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Fig. S1. The heatmaps show observations by site, week, and year in British Columbia. a) data after the initial preprocessing described in You et al. (2022); b) data after applying three additional exclusion criteria (after removing observations before 2011 and all data from 2020 and excluding sites with gaps ≥ 4 consecutive weeks). In each panel, the horizontal axis represents sites, the upper vertical axis represents weeks, and the lower vertical axis represents years (1999 – 2022 in a; 2011 – 2019 and 2021 – 2022 in b). Red cells indicate sites with two or more samples, grey cells indicate one sample, and white cells indicate periods and locations with no data.


































[image: A screenshot of a red and white screen

AI-generated content may be incorrect.]a
b


Fig. S2. The heatmaps show observations by site, week, and year in New Brunswick as an example. a) data after the initial preprocessing described in You et al. (2022). Panel b) data after applying three additional exclusion criteria (after removing observations before 2011 and all data from 2020, restricting weeks to 20 – 34, and excluding sites with gaps  ≥ 4 consecutive weeks). In each panel, the horizontal axis represents sites, the upper vertical axis represents weeks (1 – 52 in a; 20 – 34 in b), and the lower vertical axis represents years (1999 – 2022 in a; 2011 – 2019 and 2021 – 2022 in b). Red cells represent sites with two or more samples, grey cells indicate one sample, and white cells denote periods and locations with no data.
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Fig. S3. Map of the monitoring sites across two coastal study areas in Canada. West (Pacific) coast, including the Exposed Pacific Coast (EPC, blue region) and Strait of Georgia (SoG, pink region); east (Atlantic) coast, including four regions: Northumberland Strait (E1, pink region), Bay of Fundy (BoF, E2, blue region), South Shore of Nova Scotia (E3, olive region), and Cape Breton Island (E4, purple region).
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Fig. S4. Dynamic smooth functions from the rainfall-adjusted Generalized Additive Mixed Models (GAMMs) (Eq. 4) showing seasonal variation in tide and rainfall effects on fecal coliform concentrations across the 9 areas of interest on the west coast of Canada. Within each pair of panels, the left sub-panel shows the tide smooth term, with red and green curves representing rising and falling tides, respectively; the right sub-panel shows the rainfall smooth term, with yellow and blue curves representing rising and falling tides, respectively. The x-axis represents week of the year, and the grey horizontal dashed line at indicates no additional smooth effect after accounting for other model components. Shaded bands denote 95% confidence intervals. The pairs of panels correspond to (a) Mud Bay, (b) Nanaimo, (c) Quadra Island Fjord, (d) Northern Pacific Rim, (e) Hesquiat Harbour/Hot Springs Cove, (f) Nanoose Bay, (g) Southern Pacific Rim, (h) Baynes Sound, and (i) Courtenay.
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Fig. S5. Dynamic smooth functions from the rainfall-adjusted GAMMs (Eq. 4) showing seasonal variation in tide and rainfall effects on fecal coliform concentrations across the 9 areas of interest on the east coast of Canada. Representation of the axis, colors of the curves, and shaded confidence bands are the same as in Fig. S4. The pairs of panels correspond to (a) Bras d’Or Lake, (b) Aspy Bay, (c) Inner Miramichi Estuary, (d) Outer Miramichi Bay, (e) Nepisiguit Bay, (f) Grand Manan, (g) Passamaquoddy Bay, (h) Antigonish Bay, and (i) Annapolis Basin.
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Fig. S6. Seasonal and weekly variation in observed fecal coliform (FC) concentrations across the 9 areas of interest on the west coast of Canada. The top panels show the distribution of observed values (MPN/100 mL) by season using violin plots with embedded boxplots. The bottom panels show weekly median values across the annual cycle for the same areas of interest. Panels correspond to (a,j) Mud Bay, (b,k) Nanaimo, (c,l) Quadra Island Fjord, (d,m) Northern Pacific Rim, (e,n) Hesquiat Harbour/Hot Springs Cove, (f,o) Nanoose Bay, (g,p) Southern Pacific Rim, (h,q) Baynes Sound, and (i,r) Courtenay.
r
j
o
n
m
k






