
   

Supplementary Material 

1.1 Supplementary Table 

Supplementary Table 1. Papers published between January 2015 and November 2019 that met our 
spatial planning criteria (examined site selection for restoration and/or applied spatial planning 
principles to ecosystem restoration for seagrass, mangrove, or salt marsh ecosystems) and how 
each paper was coded for whether it was focused on informing real restoration decisions; the 
motivation(s) for site selection; whether the study examined site selection or spatial scale; the 
methodological approach(es) used; the site selection parameters employed; and the spatial scale of 
the study. See main paper for additional explanation of these categories and see section 1.2 for 
references. 
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(Moksnes et al. 2018) YES YES    YES YES      YES YES     Regional 

(Zhou et al. 2016) YES YES    YES  YES YES    YES      Local 

(Hotaling-Hagan et al. 
2017) YES YES   YES YES  YES YES    YES YES    YES Regional 

(Pirrotta et al. 2015) YES YES    YES YES YES YES    YES YES YES    Regional 

(Thom et al. 2018) YES YES    YES YES YES YES  YES  YES YES  YES   Ecosystem 

(Valle et al. 2015)  YES    YES YES YES     YES      Regional 

(Adams et al. 2018)  YES          YES YES      NA 
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(Heuner et al. 2016) YES YES    YES  YES     YES      Regional 

(Hu et al. 2015) YES YES  YES  YES YES     YES YES      Regional 

(Gittman et al. 2018)  YES  YES   YES      YES      Local 

M
an

gr
ov

e (Rakotomahazo et al. 
2019) YES  YES  YES YES   YES  YES   YES  YES  YES Regional 

(Petrosian et al. 2016) YES YES  YES  YES  YES YES    YES      Ecosystem 

(Adame et al. 2015)   YES YES  YES   YES YES    YES   YES YES Regional 



   

1.2 Supplementary Reference Lists 

The following references were returned from our literature searches (see main paper for search 
protocol). We reviewed all papers to determine if they met our spatial planning criteria.  
 

** Paper that met our spatial planning criteria, i.e., they examined site selection for restoration 
and/or applied spatial planning principles to ecosystem restoration for seagrass, mangrove, or salt 
marsh ecosystems (papers also listed in Table S1).   
 

* Paper that did not meet our spatial planning criteria because it was not directly about site 
selection or spatial planning for restoration, but that included results that could have implications 
for spatial planning for restoration. 
 
SEAGRASS REFERENCES 
**Adams, M. P., M. Ghisalberti, R. J. Lowe, D. P. Callaghan, M. E. Baird, E. Infantes, and K. R. O'Brien. 2018. 

Water residence time controls the feedback between seagrass, sediment and light: Implications for 
restoration. Advances in Water Resources 117:14-26. 

*Adams, M. P., R. K. Hovey, M. R. Hipsey, L. C. Bruce, M. Ghisalberti, R. J. Lowe, R. K. Gruber, L. Ruiz-
Montoya, P. S. Maxwell, D. P. Callaghan, et al. 2016a. Feedback between sediment and light for 
seagrass: Where is it important? Limnology and Oceanography 61:1937-1955. 

*Adams, M. P., M. I. Saunders, P. S. Maxwell, D. Tuazon, C. M. Roelfsema, D. P. Callaghan, J. Leon, A. R. 
Grinham, and K. R. O'Brien. 2016b. Prioritizing localized management actions for seagrass 
conservation and restoration using a species distribution model. Aquatic Conservation-Marine and 
Freshwater Ecosystems 26:639-659. 

*Alexandre, A., J. Silva, and R. Santos. 2018. Light Is More Important Than Nutrient Ratios of Fertilization for 
Cymodocea nodosa Seedling Development. Frontiers in Plant Science 9. 

Altukhov, D., I. Siokou, M. Pantazi, K. Stefanova, F. Timofte, A. Gubanova, A. Nikishina, and E. Arashkevich. 
2015. Intercomparison of five nets used for mesozooplankton sampling. Mediterranean Marine 
Science 16:550-561. 

