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Abstract
Oyster and seagrass are important sessile, habitat-forming species that may be impacted by changes in salinity regimes from 
anthropogenic or climatic drivers. While salinity tolerance literature is focused on controlled experiments, observed field 
salinity ranges of species are more disparate. The salinity ranges in which organisms are observed in the field may not align 
exactly with their experimentally (wet lab) determined physiological salinity tolerances, since other critical factors control 
species occurrence. We performed a systematic review to synthesize observed practical salinity ranges for 10 oyster and 
12 seagrass species in coastal waters of the United States. Of initially returned search results for oysters and seagrass, only 
11.4% and 6.5% met our review inclusion criteria, respectively, corresponding to 3 oyster species and 5 seagrass species. 
The majority (95%) of the 57 reviewed studies were along the Atlantic and Gulf coasts, with 68% focusing on Crassostrea 
virginica. Shorter studies following episodic events were more common than long-term monitoring. Observed field salinity 
ranges were as follows (ppt): Crassostrea virginica (0.1 – 42.8, mean: 19.6), Ostrea lurida (1.7 – 32.5, mean: 27.8), Thalas-
sia testudinum (0 – 65, mean 31.8), Halodule wrightii (<0.5 – 68.7, mean: 18.5), Syringodium filiforme (13.7 – 68.7, mean: 
30.4), Ruppia maritima (0 – 29.4, mean: 3.8), and Zostera marina (19.7 – 51.2, mean: 28.9). Place-based examples highlight 
how reported overlapping salinity ranges for oyster and seagrass species can be used to expand existing habitat suitability 
models, inform restoration, and provide considerations for guiding holistic management of freshwater inflows to estuaries.

Keywords  Habitat suitability · Crassostrea virginica · Ostrea lurida · Thalassia testudinum · Halodule wrightii · 
Syringodium filiforme · Ruppia maritima · Zostera marina

Introduction

Estuarine and coastal ecosystems have complex biogeochem-
ical and trophic dynamics, which provide services includ-
ing shoreline stabilization and protection, nutrient cycling, 
water purification, carbon sequestration, and food provision 
(Barbier et al., 2011). Benthic habitats within coastal eco-
systems are often assembled as a mosaic, which may provide 
diverse options for sustenance, breeding grounds, nurser-
ies, and shelter that support coastal fisheries, and can be 
addressed with habitat- and ecosystem-based management 
approaches (Kritzer et al., 2016; Sheaves, 2009). Many habi-
tats in estuarine and coastal ecosystems are biogenic, formed 
by sessile organisms through substrate-building processes, 
and can extend across environmental gradients (e.g., oyster 
reefs, shellfish beds, salt marshes, mangroves, seagrass beds, 
coral reefs). The spatial distribution of aquatic foundation 
species and habitats is dictated by many factors including 
salinity, substrate, depth, light, temperature, water velocity, 
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tidal exposures, and connectivity among subpopulations 
for dispersal of seeds or larvae (Pittman et al., 2021 and 
references therein). Likewise, multiple factors such as tidal 
dynamics, wind, bathymetry, and freshwater inputs from riv-
ers and overland flow influence habitat suitability in estuar-
ies (Yurek et al., 2023).

While multiple factors determine spatial patterns in 
coastal biogenic habitats, salinity is among the most con-
sequential because of physiological tolerances and adapta-
tions of species to salt concentrations, and because it prox-
ies other habitat suitability determinants. For example, in 
the case of Crassostrea virginica (eastern oyster), while 
biologically capable of tolerating a wide range of salinities 
(Galtsoff, 1964), it is observed in a narrower salinity range 
due to elevated pathogen, pest, and predation pressures at 
low and high salinities (Gunter, 1955; Jurgens et al., 2022; 
Paynter & Burreson, 1991; Pollack et al., 2011; Reustle & 
Smee, 2020). Accordingly, in a Habitat Suitability Index 
developed for C. virginica, salinity was the index input 
with the greatest weight (Puckett et al., 2018; Theuerkauf 
et al., 2019). Salinity is a key factor in oyster habitat suit-
ability models ranging from the Pamlico Sound in North 
Carolina (Puckett et al., 2018) and Northern Gulf (Linhoss 
et al., 2016) to the Salish Sea (Lawlor & Arellano, 2020). 
While salinity proxies multiple oyster stressors, it directly 
affects seagrass species. Salinity creates osmotic stress, and 
seagrasses have evolved to develop diverse physiological, 
ultrastructural, and morphological adaptations in response, 
with specific adaptations varying across species (Sandoval-
Gil et al., 2023; Touchette, 2007). As with oysters, seagrass 
habitat suitability models account for salinity variation. For 
example, in a habitat suitability model used to study how 
changes to freshwater management impact seagrass species 
in Biscayne Bay, FL, salinity was a key factor in the spatial 
distribution of Halodule wrightii (shoal grass) and Thalas-
sia testudinum (turtle grass), which have different salinity 
tolerances (Santos & Lirman, 2012).

The importance of salinity as a driver of habitat suitabil-
ity is relevant given its dynamic, and sometimes extreme, 
responses to global and local change. Multiple mechanisms 
can change salinity regimes ranging from shifting precipita-
tion patterns and sea level rise to freshwater flow manage-
ment, extreme events (e.g., hurricanes, droughts), and bar-
rier island breaches (Dessu et al., 2018; Feher et al., 2023; 
Ghalambor et al., 2021; Olin et al., 2020). Both acute and 
chronic changes can have cascading impacts on population 
dynamics and habitat migration. For example, harvestable 
subtidal oyster habitat in the Newport River estuary has been 
greatly reduced due to a combination of increasing salinity 
enhancing conditions favorable to biological degradation of 
subtidal reefs and a decrease in suitable bottom substrates 
for reef development over the past century (Tice-Lewis 
et al., 2022). Consequently, the combination of changing 

salinity and decreasing suitable substrate is shifting oysters 
up estuary to intertidal reefs. Similar trends are observed in 
the Suwannee River estuary (Seavey et al., 2011). Brackish 
salinity zones, particularly oligohaline waters, are predicted 
to reduce in area due to interactions between decreasing 
freshwater inflows, rising sea levels, and in-channel barri-
ers; the effects of this spatial compression are collectively 
described as “estuarine squeeze” (Little et al., 2022). For 
example, following a century of channelization and canal 
development altering natural freshwater flows, the salin-
ity regime of Biscayne Bay has experienced a large shift 
towards marine conditions (Wachnicka & Wingard, 2017; 
Wingard et al., 2004) that are less favorable to oysters, which 
were once anecdotally plentiful (Smith, 1896). Conversely, 
benthic habitats are also affected by “freshening” events, in 
which freshwater surpluses are introduced to estuarine or 
coastal environments, creating hyposaline conditions that 
may prompt mass mortality events. For instance, large fresh-
water discharges to the Mississippi Sound in 2019, released 
in an effort to curb inland flooding, caused 100% mortality 
on multiple oyster reefs (Gledhill et al., 2020).

Because estuarine and coastal environments are highly 
variable, particularly in the context of local and global 
change, studies on species’ physiological tolerances to 
salinity (i.e., determined via controlled experiments) do not 
always reflect the salinity conditions in which species are 
observed. Consequently, while there is rich documentation 
of species salinity tolerances, determining which salinity 
ranges should be used to capture “observable” or practi-
cal species salinity ranges remains challenging, particularly 
since information on observed salinities in relation to habitat 
distributions is scattered throughout the literature. Thus, the 
purpose of this literature review is to synthesize practical 
salinity ranges, i.e., realized salinity ranges in which spe-
cies occur and are observed in the field given a plethora of 
other confounding factors that they must endure, and iden-
tify knowledge gaps in past research for selected coastal 
habitat-forming species, specifically those that form seagrass 
and oyster bed habitats in estuarine systems of the United 
States. We focus on seagrasses and oysters because they are 
important epibenthic habitat-forming ecosystem engineers, 
ranking in the top 5 habitats across the temperate eastern 
Atlantic Coast for coastal fisheries (Kritzer et al., 2016), yet 
in decline globally (Beck et al., 2011; Waycott et al., 2009). 
Additionally, both oysters and submerged aquatic vegetation 
are target habitats/species for defining optimal and alterna-
tive freshwater inflow scenarios for estuarine management 
along the Gulf and Atlantic Coasts (Buzzelli et al., 2015; 
Doering et al., 2002; La Peyre et al., 2009; Mattson, 2002; 
Powell et al., 2002), meaning improved information on their 
observed salinity ranges could directly support management 
and restoration efforts. In addition to summarizing practi-
cal salinity ranges, we also review confounding factors that 
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affect interpretation and use of observed ranges (e.g., dis-
turbances, additional environmental covariates affecting sur-
vivability, etc.). Synthesized findings from this study can 
be used by ecological and physical modelers and managers 
to identify seagrass and oyster habitats at risk of loss due 
to estuarine squeeze, artificial freshening, and other conse-
quences of local and global change.

Methods

Selection of Species

Oyster and seagrass species were selected due to their pres-
ence along the U.S. Atlantic, Gulf, and Pacific coasts, impor-
tance to coastal and estuarine ecosystems, and risk of popu-
lation decline, driving conservation and management needs 
(Beck et al., 2001, 2011; Waycott et al., 2009). Specific spe-
cies were selected by reviewing literature and reports from 
federal agencies. Oyster species were selected from Rich-
ardson et al.’s (2022) global review of reef-building oysters. 
We selected all species native (n = 8) or established (n = 2) in 
temperate or tropical waters surrounding the United States 
and its territories (Supplemental Table A). Seagrass species 
were selected from Short et al.’s (2007) global assessment 
of seagrass distribution and diversity. We selected all species 

(n = 12) native to North American, Caribbean, and Hawaiian 
coastal waters (Supplemental Table A). Two oyster species, 
eastern oyster (Crassostrea virginica) and Pacific oyster 
(Crassostrea gigas/Magallana gigas), are also listed in the 
U.S. National Oceanic and Atmospheric Administration’s 
(NOAA) Estuarine Living Marine Resources (ELMR) Data-
base (National Centers for Coastal Ocean Science, 2024), 
which includes 153 estuarine species with ecologic and eco-
nomic value. Additionally, six of the ten oyster species from 
Richardson et al. (2022) and ten of twelve seagrass species 
from Short et al. (2007) are reported by one or more initial 
(2005) or revised (2015) State Wildlife Action Plans and are 
thus included in the National List of Species with Greatest 
Conservation Needs (United States Geological Survey, n.d.), 
demonstrating their management relevance.

Literature Search

A systematic approach (Fig. 1) was taken to identify lit-
erature with the Web of Science search engine. On August 
10–11, 2023, literature was searched for a title or author 
keyword match with terms for the species name (com-
mon, scientific, and synonyms; refer to Supplemental 
Table A) paired with terms related to salinity conditions. 
For example, (“Crassostrea virginica” OR “C. virginica” 
OR “eastern oyster” OR “American oyster” OR “Atlantic 

Fig. 1   Flow diagram of systematic literature review approach used in this study
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oyster” OR “Virginia oyster” OR “American cupped oyster”) 
AND (hy*salin* OR salinity OR “salinity tolerance” OR 
fresh*water OR flow*). Results for individual species were 
combined by category (e.g., oyster, seagrass) into a single 
report and exported as a comma-separated file.

We screened the titles, abstracts, and, if needed, methods 
of each article to complete an inclusion–exclusion matrix 
(available in supplemental materials) to determine eligibility 
based on our criteria. Our study includes only peer-reviewed 
research or review articles reporting experimental or obser-
vational field studies located in the United States and its ter-
ritories. Articles were excluded if they did not contain salin-
ity measurements, or if measured salinity was produced from 
laboratory or controlled environment experiments. Excluded 
articles generally focused on genetics, osmotic stress mecha-
nisms, pathology, and aquaculture system design. If salin-
ity was measured and discussed in relative terms with no 
values reported, the article was excluded from results and 
considered for discussion (e.g., Peñalver et al., 2020). For 
summarization, species required a minimum of at least two 
papers meeting the inclusion criteria.

Three additional articles, Tice-Lewis et al. (2022), Ridge 
et al. (2017), and Fredley et al. (2019), which did not appear 
in the initial search results but were cited in fully reviewed 
papers, were added.

