
Table 4. Literature Compilation of Empirical Relationships between Abundance of Seagrass and Predictor Variables Related to Eutrophication

Dependent Variable U.S. Native 
Species? Independent Variable Regression Equation Summary Data Location (Depth: D=Deep, 

S=Shallow) Notes Source

Seagrass biomass ‘attenuation’, Kbio (m
-1) N/A Attenuation coeff., K(m-1) log Kbio = 0.19 + 1.4 log K(m-1) R2 = 0.91*** 

N = 9 Across continents (D) Adapted from Krause-Jensen et al. 2008 Duarte 1991

SAV-presence/absence N/A DIN, DIP, Susp. solids, Chl a No regression data No info. Chesapeake Bay, USA (S) Adapted from Krause-Jensen et al. 2008 Dennison et al. 1993

Seagrass areal blade biomass, ABB 
(gdw m-2) N/A N-load (kg N day-1) ABB = 336.15(N-load)-0.342 R2 = 0.584*** Sarasota Bay, FL, USA (S) Adapted from Krause-Jensen et al. 2008  Tomasko et al. 1996

Seagrass areal blade prod. ABP (gdw 
m-2 day-1) N/A N-load (kg N day-1) ABP = 11.35(N-load)-0.371 R2 = 0.536*** Sarasota Bay, FL, USA (S) Adapted from Krause-Jensen et al. 2008  Tomasko et al. 1996

Seagrass community leaf biomass N/A Sediment silt and clay (%) Non-linear threshold relation R = -0.35* Philippines, Thailand (D, < 3m) Adapted from Krause-Jensen et al. 2008  Terrados et al. 1998

Zostera marina biomass B (g m-2) Yes N-load (Kg N year-1) Negative trend, no regression data R2 = 0.59*** Waquoit Bay, USA (S) Adapted from Krause-Jensen et al. 2008  Lyons et al. 1995

Z. marina biomass B (g DW m-2) Yes N-load (kg N ha-1 year-1) B = 94(10-0.029N-load) - 1 R2 = 0.82* 
N = 7 Waquoit Bay, USA (S) Adapted from Krause-Jensen et al. 2008  Hauxwell et al. 

2003

Z. marina density D (mean shoots m-2) Yes N-load (kg N ha-1 year-1) D = 647(10-0.040 N-load) - 1 R2 = 0.88* 
N = 7 Waquoit Bay, USA (S) Adapted from Krause-Jensen et al. 2008  Hauxwell et al. 

2003

Z. noltii biomass, BZ (g AFDW m-2) No

Photoperiod, Ph (min); residence 
time, WRT (h); NH4

 +, (mg L-1); org. 
matter, OM (%); 

Enteromorpha or Ulva biomass, 
BE or BU (g AFDW m-2)

log B = - 1.677 + 2.493(log Ph) - 3.16(log WRT) - 3.902(log 
NH4

+) + 1.593(log(OM) - 0.948(log BE) + 0.552(log BU)
R2 = 0.531*** 

d.f. = 139 Mondego estuary, Portugal (S) Adapted from Krause-Jensen et al. 2008  Silva-Santos et al. 
2006

Thalassia testudinum prod., P (g DW 
m-2 day-1) Yes Salinity, Sal (%); temperature, 

T (°C); subsurface irradiance, I (%)
P = - 2.151 + 0.045(Sal) + 0.070(T)(Sal)  

and I: positively correlated
R2 = 0.42** 

d.f. = 55 Charlotte Harbor, FL, USA (S) Adapted from Krause-Jensen et al. 2008  Tomasko and Hall 
1999

Dense vegetation (D) N/A

Photic depth 
Silt 
Clay 
Sand 
Chl a

Positive trend, no regression data 
Negative trend, no regression data 
Negative trend, no regression data 
Positive trend, no regression data 
Negative trend, no regression data

R2 = 0.16* 
R2 = 0.23** 
R2 = 0.34* 
R2 = 0.23* 
R2 = 0.25*

Gulf of Mexico (S) Adapted from Krause-Jensen et al. 2008 Livingston et al. 
1998

Log odds of observing N/A Light, PFD (% surface PFD) Lj(x) = aj - 0.047PFD + 0.062 x 1(PFD > 60) x (PFD - 60) + 1.218REId 
- 0.055S  