f
i
k
j
h
c
e
g
d
b
a

r
q
p
o
n
m
l
Fig. S7. Seasonal and weekly variation in observed fecal coliform (FC) concentrations across the 9 areas of interest on the east coast of Canada. Plot structure, axis representation, and summary statistics are the same as in Fig. S6. Panels correspond to (a,j) Bras d’Or Lake, (b,k) Aspy Bay, (c,l) Inner Miramichi Estuary, (d,m) Outer Miramichi Bay, (e,n) Nepisiguit Bay, (f,o) Grand Manan, (g,p) Passamaquoddy Bay, (h,q) Antigonish Bay, and (i,r) Annapolis Basin.






Tables
Table S1. Description of the nine areas of interest on the west coast of Canada, including regional classification, specific location, key geographical and hydrographic features, and longitude–latitude ranges.
	Area
	Region
	Specific Location
	Key Geographical & Hydrographic Features
	Min Lon
	Max Lon
	Min Lat
	Max Lat

	Mud Bay
	SoG
	Northeast Boundary Bay, South Surrey / Fraser Delta vicinity, BC
	Extensive intertidal mudflats with strong tidal exposure of sediments; influenced by estuarine and nearshore mixing and urban runoff.
	-124.7927
	-124.7307
	49.4567
	49.4753

	Nanaimo
	SoG
	East coast of Vancouver Island around Nanaimo Harbour, BC
	Urban harbour and developed shoreline; tidal exchange influenced by harbour geometry and surrounding nearshore waters.
	-123.8646
	-123.6355
	49.0375
	49.1950

	Quadra Island Fjord
	SoG
	Discovery Islands area between Vancouver Island and mainland BC
	Sheltered archipelago and fjord-like channels; complex local currents and exchange within narrow passages.
	-125.2346
	-124.8806
	50.0306
	50.2092

	Northern Pacific Rim
	EPC
	Northern portion of Pacific Rim, west coast of Vancouver Island, BC
	Exposed Pacific-facing coastline with rugged shores, strong wave exposure, and direct ocean influence.
	-125.5180
	-125.0183
	48.9130
	49.0908

	Hesquiat Harbour / Hot Springs Cove
	EPC
	West coast of Vancouver Island, BC
	Fjord-like inlet and sheltered coastal indentation connected to the Pacific; estuarine influence from freshwater inputs.
	-126.2588
	-126.2300
	49.3569
	49.4729

	Nanoose Bay
	SoG
	East coast of Vancouver Island north of Nanaimo, BC
	Sheltered coastal bay with estuarine influence; residential and rural coastal land use in the surrounding watershed.
	-124.1849
	-124.0633
	49.2532
	49.2697

	Southern Pacific Rim
	EPC
	Southern portion of Pacific Rim, west coast of Vancouver Island, BC
	Pacific-facing embayments and exposed outer coast subject to strong oceanic forcing and high winter rainfall.
	-125.1227
	-124.9853
	48.8507
	48.9529

	Baynes Sound
	SoG
	Baynes Sound / Deep Bay area, east coast of Vancouver Island, BC
	Shallow semi-enclosed channel and embayment setting; local exchange influenced by narrow-channel circulation and intertidal flats.
	-124.9211
	-124.6920
	49.4753
	49.6422

	Courtenay
	SoG
	Comox Harbour / Courtenay River estuary, east coast of Vancouver Island, BC
	River-estuary setting discharging into a large sheltered bay; freshwater input and estuarine circulation influence local retention and exchange.
	-124.9570
	-124.9013
	49.6452
	49.6720





