
 Table S1. Datasets used in this study were extracted from OBIS. 
	id
	citation

	0c1cb7e9-c7d1-4643-b245-daa8839a183f
	Marine Biological Association of the UK (MBA); (2016): DASSH: The UK Archive for Marine Species and Habitats Data

	e2c4a839-89b5-484f-a63c-df89c2f9f974
	NA

	d52444db-3aee-4ac3-8181-b8952fe53821
	The archive for marine species and habitats data (DASSH) (2021): Marine Recorder Snapshot extract of surveys entered by The archive for marine species and habitats data (DASSH). v2.1. Marine Biological Association. Dataset/Samplingevent. https://doi.org/10.17031/myrqac

	e668dcb3-24cd-4d87-8835-e14d1961cccd
	Hummel H. 2004: BIS dataset of the south-western part of Netherlands (1985-2004). Netherlands Institute of Ecology; Centre for Estuarine and Marine Ecology, Netherlands. Metadata available at http://mda.nioo.knaw.nl/imis.php?module=dataset&amp;dasid=599

	d2916eda-91c1-4c15-8dab-51da044595a4
	Galbraith M (2021): Zooplankton data from central and northern Strait of Georgia. v1.4. Fisheries and Oceans Canada. Dataset/Samplingevent. http://ipt.iobis.org/obiscanada/resource?r=zoopl_sofg&amp;v=1.4

	a9a3bdc6-209f-4c66-aafd-ce5271cb63b3
	Cooper et al. (2017). RSMP Baseline Dataset. Cefas, UK. V1. https://doi.org/10.14466/CefasDataHub.34

	41a50544-957c-4193-8bbf-25a25f749e85
	NA

	80479e14-2730-436d-acaa-b63bdc7dd06f
	Baranova, O.K, T.D. O'Brien, T.P. Boyer and I.V. Smolyar (2009). Plankton data. Chapter 16 in Boyer, T. P., J. I. Antonov , O. K. Baranova, H. E. Garcia, D. R. Johnson, R. A. Locarnini, A. V. Mishonov, T. D. O'Brien, D. Seidov, I. V. Smolyar, M. M. Zweng, 2009. World Ocean Database 2009. S. Levitus, Ed., NOAA Atlas NESDIS 66, U.S. Gov. Printing Office, Wash., D.C., 216 pp., DVDs

	7d92856b-a7fe-4e99-89c9-cc1d56354134
	<p>

Mackie, A.S.Y., James, J.W.C., Rees, E.I.S., Darbyshire, T., Philpott, S.L., Mortimer, K., Jenkins, G.O. &amp; Morando, A., 2006. The Outer Bristol Channel Marine Habitat Study. - Studies in Marine Biodiversity and Systematics from the National Museum of Wales. BIOMÃ”R Reports 4: 249 pp. &amp; Appendix 228 pp.</p>

	28b3b579-c7d1-43ad-8cf6-3e5d6b3b2016
	Stockholm University, University of Gothenburg, Linnaeus University , Swedish Agency for Marine and Water Management, Swedish Environmental Protection Agency and Swedish Meteorological and Hydrological Institute (2017). SHARK - National Epibenthos monitoring in Sweden since 1992.

	ce3c5c7d-daa0-42ed-9cdb-7100b1274b55
	Bernier D, Boulanger M, Bourdages H, NozÃ¨res C, Vanier C, Isabel L (2023). DFO Quebec Region Ecosystemic bottom trawl surveys 2004-2022. Version 3.6. Fisheries and Oceans Canada. Samplingevent dataset. http://iobis.org/mapper/?resource_id=2542

	df6977ea-a704-4c48-bd46-ebbbb95e0bbc
	Natural Resources Wales (NRW) (2021): Marine Recorder Snapshot extract of surveys entered by NRW. v2.0. Marine Biological Association. Dataset/Samplingevent https://doi.org/10.17031/b3efts

	ec9df3b9-3b2b-4d83-881b-27bcbcd57b95
	Josefson, A.; Rytter, D.; Department of Bioscience - AU, Denmark; (2015): Danish benthic marine monitoring data from ODAM.

	acd6f1b1-2e9b-48a6-b022-cee41b28f3b1
	 (2023): Port Phillip Bay Environmental Study Data 1992-1996 - benthic records. v1.3. CSIRO National Collections and Marine Infrastructure (NCMI) Information and Data Centre (IDC). Dataset/Samplingevent. https://www.marine.csiro.au/ipt/resource?r=ppbes_benthic&amp;v=1.3

	89e23fc8-3f61-4480-9de3-358fe6eefe0b
	National Museum of Natural History, Smithsonian Institution NMNH Invertebrate Zoology Collection Database. National Museum of Natural History, Smithsonian Institution, 10th and Constitution Ave. N.W., Washington, DC 20560-0193, 2001, Version 3.2.04 (0802221).

	9c8a2ac6-f394-4fa1-981e-227fa7b14675
	ICES Environmental Database (DOME), Phytobenthos community. Available online at http://dome.ices.dk. ICES, Copenhagen. Consulted on yyyy-mm-dd.

	386ac1f4-922d-4991-ada2-0ce50dfd3ba7
	Addinck, W. &amp; de Kluijver, M. (2003). North Sea observations of Crustacea, Polychaeta, Echinodermata, Mollusca and some other groups between 1986 and 2003. Expert Centre for Taxonomic Idenditification (ETI), the Netherlands.

	511a64f5-54c0-4ccf-8c80-b7adbd5adff5
	Rumohr, H. Historical quantitative benthos grab samples from the Southern Baltic Sea - Polish data. University Kiel, Christian-Albrechts-University Kiel; Leibniz Institute of Marine Sciences; Marine Ecology Division; Benthos Ecology Section.

	cad31b12-0f59-4abf-9109-cb09ea40c297
	Rumohr, H. Historical quantitative benthos grab samples from the Southern Baltic Sea - German data. University Kiel, Christian-Albrechts-University Kiel; Leibniz Institute of Marine Sciences; Marine Ecology Division; Benthos Ecology Section.

	152259dc-9c20-4c1a-9644-8e4b509d4f73
	Buhl-Mortensen, L. (2014). MAREANO - Base-line mapping of hyperbenthic crustacea fauna obtained with RP-sledge. Institute of Marine Research, Norway https://doi.org/10.15468/gecvl4

	f7e3baa2-48c9-47d9-9219-0a457615d610
	DFO. (2016). Central and Arctic Multi-Species Stock Assessment Surveys 

Version 6 In OBIS Canada Digital Collections. Bedford Institute of Oceanography, Dartmouth, NS, Canada. Published by OBIS, Digital http://www.iobis.org/. Accessed on â€“INSERT DATE

	43b58971-4fda-4210-a6ef-654fe0ce226d
	NOAA (2018): National Benthic Inventory. v1. GBIF Secretariat. Dataset/Occurrence. https://nccos-coastalscience-products-web-ipt.azurewebsites.net/

	d28b4411-1710-4b08-9ec7-99b8c68ae4b2
	Swedish county administration boards, Swedish municipalities, Swedish coalitions of water conservation, Swedish companies and Swedish Meteorological and Hydrological Institute et.al.(2021). Regional monitoring, recipient control and monitoring projects of zoobenthos in Sweden since 1972. https://doi.org/10.15468/cesssx

	e69be30f-84e8-4c21-a7ce-9fb4fb14ce6a
	SeaSearch (2021): Marine Recorder Snapshot extract of surveys entered by SeaSearch. v2.0. Marine Biological Association. Dataset/Samplingevent https://doi.org/10.17031/yq0gbg

	de2825af-7d83-4585-b6cb-118cff3774cd
	Estonian Marine Institute, University of Tartu (2019): Benthic fauna in Estonian territorial waters 1993-2016.

	6c80820b-61d2-4c69-9f3b-9564c014e1f9
	Australian Antarctic Data Centre. RMT Trawl catch from the 1990/91 V6 AAMBER2 voyage.

	4948203e-5c4f-4454-9e49-074f408afb9b
	Hellenic Centre For Marine Research, MedOBIS - Mediterranean Ocean Biodiversity Information System. Hellenic Centre for Marine Research; Institute of Marine Biology and Genetics; Biodiversity and Ecosystem Management Department, Heraklion, Greece. Http://www.medobis.org/

	e7c86904-aac7-4a17-a895-99a54c430d80
	Northeast Fisheries Science Center, National Marine Fisheries Service, NOAA, U.S. Department of Commerce. 2010. NEFSC Benthic Database. Northeast Fisheries Science Center, 166 Water Street, Woods Hole Laboratories, Woods Hole, MA 02543.Retrieved from http://www.usgs.gov/obis-usa/

	c87cb4d8-0757-442f-9166-fbc0489b9149
	Natural England (NE) (2021): Marine Recorder Snapshot extract of surveys entered by Natural England. v2.0. Marine Biological Association. Dataset/Samplingevent. https://doi.org/10.17031/thn0xd

	e4234681-4822-4490-9113-bdac90911dca
	Stockholm University, Gothenburg University, UmeÃ¥ University, Linnaeus University, Swedish Agency for Marine and Water Management, Swedish Environmental Protection Agency and Swedish Meterological and Hydrological Institute (2020). National zoobenthos monitoring in Sweden since 1971. https://doi.org/10.15468/fggzdr

	efb1d61c-6de4-489a-bcb0-3dc17ddc2778
	Serejo, C.S.; Cardoso, I.A.; Moura, M.G.P.; Ferreira, B.C.A. (2014) ColeÃ§Ã£o de Crustacea do Museu Nacional da Universidade Federal do Rio de Janeiro, 8654 registros (atualizado em 29/05/2014)

	9ad0f8eb-b983-418d-b881-3b672d9e0005
	Melrose, C. 2010. Continuous Plankton Recorder Dataset (NOAA) - Zooplankton. National Oceanic and Atmospheric Administration (NOAA).

	d69a1913-4536-4e23-ae6b-911c6359cc61
	See metadata record http://data.aad.gov.au/aadc/metadata/metadata_redirect.cfm?md=AMD/AU/AADC-00099

	256fd492-824a-44a8-9998-4dc911d40680
	Lavaniegos Bertha E. (2020). Hyperiid amphipod abundances from the California Current (24-32Â°N). SEANOE. https://doi.org/10.17882/75270

	2e9e9830-d7cf-43f3-ba38-12ac06a7c0ba
	Pugh, P. Discovery Collections Midwater Database. National Oceanography Centre, Southampton SO14 3ZH, U.K, 2000.

	d1001fdc-d4a2-4d01-bcd2-2e122f2ca537
	NA

	e981eab6-f849-4891-8fac-495852829456
	Johns D, Broughton D (2019): The CPR Survey. v1.0. Marine Biological Association. Dataset/Samplingevent http://doi.dassh.ac.uk/data/1629

	726e33e7-6415-45ae-9d20-7c9a60e01343
	Rumohr, H., Historical benthosdata from the North Sea and Baltic Sea from 1902-1912.  Christian-Albrechts-University Kiel; Leibniz Institute of Marine Sciences; Marine Ecology Division; Benthos Ecology section, Kiel, Germany.

	d2caf73d-7e52-4113-b2f6-b89b439a9a2f
	Joint Nature Conservation Committee (JNCC) (2021): Marine Recorder Snapshot extract of surveys entered by JNCC. v2.0. Marine Biological Association. Dataset/Samplingevent https://doi.org/10.17031/mehqrq

	ce1d93f3-8b0f-4ee7-9a4d-0393a6ec7fea
	Van Guelpen, L., 2016. Atlantic Reference Centre Museum of Canadian Atlantic Organisms - Invertebrates and Fishes Data. Version 4 In OBIS Canada Digital Collections. Bedford Institute of Oceanography, Dartmouth, NS, Canada. Published by OBIS, Digital http://www.iobis.org/. Accessed on â€“INSERT DATE

	c5ce6e76-4ad6-4fce-a683-f6bb01c70955
	Inomata K. Kawagucci S. Miwa T. and Yamamoto H (2023) Environmental baseline data in abyssal plain off Minami Torishima based on 16S rRNA gene, 18S rRNA gene, physicochemical parameters and meiofauna community, and megafauna occurrence. https://doi.org/10.48518/00017

	2d2deee0-b592-4426-ab82-503b6bccc00d
	Swedish county administration boards, Swedish municipalities, Swedish coalitions of water conservation, Swedish Meteorological and Hydrological Institute, et al (2017). SHARK - Regional monitoring and monitoring projects of Epibenthos in Sweden since 1994

	0387adc4-c0b6-4072-b5f2-b819b4cfa30d
	NatureScot (2021): Marine Recorder Snapshot extract of surveys entered by NatureScot. v2.0. Marine Biological Association. Dataset/Samplingevent. https://doi.org/10.17031/pqhlyg

	33452cc4-13c7-4355-894f-4a8833302841
	Hall-Spencer J.,Grall J., Gerovasileiou V.,Mavraki D.,Paranou P., Baily N.,Nikolopoulou S.,(2018): BIOMAERL.Maerl Biodiversity.Functional Structure And Antropogenic Impacts (1996-1998).Hellenic Center for Marine Research.

	0912e81c-c5ac-4a53-b719-a9ae6535f895
	Meurisse, L., Semal, P. (2020) Royal Belgian Institute of Natural Sciences Crustacea collection

	7e4228e5-a962-4b01-952f-7bf33e213a9c
	Sameoto, D.D., Kennedy, M., Spry, J.S, Spry, J.M. (2013). Zooplankton datasets collected using the BIONESS sampler, ring nets and an Icelandic high speed sampler, 1967-2006. OBIS Canada Digital Collections. Published by OBIS http://www.iobis.org/. Accessed on â€“INSERT DATE

	cfa6809d-50cf-4f29-99d1-9e9bbf39c59c
	Marine Institute (2020), Irish Benthos monitoring as part of the Water framework directive since 2012

	82c51e92-e66f-44ca-a02a-b6071c7e188f
	Craeymeersh J., P. Kingston, E. Rachor, G. Duineveld, Carlo Heip, Edward Vanden Berghe,  1986: North Sea Benthos Survey.

	8b681c9d-f925-4a11-930d-d37c07b0560e
	NA

	6f7372ff-0199-4e51-9728-69cb536aaa14
	Kennedy, M.K., St-Pierre., I. 2011. BioChem: Atlantic Zone Monitoring Program (AZMP) Quebec Region zooplankton collection. OBIS Canada Digital Collections. OBIS Canada, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada, Version 1, Digital, retrieved from http://iobis.org/.

	acb3f792-0f33-42e1-a2a8-28eb681e8cdb
	Citation_Information: Originator: G.E. Hopky, M.J. Lawrence and D.B. Chiperzak Publication_Date: 1994 Title: NOGAP B2, Data on the Meio- and Macrobenthos, and related bottom sediments from Tuktoyaktuk Harbour and Mason Bay, N.W.T., March, 1985 to 1988 Geospatial_Data_Presentation_Form: document Series_Information: Series_Name: Canadian Data Report of Fisheries and Ocean Science 939Issue_Identification:

	364e5a12-8028-4329-be50-fc548c2d6ce4
	Southwestern Pacific OBIS (2014). Biological observations from the Discovery Investigations 1925-1935. Southwestern Pacific OBIS, National Institute of Water and Atmospheric Research (NIWA), Wellington, New Zealand, 33337 records, Online http://nzobisipt.niwa.co.nz/resource.do?r=discovery_reports released on January 23, 2015.

