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Site descriptions
Great Bay, New Hampshire
[bookmark: _Hlk85446852]The Great Bay SeagrassNet site is established in an eelgrass meadow of about 120-ha located at the mouth of the Lamprey and Swampscott Rivers, within the Great Bay Estuary, New Hampshire. Great Bay Estuary is flushed with Gulf of Maine water. Residence time ranges between 5 and 20 days (Bilgili et al., 2005) and the mean tidal range is 2.5 m. The shallow extent of the meadow and the shallow monitoring transect are intertidal with a mean tidal level of 1.25 m. During some years, Ruppia maritima occurs along the shallow transect from spring into fall. The average summertime percent surface irradiance (derived via measures of photosynthetically active radiation (PAR) attenuation) reaching the bottom of the shallow transect at mean tide level (MTL) across all years is approximately 26% (NH DES). Approximate mean salinity is 21, ranging between 9 and 27. 
Salem Sound, Massachusetts
The Salem Sound SeagrassNet site is established within an eelgrass meadow of approximately 155-ha located off the northwestern shore of Manchester Bay and Salem Sound, Massachusetts within Massachusetts Bay of the Gulf of Maine. It is within the Gulf of Maine and flushed with Massachusetts Bay water. Residence time is 0.5 days (Hubeny, 2012) and mean tidal range is 2.7 m. The shallow extent of the meadow is subtidal with a mean tidal level of 4.1 m. The average annual percent surface irradiance (PAR) reaching the bottom of the shallow transect is approximately 24% (US EPA, 2015). Mean salinity is 29, ranging between 25 and 31 (Hubeny, 2012).
Duck Harbor Beach, Massachusetts
The Duck Harbor SeagrassNet site is established within an eelgrass meadow of approximately 10-ha. The meadow is characterized by linear, shore-parallel patches of eelgrass interspersed with sandbars, a pattern often found in high energy seagrass beds. The site is located on the east side of Cape Cod Bay, within the boundary of Cape Cod National Seashore, Wellfleet, Massachusetts. Cape Cod Bay is the southernmost limit of the Gulf of Maine. Residence time is short, lasting only one 6-hour tidal cycle (0.25 days). The shallow extent of the meadow, and shallow monitoring transect, is intertidal with a tidal range of 2.9 m and mean tidal level of 2.1 m. The average annual summertime percent surface irradiance reaching the bottom is approximately 56%. Mean salinity is 32 ranging between 29 and 34. 
Pleasant Bay, Massachusetts
The Pleasant Bay SeagrassNet site is established within an approximately 300-ha eelgrass meadow located on the west side of Hog Island, Pleasant Bay, Massachusetts. Pleasant Bay is a large coastal lagoon located on the outer portion of Cape Cod, within the bounds of Cape Cod National Seashore. It is flushed with Atlantic Ocean water. Residence time is approximately 1 day (Ramsey, 1997). The shallow extent of the meadow is subtidal with a tidal range of 1.1 m and mean tidal level of 1.1 m. The average summertime annual percent surface irradiance reaching the bottom of the shallow transect is approximately 24%. Mean salinity is 31, ranging between 25 and 32.
T-Dock, Rhode Island
The T-Dock SeagrassNet site is established within an approximately 6-ha eelgrass meadow located at the southeastern tip of Prudence Island, within the Narraganset Bay National Estuarine Research Reserve, Narragansett Bay, Rhode Island. Narraganset Bay is a drowned river valley estuary located in Rhode Island and a small portion in Massachusetts. It receives freshwater input from several sources, including rivers and wastewater treatment facilities and is flushed with Rhode Island Sound water. Residence time ranges from 10 – 40 days, averaging 26 days (Pilson, 1985). The shallow extent of the meadow is subtidal with a tidal range of 1.1 m and mean tidal level of 1.0 m. The average annual summertime percent surface irradiance reaching the bottom of the shallow transect is approximately 60% (US EPA 2015). Salinity ranges between roughly 25 and 31. 
Fort Getty, Rhode Island
The Fort Getty SeagrassNet site is established within an approximately 2-ha eelgrass meadow located at the north tip of Jamestown Island, within Narragansett Bay, Rhode Island. It is approximately 9 km south of the T-Dock SeagrassNet site, and that distance nearer to the source of oceanic flushing. The shallow extent of the meadow, and shallow monitoring transect, is subtidal with a tidal range of 1.1 m and mean tidal level of 1.2 m. The average annual summertime percent surface reaching the bottom of the shallow transect is approximately 60%. Salinity ranges between 25 and 32. 
Fire Island, New York
The Fire Island SeagrassNet site is established within an approximately 33-ha eelgrass and widgeongrass (Ruppia maritima) meadow located in Bellport Bay in the southeastern region of Great South Bay, within the South Shore Estuary of Long Island, New York. The SeagrassNet site is located within the boundary of Fire Island National Seashore. Great South Bay is a coastal lagoon positioned between Long Island and Fire Island. It is flushed with Atlantic Ocean water. Residence time within Bellport Bay ranges from 3 to 5 days; however, prior to formation of ocean breech in October 2012 caused by Super Storm Sandy, residence time was 6 to 19 days (Hinrichs et al., 2018). The shallow extent of the meadow is subtidal and no longer contains eelgrass. Therefore, we use data from the mid-water depth transect, which has a tidal range of 0.42 m and mean tidal level of 1.2 m. The average annual summer percent surface irradiance reaching the bottom of the mid-depth transect is approximately 23%. Salinity ranges between 24 and 31. 
Tingles Island, Maryland
The Tingles Island SeagrassNet site is established within an approximately 1,000-ha eelgrass and widgeongrass (Ruppia maritima) meadow located in the eastern side of Chincoteague Bay, Maryland. The site is located within the boundary of Assateague Island National Seashore. Chincoteague Bay is a coastal lagoon positioned between Assateague and Chincoteague islands and mainland of Maryland and Virginia. It is flushed with Atlantic Ocean water. Residence time within Chincoteague Bay is estimated to be 63 days (Pritchard, 1960). The shallow extent of the meadow, and shallow monitoring transect, is subtidal with a tidal range of 0.64 m and mean tidal level of 0.55 m. The average annual percent surface irradiance reaching the bottom of the shallow transect is approximately 44%. Salinity ranges between roughly 22 and 35. 
Hurdle Model Details
Model Specification
Let  correspond to the th measurement of percent cover for quadrat k within location j. The hurdle model can be mathematically defined as the following:

