SUPPLEMENTARY MATERIAL
Table S1. Maximum shell length (ML) of individuals of Patella depressa selected for field validation of growth line formation (N = 10) during June 2015. The ML of each tagged limpet was measured on three different occasions: 03 August 2015 (Date 1: 03/08/2015), 23 November 2015 (Date 2: 23/11/2015), and 21 March 2016 (Date 3: 13/06/2020). Shells were collected on the 13 June 2017 (Collection Date [CD]: 13/06/2017) for embedding in resin and growth line validation analysis.


Table S2. Number and maximum length (ML) range of Patella depressa selected for age and growth analysis between June and July 2016 (N = 30). The 3 regions are defined by 2 range edges of P. depressa: N Wales (Criccieth [CR]; Shell Island [SI]) and S/SE England (Portland Bill [PB]; Swanage [SG]); and by non-range-edge populations in SW England (Polzeath [PO]; Trevone [TR]).
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Shell Date ML (mm) Date 1 ML (mm) Date 2 ML (mm) Date 3 ML (mm) CD ML (mm)

1 22/06/2015 22.5 03/08/2015 23.5 23/11/2015 23.9 21/03/2016 24.1 13/06/2017 27.1

2 22/06/2015 19.1 03/08/2015 19.9 23/11/2015 19.9 21/03/2016 21.9 13/06/2017 24.2

3 23/06/2015 20.2 03/08/2015 20.6 23/11/2015 21.2 21/03/2016 23.2 13/06/2017 25.3

4 23/06/2015 20.5 03/08/2015 22.3 23/11/2015 22.5 21/03/2016 24.9 13/06/2017 26.4

5 23/06/2015 22.0 03/08/2015 23.8 23/11/2015 23.9 21/03/2016 25.7 13/06/2017 27.0

6 23/06/2015 19.0 03/08/2015 21.2 23/11/2015 22.3 21/03/2016 23.2 13/06/2017 26.4

7 29/06/2015 20.0 03/08/2015 21.9 23/11/2015 22.2 21/03/2016 24.0 13/06/2017 28.4

8 29/06/2015 20.2 03/08/2015 21.9 23/11/2015 22.6 21/03/2016 24.5 13/06/2017 27.7

9 29/06/2015 22.5 03/08/2015 24.9 23/11/2015 25.3 21/03/2016 27.1 13/06/2017 30.6

10 29/06/2015 25.1 03/08/2015 26.5 23/11/2015 26.8 21/03/2016 28.1 13/06/2017 30.4
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		REGION		SHORE		SPECIES		NUMBER		b		Total_Limpet		K		P. depressa		P. vulgata		P. uly																																																														SUMMARY OUTPUT

		N-WALES		SLAND		P. depressa		1		0.8365		25		0.2		6		18		1		25																																				SUMMARY OUTPUT

		N-WALES		SLAND		P. depressa		2		0.8291		19		0.2		5		14		0		19																																																												Regression Statistics

		N-WALES		SLAND		P. depressa		3		0.6922		8		0.4		2		6		0		8																																				Regression Statistics																								Multiple R		0.7652263005

		N-WALES		SLAND		P. depressa		4		0.7920		13		0.2		3		10		0		13																																				Multiple R		0.7128706001																						R Square		0.59

		N-WALES		SLAND		P. depressa		5		0.8439		34		0.2		8		26		0		34																																				R Square		0.5081844925																						Adjusted R Square		0.5337677024

		N-WALES		CRICC		P. depressa		1		0.8411		15		0.2		3		12		0		15																																				Adjusted R Square		0.446707554																						Standard Error		0.0403135711

		N-WALES		CRICC		P. depressa		2		0.8309		30		0.2		6		24		0		30																																				Standard Error		0.043916474																						Observations		10

		N-WALES		CRICC		P. depressa		3		0.7801		15		0.2		5		10		0		15																																		 		Observations		10

		N-WALES		CRICC		P. depressa		4		0.7482		9		0.3		2		7		0		9																																																												ANOVA

