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Supplementary Note 1
Regional setting
Surface circulation in the LSLE and the GSL is predominantly west-to-east (Supplementary Fig.1). In the LSLE, the main current is the Gaspé Current, a jet formed by the outflow of the St. Lawrence and Saguenay Rivers, which flows along the southern shore. In the GSL, east of PDM, the Anticosti Gyre dominates the circulation1. West of PDM, two additional eddies form seasonally: one between PDM and Rimouski, and another between PDM and Baie-Comeau, largely in response to variable discharges from the St. Lawrence, the Saguenay, and the Manicouagan rivers, particularly in early summer2 (Supplementary Fig.1). At the convergence zone of the Anticosti and LSLE gyres, a transverse current forms between PDM and the southern shore3,4.
[image: ]
Supplementary Fig. 1: Mean surface currents in the LSLE and the GSL from 1 July to 30 September 2021 (adapted with permission from Galbraith et al.5).


In summer, the LSLE is typically stratified into three main water masses (Fig. 9): a surface layer (0 – 50 m, salinity ≈ 25 psu, temperature: 2–10 °C), a cold intermediate layer (50–150 m, salinity ≈ 32 psu, temperature: -1 to 2 °C), and a bottom layer (150 – bottom, salinity ≈ 33–35 psu, temperature: 2–6 °C)6–8. In winter, the sea-ice period, which spans, on average, 2–3 months from mid-January to mid-April9, alters water column structure, typically reducing it to a two-layer system with an upper and a bottom layer10. However, sea-ice extent and duration have varied considerably in the last decade5,9,11.
The dominant physiographic characteristic of the LSLE is its U-shaped Laurentian Channel12, a glacially incised valley formed during the Quaternary (e.g., 13,14). This channel connects to the coast via lateral flanks and submarine channels15–17.
At PDM, hydrodynamics and seafloor morphology promote upwelling18. In addition, internal waves are consistently observed during nearly every tidal cycle, impacting the seafloor at ~180 m depth, as shown by a year-long dataset19. These interactions can resuspend fine sediments20,21. The PDM region also features salinity fronts and water inflows. A cold salinity front, driven by differences in salinity between waters of the GSL and the LSLE, spreads southward from PDM (e.g., 3). Furthermore, inflow from the GSL can penetrate through PDM following extratropical storm events, which may trigger the seasonal shift from the winter-spring to summer-autumn circulation regime22.

Supplementary Table 1: Information on surface sediment samples collected with a Van Veen grab (VV) or a box corer (BC). Each sample was assigned a number to facilitate the comparison of samples with similar original names. Locations are shown in Fig. 2.

	Expedition
	Name
	Sample
number
(this paper)
	Water depth (m)
	Sampling date
	Coordinates

