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Methods
Fishing effort

Average decadal fishing effort (total hours yr-1) by grid cell was calculated using data compiled by STECF. The data was accessed via the online ‘Data Dissemination’ tool (https://stecf.jrc.ec.europa.eu/dd/effort), the data from which is described in the associated STECF 17-09 Fisheries Dependent Information Classic report (STECF, 2017a). Data spanning from 2003–2013 was used as this formed the most consistent time span for reporting of effort data and aligned with the timespan of the abundance data used in the model training period. Data from fishing effort regimes IIA (covering North Sea and Irish Sea), CEL1 (Celtic Sea) and WW (Western Waters) were used (STECF, 2017b). Data was not summed across annexes (as advised by STECF) to avoid duplication. Data were filtered to include only demersal trawl gears (beam trawls, bottom trawls and otter trawls):
•	Beam trawls: STECF gear codes BEAM, BT1, BT2
•	Bottom trawls: STECF gear codes 3A, BOTTOM TRAWL, TR1, TR2, TR3
•	Otter trawls: STECF gear codes OTTER
Trawl gears accounted for the majority of landings (77–99%) of the species we considered and for which landings data were available (Table S1 and Fig. S1). Using trawl only effort data are likely to have been a better indicator of fishing pressure on these species in the study region than effort data for set gears e.g. gill nets. Effort was summed across vessel type, gears, countries and ICES rectangles for each year (total effort) and an average then taken for the whole decade. In the GAM projections, fishing effort was kept constant across species and time periods to allow only temperature and salinity effects to vary and examine these effects.

Table S1. Total proportion of species landings caught using trawl gears (calculated using STECF 14-20 Landings_by_rectangle.xlsx data). NB. John dory and red mullet were not listed within landings data.

	Species
	Percentage of landings caught with trawl gears 

	Anglerfish
	87.7

	Atlantic cod
	77.4

	Dover sole
	83.6

	European plaice
	94.1

	Lemon sole
	98.6

	Megrim 
	99.0
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Figure S1. Proportion of species landings caught with different gear types (calculated using STECF 14-20 Landings_by_rectangle.xlsx data). Legend includes STECF gear codes: 3A beam trawl; 3B Gill net; BT1, BT2 Beam trawl; GN1 Gillnet; GT1 Trammel net; LL1 Longline; TR1,2,3 Bottom trawl. John dory and red mullet were not listed within landings data.

Habitat data
Habitat data was re-gridded to 1°x1°. Where no habitat data existed, median grain size was calculated using data values from the adjacent grid cells (only undertaken for grid cells with corresponding abundance data).

Standardisation of abundance data
Due to differences between survey designs, sampling coverage (temporal and spatial) and sampling methods (Table S2) we sought to standardise abundance data. Catch-per-unit-effort (CPUE) estimates were generated as outlined in the main methods. Decadal mean CPUE (per survey, where decade is defined as e.g. 2001–2010) was calculated to reduce the influence of inter-annual variability in the number of hauls, recruitment and distributions of fish, and reveal longer-term trends. To ensure some consistency of coverage, a minimum of three hauls per grid cell per decade was taken as criterion for including a grid cell in the analysis. 

A general linear model (GLM) was used to examine the effects of survey, decade and grid cell on CPUE (Table S3). Survey type had a significant effect on species’ CPUE with Tukey tests revealing where differences occurred (Table S4). These differences were unsurprising given the range of different gears used on the surveys, and indicated that survey effect on CPUE should be standardised. This was achieved by generating least square mean estimates of CPUE (means generated having controlled for the covariates (Searle, Speed and Milliken, 1980)). Least square means were calculated on a grid cell basis for the 2000s decade using the lsmeans package in R (Lenth, 2018). Any resulting negative values were converted to zeros. Outputs, as used in subsequent analysis, were single CPUE estimates for each grid cell. These CPUE estimates retain spatial heterogeneity and fit well within the distributional ranges of other survey CPUE estimates (Table S5 and Fig. S2).














