SUPPLEMENTARY MATERIAL:
Environmental risk assessment of petrogenic hydrocarbon spills in mangrove ecosystems: the Tumaco case study as a baseline, Colombian Pacific

Mary Ríos-Mármol a, b*; Inger Daniel-Hincapié c; Lizbeth-Janet Vivas-Aguas a, d, *; Diana Romero-D’Achiardi a; Luisa Espinosa-Díaz a, d; Miquel Canals e; Ostin Garcés-Ordóñez a, d, e *

a Instituto de Investigaciones Marinas y Costeras – INVEMAR, Programa Calidad Ambiental Marina. Calle 25#2-55, Rodadero, Santa Marta, Colombia. E-mail: janet.vivas@invemar.org.co
b Universidad del Magdalena, Programa de Maestría en Desarrollo Territorial Sostenible. Carrera 32 #22-08, Santa Marta, Colombia. E-mail: maryriosam@unimagdalena.edu.co 
c Escuela Naval de Suboficiales (ARC Barranquilla), Grupo de Investigaciones Marinas, Ambientales y Costeras (GIMAC). Calle 58 esquina Vía 40, Barranquilla, Colombia.
d Red de Vigilancia para la Conservación y Protección de las Aguas Marinas y Costeras de Colombia – REDCAM, Calle 25#2-55, Rodadero, Santa Marta, Colombia.
e CRG Marine Geosciences, Department of Earth and Ocean Dynamics, Earth Sciences Faculty, University of Barcelona, Martí i Franquès, s/n, 08028, Barcelona, Spain. E-mail: ostingarces@ub.edu 

[bookmark: _Hlk117676880][bookmark: _Hlk117676906]*Corresponding author: maryriosam@unimagdalena.edu.co; janet.vivas@invemar.org.co; ostingarces@ub.edu 

 
[bookmark: _Ref108702663][bookmark: _Ref108702869]Supplementary information
[bookmark: _Ref116575951][bookmark: _Ref116575947]Table S1. Component, criteria, attributes, and simple indicators used to assess the environmental risk of petrogenic hydrocarbon spills (PHS) in Tumaco, Colombia. Components: Criteria acronyms: PRO, probability; MAG, magnitude; EXT, extent; EXP, exposure; SEN: sensitivity; and AC: adaptive capacity. Weighting expressed as percentage (P%). HC: Hydrocarbons. DDPH: dissolved and dispersed petroleum hydrocarbons (chrysene equivalent). PHC: petroleum hydrocarbons (chrysene equivalent). PAH: polycyclic aromatic hydrocarbons. ICAM: marine water quality index for flora and fauna preservation. CT: conservation targets.
	Synthetic index (Level V)
	Component (Partial index of level IV)
	Criteria (Partial index of level III)
	P%
	Attribute (Partial index of level II)
	P%
	Simple indicator (Level I)
	P%
	Rating scale
	Reference

	
	
	
	
	
	
	
	
	Very low
1
	Low
2
	Moderate
3
	High
4
	Very high
5
	

	Env. risk
	A) Threat
	PRO
	35
	Probability
	100
	Occurrence of oil spills
	100
	Unlikely
	Extremely rare
	Possible
	Likely
	Very likely
	Ecopetrol (2015)

	
	
	MAG
	30
	HC
	10
	HC type
	100
	Heavy fuel oil
	Heavy crude oil
	Light crude oil
	Gasoil 
	Gasoline
	ITOPF (2011)

	
	
	
	
	Water
	20
	ICAM (%)
	35
	100-90
	90-70
	70-50
	50-25
	25-0
	Vivas-Aguas and Navarrete (2014)

	
	
	
	
	
	
	DDPH (μg L-1) (mangrove)
	10
	0-1 
	01-abr
	04-may
	05-oct
	>10
	Zanardi et al. (1999) 

	
	
	
	
	
	
	DDPH (μg L-1) (marine)
	35
	
	
	
	
	
	Acuña et al. (2004)

	
	
	
	
	
	
	PAH (μg L-1)
	20
	11
	45
	46-355
	356
	3668
	Scagliola et al. (2005)

	
	
	
	
	
	
	
	
	
	
	
	
	
	Buchman (2008)

	
	
	
	
	Organisms
	20
	HC aliphatic (µg g-1)
	70
	0-0.7
	0.7-4.2
	4.2-7.7
	7.7-11.2
	>11.22
	Ramírez et al. (1999)