		N-WALES		CRICC		P. depressa		5		0.7983		19		0.2		4		15		0		19																																				ANOVA																										df		SS		MS		F		Significance F

																																																												df		SS		MS		F		Significance F														Regression		1		0.0183705633		0.0183705633		11.3036819759		0.01

		S-WEST		POLZ		P. depressa		1		0.8659		45		0.1		20		24		0		44																																				Regression		1		0.0159427819		0.0159427819		8.2662622008		0.0206660852														Residual		8		0.0130014721		0.001625184

		S-WEST		POLZ		P. depressa		2		0.8000		33		0.2		15		18		0		33																																				Residual		8		0.0154292535		0.0019286567																		Total		9		0.0313720354

		S-WEST		POLZ		P. depressa		3		0.8448		52		0.2		25		27		0		52																																				Total		9		0.0313720354

		S-WEST		POLZ		P. depressa		4		0.8000		32		0.2		16		16		0		32																																																														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

		S-WEST		POLZ		P. depressa		5		0.8022		37		0.2		17		20		0		37																																						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%								Intercept		0.3219951393		0.0317901965		10.1287558704		0.0000077143		0.2486868148		0.3953034639		0.2486868148		0.3953034639

		S-WEST		TREV		P. depressa		1		0.8431		43		0.2		18		26		0		44																																				Intercept		0.3188068042		0.0357532616		8.9168593402		0.0000198387		0.2363596352		0.4012539732		0.2363596352		0.4012539732								X Variable 1		-0.005235901		0.0015573329		-3.3620948791		0.0099009678		-0.0088271171		-0.0016446849		-0.0088271171		-0.0016446849

		S-WEST		TREV		P. depressa		2		0.8058		34		0.2		16		18		0		34																																				X Variable 1		-0.0215279577		0.0074876967		-2.8751108154		0.0206660852		-0.0387946171		-0.0042612982		-0.0387946171		-0.0042612982

		S-WEST		TREV		P. depressa		3		0.8635		50		0.1		25		25		0		50

		S-WEST		TREV		P. depressa		4		0.5520		12		0.4		5		7		0		12																																																												SUMMARY OUTPUT

		S-WEST		TREV		P. depressa		5		0.8031		45		0.2		12		32		1		45																																				SUMMARY OUTPUT

																																																																																		Regression Statistics

		S-EAST		PBILL		P. depressa		1		0.8206		75		0.2		19		56		0		75																																				Regression Statistics																								Multiple R		0.922241774

		S-EAST		PBILL		P. depressa		2		0.7253		45		0.3		19		24		2.00		45																																				Multiple R		0.7594693714																						R Square		0.8505298897

		S-EAST		PBILL		P. depressa		3		0.6784		35		0.4		12		23		0		35																																				R Square		0.5767937261																						Adjusted R Square		0.8318461259

		S-EAST		PBILL		P. depressa		4		0.7175		39		0.3		19		20		0		39																																				Adjusted R Square		0.5238929418																						Standard Error		0.0300048817

		S-EAST		PBILL		P. depressa		5		0.7686		65		0.3		20		45		0		65																																				Standard Error		0.0407382532																						Observations		10

		S-EAST		SWAN		P. depressa		1		0.7287		40		0.3		8		32		0		40																																				Observations		10

		S-EAST		SWAN		P. depressa		2		0.7365		48		0.3		16		30		2.00		48																																																												ANOVA

		S-EAST		SWAN		P. depressa		3		0.8288		55		0.2		24		30		0		54																																				ANOVA																										df		SS		MS		F		Significance F

		S-EAST		SWAN		P. depressa		4		0.7635		44		0.3		21		23		0		44																																						df		SS		MS		F		Significance F														Regression		1		0.0409835004		0.0409835004		45.5224064647		0.0001454963

		S-EAST		SWAN		P. depressa		5		0.7960		49		0.2		21		28		0		49																																				Regression		1		0.0180951932		0.0180951932		10.9033114415		0.0108262586														Residual		8		0.0072023434		0.0009002929