	9b7acd33-4a40-4043-9383-e8c73b7ed7ba
	Zoppi de Roa E, Palacio CÃ¡ceres M, Casanova E, Scott-FrÃas J (2022): Zooplankton of Morrocoy National Park 2000-2002. v1.9. Caribbean OBIS Node. Dataset/Samplingevent. https://ipt.iobis.org/caribbeanobis/resource?r=zoo-morrocoy-2000&amp;v=1.9

	747eedb6-dca9-4c9a-849d-618bffeaa18f
	Dounas C., 1988: Benthos Cretan Continental Shelf. Hellenic Centre for Marine Research, Greece

	d556b9d4-7625-4aa2-894d-441eabae47f7
	Holte, B. (2014). MAREANO - Base-line mapping of fauna obtained with grab. Institute of Marine Research, Norway https://doi.org/10.15468/dlaxsw

	8dbd0669-92d1-41ef-a5db-527bc6aa1ec9
	Cusson M (2018): Biodiversity of benthic assemblages on the Arctic continental shelf: historical data from Canada (1955 to 1977). v1.4. Canadian node of the Ocean Biogeographic Information System (OBIS Canada). Dataset/Occurrence. http://ipt.iobis.org/obiscanada/resource?r=cusson_arcticbenthos&amp;v=1.4

	fbfec490-ee3a-404c-80b2-9432345bcb15
	NIOZ (2023) Benthos Westerschelde 1963-2012

	5ad6c4ff-fb89-4edf-b7b0-212671fb27cf
	Sumner, F. B., R. C. Osborn, L. J. Cole, and B. M. Davis. A biological survey of the waters of Woods Hole and vicinity. Bulletin of the U.S. Bureau of Fisheries. 1911. 31: 1-860

	8debaccf-a981-4c77-8fad-ffb443dcf1f4
	Steffani, N; Pulfrich, A. (2013). De Beers Marine Benthic Monitoring Programme. Dataset published by AfrOBIS; consulted via iOBIS

	88bb5351-cbed-4448-abf8-fdeae8b1abaf
	KÃ¼rzel, Kaiser, Brix, Colemann, Tandberg, Oldeland, LÃ¶rz (2022): Amphipod distribution data from the North Atlantic and Artic waters compiled from literature records published in 1931-2018.

	a4695be4-9914-4cc2-ac24-201bd868db57
	Fonda-Umani, S. (2014). Macrobentos North Adriatic-ALPE ADRIA Project. University of Trieste; Marine Biology Laboratory https://doi.org/10.6092/046b3834-9c72-4e2d-920f-8db346c90407

	9378019b-6657-4c21-81cd-1d2f19e30065
	dos Santos A, Niza H, Cunha M E, Quintela M D F (2022): Planktonic Production Cycles and their Relationship with Fishing Resources on the Portuguese Coast

	d69036d6-00c8-445c-89aa-f9149cb1de31
	De Broyer C, Lowry J.K , Jazdzewski K. and Robert H. (2007). Catalogue of the Gammaridean and Corophiidean Amphipoda (Crustacea) of the Southern Ocean with distribution and ecological data. In: De Broyer C. (Ed.), Census of Antarctic Marine Life, Synopsis of the Amphipoda of the Southern Ocean. Volume 1. Bulletin de l'Institut Royal des Sciences Naturelles de Belgique , Biologie, 77 (suppl. 1), 1-325.

	a2426321-7817-4086-ace6-f16ce16a3653
	LÃ©vesque D, Roux M, Robillard A (2023). DFO Quebec Region Invertebrate assemblages and submerged aquatic vegetation in coastal areas of the St. Lawrence Estuary and Gulf (north shore) using a drop photo camera system.. Version 1.9. Fisheries and Oceans Canada. Samplingevent dataset. https://ipt.iobis.org/obiscanada/resource?r=dl_cpd_ppo&amp;v=1.9

	3232e8ce-2581-4bc3-8641-75d01311bcec
	Sezgin, M. 2005. Crustacea data from 2004-2005. Sinop University Fisheries Faculty (SNU-FF).

	49d1b62c-124a-4854-b878-b83de130eb23
	Ocean Survey 20/20 (2013). International Polar Year and Census of Antarctic Marine Life Ross Sea voyage (TAN0802) biodiversity data. Southwestern Pacific OBIS, National Institute of Water and Atmospheric Research, Wellington, New Zealand, 8748 records, Online http://nzobisipt.elasticbeanstalk.com/resource.do?r=mbis_caml released on Dec 12, 2013.

	132ab7ea-1b4b-46ea-8f5f-6b8da98db2be
	Marine Ecological Surveys Ltd. - UK (2009). Macrobenthos from the eastern English Channel in 1999 and 2001.

	837dff49-b281-4d12-a2b0-042095ff2945
	Iken K, Bluhm B (2022): US-CAN-Transboundary_BOEMproject_Beaufort Sea_Epibenthos_2012_2013_2014. v1.1. Deep-sea OBIS node. Dataset/Occurrence. https://ipt.iobis.org/obis-deepsea/resource?r=us-can-transboundary_boemproject&amp;v=1.1

	43d19bf8-4d49-413b-bedb-4fa4547714fa
	Finnish Environment Institute SYKE; (2018); Finnish Baltic Sea benthic monitoring, POHJE database

	3d08e18e-6146-4e27-ab0e-03504a65cbd4
	Houbin, C; Hoebeke, M (2019): Roscoff inventories: marine fauna and flora since 1800 https://doi.org/10.21411/qhtc-a855

	e13f0a51-f810-45d6-9503-64ecd7bedd70
	NIWA (2014). 2004 Ross Sea Biodiversity Survey (BIOROSS) data. Southwestern Pacific OBIS, National Institute of Water and Atmospheric Research, Wellington, New Zealand, 4093 records, Online http://nzobisipt.niwa.co.nz/resource.do?r=mbis_caml released on June 18, 2014.

	8acba7e7-2e50-4490-8328-b78a30472508
	ICES Environmental Database (DOME), Zoobenthos community. Available online at http://dome.ices.dk. ICES, Copenhagen. Consulted on yyyy-mm-dd.

	fd1d4384-f317-47ee-aa8c-c20347bae849
	NA

	7fe97cd7-1d94-475a-bbec-144fbee1efd8
	Wolff G, Rowe G, Kennicutt M, Presley B, Bernhard J, Morse J, Montagna P, Nowlin W, Bryant W, Wade T (2023). The Deepwater Program: Northern Gulf of Mexico Continental Slope Habitat and Benthic Ecology - DgoMB: Macrofauna. Version 1.2. United States Geological Survey. Occurrence dataset. https://ipt-obis.gbif.us/resource?r=dgomb_macrofauna&amp;v=1.2

	391a1608-87a7-4f70-950e-86643643f611
	Partridge V (2015): Acadia University: Invertebrate species distribution during winter conditions at the Windsor mudflat, an intertidal mudflat located in the upper Bay of Fundy, January - June, 1996. v1.2. Ocean Biogeographic Information System (OBIS Canada). Dataset/Occurrence. http://iobis.org/mapper/?resource_id=XXXX

	ea1618ec-00de-41e8-a0f5-56b6f526780e
	NIOZ (2023) Benthos Oosterschelde 1959-2015

	c7d062de-eeb2-42e8-843a-7086e0d14420
	University of Dundee (2018): NEODAAS- NERC Earth Observation Data Acquisition and Analysis Service. v2.0. Tropical and Subtropical Western South Atlantic OBIS. Dataset/Occurrence. http://doi.org/10.25607/cvamrq

	e84e4864-bb77-486d-9940-d784014dd2fc
	NA

	1ad423c7-dba3-426f-b814-f0808413a708
	Galbraith, Moira. (2013) DFO Pacific IOS zooplankton database - Line P. Version 1 In OBIS Canada Digital Collections. Bedford Institute of Oceanography, Dartmouth, NS, Canada. Published by OBIS, Digital http://www.iobis.org/. Accessed on â€“INSERT DATE

	53092237-536e-4ad2-bb28-00fc467dbd26
	Teaca, A.; Begun, T.; Muresan, M.; National Research and Development Institute for Marine Geology and Geoecology â€“ GeoEcoMar, Romania (2016): Historical benthos data from the Romanian Black Sea Coast between 1959 and 1961

	c4e7e0d6-aef2-480f-8157-134bd1c6b229
	Alfred Wegener Institut fÃ¼r Polar- und Meeresforschung; Senckenbergische Naturforschende Gesellschaft. - Germany (2015). Macrozoobenthos data from the southeastern North Sea in 2000.

	31931936-77cc-4562-a775-b1553fe7ffe8
	 (2023): Port Phillip Bay Environmental Study Data 1992-1996 - infauna records. v1.4. CSIRO National Collections and Marine Infrastructure (NCMI) Information and Data Centre (IDC). Dataset/Occurrence. https://www.marine.csiro.au/ipt/resource?r=ppbes_infauna&amp;v=1.4

	81903d9a-f9f2-4bee-ab8c-07609b308e6b
	Kendrick G (2023): Invertebrates of the Recherche Archipelago , Western Australia (2002). v1.3. CSIRO National Collections and Marine Infrastructure (NCMI) Information and Data Centre (IDC). Dataset/Occurrence. https://www.marine.csiro.au/ipt/resource?r=frdc_recherche_invertebrates&amp;v=1.3

	ac30f88b-7d4d-4f3c-8204-ac362dc0feb5
	Sorbonne UniversitÃ©/CNRS - Institut de la Mer de Villefranche (IMEV), Sorbonne UniversitÃ©/CNRS - Laboratoire d'OcÃ©anographie de Villefranche (LOV); 2020; Plankton community in Bongo net, MOOSE-GE cruises, North-Western Mediterranean Sea. https://dx.doi.org/10.14284/480

	f6e5b0ee-d645-40fc-a433-17fd8965c941
	JODC (2013) JODC Dataset. (Available: http://www.godac.jamstec.go.jp/bismal/j/JODC_J-DOSS. Accessed: YYYY-MM-DD).

	6126d698-3e12-4f10-8b05-65122298d02e
	Agri-Food and Biosciences Institute (AFBI) (2019): Benthic bycatch data from non-native Crepidula fornicata dredge surveys in Belfast Lough from 2013-2017. v3.3. Marine Biological Association. Dataset/Samplingevent https://doi.org/10.17031/bhwln1

	3d8430ee-0281-4271-8449-67394407bc23
	Madin, L. and E. Horgan. Zooplankton Sampled with 10m2MOCNESS Net in Georges Bank 1995-1999. March 10, 2006. U.S. GLOBEC JGOFS/GLOBEC Data Server. Woods Hole Oceanographic Institution, USA: U.S. GLOBEC Data Management Office. Retrieved from http://www.usgs.gov/obis-usa/.

	7176d725-4046-4faa-8647-94ecf4dd8304
	Beyst, B.; Fockedey, N.; Hostens, K.; Mees, J.; Marine Biology Research Group - Ugent: Belgium; (2004): Ecological hyperbenthic data of the Scheldt estuary: historical data (1988-2001). Marine Data Archive.

	d104db68-63cf-4f34-b92a-54bd55a07394
	Jo Taylor J (2023): Museums Victoria Marine Invertebrates Collection. v1.12. CSIRO National Collections and Marine Infrastructure (NCMI) Information and Data Centre (IDC). Dataset/Occurrence. https://www.marine.csiro.au/ipt/resource?r=nmv_marine_inverts&amp;v=1.12

	92b694e1-1534-4d37-8e11-3c2c6d2d5edc
	Bustamante R (2023): Southern Surveyor Voyage SS 03/2005 Box Core Infauna Samples, Gulf of  Carpentaria, Australia (2005). v1.1. CSIRO National Collections and Marine Infrastructure (NCMI) Information and Data Centre (IDC). Dataset/Samplingevent. https://www.marine.csiro.au/ipt/resource?r=csiro_ss200503_infauna&amp;v=1.1

	27530a2b-da53-4f3b-98b4-83d4b3e73082
	GrÃ©mare, A., J.M. Amouroux, , C. Labrune, 1998: Redit dataset. Observatoire OcÃ©anologique de Banyuls-Sur-Mer; Laboratoire d'OcÃ©anographie Biologique, France https://dx.doi.org/10.14284/184

	46c52e34-73b7-45e6-a2ac-742e4c2058c5
	ICES Environmental Database (DOME), Phytoplankton community. Available online at http://dome.ices.dk. ICES, Copenhagen. Consulted on yyyy-mm-dd.

	f3019ee2-a2f8-4a5c-acd9-1a546b363a17
	NA
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Table S2. Datasets used in this study were extracted from GBIF. 

	dataset_key
	dataset_title
	N of records

	8821e36f-2d25-44c8-a95e-fb978f38ecde
	SER Site-based Surveys
	28

	bbee118c-a50e-4f7f-bca1-d5bfefc5360b
	SER Species-based Surveys
	86

	48b67072-8da1-4ad1-b187-5eb62acc91fe
	Macroinvertebrados asociados a los rios Napi y San Francisco, departamento del Cauca, 2018
	3

	88967ea9-19ea-4f4d-b137-879ee00ebda8
	CardObs : Observations naturalistes issues de l'outil de saisie et gestion CardObs mis en place par le Service du Patrimoine Naturel (MNHN) / UMS PatriNat (OFB - CNRS - MNHN) - Données naturalistes de CERCOPE (Jean-Louis PRATZ)
	186

	e1beb83c-9b83-4d17-ac5e-d24e09507ec5
	BoBO - Botanic Garden and Botanical Museum Berlin Observations
	1

	61b2264c-f762-11e1-a439-00145eb45e9a
	Schussenaue bei Berg
	2

	2444d607-5bbc-4b7a-a804-fd9fbaebd6c6
	Efectos del Cambio Ambiental en las comunidades de organismos de los ríos mediterráneos
	126

	427a6290-0c65-11dd-84d2-b8a03c50a862
	Lund Museum of Zoology (MZLU)
	5702

	2ca312ee-40cf-49e0-b864-31531b7eba81
	AM: Freshwater Invertebrates (1900-2005)
	161

	965169e4-f762-11e1-a439-00145eb45e9a
	BIOLOGICAL SCIENCES DATA
	1110

	619b7e4c-f762-11e1-a439-00145eb45e9a
	Lillachtal mit Kalktuffquelle bei Weißenohe
	1

	f2fefe8b-58fa-4b2e-9ddd-756664b5ddd3
	Zoobenthos data from the Southern Beaufort Sea, 1971-1975
	304

	61939e52-f762-11e1-a439-00145eb45e9a
	Triebesbach (Zeulenroda-Triebes)
	1

	7a96ecf6-f762-11e1-a439-00145eb45e9a
	Grünes  Germersheim
	1

	d015c8d2-b847-4007-a401-7c4685d53218
	Explore Your Shore
	15

	a4263910-5764-40f4-b375-9f43f4cb757c
	Manipulative field experiment to study the predation by epibenthos on infaunal macrobenthos in a Ceriops tagal mangrove at Gazi Bay in 1992
	39

	6171366e-f762-11e1-a439-00145eb45e9a
	Artenvielfalt Kreis Gießen
	1

	637bc9ce-f762-11e1-a439-00145eb45e9a
	Natur-Erlebnisgebiet der Naturschutz-Akademie Hessen und Umgebung
	1

	f61e69d1-e79f-4ccb-bd92-56a7cefcf1e4
	Deer Creek Riparian Restoration Ecological Monitoring
	77

	da209453-8d41-4a29-b759-1f5e1a2b6980
	The Deepwater Program: Northern Gulf of Mexico Continental Slope Habitat and Benthic Ecology - DgoMB: Macros
	272

	0628cc70-37e0-4353-949d-e3990bc2a341
	Benthic amphipods from Alacranes Reef, Campeche Bank, Mexico
	588

	7557f69d-22f8-4cd8-9168-16d60f7170fd
	Standing water cartography, Recorder-Lux database
	1

	7a71dbbe-f762-11e1-a439-00145eb45e9a
	Bayerische Donau - Riedlingen
	1

	7a75bd56-f762-11e1-a439-00145eb45e9a
	Artenvielfalt rund um die Dalbek-Schule
	1

	02f57aa9-12ae-4c8c-9d9f-f8b3245cf31a
	Crustacea collection (TSZCr) The Arctic University Museum of Norway
	8289

	c48b060b-5473-480a-9790-3cc0e0c10f55
	Biology and Ecology of Cryopelagic Amphipods from Arctic Sea Ice Collected near Franz Josef Land in the summer of 1994
	11

	ab1280cb-11f0-495d-9dd6-f121598eebe2
	Siphonoecetini Just, 1983 (Crustacea, Amphipoda, Ischyroceridae) 11: Cephaloecetes schioettei sp. nov. from The Philippines
	11

	719dc980-f762-11e1-a439-00145eb45e9a
	Einen Tag lang Forscher sein - Die 5c der Erich-Kästner-Schule erforscht das Bachemer Wiesental
	1

	0c839b4b-6db2-4d4b-9478-3b213b2e3d4e
	COLECCIÓN ECOLÓGICA DEL IBN (CONICET-UNT) PROYECTO PUNA
	192

	62a4f78c-f762-11e1-a439-00145eb45e9a
	Weide an der Mosselde / Dortmund-Kirchlinde/Westerfilde
	1