	COR2001
	COR2001-03VV
	3
	177
	9 July, 2020
	49°18'15.84"N
67°23'25.08"W

	COR2001
	COR2001-04VV
	11
	254
	9 July, 2020
	49°17'38.40"N 67°22'36.84"W

	COR2001
	COR2001-05VV
	15
	291
	9 July, 2020
	49°17'7.80"N 67°22'6.24"W

	COR2001
	COR2001-06VV
	16
	291
	9 July, 2020
	49°17'6.72"N 67°22'9.48"W

	COR2001
	COR2001-07VV
	19
	278
	9 July, 2020
	49°17'7.08"N 67°22'47.28"W

	COR2001
	COR2001-08VV
	4
	142
	11 July, 2020
	49°18'36.36"N 67°25'33.96"W

	COR2001
	COR2001-08BC
	14
	290
	9 July, 2020
	49°17'8.52"N
67°22'10.20"W

	COR2001
	COR2001-09BC
	12
	266
	10 July, 2020
	49°17'25.44"N
67°22'54.48"W

	COR2001
	COR2001-10BC
	18
	277
	10 July, 2020
	49°17'4.92"N
67°22'46.56"W

	COR2001
	COR2001-11BC
	22
	291
	10 July, 2020
	49°17'2.76"N 67°23'17.88"W

	COR2001
	COR2001-12BC
	9
	263
	10 July, 2020
	49°17'34.08"N 67°23'33.72"W

	COR2001
	COR2001-13BC
	2
	152
	10 July, 2020
	49°18'24.84"N
67°23'47.40"W

	COR2001
	COR2001-14BC
	6
	175
	11 July, 2020
	49°18'13.68"N 67°24'50.40"W

	COR2001
	COR2001-15BC
	8
	215
	11 July, 2020
	49°17'47.76"N 67°24'45.00"W

	COR2001
	COR2001-16BC
	25
	295
	11 July, 2020
	49°16'40.80"N 67°24'35.64"W

	COR2001
	COR2001-17BC
	7
	218
	11 July, 2020
	49°17'42.36"N 67°25'35.76"W

	COR2001
	COR2001-18BC
	5
	170
	11 July, 2020
	49°18'15.48"N 67°25'24.24"W

	COR2001
	COR2001-19BC
	24
	200
	11 July, 2020
	49°17'3.12"N 67°25'20.64"W

	COR2212
	COR2212-01BC
	1
	159
	9 October, 2022
	49°18'36.47"N
67°23'43.30"W

	COR2212
	COR2212-03BC
	10
	251
	9 October, 2022
	49°17'46.41"N 67°22'56.56"W

	COR2212
	COR2212-04BC
	13
	266
	10 October, 2022
	49°17'25.12"N
67°22'47.56"W

	COR2212
	COR2212-05BC
	20
	280
	10 October, 2022
	49°17'5.24"N
67°22'52.48"W

	COR2212
	COR2212-06BC
	17
	282
	10 October, 2022
	49°17'1.40"N 67°22'8.08"W

	COR2212
	COR2212-07BC
	21
	284
	10 October, 2022
	49°17'0.36"N 67°22'49.12"W

	COR2212
	COR2212-08BC
	26
	301
	10 October, 2022
	49°16'37.12"N
67°22'50.13"W

	COR2212
	COR2212-09BC
	23
	287
	10 October, 2022
	49°16'59.20"N 67°23'41.13"W
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Supplementary Fig. 2: Illustration of (A) the 02M ADCP-CTD mooring and (B) the 05M sediment traps-CTD mooring structure. 

Supplementary Table 2: Information on oceanographic moorings (see also Supplementary Fig. 1). Locations are shown in Fig. 2 (modified from Jacques et al.23).

	Instrument
	Collection interval
	Coordinates
	Mooring depth
	Instrument depth

	ADCP
	14 Oct 2020 – 11 Oct 2021
	49°18'23.54"N
67°23'32.67"W
	183 m
	155 m

	ADCP
	13 Oct 2021 – 09 Oct 2022
	49°18’23.34"N
67°23’25.98"W
	195 m
	167 m

	Trap A
Trap B
	1 Nov 2020 – 30 Sept 2021
	49°17'2.63"N
67°22'53.72"W
	282 m
	154 m
224 m

	Trap A
Trap B
	1 Nov 2021 – 30 Sept 2022
	49°17'2.28"N
67°22'50.70"W
	288 m
	160 m
230 m

	AWAC
	04 Oct 2020 – 11 Oct 2021
	49°18' 49.74" N 67°21' 0.96" W
	45 m
	-

	AWAC
	11 Oct 2020 – 09 Oct 2021
	49°18'50.34"N
67°21'11.40"W
	38 m
	-




Supplementary Table 3: Analytical precision of particulate organic carbon, particulate nitrogen, and carbon isotope ratio of sinking particles based on the blind standard C-55, a L-glutamic acid, on 5 batches of trap samples from the second cycle (November 2021–October 2022).
	Batch number
	Analysis
	Result
	n, standard deviation
	Coefficient of variation
	Expected value

