ICCPB 2019

An ecophysiological approach to understand
potential impacts of hypoxia on fisheries in
the estuary and Gulf of St. Lawrence

Audet, Céline Ait-Youcef, Wahiba
Lambert, Yvan Pillet, Marion

Chabot, Denis Ghinter, Léopold
Tremblay, Réjean Dupont-Prinet, Aurélie

Vagner Marie




Background

Deep waters of the
estuary and Gulf of St.
Lawrence (EGSL) are
warm and hypoxic
year-round, and have
been getting warmer
and more hypoxic since

2012.




Background

Deep waters of the

Near-bottom oxygen saturation percentage (summer 2004-2005)
525 v ri

estuary and Gulf of St. 51 e
Lawrence (EGSL) are so} £
warm (4.5 °C) and - §
hypoxic year-round, = 5
and have been getting = a8 ) 3
warmer and more S
hypoxic since 2012. 9 S
46
4 NSV " L % "G N\ M,
70 68 -66 64 62 -60 58 56 _ 100m
LONGITUDE  ooom

From 1930 to 1980 : 4 50% O, saturation in the estuary
Gilbert, D., Sundby, B., Gobeil, C., Mucci, A., Tremblay, G.H. (2005). Limnol. Oceanogr. 50: 1654-1666




Background

We examined the
effects of hypoxia on
two species supporting
important fisheries in

the ECSL



Background

Greenland halibut

—

We examined the
effects of hypoxia on
two species supporting
important fisheries in

the ECSL

Water depth 200 — 300 meters



Background

Greenland halibut

—

Northern shrimp

We examined the
effects of hypoxia on
two species supporting
important fisheries in

the ECSL

Water depth 200 — 300 meters 150 — 300 meters



Distribution in the EGSL

We used DFO data Summer multidisciplinary bottom-trawl surveys
tQ ev.alua.te the conducted annually from 1990 to 2010 by Fisheries
distribution in and Oceans, Canada (DFO) and yearly sentinel

periods of low and

high abundances. fishery surveys conducted in collaboration with the

industry from 1995 to 2010.
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We used DFO data
to evaluate the
distribution in
periods of low and
high abundances.

High juvenile
Greenland halibut
densities were
found even in
severely hypoxic
habitats

Distribution in periods of
high abundance

Ait Youcef W., Lambert Y. Audet C. 2013.

Fisheries Oceanography 22: 41-60.



Distribution in the EGSL -

» Based on variations in local fish density and restricted areas of occupancy, the St.
Lawrence estuary can be considered as the primary nursery area for the EGSL
Greenland halibut stock.

Ait Youcef W., Lambert Y. Audet C. 2013. Fisheries Oceanography 22: 41-60.



Distribution in the EGSL -

» Based on variations in local fish density and restricted areas of occupancy, the St.
Lawrence estuary can be considered as the primary nursery area for the EGSL
Greenland halibut stock.

» The juveniles that settle in the St. Lawrence estuary appear to be sedentary for at least
their first 2 years of life.

Ait Youcef W., Lambert Y. Audet C. 2013. Fisheries Oceanography 22: 41-60.



Distribution in the EGSL -

» Based on variations in local fish density and restricted areas of occupancy, the St.
Lawrence estuary can be considered as the primary nursery area for the EGSL
Greenland halibut stock.

» The juveniles that settle in the St. Lawrence estuary appear to be sedentary for at least
their first 2 years of life.

» During periods of both low and high abundance, juveniles preferentially selected
habitats characterized by the lowest dissolved oxygen levels.

Ait Youcef W., Lambert Y. Audet C. 2013. Fisheries Oceanography 22: 41-60.



Distribution in the EGSL =

» Based on variations in local fish density and restricted areas of occupancy, the St.
Lawrence estuary can be considered as the primary nursery area for the EGSL
Greenland halibut stock.

» The juveniles that settle in the St. Lawrence estuary appear to be sedentary for at least
their first 2 years of life.

» During periods of both low and high abundance, juveniles preferentially selected
habitats characterized by the lowest dissolved oxygen levels.

» DO levels in these areas (~ 20% saturation) are not severe enough to result in an active
displacement of juvenile fish out of the St. Lawrence estuary.

Ait Youcef W., Lambert Y. Audet C. 2013. Fisheries Oceanography 22: 41-60.



Distribution in the EGSL -

» Based on variations in local fish densitK and restricted areas of occupancy, the St.
Lawrence estuary can be considered as the primary nursery area for the EGSL
Greenland halibut stock.