	7910cc7c-8483-4551-83b1-a2cd2709a317
	Megabenthos biodiversity of the northwest coast of Paraguana Peninsula (Venezuela)
	5

	627bd474-f762-11e1-a439-00145eb45e9a
	Selz (Ingelheim am Rhein)
	1

	31c8db7d-098d-4339-a77b-901865139f1c
	DFO Zoobenthos data from upper Frobisher Bay, 1967 to 1973
	398

	7066ae08-1550-4071-8058-168456c427f6
	Maritimes 4VSW Research Vessel Surveys
	11

	89e8b7d4-f762-11e1-a439-00145eb45e9a
	Naturschutzgebiet Heiliger Hain (Wahrenholz)
	2

	625c474e-f762-11e1-a439-00145eb45e9a
	Bäche, Quellen und Teiche im FFH-Gebiet Mühlhauser Halde
	1

	9649d058-f762-11e1-a439-00145eb45e9a
	Tag der Artenvielfalt im Taubental
	1

	8928e328-f762-11e1-a439-00145eb45e9a
	Macrozooplankton concentrations estimated from MOCNESS tow samples, Continental Margin Western Antarctic Peninsula, GLOBEC
	57

	89c8f44e-f762-11e1-a439-00145eb45e9a
	Artenvielfalt der Nordsee - Helgoland
	9

	89bba0c8-f762-11e1-a439-00145eb45e9a
	NSG Karwendel
	1

	3027f82b-ca59-4d44-a11d-51bde63fb8db
	Diversity of meiobenthos in tropical seagrass beds of Gazi Bay (Kenya) sampled from 16 to 19 July 1996
	14

	95991682-f762-11e1-a439-00145eb45e9a
	NSG Dellwiger Wald, Dortmund
	1

	9543fe6c-5a30-454e-bc1d-0ee9c186fd79
	Study of epifauna and meiobenthos by means of cage experiments in a Ceriops tagal and Avicennia marina mangrove at Gazi Bay (Kenya) in August and September 1992
	12

	9589146c-f762-11e1-a439-00145eb45e9a
	Perchtoldsdorfer Heide
	2

	08afaadf-34ba-4aeb-be23-027da1e38676
	Records of protected animal, plant and fungi species in Ukraine
	6

	b2257a13-0e1f-4899-98ea-aacb812509aa
	Mesozooplankton in the South Adriatic Sea (MEDGES Experiment) in March 2013
	2

	7a945eaa-f762-11e1-a439-00145eb45e9a
	Grundschule Sandheide
	1

	30471991-67e4-495a-bd59-a7c936bc2e66
	The family Izinkalidae fam. nov. (Crustacea: Amphipoda: Lysianassoidea) in Australian waters
	2

	edeee57f-9e48-4202-b387-9cb5224e7b1b
	JODC Dataset
	1463

	c6ad8415-263a-4674-81fc-f590bcaaaea0
	FBIP:Invertebrates community dynamics in temporary wetland ecosystems
	3

	0cfae73c-cef7-41e7-9e41-b41cb29be7c2
	Argentina–Chile National Geographic Pristine Seas Expedition To The Antarctic Peninsula - Deep Sea Cam Data
	16

	f0c3a31b-df3b-4670-ac1d-0c58d13e1420
	Marine Invertebrate from Argentina, Uruguay and Chile
	104

	87f42a91-8dfd-44f1-aabb-8b6ef14aba82
	Canadian Museum of Nature Crustacea Collection
	15478

	3c428404-893c-44da-bb4a-6c19d8fb676a
	Alien macroinvertebrates in Flanders, Belgium
	1214

	e2cde7e3-0b90-40ea-93ad-de06e6ed3a3c
	Benthos Chirnov Basin 1986 and 2002
	671

	fd61e581-4db6-4fa8-8c27-79e118459f42
	Structure and function of contemporary food webs on Arctic shelves: A panarctic comparison. The pelagic system of the Kara Sea- communities and components of carbon flow
	88

	5aa8c4ed-3df2-4179-8e6a-16222f2dbe1c
	Levantamientos portuarios de fitoplancton, zooplancton, perifiton y macrozoobentos en el Pacífico colombiano
	27

	61c88f72-f762-11e1-a439-00145eb45e9a
	Erft in Selikum (Neuss)
	1

	968dbe0f-a8a0-498f-816a-cb5b4b5c041b
	Species Composition and Abundance of Zooplankton in the Nearshore Beaufort Sea in Winter-Spring 1978-1980
	15

	4aeef7f2-a35b-405e-bcc6-7024a251ddab
	Structures and Nutrition Requirements of Macrozoobenthic Communities in the area of the Lomonossov Ridge, 1995-1998
	85

	97171b6d-e543-45f5-bc87-41e5090d3a69
	Registro de macrofauna bentónicas submareales de fondos blandos, variables físicas y químicos en la zona sur de Chile - Registro 2
	19

	c988d44d-e992-4653-be46-124cefa0d314
	Zooplankton Abundancies White Sea, 1972
	17

	89a92395-88a2-4904-962f-20184a06b383
	Registro de macrofauna bentónicas submareales de fondos blandos, variables físicas y químicos en la zona sur – Registro 3
	21

	1d1f4137-7653-4eac-ab67-7487dae51739
	ZooplanktonBeaufortSeaNOGAP2
	808

	8927ad78-f762-11e1-a439-00145eb45e9a
	Zooplankton abundance and population structures assessed during April-September of 2001-2, Southern Ocean, GLOBEC
	143

	40ee219d-ab5f-4917-9c7a-6137dba77b05
	BenthosChukchiFN762_1976_Falk5
	29

	9cdfd6cb-b1b0-4534-bdb0-a50a0e68076a
	Under-ice Amphipods in the Greenland Sea and Fram Strait (Arctic): Environmental Controls and Seasonal Patterns Below the Pack Ice
	66

	8ec254cc-7da8-4055-b3f0-ded781a43522
	Chucki_Seaooplankton1953/4
	12

	e87e14f1-76e9-48a1-8378-98cc909eb301
	WTSWW Data: All Taxa (West Wales)
	10

	2e844554-d9bf-4540-8c6d-2999ad5ced21
	IMOS National Reference Station (NRS) - Zooplankton Abundance
	86

	52855660-ce87-4312-9538-fefde37134b6
	ZooplanktonBeaufortSeaNOGAP1
	866

	d888b684-3c55-44cd-b7d1-253d8cad1ca7
	Zooplankton Bering Strait Tiglax 1991
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Table 3S. PCA analysis was used to define how environmental factors and biological variables interact with each other’s. 
	
	PC1
	PC2 
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12
	PC13
	PC14

	Standard deviation
	2.30
	1.84
	1.27
	1.05
	0.95
	0.74
	0.68
	0.56
	0.42
	0.30
	0.21
	0.18
	0.17
	0.11

	Proportion of Variance 
	0.38
	0.24
	0.12
	0.08
	0.06
	0.04
	0.03
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00

	Cumulative Proportion  
	0.38
	0.62
	0.74
	0.81
	0.88
	0.92
	0.95
	0.97
	0.99
	0.99
	0.99
	1.00
	1.00
	1.00



Table 4S. AIC analysis was used to compare models for goodness of fit while penalizing for overparameterization in the number of species of shallow benthic amphipod assemblage extracted from GAMs. The delta AIC represents how much the AIC score for each model differs from the top model, and can be used to estimate the relative support for each model. A delta AIC of 2 is potentially a significantly better fit.
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.numsp.chlorophyll
	2630.7010
	0.0000
	1.0000
	0.1111
	0.1111

	gam.numsp.env
	2630.7775
	0.0765
	0.9625
	0.1069
	0.2180

	gam.numsp.latlon
	2630.9557
	0.2547
	0.8804
	0.0978
	0.3158

	gam.numsp.salinity
	2630.9558
	0.2548
	0.8804
	0.0978
	0.4137

	gam.numsp.temp
	2630.9560
	0.2549
	0.8803
	0.0978
	0.5115

	gam.numsp.PO4
	2630.9565
	0.2555
	0.8801
	0.0978
	0.6092

	gam.numsp.depth
	2630.9566
	0.2556
	0.8800
	0.0978
	0.7070

	gam.numsp.pH
	2630.9584
	0.2574
	0.8792
	0.0977
	0.8047

	gam.numsp.current
	2630.9588
	0.2578
	0.8791
	0.0977
	0.9023

	gam.numsp.dissolved.oxygen
	2630.9590
	0.2580
	0.8790
	0.0977
	1.0000

	gam.numsp.numrec
	2703.6379
	72.9369
	0.0000
	0.0000
	1.0000

	gam.numsp.intercept
	2973.6480
	342.9470
	0.0000
	0.0000
	1.0000



Table 5S. AIC analysis was used to compare models extracted from GAMs for goodness of fit while penalizing for overparameterization ES50 of shallow benthic species 
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.ES50.temp
	1817.728
	0
	1
	0.1242
	0.1242

	gam.ES50.env
	1817.733
	0.0045
	0.9978
	0.1239
	0.2482

	gam.ES50.dissolved.oxygen
	1817.971
	0.2425
	0.8858
	0.11
	0.3582

	gam.ES50.latlon
	1818.323
	0.5948
	0.7428
	0.0923
	0.4505

	gam.ES50.PO4
	1818.323
	0.595
	0.7427
	0.0923
	0.5427

	gam.ES50.current
	1818.325
	0.5961
	0.7423
	0.0922
	0.6349

	gam.ES50.salinity
	1818.325
	0.5961
	0.7423
	0.0922
	0.7271

	gam.ES50.chlorophyll
	1818.325
	0.5962
	0.7422
	0.0922
	0.8193

	gam.ES50.depth
	1818.332
	0.6036
	0.7395
	0.0919
	0.9112

	gam.ES50.pH
	1818.399
	0.6705
	0.7152
	0.0888
	1

	gam.ES50.intercept
	1891.414
	73.6856
	0
	0
	1



Table 6S. AIC analysis was used to compare models extracted from GAMs for goodness of fit while penalizing for overparameterization number of species of deep benthic amphipod assemblage. 
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.numsp.env
	2103.437
	0
	1
	0.8646
	0.8646

	gam.numsp.depth
	2109.501
	6.0638
	0.0482
	0.0417
	0.9062

	gam.numsp.temp
	2109.667
	6.2298
	0.0444
	0.0384
	0.9446

	gam.numsp.pH
	2110.416
	6.979
	0.0305
	0.0264
	0.971

	gam.numsp.dissolved.oxygen
	2112.535
	9.0978
	0.0106
	0.0091
	0.9801

	gam.numsp.current
	2112.79
	9.3523
	0.0093
	0.0081
	0.9882

	gam.numsp.salinity
	2113.84
	10.4026
	0.0055
	0.0048
	0.993

	gam.numsp.PO4
	2114.445
	11.0072
	0.0041
	0.0035
	0.9965

	gam.numsp.chlorophyll
	2114.445
	11.0072
	0.0041
	0.0035
	1

	gam.numsp.numrec
	2136.03
	32.5927
	0
	0
	1

	gam.numsp.latlon
	2227.333
	123.896
	0
	0
	1

	gam.numsp.intercept
	2799.897
	696.4597
	0
	0
	1



Table 7S. AIC analysis was used to compare models extracted from GAMs for goodness of fit while penalizing for overparameterization ES50 of deep benthic species
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.ES50.env
	1754.045
	0
	1
	0.997
	0.997

	gam.ES50.depth
	1767.187
	13.1421
	0.0014
	0.0014
	0.9984

	gam.ES50.pH
	1768.925
	14.8802
	0.0006
	0.0006
	0.999

	gam.ES50.temp
	1769.677
	15.6317
	0.0004
	0.0004
	0.9994

	gam.ES50.salinity
	1770.024
	15.979
	0.0003
	0.0003
	0.9997

	gam.ES50.dissolved.oxygen
	1772.131
	18.0865
	0.0001
	0.0001
	0.9998

	gam.ES50.current
	1772.276
	18.231
	0.0001
	0.0001
	0.9999

	gam.ES50.latlon
	1775.649
	21.6037
	0
	0
	1

	gam.ES50.PO4
	1775.65
	21.6047
	0
	0
	1

	gam.ES50.chlorophyll
	1775.65
	21.6054
	0
	0
	1

	gam.ES50.intercept
	1895.476
	141.4313
	0
	0
	1





Table 8S. AIC analysis was used to compare models extracted from GLM for goodness of fit while penalizing for overparameterization number of species of benthic species.
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	GLM.numsp.lat
	5984.8859
	0.0000
	1.0000
	1.0000
	1.0000

	GLM.numsp.chl
	6020.7991
	35.9132
	0.0000
	0.0000
	1.0000

	GLM.numsp.temp
	6095.4784
	110.5925
	0.0000
	0.0000
	1.0000

	GLM.numsp.PO4
	6100.3532
	115.4673
	0.0000
	0.0000
	1.0000

	GLM.numsp.salinity
	6413.6485
	428.7626
	0.0000
	0.0000
	1.0000

	GLM.numsp.pp
	6417.3041
	432.4181
	0.0000
	0.0000
	1.0000

	GLM.numsp.DO
	6442.5315
	457.6456
	0.0000
	0.0000
	1.0000

	GLM.numsp.pH
	6476.0047
	491.1188
	0.0000
	0.0000
	1.0000

	GLM.numsp.Area
	6480.2646
	495.3787
	0.0000
	0.0000
	1.0000

	GLM.numsp.depth
	6495.7344
	510.8485
	0.0000
	0.0000
	1.0000

	GLM.numsp.Curvvel
	6501.3640
	516.4781
	0.0000
	0.0000
	1.0000

	GLM.numsp.numrec
	6503.8480
	518.9621
	0.0000
	0.0000
	1.0000

	GLM.numsp.intercept
	Inf
	Inf
	0.0000
	0.0000
	1.0000



Table 9S. AIC analysis was used to compare models extracted from GLM for goodness of fit while penalizing for overparameterization ES50 of benthic species.
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	GLM.ES50.lat
	231.4169
	0.0000
	1.0000
	0.5114
	0.5114

	GLM.ES50.salinity
	234.7531
	3.3362
	0.1886
	0.0965
	0.6079

	GLM.ES50.chl
	235.6104
	4.1935
	0.1229
	0.0628
	0.6707

	GLM.ES50.pp
	235.6924
	4.2755
	0.1179
	0.0603
	0.7310

	GLM.ES50.temp
	235.7059
	4.2890
	0.1171
	0.0599
	0.7909

	GLM.ES50.depth
	235.7800
	4.3632
	0.1129
	0.0577
	0.8487

	GLM.ES50.intercept
	236.4553
	5.0384
	0.0805
	0.0412
	0.8899

	GLM.ES50.PO4
	236.6674
	5.2505
	0.0724
	0.0370
	0.9269

	GLM.ES50.Area
	237.3266
	5.9098
	0.0521
	0.0266
	0.9535

	GLM.ES50.Curvvel
	238.2635
	6.8466
	0.0326
	0.0167
	0.9702

	GLM.ES50.pH
	238.2833
	6.8665
	0.0323
	0.0165
	0.9867

	GLM.ES50.DO
	238.7179
	7.3010
	0.0260
	0.0133
	1.0000





GAMs for the number of species, shallow water
GAMs analysis was used for the whole benthic database and two subgroups; shallow and deep-sea groups. In these analyses, “intercept” represents the fit of a model that assumes no relationship between the species counts and the environment and no spatial autocorrelation. The “latlon” model represents the fit of a model that fits spatial autocorrelation without environmental effects. The “env” model represents the combined effects of all environmental predictors, and the remainder of the models estimate the effects of a single predictor at a time. The total number of records for each locality as an estimate of sampling effort was used in models. The spatial autocorrelation model used a two-dimensional spherical spline on the latitude and longitude of sampling sites. Table 10, 11 and 12 present the script, figure, and plots of results from GAM analysis for the number of species in shallow water.
Table 10S. The results of GAM analysis for the number of species in shallow water.
	data<-read.csv(shallow.csv)
analysis.cols <- c(	"num.record", "num.species","Lat", "Lon","area", "salinity","PO4","temp",	"chlorophyll", "pH", "current", "depth", "dissolved.oxygen", "ES50")
data <- data[,analysis.cols]
data <- data[complete.cases(data),]
ggcorrplot(cor(data), method = "circle")
[image: ]


	gam.numsp.intercept <- gam(num.species ~ 1, data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.intercept)


