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1. Supplementary methods

1.1 CONSTRUCTION OF THE DATABASE

The database built included combined data on fish species assemblages in individual
estuaries with global and local environmental variables in individual estuaries on a global scale.
For construction of the database a set of criteria and rules were implemented to insure that a
robust dataset was obtained. These pertained to three main aspects: (a) definition of estuary;
(b) fish database - criteria for inclusion in the fish database, and data collected in each
publication; (c) environmental database.

a) Definition of estuary

Potter and colleagues ' reviewed the main concepts and definitions of estuaries that have
been considered worldwide, from the work of Pritchard 2 and Day 2 to the revision by Elliott and
McLusky 4, among others. They highlight that the majority of the definitions of estuaries have
been based on the characteristics of estuaries in north temperate regions; that such definitions
do not take into account features as periodic closure of their mouths and hypersaline conditions
during dry periods, which characterise many estuaries in southern Africa and south-western
Australia; and that there is ambiguity as to whether an estuary sensu stricto must be fed by a
river. The definition of estuary considered in the present study was that developed by Potter and
colleagues ' to encompass the main characteristics of all estuaries in a global perspective: “An
estuary is a partially enclosed coastal body of water that is either permanently or periodically
open to the sea and which receives at least periodic discharge from a river(s), and thus, while
its salinity is typically less than that of natural sea water and varies temporally and along its
length, it can become hypersaline in regions when evaporative water loss is high and freshwater
and tidal inputs are negligible”.

b) Fish community and sampling database

Criteria for inclusion in the fish database

Studies were searched in web of science and google scholar using a combination of the
topics: (fish*) AND (assemblage® OR communit* OR fauna*) AND (estuar* OR lagoon* OR
bay*).

Studies that met the following criteria were selected for inclusion in the fish database: (i) the
system matched the considered definition of estuary; (ii) fish assemblages sampled in individual
estuaries; (iii) the survey provides a wide characterization of the estuary’s fish assemblage -
studies that focused on specific groups of species were excluded (e.g. excluded dominant
species, residents, selected taxa); (iv) full species list with presence/absence or abundances -
studies presenting only species number were excluded; (v) sampling clearly presented allowing
to determine sampling effort, i.e. total area sampled - studies with unclear or unaccountable
sampling methods were excluded (e.g. species checklists, fisheries landings). The search was
generally directed at studies published after 1990, but time did not represent a criterion for
inclusion in the database; and was completed before the end of 2013.

Data collected in each publication

From each study the following data were taken: (i) number of years, (ii) temporal gradient
(annual, which specific seasons, isolated); temporal frequency (seasonal, bimonthly, monthly,
isolated); (iii) salinity gradient (oligohaline 0.5-5, mesohaline 5-18, polyhaline-euhaline 18-40,
hyperhaline >40 adapted from the work of Whitfield and colleagues 3; (iv) type of fishing gears
(e.g. beam trawl, beach seine); (v) number of fishing gear types used.

As for salinity gradient: in studies including sites in freshwater/limnetic reaches (salinity O-
0.5) and/or marine reaches outside the estuary mouth those sites were excluded, or when it
was not possible to exclude those sites the study was excluded.

Regarding type of gear, whenever possible data was separated by type of gear; special
care was taken to ensure that the same datasets were not duplicated (i.e. published on more
than one paper). Fishing gear types used included chiefly: active (trawl-, seine-, beach seine-,
purse seine-, cast- or hand/dip- nets) or trap-like gears (drop-, throw-, popl/lift- or enclosure-




nets/traps/samplers) - while passive gears were excluded (gill-, trammel-, fyke- or
block/barrier/channel- nets, angling, hook and line fishing, weirs, water intake screens).
Sampling effort (total sampled area in m?) was determined aiming at obtaining a robust dataset
and minimizing the effects of heterogeneity of sampling intensity. Gears such as plankton nets
as well as visual census and electrofishing were excluded.

Species names were checked according to FishBase® (check names tool: match species
names against FishBase) in order to standardize species lists into a single database. When
studies listed some taxa at a higher taxonomic rank than species that taxa was considered.

c) Historic and environmental variables database

For each individual estuary included in the fish database a set of global and local
environmental variables were compiled.

A first group of variables was estimated using Geographic Information Systems (ArcGIS
10.4 7) and publicly available global shapefiles: marine biogeographic realm (Spalding, et al. 8);
continent; latitude and longitude; continental shelf width (m, minimum distance to continental
shelf limit considering the 150m bathymetry); estuary mouth width (m). This was also applied to
Sea Surface Temperature (°C) and chlorophyll a concentration (mg.m) (both at closest point
outside the estuary mouth, means between 2002 and 2009 at 5arcmin resolution; Tyberghein,
et al. %) as well as to terrestrial net primary productivity (gC.m-2.day™; at closest point to the
estuary mouth at 60 arcmin resolution; Foley, et al. '® and Kucharik, et al. ™).

A second group of variables was quantified based on published data from multiple sources
(papers, theses, reports, official institutional or governmental websites): estuary type (open,
permanently open); drainage basin area (km?); estuary area (km?); tidal regime (microtidal <2m,
mesotidal 2-4m, macrotidal >4m); annual mean river flow (m?® s™); and estuary salinity type
[hyperhaline (typically with areas >40), regular to hyperhaline (occasionally >40), regular (<40) ].