Table S2. Survey attributes
	Survey
	
Survey acronym 
	Survey data obtained
	Season sampled*
	Gear used
	Total No. of hauls
	No. of 1° grid cells sampled

	Cefas Celtic Sea Groundfish
	CELTIC
	1987–2004
	1
	Portuguese High Headline Trawl
	1136
	36

	IFREMER French Southern Atlantic Bottom Trawl 
	EVHOE
	1997–2013
	4
	Grande Ouverture Vertical Trawl
	2340
	31

	Cefas Eastern English Channel
	EEC
	1990–2012
	3
	4 m Beam Trawl
	2445
	18

	IFREMER French Channel Groundfish 
	FRCGFS
	1988–2013
	4
	Grande Ouverture Vertical Trawl
	2307
	10

	Irish Marine Institute Irish Groundfish 
	IGFS
	2003–2008
	4
	Grande Ouverture Vertical Trawl
	997
	23

	Cefas South Western Beam Trawl
	WESTERN
	2006–2015
	1
	2 x 4 m Beam Trawl
	792
	16


* Season (quarter of year) sampled. 1=Jan–March; 3=July–Sept; 4=Oct–Dec

Table S3. GLM results for effect of survey, decade and grid cell on CPUE (CPUE ~ survey + decade + cell). Survey consistently had a significant effect on CPUE for all species.  
	Species
	Variable
	F value
	df
	p value

	Anglerfish
	Survey
	205.70
	5
	<0.001

	
	Decade
	1.26
	3
	0.28

	
	Cell
	3.03
	61
	<0.001

	Atlantic cod
	Survey
	32.97
	5
	<0.001

	
	Decade
	2.14
	3
	0.09

	
	Cell
	6.87
	61
	<0.001

	Dover sole
	Survey
	179.06
	5
	<0.001

	
	Decade
	2.87
	3
	0.03

	
	Cell
	6.57
	61
	<0.001

	European plaice
	Survey
	114.13
	5
	<0.001

	
	Decade
	11.12
	3
	<0.001

	
	Cell
	11.40
	61
	<0.001

	John dory
	Survey
	47.84
	5
	<0.001

	
	Decade
	6.70
	3
	<0.001

	
	Cell
	4.84
	61
	<0.001

	Lemon sole
	Survey
	9.70
	5
	<0.001

	
	Decade
	0.46
	3
	0.70

	
	Cell
	15.15
	61
	<0.001

	Megrim
	Survey
	561.71
	5
	<0.001

	
	Decade
	13.61
	3
	<0.001

	
	Cell
	31.34
	61
	<0.001

	Red mullet
	Survey
	76.64
	5
	<0.001

	
	Decade
	4.29
	3
	0.005

	
	Cell
	6.25
	61
	<0.001




Table S4. P values resulting from Tukey Test comparisons of differences between surveys. Bold text represents statistically significant differences (p<0.05). 

	ANGLERFISH
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	<0.001
	
	
	
	
	

	EVHOE
	<0.001
	<0.001
	
	
	
	

	FRGF
	<0.001
	0.94
	<0.001
	
	
	

	IGFS
	<0.001
	<0.001
	0.99
	<0.001
	
	

	WESTERN
	<0.001
	<0.001
	0.78
	<0.001
	0.82
	





	ATLANTIC COD
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	0.10
	
	
	
	
	

	EVHOE
	0.98
	0.02
	
	
	
	

	FRGF
	<0.001
	<0.001
	<0.001
	
	
	

	IGFS
	0.43
	0.009
	0.69
	<0.001
	
	

	WESTERN
	0.04
	0.98
	0.01
	<0.001
	0.003
	




	DOVER SOLE
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	<0.001
	
	
	
	
	

	EVHOE
	<0.001
	<0.001
	
	
	
	

	FRGF
	<0.001
	<0.001
	<0.001
	
	
	

	IGFS
	<0.001
	<0.001
	<0.001
	<0.001
	
	

	WESTERN
	<0.001
	<0.001
	<0.001
	0.04
	<0.001
	









	EUROPEAN PLAICE
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	<0.001
	
	
	
	
	

	EVHOE
	0.99
	<0.001
	
	
	
	

	FRGF
	<0.001
	0.01
	<0.001
	
	
	

	IGFS
	<0.001
	0.01
	0.99
	<0.001
	
	

	WESTERN
	<0.001
	<0.001
	0.78
	<0.001
	0.38
	




	JOHN DORY
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	<0.001
	
	
	
	
	

	EVHOE
	0.006
	<0.001
	
	
	
	

	FRGF
	0.99
	<0.001
	0.10
	
	
	

	IGFS
	0.001
	<0.001
	0.41
	0.007
	
	

	WESTERN
	<0.001
	0.001
	<0.001
	<0.001
	<0.001
	



	LEMON SOLE
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WEST

	CELTIC
	
	
	
	
	
	

	EEC
	0.91
	
	
	
	
	

	EVHOE
	1.00
	0.93
	
	
	
	

	FRGF
	0.95
	0.62
	0.95
	
	
	

