes that allow
the agents to interact, and the scheding of these processes. The implementation of this model expresses the
sea pen dynamics in terms of number of individuals. It is important to note that it does not consider vertical
movement of larvae in the water column.

Life history processes represente d in the sea pen ABM

The model simulates the life history stages/processes of a generalized sea pen in both the egg/larvae as well
as the settled stateDetails on the how each step/process was modeled and parameterized are given in Table
24

Fertilization Larvae
success movement & I 2
il Settlement

post-settlement

Eggs mortality
_I—> Larvae

—|-> Settler

Egg
production Adult
Sea Pen Juvenile
e, Sea Pen
mortality &
reproduction Ageing &
mortality

J

Figure 2.24 Schematic description of the life history stages/processes incorporated in the sea pen
ABM.
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Table 2.3. Summary description on how life history stages/process in the sea pen ABM were modeled

and parameterized.
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Model Parameter/Process

Details

Number of eggs produced

1

Uniform distribution between 600 and 6300 per adult female
(Ballion et al 2015).
Sex ratio assumed 1:1.

Number of eggs fertilized

|
f

Fertilization rate: Beta distribution, mean=0.15, sd=0.17 (Coma an
Lasker, 1997).

Fertilized eggs: Binomial distribution using the number of eggs ir
the cell and the probability of fertilization drawn from the above
Beta distribution.

Larval movement and

mortality

= =4 -8 =4

Larval life span: 15 days where the larvae either settle or move/die
Larvae can only move one cell per day.

Spawning is assumed to be a SprirR§ummer process.

The season/period for these layers is AprilAugust, 20002015
derived from Gloryst ABOOAAC i $&/ 8

Larval movement: Direction

Heading is defined as 8 bearing quadrants (N, NE, E, SE, S, SW
NW)

Direction of movement is randomly drawn from a normal
distribution centered on the dominant bearing. This allows for
counter-current movement.

Larval movement:

Amount

= =4

Number of larvae to move.

Binomial distribution using the number of larvae in cell and the
probability of moving.

Probability of moving represents the fraction of the larvae to be
moved is based on the bottom speed in the cell.

Logistic form with 50% probability of moving when speed in cell is
equal to velocity required to travel to a neighboring cell.

Larval mortality

The number of larvae in the water column that dies each day follow
a Binomial distribution assuming a mortality rate of (0.90).
Sensitivity runs made with daily mortalities of 0.750.95.

Larval settlement

Beta distribution with mean extracted from the settlement
probability layer (see Settlement Probability Section in this Report)
at the cell center and the sd of the entire layer (sd=0.065)

The number settled follows a binomial distribution using the
amount of larvae in the cell and the probability 6 settlement
derived from the above Beta distribution.

Post settlement larval

mortality

=a =4

The amount of larvae that survives settlement to become Age 0s.
Binomial distribution using the number of settled larvae in cell and
the probability of surviving settlement (1-post-settlement
mortality).

Base postsettlement mortality is 90%,
approaches 100% when density in
approximately 20-30k settled individuals
This represents a sea pen patch (or patches) withitine cell.

but asymptotically
the cell increases &

Juvenile and adult sea pens

= (=

=a =4

The amount of individuals that survive to become one year olde
follows a binomial distribution using the number of individuals at
age and a survival probability of 0.90

Maximum lifespan is 20 years.

Age at maturityis 4 years old.
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Model implementation and results

Model implementation and parameterization is reasonably complete, but some details remain to be fihened
and explored. Therefore, while current results are not expected to change drastically from thitage to the final
model configuration, they still need to be considered preliminary for the time being. Nonetheless, results are
considered good enough to provide a reasonable proxy for where the final results will land, and hence, a
sensible starting pont for discussing management implications and potential options.

Larval mortality: sensitivity analysis

The base daily larval mortality during the larval dispersal stage was set at 90%. In order to assess the impact
of this selection, runs were implemente assuming larval mortalities of 75% and 95%. The results of these
alternative formulations in comparison with the base model are presented in Figure 25.

The overall sea pen distributions were generally similar across all larval mortality scenarios, Hitighting the

shelf break area in general, and the Flemish Pass, the horseshoe region joining the east, north, and west sides
of the Flemish Cap, and the Laurentian Channel as core sea pen habitat. Lower levels of mortality made regions
on the NewfoundlandLabrador shelf more suitable as sea pen habitats, specially southern Newfoundland
(3Ps), nearshore areas off the northern coast of Newfoundland, and the shelf area off central Labrador (Fig.
2.24). The higher mortality rate resulted in an absence of segens along the shelf break in the northern
sections of the bioregion as well as on the bank, and off the northeast coast of Newfoundland that were
observed with the lower mortality rate scenarios. Given the general similarities across scenarios, the basse

with 90% larval mortality was considered adequate for subsequent explorations.

Figure 2.25. Comparison of stable sea pen distribution under the base larval mortality of 90%, and
two alternative scenarios assuming 75% and 95% larval mortality.

Dynamics: Time scales and colonization

While the maximum lifespan of a single sea pen is assumed to @yars, the ability of the sea pen population
to grow and colonize the entire NL and Flemish Cap bioregions can take a significantly longer period of time.

We implemented multiple colonization experiments within the model domain, seeding different regionwith
uniform distributions of sea pens, and running the model forward in time until the full region was colonized
and presented a stable sea pen distribution. An example of a starting seeding scenario and a final stable sea pen
distribution are illustrate d in Figure 2.25.

Given the random nature of many of the processes in the sea pen ABM, and the comparatively low number of
scenarios and runs explored, no average values for colonization have been computed. However, some of the
emergent patterns observed vere clearly consistent and the associated conclusions can be considered fairly
robust.
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It is very clear that from starting scenarios like the one depicted in Figure 26, it takes thousands of years to
achieve full colonization of the two bioregions conglered (NL and Flemish Cap). While the amount of time
required will vary with the location and extent of the seeding area, the timelines for colonization had to be
measured in hundreds and thousands of years as opposed to decades.

The colonization speed isvariable, with relatively fast expansions observed in areas with fast currents and
suitable habitat. Some regions, given their combinations of habitat suitability and current patterns, seem to act
as natural barriers to expansion/colonization. When the sa pen distribution hits one of these areas, the overall
distribution may remain stable for hundreds of years before the right conditions for overcoming these
boundaries are met. These patterns of behavior create a perception of false distributional statyi] with periods

I £ OEAOCO6 A@PAT OEIiTh AARAAOEI ¢ ET T ETA OEAO OFAOCOG E
simulations. The 2H2J boundary line is a good example of one of these natural barrier areas.
Figure 2.26. Comparison between one initial seeding scenario and the final stable sea pen distribution
under the base larval mortality of 90%.
Sea pen recovery capacity: perturbation experiments
The recovery capacity of sea pens was preliminary explored using a serigarturbation experiments.
3EIi Ol AGETT1 O xAOA OATATT1TU OOCAARAAAAS 1T OGAO OEA A1 OEOA 006

dynamic stable state where the total abundance of the system remained relatively constant. The stable state of
the system was then used as the starting point to conduct the perturbation experiments to examine simulated
recovery rates under different impact scenarios.

