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ABSTRACT: Data on nutrient contents of 27 seagrass species at 30 locations were compiled from the
literature. Mean (* SE) concentrations of carbon, nitrogen and phosphorus in seagrass leaves were 33.6
+ 0.31,1.92 £ 0.05, and 0.23 * 0.011 % dry wt, respectively. The median C:N:P ratio was 474:24:1,
which represents a C:P ratio more than 4 times, and a N:P ratio more than 1.5 times that of oceanic
seston. These ratios are, however, less than those previously reported for marine macrophytes
(550:30:1) by Atkinson & Smith (1984). Nitrogen and phosphorus variability within species was large,
but carbon contents exhibited little variability. Accordingly, carbon:nutrient (N and P) ratios were
inversely related to changes in nutrient content, and the rate of change in C:N and C:P ratios with
increasing nitrogen or phosphorus content in plant tissues should shift from high to small as nutrient
supply meets the plant's demands. The median nitrogen and phosphorus contents reported here (1.8 %
N and 0.20 % P as % DW) correctly discriminated between seagrass stands that did or did not respond to
nutrient enrichment, thus offering a useful reference for comparisons of seagrass nutrient contents.
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INTRODUCTION

The importance of nutrient limitation as a constraint
to seagrass growth is still subject of controversy (e.q.
Patriquin 1972, Short 1987, Zimmerman et al. 1987%)
because few direct growth experiments are available.
Attempts to infer nutrient limitation from nutrient con-
centrations in plant tissues (cf. Atkinson & Smith 1984,
Short 1987) have also failed to vyield conclusive
generalities because (1) the data examined were few,
and (2) the nutritional content of the plants must be
compared against values indicative of nutrient-
balanced growth, which are as yet unknown for sea-
grasses. Thus, Atkinson & Smith (1984) observed N:P
and C:P ratios in seagrass tissues well above the Red-
field value for oceanic seston, but could not conclude
whether this reflected intrinsic differences in the struc-
ture of seagrasses or widespread nutrient (phosphorus)
limitation for the species examined. However, new
data on seagrass nutrient contents have become avail-
able since a broad comparison was first attempted
(Atkinson & Smith 1984), so that a reassessment of
seagrass nutrient contents may partially palliate the
weaknesses of earlier efforts.
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Here 1 compare the nutrient contents (and their
ratios) in leaves of seagrass, representing a broad com-
pilation (27 species collected from 30 locations) of
available data in order to: (1) establish the ranges and
variability of carbon, phosphorus, and nitrogen con-
tents possible for seagrasses; (2) identify the extent of
within-species and among-species variability in sea-
grass nutrient content; and (3) examine patterns in
changes in nutrient content and nutrient ratios among
seagrasses.

METHODS

Data on carbon, nitrogen, and phosphorus concen-
trations in leaves of seagrass communities distributed
worldwide were collected from the available literature
(Table 1). Nutrient concentrations were converted,
when necessary, to nutrient weight as percent of leaf
dry weight and nutrient ratios to atomic ratios, which
are the units more commonly used in the literature.
Most determinations of carbon concentrations of sea-
grass leaves were obtained by oxidation using CHN
analyzers; determinations of nitrogen concentrations,
by using the Kjeldahl technique or CHN analyzers;
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Table 1. Sources of data on seagrass nutrient contents. Asterisks indicate sources of data on seagrass responses to nutrient

Cymodocea serrulata

Enhalus acoroides

Halodule uninervis

Halodule wrightii
Halophila decipiens
Halophila hawaiiana
Halophila ovalis

Halophila spinulosa
Halophila stipulacea
Heterozostera tasmanica

Phyllospadix scouleri
Posidonia australis

Posidonia oceanica

Posidonia ostenfeldia
Posidonia sinuosa

Ruppia maritima
Syringodium filiforme
Syringodium Isoetifolium

Thalassia hemprichii
Thalassia testudinum

Zoltera noltii
Zostera capricornii

Zostera marina

N Queensland
N Queensland
SE Queensland
N Queensland, Palau
N Queensland
N Queensland
N Queensland
Red Sea
Florida