» The juveniles that settle in the St. Lawrence estuary appear to be sedentary for at least
their first 2 years of life.

» During periods of both low and hiéh abundance, juveniles preferentially selected
habitats characterized by the lowest dissolved oxygen levels.
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Acclimatation to laboratory conditions
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Natural photoperiod conditions

Northern shrimp
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Sampling of muscle and hepatopancreas

storage at -80°C
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Severe hypoxia -

Table 1. Fork length (FL), mass, standard metabolic rate (SMR), and
critical oxygen level (O, ;) in adult (N = 14) and juvenile (N = 12)
Greenland halibut (mean + SE).

Adults Juveniles P
FL (cm) 51+1.1 23+0.5 <0.001
Mass (g) 1465+114 91+6 <0.001
SMR (mg O,-h-1-kg-1) 18.02+0.84 36.20+1.53 <0.001

Oyerir (% sat.) 11.1010.72 14.89+0.92 0.003

Note: P is the probability of a difference between adults and juveniles.

Juveniles were less hypoxia-tolerant
than adults

Dupont-Prinet, A., Vagner, M., Chabot, D., Audet, C. 2013. Can. J. Fish. Aquat. Sci. 70: 461-469.
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Hypoxia increased the
duration of the digestive
process
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Dupont-Prinet, A., Vagner, M., Chabot, D., Audet, C. 2013. Can. ]J. Fish. Aquat. Sci. 70: 461-469.



Aerobic scope -

Dissolved oxygen
: . 100% 28% 23% 19%
Hypoxia reduced aerobic
scope Fork length (cm) 21+0.2 21+0.6 21+0.7 21+0.6
’ Mass (g} 80+3 80+8 73+8 8247
SMR 38.79+1.33 29.60+2.17 31.83+4.12  32.00+1.94
(mg O, h*kg)
MMR 125.85+7.85b 68.41+5.23a 66.87+5.50a 56.38+2.81a
(mg O,-h"-kg™)
AS 87.0617.66¢ | 38.81+3.82b 35.04+2.93ab 24.38+2.72a
(mg O,-h"-kg™)

Dupont-Prinet, A., Vagner, M., Chabot, D., Audet, C. 2013. Can. J. Fish. Aquat. Sci. 70: 461-469.
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Hypoxia tolerance -

» Juvenile Greenland halibut proved to be less tolerant to hypoxia than adults
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Hypoxia tolerance -

» Juvenile Greenland halibut proved to be less tolerant to hypoxia than adults

» Field values of DO can be as little as 3% sat. above the O, of juvenile fish

» Our estimates of AS for juvenile Greenland halibut are comparable to those of other
flatfishes

Dupont-Prinet, A., Vagner, M., Chabot, D., Audet, C. 2013. Can. J. Fish. Aquat. Sci. 70: 461-469.



Severe hypoxia -

Table 1. Fork length (FL), mass, standard metabolic rate (SMR), and Severe hypoxia (O, determination)
critical oxygen level (0,.;) in adult (N = 14) and juvenile (N = 12) resulted in enhancement of antioxidant
Greenland halibut (mean * SE). capacity in adults.

Adults Juveniles P
FL (cm) 5141.1 23+0.5 <0.001 Muscle Foie
Mass (g) 14654114 9146 <0.001
SMR (mg O,-h-t-kg-1) 18.02+0.84 36.2041.53 <0.001 \J 33 % PEPCK A 86 % SOD
Oyerie (% sat.) | 11.1010.72 14.89+0.92 | 0.003

Note: P is the probability of a difference between adults and juveniles.

Y ( I
\(\vgt’, JL

Juveniles were less hypoxia-tolerant
than adults

wuw"»!)

Dupont-Prinet, A., Vagner, M., Chabot, D., Audet, C. 2013. Pillet, M. 2013. Ph. D. Thesis

Can. J. Fish. Aquat. Sci. 70: 461-469.
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Antioxydant capacity -

Juveniles showed a 37% reduced CAT activity in muscle tissue in acute
hypoxia (not shown), and stable antioxydant capacity in chronic hypoxia.