Synthesizing Literature

A database was populated with articles identified for full 
review to synthesize and visualize information on field 
observations of potential salinity ranges. Articles were 
classified by organism group (oyster or seagrass), indi-
vidual species, and location of study. Life-stage of species 
was included as a grouping category, though not all arti-
cles specified life-stage. Oyster life stages included recruits, 
sub-legal, and legal oysters. Although there was some 
variation in size ranges associated with life stages, com-
mon size thresholds were <25 mm shell height for recruits, 
25—75 mm shell height for sub-legals, and >75 mm shell 
height for legal oysters. Life history events included spawn-
ing and settling. Study site locations were included and 
aggregated to estuary system, state, and marine ecoregions 
(Spalding et al., 2007) for mapping and investigating spatial 
trends. When specific latitude and longitude site locations 
were not explicitly stated, approximate locations were taken 
from site location maps. Temporal information regarding the 
year and duration of the studies was included and aggregated 
into study types (episodic, long-term). Finer resolution of 
temporal information was not synthesized due to challenges 
in applying consistent seasonal (e.g., winter, summer) or 
condition period (e.g., warm, cold, wet, dry) classifications 
across all studies due to the geographic area spanning mul-
tiple climate zones, and because studies were inconsistent in 

their timing and duration. In cases of episodic studies per-
formed in response to a disturbance, the type of disturbance 
was recorded (e.g., hurricane, freshwater release, freshwater 
diversion, observed die-off).

Salinity is commonly reported in a wide variety of units 
including practical salinity unit, absolute salinity unit, elec-
trical conductivity (Siemens per area), and parts per thou-
sand (ppt). For uniformity, all reported observed salinity 
values were converted to ppt. When a time series of salinity 
was reported, the mean, minimum, and maximum values 
were extracted from text, tables, or figures. If an article had 
multiple sites reporting observed salinity, they were entered 
as separate rows in the database. Reported synergies (e.g., 
temperature/thermal stress) and salinity-related mortality 
events were noted.

Results

Summary of Reviewed Studies

Initial searches of the publication database identified 586 
unique articles on oysters and seagrass. Table 1 lists the 
number of articles that met our inclusion criteria for full 
review (Fig. 1). Of initially returned search results for oys-
ters (n = 385) and seagrass (n = 201) only 11.4% and 6.5% 
met our inclusion criteria, respectively. Of the 57 fully 
reviewed articles, approximately three-fourths (n = 44) 
focused on oysters and the remaining (n = 13) focused on 
seagrasses. For both oyster and seagrass categories, a single 
species dominated the reviewed articles. For oysters, 89% 
of articles focused on Crassostrea virginica (eastern oyster) 
and for seagrasses, 54% of articles focused on Thalassia 
testudinum (turtle grass). Reviewed literature primarily rep-
resented species of the U.S. Atlantic and Gulf coasts; there 
was a dearth of articles meeting our inclusion criteria for 
Pacific and Caribbean oyster and seagrass species.

The spatial distribution of the study locations of synthe-
sized literature was uneven across our study domain, with 
95.5% of study sites along the eastern coastline of the con-
tiguous United States (Fig. 2; Supplemental Table B). The 
marine ecoregions (Spalding et al., 2007) with the greatest 
literature representation are Virginian (n = 15 oyster, 2 sea-
grass), Carolinian (n = 3 oyster), Floridian (n = 3 oyster, 8 
seagrass), and Northern Gulf (n = 24 oyster, 3 seagrass). In 
the Virginian marine ecoregion, studies were concentrated 
around the following estuarine systems: Hudson River 
(Gregory et al., 2023), Delaware Bay (Kraeuter et al., 2007; 
Munroe et al., 2013; Powell et al., 2013; Hemeon et al., 
2020), Chesapeake Bay (Albright et al., 2007; Audemard 
et al., 2011; Calvo et al., 1999, 2001; Johnson et al., 2021; 
Karp et al., 2018; Kimmel et al., 2012), and Albemarle 
and Pamlico Sounds (Lenihan, 1999; Motes et al., 1998; 
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Dunn et al., 2014; Ridge et al., 2017; Ferguson et al., 1993). 
Locations in the Carolinian, Floridian, and Northern Gulf 
marine ecoregions (e.g., Leonhardt et al., 2017; Marshall 
et al., 2020; Martinez et al., 2022; Swam et al., 2022a, b; 
Sehlinger et al., 2019; Wilson-Ormond et al., 1997) were 
more evenly dispersed along the coastline. However, there 
are noteworthy concentrations of oyster studies in Breton 
Sound/Barataria Bay and seagrass studies in Florida Bay. On 
the Pacific coast, there was one seagrass study in Yaquina 
Bay (Kentula & DeWitt, 2003) in the Oregon, Washington, 
Vancouver Coast and Shelf marine ecoregion, and two oyster 
studies (Bible & Sanford, 2016; Chang et al., 2018) in San 
Francisco Bay in the Northern California marine ecoregion. 
Most studies focused on a single water body or sampled 
multiple water bodies within a given ecoregion (e.g., Parker 
et al., 2013); however, one study spanned three ecoregions 
along the Atlantic and Gulf coast (Motes et al., 1998).

Overall, temporal distribution of observational oys-
ter study durations ranged from 2  months to 28 years 

(mean = 1.7 years, excluding two 28-year studies), with most 
studies representing episodic or event-driven investigations 
compared to long-term monitoring. The types of events 
motivating studies of organism response were hurricanes, 
releases of freshwater for flooding or oil spill management, 
drought, freshwater diversions, and acute mortality. Long-
term studies included both monitoring efforts, such as in 
Louisiana (Lowe et al., 2017), and remotely sensed imagery 
analysis of changes in reef extent, such as in Florida (Seavey 
et al., 2011). A study that combined data from resampling 
historic reefs with long-term salinity monitoring (Tice-
Lewis et al., 2022) was not included in the duration range 
but had discrete measurements dating as far back as 1955 
and 1913. Most articles explicitly investigated anthropogenic 
impacts to natural flow/salinity regimes and less focused on 
climate causes. Eight studies focused on restored reefs, site 
suitability, or restoration success, but more often (n = 22) 
studies discussed implications for restoration.

For seagrasses, study durations ranged from 2 months to 
10 years, with a mean duration of 3.8 ± 3.2 years. Two stud-
ies were performed for multiple years but only monitored 
seasonally. Common motivations for investigations were 
seagrass die-off events (n = 4), response/recovery following 
disturbances or extreme weather events (n = 4), impacts of 
freshwater management (n = 3), water quality (n = 2), and 
assessing restoration success (n = 1).

Over the past few decades, C. virginica had the long-
est overlapping period of assessment (1988—2021) of the 
reviewed species (Fig. 3). T. testudinum had the second 
longest assessment period (1990—2016) punctuated with 
two multi-year gaps. Between 2009 and 2017, there was 
a notable concentration of assessments across all species, 
including the first occurrence of assessments for O. lurida 
and S. filiforme in the reviewed literature. H. wrightii and 
Z. marina had over ten years between assessments, while R. 
maritima’s last period of assessment was over ten years ago. 
The start and end of observation periods do not always coin-
cide with the beginning and end of the calendar year; there 
are frequent, however inconsistent, seasonal components to 
the timing of assessments driven by the research question.

Methodologies and reported metrics varied greatly 
across studies, which generally focused on species response 
to changing environmental conditions along gradients or 
following disturbances. Oyster studies measured variables 
such as reef extent, spawning, recruitment, growth, mortal-
ity, predation, and disease (e.g., Vibrio vulnificus, Perkinsus 
marinus) and seagrass studies frequently measured coverage, 
productivity, growth, and reproduction. Typical examples 
of reported metrics were the range and/or mean salinity and 
temperature for the study period. Some studies included 
additional information such as depth, tidal position, species 
life stage, or additional water quality parameters such as 
dissolved oxygen, pH, or suspended sediments.

Table 1   The number of articles returned in initial Web of Science 
search results that met the inclusion criteria for this study across oys-
ter and seagrass species. Some articles reported on more than one 
species. Species are in their native range, unless marked (*) indicat-
ing that they have been introduced and established. Rows are organ-
ized in descending order by the number of studies that apply to each 
species

Oysters Met inclu-
sion 
criteria

  Crassostrea virginica 39
  Ostrea lurida 3
  Magallana gigas* 1
  Crassostrea rhizophorae 0
  Isognomon alatus 0
  Isognomon bicolor 0
  Dendostrea sandvichensis 0
  Pinctada margaritifera 0
  Striostrea prismatica 0
  Ostrea edulis* 0

Seagrasses
  Thalassia testudinum 7
  Ruppia maritima 2
  Zostera marina 2
  Syringodium filiforme 2
  Halodule wrightii 4
  Halophila decipiens 0
  Halophila engelmannii 0
  Halophila hawaiiana 0
  Halophila ovalis (H. johnsonii) 0
  Phyllospadix scouleri 0
  Phyllospadix serrulatus 0
  Phyllospadix torreyi 0
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Differences in study duration, seasonality, and the 
averaging of conditions made it challenging to separate 
acute vs. chronic salinity change. Optimal salinity toler-
ance bands were rarely presented. Thus, practical salinity 

ranges were summarized based on the diverse studies 
reviewed (Fig. 4). Additional information on species-spe-
cific findings based on representation in the literature is 
outlined below.

Fig. 2   Spatial distribution of reviewed studies with field-based oyster 
(purple circles) or seagrass (green triangles) salinity ranges, separated 
by marine ecoregions (Spalding et al., 2007). Estuary boundaries and 

tributaries are from the US EPA Estuary Data Mapper virtual portal 
(www.​epa.​gov/​edm; Detenbeck et al., 2009)

Fig. 3   Periods of assessment across studies by species from 1988 
to 2021. Years including one or more reviewed salinity studies are 
shaded, highlighting overlaps and gaps in species assessments. Sea-

grasses are referred to as submerged aquatic vegetation (SAV) in the 
legend
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Crassostrea virginica

Across all studies of C. virginica, the range in observed 
salinity was 0.1 to 42.8 ppt, with a mean value of 19.6 ppt. 
Observed water temperatures ranged from 0 to 35.6 °C, with 
an average mean of 21.0 °C. In Louisiana, optimal salin-
ity conditions for growth and survival were between 10.7 
and 16.1 ppt paired with temperatures ranging from 20.0 to 
26.3 °C (Lowe et al., 2017). Extended exposure of C. virgi-
nica in Louisiana to water temperatures exceeding 30 °C and 
salinities < 5 ppt negatively impacted oyster growth and mor-
tality, especially in market-sized adults (Lowe et al., 2017; 
Rybovich et al., 2016). In Virginia, C. virginica growth rates 
and mortality were impacted by salinities < 15 ppt (Calvo 
et al., 1999) and in Delaware, exposure to salinities < 7 ppt 
for more than 20 days impacted mortality of market-sized 
oysters (Monroe et al., 2013).

Ostrea lurida

In the two studies of O. lurida in the San Francisco Bay, 
the range in observed salinity was 1.7 to 32.5 ppt, with 
an average mean value of 27.8 ppt (Bible & Sanford, 
2016; Chang et al., 2018). The range in observed water 

temperature was 6.9 to 24.7 °C. Evidence of local adapta-
tion to salinity and temperature variation in O. lurida was 
observed in a transplant experiment, where oysters origi-
nating from their transplant location survived better than 
oysters transplanted from populations adapted to different 
local conditions (Bible & Sanford, 2016). Optimal salin-
ity conditions for peak recruitment of O. lurida in the San 
Francisco Bay were 25–30 ppt in combination with water 
temperatures > 16 °C; however, the timing of these condi-
tions varied radically over the 6-year study period follow-
ing interannual variation in climate (Chang et al., 2018). 
Earlier recruitment was observed during drought condi-
tions (several months earlier); during wet years with cooler 
temperatures and salinity levels < 25 ppt, delayed settle-
ment and near complete mortality of adults in upstream 
locations that previously were the known densest popula-
tions were observed.

Thalassia testudinum

Across seven studies of T. testudinum, the range in observed 
salinity was 0.0 to 65.0 ppt, with an average mean value of 
31.8 ppt. Reported water temperatures ranged from 7.6 to 
38.0 °C with an average mean of 24.9 °C and reported depth 

Fig. 4   A Observed field salinity ranges (colored bars), site means 
(black points), and species means (mean salinity across all stud-
ies for a species, light gray diamonds) for selected estuarine species 
of oyster (purple) and seagrass (green) from reviewed studies (n) 
in this synthesis. B Frequency of observed field site salinity across 
study ranges selected estuarine species. Saturation of salinity range 

is related to overlapping individual site ranges; deeper colors have a 
greater fraction of sites reporting overlapping salinity ranges. Note 
these observed field ranges are not necessarily the optimal ranges for 
species. Seagrasses are referred to as submerged aquatic vegetation 
(SAV) in the legend
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ranged 0.5 to 2.3 m. Biomass, growth, and productivity of T. 
testudinum were positively correlated with salinity (Irlandi 
et al., 2002; McDonald et al., 2016), water clarity (Irlandi 
et al., 2002; McDonald et al., 2016; Tomasko & Hall, 1999), 
and phosphorus availability (Herbert & Fourqurean, 2009). 
Lower relative growth rates of T. testudinum were observed 
in salinities < 20 or > 40 ppt (Herbert & Fourqurean, 2009) 
and plants growing in environments with greater fluctuations 
in water temperature, salinity, and turbidity tended to be 
smaller with shorter lifespans and exhibited earlier flowering 
with more instances than plants in more stable environments 
(McDonald et al., 2016). T. testudinum can acclimatize to a 
wide range of salinity conditions (McDonald et al., 2016), 
and hypersaline conditions (60–65 ppt) alone are not the sole 
cause of mass mortality events (Fredley et al., 2019; Hall 
et al., 2016; Koch et al., 2007). Prior to die-off events in the 
Florida Bay, T. testudinum proliferated in coverage as salin-
ity increased, outcompeting Halodule wrightii and Syringo-
dium filiforme. The presence of high-density T. testudinum 
beds compounded environmental stressors (e.g., nutrients, 
sediment, temperature, oxygen imbalance, pH, and sulfides) 
contributing to unfavorable conditions for both dominant 
and non-dominant seagrass species in the bay’s meadows 
(Fredley et al., 2019; Hall et al., 2016; Koch et al., 2007).