	Method: REML   Optimizer: outer newton
full convergence after 4 iterations.
Gradient range [4.320419e-06,4.320419e-06]
(score 1487.293 & scale 1).
Hessian positive definite, eigenvalue range [235.4627,235.4627].
Model rank =  1 / 1  

	> summary(gam.numsp.intercept)

	Family: Negative Binomial(0.367) 
Link function: log 
Formula:
num.species ~ 1

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.02661    0.09181   43.86   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


R-sq.(adj) =  2.22e-16   Deviance explained = 1.49e-09%
-REML = 1487.3  Scale est. = 1         n = 325

	[image: ]

	gam.numsp.numrec <- gam(num.species ~ s(num.record), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.numrec)


	Method: REML   Optimizer: outer newton
full convergence after 10 iterations.
Gradient range [-4.535265e-07,3.336951e-06]
(score 1373.584 & scale 1).
Hessian positive definite, eigenvalue range [0.4783034,181.5172].
Model rank =  10 / 10 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                k'  edf k-index p-value    
s(num.record) 9.00 8.59    0.25  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



	> summary(gam.numsp.numrec)


	Family: Negative Binomial(0.7) 
Link function: log 

Formula:
num.species ~ s(num.record)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  3.13258    0.06781    46.2   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                edf Ref.df Chi.sq p-value    
s(num.record) 8.587      9  389.3  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -2.38   Deviance explained = 52.9%
-REML = 1373.6  Scale est. = 1         n = 325




	[image: ]

	gam.numsp.latlon <- gam(num.species ~ s(Lat,Lon, bs="sos")+ s(num.record), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.latlon)


	Method: REML   Optimizer: outer newton
full convergence after 11 iterations.
Gradient range [-3.676199e-06,2.285538e-05]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [0.4785864,144.1709].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'   edf k-index p-value    
s(Lat,Lon)    49.00 28.35    0.93    0.75    
s(num.record)  9.00  8.55    0.32  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	> summary(gam.numsp.latlon)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                edf Ref.df Chi.sq p-value    
s(Lat,Lon)    28.35     49  136.8  <2e-16 ***
s(num.record)  8.55      9  234.8  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325


	[image: ]

	gam.numsp.depth <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(depth), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.depth)


	
Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-0.0001746564,0.0001759364]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [4.16984e-05,144.1706].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    4.90e+01 2.84e+01    0.93    0.82    
s(num.record) 9.00e+00 8.55e+00    0.32  <2e-16 ***
s(depth)      9.00e+00 5.71e-04    0.83    0.11    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



	> summary(gam.numsp.depth)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(depth)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df Chi.sq p-value    
s(Lat,Lon)    2.835e+01     49  136.8  <2e-16 ***
s(num.record) 8.550e+00      9  234.8  <2e-16 ***
s(depth)      5.706e-04      9    0.0   0.881    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325





	[image: ]

	gam.numsp.chlorophyll <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(chlorophyll), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.chlorophyll)


	Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-0.004313754,0.002968765]
(score 1354.458 & scale 1).
Hessian positive definite, eigenvalue range [1.982887e-05,143.8341].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                   k'    edf k-index p-value    
s(Lat,Lon)     49.000 28.458    0.93    0.82    
s(num.record)   9.000  8.551    0.32  <2e-16 ***
s(chlorophyll)  9.000  0.118    0.99    0.96    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	summary(gam.numsp.chlorophyll)

	Family: Negative Binomial(0.916) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(chlorophyll)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88450    0.06066   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                   edf Ref.df  Chi.sq p-value    
s(Lat,Lon)     28.4581     49 137.197  <2e-16 ***
s(num.record)   8.5510      9 234.751  <2e-16 ***
s(chlorophyll)  0.1179      9   0.109   0.319    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.16   Deviance explained = 67.9%
-REML = 1354.5  Scale est. = 1         n = 325


	[image: ]

	gam.numsp.current <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(current), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.current)

	Method: REML   Optimizer: outer newton
full convergence after 10 iterations.
Gradient range [-0.0002673362,0.0005642008]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [0.000127229,144.1709].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    49.00000 28.35036    0.93    0.78    
s(num.record)  9.00000  8.55001    0.32  <2e-16 ***
s(current)     9.00000  0.00177    0.93    0.69    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



	summary(gam.numsp.current)


	
Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df  Chi.sq p-value    
s(Lat,Lon)    28.350363     49 136.744  <2e-16 ***
s(num.record)  8.550011      9 234.772  <2e-16 ***
s(current)     0.001768      9   0.001   0.554    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325



	[image: ]

	gam.numsp.pH <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(pH), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.pH)


	Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-0.0003657867,0.0001261746]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [4.489226e-05,144.1706].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    49.00000 28.35053    0.93    0.76    
s(num.record)  9.00000  8.55003    0.32  <2e-16 ***
s(pH)          9.00000  0.00229    0.93    0.81    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



	summary(gam.numsp.pH)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(pH)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df  Chi.sq p-value    
s(Lat,Lon)    28.350531     49 136.741  <2e-16 ***
s(num.record)  8.550028      9 234.773  <2e-16 ***
s(pH)          0.002289      9   0.001   0.569    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325


	[image: ]

	gam.numsp.PO4 <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(PO4), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.PO4)

	Method: REML   Optimizer: outer newton
full convergence after 11 iterations.
Gradient range [-0.0002262481,-4.181222e-06]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [2.264207e-05,144.1696].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    49.00000 28.35061    0.93    0.78    
s(num.record)  9.00000  8.55003    0.32  <2e-16 ***
s(PO4)         9.00000  0.00116    0.83    0.08 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.numsp.PO4)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(PO4)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df  Chi.sq p-value    
s(Lat,Lon)    28.350608     49 136.758  <2e-16 ***
s(num.record)  8.550031      9 234.785  <2e-16 ***
s(PO4)         0.001158      9   0.001   0.437    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325
1
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	gam.numsp.salinity <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(salinity), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.salinity)


	Method: REML   Optimizer: outer newton
full convergence after 15 iterations.
Gradient range [-3.089521e-05,2.070163e-05]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [2.304689e-05,144.1708].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    4.90e+01 2.84e+01    0.93    0.78    
s(num.record) 9.00e+00 8.55e+00    0.32  <2e-16 ***
s(salinity)   9.00e+00 1.27e-04    0.87    0.29    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.numsp.salinity)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(salinity)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df Chi.sq p-value    
s(Lat,Lon)    2.835e+01     49  136.8  <2e-16 ***
s(num.record) 8.550e+00      9  234.8  <2e-16 ***
s(salinity)   1.273e-04      9    0.0   0.663    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325


	[image: ]

	gam.numsp.dissolved.oxygen <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(dissolved.oxygen), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.dissolved.oxygen)


	Method: REML   Optimizer: outer newton
full convergence after 11 iterations.
Gradient range [-0.0006221328,0.0002205194]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [4.514023e-05,144.1704].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                          k'      edf k-index p-value    
s(Lat,Lon)          49.00000 28.35041    0.93    0.81    
s(num.record)        9.00000  8.55003    0.32  <2e-16 ***
s(dissolved.oxygen)  9.00000  0.00253    0.89    0.48    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	summary(gam.numsp.dissolved.oxygen)

	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(dissolved.oxygen)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                          edf Ref.df  Chi.sq p-value    
s(Lat,Lon)          28.350414     49 136.731  <2e-16 ***
s(num.record)        8.550030      9 234.771  <2e-16 ***
s(dissolved.oxygen)  0.002531      9   0.001   0.694    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325
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	gam.numsp.temp <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(temp), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.temp)


	Method: REML   Optimizer: outer newton
full convergence after 11 iterations.
Gradient range [-8.101012e-05,5.667138e-05]
(score 1354.46 & scale 1).
Hessian positive definite, eigenvalue range [1.960706e-05,144.1704].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                    k'      edf k-index p-value    
s(Lat,Lon)    4.90e+01 2.84e+01    0.93    0.80    
s(num.record) 9.00e+00 8.55e+00    0.32  <2e-16 ***
s(temp)       9.00e+00 4.45e-04    0.91    0.64    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.numsp.temp)


	Family: Negative Binomial(0.915) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(temp)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88566    0.06069   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df Chi.sq p-value    
s(Lat,Lon)    2.835e+01     49  136.8  <2e-16 ***
s(num.record) 8.550e+00      9  234.8  <2e-16 ***
s(temp)       4.449e-04      9    0.0   0.525    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.17   Deviance explained = 67.8%
-REML = 1354.5  Scale est. = 1         n = 325
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	gam.numsp.env <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+ s (temp) + s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth)+ s(PO4) +s (current) , data = data, family = "nb", method= "REML", select = TRUE)
> gam.check(gam.numsp.env)


	Method: REML   Optimizer: outer newton
full convergence after 17 iterations.
Gradient range [-0.002122123,2.721997e-05]
(score 1354.459 & scale 1).
Hessian positive definite, eigenvalue range [3.724563e-07,143.8939].
Model rank =  131 / 131 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                          k'      edf k-index p-value    
s(Lat,Lon)          4.90e+01 2.84e+01    0.93   0.860    
s(num.record)       9.00e+00 8.55e+00    0.32  <2e-16 ***
s(temp)             9.00e+00 1.37e-03    0.91   0.570    
s(dissolved.oxygen) 9.00e+00 4.97e-04    0.89   0.490    
s(chlorophyll)      9.00e+00 1.03e-01    0.99   0.960    
s(current)          9.00e+00 6.68e-04    0.93   0.765    
s(pH)               9.00e+00 7.28e-04    0.93   0.805    
s(salinity)         9.00e+00 3.70e-04    0.87   0.330    
s(depth)            9.00e+00 5.16e-04    0.83   0.095 .  
s(PO4)              9.00e+00 8.80e-03    0.83   0.115    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



	summary(gam.numsp.env)

	Family: Negative Binomial(0.916) 
Link function: log 
Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(temp) + 
    s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + 
    s(salinity) + s(depth) + s(PO4) + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.88473    0.06067   47.55   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                          edf Ref.df  Chi.sq p-value    
s(Lat,Lon)          2.843e+01     49 136.982  <2e-16 ***
s(num.record)       8.551e+00      9 234.593  <2e-16 ***
s(temp)             1.369e-03      9   0.001   0.550    
s(dissolved.oxygen) 4.975e-04      9   0.000   0.787    
s(chlorophyll)      1.025e-01      9   0.094   0.337    
s(current)          6.681e-04      9   0.000   0.540    
s(pH)               7.285e-04      9   0.000   0.574    
s(salinity)         3.698e-04      9   0.000   0.664    
s(depth)            5.165e-04      9   0.000   0.889    
s(PO4)              8.795e-03      9   0.006   0.409    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  -1.16   Deviance explained = 67.9%
-REML = 1354.5  Scale est. = 1         n = 325

	[image: ]





Table 11S. Model selection for number of species based on GAM analysis for shallow water

	> gam.numsp.models <- list(gam.numsp.intercept = gam.numsp.intercept,
+                          gam.numsp.numrec = gam.numsp.numrec,
+                          gam.numsp.env=gam.numsp.env,
+                          gam.numsp.latlon = gam.numsp.latlon,
+                          gam.numsp.depth = gam.numsp.depth,
+                          gam.numsp.pH = gam.numsp.pH,
+                          gam.numsp.current = gam.numsp.current,
+                          gam.numsp.PO4 = gam.numsp.PO4,
+                          gam.numsp.chlorophyll= gam.numsp.chlorophyll,
+                          gam.numsp.dissolved.oxygen = gam.numsp.dissolved.oxygen,
+                          gam.numsp.salinity= gam.numsp.salinity,
+                          gam.numsp.temp= gam.numsp.temp)
> gam.numsp.aic.df <- data.frame(Model = names(gam.numsp.models),
+                                AIC = sapply(gam.numsp.models, function(x) x$aic),
+                                akaike.weights(sapply(gam.numsp.models, function(x) x$aic)))
> gam.numsp.aic.df <- gam.numsp.aic.df[order(gam.numsp.aic.df$AIC),]
> gam.numsp.aic.df$Cumulative.Weight <- cumsum(gam.numsp.aic.df$weights)
> kable(gam.numsp.aic.df, row.names = FALSE)
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	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.
Weight

	gam.numsp.chlorophyll
	2630.7010
	0.0000
	1.0000
	0.1111
	0.1111

	gam.numsp.env
	2630.7775
	0.0765
	0.9625
	0.1069
	0.2180

	gam.numsp.latlon
	2630.9557
	0.2547
	0.8804
	0.0978
	0.3158

	gam.numsp.salinity
	2630.9558
	0.2548
	0.8804
	0.0978
	0.4137

	gam.numsp.temp
	2630.9560
	0.2549
	0.8803
	0.0978
	0.5115

	gam.numsp.PO4
	2630.9565
	0.2555
	0.8801
	0.0978
	0.6092

	gam.numsp.depth
	2630.9566
	0.2556
	0.8800
	0.0978
	0.7070

	gam.numsp.pH
	2630.9584
	0.2574
	0.8792
	0.0977
	0.8047

	gam.numsp.current
	2630.9588
	0.2578
	0.8791
	0.0977
	0.9023

	gam.numsp.dissolved.oxygen
	2630.9590
	0.2580
	0.8790
	0.0977
	1.0000

	gam.numsp.numrec
	2703.6379
	72.9369
	0.0000
	0.0000
	1.0000

	gam.numsp.intercept
	2973.6480
	342.9470
	0.0000
	0.0000
	1.0000

	
	
	
	
	
	






The results show that chlorophyll is the best-fitted model. In the following, the combination of environmental parameters and also the parameters including geographical position, salinity, temperature, PO4, depth,  pH, current, and dissolved oxygen could be modeled for the distribution of the number of species in shallow waters. 


Table 12S. The Plots of GMAs analysis of the number of species in the shallow water.
	qplot(data$temp, predict(gam.numsp.temp, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$chlorophyll, predict(gam.numsp.chlorophyll, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$depth, predict(gam.numsp.depth, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$pH, predict(gam.numsp.pH, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$PO4, predict(gam.numsp.PO4, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$salinity, predict(gam.numsp.salinity, data)) + geom_smooth(method = "glm")
[image: ]


	qplot(data$current, predict(gam.numsp.current, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$dissolved.oxygen, predict(gam.numsp.dissolved.oxygen, data)) + geom_smooth(method = "glm")
[image: ]


GAMs for ES50, shallow water
Table 13, 14 and 15 present the script, figure, and plots of results from GAM analysis for the ES50 in shallow water.
Table 13S. The script of GAM analysis for ES50 in shallow water.
	gam.ES50.intercept <- gam(ES50 ~ 1, data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.intercept)

	 Method: REML   Optimizer: outer newton
full convergence after 2 iterations.
Gradient range [-9.489043e-05,-9.489043e-05]
(score 946.8012 & scale 1).
Hessian positive definite, eigenvalue range [103.7359,103.7359].
Model rank =  1 / 1 

	summary(gam.ES50.intercept)

	Family: Negative Binomial(1.586) 
Link function: log 
Formula:
ES50 ~ 1
Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.86853    0.04914   38.03   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) =      0   Deviance explained = 4.92e-09%
-REML =  946.8  Scale est. = 1         n = 325

	[image: ]

	gam.ES50.latlon <- gam(ES50 ~ s(Lat, Lon, bs = "sos") , data = data, family= "nb", method = "REML", select = TRUE) 
> gam.check(gam.ES50.latlon)


	Method: REML   Optimizer: outer newton
full convergence after 4 iterations.
Gradient range [-8.086785e-05,7.468807e-05]
(score 928.3212 & scale 1).
Hessian positive definite, eigenvalue range [5.792978,64.95963].
Model rank =  50 / 50 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

             k'  edf k-index p-value
s(Lat,Lon) 49.0 28.4    0.97    0.64



	summary(gam.ES50.latlon)


	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos")

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
             edf Ref.df Chi.sq p-value    
s(Lat,Lon) 28.36     49  124.2  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325




	[image: ]

	gam.ES50.depth <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ +s(depth), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.depth)


	Method: REML   Optimizer: outer newton
full convergence after 7 iterations.
Gradient range [-0.002547403,0.0009930553]
(score 928.3218 & scale 1).
Hessian positive definite, eigenvalue range [8.236143e-05,64.96077].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'      edf k-index p-value  
s(Lat,Lon) 49.00000 28.35988    0.97    0.64  
s(depth)    9.00000  0.00539    0.87    0.06 .
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	summary(gam.ES50.depth)