DO N\ /~ N\ N\
100% 40% 30% 20%
N 10 10 10 10
Mass 936 + 1.7° T + 209" 1+ 14.5% + 13.4%"
Length 227+ 02 254 + 1.1 239+ 09 249 + 06
Muscle cS 227 + 018 1.49 + 0.24 1.88 + 0.20 (9) 151+ 021 (9)
COX b.d. b.d. b.d. b.d.
PK 43.07 &+ 3.97° 25.47 + 1.88* 21.11 + 1532 22,66 + 3522
LDH 88.76 + 7.77° 39.81 + 5.88° 36.87 + 2.95° 36.91 + 6.43°
Liver 078 4004 071 4 004 175 4 003 A7 4 007
GPx 152 + 1.14 127 + 0.14 (9) 1.03 £ 0.15 1.20 + 0.16 ‘
SOD 1409 + 219 (9) 1162 + 258 1557 + 384 900.0 + 182
CAT b b b hd

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay R., Audet C. 2016. Experimental Marine Biology and Ecology 483: 88-96.



Antioxydant capacity =

» As expected, CS activity (Krebs cycle) decreased under chronic hypoxia

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay R., Audet C. 2016. Experimental Marine Biology and Ecology 483: 88-96.
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» A down-regulation of the glycolytic pathway. The hypoxia response was similar from
40 to 20% sat., indicating a threshold response situated above 40% sat.
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» Injuvenile Greenland halibut, no change in either GPx or SOD activity or in the
relative expression of their respective genes was observed following chronic hypoxia
exposure
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Antioxydant capacity e

» As expected, CS activity (Krebs cycle) decreased under chronic hypoxia

» A down-regulation of the glycolytic pathway. The hypoxia response was similar from
40 to 20% sat., indicating a threshold response situated above 40% sat.

» Injuvenile Greenland halibut, no change in either GPx or SOD activity or in the
relative expression of their respective genes was observed following chronic hypoxia
exposure

» Hypoxia induced an up-regulation of CAT gene expression, but CAT activity
remained so low that it was below the detection limit of the assay, suggesting a very
minor role of this enzyme in this species

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay R., Audet C. 2016. Experimental Marine Biology and Ecology 483: 88-96.




Hypoxia tolerance

Sex 5°C
N F 8
In northern shrimp, males were M 10
more hypoxia-tolerant than CT length F 25.05 + 0.24
females. M 1747 + 0.82
Mass F 10,19 £ 0.23
M 383 + 049
SMR F 0034 + 0.002
M 0047 £ 0.004
5MRsg F 0.046 £ 0.002
M 0.040 + 0.003
O it F 155+ 16
M 90 + 17
Qio F 2.65
Sex effect < 0.01, for each comparison M 1.71

Dupont-Prinet, A., Pillet, M., Chabot D., Hansen, T., Tremblay R., Audet, C.. 2013. Journal of Experimental Marine Biology & Ecology 448: 298-307.




Hypoxia tolerance

Male and female northern shrimp showed an increase in the antioxidant defense in
presence of chronic hypoxia
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Hypoxia tolerance

» Males were more hypoxia tolerant than females
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Hypoxia tolerance

» Males were more hypoxia tolerant than females

» Severe hypoxia induced a strong reduction in anaerobic capacity
» Low response of the aerobic pathways

» Despite the decrease in muscle SOD activity in severe hypoxia, muscle CAT activity
remained comparable to what has been found in other marine species
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Hypoxia tolerance

» Males were more hypoxia tolerant than females

» Severe hypoxia induced a strong reduction in anaerobic capacity
» Low response of the aerobic pathways

» Despite the decrease in muscle SOD activity in severe hypoxia, muscle CAT activity
remained comparable to what has been found in other marine species

» Our results show that O,_,;, of males was far below environmental DO levels while
O, in females was 15% sat. at 5°C. This would imply that the most sensitive females
may already face some habitat exclusion with an impact on shrimp recruitment.

Dupont-Prinet, A., Pillet, M., Chabot D., Hansen, T., Tremblay R., Audet, C.. 2013. Journal of Experimental Marine Biology & Ecology 448: 298-307.




Hypoxia tolerance

» Both male and female shrimp exposed to chronic hypoxia conditions had higher
hepatopancreas GPx activity compared to those in normoxia
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Hypoxia tolerance

» Both male and female shrimp exposed to chronic hypoxia conditions had higher
hepatopancreas GPx activity compared to those in normoxia

» Interestingly, the increase in GPx activity was far stronger in males (+480%) than in
females (+148%)

» SOD was also enhanced, but only in males, which suggests that females were less able
to prepare for reoxygenation than males

» Catalase activity was not detected in the hepatopancreas of either males or females,
even though this enzyme has been shown to be present in the hepatopancreas of other
shrimp species

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay R., Audet C. 2016. Experimental Marine Biology and Ecology 483: 88-96




Juvenile Growth

*The seasonal growth was
estimated from an analysis of the
length-frequency distributions of
Greenland halibut in spring and
fall surveys conducted in the St.
Lawrence estuary from 2006 to

2010.