Halodule wrightii

From the four studies of H. wrightii, the range in observed 
salinity was <0.5 to 68.7 ppt, with a mean value of 18.5 
ppt. Reported temperatures ranged from 15.8 to 33.0 °C 
with an average mean of 27.0 °C. Reported depths ranged 
from 0 to 1.72 m. Across the Everglade ecotone gradient, 
H. wrightii was observed at greater percentages (0%, 19%, 
and 97%) in locations with increasing salinity (11, 14, 21 
ppt, respectively) and, if there are more frequent periods 
of salinity fluctuations in the 10–30 range, it is anticipated 
that the communities previously dominated by Ruppia mar-
itima may shift to H. wrightii with climate change and sea 
level rise (Strazisar et al., 2015). In the Pamlico Sound, H. 
wrightii was observed flowering from May – August with 
salinities ranging from 12 to 34 ppt and temperatures rang-
ing 28.5 to 30.0 °C; plants were found as low as 8 ppt but 
were sterile (Ferguson et al., 1993). In Florida, following 
circumstances where salinity was >60 ppt for 17 days (maxi-
mum 66.3 ppt) and water temperature above 30 °C for six 
consecutive days (maximum 35.9 °C), and above 28 °C for 
42 consecutive days, H. wrightii coverage decreased 50% 
(Fredley et al., 2019). However, in upper Laguna Madre 
following an extended period of salinities 50–70 ppt, H. 
wrightii replaced S. filiforme coverage following a four-year 
period (2010–2013) where salinity increased from 31.4 to 
50.0 ppt and stayed above 35.0 ppt for 1023 consecutive days 
starting April 19, 2011 (Wilson & Dunton, 2018).

Syringodium filiforme

From the two studies of S. filiforme, the range in observed 
salinity was 13.7 to 68.7 ppt, with an average mean value 
of 30.4 ppt. These studies highlighted drought, hypersaline 
conditions, and significant die-offs. In Texas, extended con-
ditions (13 months) of elevated salinity (50–70 ppt) were 
the suggested driver of S. filiforme mortality and shift to a 
community dominated by H. wrightii (Wilson & Dunton, 
2018). In Florida, following circumstances where salinity 
was >60 ppt for 17 days (maximum 66.3 ppt) and water 
temperature above 30 °C for six consecutive days (maxi-
mum 35.9 °C), and above 28 °C for 42 consecutive days, 
resulted in S. filiforme coverage decreasing by 50% (Fredley 
et al., 2019).

Ruppia maritima

In the two studies of R. maritima, the range in observed 
salinity was 0 to 29.4 ppt, with an average mean value of 3.8 
ppt. Rapid fluctuations in salinity (2.5–20.0 ppt) over short 
periods (<24 h) were associated with low survival rates and 
limited population persistence of R. maritima in the Ever-
glades ecotone; however, lower magnitude (2.5–10.0 ppt) 
and longer-term (2 to 3 days) changes in salinity were well 
tolerated and positively correlated with seedling and adult 
survivorship (Strazisar et al., 2015). In Lake Pontchartrain, 
R. maritima became the dominant species as it outcom-
peted freshwater SAV recovery following disturbances that 
increased salinity (Poirrier et al., 2009). At this location, R. 
maritima was negatively impacted following the opening 
of the Bonnet Carré spillway and decreased salinity but did 
better during drought conditions and hurricane storm surges 
when salinity increased. These studies highlight the nuances 
in the timing and intensity of salinity changes on population 
dynamics of R. maritima.

Zostera marina

In the two studies reporting on Z. marina, mean observed 
salinity ranged from 19.7 to 51.2 ppt and temperature ranged 
from 10.6 to 14.6 °C, with average mean values of 28.4 ppt 
and 11.6 °C, respectively. In Oregon, a positive correlation 
was found between biomass and cover of Z. marina and 
salinity, which both decreased upriver in summer months 
(Kentula & DeWitt, 2003). In Virginia, the 2018 summer 
experienced a decrease in salinity (−3.9 ppt) and an increase 
in water temperature (+17.3 more days above 28 °C) com-
pared to the average summer conditions of the previous 4 
years and, in the following year, sites with the greatest vari-
ation in conditions experienced reduced adult clone survival 
(Johnson et al., 2021). The timing of events pushing salini-
ties lower and temperatures higher than normal conditions 
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can profoundly impact the reproduction, both sexual and 
asexual, of Z. marina (Johnson et al., 2021).

Discussion

Oysters and seagrasses are benthic habitat-forming spe-
cies that are well adapted to dynamic salinities typical of 
estuaries, but within limits. Synthesizing results from 57 
peer-reviewed articles, we found there were limited studies 
reporting field salinities in which oyster or seagrass were 
observed. Our findings highlight limited availability of field 
salinity observations compared to laboratory and controlled 
salinity tolerances. Of the studies reporting observed salini-
ties (ppt), the ranges and mean values are summarized by 
species as follows: Crassostrea virginica (0.1–42.8, mean: 
19.6), Ostrea lurida (1.7–32.5, mean: 27.8), Thalassia tes-
tudinum (0–65, mean: 31.8), Halodule wrightii (<0.5–68.7, 
mean: 18.5), Syringodium filiforme (13.7–68.7, mean: 30.4), 
Ruppia maritima (0–29.4, mean: 3.8), and Zostera marina 
(19.7–51.2, mean: 28.9). Though included in our literature 
search, there were insufficient studies from which to sum-
marize observed field salinity ranges for eight oyster species 
(Crassostrea rhizophorae, Isognomon alatus, Isognomon 
bicolor, Magallana gigas, Ostrea edulis, Dendostrea sand-
vichensis, Pinctada margaritifera, Striostrea prismatica) 
and seven seagrass species (Halophila decipiens, Halophila 
engelmannii, Halophila hawaiiana, Halophila ovalis, Phyl-
lospadix scouleri, Phyllospadix serrulatus, Phyllospadix 
torreyi). We emphasize that the ranges reported here do not 
necessarily represent target optimal ranges, long-term salin-
ity averages, or conditions that can be sustained for extended 
durations without experiencing stress or negative impacts 
to reproduction, growth, or survival. Although confounding 
factors influenced species presence or absence in field obser-
vations, we focused only on salinity and did not examine a 
suite of variables. The reported ranges provide literature-
based evidence of the conditions over which species were 
observed, as well as some of the nuances in the timing and 
intensity of salinity changes on population dynamics of 
foundational species.

The practical salinity tolerance ranges highlight how 
individual oyster and seagrass species display differences 
in sensitivity to salinity conditions. Both oyster species were 
observed over a wide range of brackish to marine salinity 
conditions; however, C. virginica, while observed across 
a wider range, had lower average mean salinity conditions 
(19.6 ppt) than O. lurida (27.8 ppt). Optimal conditions for 
O. lurida recruitment are colder and more saline (25—30 
ppt, >16 °C; Chang et al., 2018) compared to C. virginica 
(10—30 ppt, ≥25 °C; Dekshenieks et al., 1993). Though this 
may have also been due to differences in sample size or num-
ber of locations between the two species, only two studies 

targeted O. lurida, and these were both from San Francisco 
Bay. Seagrass species were also observed over a wide range 
of salinity conditions. T. testudinum, H. wrightii, and S. fili-
forme appear to have a very high, or no, upper limit, based 
on their being observed at salinities up to 65 or 70 ppt, 
which aligns with Morris et al.’s (2021) study in Florida’s 
Indian River Lagoon finding no upper salinity boundaries 
for these species. R. maritima and Z. marina had upper 
salinity thresholds of approximately 30 and 50 ppt, respec-
tively. S. filiforme and Z. marina appear more sensitive, or 
less competitive, at lower salinities as they were observed 
in conditions above 13.7 ppt and 19.7 ppt, respectively. R. 
maritima had the overall lowest average mean observed 
salinity of 3.8 ppt, followed by H. wrightii (18.5 ppt), while 
other seagrass species were closer to 30 ppt. While Morris 
et al. (2021) found R. maritima constrained to salinities up 
to 18 ppt at one location, our findings suggested a higher 
maximum salinity threshold. This is supported by observa-
tions at 30 ppt near Hatteras Inlet of Pamlico Sound (Voigt 
& Eggleston, 2022). This extended salinity range may be 
due to phenotypic plasticity across populations (Bercovich 
et al., 2019) at a broader spatial scale than those consid-
ered by Morris et al. (2021). The practical salinity ranges 
we report for C. virginica and T. testudinum have relatively 
low uncertainty given the number of studies included in our 
analysis for these two species (39 and 7, respectively), while 
the ranges reported for other species were summarized from 
fewer studies (<5), making them highly uncertain.

Experimental manipulation of salinity and other factors 
such as temperature can provide important insights into the 
observed field ranges of salinity reported herein. For exam-
ple, (Heilmayer, 2008) tested the main and interacting effects 
of temperature and salinity between 2–25 ppt and 15–30 °C 
on stress tolerance of C. virginica and found lowest Body 
Condition Index (BCI) values at combinations of salinities 
less than 5 ppt with a temperature above 25 °C. Through-
out the experiment, oysters subjected to salinity treatments 
below 5 ppt ceased feeding, produced no feces or pseudo-
feces, and maintained their valves in a closed position. As 
salinity increased and temperature decreased, highest mean 
BCI occurred at salinities between 15 and 25 ppt and tem-
peratures below 17.5 °C (Heilmayer, 2008). Similarly, Mar-
shall et al. (2021) examined divergence in salinity tolerance 
of C. virginica collected from the northern Gulf under field 
and laboratory exposures. In their study, wild oysters were 
collected from four estuarine sites from Texas with mean 
annual salinity at the sites ranging from 7.4 to 35.5 ppt. 
The spawned progeny of oysters collected from these four 
sites were compared in field and laboratory studies under 
different salinity regimes. The results indicate that oysters 
adapted to high-salinity conditions exhibited rapid mortality 
at low salinities, and oysters acclimated to moderate salinity 
conditions did poorly when exposed to both extreme high 
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and low salinities. Thus, while the practical salinity range 
we report is 0.1–42.8 ppt, it is important to acknowledge that 
all salinities within this range are not necessarily suitable.

Similarly, variation in salinity could have negative effects 
on various life history stages of seagrasses, as well as their 
physiology, which mesocosm and laboratory experiments 
could reveal. For example, Kahn and Durako (2006) quan-
tified the response of T. testudinum seedlings to changes 
in water chemistry in Florida Bay, USA, that might occur 
as part of the Comprehensive Everglades Restoration Plan 
by examining seedling survival, growth, photosynthesis, 
respiration, and osmolality in response to hypo- and hyper-
salinity conditions using mesocosm experiments. Hyper- and 
hypo-saline conditions were detrimental to the fitness of T. 
testudinum seedlings. Plants at 0 and 70 ppt exhibited 100% 
mortality and displayed a significant decrease in survival 
in the range of 10, 50, and 60 ppt (Kahn & Durako, 2006). 
Yet, the practical salinity range from the seven studies of 
T. testudinum we reviewed was 0.0 to 65.0 ppt. Garrote-
Moreno et al. (2014) examined the effects of salinity on the 
morphology and ion accumulation in leaves and rhizomes of 
T. testudinum and H. wrightii planted in a series of aquaria 
and exposed for 7 days to 10, 23 (control treatment), 30, 40, 
50, and 70 ppt. Increasing salinity reduced the number of 
leaves per shoot and leaf elongation rates for T. testudinum 
and total photosynthetic surface for H. wrightii. The overall 
results suggest that H. wrightii possesses a better physiologic 
capacity to cope with salinity variations than does T. testudi-
num (Garrote-Moreno et al., 2014). Though the practical 
salinity range we reported for H. wrightii (<0.5–68.7 ppt) 
was slightly wider than that of T. testudinum, the controlled 
study offers more detailed insights as to when the plants are 
likely to experience stress.