Two different types of perturbation experiments were implemented, single perturbations and recurrent
perturbations under varying levels of impact. These experiments also involved broad scale as well as local
perturbations. These experiments were implemented by defining a series of regions within the model domain
that were used to quantify localized responses to #ndifferent perturbation scenarios (Figure 2.27). Local scale
perturbations involved removals of sea pens within the defined boxes, while broad scale perturbations
involved removals outside the boxes, and with the boxes acting as sea pen refuges.
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Boxes wae numbered from 1 to 9, with the area outside them was labelled as 0 (zero). Most areas were defined
within the core distribution area of sea pens, with only one box (box # 6) placed in a low density, relatively
isolated area. Regions 7 and 9 were creatdd evaluate upstream and downstream colonization rates and
refuge connectivity under the different perturbation experiments. The spatial distribution of these boxes was
intended to provide a fairly comprehensive coverage of the overall distribution (i.emimicking a potential
network of refuges).

The recovery times were evaluated by tracking the rebuilding of the abundance within the perturbed area,
expressing this abundance as the fraction of the prperturbation abundance. Expressing recovery in relative
terms allows easy comparisons between areas that contain a range of abundance levels.

woow

Figure 2.27. Boxes within the sea pen ABM used for perturbation experiments. Boxes were numbered
from 1 to 9, with the area outside them was labelled as 0 (zero).

Broad scale single perturbation

This perturbation experiment involved the removal of 99% of the sea pen abundance outside the refuges
(boxes), as well as within boxes 7 and 9, and allowing the system to recover after the single perturbation. The
refuges cantained approximately 14-15% of the total pre-perturbation abundance.

The abundance outside the refuges (r0) reached 95% of its pigerturbation level in approximately 92 years
(Figure2.28). Partial recoveries of 50% and 80% opre-perturbation levels were reached at 24 and 40 years
respectively (Figure 2.28).
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Figure 2.28. Recovery trajectory of the sea pen abundance outside the refuges (rO) after a single
perturbation removing 99% of sea pens in the impacted areas (r0, r7, y9

When the recoveries of the area outside refuges is compared with the recovery trajectories of boxes 7 and 9,
box 7 shows a similar pattern as the broader area, while area 9 seems to recover faster, indicating that the local
and neighboring conditions have detectable effects on recovery rates (Fige 2.29). Interestingly, the box 6, an
area that was not perturbed but which is characterized by a low sea pen density showed a declining trend after
the perturbation (Figure 2.29).
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Figure 2.29. Comparison of sea pen abundance trajectories after a single perturbation removing 99%
of sea pens in the impacted areas (r0, r7, r9).

Refuge effect and connectivity

To evaluate the contribution of refuges to recovery, three different single perturbation g@eriments were
compared for two boxes adjacent to a refuge area (kige 2.30). In these explorations, the box #8 was the
refuge, while the adjacent areas #7 and #9 were perturbed. These areas were selected because area #9 is
downstream of the refuge (#8) while area #7 is upstream (Figire 2.30).

The three scenarios considered were a) 100% removal of sea pens outside the refuge (area #8), b) 99% sea
pen removal outside the refuge (area #8), and c) 99% removal everywhere (i.e. no refuge). The scenario with
100% removal allows for assessing recolonization from a neighboring area, while scenarios with 99% removal
allow recovery from both, recolonization from a neighboring area and local setecruitment.
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Figure 2.30. Refuge effect and connectivity perturbation experiments. Top: Map showing the spatial
configuration of the boxes in the general region used for experiment. Box #8 was the
refuge, while the adjacent boxes #7 and #9 were perturbed and their recovery
monitor ed. Bottom right: Recovery trajectories of box # 7 (r7) after 100% removal and
with r8 as refuge, 99% removal with r8 as refuge, and 99% removal without refuge.
Bottom left: Recovery trajectories of box # 9 (r9) after 100% removal and with r8 as
refuge, 9% removal with r8 as refuge, and 99% removal without refuge.

The results indicate that a refuge in box # 8 significantly accelerates recovery downstream (box # 9),
approximately reducing recovery time by half. A refuge in box # 8 does not affect recovergte upstream, but
still allow long-term recolonization (Figure 2.30). These results highlights that the effectiveness of a refuge is
dependent on its location and the topology of the connectivity network.

Recurrent perturbations

All above explorations wee focused on recovery trajectories after a single perturbation. However, effects of
fishing are recurrent; perturbations on a given location are repeated with some frequency. Here the effect of
recurrent impacts was studied by applying broad scale removalutside boxes # 16 and # 8 (i.e. these boxes
mimicked a network of refuges), using the region outside refuges (r0) and boxes #7 (r7) and #9 (r9) to monitor
recovery after impact. The effectiveness of this network of refuges was evaluated by comparing riksbetween
experiments with and without refuges.
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All experiments were conducted assuming a recurrence of impact of 4 years (i.e. a given location is only
impacted every 4 years, allowing for colonization and growth in the intervening time), and at two dérent
levels of impact, a 50% and a 90% sea pen removal at each impact event.

The results indicated that with and without refuges, recurrent perturbations drastically reduce the abundance
levels of sea pens in the entire model domairk{gure 2.31-32). However, when the local scales are examined,
it is clear that the presence of refuges has positive effects in downstream areas (g 2.31-32). The absence
of refuges in the high impact scenario (90% removal) leads to the extirpation of sea pens in the dyu
domain(Figure 2.32).

These results highlight that, even with refuges, the sea pen abundance in the study domain can be rapidly
depleted by recurrent perturbations, reaching a dynamic stable state at a level much lower than the pre
perturbation one (Figure 2.31-32). This severe reduction in sea pen density would be expected to have
important consequences in the functionality of the sea pen habitats. Still, the simulated refuge network only
protects 14-15% of the total pre-perturbation abundance; higher overage levels by the refuge network would

be expected to provide better protection against recurrent perturbations.
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Total 0.31 0.18
ro 0.18 0.18
ri 0.99 0.25
r2 0.96 0.15
r3 0.95 0.15
r4 0.81 0.11
r5 0.96 0.23
ré 0.65 0.00
r7 0.13 0.12
r8 0.86 0.22
r9 0.24 0.08

Figure 2.31. Recurrent perturbation experiments with 50% sea pen removal every 4 years. Top left:
Recovery trajectories with refuges. Top right: Recovery trajectories without refuges.
Bottom: Comparative fractions of remaining sea pen abundance with and without
refuges for the different areas considered, indicating in red the areas that were
perturbed in both scenarios.
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Fraction Remaining
(average of 100-250yr)

Area With Refuges Without Refuges

Total 0.162 0.000
ro 0.004 0.000
rl 0.939 0.000
r2 0.991 0.000
r3 0.962 0.000
r4 0.850 0.000
r5 0.989 0.000
ré 0.374 0.000
r7 0.005 0.000
r8 0.835 0.000
r9 0.142 0.000

Figure 2.32. Recurrent perturbation experiments with 90% sea pen removal every 4 years. Top left:
Recovery trajectories with refuges. Top righ Recovery trajectories without refuges.
Bottom: Comparative fractions of remaining sea pen abundance with and without
refuges for the different areas considered, indicating in red the areas that were
perturbed in both scenarios.