	
	
	
	
	
	
	PAH (µg g-1)
	30
	53
	98
	200
	528
	>528
	Karacik et al. (2009); Ramdine et al. (2012); Yoshimine et al. (2012); Zambrano et al. (2012)

	
	
	
	
	Sediments 
	30
	PHC (µg g-1)
	35
	≤10
	>10 ≤15
	>15≥ 50
	>50 ≥ 200
	>200
	Ramírez and Viña (1998); Mora et al. (2010); Massoud et al. (1998)

	
	
	
	
	
	
	Total aliphatic HC (µg g-1)
	15
	0-25 
	25-50
	50-70 
	70-90 
	>90 
	Espinosa (2017)

	
	
	
	
	
	
	PAH (µg g-1)
	15
	888
	3422
	7885
	23810
	>23810 
	Long et al. (1995); Assunção et al. (2017)

	
	
	
	
	
	
	Grain size 
	35
	Very coarse sands (<1-2 mm)
	Coarse sands (0.5-1 mm)
	Medium sands (0.25-0.5 mm)
	Fine sands (125-250 µm)
	Very fine sands and silts (125-4 µm)
	Carver (1971) 

	
	
	
	
	Morphosedimentary features and sediment type 
	20
	Predominance
	100
	Rocky cliffs
	Beaches (sands)
	Barrier islands (muddy sands)
	Delta systems and urbanized coasts (sandy muds)
	River mouths and muddy shores (mud)
	Posada et al. (2009)

	
	
	EXT
	35
	Coastal dynamics
	100
	Tidal spread speed
	30
	0.25-0.3
	0.19-0.24 
	0.12-0.18
	0.07-0.12
	0-0.06
	UNINORTE (2013)

	
	
	
	
	
	
	(m s-1)
	
	
	
	
	
	
	

	
	
	
	
	
	
	% erosion
	20
	Null
	ene-20
	20-40
	40-80
	80-100
	Posada et al. (2009); Petersen et al. (2002)

	
	
	
	
	
	
	% sedimentation
	5
	Null
	ene-20
	20-40
	40-80
	80-100
	

	
	
	
	
	
	
	% low energy beaches 
	5
	Null
	ene-20
	20-40
	40-80
	80-100
	

	
	
	
	
	
	
	% high energy beaches
	40
	100-80
	80-40
	40-20
	20-ene
	Absence
	

	
	B) Vulnerability
	EXP
	40
	HC presence in mangrove sediments
	40
	HC residence time (years)
	40
	0-3
	03-may
	05-jun
	07-ago
	09-oct
	ITOPF (2011)

	
	
	
	
	Hydric exposure
	30
	Interconnection of water bodies (m2)
	30
	0-20
	20-40
	40-60
	60-80
	80-100
	Posada et al. (2009)

	
	
	
	
	Type of beach
	30
	Energy level in beaches adjacent to the mangrove
	30
	Null
	No beaches
	High energy
	Null
	Low energy
	Posada et al. (2009)

	
	
	SEN
	40
	Relevance of CT
	20
	CT susceptibility
	15
	Whale congregation
	Bird feeding
	Bird feeding and resting
	Concentration of small and medium pelagic fish, “piangüas” banks and turtle nesting
	Area of high productivity, fish concentration and bird reproduction
	INVEMAR and ICP (2013)

	
	
	
	
	
	
	Number of CT in unit of analysis
	5
	01-feb
	>2-4
	>4-6
	>6-8
	>8-10
	INVEMAR and ICP (2013)

	
	
	
	
	Species diversity
	10
	Number of species
	5
	>900
	600-900
	400-600
	200-400
	0-200
	Espinosa (2017)

	
	
	
	
	
	
	Species richness (%)
	5
	0-25
	25-50
	50-70
	70-90
	90-100
	Espinosa (2017)

	
	
	
	
	Morphosedimentary features and sediment type
	30
	Sediment geoform
	15
	rocks
	Beaches
	Barrier islands
	Delta systems and urbanized coasts
	River mouth and muddy shores
	Posada et al. (2009); Núñez-Solís (2013)

	
	
	
	
	
	
	Types of sediments
	15
	Rocks
	Sands
	Muddy sands
	Sandy sludge
	Mud
	Posada et al. (2009); Petersen et al. (2002)

	
	
	
	
	Effects of HC
	20
	Resources affected
	10
	Plankton
	Demersal fish
	Crustaceans
	Mollusks
	Plankton, fish, mollusks, crustaceans, and mangrove
	Benavides et al. (2006)