Findings of this review generally agree with salinity 
ranges used in habitat suitability index (HSI) studies for oys-
ter and seagrass species but include larger ranges than those 
previously used in HSI models. The larger range could be 
due, in part, to phenotypic plasticity and/or genetic diversity 
within individual species (Hornick & Plough, 2021; Paz-
zaglia et al., 2021) studied in the reviewed articles. Across 
Atlantic and Gulf coasts, C. virginica HSI salinity thresh-
olds commonly range from 5 or 6 ppt up to 35 — 45 ppt, 
with optimal conditions around 10 — 25 ppt (Supplemental 
Table C). Our review found instances of eastern oysters at 
salinities < 5 ppt, but prolonged exposure to salinity < 10 ppt 
is associated with stressful conditions (La Peyre et al., 2013; 
Miller et al., 2017); we note that reported salinity stress lim-
its are variable across the literature (Rybovich et al., 2016 
(<7 ppt); La Peyre et al., 2016 (<9 or >13 ppt); Lowe et al., 
2017 (<5 ppt)). HSI studies for O. lurida (Lawlor & Arel-
lano, 2020; Bohlen, 2019) used salinity ranges for larva (9 
— 39 ppt) and adults (0 — 32 ppt), with optimal conditions 
for adults being lower (16 — 27 ppt) than larva (30 — 33 

ppt; Supplemental Table C); our synthesis includes a prac-
tical salinity range for O. lurida with essentially the same 
upper limit as those used in HSI studies, but our findings 
demonstrate that O. lurida has been observed at salinities 
below the lower limit of those used in HSIs. For seagrass 
species, our findings are consistent with HSI salinity ranges 
for T. testudinum (0 — 50) and H. wrightii (3.9 — 50.0), 
though we reviewed studies that documented both species at 
higher salinities (i.e., >50), indicating the HSI ranges used 
for these species could be extended.

While our summarized field salinity ranges highlight the 
conditions in which oyster and seagrass species of the United 
States are generally observed, a key theme of the reviewed 
studies was that salinity alone was not the only determinant 
of habitat suitability. Rather, salinity in combination with 
other factors shaped survivability, a finding that supports 
the need for understanding the synergistic effects of mul-
tiple stressors (Fredley et al., 2019; La Peyre et al., 2016). 
For example, increased infections of Vibrio vulnificus and 
Perkinsus marinus are associated with intermediate salinities 
(5 — 25 ppt) and warmer water temperatures (18 to >26 °C); 
short periods with salinities < 5 ppt can be tolerated by oys-
ters but are unfavorable to these pathogens (Motes et al., 
1998; Monroe et al., 2013). In Louisiana, predation pres-
sure from oyster drills on subtidal oyster reefs increases as 
salinity exceeds 15 ppt (La Peyre et al., 2009, 2013; Miller 
et al., 2017). Prolonged periods (weeks to months) of salin-
ity < 5 ppt coinciding with temperatures exceeding 25 or 
30 °C produce conditions where C. virginica may be vul-
nerable to reduced growth, recruitment, and survival due to 
extended valve closures resulting in starvation or asphyxi-
ation (La Peyre et al., 2009; Rybovich et al., 2016; Lowe 
et al., 2017; Powers et al., 2017; Wadsworth et al., 2019; 
Pruette et al., 2022). In Apalachicola Bay, Florida, oysters 
experiencing freshwater conditions for up to 2 weeks suf-
fered 80–90% mortality (Edmiston et al., 2008). Addition-
ally, freshwater pulses can impact the water quality in addi-
tion to salinity and temperature, and these changes can also 
affect species survivability. Water quality variables affected 
by changes in salinity include dissolved oxygen, turbidity, 
and nutrients, which can impact light penetration and pri-
mary productivity of plankton and seagrasses, as well as 
particulate organic matter and food sources for oysters (Mar-
shall et al., 2019; Loh et al., 2017; Dieudonne & Carroll, 
2022; Pruette et al., 2022; Fredley et al., 2019; Koch et al., 
2007; Hall et al., 2016). Hurricane impacts, for example, not 
only can rapidly alter salinity but also drive re-suspension 
of estuarine sediments as well as land-based runoff that can 
lead to sedimentation on seagrass and oyster reefs (e.g., 
Livingston et al., 1999; Oprandi et al., 2020). Accordingly, 
when assessing habitat suitability for seagrass and oyster 
species, site-specific considerations are key to account 
for, as salinity alone will not predict species’ geographic 
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distributions. The importance of considering covarying envi-
ronmental variables underscores the utility of multifactor 
habitat suitability models, which provide opportunities to 
more holistically consider site characteristics.

Observed field salinity ranges for oyster and seagrass 
species were synthesized using search results gathered in 
a systematic literature review using a scholarly database, 
an approach that is limited by search terminology and the 
content of returned articles. Due to species-specific search 
terms, if a study used general or unique terms such as “sea-
grass”, “oyster-associated”, “oyster-reef”, or “reefs” and 
did not specify the associated common or scientific name, 
it was likely not included in the search results (e.g., Fredley 
et al., 2019; Ridge et al., 2017; Tice-Lewis et al., 2022). 
Our search terms still provided a sizable return of species-
specific literature related to salinity tolerances, though a 
large portion were excluded from this synthesis due to being 
laboratory or mesocosm experiments, outside of our area of 
interest (United States), or not measuring/reporting observed 
salinity. There are comparatively fewer field-based salinity 
tolerance studies when compared to controlled experiments.

Literature that met our inclusion criteria was biased 
towards oysters in marine ecoregions along the Atlantic and 
Gulf coasts (95% of the 57 reviewed studies). We reviewed a 
larger number of oyster studies than seagrass studies related 
to salinity tolerance, and the eastern oyster was the most 
represented species. Thus, of the summarized field salin-
ity ranges (Fig. 4), that of the eastern oyster is the most 
robust. Despite the presence of oyster and seagrass species 
in the Pacific and Caribbean, there is a lack of literature in 
these regions related to salinity tolerance, which could be 
addressed with additional field studies in these areas. One 
reason for the limited number of studies could be related to 
resources for long-term coastal salinity monitoring, which 
is primarily located along the Atlantic and Gulf coastlines 
(based on the Coastal Salinity Index database for monitoring 
droughts; Petkewich et al., 2019).

Reported field salinity was measured and reported in a 
variety of ways, which hindered our ability to draw more 
quantitative comparisons across the reviewed studies. In 
general, studies tended to report stressed conditions over 
optimal condition ranges. When reported, salinity measure-
ments were most often sourced from monitoring networks 
(e.g., National Estuarine Research Reserve System) and 
sonde-based measurements collected by researchers dur-
ing site visits. Several studies utilized alternative methods, 
including spatial kriging (Powers et al., 2017) and pre-
defined salinity zones (Kimmel et al., 2012) to improve 
limited spatial or temporal resolution. Field salinities were 
commonly reported in parts-per-thousand (ppt) or practi-
cal salinity units (psu), which can be used interchangeably, 
although some studies had no units present for reported 
salinities (e.g., Le Peyre et al., 2013). Styles for reporting 

salinity metrics included mean and standard deviation 
over the entire study period, range observed over the study 
period, salinities for specific increments during the study 
period (e.g., months, seasons) duration above or below a 
salinity threshold (e.g., <5), and time series figures. In narra-
tive, hyper, high, and low salinity were frequently used terms 
but were relative to individual site or regional studies and 
often did not include a corresponding salinity range. What 
is described as low salinity in one study may be considered 
intermediate or high in another. Thus, greater standardiza-
tion in reported salinities could increase opportunities for 
meta-analyses and syntheses like the one presented here. We 
found studies that reported descriptive statistics of salinities 
for comparable time frames (annual, seasonal, monthly—in 
addition to duration of study period, which varied) to be the 
easiest to summarize and include within the analysis. Studies 
that included frequency and duration above/below thresh-
olds were insightful but could be easier to summarize with 
consistent thresholds or duration of events counted. Future 
studies could benefit from a consistent set of time series 
analysis metrics to be reported for salinity as a baseline, in 
addition to more unique data analysis pertinent to the study.

In addition to variation in reported metrics, the temporal 
intervals and duration at which field salinities were sum-
marized varied greatly between reviewed studies, with the 
majority representing short-term, post-disturbance impact or 
recovery. Shorter duration and event-driven response studies 
were much more prevalent than those that investigated the 
effects of long-term and chronic salinity changes. Several 
multi-year studies only sampled during specific times of 
year, as they focused more on spawning and recruitment. 
Event-driven studies tend to capture responses of extreme 
events including hurricanes, flooding, freshwater diversions 
following the Deepwater Horizon oil spill, and droughts. 
Hydroclimate events such as droughts, floods, and fresh-
ets as well as associated freshwater management responses 
are drivers of salinity change that are likely to increase in 
frequency and duration in the face of climate change (Gle-
dhill et al., 2020). Research studies are often funded over 
short grant periods and conducted by short-term research 
trainees (e.g., graduate students, postdoctoral researchers), 
which may contribute to the relative abundance of short-
term studies. Greater access to long-term studies could help 
overcome some of the limitations of inferring habitat suit-
ability criteria from event-driven investigations.

Estuarine species are well adapted to fluctuating brackish 
environments, but they are not immune to stress or mortal-
ity from changes in salinity regimes. While there are many 
potential mechanisms that can drive acute or chronic changes 
and estuarine squeeze, these impacts extend beyond a single 
species and may require a more holistic or ecosystem man-
agement approach. For example, freshwater management 
practices impacting estuarine inflows have profoundly altered 
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salinity regimes and impacted oyster and seagrass communi-
ties, which are the foundation of habitats that other species 
rely upon (La Peyre et al., 2016; Lowe et al., 2017; Parker 
et al., 2013; Seavey et al., 2011; Volety, 2008). For example, 
oyster habitats in the Big Bend region of Florida have seen 
a net loss in reef extent, with the greatest losses in the off-
shore areas and landward migration of reefs coinciding with 
decreases in freshwater discharge from the Suwannee River, 
likely influencing recruitment and survival (Seavey et al., 
2011). We acknowledge there are reviews and studies focused 
on restoration (e.g., Smith & Pruett, 2024, Smith & Casto-
rani, 2023, Rezek et al., 2019, Ward & Beheshti, 2023, Gag-
non et al., 2020; Buzzelli et al., 2015, Orth et al., 2020), as 
well as modeling approaches (e.g., Bittner et al., 2020; La 
Peyre et al., 2021). This literature review provides a context 
for multiple species with overlapping field salinity ranges, 
which could inform habitat suitability indices and assess-
ments. This information could also apply to those managing 
aquatic nurseries, ecosystems dealing with saltwater intru-
sion, species migration corridors, estuarine reserve spatial 
expansion plans (including potential reduction in spatial 
extent), or coastal agricultural lands that may become inun-
dated as estuaries migrate. The timing and duration over 
which high or low salinities occur are also considerations for 
researchers and natural resource managers considering using 
the ranges reported here for habitat suitability assessments 
or making management recommendation. For example, La 
Peyre et al. (2009) suggest managing freshwater inflows to 
decrease salinity to < 5 ppt for roughly 3 weeks in late winter/
early spring to reduce P. marinus infections, then increasing 
salinities to around 9 ppt in the early summer to promote 
growth and recruitment in the northern Gulf.

Conclusions

Using a systematic approach to review literature pertain-
ing to field observations of oyster and seagrass species’ 
salinity ranges, 57 articles were identified, and their full 
text was assessed for this synthesis. The eastern oyster, 
Crassostrea virginica, was the species with the greatest 
representation, corresponding to 68% of the 57 reviewed 
studies. Studies were predominantly (95%) concentrated 
along the Atlantic and Gulf coasts, leaving the Pacific 
and Caribbean coasts (and related species) underrepre-
sented. Of the seagrasses, Thalassia testudinum and Hal-
odule wrightii had the widest salinity ranges, Syringodium 
filiforme was observed at salinities > 13 ppt, and Ruppia 
maritima was observed at the lowest ranges (< 30 ppt). 
All seagrass species overlapped with oyster species salin-
ity ranges. Observed field salinity ranges reported here 
generally align with the salinity ranges used in published 
HSI models for oyster and seagrass species, but our ranges 

are wider, highlighting the potential for our findings to 
inform updates to existing HSI criteria. Confounding 
effects on organism survival in different salinity condi-
tions were temperature, light penetration, predation, dis-
ease, nutrient/food source, and organism density. Elevated 
water temperatures create or exacerbate stressful condi-
tions for both oysters (>25 °C) and seagrass (>30 °C). 
These reported ranges may be useful to others consider-
ing criteria for guiding freshwater management or habitat 
restoration or assessing potential climate change impacts 
to these estuarine species with overlapping observed salin-
ity ranges. The literature on Before-After-Control-Impact 
studies (e.g., Stewart-Oaten & Bence, 2001) may provide a 
useful framework for designing studies to assess how foun-
dational species such as seagrasses and oysters respond to 
various types of pulsed versus chronic changes in salin-
ity. Understanding practical species salinity ranges is key 
to improving our understanding of how habitat-forming 
estuarine species distributions may shift as freshwater 
and brackish habitats are squeezed between hard anthro-
pogenic barriers and rising sea levels, while also accom-
panied by changes in freshwater inflow.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12237-​025-​01612-2.