Conclusions

The model regesentation of the spatiatemporal dynamics of a generalized sea pen appears reasonable. These
results indicate that there is important connectivity within the model domain, but the magnitude of the
connectivity varies. Some locations emerged as natural bréers.

Selfrecruitment within an area is an important source of local growth, but overall growth also depends on
connectivity between areas. Recovery times after a significant single perturbation is in the order of decades
(20+ years). In the context othe FAO Guidelines (FAO 2009), these impacts on sea pens go beyond temporary
impacts.

Refuges provide a buffer to perturbation and effectively accelerate recovery. Size and placement of refuges is
key to their effectiveness. Refuge placement has to consider connectivity to be effective.

Broad scale recurrent perturbations of somewhat moderte level (50% removal every 4 years) can drive the
sea pen status to very low level (e.g. 20% of piienpact), likely impacting the ecological functions provided by
sea pen habitats. Sea pens cannot tolerate high intensity broad scale recurrent perturbatsorRefuges can
buffer high impacts, but local extinctions would be expected in mediustow suitability areas.
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2.3.Up-date on VME biological traits analysis and the assessment of VME functions.
ToR 2.3Up-date on VME biological traits analysis and the assessment of VME functions. (COM Request #9)
i) Revised workplan for Biological Traits Analysis

Following from the plan agreed at WEESA in 2017, WEESA has refined its plan of activities to be progressed
over the next 2 years in support of the reassessment of bottom fisheries to be conducted in 2021. A first step
in these preparations is defining a list of biologicalrhits which best describe the VMESs in the NRA. Such a list
was discussed and agreed during the present meeting (see Tabl&)2. Table 25 will be used to create a sample
traits matrix from species sample data (trawl survey data) using a prprepared speées traits matrix. The
objective of this analysis is to allow a more robust assessment of SAl through the inclusion of additional
functional assessment criteria in the overall assessment of SAI.

It was agreed the analysis of biological traits data shoulde progressed over the next two years (2019 and
2020), by undertaking the following tasks:

1. Creation of trawl sample traits matrix (based the VME indicator species from the list in the
NCEM) for trawl survey 2008z 2016 biomass data, and if time allows premnce/absence data,
should be performed BIO to leadn this task that will be progressed by seeking support for
DFO funding by December 2018, to include the possibility of additional higtesolution fish
stomach sampling in the vicinity of VMESs (to be catucted on the 2019 surveys).

2. Creation of specific traitbased VME maps (using multivariate analysis e.g. cluster analysis)

3. Reassessment of traihased VMEs at risk of impact and/or impacted, by assessing the trait
data in relation to maps of fishing effort

4. Bi-variate trait response curves to fishing effort.

5. Determine Trait Diversity Indices for each of the VME types.

6. Determine the relationship between Species density and VME traits.

7. Determine the overlap of fish distributions with habitats and VMEs/Traitsusing SDMs (to

include any relevant stomach data which may be available, e.g. Flemish Cap data, and
additional possible new data from 2019)

8. Evaluate available risk assessment frameworks which may be appropriate for assessing the
specific VME types in theNRA.
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Table 2.5. Sponge and coral VME biological traits

Trait Modalities Functional Links Impact of Fishing Reference
Hypotheses
Maximum adult Very small <100mm Productivity, Larger sponges are expected| Sainsbury et
size small 100- 300 mm Biodiversity to be more vulnerable to al. (1992)
medium 3012500 mm Provision, Filtration bottom contact fishing gears
large >500mm capacity, Carbon
sequestration
Morphology Massiveglobose Productivity, We expect morphology and | Wassenberg et
Massiveirregular Biodiversity size to interact with al. (2002)
Tubular/Vase/cylindrical Provision, Filtration catchability. Forexample
Flabellate capacity, Carbon 100% of branched sponges
Arborescent/Branching sequestration less than 300 mm, and 80% of
Cushion/Papillate branched sponges between
Thin sheet 301 and 500 mm in height,
Stalked passed under the net.
Filiform (whip)
Degree of Highly Aggregated (Habitat Biodiversity We expect species forming
Contagion forming) Provision aggregations will be more
Small patches Bio-engineering vulnerable to fishing than
Solitary habitat (e.g. solitary species based on
sediment stability), probability of encounter
local bottom current
changes
Feeding Mode Filter feeder Energy transfer We expect filter feeding
Carnivore (Trophic Position) sponges to be more
Suspension feeder susceptible to impacts of
sedimentation caused by
fishing than carnivorous
sponges.
Preferred Hard (rock) Bio-engineering We expect sponges living on
substrate Gravel/Pebbles habitat (e.g. soft sediment to be more
inhabiting Soft (mud/sand) sediment stability), susceptible to impacts of
Epizoic (on other fauna) local bottom current sedimentation caused by
changes fishing than sponges living on
hard bottoms.
Rig\ Rigid Provides stable More rigid is more sensitive to
idity Flexible structure and bottom contact fishing
substrate for other disturbance
organisms to attach
to.
Adult mobility Sessile Bioturbation Sessile if more susceptible to
Sedentary the effects of bottom contact
fishing disturbance.
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ii) Biological traits: deep sea corals

A study on trait-based approach on deegsea corals of the Flemish Cap and Flemish Pass (NAFO Regulatory
Area) is beng developed by IEO in close collaboration with BIO, under ATLAS project. First results of this work
were presented during the 4" World Conference on Marine Biodiversity (Montreal, 1316 May, 2018) (Garcia
Alegre et al., 2018). This study analyzes whichiological traits are useful to classify corals in study area,
prioritizing traits where information is available and that capture variation for a range of biological or
ecological processes. Data used for this work was collected from EU/Spain bottom trasurveys (2007-2017)

and NEREIDA rock dredge samples (2082010).