R2 = 0.20* 
N = 288 Denmark (S, 0–1 m) Adapted from Krause-Jensen et al. 2008 Krause-Jensen et 

al 2003

Z. marina at j(0%, ≤2%, ≤25%, ≤50%, 
≤75%) cover (Lj(x)) Yes exposure, REId; salinity, S

j(x) = aj - 0.081PFD + 0.108 x 1(PFD > 40) x (PFD - 40) + 1.485 REId   
Lj(x) = aj - 0.067 PFD + 1.727 REId - 0.085S   

Lj(x) = aj - 0.126 PFD + 0.198S - 1.168 x 1(depth< 6) 

R2 = 0.14* N = 148  
R2 = 0.20* N = 138 
 R2 = 0.38* N = 161

Denmark (S, 1–2 m) Denmark (D, 
2–4 m) Denmark (D, 4–8 m) Adapted from Krause-Jensen et al. 2008 Krause-Jensen et 

al 2003

SAV vs. plankton N/A Nutrient load No relationship found Non-significant 30 estuaries, across continents (S) Adapted from Krause-Jensen et al. 2008  Nixon et al. 2001

SAV vs. plankton N/A Nutrient load, conc., 
residence time, Chl, bathymetry A correlation matrix No info. 10 shallow bays, Baltic Proper (S) Adapted from Krause-Jensen et al. 2008 Dahlgren and 

Kautsky 2004

Epiphyte biomass N/A Z. marina biomass y =1.41x−0.002
r2 = 0.35; 

 p < 0.001;  
n = 332

Yaquina Bay, OR, USA (S)
Yaquina Bay, OR is a shallow estuary. Seagrass 
is exposed to air during low tide and covered 

during high tide. 
Nelson 2018

Z. marina Yes Nutrient load, predation, and 
grazing Not given Not given Chesapeake Bay, USA (S)

This study tested the effects of nutrient 
loading, reduced predation, and reduced 

grazing on eelgrass in the Chesapeake 
Bay. The results support the "mutualistic 

mesograzer model," in which invertebrate 
grazers control accumulation of epiphytic 
algae, buffer eutrophication, and increase 

seagrass biomass. Chemical deterrent 
reduced mesograzers 76%, increased 

epiphytic algae 590%, and reduced seagrass 
biomass 65%. 

Reynolds et al. 2014

Z. marina Yes Nutrient load, grazing Not given Not given 15 sites in the Northern Hemisphere 
where Z. marina is found (S)

An experiment to test the relative effects of 
nutrient pollution and reduced grazing was 
replicated at 15 sites worldwide (between 
0.5 and 3 m below mean low water level). 

The study found that removing grazers was 
more harmful to eelgrass than the addition 

of nutrients. 

Duffy et al. 2015



Dependent Variable U.S. Native 
Species? Independent Variable Regression Equation Summary Data Location (Depth: D=Deep, 

S=Shallow) Notes Source

Z. marina and Ulva rigida Z. marina: Yes 
U. rigida: No CO2 concentration Not given Not given Shinnecock Bay, NY, USA (S)

Mesocosm experiment using samples from 
Shinnecock Bay, NY showed that when Ulva 

and Z. marina are grown together under 
high CO2 concentrations, both species show 

increased growth rates but Ulva outcompetes 
Zostera. Additionally, the benefits of 

increased CO2 for Zostera are limited by the 
accumulation of organic C in surrounding 

sediments, which promotes sulfide toxicity. 

Young et al. 2017

Z. noltei No Ammonium and Ulva sp. Not given Not given Cadiz Bay Natural Park, Spain (S)

Mesocosm experiment tested the effects of 
ammonium and Ulva sp. on the growth of 
seagrass (Z. noltei). Found that moderate 

amounts of macro- and microalgae may help 
seagrasses by consuming excess ammonium 

from the water column. 

Moreno-Marin et 
al. 2015

C. cylindracea No Light availability Not given Not given Isla Grosa, Region of Murcia, 
Mediterranean (D)

Mesocosm and field experiments tested 
the role of light availability on the growth 
of C. cylindracea in P. oceanica meadows 

(11 m deep). The study found that low light 
conditions in addition to stress from other 

environmental factors increased grazing and 
mechanical conditions that may limit the 
invasion of the algae. Light requirements 
for algae were higher in the field than in 

the mesocosm study most likely because of 
additional stress from environmental factors 

in the field. 

