Supplementary information
SI 1- Protocols laboratory procedures for trait measurement.
Carbon estimation. The total carbon present in the plant was oxidized to carbon dioxide by heating it to 900°C in a gas stream containing pure oxygen, free of CO2. The released carbon dioxide was then measured using an NDIR infrared detector. When the sample is heated to 900°C, any inorganic carbon present is also completely decomposed. To determine the TOC, it is necessary to know the inorganic carbon content and subtract it from the total carbon. Inorganic carbon is determined similarly by first acidifying the sample and heating it to 200°C, conditions under which only carbonates are oxidized to CO2 and can be measured by the NDIR detector.
Pigment content protocol. The extraction methodology involved grinding a known amount of plant material in a mortar with a small quantity of sodium bicarbonate. Acetone 100% was used as the extraction solvent. Following centrifugation, the samples were analysed using a Hach DR3900 UV-vis spectrophotometer. The formulas to estimate the pigment content are the following:
Chl A (μg ml⁻¹) = [11.24*(A662 – A710) – 2.04*(A645-A710)]
Chl B (μg ml⁻¹) = [20.13*(A645-A710) – 4.19*(A662-A710)]
Bulk Carotenoids (μg ml⁻¹) = [(1000*(A470-A710) – 1.90Chl A – 63.14Chl B)/214]
Nitrogen protocol. The process involves acid digestion with a catalyst, converting nitrogen into ammonium ions. These ions are then treated with a strong base (sodium hydroxide), releasing ammonia, which is collected through steam distillation. The ammonia is trapped in boric acid and titrated with hydrochloric acid of known concentration to quantify the Kjeldahl nitrogen percentage. Protein content is estimated by multiplying the nitrogen content by a conversion factor of 6.25, assuming nitrogen makes up 16% of proteins.
Phosphorus protocol. The method is based on the formation of a yellow, water-soluble heteropoly acid with the vanado-molybdate reagent, which absorbs light at 420 nm. By comparing the light absorption of the sample with a calibration curve, the concentration of total phosphorus is expressed in mg/kg. The analysis was performed using a JASCO V730 spectrophotometer, with appropriate sample preparation and dilution steps carried out according to standard laboratory protocols.
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SI 2: Learning curve from the discriminant analysis. Assessing the accuracy depending on the number of bands included in the model. The order of bands selected is the same for all the points, and it was calculated based on the number of significant pairs of species.
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SI 3: Confusion matrix for the validation of the species identification by the discriminant analysis. The species code are the following Aster tripolium (At), Bolboschoenus maritimus (Bm), Halimione portulacoides (Hp), Inula crithmoides (Ic), Juncus maritimus (Jm), Limonium dodartii (Ld), Limonium humile (Lh), Limonium vulgare (Lv), Phragmites australis (Pa), Plantago maritima (Plm), Puccinellia maritima (Pum), Salicornia ramosissima (Sl), Sarcocornia perennis (Sr), Spartina alterniflora (Sal), Spartina anglica (San), Spartina maritima (Spm), Suaeda maritima (Sum), Zostera marina (Zm), Zostera noltei (Zn).
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SI 4: Variable Importance in Projection (VIP) scores across wavelengths for all traits. This graph shows which wavelengths contribute most to the PLSR for each of the traits modelled. VIP highlights the significance of a specific wavelength in predicting the target trait. A VIP value greater than 0.8 generally signifies a highly influential variable in the model's prediction.

SI 5: Functional diversity of the vascular plant species in Northern Spain. The value of each functional trait is standardized due to different magnitudes and displayed in the bar graph. These traits are proxies of ecological processes.
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[bookmark: _Ref149032578]SI 6: Sampling port used to place the leaves´ blades for the readings.