	Batch n°1
	%C
	40.90
	n = 5, std dev = 0.62
	1.52
	40.82

	
	%N
	9.52
	n = 6, std dev = 0.07
	0.74
	9.52

	
	δ13Cvpdb
	-28.6
	n = 6, std dev = 0.1
	0.35
	-28.5

	Batch n°2
	%C
	40.82
	n = 6, std dev = 0.15
	0.37
	40.82

	
	%N
	9.50
	n = 6, std dev = 0.03
	0.32
	9.52

	
	δ13Cvpdb
	-28.6
	n = 6, std dev = 0.1
	0.35
	-28.5

	Batch n°3
	%C
	40.53
	n = 6, std dev = 0.65
	1.60
	40.82

	
	%N
	9.48
	n = 6, std dev = 0.08
	0.84
	9.52

	
	δ13Cvpdb
	-28.6
	n = 6, std dev = 0.1
	0.35
	-28.5

	Batch n°4
	%C
	40.82
	n = 6, std dev = 0.25
	0.61
	40.82

	
	%N
	9.48
	n = 6, std dev = 0.04
	0.42
	9.52

	
	δ13Cvpdb
	-28.5
	n = 6, std dev = 0.1
	0.35
	-28.5

	Batch n°5
	%C
	40.94
	n = 7, std dev = 0.39
	0.95
	40.82

	
	%N
	9.55
	n = 7, std dev = 0.15
	1.57
	9.52

	
	δ13Cvpdb
	-28.5
	n = 7, std dev = 0.1
	0.35
	-28.5


Supplementary Method 1: DNA extraction and amplification protocol

[bookmark: _heading=h.8xbdlwgfsn0d]DNA extraction. For DNA extraction of surface and core sediment samples, 240–250 mg of wet sediment was weighed directly into a crystal bead tube containing rough and heterogeneous corundum grains (type C tube, Macherey-Nagel). DNA was then extracted using the DNeasy PowerLyser PowerSoil kit (Qiagen). Bead beating for surface and core sediments samples consisted of shaking for 10 minutes at 30 Hz on a Retch Mixer Mill MM 400 (Retch GmbH, Haan, Germany). For sediment trap samples, 25 or 50 mL of material was subsampled with a serological pipette after gentle manual homogenization (100 s). The subsamples were transferred into conical tubes and centrifuged at 3000 rpm (= 1550 g) for 16 min. The supernatant was then discarded, and 250 ± 5 mg of homogenized sediment was transferred into a type C bead tube (Macherey-Nagel) for extraction using DNeasy PowerLyser PowerSoil kit (Qiagen). Bead beating for sediment trap samples consisted of 10 minutes of shaking in an adapter on a vortex mixer. For one sample (sample 17, see Supplementary Table 1), 264 mg was processed (+5.6% relative to the others), which may slightly overestimate DNA yield.
The qPCR mix consisted of 5 μL of PowerTrack Sybr Green Master Mix (Applied Biosystems), 0.5 μL of each primer (AlexGp1Fw: GAT-AAG-TCT-CCT-GTG-GGG-GG; AlexGp1Rv: AAG-CAC-AGG-AAC-ACA-CAC-ATA; amplicon length = 90 bp) at a concentration of 8 µM, 3 μL PCR-grade water, and 1 μL DNA extract. Primers targeting the 28S rRNA gene D1–D2 domain were selected following Vandersea et al.24.
DNA amplification. Amplification was carried out on a QuantStudio 5 thermocycler (Applied Biosystems) using the following program: initial activation at 95 °C for 2 min (1.6 °C s⁻¹), followed by 40 cycles of 95 °C for 15 s (1.6 °C s⁻¹) and 60 °C for 1 min (1.6 °C s⁻¹). A final dissociation curve was generated to verify specificity and obtain melt curves: 95 °C for 15 s (1.6 °C s⁻¹), 60 °C for 1 min (1.6 °C s⁻¹), and 95 °C for 15 s (0.15 °C s⁻¹). 
DNA extracts in dilution series of two reference cultures were used to calibrate the analyses using the same protocol as used on samples. These reference cultures were used to generate standard curves that served as PCR positive controls, and to confirm qPCR assay linearity (R2) within the range of our samples and qPCR efficiency (E). For each four qPCR assays on surface sediments and sediment core samples (R2 = 0.998, 0.995, 0.979, 0.994; E = 100.2, 92.7, 86.5, 112.1; respectively), the reference culture was an A. catenella strain originating from Casco Bay (Maine, USA), provided by Dr. Donald M. Anderson and prepared by Nate Spada (Woods Hole Oceanographic Institution, Woods Hole, MA, USA). For each 3 qPCR assays on sediment trap samples (R2 = 0.985, 0.999, 0.995; E = 93.5, 67.2, 61.6; respectively), the reference culture was an A. catenella strain isolated from the LSLE. The latter two low efficiency curves were potentially due to a loss of template DNA, since in the second and third runs the more diluted standards showed more delayed Ct values than the more concentrated standards (as compared with the first run). This potential loss of template DNA in standards could have plausibly occurred via adsorption to the tubes or by hydrolysis since the standards were prepared with molecular grade water (rather than a buffered solution), and without low retention plastics or carrier nucleic acids (e.g. yeast tRNA) Ellison et al. 2006. Consequently, these low values are unlikely to be representative of the assay’s actual qPCR efficiency, which is reported to be near to 100% (Vandersea et al. 2017), and which we also estimated on average to be 97% (excluding the two outliers). Moreover, since we did not employ these curves for direct quantification, no biases were introduced.
Although qPCR efficiency can be affected by inhibitors25,26 and formalin preservation (e.g., 27–30), several measures were implemented to minimize these effects, since the sediment trap samples were preserved in alkaline formaldehyde (see Data and Methods). Samples were stored at 4 °C, and short amplicons (90 bp) were targeted to enhance amplification success from formalin-fixed material31,32. Additionally, the relatively short preservation period and the large genome size of A. catenella likely facilitate DNA recovery25,33, supporting the use of qPCR results as a reliable proxy for relative abundance of cysts of A. catenella. Finally, the presence of cysts of cf. A. catenella was visually confirmed in some surface sediment samples using a volumetric method with a Sedgewick-Rafter chamber34 and observation under an inverted microscope (Nikon Eclipse TE-2000-U).