Presence component:

Abundance component:

 represents a thin-plate regression spline (TPRS) smooth of the respective variable. The default rank 10 basis expansion in the mgcv R package was determined to be adequate (i.e., large enough to provide the smooth with enough flexibility to approximate the true underlying function ) based on the results from mgcv::k.check (see Section 2.2 Model Diagnostics – Basis Dimension). The smoothing parameter  was estimated via restricted maximum likelihood (REML) following the recommendation of Simpson (2018). The parameters  and  represent the location and quadrat within location random effects, respectively. Fitted model parameters for the presence and abundance component models are summarized in Table 2 and Table 3, respectively. 
Model Diagnostics
Basis Dimension
For both component GAMMs, the effective degrees of freedom (edf) for the year and centered average water temperature smooths are estimated to be much less than the basis dimension k which suggests the rank of the basis expansions are adequate (Supplemental Table 1, Supplemental Table 2). Refitting the model with a higher rank basis expansion for each smooth did not substantially change the effective degrees of freedom which further suggests the rank of the basis expansions are appropriate.
Temporal Autocorrelation
Autocorrelation function (ACF) plots indicate the presence of positive temporal autocorrelation in the residuals from the fitted models, with the maximum of approximately 0.35 occurring at a lag of one year (Supplemental Figure 1, Supplemental Figure 2). Although temporal autocorrelation was not modeled using a typical second-order specification (e.g., AR(1) correlation structure), the TPRS smooth of time can be viewed as a first-order specification for modeling the temporal dependence in the data (Hefley et al., 2017).
Random Effects
Quantile-quantile (Q-Q) plots indicate the random effects’ assumption of normality is sufficiently met for both GAMMs (Supplemental Figure 3, Supplemental Figure 4).
[bookmark: graphical-posterior-predictive-checks]Graphical Posterior Predictive Checks
Graphical posterior predictive checks were used as an additional model diagnostic to look for systematic discrepancies between real and simulated data (Gelman et al., 2013 Chapter 6, Section 4). No major discrepancies were identified from these simulations.
Supplementary Tables
Supplemental Table 1. Summary of diagnostic tests for whether the basis dimension choices are adequate in the eelgrass presence component GAMM. [edf = effective degrees of freedom]
	
	k
	edf
	k-index
	p-value

	s(Site)
	8
	6.7
	NA
	NA

	s(Quadrat within Site)
	96
	13.6
	NA
	NA

	s(Centered Avg. Temperature)
	9
	2.9
	0.63
	< 0.005

	s(Year)
	9
	4.5
	0.63
	< 0.005

	
	
	
	
	


Supplemental Table 2. Summary of diagnostic tests for whether the basis dimension choices are adequate in the eelgrass abundance component GAMM. [edf = effective degrees of freedom]
	
	k
	edf
	k-index
	p-value

	s(Site)
	8
	6.7
	NA
	NA

	s(Quadrat within Site)
	94
	0.0
	NA
	NA

	s(Centered Avg. Temperature)
	9
	0.0
	0.60
	< 0.005

	s(Year)
	9
	3.8
	0.61
	< 0.005



Supplementary Figures
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Supplementary Figure 1. Autocorrelation function and partial autocorrelation function plots for residuals from the presence/absence component model.
[image: ]
Supplemental Figure 2. Autocorrelation function and partial autocorrelation function plots for residuals from the abundance, given presence, component model.
[image: ]
Supplemental Figure 3. Quantile-quantile plots of the random effects from the presence component GAMM.
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Supplemental Figure 4. Quantile-quantile plots of the random effects from the abundance component GAMM.
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