Bernardeau-Esteller 
et al. 2015

Z. japonica Yes Sediment organic matter and 
nutrient content Not given Not given Intertidal Swan Lake, China (S)

Field experiment manipulated sediment 
organic matter and nutrient content to 
test the effects on Z. japonica. Found 

that both sediment nutrients and organic 
matter impacted plants. Consequentially, Z. 

japonica could be used as a fast indicator for 
ecosystem status. 

Han et al. 2017

Shoot density and epiphyte load N/A Ulva and Gracilariopsis abundance

Linear or slightly non-linear declines of shoot density and 
epiphyte load with increasing Ulva abundance 

Negative linear relationship between shoot density and 
Gracilariopsis abundance and a trend towards linear negative 

effects on epiphyte load

None given Bodega Bay, CA, USA (S)

Experiment in Bodega Harbor, CA to find 
the relationship between seagrass growth 

and macroalgae abundance. Found a linear 
relationship that might be generalizable. 

However, Bodega Bay may be free from some 
common stressors (e.g. nutrient loading) 

and have helpful feedbacks (e.g. feedbacks 
to stabilize sediment) that make it unique to 

other systems. 

Bittick et al. 2018

Growth of T. testudinum Yes Total Phosphorus, TP Growth = -0.5 + 0.23[TP] R2 = 0.91, p < 0.001 Gulf Coast of Peninsular Florida, USA 
(D and S)

The study found that TP affects leaf 
morphology and growth of T. Testudinum 

in this region. The seagrass showed 
morphological plasticity in its ability to adapt 

to low-light conditions and a range of nutrient 
concentrations. 

Barry et al. 2017

Strength of leaves N/A Degree of eutrophication Not given Not given Intertidal areas along the European 
coastline (S)

This study showed the influence of latitude 
and nutrient conditions on mechanical 

strength of Z. noltei in several intertidal areas 
along the European coastline. They concluded 

that leaves were stronger and stiffer in 
oligotrophic rather than eutrophic conditions, 

meaning that eutrophication leaves this 
species more vulnerable to physical forces. 

Soissons et al. 2018

Z. muelleri No Light, temperature, sediment, 
nutrients Not given Not given Meso-tidal estuarine lagoon 

Tauranga Harbor, New Zealand (S)

Z. muelleri was studied at four sites in the 
meso-tidal estuarine lagoon Tauranga Harbor, 

NZ. Differences in seagrass response to 
environmental conditions (light, temperature, 

sediment, nutrients) was measured. The 
results showed that Z. muelleri has a high 
level of morphological plasticity and can 

grown in a range of environments. 

Kohlmeier et al. 
2014



Dependent Variable U.S. Native 
Species? Independent Variable Regression Equation Summary Data Location (Depth: D=Deep, 

S=Shallow) Notes Source

Z. noltii No CO2 and nutrients Not given Not given Ria Formosa Lagoon, Portugal (S)

Mesocosm experiment with samples of Z. 
noltii from intertidal sites show ecosystem's 

response to CO2 and nutrient additions. 
The study found that CO2 benefits to leaf 
production were suppressed by epiphyte 
growth. The findings highlight complex 

responses of seagrass meadows to CO2 and 
nutrient additions. 

Martinez-Crego et 
al. 2014

Z. nigricaulis No Nitrogen Not given Not given Port Phillip Bay, Australia (S)

In situ experiment at 3 sites examined 
N-limitation for Z. nigricaulis. Concluded that 
seagrass was N-limited in regions dependent 
on catchment-derived N and regions where 

hydrodynamic processes limit and disperse N. 

Hirst and Jenkins 
2017

C. nodosa shoot density, aboveground 
biomass, and epiphyte biomass No Nutrient enrichment Not given Not given Cadiz Bay, Spain (S)

Study of seagrass, epiphytes, and benthic 
fauna's response to nutrient enrichment. 

Found that resistance to nutrient enrichment 
is density-dependent. Thus, degraded 

ecosystems might be more susceptible to 
nutrient loading.

Jimenez-Ramos et 
al. 2017

Gross production rate, leaf loss rate, net 
production, aboveground sucrose, etc.  N/A High temperature and nutrient 

enrichment Not given Not given Cadiz Bay, Spain (S)

Mesocosm study of C. nodosa (collected from 
sites 1–2 m deep) tested the effects of climate 
change impacts (increased temperature, NH4, 

CO2) on the carbon reserves of C. nodosa. 
Found that combined effects benefit the 

seagrass without harming its carbon reserves. 
So, the species might benefit from projected 

future climate change. 