	IGFS
	<0.001
	<0.001
	<0.001
	<0.001
	
	

	WESTERN
	0.34
	0.90
	0.37
	0.16
	0.001
	



	MEGRIM
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	<0.001
	
	
	
	
	

	EVHOE
	<0.001
	<0.001
	
	
	
	

	FRGF
	<0.001
	1.00
	<0.001
	
	
	

	IGFS
	0.99
	<0.001
	<0.001
	<0.001
	
	

	WESTERN
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	



	RED MULLET
	CELTIC
	EEC
	EVHOE
	FRGF
	IGFS
	WESTERN

	CELTIC
	
	
	
	
	
	

	EEC
	0.99
	
	
	
	
	

	EVHOE
	0.99
	0.99
	
	
	
	

	FRGF
	<0.001
	<0.001
	<0.001
	
	
	

	IGFS
	0.96
	0.96
	0.99
	<0.001
	
	

	WESTERN
	<0.001
	<0.001
	<0.001
	<0.001
	0.007
	







Table S5. Statistics for the correlation between decadal least square mean CPUE and decadal average 4th rooted CPUE abundance by grid cell (2000s only). 

	Species
	Test
	Correlation (r)
	df
	P value

	Anglerfish
	LS-Mean vs CELTIC
	0.75
	34
	<0.001

	
	LS-Mean vs EEC
	0.71
	10
	<0.001

	
	LS-Mean vs EVHOE
	0.44
	28
	0.01

	
	LS-Mean vs FRGF
	0.75
	8
	0.01

	
	LS-Mean vs IGFS
	0.78
	18
	<0.001

	
	LS-Mean vs WESTERN
	0.72
	14
	0.001

	Atlantic cod
	LS-Mean vs CELTIC
	0.83
	34
	<0.001

	
	LS-Mean vs EEC
	0.80
	10
	0.001

	
	LS-Mean vs EVHOE
	0.91
	28
	<0.001

	
	LS-Mean vs FRGF
	0.65
	8
	0.03

	
	LS-Mean vs IGFS
	0.91
	18
	<0.001

	
	LS-Mean vs WESTERN

	0.72
	14
	0.001

	Dover sole 
	LS-Mean vs CELTIC
	0.69
	34
	<0.001

	
	LS-Mean vs EEC
	0.90
	10
	<0.001

	
	LS-Mean vs EVHOE
	0.90
	28
	<0.001

	
	LS-Mean vs FRGF
	0.87
	8
	<0.001

	
	LS-Mean vs IGFS
	0.92
	18
	<0.001

	
	LS-Mean vs WESTERN
	0.79
	14
	<0.001

	European plaice
	LS-Mean vs CELTIC
	0.90
	34
	<0.001

	
	LS-Mean vs EEC
	0.85
	10
	<0.001

	
	LS-Mean vs EVHOE
	0.96
	28
	<0.001

	
	LS-Mean vs FRGF
	0.89
	8
	<0.001

	
	LS-Mean vs IGFS
	0.93
	18
	<0.001

	
	LS-Mean vs WESTERN
	0.84
	14
	<0.001

	John dory
	LS-Mean vs CELTIC
	0.81
	34
	<0.001

	
	LS-Mean vs EEC
	0.78
	10
	0.002

	
	LS-Mean vs EVHOE
	0.74
	28
	<0.001

	
	LS-Mean vs FRGF
	0.87
	8
	<0.001

	
	LS-Mean vs IGFS
	0.67
	18
	0.001

	
	LS-Mean vs WESTERN
	0.72
	14
	<0.001

	Lemon sole 
	LS-Mean vs CELTIC
	0.89
	34
	<0.001

	
	LS-Mean vs EEC
	0.86
	10
	<0.001

	
	LS-Mean vs EVHOE
	0.95
	28
	<0.001

	
	LS-Mean vs FRGF
	0.94
	8
	<0.001

	
	LS-Mean vs IGFS
	0.92
	18
	<0.001

	
	LS-Mean vs WESTERN

	0.94
	14
	<0.001

	Megrim
	LS-Mean vs CELTIC
	0.92
	34
	<0.001

	
	LS-Mean vs EEC
	NA*
	NA
	NA

	
	LS-Mean vs EVHOE
	0.97
	28
	<0.001

	
	LS-Mean vs FRGF

	NA*
	NA
	NA

	
	LS-Mean vs IGFS
	0.97
	18
	<0.001

	
	LS-Mean vs WESTERN

	0.97
	14
	<0.001

	Red mullet
	LS-Mean vs CELTIC
	0.87
	34
	<0.001

	
	LS-Mean vs EEC
	0.19
	10
	0.5

	
	LS-Mean vs EVHOE
	0.89
	28
	<0.001

	
	LS-Mean vs FRGF

	0.78
	8
	0.006

	
	LS-Mean vs IGFS
	0.80
	18
	<0.001

	
	LS-Mean vs WESTERN
	0.80
	14
	<0.001


* NA: Megrim not caught in EEC and FRGF surveys
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Figure S2. Decadal (2000s only) mean 4th rooted CPUE and decadal least square mean CPUE (labelled LS–Mean). 