This ongoing work represents a baseline revision on biological traits for further studies on deegea corals in

this area. 24 taxa were selected as suitable féiuzzy Correspondence AnalysigFCA)and 19 traits were found
appropriate to classify deepsea corals. Categories for each trait were defined and scored by each taxa. FCA is
in progress and it is expected to be completed in a next future.
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iii) Using joint species distribution modelling to measure and predict the influence of traits on the
assembly processes of benthic communities of the Flemish Cap

An essential purpose in community ecology is to understand how biotic arabiotic factors shape local species
pools at different spatiotemporal scales (Ovaskainen et al., 2017, represented in Fig@:83). The responses of

the species to changes in environmental factors such as resources and disturbances vary depending on specie
specific characteristics known as response traits (Lavorel and Garnier, 2002). During the last decade, ecologists
EAOA ET AOAAOGET CI U OOOAEAA OPb AvAsEdnaéhanBosidcOndnuitppatfernss A U
although their use has been largly descriptive (Cadotte et al., 2015). Recent advances in communligvel
models (Warton et al., 2015; Ovaskainen et al., 2017) has allowed the incorporation of species traits in a
modelling framework useful to identify responsetraits that can provide functional, mechanistic and predictive
perspectives on processes shaping the assembly and dynamics of ecological communities (Cadotte et al., 2015).
Hierarchical Modeling of Species Communities (Ovaskainen et al., 2017), a class of joint species distriloutio
models (JSDM; Warton et al., 2015), presents a useful framework for management and conservation. A JSDM
approach was applied to presenc@bsence data from a subset of 105 benthic species from the 2007 EU Survey
on Flemish Cap using a suite of 6 predicter(including fishing effort) and 4 biological traits (maximum body
size, reproductive method, mobility, and feeding type). Preliminary results allowed characterizing the
biological traits of the benthic communities previously identified on Flemish Cap (Milio et al. 2016).
Additional results will be presented next year at the 2019 WEESA.
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Figure 2.33. Conceptual diagram of the assembly processes influencing ecological communities at
different spatiotemporal scales and influence of the species traits (@gkainen et al.
2017).
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iv) Soft corals as nurseries for basket stars (Gorgonocephalus sp.).

Soft corals in the family Nephtheidae have been the subject of a study on the association with basket stars in
the genus Gorgonocephbus Leach, 1815. Bycatch samplesn situ imagery, and the literature indicate an
association between soft corals and basket stars (Echinodermata: Ophiuroidea; Fedotov 1923, Patent 1970,
Haedrich and Maunder 1984, BuhMortensen and Mortensen 2005, BuhkMortensen et al. 2017).
Gorgonocephalusias a wide geographic distribution, being found from the Arctic to the Antarctic, from the
shallow subtidal to the deep sea (Rosenberg et al. 2005). These basket stars have branching arms coming from
a central disk, which can be up to 10 cm in adult specimens (Mortensen 1927). They are conspicuous
components of benthic communities in the North Atlantic and Arctic. DFQIL RV trawl data (20132017)
indicate bycatch biomasses of up to 240 kg of basket stars in one set (MABL), and additional sets of >100 kg
basket stars/set.

We have examined over 2000 soft coral colonies from two specie®ifva florida and Drifa glomerata) to
investigate this association (Neves et al. 2018). Samples include DFO RV trawl soft coral coluiglected in
the past 10 years, from the Newfoundland and Labrador, and Baffin Bay regions, from depths ranging between
53-1317 m.

Basket star occurrence was higher ibuvathan in Drifa, with 11% and 33% of the examined colonies having
associated basket stars. Maximum number of basket stars per colony was 27 Buvaand 111 for Drifa. Most
basket stars were between 15 mm in disk diameter, but size range in a single colony was variabBasket stars
were mainly found on the upper half of the colony, which might favour protection against predation and food
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capture (Buhl-- T OOAT OAT AO Al AfpxsqGBe isbtdpbslof badket stars and hofuva
colonies indicate that theyare feeding on the same sources (Neves et al. in prep).

Preliminary analyses of DFENL RV trawl data (201%2017) indicate that basket stars are present in >50% of

the sets in NAFO div 2H, 2J, 3L and 3P, and >20% of the sets for NAFO div 3K, 3N, and 3ihgAsats with
basket stars, >50% of the sets also had corals in NAFO div 2H, 2J, 3K, and 3N, most of which are Nephtheidae
soft corals.

The results of this study (Neves et al. 2018, Neves et al. in prep) show that Nephtheidae soft corals host juveniles
of Gorgonocephalusp., indicating that they are important in the life cycle ofhis basket star in this region
Further studies are needed in order to address the question of how exclusive this relationship might be and on
how dependable basket stars are ogoft corals.Gorgonocephalusp. is considered vulnerable to trawling in the
Barents Sea (Jgrgensen et al. 2015), and it has been found as a prey item in stomach contents of Northern
Wolffish (Simpson et al. 2013) and Greenland sharks (McMeans et al. 2012

Ongoing analyses by DFOIL include assessing effects of latitude, bathymetry, and season on this association.

Additional ongoing studies by the DFENL coral group on soft corals include assessing their role in sediment
bioturbation and sediment cycling their trophic ecology (Neves et al. 2017, in prep), and their potential to hold
CaC@(Neves et al. in prep) including potential variations in latitude, depth, and season.
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2.4. Assessment of NAFO bottom fisheries

ToR 2.4. Maintain efforts to assess all six FAO criteria (Article 18 of the FAO International Guidelines for the
Management of Deep Sea Fisheries in the High Seas) including the three FAO functional SAI criteria which could
not be evaluated in the current assessment (recovery potential, ecosystem function alteration, and impact relative
to habitat use duration of VME indicator specie§) OM Request # 9.

This request is largely being being addressed by the work reported aganToR 2.1, 2.2, and 2.3ee above)

2.5. Up-date on fishery modelling activities

ToR 2.5. Up-date on fishery modelling activities and develogygar plan for development and expansion of single
species, multispecies and ecosystem producpiotential modelling (COM Request #1)

i) US Modelling and Statex of Ecosystem Reports
CIE Review for EBFM Management Procedure

The Northeast Fisheries Science Center conducted a Center for Independent Experts (CIE) review from April
30t% to May 39, 2018. A management procedure framework was presented, including the following items:
ecological production units, ecosystem level ceilings, fishery functional groups, strawman objectives,
ecosystem level reference points, aggregate catch advice, tradeoff an@yand species floors (Figur@.34).
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Figure 2.34. Framework for Ecosystem Based Fishery Managememptoposed to address the request
of the New England Fishery Management Council.
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The general conclusions reached by the reviewers for the management procedure proposed, more detail of
which can be found in their reports fttps://www.nefsc.noaa.gov/program_review/reports2018.html ), was
that the overall procedure was theoretically sound, but that most elements required changes or expansion to
be useful. Some of the recommendations were

1 More realistic fleets in the modeling work to take into account the nature of the mixed fleet fisheries
in the region

Using the same analyses for all models intended to be used

Ramped fishery control rules rather than step functions

Continued use of muliple models to examine tradeoffs and likely outcomes

Further iteration with management to determine more specific objectives

= =4 -8 =4

The Fishery Production Potential analysis is worth going into in more detail. This analysis (Figure33) was
proposed as a way tadevelop the ecosystem level ceiling was considered to have been implemented in a
scientifically rigorous fashion by the reviewers.

* P;: Production at the i" node
+ T: Matrix of ecological transfer efficiencies
« A:: Vector of external inputs to the i node
* F.: Vector of losses from the i" node
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. Deposit-Feeding
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Nano-
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Figure 2.35. The Fishery Production Potential model used.