Arasamuthu, A., and J. K. P. Edward. 2018. Occurrence of Ice-ice disease in seaweed Kappaphycus alvarezii at 
Gulf of Mannar and Palk Bay, Southeastern India. Indian Journal of Geo-Marine Sciences 47:1208-
1216. 

Baggett, L. P., S. P. Powers, R. D. Brumbaugh, L. D. Coen, B. M. DeAngelis, J. K. Greene, B. T. Hancock, S. M. 
Morlock, B. L. Allen, D. L. Breitburg, et al. 2015. Guidelines for evaluating performance of oyster 
habitat restoration. Restoration Ecology 23:737-745. 

Balsby, T. J. S., P. Clausen, D. Krause-Jensen, J. Carstensen, and J. Madsen. 2017. Long-term Patterns of 
Eelgrass (Zostera marina) Occurrence and Associated Herbivorous Waterbirds in a Danish Coastal 
Inlet. Frontiers in Marine Science 3. 

Barrell, J., and J. Grant. 2015. High-resolution, low-altitude aerial photography in physical geography: A case 
study characterizing eelgrass (Zostera marina L.) and blue mussel (Mytilus edulis L.) landscape mosaic 
structure. Progress in Physical Geography-Earth and Environment 39:440-459. 

Bateman, D. C., and M. J. Bishop. 2017. The environmental context and traits of habitat-forming bivalves 
influence the magnitude of their ecosystem engineering. Marine Ecology Progress Series 563:95-110. 
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Bayraktarov, E., M. I. Saunders, S. Abdullah, M. Mills, J. Beher, H. P. Possingham, P. J. Mumby, and C. E. 
Lovelock. 2016. The cost and feasibility of marine coastal restoration. Ecological Applications 
26:1055-1074. 

Bennett, S., T. Wernberg, and T. de Bettignies. 2017. Bubble Curtains: Herbivore Exclusion Devices for 
Ecology and Restoration of Marine Ecosystems? Frontiers in Marine Science 4. 

Bourque, A. S., R. Vega-Thurber, and J. W. Fourqurean. 2015. Microbial community structure and dynamics in 
restored subtropical seagrass sediments. Aquatic Microbial Ecology 74:43-57. 

Bradley, M., R. Baker, I. Nagelkerken, and M. Sheaves. 2019. Context is more important than habitat type in 
determining use by juvenile fish. Landscape Ecology 34:427-442. 

Buonomo, R., J. Assis, F. Fernandes, A. H. Engelen, L. Airoldi, and E. A. Serrao. 2017. Habitat continuity and 
stepping-stone oceanographic distances explain population genetic connectivity of the brown alga 
Cystoseira amentacea. Moleculre Ecology 26:766-780. 

Butler, M. J., and T. W. Dolan III. 2017. Potential Impacts of Everglades Restoration on Lobster and Hard 
Bottom Communities in the Florida Keys, FL (USA). Estuaries and Coasts 40:1523-1539. 

Buzzelli, C., P. Gorman, P. H. Doering, Z. Chen, and Y. Wan. 2015. The application of oyster and seagrass 
models to evaluate alternative inflow scenarios related to Everglades restoration. Ecological 
Modelling 297:154-170. 

Cabral, R. B., S. D. Gaines, M. T. Lim, M. P. Atrigenio, S. S. Mamauag, G. C. Pedemonte, and P. M. Alino. 2016. 
Siting marine protected areas based on habitat quality and extent provides the greatest benefit to 
spatially structured metapopulations. Ecosphere 7. 

Campbell, M. L. 2016. Burial Duration and Frequency Influences Resilience of Differing Propagule Types in a 
Subtidal Seagrass, Posidonia australis. PLoS ONE 11. 