	
	
	
	
	
	
	Mangrove structure
	5
	Initial impact: days to <1 year
	Structural/chronic: 1-5 years
	Stabilization/deterioration: 5-25 years
	Growing young trees 15-25 years to reach mangrove stability
	Habitat loss/recovery >30 years
	Duke (2016)

	
	
	
	
	Mangrove state
	20
	Intervention
	15
	 
	Mangrove with low intervention
	 
	Mangrove moderately intervened
	Highly intervened mangrove
	Tavera (2014)

	
	
	
	
	
	
	Basal area (m2 ha-1)
	5
	 
	>12.6
	3.0-12.5
	0.7-2.9
	<0.6
	Navarrete and Rodríguez (2014)

	
	
	
	
	
	
	Density (ind ha-1)
	5
	 
	>346
	128-346
	37-127
	<36
	Navarrete and Rodríguez (2014)

	
	
	AC
	20
	Hydrocarbon
	30
	HC presence
	30
	 
	Absence of HC
	 
	 
	Presence of HC
	INVEMAR (2015); Espinosa (2017)

	
	
	
	
	Ecosystem populations
	30
	Resource recovery time
	30
	Plankton: weeks/months
	Fish: 1-2 years
	Crustaceans: 1-3 years
	Mollusks: 1-5 years
	Mangroves: 10 years or more
	ITOPF (2011); Duke (2016)

	
	
	
	
	Distance
	20
	Distance to municipal capital (km)
	20
	20-50
	oct-20
	05-oct
	01-may
	0-1
	Tavera (2014)

	
	
	
	
	Resilience
	20
	Management zones
	20
	 
	Protection area
	Sustainable use area
	 
	Recovery area
	Tavera (2014)

	
	C) Potential impact
	Network method
	30
	See subsection 2.2.4 

	
	
	Qualitative method
	70
	





[bookmark: _Ref108703655][bookmark: _Ref116576047]Table S2. List of environmental compartments, environmental factors and potential impacts identified that can be generated by the three most impacting activities in terms of petrogenic hydrocarbon spills (PHS): (A1) poorly visible spills and retail selling of oil fuels; (A2) operation of the Tumaco oil terminal monobuoy; and (A3) inland PHS of the Trans-Andean oil pipeline. ID: identification of potential impact, which is used in the interaction matrices of impacts and impacting activities. HC: hydrocarbons.
	Environmental compartment
	Environmental factor
	Potential impacts identified
	ID

	Soil
	Soil texture
	Increased soil erosion
	I1

	
	
	Increased water retention in the soil surface layer
	I2

	
	
	Decreased soil porosity
	I3

	
	Land use
	Land use change
	I4

	
	Surface soil
	Decreased exchange of gases with the atmosphere
	I5

	
	
	Organic carbon increase
	I6

	
	
	Decrease in pH due to the accumulation of organic carbon and formation of organic acids
	I7

	
	
	Increased HC concentrations in marine and mangrove sediments
	I8

	Water
	Freshwater
	Decreased exchange of gases with the atmosphere
	I9

	
	
	Decreased dissolved oxygen
	I10

	
	
	Increase or decrease of pH
	I11

	
	
	Increased HC concentrations
	I12

	
	Estuarine
	Decreased exchange of gases with the atmosphere
	I13

	
	
	Decreased dissolved oxygen
	I14

	
	
	Increase or decrease of pH
	I15

	
	
	Increased HC concentrations
	I16

	
	Marine
	Decreased exchange of gases with the atmosphere
	I17

	
	
	Decreased dissolved oxygen
	I18

	
	
	Increase or decrease of pH
	I19

	
	
	Increased HC concentrations
	I20

	
	Interstitial in mangrove
	Decrease of pH
	I21

	
	