Table S2. Description of the nine areas of interest on the east coast of Canada, including regional classification, specific location, key geographical and hydrographic features, and longitude–latitude ranges.
	Area
	Region
	Specific Location
	Key Geographical & Hydrographic Features
	Min Lon
	Max Lon
	Min Lat
	Max Lat

	Bras d’Or Lake
	E4 
	Central Cape Breton Island, Nova Scotia
	Large brackish inland sea with restricted exchange and lagoon-like characteristics.
	-60.8623
	-60.7338
	45.6521
	45.7415

	Aspy Bay
	E4 
	Northern Cape Breton Island, Nova Scotia
	Open bay facing the Gulf of St. Lawrence; influenced by marine exposure and coastal exchange.
	-60.4989
	-60.4354
	46.8676
	46.9312

	Inner Miramichi Estuary
	E1
	Inner Miramichi River estuary, New Brunswick
	Inner part of a drowned river-valley estuary; strong freshwater influence and lower salinity.
	-65.4262
	-65.2140
	47.0653
	47.1273

	Outer Miramichi Bay
	E1 
	Outer Miramichi Bay, New Brunswick
	Outer portion of the Miramichi estuary; broader marine influence and wider exchange with coastal waters.
	-65.0976
	-64.9476
	47.0354
	47.0835

	Nepisiguit Bay
	E1
	Nepisiguit Bay near Bathurst, New Brunswick
	Semi-enclosed bay with river input and estuarine mixing along the Gulf of St. Lawrence coast.
	-65.6968
	-65.6225
	47.6682
	47.7105

	Grand Manan
	E2 
	Grand Manan Island at the mouth of the Bay of Fundy, New Brunswick
	Island setting influenced by strong tides, complex hydrography, and exchange with adjacent open marine waters.
	-66.7671
	-66.6921
	44.6299
	44.7365

	Passamaquoddy Bay
	E2 
	Passamaquoddy Bay, southwestern New Brunswick
	Bay of Fundy embayment exposed to strong tidal currents and rapid exchange through the Quoddy region.
	-67.0329
	-66.8766
	45.1023
	45.1779

	Antigonish Bay
	E1 
	Antigonish Bay, Nova Scotia
	Open embayment on the Northumberland Strait side of Nova Scotia with estuarine and coastal exchange.
	-64.8658
	-64.7433
	47.6977
	47.7588

	Annapolis Basin
	E2
	Western Nova Scotia
	Large semi-enclosed tidal basin connected to the Bay of Fundy and influenced by Annapolis River inflow.
	-65.7594
	-65.4212
	44.5902
	44.7771







Table S3. Interpretation of  Coefficient for tidal effects on fecal coliform contamination in Canada’s west and east Coasts
	Model Group
	Coef. Sign
	Relationship
	Interpretation
	Physical Process

	Rising Tide
	0
	Positive
	As tide rises, FC increases.
	Tidal trapping

	
	 0
	Negative
	As tide rises, FC decreases.
	Dilution

	Falling Tide
	0
	Positive
	As tide falls, FC decreases.
	Tidal Flushing / Offshore Transport

	
	 0
	Negative
	As tide falls, FC increases.
	Sediment Resuspension





Table S4. Summary of significant (p 0.05) relationships between fecal coliform concentrations and tidal phase for the west coast (81 Sectors). Counts represent the number of coastal sectors showing a positive or negative relationship, with and without rainfall adjustment. “common” indicates sectors that exhibit a consistent relationship in both tide-only and tide + rain models.
	Season
	Predictor
	Positive
	Negative

	
	
	Rising
	Falling
	Both
	Rising
	Falling
	Both

	Summer
	tide
	0
	2
	0
	2
	5
	0

	
	tide + rain
	0
	2
	0
	2
	1
	0

	
	common
	0
	2
	0
	2
	1
	0

	Winter
	tide
	3
	7
	0
	3
	1
	0

	
	tide + rain
	4
	5
	1
	4
	1
	0

	
	common
	3
	4
	0
	3
	0
	0




Table S5. Summary of significant (p 0.05) relationships between fecal coliform concentrations and tidal phase for the east coast (139 Sectors) during summer. Counts represent the number of coastal sectors showing a positive or negative relationship, with and without rainfall adjustment. Common indicates sectors that exhibit a consistent relationship in both Tide-only and Tide + Rain models. 
	Predictor
	Positive
	Negative

