Shallow waters as critical habitats for fish assemblages under eutrophication-mediated events in a coastal lagoon
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Appendix A.
Considerations for the application of the Estuarine Multimetric Fish Index in the Mar Menor coastal lagoon.
This section briefly describes the modifications made to the Estuarine Multimetric Fish Index (EMFI) for its application in the shallow waters of the Mar Menor coastal lagoon. Further, we show in detail the reference checklist of fish species used and their expected abundance category, as well as the thresholds and scoring criteria for the index metrics.
Firstly, owing to the absence of introduced fish in the Mar Menor shallow waters, the original EMFI metric based on alien fish was replaced by a metric accounting for the overall conservation value of the fish community (M2), being computed as the number of species included in international protection catalogues and red lists [UICN global red list; Annex II of the EU Habitat Directive;  Barcelona Convention (2001)]. On the other hand, some metrics included in this index require reference values from the fish assemblage to assess the extent of deviation. The reference conditions for the EMFI metrics were established from historical data, best available information and expert consensus. The reference checklist is made up of a total of 35 species which, regardless of their abundance, reflect the representative fish assemblage of the shallow waters of the Mar Menor coastal lagoon. Six abundance categories were established, from absent to abundant (more than 500 individuals) (Table A1), and each species was assigned a putative abundance category (Table A2), representing its expected abundance value under reference conditions. To avoid biases associated with seasonality (i.e., within-year   fluctuations in occurrence or abundance), reference abundance values were established for each season accounting for seasonal changes related to biological cycles and migratory behaviour. Species-specific traits related to estuarine utilisation and trophic integrity were extracted from published literature (Franco et al., 2008).
To compute the EMFI value at the sampling site level, the metric values are calculated based on the fish data collected in the surveys. The score that each metric contributes to the EMFI is defined according to the thresholds set out in Table A3. Finally, the EMFI value is obtained after the sum of the scores of the 14 metrics that the index includes.

	Category
	Fish numbers
	Value

	Abundant
	>500
	5

	Numerous
	150 - 500
	4

	Many
	50 – 150
	3

	Few
	10 – 50
	2

	Scarce
	1 – 10
	1

	Absent
	0
	0


[bookmark: _GoBack]Table A1. Abundance categories and values defined at the sampling site level (480m2).