	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + +s(depth)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.61   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 28.359882     49 124.063  <2e-16 ***
s(depth)    0.005395      9   0.004   0.408    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325
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	gam.ES50.chlorophyll <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s(chlorophyll), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.chlorophyll)


	
Method: REML   Optimizer: outer newton
full convergence after 8 iterations.
Gradient range [-0.0003131868,0.0002404984]
(score 928.3216 & scale 1).
Hessian positive definite, eigenvalue range [6.511457e-06,64.95974].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                     k'      edf k-index p-value
s(Lat,Lon)     4.90e+01 2.84e+01    0.97    0.62
s(chlorophyll) 9.00e+00 7.06e-04    1.03    0.94


	summary(gam.ES50.chlorophyll)


	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(chlorophyll)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                     edf Ref.df Chi.sq p-value    
s(Lat,Lon)     28.361042     49  124.2  <2e-16 ***
s(chlorophyll)  0.000706      9    0.0   0.931    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325


	[image: ]

	gam.ES50.current <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(current), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.current)


	Method: REML   Optimizer: outer newton
full convergence after 9 iterations.
Gradient range [-0.0001829774,0.0001939054]
(score 928.3214 & scale 1).
Hessian positive definite, eigenvalue range [3.019701e-05,64.95984].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'      edf k-index p-value
s(Lat,Lon) 4.90e+01 2.84e+01    0.97    0.64
s(current) 9.00e+00 6.68e-04    0.94    0.42


	summary(gam. ES50.current)


	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df Chi.sq p-value    
s(Lat,Lon) 2.836e+01     49  124.2  <2e-16 ***
s(current) 6.681e-04      9    0.0   0.611    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325


	[image: ]

	gam.ES50.pH <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(pH), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.pH)


	

Method: REML   Optimizer: outer newton
full convergence after 5 iterations.
Gradient range [-0.0002716055,0.0002111231]
(score 928.2736 & scale 1).
Hessian positive definite, eigenvalue range [0.0002714663,64.76775].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

               k'    edf k-index p-value
s(Lat,Lon) 49.000 28.228    0.97    0.59
s(pH)       9.000  0.487    0.97    0.64



	summary(gam.ES50.pH)


	

Family: Negative Binomial(2.416) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(pH)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.74994    0.04308   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
               edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 28.2275     49 120.471  <2e-16 ***
s(pH)       0.4866      9   0.622   0.236    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.5%
-REML = 928.27  Scale est. = 1         n = 325
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	gam.ES50.PO4 <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(PO4), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.PO4)

	Method: REML   Optimizer: outer newton
full convergence after 7 iterations.
Gradient range [-1.827103e-05,1.714747e-05]
(score 928.3213 & scale 1).
Hessian positive definite, eigenvalue range [1.272822e-05,64.95968].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'      edf k-index p-value
s(Lat,Lon) 4.90e+01 2.84e+01    0.97    0.60
s(PO4)     9.00e+00 7.84e-05    0.90    0.13


	summary(gam.ES50.PO4)


	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(PO4)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df Chi.sq p-value    
s(Lat,Lon) 2.836e+01     49  124.2  <2e-16 ***
s(PO4)     7.840e-05      9    0.0   0.874    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325


	[image: ]

	gam.ES50.salinity <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s(salinity), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.salinity)


	Method: REML   Optimizer: outer newton
full convergence after 8 iterations.
Gradient range [-0.0003391053,0.0001757611]
(score 928.3216 & scale 1).
Hessian positive definite, eigenvalue range [7.127976e-06,64.95969].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                  k'      edf k-index p-value
s(Lat,Lon)  49.00000 28.36101    0.97    0.71
s(salinity)  9.00000  0.00074    0.90    0.14

	summary(gam.ES50.salinity)

	Family: Negative Binomial(2.413) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(salinity)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)   1.7503     0.0431   40.62   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                  edf Ref.df Chi.sq p-value    
s(Lat,Lon)  2.836e+01     49  124.2  <2e-16 ***
s(salinity) 7.398e-04      9    0.0   0.952    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.298   Deviance explained = 32.4%
-REML = 928.32  Scale est. = 1         n = 325

	[image: ]

	gam.ES50.dissolved.oxygen <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(dissolved.oxygen), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.dissolved.oxygen)


	Method: REML   Optimizer: outer newton
full convergence after 6 iterations.
Gradient range [-0.0002070852,0.0002112791]
(score 928.311 & scale 1).
Hessian positive definite, eigenvalue range [7.048402e-08,64.66748].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                       k'   edf k-index p-value
s(Lat,Lon)          49.00 28.48    0.97    0.65
s(dissolved.oxygen)  9.00  0.23    0.93    0.28

	summary(gam.ES50.dissolved.oxygen)

	Family: Negative Binomial(2.42) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(dissolved.oxygen)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.74955    0.04306   40.63   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                        edf Ref.df  Chi.sq p-value    
s(Lat,Lon)          28.4755     49 123.005  <2e-16 ***
s(dissolved.oxygen)  0.2299      9   0.257   0.263    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.299   Deviance explained = 32.6%
-REML = 928.31  Scale est. = 1         n = 325
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	gam.ES50.temp <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(temp), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.temp)

	Method: REML   Optimizer: outer newton
full convergence after 6 iterations.
Gradient range [-3.167521e-05,1.71605e-05]
(score 927.7981 & scale 1).
Hessian positive definite, eigenvalue range [3.167207e-05,64.5346].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

              k'   edf k-index p-value
s(Lat,Lon) 49.00 27.42    0.98    0.69
s(temp)     9.00  1.57    1.00    0.72


	summary(gam.ES50.temp)

	Family: Negative Binomial(2.423) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(temp)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.74905    0.04305   40.63   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
              edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 27.424     49 119.340  <2e-16 ***
s(temp)     1.572      9   3.816  0.0606 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.294   Deviance explained = 32.8%
-REML =  927.8  Scale est. = 1         n = 325


	gam.ES50.env <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s (temp) + s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth)+ s(PO4) +s (current) , data = data, family = "nb", method= "REML", select = TRUE)
> gam.check(gam.ES50.env)

	[image: ]

	Method: REML   Optimizer: outer newton
full convergence after 9 iterations.
Gradient range [-9.555819e-05,0.0002586404]
(score 927.7956 & scale 1).
Hessian positive definite, eigenvalue range [2.261591e-06,64.43612].
Model rank =  122 / 122 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                          k'      edf k-index p-value  
s(Lat,Lon)          4.90e+01 2.74e+01    0.98    0.68  
s(temp)             9.00e+00 1.56e+00    1.00    0.81  
s(dissolved.oxygen) 9.00e+00 5.90e-04    0.92    0.22  
s(chlorophyll)      9.00e+00 1.88e-04    1.05    0.96  
s(current)          9.00e+00 2.29e-04    0.94    0.38  
s(pH)               9.00e+00 1.61e-01    0.97    0.64  
s(salinity)         9.00e+00 2.01e-04    0.91    0.24  
s(depth)            9.00e+00 1.96e-04    0.88    0.05 *
s(PO4)              9.00e+00 1.52e-04    0.91    0.20  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.ES50.env)

	
Family: Negative Binomial(2.424) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(temp) + s(dissolved.oxygen) + 
    s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth) + 
    s(PO4) + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.74888    0.04304   40.64   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                          edf Ref.df  Chi.sq p-value    
s(Lat,Lon)          2.742e+01     49 118.298  <2e-16 ***
s(temp)             1.561e+00      9   3.729  0.0626 .  
s(dissolved.oxygen) 5.896e-04      9   0.000  0.4722    
s(chlorophyll)      1.880e-04      9   0.000  0.9301    
s(current)          2.288e-04      9   0.000  0.7894    
s(pH)               1.612e-01      9   0.159  0.3161    
s(salinity)         2.013e-04      9   0.000  0.7016    
s(depth)            1.958e-04      9   0.000  0.7651    
s(PO4)              1.521e-04      9   0.000  0.9810    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.295   Deviance explained = 32.8%
-REML =  927.8  Scale est. = 1         n = 325
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Model selection for ES50 shallow water

Table 14S. Model selection for ES50 shallow water based on GAM analysis.
	Model selection for number of traces
 gam.ES50.models <- list(gam.ES50.intercept = gam.ES50.intercept,
                          gam.ES50.env=gam.ES50.env,
                          gam.ES50.latlon = gam.ES50.latlon,
                          gam.ES50.depth = gam.ES50.depth,
                          gam.ES50.pH = gam.ES50.pH,
                          gam.ES50.current = gam.ES50.current,
                          gam.ES50.PO4 = gam.ES50.PO4,
                          gam.ES50.chlorophyll= gam.ES50.chlorophyll,
                          gam.ES50.dissolved.oxygen = gam.ES50.dissolved.oxygen,
                          gam.ES50.salinity= gam.ES50.salinity,
                          gam.ES50.temp= gam.ES50.temp)
 gam.ES50.aic.df <- data.frame(Model = names(gam.ES50.models),
                                AIC = sapply(gam.ES50.models, function(x) x$aic),
                                akaike.weights(sapply(gam.ES50.models, function(x) x$aic)))
 gam.ES50.aic.df <- gam.ES50.aic.df[order(gam.ES50.aic.df$AIC),]
 gam.ES50.aic.df$Cumulative.Weight <- cumsum(gam.ES50.aic.df$weights)
 kable(gam.ES50.aic.df, row.names = FALSE)
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.ES50.temp
	1817.7284
	0.0000
	1.0000
	0.1242
	0.1242

	gam.ES50.env
	1817.7329
	0.0045
	0.9978
	0.1239
	0.2482

	gam.ES50.dissolved.oxygen
	1817.9709
	0.2425
	0.8858
	0.1100
	0.3582

	gam.ES50.latlon
	1818.3232
	0.5948
	0.7428
	0.0923
	0.4505

	gam.ES50.PO4
	1818.3234
	0.5950
	0.7427
	0.0923
	0.5427

	gam.ES50.current
	1818.3245
	0.5961
	0.7423
	0.0922
	0.6349

	gam.ES50.salinity
	1818.3245
	0.5961
	0.7423
	0.0922
	0.7271

	gam.ES50.chlorophyll
	1818.3246
	0.5962
	0.7422
	0.0922
	0.8193

	gam.ES50.depth
	1818.3320
	0.6036
	0.7395
	0.0919
	0.9112

	gam.ES50.pH
	1818.3989
	0.6705
	0.7152
	0.0888
	1.0000

	gam.ES50.intercept
	1891.4140
	73.6856
	0.0000
	0.0000
	1.0000







[bookmark: _Hlk164260309]The results show the most fitted model of ES50 could be found with temperature in shallow waters. The other parameters including env,  dissolved oxygen, latlon, PO4, current, salinity, chlorophyll, depth, and pH with less than 2 deltaAIC depicted the distribution pattern of amphipods in shallow waters.


Plots for ES50, shallow

Table 15S. The extracted plots for GAMs analysis of ES50 in the shallow waters.
	qplot(data$temp, predict(gam.ES50.temp, data)) + geom_smooth(method = "glm")
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	qplot(data$chlorophyll, predict(gam.ES50.chlorophyll, data)) + geom_smooth(method = "glm")
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	qplot(data$depth, predict(gam.ES50.depth, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$pH, predict(gam.ES50.pH, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$PO4, predict(gam.ES50.PO4, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$salinity, predict(gam.ES50.salinity, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$current, predict(gam.ES50.current, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$dissolved.oxygen, predict(gam.ES50.dissolved.oxygen, data)) + geom_smooth(method = "glm")
[image: ]





GAMs for the number of species, deep sea

Table 16S. The script for GAMs analysis for the number of species in deep sea.
	data<-read.csv(deep.csv)
analysis.cols <- c("num.record", "num.species","Lat", "Lon","area", "salinity","PO4","temp",	"chlorophyll", "pH", "current", "depth", "dissolved.oxygen", "ES50")
data <- data[,analysis.cols]
data <- data[complete.cases(data),]
ggcorrplot(cor(data), method = "circle")
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	gam.numsp.intercept <- gam(num.species ~ 1, data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.intercept)

	Method: REML   Optimizer: outer newton
full convergence after 4 iterations.
Gradient range [2.072174e-07,2.072174e-07]
(score 1506.42 & scale 1).
Hessian positive definite, eigenvalue range [249.2453,249.2453].
Model rank =  1 / 1 

	> summary(gam.numsp.intercept)

	Family: Negative Binomial(0.431) 
Link function: log 

Formula:
num.species ~ 1

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  3.48775    0.08106   43.02   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


R-sq.(adj) =      0   Deviance explained = 1.07e-09%
-REML = 1506.4  Scale est. = 1         n = 358
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	gam.numsp.numrec <- gam(num.species ~ s(num.record), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.numrec)

	Method: REML   Optimizer: outer newton
full convergence after 15 iterations.
Gradient range [-9.93025e-06,0.0001580771]
(score 1185.232 & scale 1).
Hessian positive definite, eigenvalue range [0.4965799,92.9349].
Model rank =  10 / 10 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                k'  edf k-index p-value    
s(num.record) 9.00 8.82    0.42  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.numsp.numrec)

	

Family: Negative Binomial(2.896) 
Link function: log 

Formula:
num.species ~ s(num.record)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.30920    0.03754   61.52   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                edf Ref.df Chi.sq p-value    
s(num.record) 8.817      9   1619  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.845   Deviance explained = 86.1%
-REML = 1185.2  Scale est. = 1         n = 358
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	gam.numsp.latlon <- gam(num.species ~ s(Lat,Lon, bs="sos")+ s(num.record), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.latlon)


	Method: REML   Optimizer: outer newton
full convergence after 16 iterations.
Gradient range [-1.271869e-06,1.299328e-05]
(score 1182.22 & scale 1).
Hessian positive definite, eigenvalue range [0.4955471,78.47354].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                k'  edf k-index p-value    
s(Lat,Lon)    49.0 21.0    0.92    0.18    
s(num.record)  9.0  8.8    0.45  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.latlon)

	Family: Negative Binomial(3.435) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27189    0.03591   63.27   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df  Chi.sq  p-value    
s(Lat,Lon)    20.992     49   51.86 1.24e-05 ***
s(num.record)  8.795      9 1073.08  < 2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =   0.85   Deviance explained =   89%
-REML = 1182.2  Scale est. = 1         n = 358
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	gam.numsp.depth <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(depth), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.depth)


	Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-1.031691e-05,1.568733e-05]
(score 1177.72 & scale 1).
Hessian positive definite, eigenvalue range [1.031671e-05,77.70622].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'   edf k-index p-value    
s(Lat,Lon)    49.00 17.68    0.91    0.11    
s(num.record)  9.00  8.79    0.44  <2e-16 ***
s(depth)       9.00  1.84    0.93    0.26    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.depth)

	Family: Negative Binomial(3.512) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(depth)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27095    0.03565   63.71   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df  Chi.sq  p-value    
s(Lat,Lon)    17.685     49   39.93 0.000189 ***
s(num.record)  8.792      9 1113.95  < 2e-16 ***
s(depth)       1.836      9   12.65 0.000276 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.843   Deviance explained = 89.1%
-REML = 1177.7  Scale est. = 1         n = 358


	[image: ]


	> gam.numsp.chlorophyll <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(chlorophyll), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.chlorophyll)


	Method: REML   Optimizer: outer newton
full convergence after 15 iterations.
Gradient range [-0.0001114954,4.013088e-05]
(score 1185.232 & scale 1).
Hessian positive definite, eigenvalue range [2.529211e-05,92.93221].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                     k'      edf k-index p-value    
s(Lat,Lon)     49.00000  0.00370    0.78  <2e-16 ***
s(num.record)   9.00000  8.81654    0.42  <2e-16 ***
s(chlorophyll)  9.00000  0.00118    0.98    0.68    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.chlorophyll)


	Family: Negative Binomial(2.896) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(chlorophyll)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.30919    0.03754   61.52   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                    edf Ref.df   Chi.sq p-value    
s(Lat,Lon)     0.003700     49    0.004   0.386    
s(num.record)  8.816536      9 1619.286  <2e-16 ***
s(chlorophyll) 0.001183      9    0.001   0.304    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.845   Deviance explained = 86.1%
-REML = 1185.2  Scale est. = 1         n = 358



	[image: ]

	gam.numsp.current <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(current), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.current)