Cannizzaro, J. P., B. B. Barnes, C. Hu, A. A. Corcoran, K. A. Hubbard, E. Muhlbach, W. C. Sharp, L. E. Brand, and 
C. R. Kelble. 2019. Remote detection of cyanobacteria blooms in an optically shallow subtropical 
lagoonal estuary using MODIS data. Remote Sensing of the Environment 231. 

Carroll, J. M., B. T. Furman, L. J. Jackson, E. A. Hunter, and B. J. Peterson. 2019. Propagule risk in a marine 
foundation species: Seascape effects on Zostera marina seed predation. Journal of Ecology 107:1982-
1994. 

Ceccarelli, D. M., M. Logan, and S. W. Purcell. 2018. Analysis of optimal habitat for captive release of the sea 
cucumber Holothuria scabra. Marine Ecology Progress Series 588:85-100. 

Cumming, E., J. C. Jarvis, C. D. H. Sherman, P. H. York, and T. M. Smith. 2017. Seed germination in a southern 
Australian temperate seagrass. PeerJ 5. 

Darnell, K. M., and K. H. Dunton. 2016. Reproductive phenology of the subtropical seagrasses Thalassia 
testudinum (turtle grass) and Halodule wrightii (shoal grass) in the northwest Gulf of Mexico. 
Botanica Marina 59:473-483. 

Derksen-Hooijberg, M., C. Angelini, L. P. M. Lamers, A. Borst, A. Smolders, J. R. H. Hoogveld, H. de Paoli, J. van 
de Koppel, B. R. Silliman, and T. van der Heide. 2018. Mutualistic interactions amplify saltmarsh 
restoration success. Journal of Applied Ecology 55:405-414. 

Diaz, E., D. Perez, J. D. Acevedo, and A. Massol-Deya. 2018. Longitudinal survey of lead, cadmium, and copper 
in seagrass Syringodium filiforme from a former bombing range (Vieques, Puerto Rico). Toxicology 
Reports 5:6-11. 

Dokter, A. M., W. Fokkema, B. S. Ebbinge, H. Olff, H. P. van der Jeugd, and B. A. Nolet. 2018. Agricultural 
pastures challenge the attractiveness of natural saltmarsh for a migratory goose. Journal of Applied 
Ecology 55:2707-2718. 
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Dulce Sotolongo, L. B., and F. Pina Amaros. 2017. Effect of the dredging of an estuarine channel connecting 
to the sea on fish distribution in Laguna Larga, Cayo Coco, Cuba. Revmar-Revista Ciencias Marinas y 
Costeras 9:29-50. 

Duncan, C. K., B. L. Gilby, A. D. Olds, R. M. Connolly, N. L. Ortodossi, C. J. Henderson, and T. A. Schlacher. 
2019. Landscape context modifies the rate and distribution of predation around habitat restoration 
sites. Biological Conservation 237:97-104. 

Edward, J. K. P., K. D. Raj, G. Mathews, P. D. Kumar, A. Arasamuthu, N. D' Souza, and D. S. Bilgi. 2019. 
Seagrass restoration in Gulf of Mannar, Tamil Nadu, Southeast India: a viable management tool. 
Environmental Monitoring and Assessment 191. 

Eriander, L., E. Infantes, M. Olofsson, J. L. Olsen, and P.-O. Moksnes. 2016. Assessing methods for restoration 
of eelgrass (Zostera marina L.) in a cold temperate region. Journal of Experimental Marine Biology 
and Ecology 479:76-88. 

Evans, S. M., K. J. Griffin, R. A. J. Blick, A. G. B. Poore, and A. Verges. 2018a. Seagrass on the brink: Decline of 
threatened seagrass Posidonia australis continues following protection. PLoS ONE 13. 

Evans, S. M., E. A. Sinclair, A. G. B. Poore, K. F. Bain, and A. Verges. 2018b. Assessing the effect of genetic 
diversity on the early establishment of the threatened seagrass Posidonia australis using a reciprocal-
transplant experiment. Restoration Ecology 26:570-580. 