Additional local variables were initially compiled but they were removed from the database
as they could not be determined for all estuaries: intertidal area (km?), maximum depth (m),
average depth (m), area covered by different habitats (km?) - for habitat availability; tidal range
(m) - for connectivity with adjacent marine ecosystem; dissolved oxygen (mg.L™"), turbidity
(NTU) and pH - for habitat suitability; and clorophyll a concentration (mg.m=) - for estuary
primary productivity.

When it was not possible to estimate a minimum set of environmental variables for a given
estuary it was excluded from the database and analysis.



2. Supplementary tables

Table S1. Estuaries and references of the studies used to construct the worldwide fish assemblages database.
Abbreviations of marine biogeographic realms are: TSAf - Temperate Southern Africa, TNA - Temperate North Atlantic,
TNP - Temperate North Pacific, TSAm - Temperate South America, TAu - Temperate Australasia, TAt - Tropical
Atlantic, TEP - Tropical Eastern Pacific, WIP - Western Indo Pacific, CIP - Central Indo Pacific, A- Artic; and
abbreviations of continents are: AFR - Africa, EUR - Europe, NAM - North America, SAM - South America, ASI - Asia,
OCE- Oceania. Each line is a sample in the database, i.e. the fish assemblage sampled in a given estuary and survey
(total number of samples 530, total number of estuaries 378); some samples correspond to the same estuary and
reference but result from separate surveys (e.g. different sampling gears) with explicitly different assemblages.

Estuary Country Continent Realm Reference
Kariega South Africa AFR TSAf Wasserman and Strydom 2
Kariega South Africa AFR TSAf Bailey and James '3
Kariega South Africa AFR TSAf Whitfield and Paterson '
Great Fish South Africa AFR TSAf Wasserman and Strydom 2
Kowie South Africa AFR TSAf Wasserman and Strydom 2
Sundays South Africa AFR TSAf Wasserman and Strydom 2
Kasuka South Africa AFR TSAf Lukey, Booth and Froneman
East-Kleinemonde South Africa AFR TSAf James, Whitfield and Cowley '®
East-Kleinemonde South Africa AFR TSAf James, Whitfield and Cowley '®
Mfolozi/Msunduzi South Africa AFR TSAf Vivier, Cyrus, Owen and Jerling '”
Thukela South Africa AFR TSAf Withfield and Harrison '8
Sine Saloum Senegal AFR TAt Simier, Blanc, Aliaume, Diouf and Albaret ®
Sine Saloum Senegal AFR TAt Faye, etal. 2
Gazi Bay Kenya AFR WIP Huxham, Kimani and Augley 2!
Gazi Bay Kenya AFR WIP Crona and Rénnbéck 22
Gazi Bay Kenya AFR WIP de Troch, Mees, Papadopoulos and Wakwabi 2
Gazi Bay Kenya AFR WIP Huxham, Kimani and Augley 2*
Ebrie lagoon Ivory coast AFR TAt Ecoutin, Richard, Simier and Albaret 2
Mhlanga South Africa AFR TSAf Harrison 26
Mhlanga South Africa AFR TSAf Harrison 26
Mhlanga South Africa AFR TSAf Harrison 26
Zotsha South Africa AFR TSAf Harrison 26
Zotsha South Africa AFR TSAf Harrison 26
Zotsha South Africa AFR TSAf Harrison 26
Shatt Al-Arab river Iraq AFR WIP Mohamed, Resen and Taher 27
Mngazi South Africa AFR TSAf Grant 2
Mngazana South Africa AFR TSAf Grant 2
Sundays South Africa AFR TSAf Beckley 2
Olifants South Africa AFR TSAf Harrison 30
Berg South Africa AFR TSAf Harrison 30
Diep South Africa AFR TSAf Harrison *°
Wildevoel South Africa AFR TSAf Harrison 30
Krom South Africa AFR TSAf Harrison 30
Sand South Africa AFR TSAf Harrison 30
Palmiet South Africa AFR TSAf Harrison 30
Uilkraals South Africa AFR TSAf Harrison 30
Heuningnes South Africa AFR TSAf Harrison 30
Bree South Africa AFR TSAf Harrison 30
Duiwenhoks South Africa AFR TSAf Harrison 30




Gourits
Blinde
Hartenbos
Keurbooms
Groot
Tsitsikamma
Kromme
Seekoei
Kabeljous
Gamtoos
Van Stadens
Swartkops
Sundays
Boknes
Bushmans
Kariega
Kasuka
Kowie
Riet
West-Kleinemonde
East-Kleinemonde
Great Fish
Old Woman
Mpekweni
Mtati
Mgwalana
Bira
Gqutywa
Mtana
Keiskamma
Ngqinisa
Kiwane
Ross Creek
Ncera
Mlele
Mcantsi
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Hickmans
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Cintsa
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Morgan
Great-Kei
Gxara
Ngogwane
Qolora
Kobongaba
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Zalu
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Shixini
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Milalazi South Africa AFR TSAf Harrison 3°

Bira South Africa AFR TSAf Vorwerk %'
East-Kleinemonde South Africa AFR TSAf Vorwerk %'
Gqutywa South Africa AFR TSAf Vorwerk %'

Great fish South Africa AFR TSAf Vorwerk %'
Keiskamma South Africa AFR TSAf Vorwerk %'
Kleine Palmiet estuary South Africa AFR TSAf Vorwerk %'
Mgwalana South Africa AFR TSAf Vorwerk %'
Mpekweni South Africa AFR TSAf Vorwerk 3!