	
	Rising
	Falling
	Both
	Rising
	Falling
	Both

	tide
	5
	8
	3
	13
	26
	10

	tide + rain
	11
	8
	1
	9
	26
	9

	common
	5
	5
	1
	6
	21
	7




Table S6. Moran’s I statistics for residual spatial autocorrelation assessed within selected areas of interest on the west and east coasts.
	
Coast
	Area of interest
	Tide phase
	Residual Moran’s I
	p-value

	









West Coast
	Quadra Island Fjord
	Rising
	0.251
	9.97e-04

	
	Quadra Island Fjord
	Falling
	0.279
	8.53e-05

	
	Courtenay
	Rising
	-0.215
	0.799

	
	Courtenay
	Falling
	0.058
	0.128

	
	Baynes Sound
	Rising
	0.483
	5.33e-08

	
	Baynes Sound
	Falling
	0.276
	9.83e-04

	
	Mud Bay
	Rising
	0.129
	0.079

	
	Mud Bay
	Falling
	0.256
	0.010

	
	Nanoose Bay
	Rising
	-0.074
	0.457

	
	Nanoose Bay
	Falling
	0.257
	0.014

	
	Hesquiat Harbour / Hot Springs Cove
	Rising
	NA
	NA

	
	Hesquiat Harbour / Hot Springs Cove
	Falling
	-0.250
	NA

	
	Northern Pacific Rim
	Rising
	0.173
	0.021

	
	Northern Pacific Rim
	Falling
	0.136
	0.052

	
	Southern Pacific Rim
	Rising
	-0.101
	0.629

	
	Southern Pacific Rim
	Falling
	0.324
	0.001

	
	Nanaimo
	Rising
	-0.311
	0.905

	
	Nanaimo
	Falling
	-0.037
	0.267

	







East Coast
	Nepisiguit Bay
	Rising
	-0.178
	0.633

	
	Nepisiguit Bay
	Falling
	0.168
	0.025

	
	Antigonish Bay
	Rising
	0.122
	0.076

	
	Antigonish Bay
	Falling
	0.068
	0.187

	
	Inner Miramichi Estuary
	Rising
	0.209
	0.013

	
	Inner Miramichi Estuary
	Falling
	0.078
	0.147

	
	Outer Miramichi Bay
	Rising
	-0.054
	0.485

	
	Outer Miramichi Bay
	Falling
	0.065
	0.176

	
	Passamaquoddy Bay
	Rising
	0.254
	0.004

	
	Passamaquoddy Bay
	Falling
	0.089
	0.119

	
	Annapolis Basin
	Rising
	0.267
	2.04e-04

	
	Annapolis Basin
	Falling
	0.077
	0.125

	
	Grand Manan
	Rising
	0.272
	0.004

	
	Grand Manan
	Falling
	0.021
	0.291

	
	Aspy Bay
	Rising
	-
	-

	
	Aspy Bay
	Falling
	-0.055
	0.452

	
	Bras d'Or Lake
	Rising
	0.064
	0.181

	
	Bras d'Or Lake
	Falling
	-0.107
	0.760


Note. Residual Moran’s I was calculated using site-level mean Pearson residuals from the rainfall-adjusted dynamic GAMMs (Eq. 4), with spatial weights defined from monitoring-site coordinates within each selected area of interest. Bolded p-values indicate statistically significant residual spatial autocorrelation at . NA indicates insufficient site number or spatial configuration for the diagnostic. These results are presented as diagnostic summaries of residual spatial dependence rather than as evidence that spatial autocorrelation was fully removed by the GAMMs.
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