	Method: REML   Optimizer: outer newton
full convergence after 15 iterations.
Gradient range [-0.000160323,0.0003112152]
(score 1182.122 & scale 1).
Hessian positive definite, eigenvalue range [3.291416e-05,77.91067].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                  k'    edf k-index p-value    
s(Lat,Lon)    49.000 20.997    0.92    0.12    
s(num.record)  9.000  8.794    0.44  <2e-16 ***
s(current)     9.000  0.691    0.86    0.01 ** 
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	> summary(gam.numsp.current)


	Family: Negative Binomial(3.45) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27114    0.03586   63.33   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)    20.997     49   51.733 1.22e-05 ***
s(num.record)  8.794      9 1060.138  < 2e-16 ***
s(current)     0.691      9    1.013    0.201    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.854   Deviance explained =   89%
-REML = 1182.1  Scale est. = 1         n = 358
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	> gam.numsp.pH <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(pH), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.pH)


	Method: REML   Optimizer: outer newton
full convergence after 18 iterations.
Gradient range [-9.98769e-05,0.0001469718]
(score 1181.522 & scale 1).
Hessian positive definite, eigenvalue range [9.986257e-05,78.38483].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                  k'    edf k-index p-value    
s(Lat,Lon)    49.000 20.350    0.91    0.12    
s(num.record)  9.000  8.796    0.45  <2e-16 ***
s(pH)          9.000  0.725    0.90    0.09 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	> summary(gam.numsp.pH)


	Family: Negative Binomial(3.452) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(pH)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27138    0.03585   63.36   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                  edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)    20.3499     49   48.486 3.27e-05 ***
s(num.record)  8.7964      9 1087.346  < 2e-16 ***
s(pH)          0.7245      9    2.592   0.0521 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.851   Deviance explained =   89%
-REML = 1181.5  Scale est. = 1         n = 358
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	> gam.numsp.PO4 <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(PO4), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.PO4)

	Method: REML   Optimizer: outer newton
full convergence after 16 iterations.
Gradient range [-1.879324e-05,9.662876e-05]
(score 1181.767 & scale 1).
Hessian positive definite, eigenvalue range [1.87904e-05,78.39669].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                  k'    edf k-index p-value    
s(Lat,Lon)    49.000 20.083    0.91    0.13    
s(num.record)  9.000  8.796    0.45  <2e-16 ***
s(PO4)         9.000  0.925    0.93    0.22    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.PO4)


	Family: Negative Binomial(3.44) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(PO4)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27207    0.03588   63.33   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                  edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)    20.0829     49   48.866 1.58e-05 ***
s(num.record)  8.7958      9 1086.571  < 2e-16 ***
s(PO4)         0.9253      9    2.184   0.0748 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.845   Deviance explained =   89%
-REML = 1181.8  Scale est. = 1         n = 358
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	> gam.numsp.salinity <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(salinity), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.salinity)


	Method: REML   Optimizer: outer newton
full convergence after 21 iterations.
Gradient range [-0.000387197,8.325803e-05]
(score 1181.706 & scale 1).
Hessian positive definite, eigenvalue range [0.0002608122,78.33317].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                  k'    edf k-index p-value    
s(Lat,Lon)    49.000 20.427    0.91    0.13    
s(num.record)  9.000  8.795    0.45  <2e-16 ***
s(salinity)    9.000  0.677    0.94    0.28    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.salinity)


	Family: Negative Binomial(3.45) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(salinity)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27153    0.03586   63.35   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                  edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)    20.4275     49   49.158 2.56e-05 ***
s(num.record)  8.7953      9 1085.234  < 2e-16 ***
s(salinity)    0.6774      9    2.083   0.0696 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =   0.85   Deviance explained =   89%
-REML = 1181.7  Scale est. = 1         n = 358
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	> gam.numsp.dissolved.oxygen <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(dissolved.oxygen), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.dissolved.oxygen)


	Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-3.625614e-05,0.0002695791]
(score 1183.371 & scale 1).
eigenvalue range [-6.810567e-05,90.9363].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                          k'      edf k-index p-value    
s(Lat,Lon)          4.90e+01 4.55e-04    0.79  <2e-16 ***
s(num.record)       9.00e+00 8.82e+00    0.43  <2e-16 ***
s(dissolved.oxygen) 9.00e+00 1.56e+00    0.91    0.17    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.dissolved.oxygen)


	Family: Negative Binomial(2.973) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(dissolved.oxygen)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.30454    0.03725   61.87   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                          edf Ref.df   Chi.sq p-value    
s(Lat,Lon)          0.0004549     49    0.000  0.4650    
s(num.record)       8.8163952      9 1549.259  <2e-16 ***
s(dissolved.oxygen) 1.5557545      9    6.086  0.0155 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.848   Deviance explained = 86.5%
-REML = 1183.4  Scale est. = 1         n = 358
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	> gam.numsp.temp <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+s(temp), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.numsp.temp)

	Method: REML   Optimizer: outer newton
full convergence after 19 iterations.
Gradient range [-8.257339e-05,0.0001520912]
(score 1180.84 & scale 1).
Hessian positive definite, eigenvalue range [8.254961e-05,77.95696].
Model rank =  68 / 68 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                 k'   edf k-index p-value    
s(Lat,Lon)    49.00 18.77    0.92    0.14    
s(num.record)  9.00  8.79    0.45  <2e-16 ***
s(temp)        9.00  1.98    0.95    0.46    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	> summary(gam.numsp.temp)


	Family: Negative Binomial(3.46) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(temp)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.27160    0.03582   63.42   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                 edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)    18.766     49   45.596 3.46e-05 ***
s(num.record)  8.793      9 1094.994  < 2e-16 ***
s(temp)        1.981      9    6.906   0.0149 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.853   Deviance explained =   89%
-REML = 1180.8  Scale est. = 1         n = 358
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	gam.numsp.env <- gam(num.species ~  s(Lat,Lon, bs="sos")+ s(num.record)+ s (temp) + s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth)+ s(PO4) +s (current) , data = data, family = "nb", method= "REML", select = TRUE)
> gam.check(gam.numsp.env)

	Method: REML   Optimizer: outer newton
full convergence after 15 iterations.
Gradient range [-0.0002806055,0.0002709344]
(score 1174.929 & scale 1).
Hessian positive definite, eigenvalue range [1.423063e-06,77.17695].
Model rank =  131 / 131 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                          k'      edf k-index p-value    
s(Lat,Lon)          4.90e+01 1.37e+01    0.89   0.030 *  
s(num.record)       9.00e+00 8.80e+00    0.45  <2e-16 ***
s(temp)             9.00e+00 2.16e+00    0.97   0.655    
s(dissolved.oxygen) 9.00e+00 3.64e-04    0.94   0.335    
s(chlorophyll)      9.00e+00 1.75e+00    1.04   0.960    
s(current)          9.00e+00 2.85e-01    0.86   0.005 ** 
s(pH)               9.00e+00 5.56e-05    0.90   0.085 .  
s(salinity)         9.00e+00 2.00e-04    0.96   0.555    
s(depth)            9.00e+00 1.86e+00    0.94   0.345    
s(PO4)              9.00e+00 1.91e-04    0.94   0.305    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	> summary(gam.numsp.env)

	Family: Negative Binomial(3.591) 
Link function: log 

Formula:
num.species ~ s(Lat, Lon, bs = "sos") + s(num.record) + s(temp) + 
    s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + 
    s(salinity) + s(depth) + s(PO4) + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  2.26742    0.03546   63.95   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                          edf Ref.df   Chi.sq  p-value    
s(Lat,Lon)          1.366e+01     49   28.564 0.001552 ** 
s(num.record)       8.801e+00      9 1181.743  < 2e-16 ***
s(temp)             2.160e+00      9    8.874 0.002665 ** 
s(dissolved.oxygen) 3.642e-04      9    0.000 0.437297    
s(chlorophyll)      1.746e+00      9    7.717 0.004930 ** 
s(current)          2.851e-01      9    0.322 0.274917    
s(pH)               5.556e-05      9    0.000 0.573268    
s(salinity)         1.998e-04      9    0.000 0.748928    
s(depth)            1.858e+00      9   13.121 0.000136 ***
s(PO4)              1.908e-04      9    0.000 0.648641    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.858   Deviance explained = 89.3%
-REML = 1174.9  Scale est. = 1         n = 358
> # Model selection for number of traces



	[image: ]
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Table 17S. Model selection for number of species, deep water based on GAMs analysis
	> gam.numsp.models <- list(gam.numsp.intercept = gam.numsp.intercept,
+                          gam.numsp.numrec = gam.numsp.numrec,
+                          gam.numsp.env=gam.numsp.env,
+                          gam.numsp.latlon = gam.numsp.latlon,
+                          gam.numsp.depth = gam.numsp.depth,
+                          gam.numsp.pH = gam.numsp.pH,
+                          gam.numsp.current = gam.numsp.current,
+                          gam.numsp.PO4 = gam.numsp.PO4,
+                          gam.numsp.chlorophyll= gam.numsp.chlorophyll,
+                          gam.numsp.dissolved.oxygen = gam.numsp.dissolved.oxygen,
+                          gam.numsp.salinity= gam.numsp.salinity,
+                          gam.numsp.temp= gam.numsp.temp)
> gam.numsp.aic.df <- data.frame(Model = names(gam.numsp.models),
+                                AIC = sapply(gam.numsp.models, function(x) x$aic),
+                                akaike.weights(sapply(gam.numsp.models, function(x) x$aic)))
> gam.numsp.aic.df <- gam.numsp.aic.df[order(gam.numsp.aic.df$AIC),]
> gam.numsp.aic.df$Cumulative.Weight <- cumsum(gam.numsp.aic.df$weights)
> kable(gam.numsp.aic.df, row.names = FALSE)
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.numsp.env
	2103.4373
	0.0000
	1.0000
	0.8646
	0.8646

	gam.numsp.depth
	2109.5011
	6.0638
	0.0482
	0.0417
	0.9062

	gam.numsp.temp
	2109.6671
	6.2298
	0.0444
	0.0384
	0.9446

	gam.numsp.pH
	2110.4163
	6.9790
	0.0305
	0.0264
	0.9710

	gam.numsp.dissolved.oxygen
	2112.5351
	9.0978
	0.0106
	0.0091
	0.9801

	gam.numsp.current
	2112.7896
	9.3523
	0.0093
	0.0081
	0.9882

	gam.numsp.salinity
	2113.8399
	10.4026
	0.0055
	0.0048
	0.9930

	gam.numsp.PO4
	2114.4445
	11.0072
	0.0041
	0.0035
	0.9965

	gam.numsp.chlorophyll
	2114.4445
	11.0072
	0.0041
	0.0035
	1.0000

	gam.numsp.numrec
	2136.0300
	32.5927
	0.0000
	0.0000
	1.0000

	gam.numsp.latlon
	2227.3333
	123.8960
	0.0000
	0.0000
	1.0000

	gam.numsp.intercept
	2799.8970
	696.4597
	0.0000
	0.0000
	1.0000






The results show the combination of environmental parameter could be modeled the distribution of the number of species in deep sea. 


Plots for the number of species, deep sea

Table 18S. The plots for GMAs analysis of the number in the deep sea.
	qplot(data$temp, predict(gam.numsp.temp, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$chlorophyll, predict(gam.numsp.chlorophyll, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$depth, predict(gam.numsp.depth, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$pH, predict(gam.numsp.pH, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$PO4, predict(gam.numsp.PO4, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$salinity.clay, predict(gam.numsp.salinity, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$current, predict(gam.numsp.current, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$dissolved.oxygen, predict(gam.numsp.dissolved.oxygen, data)) + geom_smooth(method = "glm")
[image: ]


GAMs for ES50, deep sea
Table 19S. The script for the GAMs analysis of ES50 in deep sea
	> gam.ES50.intercept <- gam(ES50 ~ 1, data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.intercept)

	Method: REML   Optimizer: outer newton
full convergence after 3 iterations.
Gradient range [-4.22982e-08,-4.22982e-08]
(score 1020.329 & scale 1).
Hessian positive definite, eigenvalue range [95.2136,95.2136].
Model rank =  1 / 1 

	summary(gam.ES50.intercept)

	Family: Negative Binomial(2.162) 
Link function: log 
Formula:
ES50 ~ 1
Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.85387    0.04159   44.58   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) =      0   Deviance explained = 1.82e-09%
-REML = 1020.3  Scale est. = 1         n = 358
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	gam.ES50.latlon <- gam(ES50 ~ s(Lat, Lon, bs = "sos") , data = data, family= "nb", method = "REML", select = TRUE) 
> gam.check(gam.ES50.latlon)


	Method: REML   Optimizer: outer newton
full convergence after 5 iterations.
Gradient range [-8.213703e-08,-8.09273e-09]
(score 977.9552 & scale 1).
Hessian positive definite, eigenvalue range [9.190182,42.13718].
Model rank =  50 / 50 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

             k'  edf k-index p-value
s(Lat,Lon) 49.0 32.9       1     0.8


	summary(gam.ES50.latlon)

	Family: Negative Binomial(4.572) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos")

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73220    0.03407   50.84   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
             edf Ref.df Chi.sq p-value    
s(Lat,Lon) 32.92     49  207.2  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.388   Deviance explained = 41.9%
-REML = 977.96  Scale est. = 1         n = 358


	[image: ]

	gam.ES50.depth <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ +s(depth), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.depth)


	Method: REML   Optimizer: outer newton
full convergence after 5 iterations.
Gradient range [-0.0001537147,6.445491e-05]
(score 974.6166 & scale 1).
Hessian positive definite, eigenvalue range [0.000153662,40.5324].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

              k'   edf k-index p-value  
s(Lat,Lon) 49.00 31.81    1.01    0.75  
s(depth)    9.00  1.97    0.89    0.05 *
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.ES50.depth)

	Family: Negative Binomial(4.754) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + +s(depth)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.72930    0.03375   51.24   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
              edf Ref.df Chi.sq p-value    
s(Lat,Lon) 31.815     49 172.45 < 2e-16 ***
s(depth)    1.967      9  10.93 0.00106 ** 
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.397   Deviance explained = 43.2%
-REML = 974.62  Scale est. = 1         n = 358
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	gam.ES50.chlorophyll <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s(chlorophyll), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.chlorophyll)

	Method: REML   Optimizer: outer newton
full convergence after 10 iterations.
Gradient range [-0.0009479507,0.0008383627]
(score 977.9557 & scale 1).
Hessian positive definite, eigenvalue range [0.0001600974,42.13529].
Model rank =  59 / 59 
Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.
                     k'      edf k-index p-value
s(Lat,Lon)     49.00000 32.92102    1.00    0.80
s(chlorophyll)  9.00000  0.00486    0.94    0.28

	summary(gam.ES50.chlorophyll)

	Family: Negative Binomial(4.572) 
Link function: log 
Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(chlorophyll)
Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73220    0.03407   50.84   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                     edf Ref.df  Chi.sq p-value    
s(Lat,Lon)     32.921023     49 207.221  <2e-16 ***
s(chlorophyll)  0.004863      9   0.004     0.4    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) =  0.388   Deviance explained = 41.9%
-REML = 977.96  Scale est. = 1         n = 358
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	gam.ES50.current <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(current), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.current)


	Method: REML   Optimizer: outer newton
full convergence after 6 iterations.
Gradient range [-0.0002724523,0.0002143798]
(score 977.1664 & scale 1).
Hessian positive definite, eigenvalue range [0.0002721562,41.24989].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

              k'   edf k-index p-value  
s(Lat,Lon) 49.00 32.76    1.01   0.835  
s(current)  9.00  1.36    0.87   0.015 *
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.ES50.current)

	Family: Negative Binomial(4.654) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(current)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73047    0.03393      51   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
              edf Ref.df Chi.sq p-value    
s(Lat,Lon) 32.764     49 199.20  <2e-16 ***
s(current)  1.363      9   3.77  0.0459 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.393   Deviance explained = 42.7%
-REML = 977.17  Scale est. = 1         n = 358
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	gam.ES50.pH <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(pH), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.pH)


	Method: REML   Optimizer: outer newton
full convergence after 13 iterations.
Gradient range [-0.0005061342,6.183449e-05]
(score 977.8799 & scale 1).
Hessian positive definite, eigenvalue range [0.0004452891,41.95094].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

               k'    edf k-index p-value    
s(Lat,Lon) 49.000 32.897    1.00     0.8    
s(pH)       9.000  0.398    0.84  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


	summary(gam.ES50.pH)

