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Abstract

Bottom trawl surveys in Div. 1CD and OA used in the assessment of Greenland haliBeinhardtius
hippoglossoidesvere earlier than usual in 2019. In 2019, Div. O&reenland halibut were located shallower
than typical for this survey, with highest abundanceind biomass near the shallowest extent of the survey in
areas closest to shore; this distribution is not characteristic of previous 0Aouth surveys.This suggests that a
portion of the stock may haveextendedbeyondthe surveyed area. The 2019 survey pointfor Div. 0Ashould
not be considered comparable to the earlier series given the significant difference in survey timing and
resulting difference in stock distribution during the survey. While distribution in Div. 1CD was shallover than
usual, there was no evidence that the proportion of the stock available to this survey was different than other
years, andbased on timingis considered comparable for the Div. 1CD survelote thatdifferences in gear
performance resulting from the vessel change in 2019 (Nogueira and Treble 2020) confound the analysis of
survey timing presented here, though the exact impact of this cannot be quantified.

Introduction

Two multi-species bottomtrawl surveys were carried outin 2019 in Northwest Atlantic Fisheries
Organization(NAFO)Subarea Oand 1,earlier than previous years. A survey in southern Division OA (0A-
South) (to approximately 722 N) was conductedduring August 1525, 2019(Treble 2020), anda survey in
Division 1CD from July 31 to August 12, 2019 (Nogueira anBstevezBarcia, 2020). This is the earliesboth
surveys have been conducted(Figure 1). Most of the 0Aand 1CDsurveys have taken place between the end
of September and the end of Octobeor mid- to late September respectivelyWhile Greenland halibut have
been shown to exhilit seasonal differences in distribution in SAXJorgensenl1997) and in other regions
(Siwike and Coutré 2020)it is not known if Greenland halibut in Div. OA exhibit similar behavior. This
document examires distribution (spatial, depth) relative to survey timing to try to determine if this earlier
survey point should be considered comparable to previous surveys DA-South.A change insurvey vessel
was also maden 2019 and thisis considered in a separate documer{Nogueira and Treble 2020).

Methods
Temperature
Bottom temperatures from the 2019 survey were compared to those of previous years to determine whether
a difference in thermal habitat availability in 2019- given the earlier survey timingzmay have impacted the
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distribution of Greenland halibut in this area. Temperature at depth in 2019 fell well \ithin the typical range
observed in previous surveys Figure 2) (see also Treble 2020, Table 3ith the exception of afew locations
near 600-800m in Div. 1CD that were colder than normalGiven this similarity, potential impacts o
temperature were not explored further here.

Distri bution

Generalized additive models (GAMs) were applied t®et by setabundance (A number per tow, standardized

for swept areg) data to examine theinfluence of depth onthe distribution of Greenland halibut.Model 5
variables includedset depth(depth AT A OOOOAU UAAO jugqh xEOE AOOI O RrA

A~s(depthh UQ C R
where s indicates a spline smoother.

Given the hypothesis that Greenland halibut may have been further inshore in 2019 due to the earlier timing,
an additional GAM was applied t@bundancelooking at the combined influence of set depth and distance
from shore (dist),

Ax  OAj AADPOER AEOOh AUEUQ C R

Where te indicates a tensor product. GAMs were fit with a negative binomial distribution using the gam()
function within mgcv package v.1.4 in R version 3.6.1 (R Core Team, 2019). Smoothing parameters were
estimated using resticted maximum likelihood with fREML computation Distance from shore was computed
in ArcGIS Prdbased on Euclidian distancdéetween the set position andhe shoreline inferred from
GEBCQ019 bathymetric data.

Results & Discussion
Divs. 1CD
Generalized Additive Models (GAMS)f abundance by depth Figure 3) indicate that in most years abundance
generally increases with depth in the Div. 1CD survey. Howeven 2019 (and 2015), a different pattern was
observed with abundance higher in the miekanges of the surveyed depths. While this distribution is different
than other years, it does not suggest that fish were beyond the surveyed area and there isen@ence that
the proportion of the stock available to the survey was different than other yeardhis is also reflected in
GAMS of abundance by depth and datce from shore Figure 4). Length frequencies in 2019 were consistent
with previous years (Figure 5Error! Reference source not found. ).