Mtati South Africa AFR TSAf Vorwerk %'

Ngculura South Africa AFR TSAf Vorwerk %'

Bira South Africa AFR TSAf Vorwerk %'
East-Kleinemonde South Africa AFR TSAf Vorwerk %'
Gqutywa South Africa AFR TSAf Vorwerk %'
Great fish South Africa AFR TSAf Vorwerk %'
Kleine Palmiet estuary South Africa AFR TSAf Vorwerk %'
Mgwalana South Africa AFR TSAf Vorwerk %'
Mpekweni South Africa AFR TSAf Vorwerk '
Mtati South Africa AFR TSAf Vorwerk %'
Yangtze/Changjiang China ASI TNP Quan, Shi and Chen %
Sikao Creek Thailand ASI WIP Tongnunui, et al.
Sikao Creek Thailand ASI WIP Tongnunui, et al. 3
Pak Phanang Bay Thailand ASI CIP Shinnaka, et al. *

Gesashi Japan ASI CIP Tachihara, et al. %

Shimajiri Japan ASI CIP Tachihara, et al. %

Nagura Japan ASI CIP Tachihara, et al. %

Urauchi Japan ASI CIP Tachihara, et al. %

Bakkhali Bangladesh ASI WIP Rashed-Un-Nabi, Al-Mamun, Ullah and Mustafa 3¢
Pattani Bay Thailand ASI CIP Hajisamae, Yeesin and Chaimongkol ¥
Tokyo Bay Japan ASI TNP Kanou, Sano and Kohno 3¢
Negombo Sri Lanka ASI WIP Pinto and Punchihewa *°

Dongzhaigang Bay China ASI CIP Wang, Huang, Shi and Wang #°
Tokyo Bay Japan ASI TNP Hermosilla, Tamura, Moteki and Kohno #?
lllawarra Lake Australia OCE TAu Griffiths 4®
Werri Lagoon Australia OCE TAuU Griffiths 43
Shellharbour Lagoon Australia OCE TAuU Griffiths 43
Shellharbour Lagoon Australia OCE TAuU Griffiths 44
Swan-Canning Australia OCE TAu Hoeksema and Potter 4
Swan-Canning Australia OCE TAu Kanandjembo, Potter and Platell 46
Swan-Canning Australia OCE TAu Loneragan, Potter and Lenanton 7
Blackwood Australia OCE TAu Valesini, Potter, Platell and Hyndes 4
Spencer Gulf Australia OCE TAu Akin, Buhan, Winemiller and Yilmaz *°

Embley Australia OCE CIP Vance, et al. %

Barker Inlet-Port River Australia OCE TAu Bloomfield and Gillanders '
Barker Inlet-Port River Australia OCE TAu Bloomfield and Gillanders '
Barker Inlet-Port River Australia OCE TAu Jackson and Jones 52

Barker Inlet-Port River Australia OCE TAu Jones, Baker, Edyvane and Wright 5

Tweed Australia OCE TAu Gray, McElligott and Chick 5




Cudgera Creek Australia OCE TAu Gray, McElligott and Chick **

Brunswick Australia OCE TAu Gray, McElligott and Chick **
Richmond Australia OCE TAu Gray, McElligott and Chick **
Clarence Australia OCE TAu Gray, McElligott and Chick **
Sandon Australia OCE TAu Gray, McElligott and Chick **
Wooli Wooli Australia OCE TAu Gray, McElligott and Chick 5
Corindi Australia OCE TAu Gray, McElligott and Chick 5
Clarence Australia OCE TAu Rotherham, Broadhurst, Gray and Johnson %
Clarence Australia OCE TAu West %
Clarence Australia OCE TAu West %
Tuggerah Lake Australia OCE TAu Rotherham, Gray, Johnson and Lokys %
Werri Lagoon Australia OCE TAu Griffiths and West %
Fairy Creek Australia OCE TAu Griffiths and West %
Bellambi Lagoon Australia OCE TAu Griffiths and West %
Broke Inlet Australia OCE TAu Hoeksema, Chuwen and Potter 5°
Irwin Inlet Australia OCE TAu Hoeksema, Chuwen and Potter 5°
Oyster Harbour Australia OCE TAu Hoeksema, Chuwen and Potter %°
Wellstead Australia OCE TAu Hoeksema, Chuwen and Potter 5°
Wilson Inlet Australia OCE TAu Hoeksema, Chuwen and Potter 5°
Wilson Inlet Australia OCE TAu Humphries, Potter and Loneragan ©°
Wilson Inlet Australia OCE TAu Potter, Hyndes and Baronie '
Nornalup-Walpole Australia OCE TAu Potter and Hyndes 62
Peel-Harvey Australia OCE TAu Potter, Loneragan, Lenanton, Chrystal and Grant
Peel-Harvey Australia OCE TAu Potter, Loneragan, Lenanton, Chrystal and Grant
Peel-Harvey Australia OCE TAuU Young and Potter 5
Manukau Harbour New Zealand OCE TAu Morrison, Francis, Hartill and Parkinson %
Manukau Harbour New Zealand OCE TAu Morrison, Francis, Hartill and Parkinson %
Moreton Bay Australia OCE TAuU Morton 56
Moreton Bay Australia OCE TAuU Morton 56
Moreton Bay Australia OCE TAu Quinn 7
Botany Bay Australia OCE TAuU Rotherham and West %
Port Hacking Australia OCE TAuU Rotherham and West %
Sussex Inlet-St Georges Basin Australia OCE TAu Rotherham and West %
Alligator Creek Australia OCE CIP Sheaves and Johnston ©°
Armstrong Creek Australia OCE CIP Sheaves and Johnston ©°
Barratta Creek Australia OCE CIP Sheaves and Johnston ®°
Constant Creek Australia OCE CIP Sheaves and Johnston ®°
Crocodile Creek Australia OCE CIP Sheaves and Johnston ®°
Deluge Inlet Australia OCE CIP Sheaves and Johnston ©°
Haughton River Australia OCE CIP Sheaves and Johnston ©°
Hull River Australia OCE CIP Sheaves and Johnston ®°
Meunga Creek Australia OCE CIP Sheaves and Johnston
Morris Creek Australia OCE CIP Sheaves and Johnston ®°
Mossman River Australia OCE CIP Sheaves and Johnston ®°
Murray Creek Australia OCE CIP Sheaves and Johnston ©°
Murray River Australia OCE CIP Sheaves and Johnston ©°
Neames Inlet Australia OCE CIP Sheaves and Johnston ®°