Author Contribution  • Conceiving the ideas and design of the experi-
ment: Charlotte Lee, Natalie Nelson, Simeon Yurek.

• Participating in the active execution of the study: Charlotte Lee
• Analyzing and interpreting the data: All authors
• Writing the manuscript: All authors

Funding  This work was supported by grant G22AC00567 from the US 
Geological Survey Southeast Climate Adaptation Science Center. DBE 
was supported by a grant from the NC Division of Marine Fisheries 
(CRFL 2019-H-077). Any use of trade, firm, or product names is for 
descriptive purposes only and does not imply endorsement by the U.S. 
Government.

Data Availability  All data analyzed in this study are from published 
literature, with all data sources cited within the article.

Declarations 

Ethics Approval and Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

6 Page 12 of 17

https://doi.org/10.1007/s12237-025-01612-2


Estuaries and Coasts (2025) 49:6 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Albright, B. W., Abbe, G. R., Mccollough, C. B., Barker, L. S., & 
Dungan, C. F. (2007). Growth and mortality of dermo-disease-
free juvenile oysters (Crassostrea virginica) at three salinity 
regimes in an enzootic area of Chesapeake Bay. Journal of 
Shellfish Research, 26(2), 451–463. https://​doi.​org/​10.​2983/​
0730-​8000(2007)​26[451:​GAMODJ]​2.0.​CO;2

Audemard, C., Kator, H. I., Rhodes, M. W., Gallivan, T., Erskine, A. 
J., Leggett, A. T., & Reece, K. S. (2011). High salinity relay as a 
postharvest processing strategy to reduce Vibrio vulnificus levels 
in Chesapeake Bay oysters (Crassostrea virginica). Journal of 
Food Protection, 74(11), 1902–1907. https://​doi.​org/​10.​4315/​
0362-​028X.​JFP-​11-​152

Barbier, E. B., Hacker, S. D., Kennedy, C., Koch, E. W., Stier, A. C., 
& Silliman, B. R. (2011). The value of estuarine and coastal 
ecosystem services. Ecological Monographs, 81(2), 169–193. 
https://​doi.​org/​10.​1890/​10-​1510.1

Beck, M., Heck, K., Jr., Childers, D., Eggleston, D., Gillanders, B., 
Halpern, B., Hays, C., Hoshino, K., Minello, T., Orth, R., Sheri-
dan, P., & Weinstein, M. (2001). The identification, conservation 
and management of estuarine and marine nurseries for fish and 
invertebrates. BioScience, 51, 633–641.

Beck, M. W., Brumbaugh, R. D., Airoldi, L., Carranza, A., Coen, L. D., 
Crawford, C., Defeo, O., Edgar, G. J., Hancock, B., Kay, M. C., 
Lenihan, H. S., Luckenbach, M. W., Toropova, C. L., Zhang, G., 
& Guo, X. (2011). Oyster reefs at risk and recommendations for 
conservation, restoration, and management. BioScience, 61(2), 
107–116. https://​doi.​org/​10.​1525/​bio.​2011.​61.2.5

Bercovich, M. V., Schubert, N., Saá, A. C. A., Silva, J., & Horta, P. A. 
(2019). Multi-level phenotypic plasticity and the persistence of 
seagrasses along environmental gradients in a subtropical lagoon. 
Aquatic Botany, 157, 24–32.

Bible, J. M., & Sanford, E. (2016). Local adaptation in an estuarine foun-
dation species: Implications for restoration. Biological Conserva-
tion, 193, 95–102. https://​doi.​org/​10.​1016/j.​biocon.​2015.​11.​015

Bittner, R. E., Roesler, E. L., & Barnes, M. A. (2020). Using species 
distribution models to guide seagrass management. Estuarine, 
Coastal and Shelf Science, 240(5), Article 106790. https://​doi.​
org/​10.​1016/j.​ecss.​2020.​106790

Bohlen, V. L. (2019). Evaluation of a Habitat Suitability Model to 
predict the geospatial distribution of Olympia oyster presence in 
Yaquina Bay, Oregon. Oregon State University. https://​ir.​libra​ry.​
orego​nstate.​edu/​conce​rn/​gradu​ate_​proje​cts/​0v838​678g

Buzzelli, C., Gorman, P., Doering, P. H., Chen, Z., & Wan, Y. (2015). 
The application of oyster and seagrass models to evaluate alter-
native inflow scenarios related to Everglades restoration. Eco-
logical Modelling, 297, 154–170. https://​doi.​org/​10.​1016/j.​ecolm​
odel.​2014.​10.​029

Calvo, G., Luckenbach, M., Allen, S., & Burreson, E. (2001). A com-
parative field study of Crassostrea ariakensis (Fujita 1913) and 
Crassostrea virginica (Gmelin 1791) in relation to salinity in 
Virginia. Journal of Shellfish Research, 20(1), 221–229.

Calvo, G., Luckenbach, M., Allen, S., & Burreson, E. (1999). Com-
parative field study of Crassostrea gigas (Thunberg, 1793) and 
Crassostrea virginica (Gmelin, 1791) in relation to salinity in 
Virginia. Journal of Shellfish Research, 18(2), 465–473.

Chang, A. L., Deck, A. K., Sullivan, L. J., Morgan, S. G., & Ferner, M. 
C. (2018). Upstream—downstream shifts in peak recruitment of 
the native Olympia oyster in San Francisco Bay during wet and 

dry years. Estuaries and Coasts, 41(1), 65–78. https://​doi.​org/​
10.​1007/​s12237-​016-​0182-1

Dekshenieks, M. M., Hofmann, E. E., & Powell, E. N. (1993). Envi-
ronmental effects on the growth and development of eastern 
oyster, Crassostrea virginica (Gmelin, 1791), larvae: A mod-
eling study. Journal of Shellfish Research, 12(2), 241–254. 
https://​digit​alcom​mons.​odu.​edu/​ccpo_​pubs/​79/

Dessu, S. B., Price, R. M., Troxler, T. G., & Kominoski, J. S. (2018). 
Effects of sea-level rise and freshwater management on long-
term water levels and water quality in the Florida Coastal Ever-
glades. Journal of Environmental Management, 211, 164–176. 
https://​doi.​org/​10.​1016/j.​jenvm​an.​2018.​01.​025

Detenbeck, N.E., M.C. Pelletier, M. Abdelrhman, S. Rego, M. ten 
Brink, and S. Latimer. 2009. E-estuary: Developing a decision-
support system for coastal management in the conterminous 
United States. In 33rd International Association of Hydraulic 
Engineering and Research Biennial Congress: Water Engi-
neering for a Sustainable Environment Conference Location 
Vancouver, BC, Canada Conference Dates August 10–14, 
2009. http://​cfpub.​epa.​gov/​si/​si_​public_​record_​report.​cfm?​
dirEn​tryId=​204125

Dieudonne, J., & Carroll, J. M. (2022). The impacts of boring 
sponges on oyster health across multiple sites and tidal heights. 
Estuaries and Coasts, 45(1), 213–224. https://​doi.​org/​10.​1007/​
s12237-​021-​00942-1

Doering, P. H., Chamberlain, R. H., & Haunert, D. E. (2002). Using 
submerged aquatic vegetation to establish minimum and 
maximum freshwater inflows to the Caloosahatchee Estuary, 
Florida. Estuaries, 25(6), 1343–1354. https://​doi.​org/​10.​1007/​
BF026​92229

Dunn, R. P., Eggleston, D. B., & Lindquist, N. (2014). Effects of 
substrate type on demographic rates of eastern oyster (Crassos-
trea virginica). Journal of Shellfish Research, 33(1), 177–185. 
https://​doi.​org/​10.​2983/​035.​033.​0117

Edmiston, H. L., Fahrny, S. A., Lamb, M. S., Levi, L. K., Wanat, 
J. M., Avant, J. S., Wren, K., & Selly, N. C. (2008). Tropical 
storm and hurricane impact on a Gulf Coast estuary: Apala-
chicola Bay, Florida. Journal of Coastal Research, 10055, 
38–49. https://​doi.​org/​10.​2112/​SI55-​009.1

Feher, L. C., Osland, M. J., & Swarzenski, C. M. (2023). Estuarine 
salinity extremes: Using the coastal salinity index to quantify 
the role of droughts, floods, hurricanes, and freshwater flow 
alteration. Estuarine, Coastal and Shelf Science, 291, Article 
108445. https://​doi.​org/​10.​1016/j.​ecss.​2023.​108445

Ferguson, R. L., Pawlak, B. T., & Wood, L. L. (1993). Flowering 
of the seagrass Halodule wrightii in North Carolina, USA. 
Aquatic Botany, 46(1), 91–98. https://​doi.​org/​10.​1016/​0304-​
3770(93)​90066-6

Fredley, J., Durako, M. J., & Hall, M. O. (2019). Multivariate analy-
ses link macrophyte and water quality indicators to seagrass 
die-off in Florida Bay. Ecological Indicators, 101, 692–701. 
https://​doi.​org/​10.​1016/j.​ecoli​nd.​2019.​01.​074

Gagnon, K., Rinde, E., Bengil, E. G., Carugati, L., Christianen, M. 
J., Danovaro, R., Gambi, C., Govers, L. L., Kipson, S., Mey-
sick, L., & Pajusalu, L. (2020). Facilitating foundation spe-
cies: The potential for plant–bivalve interactions to improve 
habitat restoration success. Journal of Applied Ecology, 57(6), 
1161–1179. https://​doi.​org/​10.​1111/​1365-​2664.​13605

Galtsoff, P. S. (1964). The American Oyster Crassostrea virginica 
Gmelin. US Fisheries Bulletin, 64, 1–480.

Garrote-Moreno, A., McDonald, A., Sherman, T. D., Sanchez-
Lizaso, J. L., Heck, K. L., Jr., & Cebrian, J. (2014). Short-
term impacts of salinity pulses on ionic ratios of the seagrasses 
Thalassia testudinum and Halodule wrightii. Aquatic Botany. 
https://​doi.​org/​10.​1016/j.​aquab​ot.​2014.​09.​011

Page 13 of 17 6

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2983/0730-8000(2007)26[451:GAMODJ]2.0.CO;2
https://doi.org/10.2983/0730-8000(2007)26[451:GAMODJ]2.0.CO;2
https://doi.org/10.4315/0362-028X.JFP-11-152
https://doi.org/10.4315/0362-028X.JFP-11-152
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1525/bio.2011.61.2.5
https://doi.org/10.1016/j.biocon.2015.11.015
https://doi.org/10.1016/j.ecss.2020.106790
https://doi.org/10.1016/j.ecss.2020.106790
https://ir.library.oregonstate.edu/concern/graduate_projects/0v838678g
https://ir.library.oregonstate.edu/concern/graduate_projects/0v838678g
https://doi.org/10.1016/j.ecolmodel.2014.10.029
https://doi.org/10.1016/j.ecolmodel.2014.10.029
https://doi.org/10.1007/s12237-016-0182-1
https://doi.org/10.1007/s12237-016-0182-1
https://digitalcommons.odu.edu/ccpo_pubs/79/
https://doi.org/10.1016/j.jenvman.2018.01.025
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=204125
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=204125
https://doi.org/10.1007/s12237-021-00942-1
https://doi.org/10.1007/s12237-021-00942-1
https://doi.org/10.1007/BF02692229
https://doi.org/10.1007/BF02692229
https://doi.org/10.2983/035.033.0117
https://doi.org/10.2112/SI55-009.1
https://doi.org/10.1016/j.ecss.2023.108445
https://doi.org/10.1016/0304-3770(93)90066-6
https://doi.org/10.1016/0304-3770(93)90066-6
https://doi.org/10.1016/j.ecolind.2019.01.074
https://doi.org/10.1111/1365-2664.13605
https://doi.org/10.1016/j.aquabot.2014.09.011


Estuaries and Coasts (2025) 49:6 

Ghalambor, C.K., E.S. Gross, E.D. Grosholtz, K.M. Jeffries, J.K. 
Largier, S.D. McCormick, T. Sommer, J. Velotta and A. 
Whitehead, 2021. Ecological effects of climate-driven salin-
ity variation in the San Francisco Estuary: can we anticipate 
and manage the coming changes?. San Francisco Estuary and 
Watershed Science,  19(2). https://​doi.​org/​10.​15447/​sfews.​
2021v​19iss​2art3