	Date
	Site
	Herbarium Code
	Species
	Latitude  
	Longitude 
	Identified by

	27/07/2023
	Oyambre
	Oy-II-Pu3
	Puccinellia maritima
	43.37214
	-4.31698
	Dr. Cristina Galván

	27/07/2023
	Oyambre
	Oy-II-Ph3
	Phragmites australis
	43.37143
	-4.31699
	MSc. Andre Costa Neves

	20/07/2023
	Santander
	BS-I-Spa2
	Spartina maritima
	43.43335
	-3.7579
	Dr. Jesús Castillo

	15/10/2024
	Joyel
	JOZO-L2
	Spartina alterniflora
	43.48735
	-3.55053
	Dr. Olivier Coriton 

	15/10/2024
	Joyel
	JOZO-L1
	Spartina anglica
	43.48735
	-3.55015
	Dr. Olivier Coriton 

	26/07/2023
	Oyambre
	Oy-I-Lisp1
	Limonium vulgare
	43.38345
	-4.32059
	MSc. Andre Costa Neves

	04/08/2023
	Santander
	BS-III-Zm4
	Zostera marina
	43.43193
	-3.81177
	Dr. Bárbara Ondiviela

	04/08/2023
	Santoña
	BS-III-Zn4
	Zostera noltii
	43.4411
	-3.47278
	Dr. Bárbara Ondiviela

	27/07/2023
	Oyambre
	Oy-II-Jm3
	Juncus maritimus
	43.37208
	-4.31745
	MSc. Andre Costa Neves

	28/09/2023
	Oyambre
	Oy-I-Sarco2
	Sarcocornia perennis
	43.38261
	-4.31768
	MSc. Andre Costa Neves

	24/07/2023
	Oyambre
	Oy-I-Hp2
	Halimione portulacoides
	43.38467
	-4.32084
	MSc. Andre Costa Neves

	26/07/2023
	Oyambre
	Oy-I-Ld1
	Limonium dodartii
	43.38444
	-4.3209
	MSc. Andre Costa Neves

	24/07/2023
	Oyambre
	Oy-I-Li3
	Limonium humile
	43.38366
	-4.31978
	Dr. Cristina Galván

	18/07/2023
	Santander
	BS-I-Sum2
	Suaeda maritima
	43.43192
	-3.75181
	Dr. Cristina Galván

	26/07/2023
	Oyambre
	Oy-I-Ic3
	Inula crithmoides
	43.38283
	-4.32033
	MSc. Andre Costa Neves

	26/07/2023
	Oyambre
	Oy-I-Plm1
	Plantago maritima
	43.38332
	-4.31981
	MSc. Andre Costa Neves

	05/10/2023
	Oyambre
	Oy-II-Bo4
	Bolboschoenus maritimus
	43.36982
	-4.31474
	MSc. Andre Costa Neves

	28/09/2023
	Oyambre
	Oy-I-Sali4
	Salicornia ramosissima
	43.38287
	-4.31788
	MSc. Andre Costa Neves

	28/09/2023
	Oyambre
	Oy-I-At4
	Aster tripolium
	43.48288
	-3.55056
	MSc. Andre Costa Neves

	
	
	
	
	
	
	


SI 7: List of reference specimens collection details. The list contains the name of the species name, collection date, the researcher who identified and geographic coordinates. Voucher specimens (exsiccates) are curated at the IHCantabria herbarium collection and are available upon request to the corresponding authors.