Packer Creek Australia OCE CIP Sheaves and Johnston ©°




Rocky Ponds Creek
Ross River
Saltwater Creek
Victor Creek
Waterfall Creek
Yellow Gin Creek
Moore
Leschenault
Trinity
Trinity
Gironde estuary
Gironde estuary
Mira estuary
Odeceixe estuary
Alzejur estuary
bensafrim estuary
Gilao estuary
Minho estuary
Minho estuary
Douro estuary
Ria de Aveiro
Mondego estuary
Tejo estuary
Sado estuary
Mira estuary
Ria Formosa
Guadiana estuary
Novigrad sea
Tejo estuary
Canche estuary
Ria Formosa
Guadiana estuary
Obidos lagoon
Venice lagoon
Ria de Aveiro
Humber estuary
Tyne estuary
Mondego estuary
Thames estuary
Tejo estuary
Forth estuary
Scheldt estuary
Scheldt estuary
Scheldt estuary
Porto-Lagos lagoon
Salse-Leucate Lagoon
Saint-Nazaire Lagoon

Ria Formosa

Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
France
France
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Portugal
Croatia
Portugal
France
Portugal
Portugal
Portugal
Italy
Portugal
UK
UK
Portugal
UK (England)
Portugal
UK (Scotland/England)
Belgium/Netherlands
Belgium/Netherlands
Belgium/Netherlands
Greece
France
France

Portugal

OCE
OCE
OCE
OCE
OCE
OCE
OCE
OCE
OCE
OCE
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR

CIP
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CIP
TAu
TAu
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CIP
TNA
TNA
TNA
TNA
TNA
TNA
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TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA

Sheaves and Johnston
Sheaves and Johnston
Sheaves and Johnston
Sheaves and Johnston %
Sheaves and Johnston
Sheaves and Johnston ®°
Young, Potter, Hyndes and de Lestang ™
Potter, Tiivel, Valesini and Hyndes ™
Blaber 7
Blaber 7
Pasquaud, et al. ®
Pasquaud, et al. 7®
Cardoso, et al.
Cardoso, et al.
Cardoso, et al.
Cardoso, et al.
Cardoso, et al.

Costa-Dias, Freitas, Sousa and Antunes "
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®
Franca, Costa and Cabral ®

Matié-Skoko, Peharda, Pallaoro, Cukrov and Bazdari¢ "’
Thiel, Cabral and Costa 7
Selleslagh and Amara ™
Ribeiro, et al. &
Veiga, Vieira, Bexiga, Sa and Erzini &'
Gordo and Cabral
Franco, Malavasi, Zucchetta, Franzoi and Torricelli 8
Pombo, Rebelo and Elliott %
Marshall and Elliott &
Pomfret, Turner and Phillips &
Martinho, et al. &
Araujo, Bailey and Williams
Costa and Bruxelas ®°
Elliott, O'Reilly and Taylor %

Hamerlynck, Hostens, Arellano, Mees and Van Damme *'
Hamerlynck, Hostens, Arellano, Mees and Van Damme *'
Hostens %

Koutrakis, Tsikliras and Sinis %

Mouillot, Dumay and Tomasini %

Mouillot, Dumay and Tomasini %

Ribeiro, et al. %




Authie estuary
Somme estuary
Barbadun estuary
Nervion estuary
Butroe estuary
Oka estuary
Lea estuary
Artibai estuary
Deba estuary
Urola estuary
Oria estuary
Urumea estuary
Oiartzun estuary
Bidasoa estuary
Mar Menor lagoon
Po river delta
Vistula Lagoon
Guadiana estuary
Mira estuary
Sado estuary
Tejo estuary
Douro estuary
barbadun estuary
Nervion estuary
Butroe estuary
Artibai estuary
Urola estuary
Oria estuary
Bidasoa estuary
Adour estuary
Gironde estuary
Seudre estuary
Charente estuary
Sevre Niortaise estuary
Loire estuary
Vilaine estuary
Goyen estuary
Morlaix estuary
Trieux estuary
Mont Saint Michel bay
Veys bay
Orne estuary
Seine estuary
Somme estuary
Authie estuary
Canche estuary
Cromarty estuary

Moray Beauly estuary

France

France
Spain (Basque Country)
Spain (Basque Country)
Spain (Basque Country)
Spain (Basque Country)
Spain (Basque Country)
Spain (Basque Country)
Spain (Basque Country)

Spain (Basque Country)
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UK (Scotland)
UK (Scotland)
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Verdiell-Cubedo et al®®