*We identified the different
cohorts based on length-
frequency analysis.

Ait Youcef, W., Lambert, Y., Audet, C. 2015. Fisheries Research 167: 38-47.



Juvenile Growth

* Our results indicate continuous
growth in juveniles throughout
the year

° The juveniles were mostly
found at depths where the
annual bottom temperature is
stable and food access is
constant.

Ait Youcef, W., Lambert, Y., Audet, C. 2015. Fisheries Research 167: 38-47.
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Juvenile Growth

Table 3

Mean total lengths (cm) of 1- and 2-year-old juveniles and length increment between ages 1 and 2 for different populations of Greenland Halibut from published studies.

Zone, Time of year Reference Mean length (cm) Length increment between
ages 1 and 2

1 year old 2 years old

Coastal waters of western Spitsbergen Haug and Gulliksen (1982) 13.7 7.6

Southern Labrador July Bowering and Nedreaas (2001) 10.5-125 16.5-18.5 6-8

Newfoundland Autumn Bowering and Nedreaas (2001) 8.5-105 16.5-18.5

Northeast Atlantic June-August Bowering and Nedreaas (2001) 12-14 21 7-9

Northeast Arctic October-January Albert (2003) 13-15 21-23

Hinlopen (Svalbard archipelago) December-January Vollen et al. (2004) 10 17

Disko Bay July-September Siinksen et al. (2010) 13-15 20.5-25

Estuary and Gulf of St. Lawrence August Present study 15.8-18.7 24.8-29.5

8-12

The mean lengths at ages 1 and 2 and length increments estimated from field data (annual surveys of DFO
in the EGSL) were higher than those estimated in other populations of Greenland halibut

Ait Youcef, W., Lambert, Y., Audet, C. 2015. Fisheries Research 167: 38-47.



Overall conclusion

Even though both
species are highly
hypoxia tolerant,
present oxygen levels
in the Estuary are close
to the average lethal
level of juvenile
halibut and female
shrimp, and further
drops due to climate
changes, could result in
loss of habitat,
especially in the
Estuary, and especially
if accompanied by
warming.




Recent evolution of deep water
temperature in the EGSL
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How temperature affects hypoxia
tolerance in northern shrimp?

N\
= (D
o . N g 8 13
* Arise in temperature increased M 10 14
O,it bY 44% in females and 52% in CT length :{ ﬁﬂgi 32‘2‘ -?-Eg iﬁ;
males, showing that hypoxia Mass g 10.19 + 023 10.73 + 0.38
tolerance is lower at higher M 383 + 049 3.14 + 042
SMR g 0034 + 0,002 0.045 + 0.003
temperature. M 0047 + 0.004 0.060 + 0.004
SMRsg g 0046 + 0.002 0.062 + 0.004
* This could be the result of the M 0040 + 0.003 0.047 £ 0.003
: ) . : Oseri g 155 + 16 222 £ 1.9
higher metabqllc activity required ‘ M o0 L 17 138 £ 1.4
for homeostasis Quo g 265
M 171

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay R., Audet C. 2016. Experimental Marine Biology and Ecology 483: 88-96




Work in progress -

* Fish captured from the wild
(St. Lawrence estuary)

* One year rearing in
controlled conditions

 Natural photoperiod
conditions

¢ Three temperatures

* Normoxia

Ghinter, L., Lambert, Y., Audet, C. In prep



Work in progress -
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Work in progress

* Fish were captured during the

multidisciplinary research bottom- I:gend
. . Teleost (2016)
trawl survey conducted by Fisheries o —

and Oceans (Québec and NFL regions) ® Lein C017)

Isobath
—— 200 m

=== 500 m

* Fish were sacrificed on board after [~ 20 i
measurement: gonads, liver, heart,
muscle tissue preserved for histology,
biochemistry and gene expression
analysis

*  We will compare metabolism, growth,
anti-oxydant response indicators with
juveniles maintained in the lab, at the
three temperatures

Ghinter, L, Morgan, J., Lambert, Y., Audet, C. Work in progress
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