[bookmark: _GoBack]Table S6. Trialled GAMs for all species and climate projection combinations. s() denotes a smoothing term, SST= sea surface temperature, NBT= near bottom temperature, NBS= near bottom salinity,  d=decadal, s=summer, w=winter.

	
	Model description
	Formula

	Model A
	Full model with all predictors
	Abundance ~ s(depth) + s(fishing_effort) + s(median_grain_size) + s(dSST) + s(dNBT) + s(dNBS) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)

	Model B
	Full model minus decadal temperatures
	Abundance ~ s(depth) + s(fishing_effort) +  s(median_grain_size) + s(dNBS) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)

	Model C
	Full model minus seasonal temperatures
	Abundance ~ s(depth) + s(fishing_effort) +  s(median_grain_size) + s(dSST) + s(dNBT) + s(dNBS) 

	Model D
	Full model minus all temperatures
	Abundance ~ s(depth) + s(fishing_effort) +  s(median_grain_size) + s(dNBS) 

	Model E
	Full model minus fishing effort
	Abundance ~ s(depth) +  s(median_grain_size) + s(dSST) + s(dNBT) + s(dNBS) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)

	Model F
	Full model minus salinity
	Abundance ~ s(depth) + s(fishing_effort) +  s(median_grain_size) + s(dSST) + s(dNBT) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)

	Model G
	Full model minus habitat 
	Abundance ~ s(depth) + s(fishing_effort) + s(dSST) + s(dNBT) + s(dNBS) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)

	Model H
	Full model minus depth
	Abundance ~ s(fishing_effort) +  s(median_grain_size) + s(dSST) + s(dNBT) + s(dNBS) + s(sSST) + s(sNBT) + s(wSST) + s(wNBT)







Table S7. Correlation scores between variables used in the GAM analysis. Temperature data used to examine correlations is from the 2000s decade.

	Ens_00
	Depth
	Fishing effort
	Annual NBS
	Annual SST
	Annual NBT
	Summer SST
	Summer NBT
	Winter SST
	Winter NBT
	Habitat

	Depth
	
	
	
	
	
	
	
	
	
	

	Fishing effort
	-0.251
	
	
	
	
	
	
	
	
	

	Annual NBS
	0.285
	0.086
	
	
	
	
	
	
	
	

	Annual SST
	0.546
	0.094
	0.631
	
	
	
	
	
	
	

	Annual NBT
	-0.831
	0.313
	-0.364
	-0.435
	
	
	
	
	
	

	Summer SST
	0.177
	0.321
	-0.134
	0.476
	-0.019
	
	
	
	
	

	Summer NBT
	-0.624
	0.229
	-0.663
	-0.662
	0.859
	0.057
	
	
	
	

	Winter SST
	0.527
	-0.082
	0.803
	0.871
	-0.546
	-0.002
	-0.843
	
	
	

	Winter NBT
	-0.226
	0.100
	0.664
	0.543
	0.065
	-0.128
	-0.453
	0.699
	
	

	Habitat
	-0.171
	-0.110
	-0.133
	-0.159
	0.387
	-0.014
	0.413
	-0.232
	-0.140
	



	RCP 4.5 
	Depth
	Fishing effort
	Annual NBS
	Annual SST
	Annual NBT
	Summer SST
	Summer NBT
	Winter SST
	Winter NBT
	Habitat

	Depth
	
	
	
	
	
	
	
	
	
	

	Fishing effort
	-0.251
	
	
	
	
	
	
	
	
	

	Annual NBS
	0.299
	0.049
	
	
	
	
	
	
	
	

	Annual SST
	0.363
	0.171
	0.592
	
	
	
	
	
	
	

	Annual NBT
	-0.827
	0.346
	-0.229
	-0.072
	
	
	
	
	
	

	Summer SST
	-0.208
	0.328
	-0.271
	0.245
	0.499
	
	
	
	
	