	Decreased dissolved oxygen
	I22

	Atmosphere
	Gases
	Increased HC gases in the air
	I23

	
	Hydrocarbons evaporation
	Increased evaporation of HC to the air
	I24

	
	Smell
	Increased HC odor in air
	I25

	Flora
	Mangrove plants
	Death of mangroves
	I26

	
	Mangrove structure
	Floristic change, species density, change in basal area
	I27

	
	Phytoplankton
	Decline of phytoplankton species
	I28

	Fauna
	Benthonic species
	Decline of benthic species
	I29

	
	Pelagic species
	Decline of pelagic species
	I30

	
	Mammals
	Decline in mammalian diversity
	I31

	
	Reptiles
	Decline in reptile diversity
	I32

	
	Avifauna
	Decrease in the diversity of avifauna
	I33

	
	Diversity and abundance of species
	Decline in species diversity
	I34

	Recreation
	Recreation areas
	Reduction of recreation areas
	I35

	Aesthetical
	Scenery
	Landscape deterioration
	I36

	
	Whale watching areas
	Deterioration of whale watching areas
	I37

	Livelihood
	Fishing and collection of mollusks and crustaceans for subsistence
	Decrease in fishing and collection of mollusks and crustaceans 
	I38

	
	Health
	Decreased health of the population
	I39

	
	Employment
	Decline in employment
	I40

	
	Communities’ quality of life
	Decrease in the quality of life (basic services: water, electricity, housing, sanitation)
	I41

	
	Productive activity
	Affectation of the productive activity (usages)
	I42

	
	Aquaculture
	Decline in aquaculture yields
	I43

	
	Fishing
	Decline in fishing yields
	I44





[bookmark: _Ref108703740]Table S3. Matrix of direct causal relationship between impacting activities A1, A2 and A3, and the potential impacts identified (c.f. Table S3) used in the network method for the impact assessment of petrogenic hydrocarbon pollution in the mangroves of Tumaco, Colombian Pacific. The activities and impacts in the first column correspond to the causes, while those located in the first row correspond to the effects (Martínez-Bernal, 2013). GE: entry grad.  GS: exit grade. The total grade corresponds to the sum of GS and GE according to Martínez-Bernal (2013).
	
	A1
	A2
	A3
	I1
	I2
	I3
	I4
	I5
	I6
	I7
	I8
	I9
	I10
	I11
	I12
	I13
	I14
	I15
	I16
	I17
	I18
	I19
	I20
	I21
	I22
	I23
	I24
	I25
	I26
	I27
	I28
	I29
	I30
	I31
	I32
	I33
	I34
	I35
	I36
	I37
	I38
	I39
	I40
	I41
	I42
	I43
	I44
	GS

	A1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	25

	A2
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	32

	A3
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	35

	I1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	8

	I2
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4

	I3
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4

	I4
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	21

	I5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5

	I6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11

	I7
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	9

	I8
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11

	I9
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5

	I10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	I11
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7

	I12
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	40

	I13
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5

	I14
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	I15
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7

	I16
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	40

	I17
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4

	I18
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	I19
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	6

	I20
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	40

	I21
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	5

	I22
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	I23
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	2

	I24
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2

	I25
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	I26
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	17

	I27
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	13

	I28
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	9

	I29
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	5

	I30
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1
	10

	I31
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	2

	I32
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	I33
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	2

	I34
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	7

	I35
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	2

	I36
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	3

	I37
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	5

	I38
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	5

	I39
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	3

	I40
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	5

	I41
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	I42
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	3

	I43
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	I44
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	4

	GE
	0
	1
	0
	10
	6
	6
	17
	9
	10
	9
	7
	7
	10
	9
	4
	6
	10
	12
	4
	7
	9
	8
	4
	9
	13
	7
	6
	9
	6
	14
	16
	20
	12
	11
	11
	13
	20
	12
	14
	5
	12
	6
	10
	7
	14
	14
	13
	25


 

[bookmark: _Ref116578249]Table S4. Rating of the defined indicators for the threat analysis. Weighting expressed as percentage (%). HC: Hydrocarbons. DDPH: dissolved and dispersed petroleum hydrocarbons (chrysene equivalent). PHC: petroleum hydrocarbons (chrysene equivalent). PAH: polycyclic aromatic hydrocarbons. ICAM: marine water quality index for flora and fauna preservation. No information: n.i.
	Unity of analysis
	Magnitude
	Extent

	
	HC (10%)
	Water (20%)
	Organisms (20%)
	Sediments (30%)
	Morphosedimentary features (20%)
	Coastal dynamics (100%)

	
	100
	35
	35
	10
	20
	70
	30
	30
	10
	10
	20
	100
	30
	20
	5
	5
	40

	
	HC type
	ICAM
	DDPH (marine)
	DDPH (mangrove)
	PAH
	HC aliphatic 
	PAH
	PHC  
	Total aliphatic HC  
	PAH
	Grain size 
	Predominance
	Tidal spread speed
	Erosion
	Sedimentation
	% low energy beaches 
	% high energy beaches