*Fernandes, M. B., R. Daly, J. van Gils, T. Kildea, S. Caires, and P. L. A. Erftemeijer. 2018. Parameterization of 
an optical model to refine seagrass habitat requirements in an urbanized coastline. Estuarine Coastal 
and Shelf Science 207:471-482. 

*Folmer, E. O., J. E. E. van Beusekom, T. Dolch, U. Graewe, M. M. van katwijk, K. Kolbe, and C. J. M. 
Philippart. 2016. Consensus forecasting of intertidal seagrass habitat in the Wadden Sea. Journal of 
Applied Ecology 53:1800-1813. 

Freedman, R. M., C. Espasandin, E. F. Holcombe, C. R. Whitcraft, B. J. Allen, D. Witting, and C. G. Lowe. 2016. 
Using Movements and Habitat Utilization as a Functional Metric of Restoration for Estuarine Juvenile 
Fish Habitat. Marine and Coastal Fisheries 8:361-373. 

*Fulford, R. S., M. Russell, and J. E. Rogers. 2016. Habitat Restoration from an Ecosystem Goods and Services 
Perspective: Application of a Spatially Explicit Individual-Based Model. Estuaries and Coasts 39:1801-
1815. 

Furman, B. T., M. Merello, C. P. Shea, W. J. Kenworthy, and M. O. Hall. 2019. Monitoring of physically 
restored seagrass meadows reveals a slow rate of recovery for Thalassia testudinum. Restoration 
Ecology 27:421-430. 

Gilby, B. L., A. D. Olds, R. M. Connolly, P. S. Maxwell, C. J. Henderson, and T. A. Schlacher. 2018. Seagrass 
meadows shape fish assemblages across estuarine seascapes. Marine Ecology Progress Series 
588:179-189. 

Gilby, B. L., A. D. Olds, C. J. Henderson, N. L. Ortodossi, R. M. Connolly, and T. A. Schlacher. 2019. Seascape 
context modifies how fish respond to restored oyster reef structures. ICES Journal of Marine Science 
76:1131-1139. 

Gillis, L. G., C. G. Jones, A. D. Ziegler, D. van der Wal, A. Breckwoldt, and T. J. Bouma. 2017. Opportunities for 
Protecting and Restoring Tropical Coastal Ecosystems by Utilizing a Physical Connectivity Approach. 
Frontiers in Marine Science 4. 

Gillis, L. G., M. Zimmer, and T. J. Bouma. 2016. Mangrove leaf transportation: Do mimic Avicennia and 
Rhizophora roots retain or donate leaves? Marine Ecology Progress Series 551:107-115. 

Govers, L. L., W. Suykerbuyk, J. H. T. Hoppenreijs, K. Giesen, T. J. Bouma, and M. M. van Katwijk. 2015. 
Rhizome starch as indicator for temperate seagrass winter survival. Ecological Indicators 49:53-60. 
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Greiner, J. T., G. M. Wilkinson, K. J. McGlathery, and K. A. Emery. 2016. Sources of sediment carbon 
sequestered in restored seagrass meadows. Marine Ecology Progress Series 551:95-105. 

Grignon-Dubois, M., and B. Rezzonico. 2018. 1Phenolic chemistry of the seagrass Zostera noltei Hornem. Part 
1: First evidence of three infraspecific flavonoid chemotypes in three distinctive geographical 
regions. Phytochemistry 146:91-101. 

Grizzle, R. E., A. Rasmussen, A. J. Martignette, K. Ward, and L. D. Coen. 2018. Mapping seston depletion over 
an intertidal eastern oyster (Crassostrea virginica) reef: Implications for restoration of multiple 
habitats. Estuarine Coastal and Shelf Science 212:265-272. 