																																																										Residual		8		0.0132768422		0.0016596053																		Total		9		0.0481858438

																																																										Total		9		0.0313720354

																																																																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%								Intercept		0.4355357866		0.0342926371		12.7005626708		0.0000013897		0.3564568236		0.5146147495		0.3564568236		0.5146147495

																																																										Intercept		0.3184659657		0.031352186		10.1576957121		0.0000075514		0.246167695		0.3907642363		0.246167695		0.3907642363								X Variable 1		-0.005805236		0.0008604136		-6.7470294549		0.0001454963		-0.0077893534		-0.0038211186		-0.0077893534		-0.0038211186

																																																										X Variable 1		-0.0066466321		0.0020129011		-3.3020162691		0.0108262586		-0.0112883902		-0.0020048739		-0.0112883902		-0.0020048739



																																																										SUMMARY OUTPUT

																																																																																		SUMMARY OUTPUT

																																																										Regression Statistics

																																																										Multiple R		0.8865858147																						Regression Statistics

																																																										R Square		0.7860344069																						Multiple R		0.7700759868

																																																										Adjusted R Square		0.7592887078																						R Square		0.59

																																																										Standard Error		0.0358993604																						Adjusted R Square		0.5421441536

																																																										Observations		10																						Standard Error		0.043034263

																 																																																																		Observations		10

																																																										ANOVA

																																																												df		SS		MS		F		Significance F														ANOVA

																																																										Regression		1		0.0378757311		0.0378757311		29.3891890027		0.0006299146																df		SS		MS		F		Significance F

																																																										Residual		8		0.0103101126		0.0012887641																		Regression		1		0.0215878627		0.0215878627		11.6568419324		0.01

																																																										Total		9		0.0481858438																				Residual		8		0.0148155824		0.0018519478

																																																																																		Total		9		0.0364034451

																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.3991316551		0.0361280939		11.0476809447		0.0000040155		0.315820121		0.4824431891		0.315820121		0.4824431891										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										X Variable 1		-0.0110021543		0.002029476		-5.4211796689		0.0006299146		-0.0156821344		-0.0063221741		-0.0156821344		-0.0063221741								Intercept		0.4764813816		0.0588448895		8.0972431983		0.0000400267		0.340784823		0.6121779402		0.340784823		0.6121779402

																																																																																		X Variable 1		-0.0039487382		0.0011565593		-3.4142117586		0.0091659422		-0.0066157687		-0.0012817078		-0.0066157687		-0.0012817078

																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.775733802

																																																										R Square		0.6017629315

																																																										Adjusted R Square		0.551983298

																																																										Standard Error		0.0489762559

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0289964546		0.0289964546		12.088536787		0.0083581139

																																																										Residual		8		0.0191893892		0.0023986736

																																																										Total		9		0.0481858438



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.3849212033		0.0517624607		7.436300324		0.0000735992		0.2655567548		0.5042856517		0.2655567548		0.5042856517

																																																										X Variable 1		-0.0080622514		0.002318833		-3.4768573147		0.0083581139		-0.0134094899		-0.002715013		-0.0134094899		-0.002715013



																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.6751444567

																																																										R Square		0.4558200374

																																																										Adjusted R Square		0.3877975421

																																																										Standard Error		0.0497619651

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0165934197		0.0165934197		6.7010190569		0.0321814452

																																																										Residual		8		0.0198100254		0.0024762532

																																																										Total		9		0.0364034451



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.4436976587		0.0647837543		6.8489031481		0.0001311351		0.2943060534		0.593089264		0.2943060534		0.593089264

																																																										X Variable 1		-0.0090882022		0.0035108118		-2.5886326616		0.0321814452		-0.0171841488		-0.0009922556		-0.0171841488		-0.0009922556



																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.5732172018

																																																										R Square		0.3285779604

																																																										Adjusted R Square		0.2446502055

																																																										Standard Error		0.0552744011

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0119613697		0.0119613697		3.9150095293		0.0832239116