The results were similar to previous estimates although highe which was considered by the review panel to

be reasonable because primary production appears to have increased on Georges Bank over time. They were,
however, concerned regarding the levels of uncertainty in the estimates, and how those might be integped

by managers in determining the ecosystem level cap. Accordingly they suggested avenues of research to
explore before an ecosystem level cap is implemented using this technique. One avenue of research suggested
is to explore alternative methods (e.gfood web models, etc) to calculate the ecosystem level ceiling and
compare them to the FPP results. The reviewers also recommended that uncertainty should be included with
any estimate provided as management advice.

State of the Ecosystem Reports

Georges Bank and Gulf of Maine SoE Report
Mid-Atlantic SOE Report
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The NEFSC produced two reports, one for each management council (NEFMC and MAFMC) last year and is in

the process of producing those reports for 2019. The procedure has been greatlyesimlined through the use

of RMarkdown and github, such that more energy can be focused on determining which new indicators are

useful, which indicators should be removed, and creating holistic information for managers. Each report is
tailored to the correOBT T AET ¢ | AT ACAT AT O A1 O1 AE1 60 OANOAOGOOS [T A
which was well received was to start the reports with an overall executive summary and conceptual model of

the system and then continue with the human elements before gajnto the biological and climate related

portions of the ecosystem. It was found that managers appreciated getting the big picture before seeing the

details.

A technical description of the methods and code used to generate the reports has also been conaglet
(https://noaa -edab.github.io/tech-memo/)
MAFMC EAFM Risk Assessment Report

The MAFMC asked for a prototype Risk Assessment report derived from the State of the Ecosystem report. The
report incorporated many elements of the State of the Ecosystem report and so was efficiently produced and
well received. The MAFMC mainly used this as guidance to determine next steps and research suggestions, and
recommended that this EAFM Risk Assessment document beded as a council deliverable to the annual
Implementation Plan to reflect the most recent information available. They requested an Ecosystem
Considerations for Stock Assessment of summer flounder report be created since Summer Flounder showed
the highest levels of risk in the most categories of any species in their management region.

Ecosystem Considerations for Stock Assessment (ECSA) of Summer Flounder

https://noaa -edab.qgithub.io/ECSA/

As a preliminary product, effort was placed in creating a flexible and easily changeable framework in
Rmarkdown for the ECSA reports. The report itself utilized the most rapidly changing indices in the region (e.g.
temperature, salinity, zooplankton composition, etc) and noted how they may affect different life history
elements of summer flounder. Additionally, habitat occupancy models using the random forest technique were
created, which indicate that habitat for summeiflounder has had an increasing trend in recent years.

i) %5 3#1w DOI EAAOY O- Ol OEOPAAEAO &EOEAOEAO ! OOAOGOI AT O ¢
Due to the limitations imposed in the use of the data needed for the development of the project SC05

O- 01 OEOPAAEAO ! OOA @iisAver® pre&dndd to thel WBESA, With e exception of the

contribution of the SCO5 project to the task 2 of the EU SC03 projeot3 OB bHT 0O O1 A OI AOOO i1 A
benchmark and development of a management strategy evaluation for cod in NAFO divisig. ingtead, a very

shallow presentation of the work done along this year within the project SC05 was done.

The tasks of the SCO5 project are:

A Task 1: Setting the context
i A general overview of the multispecies approach worldwide
1 Description of the biological, ecological, fishery and scientific features of the Flemish Cap.
A Task 2: Updating GadCap
T An updated version of the multispecies model GadCap: a gadget cod, redfish an shrimp
multispecies model in the Flemish Cap
A Task 3: First approach to implementmultispecies assessment
i Explore the provision of scientific advice for a multispecies approach in the Flemish Cap
A Use of multispecies natural mortality estimates in stock assessment
A Multispecies MSE framework and potential new multispecies HCRs.
A Task 4: Economy tradeoffs
T First analysis of the socio/economic implications
i Available techniques and models needed to assess the tradfs
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A Task 5: Dissemination to scientists and stakeholders
T Discussion and interaction between scientists and othestakeholders: workshop.
i Presentation and integration of results in the NAF@VGESA and NAFO Scientific Council
meetings
A Task 6: Further research
T Identify future necessary steps and research activities

Currently, tasks 1 to 4 have already been covered afiidished. In task 2, the multispecies model GadCé@pérez
Rodriguez et al. 2017Wwas extended to cover and assess the dynamic of cod, redfish and shrimp over the period
1988-2016. For this, all the survey and commercial databases were updated and revised, in order ts@e

that the data used in GadCap was, as much as possible, the same data used in the single species stock assessment
of these stocks. Length and age distribution of survey and commercial catches, total biomass index by species,
total annual commercial cathes, distribution by season, biomass of the different prey species, diet composition
databases, etc. All the data sources supporting the different likelihood components were reviewed and updated.

In addition to the databases, some very important sumodels defining the productivity and interactions
between the three stocks were reviewed and improved. On this regard, the growth model parameters were re
estimated and regrouped by years; the submodels of maturation and sexchange as a function of size were
reviewed, the submodels defining the preypredator length relation as well as the suitability parameters
defining the trophic interactions were refined. In relation to the natural mortality, different approaches were
used to estimate the residual naturamortality (M1), that together with the predation mortality (M2) estimated

within GadCap would produce values of total natural mortality (M=M1+M2) at age every ye@PérezRodriguez

and GonzalezCostas 2018) This matrix of natual mortalities were used (as part of the task 3) as an alternative
AOCOGEI AGA T &£ 1 AOOOAT 11 OOA1 EOU AOOET ¢ OE BupporttoAfiobust AAT AET /
model assessment, benchmark and development of a management strategy eaiuati cod in NAFO division
3Mo(Gonzalez Troncoso et al. 2018)n addition, different model configurations were tried: model with annual
instead of seasonal time steps, model with beaked and golden redfish species separated, model with differen
configurations in the functional response relating preypredator consumption. This new model structures did

not produced results that may be considered appropriate for long term simulations, however entailed a step
forward in these lines of work. InlongDA Oi OEi 01 AGETI 1 O A OAAOOUEI ¢ AAPAAEOU
In the development of the task 3, a multispecies MSE framework was developed taking the #4&k MSE
framework developed by the EU Joint Research Centre of Ispra (ltaly). This multispecies Bvifamework
(Figure 2.36) included the updated multispecies model GadCaps an operating model, that provided
information about the commercial fishery, survey and the stock to three different management procedures
(one for each of the three stocks), where two possible options for the stock assessment were available (shortcut
and an ad4a SCAA stock assessment model). The data provided for the stock assessment passed through an
observation model, with the possibility of introducing error in the data simulating the assessment error, or the
commercial andsurvey data noise, dependig if the shortcut or the a4a SCAA option was used as assessment
method respectively. Once the assessment is performed, a short term projection takes places within the
management procedure for each stock, which, in conjunction with the HCR is used to defihe catch advice

and the TAC. This TAC goes through an implementation model, which will determine the final catch that is
finally sent to the operating model (GadCap), that will run forward one year, implementing the catch,
introducing new recruited individuals (determined with a SSBRecruitment considering uncertainty or not)

and simulating all the biological and ecological processes occurring within the modelled system in GadCap (and
very importantly the trophic interactions).
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Figure 2.36. Multispecies MSE framework developed within the Task 3 of the project SCO5 in
conjunction with lago Mosqueira and Ernesto Jardim from the EU Joint Research Centre
in Ispra (ltaly), and taking the work developed within the project REDUS by Daniel
Howell and Ibrahim Uma from the Institute of Marine Research of Bergen (Norway).