Franzoi, Trisolini, Carrieri and Rossi '®°

Wilkonska and Kapusta 1!
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Nicolas, et al. %2
Nicolas, et al. 2
Nicolas, et al. %2
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Tay estuary
Forth estuary
Tweed estuary
Tyne estuary
Wear estuary
Tees estuary
Humber estuary
Ore estuary
Orwell estuary
Blackwater and Coln estuaries
Crouch estuary
Thames estuary
Swale estuary
Cuckmere estuary
Adur estuary
Arun estuary
Exe estuary
Dart estuary
Fal estuary
Severn estuary
Loughor estuary
Tywi estuary
Cleddau estuary
Dovey estuary
Mawddach estuary
Glaslyn estuary
Conwy estuary
Dee estuary
Mersey estuary
Ribble estuary
Wyre estuary
Lune estuary
Kent estuary
Leven estuary
Lagan estuary
Newry estuary
Dundalk bay
Boyne estuary
Rogerstown estuary
Liffey estuary
Suir estuary
Bandon estuary
Newport bay (EUR)
Tullaghan bay
Sruwaddacon bay
Moy estuary
Gweebarra estuary

Faughan estuary

UK (Scotland)
UK (Scotland/England)

UK (England)

UK (England)

UK (England)

UK (England)

UK (England)

UK (England)

UK (England)
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UK (England)
UK (England)
UK (England)
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UK (England)
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Roe estuary
bann estuary
Fogliano lagoon
Caprolace lagoon
Lesina lagoon
Fogliano lagoon
Caprolace lagoon
Pantan estuary
Oslo fjord
Yaquina Bay
Elkhorn Slough
Elkhorn Slough
Lake Pontchartrai
Matagorda Bay
Great Bay (NJ)
Chesapeake Bay
Casco Bay
Muscongus Bay
Weskeag River
Chesapeake Bay
Tampa Bay
Saco River
Chesapeake Bay
Delaware Bay
Bellevue
Chesapeake Bay
Matagorda Bay
Barataria Bay - Caminada Bay
Charlotte Harbour
Atchafalaya - Vermilion Bays
Galveston Bay
San Francisco Bay
Galveston Bay
Great Bay (NJ)
Hudson River
Casco Bay
Casco Bay
Weskeag River
Weskeag River
Barataria Bay - Caminada Bay
Aransas Bay - San Antonio Bay
Chesapeake Bay
Puget Sound
Alamitos Bay
Great Bay (NJ)
Tijuana
Los Penasquitos Lagoon
Wells

UK (Northern Ireland)
UK (Northern Ireland)
Italy
Italy
Italy
Italy
Italy
Croatia
Norway
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Canada
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
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TNA
TNA
TNA
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TNA
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TNA
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TNA
TNP
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNA
TNP
TNP
TNA
TNP
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Nicolas, et al. %2
Nicolas, et al. %2
Mariani '3
Mariani '3
Hadderingh and Jager '%*
Hadderingh and Jager "%
Hadderingh and Jager "%
Hadderingh and Jager "%
Nash %

De Ben, Clothier, Ditsworth and Baumgartner %
Nybakken, Cailliet and Broenkow %7
Nybakken, Cailliet and Broenkow '°7

Duffy and Baltz "%
Gelwick, Akin, Arrington and Winemiller 11

Hagan and Able '

Jung and Houde 2

Lazzari, Sherman and Kanwit '3
Lazzari, Sherman and Kanwit '3
Lazzari, Sherman and Kanwit '3

Vieira "

Greenwood, Matheson Jr., McMichael Jr. and MacDonald ''®

Furey and Sulikowski '
Wingate and Secor "7
Able, Nemerson, Bush and Light '
Methven, Haedrich and Rose "*°
Bilkovic, Hershner and Angstadt '2°
Akin, Winemiller and Gelwick '
Baltz, Rakocinski and Fleeger '?
Fraser '
Baltz and Jones '

Rozas, Minello, Zimmerman and Caldwell '%
Moyle, Daniels, Herbold and Baltz '?
Stunz, Minello and Rozas "%’
Martino and Able "2
Hurst, McKown and Conover '?°
Lazzari %

Lazzari ©*°
Lazzari
Lazzari ©*°
Granados-Dieseldorff and Baltz "
Rozas and Minello %2
Weinstein and Brooks 3
Toft, Cordell, Simenstad and Stamatiou '3
Valle, O'Brien and Wiese '*
Szedimayer and Able %