Gledhill, J. H., Barnett, A. F., Slattery, M., Willett, K. L., Easson, G. 
L., Otts, S. S., & Gochfeld, D. J. (2020). Mass mortality of the 
Eastern oyster Crassostrea virginica in the Western Mississippi 
Sound following unprecedented Mississippi River flooding in 
2019. Journal of Shellfish Research, 39(2), 235–244. https://​
doi.​org/​10.​2983/​035.​039.​0205

Gregory, K. M., McFarland, K., & Hare, M. P. (2023). Reproduc-
tive phenology of the eastern oyster, Crassostrea virginica 
(Gmelin, 1791), along a temperate estuarine salinity gradient. 
Estuaries and Coasts, 46(3), 707–722. https://​doi.​org/​10.​1007/​
s12237-​022-​01163-w

Gunter, G. (1955). Mortality of Oysters and Abundance of Certain 
Associates as Related to Salinity. Ecology, 36(4), 601–605. 
https://​doi.​org/​10.​2307/​19312​98

Hall, M., Furman, B. T., Merello, M., & Durako, M. J. (2016). Recur-
rence of Thalassia testudinum seagrass die-off in Florida Bay, 
USA: Initial observations. Marine Ecology Progress Series, 
560, 243–249. https://​doi.​org/​10.​3354/​meps1​1923

Heilmayer, O. J. D., Qian, L., & Roesijadi, G. (2008). Stress toler-
ance of a subtropical Crassostrea virginicapopulation to the 
combined effects of temperature and salinity. Estuarine and 
Coastal Shelf Science. https://​doi.​org/​10.​1016/j.​ecss.​2008.​03.​
022

Hemeon, K. M., Ashton-Alcox, K. A., Powell, E. N., Pace, S. M., Pous-
sard, L. M., Solinger, L. K., & Soniat, T. M. (2020). Novel shell 
stock-recruitment models for Crassostrea virginica as a function 
of regional shell effective surface area, a missing link for sustain-
able management. Journal of Shellfish Research, 39(3), 633–654. 
https://​doi.​org/​10.​2983/​035.​039.​0310

Herbert, D. A., & Fourqurean, J. W. (2009). Phosphorus avail-
ability and salinity control productivity and demography of 
the seagrass Thalassia testudinum in Florida Bay. Estuar-
ies and Coasts, 32(1), 188–201. https://​doi.​org/​10.​1007/​
s12237-​008-​9116-x

Hornick, K. M., & Plough, L. V. (2021). Genome-wide analysis of nat-
ural and restored eastern oyster populations reveals local adapta-
tion and positive impacts of planting frequency and broodstock 
number. Evolutionary Applications, 15(1), 40–59. https://​doi.​org/​
10.​1111/​eva.​13322

Irlandi, E., Orlando, B., Maciá, S., Biber, P., Jones, T., Kaufman, L., 
Lirman, D., & Patterson, E. T. (2002). The influence of freshwa-
ter runoff on biomass, morphometrics, and production of Thalas-
sia testudinum. Aquatic Botany, 72(1), 67–78. https://​doi.​org/​10.​
1016/​S0304-​3770(01)​00217-0

Johnson, A. J., Shields, E. C., Kendrick, G. A., & Orth, R. J. (2021). 
Recovery dynamics of the seagrass Zostera marina follow-
ing mass mortalities from two extreme climatic events. Estu-
aries and Coasts, 44(2), 535–544. https://​doi.​org/​10.​1007/​
s12237-​020-​00816-y

Jurgens, L. J., Ciesielski, M., Agrawal, A., & Hubbard, E. (2022). Low 
salinity weakens predator effects on community assembly in a 
sub-tropical estuary. Estuaries and Coasts, 45(7), 2070–2081. 
https://​doi.​org/​10.​1007/​s12237-​022-​01084-8

Kahn, A. E., & Durako, M. J. (2006). Thalassia testudinum seedling 
responses to changes in salinity and nitrogen levels. Journal of 
Experimental Marine Biology and Ecology, 335, 1–12. https://​
doi.​org/​10.​1016/j.​jembe.​2006.​02.​011

Karp, M. A., Seitz, R. D., & Fabrizio, M. C. (2018). Faunal communi-
ties on restored oyster reefs: Effects of habitat complexity and 

environmental conditions. Marine Ecology Progress Series, 590, 
35–51. https://​doi.​org/​10.​3354/​meps1​2470

Kentula, M. E., & DeWitt, T. H. (2003). Abundance of seagrass (Zos-
tera marina L.) and macroalgae in relation to the salinity-temper-
ature gradient in Yaquina Bay, Oregon, USA. Estuaries, 26(4), 
1130–1141. https://​doi.​org/​10.​1007/​BF028​03369

Kimmel, D. G., Tarnowski, M., & Newell, R. I. E. (2012). Long-term 
(1939 to 2008) spatial patterns in juvenile eastern oyster (Cras-
sostrea virginica, Gmelin 1791) abundance in the Maryland por-
tion of Chesapeake Bay. Journal of Shellfish Research, 31(4), 
1023–1031. https://​doi.​org/​10.​2983/​035.​031.​0414

Koch, M. S., Schopmeyer, S. A., Nielsen, O. I., Kyhn-Hansen, C., 
& Madden, C. J. (2007). Conceptual model of seagrass die-off 
in Florida Bay: Links to biogeochemical processes. Journal 
of Experimental Marine Biology and Ecology, 350(1), 73–88. 
https://​doi.​org/​10.​1016/j.​jembe.​2007.​05.​031. The Biology and 
Ecology of Seagrasses,.

Kraeuter, J. N., Ford, S., & Cummings, M. (2007). Oyster growth anal-
ysis: A comparison of methods. Journal of Shellfish Research, 
26(2), 479–491. https://​doi.​org/​10.​2983/​0730-​8000(2007)​
26[479:​OGAACO]​2.0.​CO;2

Kritzer, J. P., DeLucia, M. B., Greene, E., Shumway, C., Topolski, M. 
F., Thomas-Blate, J., Chiarella, L. A., Davy, K. B., & Smith, K. 
(2016). The importance of benthic habitats for coastal fisher-
ies. BioScience, 66(4), 274–284. https://​doi.​org/​10.​1093/​biosci/​
biw014

La Peyre, M. K., Eberline, B. S., Soniat, T. M., & La Peyre, J. F. 
(2013). Differences in extreme low salinity timing and duration 
differentially affect eastern oyster (Crassostrea virginica) size 
class growth and mortality in Breton Sound, LA. Estuarine, 
Coastal and Shelf Science, 135, 146–157. https://​doi.​org/​10.​
1016/j.​ecss.​2013.​10.​001

La Peyre, M. K., Gossman, B., & La Peyre, J. F. (2009). Defining 
optimal freshwater flow for oyster production: Effects of freshet 
rate and magnitude of change and duration on eastern oysters 
and Perkinsus marinus infection. Estuaries and Coasts, 32(3), 
522–534. https://​doi.​org/​10.​1007/​s12237-​009-​9149-9

La Peyre, M. K. J., Geaghan, G. D., & La Peyre, J. F. (2016). Analysis 
of Environmental Factors Influencing Salinity Patterns, Oyster 
Growth, and Mortality in Lower Breton Sound Estuary, Louisi-
ana, Using 20 Years of Data. Journal of Coastal Research, 32(3), 
519–530. https://​doi.​org/​10.​2112/​JCOAS​TRES-D-​15-​00146.1

La Peyre, M.K., Marshall, D.A., and Sable, S.E., 2021, Oyster model 
inventory: Identifying critical data and modeling approaches to 
support restoration of oyster reefs in coastal U.S. Gulf of Mexico 
waters: U.S. Geological Survey Open-File Report 2021–1063, 
40. https://​doi.​org/​10.​3133/​ofr20​211063.

Lawlor, J. A., & Arellano, S. M. (2020). Temperature and salinity, 
not acidification, predict near-future larval growth and lar-
val habitat suitability of Olympia oysters in the Salish Sea. 
Scientific Reports, 10(1), 13787. https://​doi.​org/​10.​1038/​
s41598-​020-​69568-w

Lenihan, H. S. (1999). Physical-biological coupling on oyster reefs: 
How habitat structure influences individual performance. Eco-
logical Monographs, 69(3), 251–275. https://​doi.​org/​10.​1890/​
0012-​9615(1999)​069[0251:​PBCOOR]​2.0.​CO;2

Leonhardt, J. M., Casas, S., Supan, J. E., & La Peyre, J. F. (2017). 
Stock assessment for eastern oyster seed production and field 
grow-out in Louisiana. Aquaculture, 466, 9–19. https://​doi.​org/​
10.​1016/j.​aquac​ulture.​2016.​09.​034

Linhoss, A. C., Camacho, R., & Ashby, S. (2016). Oyster habitat suit-
ability in the Northern Gulf of Mexico. Journal of Shellfish 
Research, 35(4), 841–849. https://​doi.​org/​10.​2983/​035.​035.​0412

Little, S., Lewis, J. P., & Pietkiewicz, H. (2022). Defining estuarine 
squeeze: The loss of upper estuarine transitional zones against 
in-channel barriers through saline intrusion. Estuarine, Coastal 

6 Page 14 of 17

https://doi.org/10.15447/sfews.2021v19iss2art3
https://doi.org/10.15447/sfews.2021v19iss2art3
https://doi.org/10.2983/035.039.0205
https://doi.org/10.2983/035.039.0205
https://doi.org/10.1007/s12237-022-01163-w
https://doi.org/10.1007/s12237-022-01163-w
https://doi.org/10.2307/1931298
https://doi.org/10.3354/meps11923
https://doi.org/10.1016/j.ecss.2008.03.022
https://doi.org/10.1016/j.ecss.2008.03.022
https://doi.org/10.2983/035.039.0310
https://doi.org/10.1007/s12237-008-9116-x
https://doi.org/10.1007/s12237-008-9116-x
https://doi.org/10.1111/eva.13322
https://doi.org/10.1111/eva.13322
https://doi.org/10.1016/S0304-3770(01)00217-0
https://doi.org/10.1016/S0304-3770(01)00217-0
https://doi.org/10.1007/s12237-020-00816-y
https://doi.org/10.1007/s12237-020-00816-y
https://doi.org/10.1007/s12237-022-01084-8
https://doi.org/10.1016/j.jembe.2006.02.011
https://doi.org/10.1016/j.jembe.2006.02.011
https://doi.org/10.3354/meps12470
https://doi.org/10.1007/BF02803369
https://doi.org/10.2983/035.031.0414
https://doi.org/10.1016/j.jembe.2007.05.031
https://doi.org/10.2983/0730-8000(2007)26[479:OGAACO]2.0.CO;2
https://doi.org/10.2983/0730-8000(2007)26[479:OGAACO]2.0.CO;2
https://doi.org/10.1093/biosci/biw014
https://doi.org/10.1093/biosci/biw014
https://doi.org/10.1016/j.ecss.2013.10.001
https://doi.org/10.1016/j.ecss.2013.10.001
https://doi.org/10.1007/s12237-009-9149-9
https://doi.org/10.2112/JCOASTRES-D-15-00146.1
https://doi.org/10.3133/ofr20211063
https://doi.org/10.1038/s41598-020-69568-w
https://doi.org/10.1038/s41598-020-69568-w
https://doi.org/10.1890/0012-9615(1999)069[0251:PBCOOR]2.0.CO;2
https://doi.org/10.1890/0012-9615(1999)069[0251:PBCOOR]2.0.CO;2
https://doi.org/10.1016/j.aquaculture.2016.09.034
https://doi.org/10.1016/j.aquaculture.2016.09.034
https://doi.org/10.2983/035.035.0412


Estuaries and Coasts (2025) 49:6 

and Shelf Science, 278, Article 108107. https://​doi.​org/​10.​1016/j.​
ecss.​2022.​108107

Livingston, R. J., Howell, R. L., Niu, X., Lewis, F. G., & Woodsum, 
G. C. (1999). Recovery of oyster reefs in a Gulf estuary follow-
ing disturbance by two hurricanes. Bulletin of Marine Science, 
64, 465–483.