As part of the task 3 of the SCO5 project different management strategies were tested. Different HCRs were
designed by defining the precautionary reference points (B and Brigger) and F reference points defined with
single and multispecies considerations. In addition, two stages hockey stick HCRs were tested to assess if this
HCRs would allow a reduction of an excessive predation mortality from cod. Finally, this multispecies MSE
framework was used to assess the effect that an assessment considering constant M for all ages over time, a
vector of M variable by age but constant over time, and a matrix of M variable at age and year (output from the
OM GadCap) would have had on each of the three cte assessed. As part of the task 4, the ecological and
economic tradeoffs result of the implementation of a number of different HCRs with single and multispecies
foundations were assessed.

iii) An Economics Lens to Understanding NAFO Fishing towards Implemening Ecosystemsbased
Fisheries Management (EBFM)

Integrated Ecosystem Based Fisheries Management (EBFM) is a goal of the Northwest Atlantic Fisheries
Organization (NAFO), and thoughtful implementation of EBFM could result in changes to status quo fishing
behaviors within the NAFO regulatory area. Therefore, modelling such impacts is an important consideration
in determining possible tradeoff within the bio-economic system. Towards this end, exploratory research
linking key economic and ecological considations in a stylized conceptual model of the fishing industry
operating on the Grand Bank off the coast of Newfoundlargspecifically NAFO areas 3LNQvas conducted.
The ecosystem model is reverse engineered in that starts with economic considerationttbe management
system (the fishery) and then proceeds to add the accompanying ecological components that are integral to the
ecology and also support the economic system. The model development approach builds on the work of the
International Council for the Exploration of the SealCES) Working Group on the Northwest Atlantic Regional
Sea (WGNARS) which since 2009 has been focused on building capacity to support Integrated Ecosystem
Assessment for the Northeastern US and Atlantic Canada. A key object?¢CES WGNARS has been to draw
on a broad base of expertise including physical and social scientists. The 3LNO conceptual model combines a
dual economic and ecological lens to contemplate answers to such questions as; how do changes in key
ecosystem paameter values (e.g. harvest levels, ecosystem pressures) concurrently impact human use and
ecosystem components, while allowing examining questions regarding the perceived value in extending the
model to include specifics of fishing activities in the NAF@gulatory area; how that analysis might proceed
including unit of analysis, possible data limitations and potential solutions;initial metrics (analytical
approaches) for quantifying tradeoffs z specifically the treatment of landed value information inthe model.

The concept of commaodity (fish) value chains were explored as well as methods and sources of data for landed
price (value) for NAFO fleets catches which included the specification of an ordinal ranking approach for value
information using a Speies Value Factor concept. Next steps include investigating suitable data sources to
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capture fishing related variable for NAFO fleets including landed values by species/country and employment
indicators (individuals and fishing hours). Given data limitaibns, proxy values may have to be considered

(short term) to specify the model while more reliable values are explored. Ultimately, the Conceptual Model
should be presented to NAFO managers to seek input and gauge support.

Conceptual model development an d implementation

Most ecosystemlevel bio-economic models evolve from purely ecological models where economic elements

are built as addons. While this classical approach can render useful results from an ecological research
perspective, they not always represent the realy of managers in a way that the managers themselves can relate

to. Furthermore, ecological models can be seen by managers as overwhelming given their ecological
complexity, preventing them from fully understanding how the model is working. These modelsteih become

a black box for most managers.

If EBFM is to become a practical approach, working level managers need to see their everyday work reflected

in the tools used for EBFM, and have the capacity of understanding how those tools are working in a wastt

promotes trust in the outcomes. While EBFM represent a different way of approaching resource management,

OEA OOAT OEOQCEIT O %" &- TAAAO Oi1T10 OEAO AAT OAmI AAO Ol
seamless integration of the EBFM priciples into that reality.

While the ecosystem bieeconomic model being developed for the Grand Bank (3LNO) is conceptual in nature,

EO xAO 111 AOEAI AOGO AT 1 OOOOAOAA O1T ARO OEA DPOAI EOA T £ AAE
a conceptualtool that managers can engage with. This implied two fundamental elements: a) the focal

component had to be those that managers deal with in their everyday work, and b) the implementation tool

had to be one that the managers can use without a steep ledrniC A OOOAh AT A xEEAE x1 Ol A Al
Ol AAO OEA ETT A6 AT A &£O01I 1T U O AAOOOAT A Ei x OEA OIT1 EO x'
Based on these ideas, the model was constructed using a revelsé CET AAOET ¢ ADPDPOT AAE A&EOI |
view of the ecosystem (Figre 2.37). Paradwically, while standard singlespecies approaches evaluate the

status of the stock and set quotas at the individual stock level and in isolation from other target stocks,

managers often consider the viability of the enterprises involved (e.g. fleet sectgrsvhen designing and

assessing alternative management actions. In these viability analyses, economic factors like enterprise revenue

and employment level play a key role in defining management options.
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Figure 2.37. Schematic representation of theGrand Bank (3LNO) bioeconomic ecosystem, including
economic units (fleets), commercial species, and soegconomic factors (e.g.
employment, revenue). The current implementation of the conceptual model only
includes employment and revenue as economic faat®; inclusion of other factors is in
development.
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minimum conceptual model of the Grand Bank. However, a model only composed by these species cannot
capture the basic ecosystem interactions that would make it a minimally operational representation of the
Grand Bank food web. A key forage fish species in this ecosystem would be missing (sandlance), as well as key
bottom-up drivers and regulators of ecogstem productivity (e.g. temperature, sea ice, coastal nursery habitats
like eelgrass beds, phytoplankton, zooplankton). Adding these elements, and the basic links among them,
allowed constructing a minimal ecosystem interaction web for the conceptual modigFigure 2.38). It is
important to emphasize that despite their similarities, an interaction web is not equivalent to a food web. A
food web represents predatorprey connections, while an interaction web represents the effect that one node
has on anotherallowing to represent within the web, for example, the impacts of environmental components

on biological ones. Equally important, a given predateprey link may be absent from an interaction web if the
magnitude of the effect is negligible in comparison ith dominant interactions.
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Figure 2.38. Interaction web of the ecological components included in the conceptual model of the
Grand Bank (3LNO). The colored arrows represent positive and negative interactions;
while most of these interactions are drivenby predator-prey relationships, they
represent a more general/dominant interaction effect (e.g. the negative effect of
temperature on sea ice).
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implemented by adding catches to the ecosystem interaction web, where those catches were resolved to the

fleet-target species level. The ecosystem interaction web was composed by 17 nodes; adding the ti@eget

nodes implied adding 19 additional nodes to create an fagrated interaction web. While these numbers in

themselves are not particularly relevant, the ratio between them is a potentially interesting indicator. A

minimal conceptual representation of this biGAAT T T 1 EA OUOOAI OEAO AAT eQeDOAOAT O
of the ecosystem required as many economic nodes (represented here by fléatget nodes) as it needed
environmental/ecosystem ones in the basic integrated interaction web.