Supplementary Note 2: List of known Harmful Algal Blooms and resulting Paralytic Shellfish Poisoning.

Supplementary Table 4: Documented Harmful Algal Bloom (HAB) events, paralytic shellfish poisoning (PSP), Paralytic Shellfish Toxin (PST) exceeding harmful limits, and fisheries closures associated with Alexandrium spp. in the Lower St. Lawrence Estuary (LSLE), the Gulf of St. Lawrence (GSL), and Newfoundland from ca. 1600 to 2009. Sources are Stafford35, Tennant et al.36, Medcof et al.37, Caddy and Chandler38, Prakash et al.39, Medcof40, Therriault et al.41, White and White42, Schwinghamer et al.43, Blasco et al.44, Weise et al.45, Fauchot et al.46, Gracia et al.47, Starr et al.48, and GBIF49. Red blocks correspond to HAB events near the Pointe-des-Monts (PDM) area and may correspond to the A. catenella DNA peaks detected by qPCR (Fig. 9). The gray block represents the only event recorded near the winter season (10 December 1991). Ministère de l’Industrie et du Commerce du Québec (MIC).

Data are fragmentary because surveys were conducted at specific stations and dates, limiting the ability to monitor all local blooms or their full extent. For example, PSP events may have gone unrecorded, particularly if they did not result in hospitalization or documented shellfish toxicity. For example, PST exceeded harmful limits in most years between 1961 and 1984 in the Manicouagan and Aux-Outardes region, particularly in 196841. Many events before 1989 may be missing. Data are more complete between 1989 and 2009, thanks to the Harmful Algal Monitoring Program (HAMP, DFO). No data after 2010 are available on GBIF49. Note that shellfish harvesting in the PDM area has been prohibited since 10 June 2010 due to toxicity risk50 (decree numbers 2010Q-T-168 and 2010Q-T-169).

	Year
	Season or month
	Confirmed location
	Human sickness and mortality
	Event type
	Reference

	At least since 1600
	Summer
	LSLE and GSL
	No record
	PSP
	Indigenous knowledge reported by Tennant et al.36 and Prakash et al.39

	1880
	July
	Douglastown
	1 and 1
	PSP
	35,37

	1884
	July
	Douglastown
	1 and 1
	PSP
	35,37

	1902
	July
	Baie-des-Capucins
	7 and 1
	PSP
	37

	1906-1910
	Summer
	Les Escoumins
	5 and 4
	PSP
	37

	1914
	July
	Baie-Comeau and Barachois
	2 and 0
	PSP
	37

	1924-1925
	August
	Sainte-Flavie
	2 and 0
	PSP
	37

	1928
	August
	Sainte-Flavie
	1 and 0
	PSP
	37

	1929-1930
	-
	Baie des Anglais
	2 and 2
	PSP
	37

	1935
	July
	Havre-Saint-Nicolas
	1 and 0
	PSP
	37

	1936-1937
	-
	Godbout
	12 and 0
	PSP
	37

	1945
	July
	Sainte-Luce
	2 and 0
	PSP
	37

	1945
	July
	Bic
	1 and 1
	PSP
	37

	1948
	August
	Baie-des-Capucins and Les Boules
	5 and 3
	PSP
	37,40

	1951
	April
	Grand-Métis
	3 and 0
	PSP
	37

	1954
	July
	Métis-sur-Mer
	9 and 2
	PSP
	36,37

	1960
	Spring
	Latour
	1 and 0
	PSP
	37

	1962
	August
	Anse Saint-Pancrace
	1 and 0
	PSP
	37

	1962
	September
	Franquelin, Mistassini, and Havre St-Nicolas
	16 and 1
	PSP
	37

	1963
	April
	Latour
	1 and 0
	PSP
	37

	1966
	Summer
	Godbout
	12 and 0
	PSP
	Medcof et al.37 cited in Caddy and Chandler38

	1966
	September
	Cap-Chat, Les Méchins, Sainte-Anne-des- Monts, and Sainte-Marthe
	7 and 0
	PSP
	Ministère de l’Industrie et du Commerce du Québec (MIC, unpublished reports) cited in Prakash et al.39