Nordby and Zedler '¥7
Nordby and Zedler '¥7

Ayvazian, Deegan and Finn '3




Wagquoit Bay USA NAM TNA Ayvazian, Deegan and Finn '3

Newport Bay (NAM) USA NAM TNP Allen 1%
Morro Bay USA NAM TNP Horn 40
Alamitos Bay USA NAM TNP Allen and Horn ™!
Yaquina Bay USA NAM TNP Bayer 142
Tillamook Bay USA NAM TNP Bottom and Forsberg 43
Tillamook Bay USA NAM TNP Bottom and Forsberg 43
Umpqua River USA NAM TNP Bottom, Miller and Jones "%
Tillamook Bay USA NAM TNP Cummings and Berry 4
Tillamook Bay USA NAM TNP Ellis 146
Chesapeake Bay USA NAM TNA Ruiz, Hines and Posey '*
Chesapeake Bay USA NAM TNA Ruiz, Hines and Posey '*
Puget Sound USA NAM TNP Fresh 48
San Diego Bay USA NAM TNP Allen, Findlay and Phalen '#°
Tijuana USA NAM TNP Williams, West and Zedler '
Los Penasquitos Lagoon USA NAM TNP Williams, West and Zedler '
San Diego Bay USA NAM TNP Williams and Zedler '
Old Fort Bayou - Biloxi Bay USA NAM TNA Peterson and Ross %2
St Catherine Sound - Sapelo Sound USA NAM TNA Dahlberg and Odum '3
Chesapeake Bay USA NAM TNA Merriner, Kriete and Grant "%
Great Bay (NJ) USA NAM TNA Rountree 1%
North Edisto USA NAM TNA Crabtree and Dean "%
North Edisto USA NAM TNA Crabtree and Dean "%
Humboldt Bay USA NAM TNP Garwood, Mulligan and Bjorkstedt '
St Catherine Sound - Sapelo Sound USA NAM TNA Dahlberg %8
Apalachicola Bay USA NAM TNA Gorecki and Davis '*°
Apalachicola Bay USA NAM TNA Livingston 0
Pamlico Sound USA NAM TNA Mabe 6!
Pamlico Sound USA NAM TNA Ross and Epperly 162
Pamlico Sound USA NAM TNA Kirby-Smith, Lebo and Herrmann "6
Santee Rivers USA NAM TNA Wenner, Shealy Jr. and Sandifer 164
Biscayne Bay USA NAM TAt Serafy, Lindeman, Hopkins and Ault %
Lower Laguna Madre USA NAM TNA Hook 66
Narrangansett Bay USA NAM TNA Oviatt and Nixon ¢’
Carpinteria USA NAM TNP Brooks '8
Pensacola Bay USA NAM TNA Lewis, Goodman, Chancy and Jordan '
St Mary USA NAM TNA Solomon, Brodie and Ehlinger "7
Pensacola Bay USA NAM TNA Cooley '
St Andrew Bay USA NAM TNA Ogren and Brusher 72
St Paul Inlet and Bay Canada NAM TNA Melanson and Campbell '3
Bonne Bay Canada NAM TNA Currie, Wroblewski, Methven and Hooper 7*
Bonne Bay Canada NAM TNA Currie, Wroblewski, Methven and Hooper *
Bonne Bay Canada NAM TNA Currie, Wroblewski, Methven and Hooper 7*
North Edisto USA NAM TNA Shealy Jr., Miglarese and Joseph "7
Pamlico Sound USA NAM TNA Rulifson 176
Pamlico Sound USA NAM TNA Rulifson 76
Pamlico Sound USA NAM TNA Purvis 177

Westport USA NAM TNA Fiske, Curley and Lawton "




Narrangansett Bay
Aransas Bay - San Antonio Bay
Sheepscot River and Back River

Penobscot Bay
Cook Inlet
Long Island Sound
Estero de Punta Banda
St Marks
Savannah
San Francisco Bay
San Francisco Bay
Patos lagoon
Mampituba estuary
Peixe lagoon
Patos lagoon
Chui estuary
La plata river estuary
Caete estuary
Peixe lagoon
Peixe lagoon
Peixe lagoon
Peixe lagoon
Sai Guacu river estuary
Champoton estuary
Formoso river estuary
Curuca river estuary
Paranagua bay
Piraque-acu estuary
Paranagua bay
Chacahua lagoon
Paranagua bay
Guaratuba bay
Magdalena river delta
Sepetiba bay
Sepetiba bay
Pueblo Viejo estuary
Pueblo Viejo estuary
Mar Chiquita lagoon
Peixe Lagoon
Mar Chiquita lagoon
Terminos lagoon
Mambucaba estuary
Magdalena river delta
Magdalena river delta
Magdalena river delta
Babitonga bay
Babitonga bay

Sai Guacu river estuary

USA
USA
USA
USA
USA
USA
Mexico
USA
USA
USA
USA
Brasil
Brasil
Brasil
Brasil
Brasil
Argentina
Brasil
Brasil
Brasil
Brasil
Brasil
Brasil
Mexico
Brasil
Brasil
Brasil
Brasil
Brasil
Mexico
Brasil
Brasil
Colombia
Brasil
Brasil
Mexico
Mexico
Argentina
Brasil
Argentina
Mexico
Brasil
Colombia
Colombia
Colombia
Brasil
Brasil

Brasil

NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
SAM
SAM
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SAM
SAM
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TSAm
TSAm
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TSAm
TSAm
TSAm
TAt
TSAm
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TSAm
TSAm
TSAm
TAt
TAt
TAt
TSAm
TAt
TSAm
TEP
TSAm
TSAm
TAt
TSAm
TSAm
TAt
TAt
TSAm
TSAm
TSAm
TAt
TSAm
TAt
TAt
TAt
TSAm
TSAm
TSAm

Meng and Powell 7°
Moore '8
Targett and McCleave '®'
Lazzari and Tupper "2
Robards, Piatt, Kettle and Abookire 83
Hillman, Davis and Wennemer '8
Rosales-Casian 8
Subrahmanyam and Coultas %
Jennings and Weyers &’

Kimmerer, Gross and MacWilliams '8
Kimmerer, Gross and MacWilliams 88
Garcia and Vieira '®°
Ramos and Vieira %

Ramos and Vieira %

Ramos and Vieira %

Ramos and Vieira %

Jaureguizar, Menni, Guerrero and Lasta '
Barletta, Barletta-Bergan, Saint-Paul and Hubold %
Loebmann and Vieira 1%