This interaction web can be mathematically represented with a square transbn matrix T, where each element
in that matrix corresponds to the effect of one node on another( denotes the effect of nod¢ on nodei). If we
consider a vectorX: representing the state of all nodes at time (x indicates the state of node), then the matrix
multiplication of TxX: allows to estimate the state of all nodes at+1l (Xw+1=TxX:). This basic algebraic
representation allows projecting the state of the sgtem over time. While these projections represent the
trajectories of the state variables, the full representation of soci@conomic impacts/outputs needs scaling the
catches per target species and fleet to dollars and labor hours. This scaling was impleres outside the
transition matrix by considering the average price and work hours per tonne of catch for each specific fleet
target node, and required 38 additional parameters.

This model structure represents the bieeconomic system as a set of linear eqtions. This type of architecture

is common in conceptual models, but here instead of considering the model as purely topological (i.e. a signed
graph), the transition matrix and biological state variables were parameterized using available information on
biomass level from research surveys, diet compositions, available estimates of primary and secondary
production from Ecosystem Production Potential models, and existing knowledge on the influence of
environmental drivers and habitat on fish production, whle the environmental state variables were
represented with nominal index values (e.g. arbitrary value of 100 at equilibrium). Socieconomic state
variables and parameters were compiled from a diversity of sources, including catch statistics, government
databases and available economic analyses and summaries. This approach to parameterization brings the
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conceptual model closer to steady state ecosystem modelling (i.e. mass balance under equilibrium assumption)
and allows representing most state variables vih numerical values which are consistent with real world values
for these variables. To allow for exploration of uncertainty in model outcomes, the option of drawing
parameters for the transition matrix from triangular distributions centered on the deterministic values of these
parameters was implemented.

Even though the conceptual model is not intended to be an accurate representation of the real world, by
rendering results that approximate actual magnitudes, the potential consequences of alternative mamagent
option can be more directly interpreted and assessed by managers. The hope is thatgrgviding sufficient
resemblance to reality, managers would consider the conceptual model good enough to meaningfully engage
in the EAF conversation and way of thiking.

The other important element in the development of this conceptual model is the ability for managers to use it
without a steep learning curve or specialized training. This was accomplished by developing the model in the
broadly used spreadsheet softwre Microsoft Excel (Figires.2.39-2.41). Most managers are not familiar with
the tools typically used by scientists (e.g. R software), but do most of their quantitative analyses using Excel,
and they are fully familiar and proficient with this software tool. Implementing this conceptual model in a tool
EAAT ET EAO O 1 AT ACAOO EZEAAEI EOAOGAO EOO AAT POEITh AT A PO
approaches.

The developing of this conceptual model is still work in progress. Next steps include ime$ments in the
parameterization, and the inclusion of some of the additional socieconomic dimensions displayed in Figure
2.37. In terms of functionality, some pending work include improvements in the user interface (i.e. make it
easier to modify parameers to explore management options), and adding the capacity to generate statistical
summaries of multiple random runs. Beyond the modelling aspects, and the exploration of alternative
management options in a conceptual way, a workshop to engage with mamrag, present the tool, and get their
feedback is also intended.

% Conceptual Model_Grand_Bank v9-07-Mar-2018.xlsm - Excel Chart Tc m|m = X

DO insert Pagelayout Formulas Data Review View Developer ACROBAT Design Format ) Tell me what you want to do... Koen-Alonso, Mariano 9, Share

=y X cut AT il /
ob Lu Calibri (Body) ~[12 ~ A" A -
Copy -

Paste
- ~ Format Painter

Vi v O Insert Delete Format g (1, Find &

Clipboard > Font 0 Alignment Number Styles Cell Editing A

Chart4 ¢ f v

A 8 AC  AD | AE A A MM A | A A
. 1 2 . 1 N 1 4 ¥ » a » 0 2 s m s %
. Fleerg Fleery FieetSkate ¢

A MM AN

SHBLBRLB RSB ENYURENIE S ANAEO RIS 0w v n o nwm -

10278 03935 04535 0045 Q076s 01131

« » .. WGNARS-18 Running 9 = WGNARS-18 Coeff 9 Calculations Vector WGNARS 2018 WGNARS-1... & ‘ ] »
Ready 3 H i + 54

Figure 2.39. Screen shot of the conceptual model for the Grand Bank (3LNO) implemented in
Microsoft Excel. Details of the transition matrix.
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Figure 2.40. Screen shot of the conceptual model for the Grand Bank (3LNO) implemented in
Microsoft Excel. Details of the table of parameters used to populate the transition
matrix; notice cell 2L which allows setting on/off the use of random triangular
distributions for the parameters in the transition matrix.
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Figure 2.41. Screen shot of the conceptual model for the Grand Bank (3LNO) implemented in
Microsoft Excel. Details of the vectors of state variables over time, and plots
summarizing the biological and envirmmental trends, as well as the trends in fisheries
revenues and employments by fleet. This specific screeshot corresponds to a run with
increasing temperature over time (i.e. mimicking climate change) and random
triangular noise in the parameters of theransition matrix. These results correspond to
a single random draw.
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iv) Modelling dynamics of key components of the Newfoundland and Labrador marine community in a
ecosystem context: The case of Northern cod (NAFO Divs 2J3KL)

Introduction

Considering ecosystem drivers in modelling stock dynamics is one of the cornerstone elem® in
implementing ecosysteminformed stock-assessments and advice. In 2017 WGESA explored the dynamics of
Northern cod (NAFO Divs 2J3KL) using an Empirical Dynamic Modelling (EDM) approach (NAFO 2017). EDM
is an equationfree approach that allows reconstucting a multidimensional attractor using lagged coordinates
embedding of empirical time series data (Sugihara and May 1990, Deyle and Sugihara 2011). Current
developments of this technique allow using multiple time series to better map the underlying attctor for short
term forecasting (Ye et al. 2015), as well as to explore causality between pair of variables using convergent
cross-mapping (CCM) (Sugihara et al. 2012).

The WGESA 2017 EDM analysis considered RV cod biomass and catches, the cumulativgpd3ie
Environmental Index (CEI), and the capelin acoustic and RV capelin biomass indices into the EDM, predicted a
stable or reduced Northern cod level for 2017, in contrast with the accepted assessment model which predicted
an increase (NAFO 2017). The017 RV Fall survey showed a decline in Northern cod.

The agreement between EDM predictions and RV observations prompted a further exploration of how to
incorporate ecosystem drivers in modelling Northern cod dynamics. These explorations included an updd
EDM analysis and the implementation of a bioenergetiallometric model for Northern cod based on the work
of Buren et al (2014).