																																																										Residual		8		0.0244420754		0.0030552594

																																																										Total		9		0.0364034451



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.382162518		0.054023676		7.0739821226		0.0001046511		0.2575836978		0.5067413382		0.2575836978		0.5067413382

																																																										X Variable 1		-0.0032522083		0.0016436598		-1.9786383018		0.0832239116		-0.0070424947		0.0005380781		-0.0070424947		0.0005380781











25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	y = -0.0057x + 0.4328
R² = 0.8436

45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	y = -0.0039x + 0.4765
R² = 0.593

75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	25	19	8	13	34	15	30	15	9	19	45	33	52	32	37	43	34	50	12	45	75	45	35	39	65	40	48	55	44	49	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

P. depressa	6	5	2	3	8	3	6	5	2	4	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	P. vulgata	18	14	6	10	26	12	24	10	7	15	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	

P. depressa	20	15	25	16	17	18	16	25	5	12	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	P. vulgata	24	18	27	16	20	26	18	25	7	32	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	

P. depressa	19	19	12	19	20	8	16	24	21	21	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	P. vulgata	56	24	23	20	45	32	30	30	23	28	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

N-Wales	25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	S-West	45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	S-East	75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	
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P. depressa	6	5	2	3	8	3	6	5	2	4	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	P. vulgata	18	14	6	10	26	12	24	10	7	15	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	



P. depressa	20	15	25	16	17	18	16	25	5	12	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	P. vulgata	24	18	27	16	20	26	18	25	7	32	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	



P. depressa	19	19	12	19	20	8	16	24	21	21	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	P. vulgata	56	24	23	20	45	32	30	30	23	28	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

N-Wales	25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	S-West	45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	S-East	75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	



VB Parameters





																																						Region				Location				L max (mm)				L∞ (mm)				K (years -1)				t(0)				Ø'





																																						Range edge (N Wales)				CR				36.4				38.1				0.207				-0.849				2.28





																																										SI				33.9				34.0				0.214				-0.994				2.29







																																						Non-range edge (SW England)				PO				36.5				40.1				0.191				-0.866				2.49





																																										TR				43.1				47.3				0.198				-0.381				2.65







																																						Range edge (S/SE England)				PB				41.5				45.9				0.299				-0.224				2.80





																																										SG				34.5				37.4				0.269				-0.247				2.58















sizes





																																																																																 

																																																																																		Region				Location				N		ML (mm)





																																																																																		Range edge (N Wales)				CR				5		30.2 - 36.4

																																																																																						SI				5		30.1 - 33.9





																																																																																		Non-range edge (SW England)				PO				5		30.8 - 36.5

																																																																																						TR				5		36.6 - 43.1





																																																																																		Range edge (S/SE England)				PB				5		39.8 - 41.5

																																																																																						SG				5		31.1 - 34.5











Sheet3





								Shell		Date		ML (mm)				Date 1		ML (mm)				Date 2		ML (mm)				Date 3		ML (mm)				CD		ML (mm)





								1		6/22/15		22.5				8/3/15		23.5				11/23/15		23.9				3/21/16		24.1				6/13/17		27.1



								2		6/22/15		19.1				8/3/15		19.9				11/23/15		19.9				3/21/16		21.9				6/13/17		24.2



								3		6/23/15		20.2				8/3/15		20.6				11/23/15		21.2				3/21/16		23.2				6/13/17		25.3



								4		6/23/15		20.5				8/3/15		22.3				11/23/15		22.5				3/21/16		24.9				6/13/17		26.4



								5		6/23/15		22.0				8/3/15		23.8				11/23/15		23.9				3/21/16		25.7				6/13/17		27.0



								6		6/23/15		19.0				8/3/15		21.2				11/23/15		22.3				3/21/16		23.2				6/13/17		26.4



								7		6/29/15		20.0				8/3/15		21.9				11/23/15		22.2				3/21/16		24.0				6/13/17		28.4