Groner, M. L., C. A. Burge, C. J. S. Kim, E. Rees, K. L. Van Alstyne, S. Yang, S. Wyllie-Echeverria, and C. D. 
Harvell. 2016. Plant characteristics associated with widespread variation in eelgrass wasting disease. 
Diseases of aquatic organisms 118:159-168. 

Hillmann, E. R., K. DeMarco, and M. K. La Peyre. 2019. Salinity and water clarity dictate seasonal variability in 
coastal submerged aquatic vegetation in subtropical estuarine environments. AQUATIC BIOLOGY 
28:175-186. 

Hosokawa, S., M. Nakaoka, E. Miyoshi, and T. Kuwae. 2015. Seed dispersal in the seagrass Zostera marina is 
mostly within the parent bed in a protected bay. Marine Ecology Progress Series 523:41-56. 

**Hotaling-Hagan, A., R. Swett, L. R. Ellis, and T. K. Frazer. 2017. A spatial model to improve site selection for 
seagrass restoration in shallow boating environments. Journal of environmental management 
186:42-54. 

Infantes, E., and P.-O. Moksnes. 2018. Eelgrass seed harvesting: Flowering shoots development and 
restoration on the Swedish west coast. Aquatic Botany 144:9-19. 

Jacob, C., S. Thorin, and S. Pioch. 2018. Marine biodiversity offsetting: An analysis of the emergence of an 
environmental governance system in California. Marine Policy 93:128-141. 

Jahnke, M., P. R. Jonsson, P.-O. Moksnes, L.-O. Loo, M. N. Jacobi, and J. L. Olsen. 2018. Seascape genetics and 
biophysical connectivity modelling support conservation of the seagrass Zostera marina in the 
Skagerrak-Kattegat region of the eastern North Sea. Evolutionary Applications 11:645-661. 

*Jahnke, M., J. L. Olsen, and G. Procaccini. 2015a. A meta-analysis reveals a positive correlation between 
genetic diversity metrics and environmental status in the long-lived seagrass Posidonia oceanica. 
Molecular Ecology 24:2336-2348. 

Jahnke, M., I. A. Serra, G. Bernard, and G. Procaccini. 2015b. The importance of genetic make-up in seagrass 
restoration: a case study of the seagrass Zostera noltei. Marine Ecology Progress Series 532:111-122. 

Jones, B. L., and R. K. F. Unsworth. 2016. The perilous state of seagrass in the British Isles. Royal Society Open 
Science 3. 

Khamis, Z. A., R. Kalliola, and N. Kayhko. 2017. Geographical characterization of the Zanzibar coastal zone and 
its management perspectives. Ocean & Coastal Management 149:116-134. 

Kim, J. H., J. H. Kang, J. E. Jang, S. K. Choi, M. J. Kim, S. R. Park, and H. J. Lee. 2017. Population genetic 
structure of eelgrass (Zostera marina) on the Korean coast: Current status and conservation 
implications for future management. PLoS ONE 12. 

Kim, Y. K., S. H. Kim, J. M. Yi, S. R. Park, and K.-S. Lee. 2019. Influence of environmental disturbances and 
reproductive strategy on genetic diversity and differentiation of Zostera marina populations on the 
southern coast of Korea. Marine Ecology - An Evolutionary Perspective 40. 

Komatsu, T., S. Sasa, M. Hamana, S. Sakamoto, M. Asada, G. Terauchi, R. Tsujimoto, and T. Yanagi. 2018. 
Temporal and Spatial Changes in a Coastal Ecotone in Shizugawa Bay, Sanriku Coast Due to the 
Impacts of the Tsunami on 11 March 2011 and the Following Artificial Impacts. Pages 265-278 in V. a. 
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Lefcheck, J. S., R. J. Orth, W. C. Dennison, D. J. Wilcox, R. R. Murphy, J. Keisman, C. Gurbisz, M. Hannam, J. B. 
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Li, C.-J., W.-T. Li, R. Ma, P. Zhang, X. Zhang, and Y. Li. 2018. Spatial and temporal patterns of seed dispersal in 
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