Northern cod EDM update

The EDM approach to Northern cod involves running an assemble of models, each of them with différen
subsets of drivers, and comparing outputs to generate an envelope of possible trajectories. In the current
update, a series of eight models were implemented éble 2.6). These model configurations ranged from single
species (model s, only cod biomass the model), cod and fisheries catches (m4, cod biomass and cod catches),
cod and environmental variables only (m1, cod biomass and cumulative CEl), cod and prey only (m2, m3, and
mb5, with cod biomass and the capelin acoustic biomass index, the RV shrimprhass index, and the RV capelin
biomass index respectively), and two multifactor models (m6 and m7) which combined cod biomass and
fisheries catches with environmental and prey drivergTable 2.6).

All EDM configurations where fitted to a common time serigfor comparison across configurations. All models
showed good fits to the cod time serieéTable 2.6 Figure 2.42), and were used to explore 43 year forecasts for
the stock (Figure 2.43).

The forecast results indicate that while some of the models in thene year forecast predict increases from the
2017 levels, all three year forecasts indicate a more consistent picture of stable or decline trends from the 2017
level. These results suggests that continued significant rebuilding of the Northern cod stogihin the next 1-

3 years seems unlikely.
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Table 2.6. Northern cod EDM configurations and associated fits. Rho: correlation coefficient, MA
Mean Absolute Error, RMSE: Root Mean Square Error. The modifiers t1 and t2 indicat
the temporal lag of the variable. The first variable indicated corresponds to the
dependent variable being predicted (cod)

Abbr  Model Variables Number of Rho MAE RMSE p-value
predictions
S Cod (cod, cod_t1, cod_t2) 21 0.905 0.069 0.094 1.08E10
m1l Cod+Env (cod, cod_t1, cumCEl) 21 0.940 0.047 0.073 7.22E14
m2 Cod+CapeAc (cod, cod_t1, CapeAc) 21 0.919 0.060 0.084 1.01F11
m3 Cod+Shrimp  (cod, cod_t1, Shrimp) 21 0.863 0.081 0.108 1.54E08
m4 Cod+Catch  (cod, cod_t1, CodCatch) 21 0.927 0.059 0.083 1.81F12
m5 Cod+Capelin (cod, cod_t1, Capelin_t1) 21 0.875 0.077 0.116 4.59E09
m6 Multi-factor  (cod, cod_tl, CodCatct 21 0.917 0.051 0.086 1.32E11
1 cumCEl, Capelin_t1)
m7 Multi-factor  (cod, cod_tl, CodCatclt 21 0.933 0.048 0.076 4.85E13
2 cumCEl,CapeAc)
COI
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Figure 2.42. Northern cod EDM fits for the eight model configurations explored. Each model
description is given in Table 2.6.
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Figure 2.43. Assemble of Northern cod EDM -B year forecasts. Each model description is given

Table 27.
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Capcod: A simple bioenergetics -allometric model for Northern cod

Bioenergetic-allometric modelling (Yodzis and Innes, 1992has been used to investigate the relative roles of
fishing, food availability (i.e. c@elin) and harp seal predation in the trajectory of Northern codBuren et al.,
2014). This study concluded that both fishing and capelin availability were significant drivers of Northern cod
dynamics, while predation by harp seals was notBuren et al., 2014)

Based on these earlier results, a new bioenergetiadlometric model was developed. This new model, capcod,
differed from the earlier implementation on several ways. These included: a) capcod uses discrete equations
(as opposed to differential equations), b) the effect of harp seal predation was not included, c) the functional
response was configured differently, assuming a fixed Type 3 form andcinding an other prey component, d)
the model assumes process error only.

The basic capcod engine is described by the following equation:
e
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where Blue indicates data,Black indicates fixed parametersRed indicates estimated parameter, and with the
predicted biomasses constrained to be positive. Beyond the parameters in the above equation, there is an
additional estimated parameter || for the initial cod biomass.6  in the equation indicates the predicted cod
biomass.

The parameters in the capcod model are:

T: massspecific respiration rate for the population; derived from allometric equations (Yodzis and Innes
1992) and assumel average individual cod body mass of 1 kg.

J :maximum massspecific ingestion rate for the population; derived from allometric equations (Yodzis and
max

Innes 1992) and assumed average individual cod body mass of 1 kg.
e: fraction of the ingested energybiomass available at the metabolizable level.
aa A£O01 AGET T Al OAODPI T OA Al AEZEEAEAT O § OAOOAAE OAOA6Q
cprd, cagelin prey replacemet N E O @ Addsdehtbdsklife of food available to cod in the absence of
capelin.
m: density-dependent mortality rate.
BO: initial cod biomass.
The data used to fit this model were the RV 2J3KL Fall cod biomass index, the RV 3L Spring Acoustic biomass
index for capelin, and estimated fisheries catches for 2J3KL from commercial and recreational fisheries. The
model was fitted using a maximum likelihood approach, assuming a lognormal process error.

The capcod model provided a good fit to the data (Fige 2.44). The examination of residuals and exploration
of retrospective patterns indicated that the estimated parameters were notably stable and robust, but with
some indications that environmental signals (e.g. weak but still significant rank correlations between peod
residuals and CEIl and cumulative CEI) may need to be included into this modelling framework in the future.
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Figure 2.44. Capcod model fit.

The capcodmodel was used to generate decision tables conditional to capelin levels (Tabl&gR.Given the
process error structure of the model, projections were implemented by adding process error components
randomly generated from the estimated process error disfbution assuming fix levels of capelin and harvest
(derived as multipliers of the observed catch in 2017).

Table 2.7. Capcodbased probabilities of RV Northern cod biomass in 2018, 2020, and 2022 to be larg
than the one observed in 2017, conditionald specific catch and capelin levels.
Catch Level
Pr(8 >B_ ) | status quo (2017) No Catch 50% 200%
t2017 status quo status quo
2018 | 2020 | 2022 | 2018 | 2020 | 2022 | 2018 | 2020 | 2022 | 2018 | 2020 | 2022
SQ 0.48 | 042 | 037 | 049 |047 |0.47 |0.49 | 045 | 041 |046 |0.32 |0.25
(2017)
< | 100 031 |0.21 |0.13 |035 |0.26 |0.21 |0.37 |0.24 |0.19 |033 |0.15 |O0.08
>
2 | 300 0.64 | 071 | 075 |0.67 |0.73 |0.77 |0.64 |0.73 |0.77 | 0.62 | 0.65 | 0.67
c
< | 500 0.72 |0.86 | 086 |0.77 |0.88 |0.90 |0.77 |0.86 |0.88 |0.71 |0.84 |0.85
o
8 1000 080 |092 | 093 |0.84 |094 |092 |0.81 |093 |092 |082 |0.92 |0.92

The results from this modelling exploration indicates that taking into accountapelin levels in setting catch
guotas can improve the odds for stock rebuilding. Shotterm prospects for the stock are not good; under
current capelin levels the stock is more likely to decline, or at best remain stable. Rebuilding to peellapse
levels within the next 5 years appear highly unlikely.
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