								8		6/29/15		20.2				8/3/15		21.9				11/23/15		22.6				3/21/16		24.5				6/13/17		27.7



								9		6/29/15		22.5				8/3/15		24.9				11/23/15		25.3				3/21/16		27.1				6/13/17		30.6



								10		6/29/15		25.1				8/3/15		26.5				11/23/15		26.8				3/21/16		28.1				6/13/17		30.4









VALIDATION TABLE







																																																																																				Length measurement (mm)







																																																																																				Field 														Laboratory				y = mx + a				R2 (+ SE)				m + SE				a + SE







																																																																																				August 2015														Line 2015-16				y = 0.857x + 3.315				0.932 (+ 0.559)				0.082				1.848







																																																																																				March 2016														Line 2015-16				y = 0.505x + 13.998				0.353 (+ 1.642)				0.234				5.427
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Region Location N ML (mm)

CR 5 30.2 - 36.4

SI 5 30.1 - 33.9

PO 5 30.8 - 36.5

TR 5 36.6 - 43.1

PB 5 39.8 - 41.5

SG 5 31.1 - 34.5

Range edge (N Wales)

Non-range edge (SW England)

Range edge (S/SE England)
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		REGION		SHORE		SPECIES		NUMBER		b		Total_Limpet		K		P. depressa		P. vulgata		P. uly																																																														SUMMARY OUTPUT

		N-WALES		SLAND		P. depressa		1		0.8365		25		0.2		6		18		1		25																																				SUMMARY OUTPUT

		N-WALES		SLAND		P. depressa		2		0.8291		19		0.2		5		14		0		19																																																												Regression Statistics

		N-WALES		SLAND		P. depressa		3		0.6922		8		0.4		2		6		0		8																																				Regression Statistics																								Multiple R		0.7652263005

		N-WALES		SLAND		P. depressa		4		0.7920		13		0.2		3		10		0		13																																				Multiple R		0.7128706001																						R Square		0.59

		N-WALES		SLAND		P. depressa		5		0.8439		34		0.2		8		26		0		34																																				R Square		0.5081844925																						Adjusted R Square		0.5337677024

		N-WALES		CRICC		P. depressa		1		0.8411		15		0.2		3		12		0		15																																				Adjusted R Square		0.446707554																						Standard Error		0.0403135711

		N-WALES		CRICC		P. depressa		2		0.8309		30		0.2		6		24		0		30																																				Standard Error		0.043916474																						Observations		10

		N-WALES		CRICC		P. depressa		3		0.7801		15		0.2		5		10		0		15																																		 		Observations		10

		N-WALES		CRICC		P. depressa		4		0.7482		9		0.3		2		7		0		9																																																												ANOVA

		N-WALES		CRICC		P. depressa		5		0.7983		19		0.2		4		15		0		19																																				ANOVA																										df		SS		MS		F		Significance F

																																																												df		SS		MS		F		Significance F														Regression		1		0.0183705633		0.0183705633		11.3036819759		0.01

		S-WEST		POLZ		P. depressa		1		0.8659		45		0.1		20		24		0		44																																				Regression		1		0.0159427819		0.0159427819		8.2662622008		0.0206660852														Residual		8		0.0130014721		0.001625184

		S-WEST		POLZ		P. depressa		2		0.8000		33		0.2		15		18		0		33																																				Residual		8		0.0154292535		0.0019286567																		Total		9		0.0313720354

		S-WEST		POLZ		P. depressa		3		0.8448		52		0.2		25		27		0		52																																				Total		9		0.0313720354

		S-WEST		POLZ		P. depressa		4		0.8000		32		0.2		16		16		0		32																																																														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

		S-WEST		POLZ		P. depressa		5		0.8022		37		0.2		17		20		0		37																																						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%								Intercept		0.3219951393		0.0317901965		10.1287558704		0.0000077143		0.2486868148		0.3953034639		0.2486868148		0.3953034639