	1
	Curay
	3
	2
	1
	1
	1
	3
	5
	1
	1
	1
	5
	5
	5
	5
	3
	1
	5

	2
	Colorado
	3
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	5
	5
	3
	1
	1
	5

	3
	Trujillo
	3
	2
	1
	2
	1
	3
	2
	2
	5
	1
	5
	5
	5
	4
	3
	1
	5

	4
	Resurrección
	3
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	5
	5
	4
	1
	1
	5

	5
	Tumaco
	3
	2
	1
	n.i.
	1
	n.i.
	n.i.
	n.i.
	n.i.
	1
	5
	5
	4
	5
	1
	2
	5

	6
	Coba
	3
	2
	2
	2
	1
	5
	3
	5
	5
	5
	5
	4
	5
	4
	1
	2
	5

	7
	Bocagrande
	3
	2
	2
	1
	1
	4
	5
	3
	3
	1
	5
	5
	3
	3
	2
	1
	4

	8
	Tangares
	3
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	n.i.
	5
	3
	4
	1
	2
	2

	9
	Terán
	3
	3
	4
	2
	1
	3
	2
	2
	3
	 
	5
	5
	4
	4
	2
	2
	3

	10
	Congal
	3
	4
	5
	2
	1
	5
	5
	4
	4
	1
	5
	5
	4
	4
	1
	1
	3

	11
	Chontal
	3
	2
	1
	1
	1
	n.i.
	n.i.
	2
	1
	1
	5
	5
	5
	5
	1
	1
	5





[bookmark: _Ref116578254]Table S5. Rating of the defined indicators for the vulnerability analysis. HC: hydrocarbons. CT: conservation targets.
	Unity of analysis
	Exposure (40%)
	Sensitivity (40%)
	Adaptative capacity (20%)

	
	40
	30
	30
	15
	5
	5
	5
	15
	15
	10
	5
	15
	5
	5
	30
	30
	20
	20

	
	HC residence time
	Interconnection of water bodies 
	Energy level in beaches adjacent to the mangrove
	Energy level in beaches adjacent to the mangrove
	Number of CT in unit of analysis
	Number of species 
	Species richness
	Sediment geoform
	Types of sediments 
	Resources affected
	Mangrove structure
	Intervention of mangrove
	Basal area
	Mangrove density
	HC presence 
	Resource recovery time 
	Distance to municipal capital
	Management zones

	1
	Curay
	5
	2
	2
	5
	2
	3
	2
	5
	5
	1
	2
	2
	3
	3
	2
	5
	1
	2

	2
	Colorado
	5
	2
	2
	5
	2
	n.i.
	n.i.
	5
	5
	1
	2
	2
	n.i.
	n.i.
	n.i.
	5
	1
	2

	3
	Trujillo
	5
	3
	2
	5
	3
	1
	5
	5
	5
	5
	2
	4
	2
	2
	5
	5
	2
	3

	4
	Resurección
	5
	2
	2
	4
	2
	n.i.
	n.i.
	5
	5
	1
	2
	2
	n.i.
	n.i.
	n.i.
	5
	3
	2

	5
	Coba
	5
	5
	5
	4
	2
	n.i.
	n.i.
	5
	5
	5
	2
	4
	n.i.
	n.i.
	5
	5
	4
	3

	6
	Tumaco
	5
	3
	5
	5
	5
	n.i.
	n.i.
	4
	4
	5
	2
	2
	n.i.
	n.i.
	5
	5
	5
	2

	7
	Bocagrande 
	5
	5
	3
	5
	3
	3
	2
	5
	5
	5
	2
	5
	2
	2
	5
	5
	4
	5

	8
	Tangares 
	5
	1
	3
	4
	2
	n.i.
	n.i.
	5
	5
	1
	2
	2
	n.i.
	n.i.
	n.i.
	5
	2
	2

	9
	Terán
	5
	3
	3
	5
	3
	3
	1
	5
	5
	5
	2
	4
	2
	2
	5
	5
	1
	3

	10
	Congal
	5
	2
	3
	5
	2
	n.i.
	n.i.
	5
	5
	5
	2
	2
	n.i.
	n.i.
	5
	5
	1
	2

	11
	Chontal
	5
	3
	2
	5
	2
	2
	2
	5
	5
	5
	2
	4
	2
	2
	5
	5
	1
	3