Loh, A. N., Hermabessière, L., Goodman, P., Volety, A. K., & 
Soudant, P. (2017). Impacts of altered hydrology on the 
sources of particulate organic carbon on the diet of Crassostrea 
virginica in the Northern Everglades, Florida, USA. Journal 
of Shellfish Research, 36(3), 707–715. https://​doi.​org/​10.​2983/​
035.​036.​0320

Lowe, M. R., Sehlinger, T., Soniat, T. M., & La Peyre, M. K. (2017). 
Interactive effects of water temperature and salinity on growth 
and mortality of eastern oysters, Crassostrea virginica: A meta-
analysis using 40 years of monitoring data. Journal of Shellfish 
Research, 36(3), 683–697. https://​doi.​org/​10.​2983/​035.​036.​0318

Marshall, D. A., Casas, S. M., Walton, W. C., Rikard, F. S., Palmer, 
T. A., Breaux, N., La Peyre, M. K., Beseres Pollack, J., Kelly, 
M., & La Peyre, J. F. (2021). Divergence in salinity tolerance of 
Northern Gulf of Mexico eastern oysters under field and labora-
tory exposure. Conservation Physiology, 9(1), Article coab065. 
https://​doi.​org/​10.​1093/​conph​ys/​coab0​65

Marshall, D. A., Moore, S. C., Sutor, M., La Peyre, J. F., & La Peyre, 
M. K. (2020). Using reproductive potential to assess oyster pop-
ulation sustainability. Restoration Ecology, 28(6), 1621–1632. 
https://​doi.​org/​10.​1111/​rec.​13225

Marshall, D. A., Lebreton, B., Palmer, T., De Santiago, K., & Beseres 
Pollack, J. (2019). Salinity disturbance affects faunal commu-
nity composition and organic matter on a restored Crassostrea 
virginica oyster reef. Estuarine, Coastal and Shelf Science, 226, 
Article 106267. https://​doi.​org/​10.​1016/j.​ecss.​2019.​106267

Martinez, M. J., Palmer, T. A., Breaux, N. J., & Pollack, J. B. (2022). 
Dynamics of restored and natural oyster reefs after a hurricane. 
Frontiers in Ecology and Evolution, 10, Article 791739.

Mattson, R. A. (2002). A resource-based framework for establishing 
freshwater inflow requirements for the Suwannee River estuary. 
Estuaries, 25(6), 1333–1342. https://​doi.​org/​10.​1007/​BF026​
92228

McDonald, A. M., Prado, P., Heck, K. L., Fourqurean, J. W., Frank-
ovich, T. A., Dunton, K. H., & Cebrian, J. (2016). Seagrass 
Growth, Reproductive, and Morphological Plasticity across Envi-
ronmental Gradients over a Large Spatial Scale. Aquatic Botany, 
134, 87–96. https://​doi.​org/​10.​1016/j.​aquab​ot.​2016.​07.​007

Miller, L. S., La Peyre, J., & La Peyre, M. (2017). Suitability of oyster 
restoration sites along the Louisiana coast: Examining site and 
stock × site interaction. Journal of Shellfish Research, 36(2), 
341–351. https://​doi.​org/​10.​2983/​035.​036.​0206

Morris, L. J., Hall, L. M., Miller, J. D., Lasi, M. A., Chamberlain, 
R. H., Virnstein, R. W., & Jacoby, C. A. (2021). Diversity and 
distribution of seagrasses as related to salinity, temperature, and 
availability of light in the Indian River Lagoon, Florida. Florida 
Scientist, 84(2–3), 119–137.

Motes, M. L., DePaola, A., Cook, D. W., Veazey, J. E., Hunsucker, 
J. C., Garthright, W. E., Blodgett, R. J., & Chirtel, S. J. (1998). 
Influence of water temperature and salinity on Vibrio vulnifi-
cus in northern Gulf and Atlantic Coast oysters (Crassostrea 
virginica). Applied and Environmental Microbiology, 64(4), 
1459–1465. https://​doi.​org/​10.​1128/​AEM.​64.4.​1459-​1465.​1998

Munroe, D., Tabatabai, A., Burt, I., Bushek, D., Powell, E. N., & 
Wilkin, J. (2013). Oyster mortality in Delaware Bay: Impacts 
and recovery from Hurricane Irene and Tropical Storm Lee. 
Estuarine, Coastal and Shelf Science, 135, 209–219. https://​doi.​
org/​10.​1016/j.​ecss.​2013.​10.​011

National Centers for Coastal Ocean Science. (2024). NOAA's Estuarine 
Living Marine Resources (ELMR) Data Base. https://​www.​fishe​
ries.​noaa.​gov/​inport/​item/​39291.

Olin, J. A., Cerrato, R. M., Nye, J. A., Sagarese, S. R., Sclafani, M., 
Zacharias, J. P., & Frisk, M. G. (2020). Evidence for ecosystem 
changes within a temperate lagoon following a hurricane-induced 
barrier island breach. Estuaries and Coasts, 43, 1625–1639. 
https://​doi.​org/​10.​1007/​s12237-​019-​00593-3

Oprandi, A., Mucerino, L., De Leo, F., Bianchi, C. N., Morri, C., 
Azzola, A., Benelli, F., Besio, G., Ferrari, M., & Montefalcone, 
M. (2020). Effects of a severe storm on seagrass meadows. Sci-
ence of the Total Environment, 748, Article 141373. https://​doi.​
org/​10.​1016/j.​scito​tenv.​2020.​141373

Orth, R. J., Lefcheck, J. S., McGlathery, K. S., Aoki, L., Luckenbach, 
M. W., Moore, K. A., Oreska, M. P., Snyder, R., Wilcox, D. J., 
& Lusk, B. (2020). Restoration of seagrass habitat leads to rapid 
recovery of coastal ecosystem services. Science Advances, 6(41), 
Article eabc6434. https://​doi.​org/​10.​1126/​sciadv.​abc64​34

Parker, M. L., Arnold, W. S., Geiger, S. P., Gorman, P., & Leone, E. H. 
(2013). Impacts of freshwater management activities on eastern 
oyster (Crassostrea virginica) density and recruitment: Recov-
ery and long-term stability in seven Florida estuaries. Journal 
of Shellfish Research, 32(3), 695–708. https://​doi.​org/​10.​2983/​
035.​032.​0311

Paynter, K. T., & Burreson, E. M. (1991). Effects of Perkinsus marinus 
infection in the eastern oyster, Crassostrea virginica: II. Disease 
development and impact on growth rate at different salinities. 
Journal of Shellfish Research, 10(2), 425–431.

Pazzaglia, J., Reusch, T. B. H., Terlizzi, A., Marín-Guirao, L., & 
Procaccini, G. (2021). Phenotypic plasticity under rapid global 
changes: The intrinsic force for future seagrasses survival. Evo-
lutionary Applications, 14(5), 1181–1201. https://​doi.​org/​10.​
1111/​eva.​13212

Peñalver, M. M., Durako, M. J., Furman, B. T., & Hall, M. O. 
(2020). Multiple stressors result in reduced reproductive effort 
by Thalassia testudinum in Florida Bay USA. Marine Ecology 
Progress Series, 647, 65–78. https://​doi.​org/​10.​3354/​meps1​3395

Petkewich, M.D., B.J. McCloskey, L.F. Rouen, and P.A. Conrads. 2019. 
Coastal Salinity Index for monitoring drought: U.S. Geological 
Survey data release, https://​doi.​org/​10.​5066/​P9MQL​NL2.

Pittman, S., K.L. Yates, P.J. Bouchet, D. Alvarez-Berastegui, S. André-
fouët, S.S. Bell, C. Berkström, C. Boström, C.J. Brown, R.M. 
Connolly, R. Devillers, D. Eggleston, and 26 other co-authors. 
2021. Seascape ecology: Identifying research priorities for an 
emerging ocean sustainability science. Marine Ecology Progress 
Series, 663:1–20, https://​doi.​org/​10.​3354/​meps/​3661.

Poirrier, M. A., Spalding, E. A., & Franze, C. D. (2009). Lessons 
learned from a decade of assessment and restoration studies of 
benthic invertebrates and submersed aquatic vegetation in Lake 
Pontchartrain. Journal of Coastal Research, 10054, 88–100. 
https://​doi.​org/​10.​2112/​SI54-​005.1

Pollack, J. B., Kim, H. C., Morgan, E. K., & Montagna, P. A. (2011). 
Role of flood disturbance in natural oyster (Crassostrea virgi-
nica) population maintenance in an estuary in South Texas, USA. 
Estuaries and Coasts, 34(1), 187–197. https://​doi.​org/​10.​1007/​
s12237-​010-​9338-6

Powell, E. N., Morson, J. M., Ashton-Alcox, K. A., & Kim, Y. (2013). 
Accommodation of the sex-ratio in Eastern oysters Crassostrea 
virginica to variation in growth and mortality across the estuarine 
salinity gradient. Journal of the Marine Biological Association 
of the United Kingdom, 93(2), 533–555. https://​doi.​org/​10.​1017/​
S0025​31541​20002​15

Powell, G. L., Matsumoto, J., & Brock, D. A. (2002). Methods for 
determining minimum freshwater inflow needs of Texas bays 
and estuaries. Estuaries, 25(6), 1262–1274. https://​doi.​org/​10.​
1007/​BF026​92223

Page 15 of 17 6

https://doi.org/10.1016/j.ecss.2022.108107
https://doi.org/10.1016/j.ecss.2022.108107
https://doi.org/10.2983/035.036.0320
https://doi.org/10.2983/035.036.0320
https://doi.org/10.2983/035.036.0318
https://doi.org/10.1093/conphys/coab065
https://doi.org/10.1111/rec.13225
https://doi.org/10.1016/j.ecss.2019.106267
https://doi.org/10.1007/BF02692228
https://doi.org/10.1007/BF02692228
https://doi.org/10.1016/j.aquabot.2016.07.007
https://doi.org/10.2983/035.036.0206
https://doi.org/10.1128/AEM.64.4.1459-1465.1998
https://doi.org/10.1016/j.ecss.2013.10.011
https://doi.org/10.1016/j.ecss.2013.10.011
https://www.fisheries.noaa.gov/inport/item/39291
https://www.fisheries.noaa.gov/inport/item/39291
https://doi.org/10.1007/s12237-019-00593-3
https://doi.org/10.1016/j.scitotenv.2020.141373
https://doi.org/10.1016/j.scitotenv.2020.141373
https://doi.org/10.1126/sciadv.abc6434
https://doi.org/10.2983/035.032.0311
https://doi.org/10.2983/035.032.0311
https://doi.org/10.1111/eva.13212
https://doi.org/10.1111/eva.13212
https://doi.org/10.3354/meps13395
https://doi.org/10.5066/P9MQLNL2
https://doi.org/10.3354/meps/3661
https://doi.org/10.2112/SI54-005.1
https://doi.org/10.1007/s12237-010-9338-6
https://doi.org/10.1007/s12237-010-9338-6
https://doi.org/10.1017/S0025315412000215
https://doi.org/10.1017/S0025315412000215
https://doi.org/10.1007/BF02692223
https://doi.org/10.1007/BF02692223


Estuaries and Coasts (2025) 49:6 

Powers, S. P., Grabowski, J. H., Roman, H., Geggel, A., Rouhani, S., 
Oehrig, J., & Baker, M. (2017). Consequences of large-scale 
salinity alteration during the Deepwater Horizon oil spill on 
subtidal oyster populations. Marine Ecology Progress Series, 
576, 175–187. https://​doi.​org/​10.​3354/​meps1​2147

Pruett, J. L., Pandelides, A. F., Keylon, J., Willett, K. L., Otts, S. 
S., & Gochfeld, D. J. (2022). Life-stage-dependent effects of 
multiple flood-associated stressors on a coastal foundational 
species. Ecosphere, 13(12), Article e4343. https://​doi.​org/​10.​
1002/​ecs2.​4343

Puckett, B. J., Theuerkauf, S. J., Eggleston, D. B., Guajardo, R., 
Hardy, C., Gao, J., & Luettich, R. A. (2018). Integrating larval 
dispersal, permitting, and logistical factors within a validated 
habitat suitability index for oyster restoration. Frontiers in 
Marine Science, 5, 76. https://​doi.​org/​10.​3389/​fmars.​2018.​
00076

Reustle, J. W., & Smee, D. L. (2020). Turbidity and salinity influence 
trophic cascades on oyster reefs through modification of sensory 
performance and facilitation of different predator types. Marine 
Ecology Progress Series, 639, 127–136. https://​doi.​org/​10.​3354/​
meps1​3283

Rezek, R. J., Furman, B. T., Jung, R. P., Hall, M. O., & Bell, S. S. 
(2019). Long-term performance of seagrass restoration projects 
in Florida, USA. Scientific Reports, 9, 15514. https://​doi.​org/​10.​
1038/​s41598-​019-​51856-9

Richardson, M. A., Zhang, Y., Connolly, R. M., Gillies, C. L., & 
McDougall, C. (2022). Some like it hot: The ecology, ecosys-
tem benefits and restoration potential of oyster reefs in tropical 
waters. Frontiers in Marine Science, 9, Article 873768. https://​
doi.​org/​10.​3389/​fmars.​2022.​873768

Ridge, J. T., Rodriguez, A. B., & Fodrie, F. J. (2017). Evidence of 
exceptional oyster-reef resilience to fluctuations in sea level. 
Ecology and Evolution, 7(23), 10409–10420. https://​doi.​org/​10.​
1002/​ece3.​3473

Rybovich, M., La Peyre, M. K., Hall, S. G., & La Peyre, J. F. (2016). 
Increased temperatures combined with lowered salinities differ-
entially impact oyster size class growth and mortality. Journal 
of Shellfish Research, 35(1), 101–113. https://​doi.​org/​10.​2983/​
035.​035.​0112