	Family: Negative Binomial(4.587) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(pH)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73184    0.03404   50.87   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
               edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 32.8966     49 205.225  <2e-16 ***
s(pH)       0.3977      9   0.657   0.186    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.389   Deviance explained = 42.1%
-REML = 977.88  Scale est. = 1         n = 358
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	gam.ES50.PO4 <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(PO4), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.PO4)

	Method: REML   Optimizer: outer newton
full convergence after 7 iterations.
Gradient range [-0.0004403149,0.0001190003]
(score 977.9557 & scale 1).
Hessian positive definite, eigenvalue range [6.62143e-05,42.1371].
Model rank =  59 / 59 
Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.
                 k'      edf k-index p-value
s(Lat,Lon) 49.00000 32.92093    1.00    0.77
s(PO4)      9.00000  0.00238    0.97    0.46

	summary(gam.ES50.PO4)

	Family: Negative Binomial(4.572) 
Link function: log 
Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(PO4)
Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73220    0.03407   50.84   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
                 edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 32.920929     49 207.166  <2e-16 ***
s(PO4)      0.002382      9   0.001   0.462    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) =  0.388   Deviance explained = 41.9%
-REML = 977.96  Scale est. = 1         n = 358

	[image: ]

	gam.ES50.salinity <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s(salinity), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.salinity)


	Method: REML   Optimizer: outer newton
full convergence after 9 iterations.
Gradient range [-0.0005132574,-7.245252e-05]
(score 977.9337 & scale 1).
Hessian positive definite, eigenvalue range [0.000513015,42.01138].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                k'    edf k-index p-value
s(Lat,Lon)  49.000 32.908    1.00    0.79
s(salinity)  9.000  0.245    0.93    0.20

	summary(gam.ES50.salinity)

	Family: Negative Binomial(4.581) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(salinity)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73200    0.03406   50.86   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                edf Ref.df Chi.sq p-value    
s(Lat,Lon)  32.9080     49 206.09  <2e-16 ***
s(salinity)  0.2446      9   0.33   0.228    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.389   Deviance explained =   42%
-REML = 977.93  Scale est. = 1         n = 358


	[image: ]

	gam.ES50.dissolved.oxygen <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(dissolved.oxygen), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.dissolved.oxygen)


	Method: REML   Optimizer: outer newton
full convergence after 12 iterations.
Gradient range [-0.0004767256,0.0002658906]
(score 976.4947 & scale 1).
Hessian positive definite, eigenvalue range [0.0004763086,41.08875].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

                        k'    edf k-index p-value
s(Lat,Lon)          49.000 32.827    1.00    0.74
s(dissolved.oxygen)  9.000  0.834    0.95    0.29


	summary(gam.ES50.dissolved.oxygen)

	Family: Negative Binomial(4.685) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(dissolved.oxygen)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.73008    0.03388   51.06   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
                        edf Ref.df Chi.sq p-value    
s(Lat,Lon)          32.8271     49 214.25  <2e-16 ***
s(dissolved.oxygen)  0.8343      9   4.84  0.0127 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.392   Deviance explained = 42.7%
-REML = 976.49  Scale est. = 1         n = 358



	[image: ]

	gam.ES50.temp <- gam(ES50 ~  s(Lat,Lon, bs="sos")+s(temp), data = data, family = "nb", method = "REML", select = TRUE)
> gam.check(gam.ES50.temp)


	Method: REML   Optimizer: outer newton
full convergence after 5 iterations.
Gradient range [-0.00010305,7.692359e-05]
(score 976.5435 & scale 1).
Hessian positive definite, eigenvalue range [0.0001030117,40.74932].
Model rank =  59 / 59 

Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.

              k'   edf k-index p-value
s(Lat,Lon) 49.00 32.08    1.01    0.78
s(temp)     9.00  2.21    0.95    0.28


	summary(gam.ES50.temp)

	Family: Negative Binomial(4.697) 
Link function: log 

Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(temp)

Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.72968    0.03386   51.08   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Approximate significance of smooth terms:
              edf Ref.df  Chi.sq p-value    
s(Lat,Lon) 32.084     49 199.075  <2e-16 ***
s(temp)     2.209      9   7.686   0.012 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.396   Deviance explained =   43%
-REML = 976.54  Scale est. = 1         n = 358


	[image: ]

	gam.ES50.env <- gam(ES50 ~  s(Lat,Lon, bs="sos")+ s (temp) + s(dissolved.oxygen) + s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth)+ s(PO4) +s (current) , data = data, family = "nb", method= "REML", select = TRUE)
> gam.check(gam.ES50.env)


	Method: REML   Optimizer: outer newton
full convergence after 11 iterations.
Gradient range [-0.0001040095,5.772563e-05]
(score 971.9786 & scale 1).
Hessian positive definite, eigenvalue range [1.919002e-06,36.96011].
Model rank =  122 / 122 
Basis dimension (k) checking results. Low p-value (k-index<1) may
indicate that k is too low, especially if edf is close to k'.
                          k'      edf k-index p-value   
s(Lat,Lon)          4.90e+01 3.17e+01    1.00   0.750   
s(temp)             9.00e+00 1.70e+00    0.96   0.435   
s(dissolved.oxygen) 9.00e+00 7.46e-01    0.95   0.230   
s(chlorophyll)      9.00e+00 1.37e+00    0.98   0.585   
s(current)          9.00e+00 1.40e+00    0.86   0.005 **
s(pH)               9.00e+00 2.71e-05    0.87   0.020 * 
s(salinity)         9.00e+00 1.87e-04    0.97   0.460   
s(depth)            9.00e+00 1.56e+00    0.90   0.075 . 
s(PO4)              9.00e+00 2.74e-04    0.99   0.675   
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	summary(gam.ES50.env)

	Family: Negative Binomial(5.128) 
Link function: log 
Formula:
ES50 ~ s(Lat, Lon, bs = "sos") + s(temp) + s(dissolved.oxygen) + 
    s(chlorophyll) + s(current) + s(pH) + s(salinity) + s(depth) + 
    s(PO4) + s(current)
Parametric coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.72158    0.03323   51.81   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
                          edf Ref.df  Chi.sq p-value    
s(Lat,Lon)          3.172e+01     49 164.233  <2e-16 ***
s(temp)             1.704e+00      9   4.323  0.0296 *  
s(dissolved.oxygen) 7.455e-01      9   2.841  0.0320 *  
s(chlorophyll)      1.368e+00      9   3.545  0.0417 *  
s(current)          1.399e+00      9   4.418  0.0249 *  
s(pH)               2.707e-05      9   0.000  0.7984    
s(salinity)         1.874e-04      9   0.000  0.6247    
s(depth)            1.560e+00      9   5.403  0.0116 *  
s(PO4)              2.745e-04      9   0.000  0.7131    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) =  0.419   Deviance explained = 46.2%
-REML = 971.98  Scale est. = 1         n = 358

	[image: ]


Model selection for ES50 deep sea

Table 20S. Model selection based on GAMs analysis for ES50 in deep sea.
	Model selection for number of traces
 gam.ES50.models <- list(gam.ES50.intercept = gam.ES50.intercept,
                          gam.ES50.env=gam.ES50.env,
                          gam.ES50.latlon = gam.ES50.latlon,
                          gam.ES50.depth = gam.ES50.depth,
                          gam.ES50.pH = gam.ES50.pH,
                          gam.ES50.current = gam.ES50.current,
                          gam.ES50.PO4 = gam.ES50.PO4,
                          gam.ES50.chlorophyll= gam.ES50.chlorophyll,
                          gam.ES50.dissolved.oxygen = gam.ES50.dissolved.oxygen,
                          gam.ES50.salinity= gam.ES50.salinity,
                          gam.ES50.temp= gam.ES50.temp)
 gam.ES50.aic.df <- data.frame(Model = names(gam.ES50.models),
                                AIC = sapply(gam.ES50.models, function(x) x$aic),
                                akaike.weights(sapply(gam.ES50.models, function(x) x$aic)))
 gam.ES50.aic.df <- gam.ES50.aic.df[order(gam.ES50.aic.df$AIC),]
 gam.ES50.aic.df$Cumulative.Weight <- cumsum(gam.ES50.aic.df$weights)
 kable(gam.ES50.aic.df, row.names = FALSE)
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	gam.ES50.env
	1754.0449
	0.0000
	1.0000
	0.9970
	0.9970

	gam.ES50.depth
	1767.1870
	13.1421
	0.0014
	0.0014
	0.9984

	gam.ES50.pH
	1768.9251
	14.8802
	0.0006
	0.0006
	0.9990

	gam.ES50.temp
	1769.6766
	15.6317
	0.0004
	0.0004
	0.9994

	gam.ES50.salinity
	1770.0239
	15.9790
	0.0003
	0.0003
	0.9997

	gam.ES50.dissolved.oxygen
	1772.1314
	18.0865
	0.0001
	0.0001
	0.9998

	gam.ES50.current
	1772.2759
	18.2310
	0.0001
	0.0001
	0.9999

	gam.ES50.latlon
	1775.6486
	21.6037
	0.0000
	0.0000
	1.0000

	gam.ES50.PO4
	1775.6496
	21.6047
	0.0000
	0.0000
	1.0000

	gam.ES50.chlorophyll
	1775.6504
	21.6054
	0.0000
	0.0000
	1.0000

	gam.ES50.intercept
	1895.4762
	141.4313
	0.0000
	0.0000
	1.0000





The results show the combination of all environmental factors fit modeled ES50 in deep-sea regions.



Plots for ES50, deep sea

Table 21S. plots of GAMs analysis of ES50 in the deep sea.
	qplot(data$temp, predict(gam.ES50.temp, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$chlorophyll, predict(gam.ES50.chlorophyll, data)) + geom_smooth(method = "glm")
[image: ]


	qplot(data$depth, predict(gam.ES50.depth, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$pH, predict(gam.ES50.pH, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$PO4, predict(gam.ES50.PO4, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$salinity, predict(gam.ES50.salinity, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$current, predict(gam.ES50.current, data)) + geom_smooth(method = "glm")
[image: ]

	qplot(data$dissolved.oxygen, predict(gam.ES50.dissolved.oxygen, data)) + geom_smooth(method = "glm")
[image: ]





GLM for number of species, the whole database

Table 22S. The script for GLM analysis of the number of species in 5° latitudinal band.

	Data load-in and visualization
data<- read.csv("benthic5band.csv")
analysis.cols <- c("No.species", "No.records","ES50","Area", "lat_5", "depth" , "chlorophyll", "current", "pH", "PO4", "primary.productivity", "salinity",  "temp", "dissolved.oxygen")
data <- data[,analysis.cols]
data <- data[complete.cases(data),]
ggcorrplot(cor(data), method = "circle")

Correlation plot for bio and environmental variables in 5° latitudinal band.

[image: ]

	GLM.numsp.intercept <- glm(No.species ~ 1, family = "poisson", data = GLM)
summary(GLM.numsp.intercept)


	Call:
glm(formula = No.species ~ 1, family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.393542   0.007013   911.6   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 9271.9  on 33  degrees of freedom
AIC: 9543.4

Number of Fisher Scoring iterations: 5



	GLM.numsp.numrec <- glm(No.species ~ No.records, family = "poisson", data = GLM)
summary(GLM.numsp.numrec)

	Call:
glm(formula = No.species ~ No.records, family = "poisson", data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.218e+00  8.272e-03  751.67   <2e-16 ***
No.records  7.375e-06  1.398e-07   52.76   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 7009.7  on 32  degrees of freedom
AIC: 7283.1

Number of Fisher Scoring iterations: 5


	GLM.numsp.depth <- glm(No.species ~ No.records + depth, family = "poisson", data = GLM)
summary(GLM.numsp.depth)


	Call:
glm(formula = No.species ~ No.records + depth, family = "poisson", 
    data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  5.979e+00  2.195e-02  272.38   <2e-16 ***
No.records   8.072e-06  1.516e-07   53.24   <2e-16 ***
depth       -7.538e-05  6.316e-06  -11.94   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6861.3  on 31  degrees of freedom
AIC: 7136.8

Number of Fisher Scoring iterations: 5


	GLM.numsp.Area <- glm(No.species ~ No.records + Area, family = "poisson", data = GLM)
 summary(GLM.numsp.depth)


	Call:
glm(formula = No.species ~ No.records + depth, family = "poisson", 
    data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  5.979e+00  2.195e-02  272.38   <2e-16 ***
No.records   8.072e-06  1.516e-07   53.24   <2e-16 ***
depth       -7.538e-05  6.316e-06  -11.94   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6861.3  on 31  degrees of freedom
AIC: 7136.8

Number of Fisher Scoring iterations: 5


	GLM.numsp.lat <- glm(No.species ~ No.records +  lat_5, family = "poisson", data = GLM)s
 summary(GLM.numsp.lat)


	Call:
glm(formula = No.species ~ No.records + lat_5, family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.212e+00  8.342e-03  744.75   <2e-16 ***
No.records  6.272e-06  1.591e-07   39.42   <2e-16 ***
lat_5       2.394e-03  1.644e-04   14.56   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6798.7  on 31  degrees of freedom
AIC: 7074.2

Number of Fisher Scoring iterations: 5



	GLM.numsp.chlorophyll <- glm(No.species ~ No.records +  chlorophyll family = "poisson", data = GLM)
summary(GLM.numsp.chlorophyll)

	Call:
glm(formula = No.species ~ No.records + chlorophyll family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.099e+00  9.825e-03   620.8   <2e-16 ***
No.records  5.104e-06  1.685e-07    30.3   <2e-16 ***
chlorophyll         3.604e+00  1.408e-01    25.6   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6433.4  on 31  degrees of freedom
AIC: 6708.9

Number of Fisher Scoring iterations: 5


	GLM.numsp.Curvvel <- glm(No.species ~ No.records + current, family = "poisson", data = GLM)
 summary(GLM.numsp.Curvvel)


	Call:
glm(formula = No.species ~ No.records + current family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.064e+00  1.819e-02  333.38   <2e-16 ***
No.records  7.007e-06  1.459e-07   48.02   <2e-16 ***
current        1.060e+01  1.103e+00    9.61   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6919.5  on 31  degrees of freedom
AIC: 7195

Number of Fisher Scoring iterations: 5


	GLM.numsp.pH <- glm(No.species ~ No.records +  pH, family = "poisson", data = GLM)
 summary(GLM.numsp.pH)


	Call:
glm(formula = No.species ~ No.records + pH, family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 3.429e+00  1.791e-01   19.14   <2e-16 ***
No.records  7.082e-06  1.405e-07   50.40   <2e-16 ***
pH          3.445e-01  2.189e-02   15.74   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6221.3  on 31  degrees of freedom
AIC: 6496.7

Number of Fisher Scoring iterations: 5


	GLM.numsp.PO4 <- glm(No.species ~ No.records +  PO4, family = "poisson", data = GLM)
 summary(GLM.numsp.PO4)


	Call:
glm(formula = No.species ~ No.records + PO4, family = "poisson", 
    data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  6.576e+00  2.792e-02  235.53   <2e-16 ***
No.records   6.991e-06  1.440e-07   48.56   <2e-16 ***
PO4         -1.862e-01  1.403e-02  -13.28   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6840.4  on 31  degrees of freedom
AIC: 7115.9

Number of Fisher Scoring iterations: 5


	GLM.numsp.DISSOLVED.OXYGEN<- glm(No.species ~ No.records +  DISSOLVED.OXYGEN, family = "poisson", data = GLM)
 summary(GLM.numsp.dissolved.oxygen)


	Call:
glm(formula = No.species ~ No.records + DISSOLVED.OXYGEN, family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.155e+00  3.560e-02 172.883   <2e-16 ***
No.records  7.395e-06  1.403e-07  52.698   <2e-16 ***
DISSOLVED.OXYGEN         2.851e-04  1.573e-04   1.813   0.0699 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 7006.4  on 31  degrees of freedom
AIC: 7281.9

Number of Fisher Scoring iterations: 5


	GLM.numsp.primary productivity <- glm(No.species ~ No.records +  p, family = "poisson", data = GLM)
 summary(GLM.numsp.primary productivity,)


	Call:
glm(formula = No.species ~ No.records + p, family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 6.110e+00  1.185e-02  515.44   <2e-16 ***
No.records  6.806e-06  1.462e-07   46.54   <2e-16 ***
p           3.487e+02  2.607e+01   13.38   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6835.2  on 31  degrees of freedom
AIC: 7110.7

Number of Fisher Scoring iterations: 5


	GLM.numsp.salinity <- glm(No.species ~ No.records +  salinity,family = "poisson", data = GLM)
summary(GLM.numsp.salinity)


	Call:
glm(formula = No.species ~ No.records + salinity,family = "poisson", 
    data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  1.289e+01  5.714e-01   22.57   <2e-16 ***
No.records   5.947e-06  1.891e-07   31.44   <2e-16 ***
salinity         -1.924e-01  1.647e-02  -11.68   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6876.6  on 31  degrees of freedom
AIC: 7152

Number of Fisher Scoring iterations: 5


	GLM.numsp.temp <- glm(No.species ~ No.records +  T, family = "poisson", data = GLM)
summary(GLM.numsp.temp)


	Call:
glm(formula = No.species ~ No.records + T, family = "poisson", 
    data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept) 5.915e+00  1.495e-02  395.54   <2e-16 ***
No.records  5.017e-06  1.664e-07   30.16   <2e-16 ***
T           1.436e-01  5.501e-03   26.11   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 9271.9  on 33  degrees of freedom
Residual deviance: 6305.2  on 31  degrees of freedom
AIC: 6580.7

Number of Fisher Scoring iterations: 5







Model selection for number of species, whole database 
Here we use AIC to compare models for goodness of fit while penalizing for overparameterization. Models are ranked in order of AIC score, with the lowest scoring model (model with the best compromise between fit and complexity) first in the list. AIC score for each model differs from the top model and can be used as an estimate of the relative support for each model. A delta AIC of 2 is potentially a significantly better fit, with higher delta AICs between models indicating increasingly larger differences in model fit while correcting for the number of parameters.