		S-WEST		TREV		P. depressa		1		0.8431		43		0.2		18		26		0		44																																				Intercept		0.3188068042		0.0357532616		8.9168593402		0.0000198387		0.2363596352		0.4012539732		0.2363596352		0.4012539732								X Variable 1		-0.005235901		0.0015573329		-3.3620948791		0.0099009678		-0.0088271171		-0.0016446849		-0.0088271171		-0.0016446849

		S-WEST		TREV		P. depressa		2		0.8058		34		0.2		16		18		0		34																																				X Variable 1		-0.0215279577		0.0074876967		-2.8751108154		0.0206660852		-0.0387946171		-0.0042612982		-0.0387946171		-0.0042612982

		S-WEST		TREV		P. depressa		3		0.8635		50		0.1		25		25		0		50

		S-WEST		TREV		P. depressa		4		0.5520		12		0.4		5		7		0		12																																																												SUMMARY OUTPUT

		S-WEST		TREV		P. depressa		5		0.8031		45		0.2		12		32		1		45																																				SUMMARY OUTPUT

																																																																																		Regression Statistics

		S-EAST		PBILL		P. depressa		1		0.8206		75		0.2		19		56		0		75																																				Regression Statistics																								Multiple R		0.922241774

		S-EAST		PBILL		P. depressa		2		0.7253		45		0.3		19		24		2.00		45																																				Multiple R		0.7594693714																						R Square		0.8505298897

		S-EAST		PBILL		P. depressa		3		0.6784		35		0.4		12		23		0		35																																				R Square		0.5767937261																						Adjusted R Square		0.8318461259

		S-EAST		PBILL		P. depressa		4		0.7175		39		0.3		19		20		0		39																																				Adjusted R Square		0.5238929418																						Standard Error		0.0300048817

		S-EAST		PBILL		P. depressa		5		0.7686		65		0.3		20		45		0		65																																				Standard Error		0.0407382532																						Observations		10

		S-EAST		SWAN		P. depressa		1		0.7287		40		0.3		8		32		0		40																																				Observations		10

		S-EAST		SWAN		P. depressa		2		0.7365		48		0.3		16		30		2.00		48																																																												ANOVA

		S-EAST		SWAN		P. depressa		3		0.8288		55		0.2		24		30		0		54																																				ANOVA																										df		SS		MS		F		Significance F

		S-EAST		SWAN		P. depressa		4		0.7635		44		0.3		21		23		0		44																																						df		SS		MS		F		Significance F														Regression		1		0.0409835004		0.0409835004		45.5224064647		0.0001454963

		S-EAST		SWAN		P. depressa		5		0.7960		49		0.2		21		28		0		49																																				Regression		1		0.0180951932		0.0180951932		10.9033114415		0.0108262586														Residual		8		0.0072023434		0.0009002929

																																																										Residual		8		0.0132768422		0.0016596053																		Total		9		0.0481858438

																																																										Total		9		0.0313720354

																																																																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%								Intercept		0.4355357866		0.0342926371		12.7005626708		0.0000013897		0.3564568236		0.5146147495		0.3564568236		0.5146147495

																																																										Intercept		0.3184659657		0.031352186		10.1576957121		0.0000075514		0.246167695		0.3907642363		0.246167695		0.3907642363								X Variable 1		-0.005805236		0.0008604136		-6.7470294549		0.0001454963		-0.0077893534		-0.0038211186		-0.0077893534		-0.0038211186

																																																										X Variable 1		-0.0066466321		0.0020129011		-3.3020162691		0.0108262586		-0.0112883902		-0.0020048739		-0.0112883902		-0.0020048739



																																																										SUMMARY OUTPUT

																																																																																		SUMMARY OUTPUT

																																																										Regression Statistics

																																																										Multiple R		0.8865858147																						Regression Statistics

																																																										R Square		0.7860344069																						Multiple R		0.7700759868

																																																										Adjusted R Square		0.7592887078																						R Square		0.59

																																																										Standard Error		0.0358993604																						Adjusted R Square		0.5421441536