Loebmann and Vieira 1%

Loebmann and Vieira 1%

Loebmann and Vieira 1%

Vendel and Chaves "%
Lopez-Lopez, Elias Sedefio-Diaz, Romero and Trujillo-Jiménez %
de Paiva, Lima, de Souza and de Araujo '*
Vilar, et al. %7
Vilar, et al. %7
Vilar, et al. %7
Vilar, et al. %7
Mendoza, Castillo-Rivera, Zarate-Hernandez and Ortiz-Burgos %
Contente, Stefanoni and Spach '*°
Vendel, Bouchereau and Chaves 2
Rueda and Defeo 2%

Loebmann and Vieira 202
Araujo, da Cruz-Filho, de Azevédo and Santos 2%
Castillo-Rivera, Zavala-Hurtado and Zarate 2%
Castillo-Rivera, Ortiz-Burgos and Zarate-Hernandez 2%
Gonzalez Castro, et al. 27
Loebmann, et al. 2%

Loebmann, et al. 2%
Ramos-Miranda, et al. 2%°
Neves, Teixeira and Araujo 2'°

Ramirez and Rueda '

Ramirez and Rueda '

Ramirez and Rueda '

Vilar, Spach and Souza-Conceigéo '*Vilar, Spach and Joyeux '
Vilar, Spach and Santos 2'°

Spach, et al. 2'®




Paranagua bay
Paranagua bay
Joanes River Estuary
Todos os Santos bay
Contas river estuary
Paranagua bay

Paranagua bay
Terminos lagoon

Coto-colorado estuary
Jiquilisco bay

Curuca river estuary

Huizache-Caimanero lagoon system

Huizache-Caimanero lagoon system

Apozahualco lagoon
Chautengo lagoon
Tecomate lagoon
Tres Palos lagoon

Coyuca lagoon
Mitla lagoon
Nuxco lagoon
Potosi lagoon
Guanabara bay
Sul bay- Florinopolis
Sepetiba bay
Paranagua bay
Magdalena river delta
Gulf of Nicoya
El verde coastal lagoon

Tamiahua lagoon

Chantuto-Panzacola estuarine system

Tamiahua lagoon
Gulf of Nicoya
Mazatlan
Mar Muerto lagoon
Mar Muerto lagoon
Mar Muerto lagoon

Magdalena river delta

Brasil
Brasil
Brasil
Brasil
Brasil
Brasil
Brasil
Mexico
Costa Rica
El Salvador
Brasil
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Brasil
Brasil
Brasil
Brasil
Colombia
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico

Colombia

SAM
SAM
SAM
SAM
SAM
SAM
SAM

NAM

NAM
NAM
SAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
SAM
SAM
SAM
SAM
SAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
SAM

TSAmM
TSAm
TAt
TAt
TAt
TSAm
TSAm

TAt

TEP
TEP
TAt
TNP
TNP
TEP
TEP
TEP
TEP
TEP
TEP
TEP
TEP
TSAm
TSAm
TSAm
TSAm
TAt
TEP
TNP
TAt
TEP
TAt
TEP
TNP
TEP
TEP
TEP
TAt

Schwarz Jr., et al. 27
Santos, Schwarz Jr., de Oliveira Neto and Spach 28
Reis-Filho, Nunes, de Menezes and de Souza 2'°
de Oliveira-Silva, Peso-Aguiar and Lopes #%°
Lima 2!
Falc&o, et al. 222

Falcéo, et al. 22

Arceo-Carranza, Vega-Cendejas, Montero-Mufioz and de
Santillana 24

Feutry, Hartmann, Casabonnet and Umafia

Phillips 226
227

225

Hercos

Amezcua-Linares 22

Warburton 22°
Yanez-Arancibia 2
Yéfiez-Arancibia 2%
Yafez-Arancibia 20
Yafez-Arancibia 20
Yafez-Arancibia 2°
Yanez-Arancibia 2
Yéfiez-Arancibia 2%
Yanfez-Arancibia 20

Rodrigues, Lavrado, Falcio and da Silva 2!

Cartagena, Hostim-Silva and Spach 2%

Pessanha and Araujo %2

Hackradt, et al. 2%

Alvarez-Ledn %%

Bartels, Price, Lopez and Bussing %3¢

Gonzalez 7

Diaz-Ruiz, Pérez-Hernandez and Aguirre-Leon 2%

Diaz-Ruiz, Cano-Quiroga, Aguirre-Leon and Ortega-Bernal 2°

Franco-Lopez and Chavez-Lopez 24

Leon 241
Leon 242
Tapia-Garcia, Nufiez, de Guevara, Montes and Abad 243

Tapia-Garcia, Nufiez, de Guevara, Montes and Abad 243
Nufiez 24

Vera and Mufioz 24




Table S2. Summary of variables included in the database.