Egea et al. 2018

Phyllospadix spp. Yes Nitrogen Not given Not given CA, WA, and OR, USA (S)

A study of Phyllospadix spp. collected from 
sites (0.5 m deep) along the coast of CA, WA, 
and OR showed that anthropogenic nutrient 

stress decreases plant abundance. Mesocosm 
and field experiments showed that nutrient 

additions inhibited growth and increased 
epiphyte cover for this seagrass which 
colonizes in rocky intertidal systems. 

Honig et al. 2017

Environmental variables N/A Plant performance Not given Not given Xincun Bay, South China (S)

Study of T. hemprichii in shallow sites in 
Xincun Bay was used to relate variables of 

seagrass growth to nutrient loading. Found 
that P-content, followed by epiphyte biomass, 

and N-content of leaf tissues are the best 
indicators of nutrient loading. 

Zhang et al. 2014b

C/N ratio of seagrass species N/A Eutrophication Not given Not given Swan Lake, Rongcheng Bay, and 
Sanggou Bay, China (S)

This study tested four seagrass species as 
indicators for nitrogen loading. The C/N 

ratio of each species was evaluated as an 
assessment index for each species. Z. marina 
might be a useful bioindicator of N-loading 

and could be used as an early warning 
indicator of eutrophication. 

Yang et al. 2018

Fast-(N and C contents) and slow- 
(morphology and structure) indicators 

of Z. marina
Yes Ulva pertusa loading and nutrient 

addition Not given Not given Swan Lake, China (S)

This field experiment tested the effects of 
macroalgae Ulva pertusa loading and nutrient 

addition on fast- (N and C contents) and 
slow- (morphology and structure) indicators 
of Z. marina. The study found that there is 
a rapid negative impact from macroalgae 

and nutrient loading and that physiological 
variables (e.g., C/N content) are good 

indicators of eutrophication. 

Han et al. 2016

Epiphyte biomass N/A % Light attenuation Temperate: y = 89.7(1 - e-0.6x) 
Subtropic: y = 65.1(1 - e0.59x) Not given Data from multiple studies used to 

create equations

This paper reviewed 36 studies and used their 
data to calculate threshold values for seagrass 

epiphyte loads. Relationships between 
epiphyte load and seagrass response as well 
as epiphyte load and light attenuation were 
calculated. Useful list of other sources and 

data from similar studies. 

Nelson 2017c



Dependent Variable U.S. Native 
Species? Independent Variable Regression Equation Summary Data Location (Depth: D=Deep, 

S=Shallow) Notes Source

P. oceanica leaf area index No Sulfide concentrations in leaves y = 0.52x - 32 R2 = 0.26
P < 0.05

Crete, Chania, Souda, Kouremenos, 
Gournes, and Elouda (D and S)

The mesocosm experiment used 
Mediterranean seagrasses from sites 4–21 

m deep to explore the relationship between 
seagrass growth and sulfide intrusion. 

There was a relationship between sulfide 
intrusion and below-ground biomass and root 

morphology. Additionally, the study found 
that species with smaller shoots are more 

susceptible to sulfur intrusion.

Apostolaki et al. 
2018

P. oceanica root biomass No Sulfide concentrations in roots y = 2.95x + 25.82 R2 = 0.34 
P < 0.05

Crete, Chania, Souda, Kouremenos, 
Gournes, and Elouda (D and S)

The mesocosm experiment used 
Mediterranean seagrasses from sites 4–21 

m deep to explore the relationship between 
seagrass growth and sulfide intrusion. 

There was a relationship between sulfide 
intrusion and below-ground biomass and root 

morphology. Additionally, the study found 
that species with smaller shoots are more 

susceptible to sulfur intrusion.

Apostolaki et al. 
2018

C. nodosa leaf area index No Sulfide concentrations in leaves y = 0.06x - 0.61 R2 = 0.32 
P < 0.05

Crete, Chania, Souda, Kouremenos, 
Gournes, and Elouda (D and S)

The mesocosm experiment used 
Mediterranean seagrasses from sites 4–21m 

deep to explore the relationship between 
seagrass growth and sulfide intrusion. 