																																																										Observations		10																						Standard Error		0.043034263

																 																																																																		Observations		10

																																																										ANOVA

																																																												df		SS		MS		F		Significance F														ANOVA

																																																										Regression		1		0.0378757311		0.0378757311		29.3891890027		0.0006299146																df		SS		MS		F		Significance F

																																																										Residual		8		0.0103101126		0.0012887641																		Regression		1		0.0215878627		0.0215878627		11.6568419324		0.01

																																																										Total		9		0.0481858438																				Residual		8		0.0148155824		0.0018519478

																																																																																		Total		9		0.0364034451

																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.3991316551		0.0361280939		11.0476809447		0.0000040155		0.315820121		0.4824431891		0.315820121		0.4824431891										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										X Variable 1		-0.0110021543		0.002029476		-5.4211796689		0.0006299146		-0.0156821344		-0.0063221741		-0.0156821344		-0.0063221741								Intercept		0.4764813816		0.0588448895		8.0972431983		0.0000400267		0.340784823		0.6121779402		0.340784823		0.6121779402

																																																																																		X Variable 1		-0.0039487382		0.0011565593		-3.4142117586		0.0091659422		-0.0066157687		-0.0012817078		-0.0066157687		-0.0012817078

																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.775733802

																																																										R Square		0.6017629315

																																																										Adjusted R Square		0.551983298

																																																										Standard Error		0.0489762559

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0289964546		0.0289964546		12.088536787		0.0083581139

																																																										Residual		8		0.0191893892		0.0023986736

																																																										Total		9		0.0481858438



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.3849212033		0.0517624607		7.436300324		0.0000735992		0.2655567548		0.5042856517		0.2655567548		0.5042856517

																																																										X Variable 1		-0.0080622514		0.002318833		-3.4768573147		0.0083581139		-0.0134094899		-0.002715013		-0.0134094899		-0.002715013



																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.6751444567

																																																										R Square		0.4558200374

																																																										Adjusted R Square		0.3877975421

																																																										Standard Error		0.0497619651

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0165934197		0.0165934197		6.7010190569		0.0321814452

																																																										Residual		8		0.0198100254		0.0024762532

																																																										Total		9		0.0364034451



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.4436976587		0.0647837543		6.8489031481		0.0001311351		0.2943060534		0.593089264		0.2943060534		0.593089264

																																																										X Variable 1		-0.0090882022		0.0035108118		-2.5886326616		0.0321814452		-0.0171841488		-0.0009922556		-0.0171841488		-0.0009922556



																																																										SUMMARY OUTPUT



																																																										Regression Statistics

																																																										Multiple R		0.5732172018

																																																										R Square		0.3285779604

																																																										Adjusted R Square		0.2446502055

																																																										Standard Error		0.0552744011

																																																										Observations		10



																																																										ANOVA

																																																												df		SS		MS		F		Significance F

																																																										Regression		1		0.0119613697		0.0119613697		3.9150095293		0.0832239116

																																																										Residual		8		0.0244420754		0.0030552594

																																																										Total		9		0.0364034451



																																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95,0%		Upper 95,0%

																																																										Intercept		0.382162518		0.054023676		7.0739821226		0.0001046511		0.2575836978		0.5067413382		0.2575836978		0.5067413382

																																																										X Variable 1		-0.0032522083		0.0016436598		-1.9786383018		0.0832239116		-0.0070424947		0.0005380781		-0.0070424947		0.0005380781











25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	y = -0.0057x + 0.4328
R² = 0.8436

45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	y = -0.0039x + 0.4765
R² = 0.593

75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	25	19	8	13	34	15	30	15	9	19	45	33	52	32	37	43	34	50	12	45	75	45	35	39	65	40	48	55	44	49	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

P. depressa	6	5	2	3	8	3	6	5	2	4	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	P. vulgata	18	14	6	10	26	12	24	10	7	15	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	

P. depressa	20	15	25	16	17	18	16	25	5	12	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	P. vulgata	24	18	27	16	20	26	18	25	7	32	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	