Table 23S. The model selection for GLM analysis of the number of species in 5° latitudinal band
	GLM.numsp.models <- list(GLM.numsp.intercept = GLM.numsp.intercept,
                          GLM.numsp.numrec = GLM.numsp.numrec,
                          GLM.numsp.primary productivity = GLM.numsp.primary productivity,,
                          GLM.numsp.chlorophyll=GLM.numsp.chlorophyll
                          GLM.numsp.depth = GLM.numsp.depth,
                          GLM.numsp.lat = GLM.numsp.lat,
Curvvel = GLM.numsp.Curvvel,
                          GLM.numsp.DISSOLVED.OXYGEN= GLM.numsp.DISSOLVED.OXYGEN,
                          GLM.numsp.PO4= GLM.numsp.PO4,
                          GLM.numsp.pH = GLM.numsp.pH,
                          GLM.numsp.salinity = GLM.numsp.salinity,
                          GLM.numsp.Area = GLM.numsp.Area,
                          GLM.numsp.temp = GLM.numsp.temp)
 GLM.numsp.aic.df <- data.frame(Model = names(GLM.numsp.models),
                                AIC = sapply(GLM.numsp.models, function(x) AICc(x)),
                                akaike.weights(sapply(GLM.numsp.models, function(x) AICc(x))))
 GLM.numsp.aic.df <- GLM.numsp.aic.df[order(GLM.numsp.aic.df$AIC),]
 GLM.numsp.aic.df$Cumulative.Weight <- cumsum(GLM.numsp.aic.df$weights)
 kable(GLM.numsp.aic.df, row.names = FALSE)
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	GLM.numsp.lat
	5984.8859
	0.0000
	1.0000
	1.0000
	1.0000

	GLM.numsp.chl
	6020.7991
	35.9132
	0.0000
	0.0000
	1.0000

	GLM.numsp.temp
	6095.4784
	110.5925
	0.0000
	0.0000
	1.0000

	GLM.numsp.PO4
	6100.3532
	115.4673
	0.0000
	0.0000
	1.0000

	GLM.numsp.salinity
	6413.6485
	428.7626
	0.0000
	0.0000
	1.0000

	GLM.numsp.pp
	6417.3041
	432.4181
	0.0000
	0.0000
	1.0000

	GLM.numsp.DO
	6442.5315
	457.6456
	0.0000
	0.0000
	1.0000

	GLM.numsp.pH
	6476.0047
	491.1188
	0.0000
	0.0000
	1.0000

	GLM.numsp.Area
	6480.2646
	495.3787
	0.0000
	0.0000
	1.0000

	GLM.numsp.depth
	6495.7344
	510.8485
	0.0000
	0.0000
	1.0000

	GLM.numsp.Curvvel
	6501.3640
	516.4781
	0.0000
	0.0000
	1.0000

	GLM.numsp.numrec
	6503.8480
	518.9621
	0.0000
	0.0000
	1.0000

	GLM.numsp.intercept
	Inf
	Inf
	0.0000
	0.0000
	1.0000






As it could be seen, only geographical position (spatial autocorrelation) is a fit predictor of distribution amphipods along 5-degree latitudal band.

Plots for the number of species, the whole database
Table 24S. The plots for GLM analysis of the number of species in 5° latitudinal band.
	qplot(GLM$lat_5, predict(GLM.numsp.lat, GLM)) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$chlorophyll predict(GLM.numsp.chlorophyll GLM)) + geom_smooth(method = "glm")
[image: ]

	[image: ]qplot(GLM$depth, predict(GLM.numsp.depth, GLM)) + geom_smooth(method = "glm")

	
qplot(GLM$pH, predict(GLM.numsp.pH, GLM)) + geom_smooth(method = "glm")[image: ]

	qplot(GLM$p, predict(GLM.numsp.primary productivity,GLM)) + geom_smooth(method="glm")[image: ]


	qplot(GLM$Area, predict(GLM.numsp.Area, GLM)) + geom_smooth(method = "glm")[image: ]


	qplot(GLM$DISSOLVED.OXYGEN, predict(GLM.numsp.DISSOLVED.OXYGEN, GLM)) + geom_smooth(method = "glm")
[image: ]



	qplot(GLM$current predict(GLM.numsp.Curvvel, GLM)) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$T, predict(GLM.numsp.temp, GLM)) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$No.species, predict(GLM.numsp.numrec, GLM)) + geom_smooth(method = "glm")
[image: ]

	
qplot(GLM$salinity,predict(GLM.numsp.salinity, GLM)) + geom_smooth(method = "glm")[image: ]





GLM for ES50, whole database
Table 25S. The script for GLM analysis of ES50 in 5° latitudinal band.
	GLM.ES50.intercept <- glm(ES50 ~ 1, family = "poisson", data = GLM)
 summary(GLM.ES50.intercept)


	Call:
glm(formula = ES50 ~ 1, family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.32918    0.01969   219.9   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 55.646  on 33  degrees of freedom
AIC: 266.99

Number of Fisher Scoring iterations: 4



	GLM.ES50.depth <- glm(ES50 ~ depth, family = "poisson", data = GLM)
 summary(GLM.ES50.depth)

	Call:
glm(formula = ES50 ~ depth, family = "poisson", data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.162e+00  5.336e-02  78.007  < 2e-16 ***
depth       -5.581e-05  1.633e-05  -3.417 0.000634 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 43.633  on 32  degrees of freedom
AIC: 256.98

Number of Fisher Scoring iterations: 4


	GLM.ES50.Area <- glm(ES50 ~ Area, family = "poisson", data = GLM)
 summary(GLM.ES50.depth)


	glm(formula = ES50 ~ depth, family = "poisson", data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.162e+00  5.336e-02  78.007  < 2e-16 ***
depth       -5.581e-05  1.633e-05  -3.417 0.000634 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 43.633  on 32  degrees of freedom
AIC: 256.98

Number of Fisher Scoring iterations: 4

	GLM.ES50.lat <- glm(ES50 ~ lat_5, family = "poisson", data = GLM)
 summary(GLM.ES50.lat)

	Call:
glm(formula = ES50 ~ lat_5, family = "poisson", data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.3380312  0.0197437 219.717  < 2e-16 ***
lat_5       -0.0015797  0.0004021  -3.929 8.54e-05 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 40.183  on 32  degrees of freedom
AIC: 253.53

Number of Fisher Scoring iterations:4

	GLM.ES50.chlorophyll <- glm(ES50 ~ chlorophyll family = "poisson", data = GLM)
 summary(GLM.ES50.chlorophyll)

	Call:
glm(formula = ES50 ~ chlorophyll family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.34844    0.02568 169.306   <2e-16 ***
chlorophyll         -0.48692    0.42285  -1.152     0.25    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 54.297  on 32  degrees of freedom
AIC: 267.64

Number of Fisher Scoring iterations: 4

	GLM.ES50.Curvvel <- glm(ES50 ~ current family = "poisson", data = GLM)
 summary(GLM.ES50.Curvvel)

	Call:
glm(formula = ES50 ~ current family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.27516    0.05092  83.960   <2e-16 ***
current         3.62429    3.13523   1.156    0.248    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 54.319  on 32  degrees of freedom
AIC: 267.67

Number of Fisher Scoring iterations: 4

	GLM.ES50.pH <- glm(ES50 ~ pH, family = "poisson", data = GLM)
 summary(GLM.ES50.pH)

	Call:
glm(formula = ES50 ~ pH, family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  3.60817    0.16454  21.929  < 2e-16 ***
pH           0.08992    0.02024   4.444 8.84e-06 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 30.262  on 32  degrees of freedom
AIC: 243.61

Number of Fisher Scoring iterations: 4

GLM.ES50.PO4 <- glm(ES50 ~ PO4, family = "poisson", data = GLM)
 summary(GLM.ES50.PO4)


	Call:
glm(formula = ES50 ~ PO4, family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.10176    0.08387  48.905  < 2e-16 ***
PO4          0.11777    0.04193   2.809  0.00497 ** 
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 47.524  on 32  degrees of freedom
AIC: 260.87

Number of Fisher Scoring iterations: 4


	GLM.ES50.DISSOLVED.OXYGEN<- glm(ES50 ~ DISSOLVED.OXYGEN, family = "poisson", data = GLM)
 summary(GLM.ES50.dissolved.oxygen)


	Call:
glm(formula = ES50 ~ DISSOLVED.OXYGEN, family = "poisson", data = GLM)

Coefficients:
              Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.4685489  0.0967807  46.172   <2e-16 ***
DISSOLVED.OXYGEN         -0.0006412  0.0004373  -1.466    0.143    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 53.477  on 32  degrees of freedom
AIC: 266.82

Number of Fisher Scoring iterations: 4


	GLM.ES50.primary productivity, <- glm(ES50 ~ p, family = "poisson", data = GLM)
 summary(GLM.ES50.primary productivity,)


	Call:
glm(formula = ES50 ~ p, family = "poisson", data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept)   4.34741    0.02988 145.487   <2e-16 ***
p           -56.67110   70.39940  -0.805    0.421    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 54.996  on 32  degrees of freedom
AIC: 268.34

Number of Fisher Scoring iterations: 4


	GLM.ES50.salinity <- glm(ES50 ~ salinity,family = "poisson", data = GLM)
 summary(GLM.ES50.salinity)

	Call:
glm(formula = ES50 ~ salinity,family = "poisson", data = GLM)

Coefficients:
            Estimate Std. Error z value Pr(>|z|)
(Intercept)  2.27424    1.51048   1.506    0.132
salinity          0.05940    0.04365   1.361    0.174

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 53.761  on 32  degrees of freedom
AIC: 267.11

Number of Fisher Scoring iterations: 4

	 GLM.ES50.temp <- glm(ES50 ~ T, family = "poisson", data = GLM)
 summary(GLM.ES50.temp)

	Call:
glm(formula = ES50 ~ T, family = "poisson", data = GLM)

Coefficients:
             Estimate Std. Error z value Pr(>|z|)    
(Intercept)  4.333141   0.034356  126.13   <2e-16 ***
T           -0.001762   0.012547   -0.14    0.888    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 55.646  on 33  degrees of freedom
Residual deviance: 55.626  on 32  degrees of freedom
AIC: 268.97

Number of Fisher Scoring iterations: 4






Model selection for ES50, the whole database 

Table 26S. The model selection for GLM analysis of ES50 in 5° latitudinal band.
	GLM.ES50.models <- list(GLM.ES50.intercept = GLM.ES50.intercept,
                          GLM.ES50.primary productivity = GLM.ES50.primary productivity,,
                          GLM.ES50.chlorophyll=GLM.ES50.chlorophyll
                          GLM.ES50.depth = GLM.ES50.depth,
                          GLM.ES50.lat = GLM.ES50.lat,
                          GLM.ES50.Curvvel = GLM.ES50.Curvvel,
                         GLM.ES50.DISSOLVED.OXYGEN= GLM.ES50.DISSOLVED.OXYGEN,
                          GLM.ES50.PO4= GLM.ES50.PO4,
                          GLM.ES50.pH = GLM.ES50.pH,
                         GLM.ES50.salinity = GLM.ES50.salinity,
                          GLM.ES50.Area = GLM.ES50.Area,
                          GLM.ES50.temp = GLM.ES50.temp)
GLM.ES50.aic.df <- data.frame(Model = names(GLM.ES50.models),
                                AIC = sapply(GLM.ES50.models, function(x) AICc(x)),
                                akaike.weights(sapply(GLM.ES50.models, function(x) AICc(x))))
 GLM.ES50.aic.df <- GLM.ES50.aic.df[order(GLM.ES50.aic.df$AIC),]
 GLM.ES50.aic.df$Cumulative.Weight <- cumsum(GLM.ES50.aic.df$weights)
 kable(GLM.ES50.aic.df, row.names = FALSE)
	Model
	AIC
	deltaAIC
	rel.LL
	weights
	Cumulative.Weight

	GLM.ES50.lat
	231.4169
	0.0000
	1.0000
	0.5114
	0.5114

	GLM.ES50.salinity
	234.7531
	3.3362
	0.1886
	0.0965
	0.6079

	GLM.ES50.chl
	235.6104
	4.1935
	0.1229
	0.0628
	0.6707

	GLM.ES50.pp
	235.6924
	4.2755
	0.1179
	0.0603
	0.7310

	GLM.ES50.temp
	235.7059
	4.2890
	0.1171
	0.0599
	0.7909

	GLM.ES50.depth
	235.7800
	4.3632
	0.1129
	0.0577
	0.8487

	GLM.ES50.intercept
	236.4553
	5.0384
	0.0805
	0.0412
	0.8899

	GLM.ES50.PO4
	236.6674
	5.2505
	0.0724
	0.0370
	0.9269

	GLM.ES50.Area
	237.3266
	5.9098
	0.0521
	0.0266
	0.9535

	GLM.ES50.Curvvel
	238.2635
	6.8466
	0.0326
	0.0167
	0.9702

	GLM.ES50.pH
	238.2833
	6.8665
	0.0323
	0.0165
	0.9867

	GLM.ES50.DO
	238.7179
	7.3010
	0.0260
	0.0133
	1.0000





 
The geographical position is the only predictor of ES50 of amphipod distribution at the global scale.


Plots for ES50, whole database
Table 27S. The plots for GLM analysis of ES50 in 5° latitudinal band.
	qplot(GLM$T, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$current GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$salinity,GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$DISSOLVED.OXYGEN, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$Area, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$PO4, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$p, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$pH, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$lat_5, GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$chlorophyll GLM$ES50) + geom_smooth(method = "glm")
[image: ]

	qplot(GLM$depth, GLM$ES50) + geom_smooth(method = "glm")
[image: ]






[image: ]
Fig 1. The geographical position of amphipod records (after cleaning data) was extracted from all databases containing 1,142,416 records.
[image: ] 
Fig 2. The number of occurrence records per c. 50 000 km2 hexagonal cells for benthic amphipods. QGIS 3.28.10 was used to create the figure.
[image: ] 
Fig 3. The number of species per c. 50 000 km2 (alpha diversity) hexagonal cells for benthic amphipods. QGIS 3.28.10 was used to create the figure.
[image: ]
Fig 4. Figure 1. The number of occurrence records per c. 50 000 km2 hexagonal cells for pelagic amphipods. QGIS 3.28.10 was used to create the figure.
[image: ]

Fig 5. The number of species per c. 50 000 km2 (alpha diversity) hexagonal cells for pelagic amphipods. QGIS 3.28.10 was used to create figure.
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[bookmark: _GoBack]Fig. 6. The Kernel curves for species richness and ES50 per 5 ° latitude band. The bimodality pattern just be accepted for the shallow benthic species richness.
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