There was a relationship between sulfide 
intrusion and below-ground biomass and root 

morphology. Additionally, the study found 
that species with smaller shoots are more 

susceptible to sulfur intrusion.

Apostolaki et al. 
2018

C. nodosa root biomass No Sulfide concentrations in roots y = 0.99x - 14.13 R2 = 0.47 
P < 0.01

Crete, Chania, Souda, Kouremenos, 
Gournes, and Elouda (D and S)

The mesocosm experiment used 
Mediterranean seagrasses from sites 4–21m 

deep to explore the relationship between 
seagrass growth and sulfide intrusion. 

There was a relationship between sulfide 
intrusion and below-ground biomass and root 

morphology. Additionally, the study found 
that species with smaller shoots are more 

susceptible to sulfur intrusion.

Apostolaki et al. 
2018

T. testudinum % cover, shoot density Yes Nutrient enrichment, jellyfish Not given Not given Abaco Island, Bahamas (S)

This study tested the effects of nutrient 
enrichment and the presence of jellyfish 

on seagrass communities. The study found 
that the presence of jellyfish reduced overall 
faunal density and that jellyfish deter grazers. 
Jellyfish had a negative impact on seagrasses 
through shading, inhibition of gas exchange, 

reduced DO due to respiration, space 
limitation, and bell pulsation, which disturbed 

shoots. Additionally, nutrient additions 
decreased seagrass biomass, and increased 

grazing frequency, but did not impact 
epiphyte loads. 

Stoner et al. 2014

T. testudinum and epiphytes Yes Nutrients and grazing Not given Not given Big Lagoon, FL, USA (S)

The effects of nutrients and grazing on 
epiphytes and seagrass were studied in Big 

Lagoon, FL. This study had mixed results and 
concluded that future studies should expand 

their spatial or temporal extent.

Mutchler and 
Hoffman 2017

Z. marina Yes Nutrients and grazing Not given Not given
Northern Atlantic Ocean, including 

Baltic Sea
(D and S)

This literature review of studies in North 
Atlantic coastal ecosystems found that top-
down effects are as important as nutrient 

enrichment for eutrophication. Additionally, 
the review concluded that ecosystem 

managers should consider improving stocks of 
predatory fish and reducing mesopredators to 

conserve seagrass habitats. 

Ostman et al. 2016



Dependent Variable U.S. Native 
Species? Independent Variable Regression Equation Summary Data Location (Depth: D=Deep, 

S=Shallow) Notes Source

Syringodium filiforme Yes
Physical Parameters, Water 

Column Nutrients, and Habitat 
Heterogeneity.

Not given Not given Great White Heron National Wildlife 
Refuge in Florida Keys, FL, USA (S)

This study produced models to evaluate the 
effects of physical parameters and water 
column nutrients on the percent cover of 
seagrass species within plots. They found 

that S. filiforme was strongly influenced by 
the other seagrass species, distance to Pine 

Channel, and mean lower low water (MLLW). 
Habitat heterogeneity also was found to 

influence the composition of seagrass 
communities.

Green et al. 2015

Thalassia testudinum Yes
Physical Parameters, Water 

Column Nutrients, and Habitat 
Heterogeneity.

Not given Not given Great White Heron National Wildlife 
Refuge in Florida Keys, FL, USA (S)

This study produced models to evaluate the 
effects of physical parameters and water 
column nutrients on the percent cover of 
seagrass species within plots. They found 

that the presence of other species, distance 
to nearest island, and time of exposure 
during diurnal low tides best explained 

the distribution of T. testudinum.Habitat 
heterogeneity also was found to influence the 

composition of seagrass communities.

Green et al. 2015

Halodule wrightii Yes
Physical Parameters, Water 

Column Nutrients, and Habitat 
Heterogeneity.

Not given Not given Great White Heron National Wildlife 
Refuge in Florida Keys, FL, USA (S)

This study produced models to evaluate the 
effects of physical parameters and water 
column nutrients on the percent cover of 
seagrass species within plots. They found 

that the presence of other species, distance 
to Pine Channel, exposure time, and mean 
lower low water (MLLW) with T. testudinum 

and S. filiforme exterted the greatest 
negative influences on H. wrightii. Habitat 

heterogeneity also was found to influence the 
composition of seagrass communities.

Green et al. 2015