P. depressa	19	19	12	19	20	8	16	24	21	21	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	P. vulgata	56	24	23	20	45	32	30	30	23	28	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

N-Wales	25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	S-West	45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	S-East	75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	







Sheet2



P. depressa	6	5	2	3	8	3	6	5	2	4	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	P. vulgata	18	14	6	10	26	12	24	10	7	15	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	



P. depressa	20	15	25	16	17	18	16	25	5	12	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	P. vulgata	24	18	27	16	20	26	18	25	7	32	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	



P. depressa	19	19	12	19	20	8	16	24	21	21	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	P. vulgata	56	24	23	20	45	32	30	30	23	28	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	

N-Wales	25	19	8	13	34	15	30	15	9	19	0.17852875855525838	0.18741450385996408	0.35	0.23319388716771114	0.16972127481821622	0.17304472001374549	0.18524582831120143	0.24833316238786959	0.29008495706809134	0.22527081233038385	S-West	45	33	52	32	37	43	34	50	12	45	0.14398585052838153	0.22314355131420971	0.16865536603014003	0.22314355131420971	0.22039732564618453	0.17066970405350712	0.21591970622489021	0.14676138139540371	0.4	0.21927603978772048	S-East	75	45	35	39	65	40	48	55	44	49	0.19771949897405133	0.32116991661277045	0.38801819450444375	0.33198233134836086	0.26318460085139356	0.31649315430590053	0.30584604307945201	0.18777640747691846	0.26984215432344999	0.22815609313775398	



VB Parameters





																																						Region				Location				L max (mm)				L∞ (mm)				K (years -1)				t(0)				Ø'





																																						Range edge (N Wales)				CR				36.4				38.1				0.207				-0.849				2.28





																																										SI				33.9				34.0				0.214				-0.994				2.29







																																						Non-range edge (SW England)				PO				36.5				40.1				0.191				-0.866				2.49





																																										TR				43.1				47.3				0.198				-0.381				2.65







																																						Range edge (S/SE England)				PB				41.5				45.9				0.299				-0.224				2.80





																																										SG				34.5				37.4				0.269				-0.247				2.58















sizes





																																																																																 

																																																																																		Region				Location				N		ML (mm)





																																																																																		Range edge (N Wales)				CR				5		30.2 - 36.4

																																																																																						SI				5		30.1 - 33.9





																																																																																		Non-range edge (SW England)				PO				5		30.8 - 36.5

																																																																																						TR				5		36.6 - 43.1





																																																																																		Range edge (S/SE England)				PB				5		39.8 - 41.5

																																																																																						SG				5		31.1 - 34.5











Sheet3





								Shell		Date		ML (mm)				Date 1		ML (mm)				Date 2		ML (mm)				Date 3		ML (mm)				CD		ML (mm)





								1		6/22/15		22.5				8/3/15		23.5				11/23/15		23.9				3/21/16		24.1				6/13/17		27.1



								2		6/22/15		19.1						19.9						19.9						21.9						24.2



								3		6/23/15		20.2						20.6						21.2						23.2						25.3



								4		6/23/15		20.5						22.3						22.5						24.9						26.4



								5		6/23/15		22.0						23.8						23.9						25.7						27.0



								6		6/23/15		19.0						21.2						22.3						23.2						26.4



								7		6/29/15		20.0						21.9						22.2						24.0						28.4



								8		6/29/15		20.2						21.9						22.6						24.5						27.7



								9		6/29/15		22.5						24.9						25.3						27.1						30.6



								10		6/29/15		25.1						26.5						26.8						28.1						30.4









VALIDATION TABLE







																																																																																				Length measurement (mm)







																																																																																				Field 														Laboratory				y = mx + a				R2 (+ SE)				m + SE				a + SE







																																																																																				August 2015														Line 2015-16				y = 0.857x + 3.315				0.932 (+ 0.559)				0.082				1.848







																																																																																				March 2016														Line 2015-16				y = 0.505x + 13.998				0.353 (+ 1.642)				0.234				5.427
