Div. 0A

GAMsof abundanceby depthin Div. OA(Figure 6) indicate that in most yearsthere is adecreaseat the
shallow and deep extremes of the depth range surveyed, with the highest amounts of fouindhe mid range
of the survey. However, in 2019, this decrease at the shallow depth&s not observed, with smoothers
showing a flat top from roughly400m (the shallowest sampled in the surveyjo 700m. This is consistent with
measures of total surveyabundance and biomass, for whiclthe proportion of the biomassin 2019 found in
the shallowest strata groupings (401 to 600m, 601 to 800m) were the highest in the time seriéBigure 7).
Abundance showed similar trendswith higher than average proportions in the shallowest depth classes
(Figure 8).

Model results for the combined influence of depth and distancieom shore were consistent with that

observed for depth. In most years, biomass was highest in mid depth ranges, and across a broad distance
from shore. However, in 2019, biomass was more associated with the shallowest areas closest to shore
(Figure 9). Resultssuggests that a greater than usual proportion of the stock was found in shaller waters in
the 2019 survey.This is consistent with earlier observations by Jorgasen (1997) from SA1 during 1988 to
1993 which noted Greenland halibut tended to occupy shallow depths in Div. 1B during A&gpt. and were
more widely dispersed in SeptOctober, including deeper depths to the south in 1DGreenland halibut in the
Bering Sea and Aluetian Islands, another large offshore area, also exhibit annual periodicity in depths
occupied with deeper water occupied in January and February and shallower water during July to September
(Siwike and Coutré 2020.

Northwest Atlantic Fisheries Organization



Lengthfrequencies (igure 10) indicate thatin 2019 the shallow strata contained a higher proportion of
larger fish than typical for this survey, and there in absence of small fish at all depth strata.

Analyses suggest that in 2019 a portion of the stock likely extended shallower and/or more inshore than the
extent of the survey area, in aanner that is not typical of previous surveys in Div. 0A. Howevemhe extent to
which the survey missed Greenlanthalibut that would have otherwise been available later in the season
cannot be quantified. Given knowledge of Greenland halibut distribution in this area from previous surveys
(Treble 2007 and 2009, there isno evidence that any considerable number of Greenland halibut would be
shallower than 400m on the western Baffin ShelfThe habitat in these waters is dominated by cold, less saline
Arctic Ocean outflows and abundance of Greenland halibut, shrimp and oth&tlantic fish species is low.
However, Greenland halibut are known to extend into inshor@reasalong deep crossshelf channelsthat
contain warmer Atlantic water (e.g. DFO 2008; Devine et al. 2019)agging studies from the inshore waters
adjacent tothe 0A-Southsurvey areaindicate seasonalmovements of Greenland halibufrom inshore fjord
systemsin summer to the offshorelater in the year(Barkley et al. 2018). Broad scale timing and extent of
inshore/offshore movements inthe larger stock area are not yet known.

Length frequency distributionsin 0A-Southhave been quite variable compared to 1CDover the survey time
series and the factors driving these differences are not known. It has been hypothesizédt Baffin Bayis
used by juvenile Greenland halibut as a feeding/rearing area and we could be seeing evidemt®A-South of
strong year classes coming from the productive west Greenland banttgt are adjacent (i.eDivisions 1AB).
Abundance of age 1 Greenland halibut have been algoaverage in 2011, 2013 and 2017Tteble and
Nogueira2019).

GAMs also indicated thaGreenland halibut in Div. OAwere distributed deeper and farther from shore than
usual in 2017, when the survey occurred slightly later than typicallhis is largely driven by the occurrence of
two large sets in deep water in the northeastern portion of the survey area (see Treble 201 8hdicating an
isolated area of high abundance in deep water, rather than a widespread difference in distribution acro$et
surveyed arealn addition, length proportions by depth (Figure 11) were generally consistent with previous
years.However, further investigations into the comparability of 2017 and impact of late survey timing in that
year may be warranted

Conclusion

Differences in distribution of Greenland halibut in 2019were evident in both Div. OASouthand Div. 1CD.
Although distribution in Div. 1CD was atypical, it does natuggest a different proportion of the stock was
available in 2019 relative to other years. However, in Div. O&outh, the largest proportion of theabundance
wasin the shallowestareasand located nearshore suggestingthat the portion of the stock thatwas surveyed
in 2019 is likely inconsistent with previous years. Given this uncertainty introduced by the change in survey
timing, the 2019 survey pointfor Div. 0A-Southshould not be considered comparable to the earlier seriedue
to a seasonality effectThere is no evidence of aimilar seasonality effect in Div. 1CD.

It is notable that differences in gear performance at depth, resulting from the vessel change in 20&@e
Nogueira and Treble 2020) confound the analysis of survey timing presented le. However the relative
impact of timing and catchability differences cannot be separated, and the relative impact of each factor has
not been quantified.