Sandoval-Gil, J. M., Ruiz, J. M., & Marín-Guirao, L. (2023). Advances 
in understanding multilevel responses of seagrasses to hyper-
salinity. Marine Environmental Research, 183, Article 105809. 
https://​doi.​org/​10.​1016/j.​maren​vres.​2022.​105809

Santos, R. O., & Lirman, D. (2012). Using Habitat Suitability Models 
to Predict Changes in Seagrass Distribution Caused by Water 
Management practices. Canadian Journal of Fisheries and 
Aquatic Sciences, 69(8), 1380–1388. https://​doi.​org/​10.​1139/​
f2012-​018

Seavey, J. R., Pine, W. E., III., Frederick, P., Sturmer, L., & Berrigan, 
M. (2011). Decadal changes in oyster reefs in the Big Bend of 
Florida’s Gulf Coast. Ecosphere, 2(10), Article art114. https://​
doi.​org/​10.​1890/​ES11-​00205.1

Sehlinger, T., Lowe, M. R., La Peyre, M. K., & Soniat, T. M. (2019). 
Differential effects of temperature and salinity on growth and 
mortality of oysters (Crassostrea virginica) in Barataria Bay and 
Breton Sound, Louisiana. Journal of Shellfish Research, 38(2), 
317–326. https://​doi.​org/​10.​2983/​035.​038.​0212

Sheaves, M. (2009). Consequences of ecological connectivity: The 
coastal ecosystem mosaic. Marine Ecology Progress Series, 391, 
107–115. https://​doi.​org/​10.​3354/​meps0​8121

Short, F., Carruthers, T., Dennison, W., & Waycott, M. (2007). Global 
seagrass distribution and diversity: A bioregional model. Journal 
of Experimental Marine Biology and Ecology, 350(1–2), 3–20. 
https://​doi.​org/​10.​1016/j.​jembe.​2007.​06.​012

Smith, H.M. 1896. Notes on Biscayne Bay Florida, with reference to 
its adaptability as the site of a marine hatching and experiment 
station. Report of the Commissioner for the year ending June 20, 
1985. United States Commission of Fish and Fisheries, Govern-
ment Printing Office, Washington, D.C. https://​penbay.​org/​cof/​
COF_​1895_7.​pdf

Smith, R. S., & Castorani, M. C. N. (2023). Meta-analysis reveals 
drivers of restoration success for oysters and reef community. 
Ecological Applications, 33(5), Article e2865. https://​doi.​org/​
10.​1002/​eap.​2865

Smith, R.S., and J.L. Pruett. 2024. Oyster Restoration to Recover 
Ecosystem Services. Annual Review of Marine Science, 17. 
https://​doi.​org/​10.​1146/​annur​ev-​marine-​040423-​023007

Spalding, M. D., Fox, H. E., Allen, G. R., Davidson, N., Ferdaña, 
Z. A., Finlayson, M., Halpern, B. S., Jorge, M. A., Lombana, 
A., Lourie, S. A., Martin, K. D., McManus, E., Molnar, J., 
Recchia, C. A., & Robertson, J. (2007). Marine ecoregions 
of the world: A bioregionalization of coastal and shelf areas. 
BioScience, 57(7), 573–583. https://​doi.​org/​10.​1641/​B5707​07

Stewart-Oaten, A., & Bence, J. R. (2001). Temporal and spatial vari-
ation in environmental impact assessment. Ecological Mono-
graphs, 71, 305–339. https://​doi.​org/​10.​1890/​0012-​9615

Strazisar, T., Koch, M. S., & Madden, C. J. (2015). Seagrass (Rup-
pia maritima L.) life history transitions in response to salinity 
dynamics along the Everglades-Florida Bay ecotone. Estu-
aries and Coasts, 38(1), 337–352. https://​doi.​org/​10.​1007/​
s12237-​014-​9807-4

Swam, L. M., Couvillion, B., Callam, B., La Peyre, J. F., & La Peyre, 
M. K. (2022a). Defining oyster resource zones across coastal 
Louisiana for restoration and aquaculture. Ocean & Coastal 
Management, 225, Article 106178. https://​doi.​org/​10.​1016/j.​
oceco​aman.​2022.​106178

Swam, L. M., La Peyre, M. K., Callam, B. R., & La Peyre, J. F. 
(2022b). Local populations of Eastern oyster from Louisiana 
differ in low-salinity tolerance. North American Journal of 
Aquaculture, 84(3), 381–391. https://​doi.​org/​10.​1002/​naaq.​
10248

Theuerkauf, S., J., D.B. Eggleston, B.J. Puckett. 2019. Integrating 
ecosystem services considerations within a GIS-based, habi-
tat suitability index for oyster restoration. PloS ONE, 14(1): 
e0210936. https://​doi.​org/​10.​1371/​journ​al.​pone.​02109​36.

Tice-Lewis, M., Zhang, Y. S., Redding, S. G., Lindquist, N. L., Rod-
riguez, A. B., Fieseler, C. M., Walker, Q. A., & Fodrie, F. J. 
(2022). Coastal squeeze on temperate reefs: Long-term shifts 
in salinity, water quality, and oyster-associated communities. 
Ecological Applications, 32(5), Article e2609. https://​doi.​org/​
10.​1002/​eap.​2609

Tomasko, D. A., & Hall, M. O. (1999). Productivity and biomass of 
the seagrass Thalassia testudinum along a gradient of fresh-
water influence in Charlotte Harbor, Florida. Estuaries, 22(3), 
592–602. https://​doi.​org/​10.​2307/​13530​47

Touchette, B. W. (2007). Seagrass-salinity interactions: Physiologi-
cal mechanisms used by submersed marine angiosperms for a 
life at sea. Journal of Experimental Marine Biology and Ecol-
ogy, 350, 194–215. https://​doi.​org/​10.​1016/j.​jembe.​2007.​05.​
037

United States Geological Survey [USGS]. (n.d.) Compiled national list 
of species of greatest conservation need. https://​www1.​usgs.​gov/​
csas/​swap/​natio​nal_​list.​html. Accessed 19 Feb 2024.

Voigt, E., & Eggleston, D. (2022). Spatial variation in nursery habitat 
use by juvenile blue crabs in a shallow, wind-driven estuary. 
Estuaries and Coasts, 46(2), 525–540. https://​doi.​org/​10.​1007/​
s12237-​022-​01143-0

Volety, A. K. (2008). Effects of salinity, heavy metals and pesticides on 
health and physiology of oysters in the Caloosahatchee Estuary, 

6 Page 16 of 17

https://doi.org/10.3354/meps12147
https://doi.org/10.1002/ecs2.4343
https://doi.org/10.1002/ecs2.4343
https://doi.org/10.3389/fmars.2018.00076
https://doi.org/10.3389/fmars.2018.00076
https://doi.org/10.3354/meps13283
https://doi.org/10.3354/meps13283
https://doi.org/10.1038/s41598-019-51856-9
https://doi.org/10.1038/s41598-019-51856-9
https://doi.org/10.3389/fmars.2022.873768
https://doi.org/10.3389/fmars.2022.873768
https://doi.org/10.1002/ece3.3473
https://doi.org/10.1002/ece3.3473
https://doi.org/10.2983/035.035.0112
https://doi.org/10.2983/035.035.0112
https://doi.org/10.1016/j.marenvres.2022.105809
https://doi.org/10.1139/f2012-018
https://doi.org/10.1139/f2012-018
https://doi.org/10.1890/ES11-00205.1
https://doi.org/10.1890/ES11-00205.1
https://doi.org/10.2983/035.038.0212
https://doi.org/10.3354/meps08121
https://doi.org/10.1016/j.jembe.2007.06.012
https://penbay.org/cof/COF_1895_7.pdf
https://penbay.org/cof/COF_1895_7.pdf
https://doi.org/10.1002/eap.2865
https://doi.org/10.1002/eap.2865
https://doi.org/10.1146/annurev-marine-040423-023007
https://doi.org/10.1641/B570707
https://doi.org/10.1890/0012-9615
https://doi.org/10.1007/s12237-014-9807-4
https://doi.org/10.1007/s12237-014-9807-4
https://doi.org/10.1016/j.ocecoaman.2022.106178
https://doi.org/10.1016/j.ocecoaman.2022.106178
https://doi.org/10.1002/naaq.10248
https://doi.org/10.1002/naaq.10248
https://doi.org/10.1371/journal.pone.0210936
https://doi.org/10.1002/eap.2609
https://doi.org/10.1002/eap.2609
https://doi.org/10.2307/1353047
https://doi.org/10.1016/j.jembe.2007.05.037
https://doi.org/10.1016/j.jembe.2007.05.037
https://www1.usgs.gov/csas/swap/national_list.html
https://www1.usgs.gov/csas/swap/national_list.html
https://doi.org/10.1007/s12237-022-01143-0
https://doi.org/10.1007/s12237-022-01143-0


Estuaries and Coasts (2025) 49:6 

Florida. Ecotoxicology, 17(7), 579–590. https://​doi.​org/​10.​1007/​
s10646-​008-​0242-9

Wachnicka, A.N.N.A. and Wingard, L.Y.N.N., 2017. A Multi-Proxy 
Study of Environmental Change and Ecological Regime Shifts 
in Florida Bay and Biscayne Bay, Florida (USA) Over the Last~ 
100–1000 Years. Final Report to the Department of Interior US 
Geological Survey: 47.

Wadsworth, P., Casas, S., La Peyre, J., & Walton, W. (2019). Elevated 
mortalities of triploid eastern oysters cultured off-bottom in 
Northern Gulf of Mexico. Aquaculture, 505, 363–373. https://​
doi.​org/​10.​1016/j.​aquac​ulture.​2019.​02.​068

Ward, M., & Beheshti, K. (2023). Lessons learned from over thirty 
years of eelgrass restoration on the US West Coast. Ecosphere, 
14(8), e4642. https://​doi.​org/​10.​1002/​ecs2.​4642

Waycott, M., Duarte, C. M., Carruthers, T. J. B., Orth, R. J., Dennison, 
W. C., Olyarnik, S., Calladine, A., Fourqurean, J. W., Heck, K. 
L., Jr., Hughes, A. R., & Kendrick, G. A. (2009). Accelerating 
loss of seagrasses across the globe threatens coastal ecosystems. 
Proceedings of the National Academy of Sciences, 106(30), 
12377–12381. https://​doi.​org/​10.​1073/​pnas.​09056​20106

Wilson, S. S., & Dunton, K. (2018). Hypersalinity during regional 
drought drives mass mortality of the seagrass Syringodium 

filiforme in a subtropical lagoon. Estuaries and Coasts, 41, 
855–865. https://​doi.​org/​10.​1007/​s12237-​017-​0319-x

Wilson-Ormond, E. A., Powell, E. N., & Ray, S. M. (1997). Short-term 
and small-scale variation in food availability to natural oyster 
populations: Food, flow and flux. Marine Ecology, 18(1), 1–34. 
https://​doi.​org/​10.​1111/j.​1439-​0485.​1997.​tb004​24.x

Wingard, G. L., Cronin, T. M., Holmes, C. W., Willard, D. A., Dwyer, G., 
Ishman, S. E., Orem, W., Williams, C. P., Albietz, J., Bernhardt, 
C. E., & Budet, C. A. (2004). Ecosystem history of southern and 
central Biscayne Bay: Summary report on sediment core analyses–
Year two. US Geological Survey Open File Report, 2004, 1312.

Yurek, S., Allen, M., Eaton, M. J., Chagaris, D., Reaver, N., Martin, J., 
Frederick, P., & Dehaven, M. (2023). Quantifying uncertainty in 
coastal salinity regime for biological application using quantile 
regression. Ecosphere, 14(4), Article e4488. https://​doi.​org/​10.​
1002/​ecs2.​4488

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Page 17 of 17 6

https://doi.org/10.1007/s10646-008-0242-9
https://doi.org/10.1007/s10646-008-0242-9
https://doi.org/10.1016/j.aquaculture.2019.02.068
https://doi.org/10.1016/j.aquaculture.2019.02.068
https://doi.org/10.1002/ecs2.4642
https://doi.org/10.1073/pnas.0905620106
https://doi.org/10.1007/s12237-017-0319-x
https://doi.org/10.1111/j.1439-0485.1997.tb00424.x
https://doi.org/10.1002/ecs2.4488
https://doi.org/10.1002/ecs2.4488

	Synthesis of Observed Field Salinity Ranges for Oyster and Seagrass Species in the U.S.
	Abstract
	Introduction
	Methods
	Selection of Species
	Literature Search
	Synthesizing Literature

	Results
	Summary of Reviewed Studies
	Crassostrea virginica
	Ostrea lurida
	Thalassia testudinum
	Halodule wrightii
	Syringodium filiforme
	Ruppia maritima
	Zostera marina


	Discussion
	Conclusions
	References