	1966
	November
	Les Méchins
	6 and 0
	PSP
	MIC (unpublished reports) cited in Prakash et al.39

	1967
	March
	Les Méchins
	1 and 0
	PSP
	MIC (unpublished reports) cited in Prakash et al.39

	1969
	August
	Godbout, Métis-sur-Mer, and Ste-Anne-des-Monts
	13 and 3
	PSP
	MIC (unpublished reports) cited in Prakash et al.39

	1969
	September
	Petite-Vallée
	1 and 1
	PSP
	MIC (unpublished reports) cited in Prakash et al.39

	1970
	March
	Cap-Chat
	4 and 1
	PSP
	A. Litalien, personal communication to Prakash et al.39

	1982
	Late September
	Harbour Grace (Newfoundland)
	4 and 0
	PSP, PST were also detected at harmful levels near Hermitage Bay from late September to December
	42

	1983
	October – November
	Hermitage Bay (Newfoundland)
	Not reported
	PST
	42

	1980
	August 
	Mostly around Manicouagan and Aux-Outardes rivers plumes, various locations along the North and South Coast of LSLE
	Not reported
	PST, Bloom
	41

	1987
	June – September
	South coast of LSLE and GSL
	-
	Fisheries closure
	49

	1988
	Late June – early July
	South coast of LSLE and GSL (Gaspé Current, Gaspé, and Baie des Chaleurs)
	-
	PSP
	49

	1989
	Late June – early July
	LSLE and GSL
	-
	-
	44,49

	1990
	Late June – early July
	LSLE and southwest coast of GSL
	-
	Exceeded toxicity limit
	44,49

	1991
	Late July - early August
	North coast of LSLE and south coast of GSL
	Not reported
	Exceeded toxicity limit
	44,49

	1991
	10 December
	Various locations in Notre-Dame Bay (Newfoundland)
	-
	Exceeded toxicity limit, cysts
	43,49

	1992
	Early June – mid September
	LSLE and north coast of GSL
	Not reported
	Exceeded toxicity limit
	44,45,49

	1993
	June – late July, September
	LSLE and GSL
	-
	exceeded toxicity limit
	44

	1994
	June – late September
	LSLE and GSL
	-
	-
	44,45

	1995
	Early June – late August
	LSLE and GSL
	-
	PSP exceeded toxicity limit
	45,49

	1995
	Late October
	Various locations in Newfoundland, specifically Hermitage Bay
	Not reported
	No toxins in Shellfish
	49

	1996
	Late July
	North of the Anticosti Gyre and Sept-Îles
	-
	Exceeded toxicity limit
	45,49

	1996
	Mid-August
	South shore of LSLE and Sainte-Flavie
	-
	Exceeded toxicity limit
	49

	1997
	Early July
	Gaspé and Penouille
	-
	-
	49

	1997
	Mid – late July
	North of the Anticosti Gyre and Sept-Îles
	-
	-
	45,49

	1998
	Early July – mid August
	South coast of LSLE, north of the Anticosti Gyre, and Sept-Îles
	2 and Not reported
	PSP
	45,46,49

	2000
	Mid-July - October
	LSLE, GSL, and various locations in Notre-Dame Bay (Newfoundland)
	-
	Fisheries closure in Newfoundland
	49

	2001
	Early June – early August
	LSLE, south coast of GSL, and Îles-de-la- Madeleine
	-
	Fisheries closure 16/06/01 – 11/08/01
	49

	2002
	June – late October
	LSLE, south coast of GSL, and Îles-de-la- Madeleine
	-
	Exceeded toxicity limit
	49

	2003
	Early July – mid August
	LSLE and south coast of GSL
	-
	3-week bloom periods at various locations
	49

	2004
	Early July – late July
	LSLE and GSL
	-
	Exceeded toxicity limit
	49

	2005
	Early June – late September
	LSLE and GSL
	-
	Exceeded toxicity limit
	49

	2008
	June, August
	LSLE and GSL
	-
	Marine fauna mass mortality
	47–49

	2009
	Mid June – mid August
	LSLE and GSL
	-
	Fisheries closure
	49



[image: ]
Supplementary Fig. 3: Maps showing the locations of confirmed cases of paralytic shellfish poisoning (PSP) in (a) the entire study area and (b) the Lower Estuary and western Gulf of St. Lawrence. For details on areas where PSP was confirmed before 1971, see Prakash et al.39. For cases confirmed after 1971, refer to 41,42,44–49. HAMP: Stations of the Harmful Algal Monitoring Program (DFO). PDM: Pointe-des-Monts. The basic map is from the Ocean Data View software51.
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