	Species
	Guild
	
	Abundance

	
	Estuary use
	Feeding
	
	Winter
	Spring
	Summer
	Autumn

	Anguilla anguilla*
	D
	HP
	
	Scarce
	Scarce
	Scarce
	Scarce

	Apricaphanius Iberus*
	RES
	Bmi
	
	Few
	Few
	Many
	Many

	Atherina boyeri*
	RES
	HZ
	
	Numerous
	Numerous
	Abundant
	Numerous

	Belone belone
	MS
	HP
	
	Scarce
	Scarce
	Scarce
	Absent

	Callionymus pusillus
	RES
	Bmi
	
	Absent
	Absent
	Scarce
	Scarce

	Chelon auratus
	MM
	DV
	
	Abundant
	Abundant
	Many
	Many

	Chelon labrosus
	MM
	DV
	
	Absent
	Scarce
	Scarce
	Absent

	Chelon ramada
	MM
	DV
	
	Numerous
	Few
	Scarce
	Scarce

	Chelon saliens
	MM
	DV
	
	Abundant
	Numerous
	Abundant
	Abundant

	Dicentrarchus labrax
	MM
	HP
	
	Absent
	Few
	Absent
	Absent

	Diplodus puntazzo
	MM
	OV
	
	Few
	Few
	Absent
	Few

	Diplodus sargus
	MM
	OV
	
	Absent
	Few
	Few
	Absent

	Diplodus vulgaris
	MM
	OV
	
	Scarce
	Scarce
	Absent
	Absent

	Engraulis encrasicolus
	MM
	PL
	
	Scarce
	Scarce
	Few
	Few

	Gobius cobitis
	RES
	Bmi
	
	Scarce
	Scarce
	Few
	Few

	Gobius niger
	RES
	Bmi
	
	Scarce
	Scarce
	Scarce
	Few

	Gobius paganellus
	RES
	Bmi
	
	Scarce
	Scarce
	Scarce
	Scarce

	Hippocampus guttulatus*
	RES
	Bmi
	
	Absent
	Absent
	Scarce
	Scarce

	Microlipophrys dalmatinus
	RES 
	OV 
	
	Scarce
	Scarce
	Scarce
	Scarce

	Mugil cephalus
	MM
	DV
	
	Many
	Few
	Scarce
	Numerous

	Mullus barbatus
	MS
	Bma
	
	Scarce
	Scarce
	Scarce
	Scarce

	Pomatomus saltatrix
	MS
	HP
	
	Absent
	Absent
	Absent
	Scarce

	Pomatoschistus marmoratus*
	RES
	Bmi
	
	Abundant
	Abundant
	Abundant
	Abundant

	Salaria pavo
	RES 
	OV 
	
	Scarce
	Scarce
	Many
	Few

	Sardina pilchardus
	MS
	PL
	
	Scarce
	Scarce
	Absent
	Absent

	Sardinella aurita
	MS
	PL
	
	Absent
	Absent
	Absent
	Scarce

	Sarpa salpa
	MM
	HV
	
	Absent
	Many
	Scarce
	Absent

	Solea senegalensis
	MM
	Bma
	
	Absent
	Scarce
	Scarce
	Absent

	Solea solea*
	MM
	Bma
	
	Absent
	Scarce
	Scarce
	Absent

	Sparus aurata
	MM
	Bma
	
	Abundant
	Numerous
	Absent
	Absent

	Symphodus cinereus
	RES
	Bma
	
	Scarce
	Scarce
	Scarce
	Few

	Syngnathus abaster*
	RES
	Bmi
	
	Many
	Numerous
	Abundant
	Abundant

	Syngnathus acus*
	RES
	Bmi
	
	Scarce
	Scarce
	Scarce
	Scarce

	Syngnathus typhle*
	RES
	HZ
	
	Scarce
	Scarce
	Scarce
	Scarce

	Tylosurus acus
	MS
	HP
	
	Scarce
	Absent
	Scarce
	Scarce



Table A2. Reference checklist of fish recorded in shallow waters of Mar Menor. Functional guilds and the expected abundance of each species are included. Estuary use categories: resident (RES); marine migrant (MM); marine stragglers (MS); diadromous (D). Feeding categories: microbenthivores (Bmi); macrobenthivores (Bma); planktivores (PL); hyperbenthivores/zooplanktivores (HZ); hyperbenthivores/piscivores (HP); detritivores (D); herbivores (HV); omnivores (OV). (*) indicates threatened species included in red lists.

	Metric
	
	Score
	
	
	
	

	
	
	1
	2
	3
	4
	5

	Species diversity and composition
	
	
	
	
	
	

	M1
	Species richness
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	M2
	Conservation value of the fish assemblage
	0
	1-2
	3-4
	5-6
	≥7

	M3
	Species composition
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	Species abundance
	
	
	
	
	
	

	M4
	Species abundance
	<10%
	≥10% - <20%
	≥20% - <30%
	≥30% - <40%
	≥40%

	M5
	Dominance
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	Estuarine use
	
	
	
	
	
	

	M6
	Number of diadromous species
	0
	1
	2-3
	4-5
	≥6

	M7
	Resident species richness
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	M8
	Marine migrant species richness
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	M9
	Resident species abundance
	<5% o >95%
	≥5% - <15%  o  >85% - ≤95%
	≥15% - <25%  o  >75% - ≤85%
	≥25% - <40%  o  >60% - ≤75%
	≥40% - ≤60%

	M10
	Marine migrant species abundance
	<5% o >95%
	≥5% - <15%  o  >85% - ≤95%
	≥15% - <25%  o  >75% - ≤85%
	≥25% - <40%  o  >60% - ≤75%
	≥40% - ≤60%

	Trophic integrity
	
	
	
	
	
	

	M11
	Zoobenthivore species richness
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	M12
	Piscivore species richness
	<20%
	≥20% - <40%
	≥40% - <60%
	≥60% - <80%
	≥80%

	M13
	Zoobenthivore abundance
	<5% o >95%
	≥5% - <10%  o  >90% - ≤95%
	≥10% - <25%  o  >75% - ≤90%
	≥25% - <40%  o  >60% - ≤75%
	≥40% - ≤60%

	M14
	Piscivore abundance
	0%
	0% - <1%
	≥1% - <5%
	≥5% - <10%
	≥10%



Table A3. Metric thresholds and scoring criteria of Estuarine Multimetric Fish Indidex modified (EMFI*).