	Summer NBT
	0.492
	-0.057
	0.738
	0.801
	-0.429
	-0.367
	
	
	
	

	Winter SST
	-0.639
	0.252
	-0.492
	-0.350
	0.862
	0.611
	-0.760
	
	
	

	Winter NBT
	-0.296
	0.142
	0.548
	0.549
	0.197
	-0.253
	0.679
	-0.325
	
	

	Habitat
	-0.171
	-0.110
	-0.134
	-0.017
	0.369
	0.278
	-0.216
	0.424
	-0.118
	




	RCP 8.5
	Depth
	Fishing effort
	Annual NBS
	Annual SST
	Annual NBT
	Summer SST
	Summer NBT
	Winter SST
	Winter NBT
	Habitat

	Depth
	
	
	
	
	
	
	
	
	
	

	Fishing effort
	-0.251
	
	
	
	
	
	
	
	
	

	Annual NBS
	0.307
	0.058
	
	
	
	
	
	
	
	

	Annual SST
	0.364
	0.154
	0.632
	
	
	
	
	
	
	

	Annual NBT
	-0.835
	0.339
	-0.226
	-0.119
	
	
	
	
	
	

	Summer SST
	-0.203
	0.317
	-0.246
	0.213
	0.451
	
	
	
	
	

	Summer NBT
	0.481
	-0.078
	0.737
	0.806
	-0.450
	-0.385
	
	
	
	

	Winter SST
	-0.642
	0.252
	-0.480
	-0.392
	0.865
	0.574
	-0.777
	
	
	

	Winter NBT
	-0.296
	0.118
	0.537
	0.557
	0.176
	-0.271
	0.689
	-0.341
	
	

	Habitat
	-0.171
	-0.110
	-0.116
	-0.022
	0.373
	0.262
	-0.220
	0.424
	-0.121
	




Table S8. Separate csv attachment. Raw model test statistics from GAM training for each species and climate projection combination. 

Table S9. Least square mean model test statistics, accounting for the effect of species and climate projection. Standard error reported in brackets (). The majority of model statistics show Model A to be the most optimal model to use across all species and climate projection combinations.


	Test Statistic
	Model A
	Model B
	Model C
	Model D
	Model E
	Model F
	Model G
	Model H

	Adjusted R Squared
	0.801
(0.005)
	0.744
(0.005)
	0.673
(0.005)
	0.513
(0.005)
	0.782
(0.005)
	0.772
(0.005)
	0.784
(0.005)
	0.789
(0.005)

	AICc
	44.206
(1.230)
	52.791
(1.230)
	68.109
(1.230)
	85.547
(1.230)
	45.297
(1.230)
	47.858
(1.230)
	44.723
(1.230)
	44.925 (1.230)

	Akaike Weight - AICc
	0.070
(0.017)
	0.089
(0.017)
	0.033
(0.017)
	0.000
(0.017)
	0.228
(0.017)
	0.116
(0.017)
	0.209
(0.017)
	0.255
(0.017)

	Correlation
	0.922
(0.003)
	0.890
(0.003)
	0.854
(0.003)
	0.747
(0.003)
	0.912
(0.003)
	0.907
(0.003)
	0.912
(0.003)
	0.915
(0.003)

	Deviance Explained
	0.852
(0.005)
	0.796
(0.005)
	0.732
(0.005)
	0.566
(0.005)
	0.834
(0.005)
	0.824
(0.005)
	0.833
(0.005)
	0.839
(0.005)

	GCV
	0.112
(0.003)
	0.140
(0.003)
	0.168
(0.003)
	0.240
(0.003)
	0.123
(0.003)
	0.124
(0.003)
	0.117
(0.003)
	0.116
(0.003)







[image: ]
Figure S3a. Projected changes in index of abundance between 2000s-2040s for anglerfish (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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Figure S3b. Projected changes in index of abundance between 2000s-2040s for Atlantic cod (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
[image: ]

Figure S3c. Projected changes in index of abundance between 2000s-2040s for Dover sole (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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Figure S3d. Projected changes in index of abundance between 2000s-2040s for European plaice (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.

[image: ]

Figure S3e. Projected changes in index of abundance between 2000s-2040s for John dory (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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Figure S3f. Projected changes in index of abundance between 2000s-2040s for lemon sole (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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Figure S3g. Projected changes in index of abundance between 2000s-2040s for megrim (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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Figure S3h. Projected changes in index of abundance between 2000s-2040s for red mullet (catch per unit effort (hour) using back transformed data). Grey areas on maps represent grid cells with no survey data or projections.
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