Variable Description Type Unit (if numeric) or Spatial Source
levels (if categorical) resolution
Marine marine Categorical TSAf - Temperate estuary data from
Biogeographic  biogeographic Southern Africa, scale Spalding, et al. &
Realm realm sensu TNA - Temperate freely available at
Spalding, et al. 8 Northern Atlantic, www.marineregio
TNP - Temperate ns.org %4’
Northern Pacific,
TSAm - Temperate
South America, TAu
- Temperate
Australasia, TAt -
Tropical Atlantic,
TEP - Tropical
Eastern
Pacific, WIP -
Western Indo-Pacific,
CIP - Central Indo-
Pacific
Continent continent Categorical NAM - North estuary estimated using
America, SAM - scale shapefiles in
South America, EUR ArcGIS 7
- Europe, AFR -
Africa, ASI - Asia,
OCE - Oceania.
Total number of
estuaries in the
database is
respectively: 74, 21,
108, 116, 8, 51. Total
number of samples
in the database is
respectively: 116, 44,
140, 152, 10, 68.
Sea Surface sea surface Numerical °C 5arcmin  estimated using
Temperature temperature at the shapefiles in
estuary mouth ArcGIS 7; data
(mean values freely available at
estimated based on www.oracle.ugent.
monthly data from be °
2002 to 2009).
Terrestial net net amount of Numerical gC.m2.day™" 1 degree estimated using
primary carbon the plants shapefiles in
productivity take up in an ArcGIS 7; data
average square from Foley, et al.
meter of the grid 0 and Kucharik, et
cell during an al. " freely
average year, available at
based on 135 year https://nelson.wisc
model simulation .edu/sage/
(1860-1994).
Chlorophyll a mean chlorophylla Numerical mg.m?3 5 arcmin  estimated using
concentration concentration at shapefiles in

the estuary mouth
(mean values
estimated based on
monthly data from
2002 to 2009).

ArcGIS 7; data
freely available at
www.oracle.ugent.
be °




Table S2. (cont)

Variable Description Type Unit (if numeric) or Spatial Source

levels (if categorical) resolution

Continental minimum distance  Numerical m estuary estimated using

shelf width to continental shelf scale shapefiles in
limit (150m ArcGIS 7
bathymetry)
measured from the
mouth of each
estuary.

Tidal range macrotidal (>4m);  Ordinal (1) microtidal, estuary the original
mesotidal (2-4m); (2) mesotidal, scale publication on the
microtidal (0-2m). (3) macrotidal fish assemblage

for an estuary,
and other
publications

Estuary type Connectivity of the  Ordinal (1) temporarily open, estuary the original
estuary with the (2) open scale publication on the
adjacent marine fish assemblage
ecosystem: open or for an estuary,
temporarily open. and other

publications

Estuary mouth  Total width of the Numerical m estuary estimated using

width mouth/s of an scale shapefiles in
estuary. ArcGIS 7

Estuary area total area of the Numerical  km? estuary the original
estuary. scale publication on the

fish assemblage
for an estuary,
and other
publications

Drainage basin total area of the Numerical  km? estuary the original

area drainage basin. scale publication on the

fish assemblage
for an estuary,
and other
publications

Estuary salinity  regular (typically Ordinal (1) regular, estuary the original

type <40), regular to (2) regular to scale publication on the
hyperhaline hyperhaline, fish assemblage
(occasionally with (3) hyperhaline for an estuary,
areas >40), and other
hyperhaline publications
(frequently with

areas >40).




Table S3. Pairwise Pearson correlation between traits of fish assemblages in a set of estuaries
distributed worldwide: body size, vulnerability and resilience (relative taxa richness of trait
categories). ns - non significant at p<0.05. Maximum body size reflects many aspects such as
position in the food web, species abundance, metabolic rates, dispersal ability and home range;
small (<15cm), medium (15-50cm), large (50-100), very large (>100cm). (total number of
samples is 530, for a total of 378 estuaries).

Body size Fish vulnerability Fish resilience
S M L VL L L-M H-VH VH H M L VL
Body size Small (S)
Medium (M) -0.4
Large (L) -0.6 -0.2
Very large (VL) -0.4 -0.2 0.1
Vulnerability  Low (L) 0.7 ns -0.6 -0.5
Low-Moderate (L-M) -0.4 0.2 0.2 0.1 -0.5
-04  -01 0.5 0.3 -0.7 ns
High-Very high (H-VH) -0.4  -0.1 0.6 0.3 -0.5 0.2 0.2
Very high (VH) -0.2 -0.1 ns 0.6 -0.4 ns 0.2 ns
Resilience High (H) 0.7 ns -06 -05 0.9 -04 -06 -0.5 -0.4
Medium (M) -0.6 ns 0.6 0.4 -0.7 0.6 0.5 0.6 0.1 -0.8
Low (L) -0.2 ns 0.2 0.3 -0.4 0.1 0.4 0.1 0.4 -04 ns
Very Low (VL) -0.4 ns 0.3 0.3 -0.4 ns 0.2 0.3 0.5 -04 02 ns




3. Supplementary figures
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Figure S1. Linear relationships (and 95% confidence intervals) between human pressure and
percentage of coverage by protected areas in and around estuaries distributed worldwide. Human
pressures and protection were assessed for: marine ecosystem (first column, directly in estuaries
(second column), and for freshwater ecosystem (third column). Coverage by protected areas was
determined in two ways: considering all protected areas (top row) and selected protected areas with
IUCN management categories |-V (bottom row). Linear relationships are presented for all estuaries
(®) and per continent: North America (), South America (®), Europe (@), Africa (®), Asia (® ), Oceania
(®). Only significant linear relationships are represented (P<0.05). All variables were log-transformed,
and pressure variables were also normalized.
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Figure S2. Mean area (and 95% confidence
interval) of influence circles (in km?) defined in
the present study for the estimation of the
intensity of human activity and pressure as
well as the percentage of coverage by
protected areas, affecting estuaries distributed
worldwide. Values are presented per
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O freshwater) and per continent (NAM - North
America, SAM - South America, EUR - Europe,
AFR - Africa, ASI - Asia, OCE - Oceania). (total
number of samples is 530, for a total of 378
estuaries).
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