While a number of factors will impact stock distribution in any given year€.g.oceanographic coulitions,

recruitment dynamics, etc.) distributional differences noted here highlighta need for consistency in survey
timing to avoid introducing additional uncertainty into the interpretation of survey indices.
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Figure 1.  Survey timing (day of year) for theDiv. 1CD (top) and DivOA-South (bottom) survey. The 2019
survey was the earliest in the time seriesThe duration of the Div. 0Asouth survey has varied as
additional areas have been added to the main G8outh area in some years (e.g. shelf areas in 2008,
northern Div. OA in 2004, 2010 and 2012, and Div. 0B in 2014, 2015 and 2016Also the 2008
duration is affected by the restratification done in 2008, which resulted in 4 sets from the earlier
O0A-North survey being subsequently assigned to 0South.
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Figure 2. Bottom temperature by set depth from trawl mounted CTDn Div. 1CD (top), and OA (bottom)
Generally,2019 values fall well within the typical range observed during the survey
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Figure 3. Annual GAM smoothers of abundance (number per tomby set depth in Div. 1CD. Smoothers for
all years were significant.
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Figure 4.

Annual GAM tensor productof abundance (number per tow)by set depth (m) and distance from

shore (km) in Div. 1CD, where yellow indicates a moreggsitive effect, purple more negative

Northwest Atlantic Fisheries Organization



1997 2008
1998 2009
. 1999 2010
601 to 800m{ —

o 800m 2000 2011
2001 2012
" 2002 2013
2 801 to 1000m- : 2003~ 2014
& 2004 2015
=) 2005 2016
o 2006 2017
1001 to 1200m - 2007 [ ] 2019

1201 to 1500m J\\—‘

Length (cm)

Figure 5. Length frequencies (proportional abundance by length) for DiviCD in 2019 were consistent
with previous years.Note: frequencies were constructed from raw measurements and are not
scaled to strata/area/etc.

Northwest Atlantic Fisheries Organization



10

@ — == ow
@ 1 = o [
@ [=1 [=IRE o 1
— o o4 o~
3] © i3] k]
&£ fud &£ £
oA i 104 i
@ @ @ @ 07
© @ @© @
> > > >
© 1 & -1 i
o (3] o o0 _q |
o, oL = oL
— = F= =
= = a2 =
© - @ @© @
o h=] o T 24
s . C L = C
@ . @ Y (o " ] '
i} B © | @ -3 Y © .
£ 3 i E -4 | E . E .
= ow & R
600 900 1200 1500 600 00 1200 1500 600 900 1200 1500 600 a0o 1200 1500
meandepth meandepth meandepth meandepth
o o™~ =T w
= = 17 = =
] o~ o~ o~ 1
k3] © k3] 5]
£ & £ T
Ll oA Ll !
o w Lo [ 0
@« @« €© @«
> = = =
= i1 & i
w = o (=] 14
o o« 0 o
ES k= ES k=
o o o4 o j=5
@ @ e ) @
= =] = = -2
| = c | = c
@ ] @ \ ©
@ @ ) o | @
£ E-3 | E2 V| E ~
] N w ] w37 N
600 900 1200 1500 600 900 1200 1500 600 900 1200 1500 600 a00 1200 1500
meandepth meandepth meandepth meandepth
w 11 —~ @
= o 051 =
o o o
5] o o 19
£ Rl =
"0 il T
© @ 0.09 «©
@ @ © (o
o > >
© ) &
@ 14 [ M~
o N_-D.:* -1
= = e
= = =
@© @®» @©
b= =] ; = 5
£ 24 S04 &
7] . 7] ' o
= | E ! S .
@ @ : w -3
600 900 1200 1500 600 900 1200 1500 600 900 1200 1500
meandepth meandepth meandepth

Figure 6.  Annual GAM smoothers of abundancengmber per tow) by set depthin Div. 0A Smoothers for
all years were significant, with the exception of 2017 where there was not a significant effeaf
depth (p=0.09; See Appendix 3
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Figure 7.  Proportion of survey biomass, by depthn Div. 0A Biomasss skewed shallower in 2019, with
amounts in shallowest bins the highest observed in the series. 2019 is outlined in black.

Figure 8. Proportion of survey abundance, by depttin Div. 0A Values for 2019 fall generally wiin the
range of those observed in previous years, though shallower bins tend towards the high end, and
deeper bins, the low.
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