  
LMA	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.48772549892547312	-0.56591266130045415	-0.36491262408046066	-0.36390525235497317	2.6458820225816906	-0.69922429888779747	-0.30817231761027974	-0.24738574376412706	-0.29000737769057156	-6.7509197997388368E-4	0.28837581680342739	2.556153560060332	0.80506337230267289	-4.7431961640117377E-2	-0.30406886147274664	-0.42673583272368915	-1.1261556648300395	-0.71998841496329213	Water	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	0.96952172327425468	-1.7638709663332608	0.81922647153110062	1.0103433257677303	-1.2368370385539096	0.27097628758074177	0.36980503272149795	0.18429610268291047	-2.0250072522027609	0.92131900252766508	-0.81007174769221624	0.84238466041636328	1.0643810883574165	-0.92163003508867847	-0.63474137263047736	1.1292318862857786	0.33296738338058757	9.9409084548943372E-2	Nitrogen	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.10189673717335627	1.6308757571424761	-0.66892832123649015	0.67104017071158562	-0.78296819289164477	0.70905346126330404	-7.7821653157268897E-2	-0.7164449344261381	1.6087013376539745	-1.4957173907363666	-0.36482199682274191	-0.59606951434569611	-1.6477705529432396	0.73566276464950742	1.7354123061597022	-7.0218995046923513E-2	-0.12723893087450164	-0.44084857792618015	Phosphorus	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.26987723183001666	0.82556912872837762	-1.1625752328375478	-0.21540752329396384	-0.72681756454912549	-0.10041591638451869	-0.56159278198976559	-0.39092102857680033	0.11141072792235253	-0.5422257745102802	-1.1474447582442	-0.36671226922744371	-1.0808706700334685	0.5568518999505172	1.2658659393948055	-0.34250350987808659	2.4505821000539521	1.6970844653052237	Inorganic carbon	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.6714040495395629	-0.50392032602203518	1.3384006326707689	0.83594946211818633	-1.1738552200921455	1.1709169091532412	-0.58766218778079871	-0.16895287898697961	-1.0621994044137939	0.50098201508313078	0.3334982915656034	-1.0063714965746178	-0.83888777305709039	-0.72723195737873858	-0.83888777305708995	0.33349829156560301	2.2874750659367593	1.2825727248315932	Organic carbon	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-1.1591269952148675	1.4333578480931684	-0.82871226028345102	-1.0320444048566304	1.0266935589468102	-0.25048647415347275	3.6787065630013425E-3	0.21336498065409321	1.1622483219955959	-0.51735991390576985	0.99492291135725097	-0.91767007353421737	-1.4450628235209009	1.1029431131617518	1.1347137607513118	-1.6039160614686974	-6.1980631788753446E-2	-0.25684060367138428	Chlorophyll a	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.38443955345366226	0.23297653938211704	0.73046929022204676	-1.7331877894069943	0.42298495137554276	0.87882714633119929	-1.1176628809997204	-0.56688322773306365	0.60626297172634425	-0.35240066431191364	-1.6250565385535929	1.9123483118954383	1.0490782433538794	0.48795269880186676	-0.75221930172665097	0.2109498030971656	Chlorophyll b	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	-0.98743212943898595	0.30748942762314374	0.80384928097037911	-1.6522762002478368	0.71987460750538412	0.76929664462745817	-1.2006162413291932	-0.45577082100455546	0.67334087125408026	-0.56541927998751118	-1.5832779016683178	1.7901505412853596	1.0466805023277557	0.32888424888811096	-0.22845084506428018	0.23367729425900802	Carotenoids	Aster tripolium	Bolboschoenus maritimus	Hamilione portulacoides	Inula crithmoides	Juncus maritimus	Limonium dodartii	Limonium humile	Limonium vulgares	Phragmites australis	Plantago maritima	Puccinelia maritima	Salicornia ramosissima	Sarcocornia perennis	Spartina alterniflora 	Spartina maritima	Sueda maritima	Zostera marina	Zostera noltii	1.5878497256855639	-0.26441881345283258	0.10079925079644718	-1.5892920360354506	0.68438196185211586	0.88486880131763124	-0.83454756235146677	-0.60345865981011992	0.92413612815562174	-0.87545672863912938	-1.6812350452170877	1.5888074653645397	0.5158197783524483	-0.31485976987886971	-0.39084045107758369	0.26744595493816525	
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At

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bm

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hp

0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ic

0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jm

0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ld

0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Lh

0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0

Lv

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pa

0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0

Plm

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Pum

0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0

Sl

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Sr

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Sal

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

San

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Spm

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0

Sum

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0

Zm

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0

Zn

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Total

Absolute Total per 

species

1 1 3 3 3 1 4 0 5 1 3 0 2 1 1 5 3 5 5 47

Species Accuracy   (%)

100 100 100 100 100 100 100 100 100 100 50 100 100 100 100 100 100

General accurary (%)

97.9
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