N Queensland
Hawaii

W Australia

N Queensland
N Queensland
N Queensland
Red Sea
Victoria
California

W Australia
W Australia

S Australia

E France

Ttaly

NE Spain
Corsica

W Australia
W Australia
‘W Australia
Virginia

NE Spain

NE Spain
Bahamas

N Queensland
N Queensland
Florida
Florida
Florida
Florida

Virgin 1.
Bimini
Barbados

Italy

SE Queensland
N Queensland
N Queensland
NE USA
Rhode Island
Netherlands
Netherlands
Japan

Japan
Virginia
Alaska

New Hampshire
N Carolina

enrichments
Species Location Sources
Amphibolis antarctica W Australia Walker & McComb (1988)
Amphibolis griffithii W Australia Atkinson & Smith (1984)
Cymodocea nodosa Corsica Atkinson & Smith (1984)
[taly Pirc & Wollenweber (1988)
NE Spain Delgado (1986)
NE Spain Perez (1989)
NE Spain Perez et al. (1990)°

Atkinson & Smith (1984)
Birch (1975)

Boon (1986)

Atkinson & Smith (1984)
Birch (1975)

Atkinson & Smith (1984)
Birch (1975)

Wahbeh (1988)

Powell et al. (1989)"

Birch (1975)

Atkinson & Smith (1984)
Atkinson & Smith (1984)
Birch (1975)

Atkinson & Smith (1984)
Birch (1975)

Wahbeh (1988)

Bulthuis & Woelkerling (1981)"
Atkinson & Smith (1984)
Walker & McComb (1988)
Hocking et al. (1981)
Augier et al. (1982)

Augier et al. (1982)

Pirc & Wollenweber (1988)
Delgado (1986)

Atkinson & Smith (1984)
Atkinson & Smith (1984)
Hocking et al. (1981)
Atkinson & Smith (1984)
Atkinson & Smith (1984)
Perez (1989)

Delgado (1986)

Short et al. (1985)

Birch (1975)

Atkinson & Smith (1984)
Powell et al. (1989)"
Kenworthy & Thayer (1984)
Knauer & Ayers (1977)
Rublee & Roman (1982)
Zieman et al. (1984)
Capone et al. (1979)
Patriquin (1972)

Pirc & Wollenweber (1988)
Boon (1986}

Atkinson & Smith (1984)
Birch (1975)

Atkinson & Smith (1984)
Harlin & Thorne-Miller (1981)°
Pellikaan (1982)

Pellikaan & Nienhuis (1988)
Umebayashi (1989)
Umebayashi & Sasaki (1985)
Kenworthy & Thayer (1984)
Short (1983)

Short (1987)"

Thayer et al. (1977)
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most determinations of phosphorus concentrations
used a molybdate procedure following persulfate
digestion.

RESULTS AND DISCUSSION

Average (* SE) nutrient concentrations (as % DW)
were 33.6 £ 0.31 carbon, 1.92 = 0.05 nitrogen, and
0.23 £ 0.011 phosphorus, with considerable variation
around these average values {Fig. 1). The shape of the
distribution of values of seagrass carbon contents was
approximately normal (Fig. 1), whereas the distribu-
tions of nitrogen and phosphorus contentes were posi-
tively skewed (Fig. 1), indicating that nutrient contents
were low in most stands examined, whereas a few
stands had very high nutrient contents. The distribu-
tions of nitrogen and phosphorus contents suggested
the existence of a lower limit to the nutrient content for
seagrass survival, since values below 1.0% N and
0.1% P of plant dry weight were rare (Fig. 1).
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Fig.1. Frequency distribution of carbon, nitrogen, and phos-
phorus contents of seagrass leaves

Because of their skewed distributions (Fig. 1), the
average nitrogen and phosphorus contents are not
appropriate descriptors of the central tendencies,
which are represented better by their median values,
which were 1.82 % DW for nitrogen and 0.20 % DW for
phosphorus. These values translate to a median C:N:P
ratio of 474:24:1, representing C:P and C:N ratios
lower than those previously reported for marine mac-
rophytes (550 and 30, respectively; Atkinson & Smith
1984) but considerably greater than those for oceanic
seston (106 and 16, respectively; Redfield et al. 1963).

Variability in the carbon content of seagrass leaves
(coefficient of variation, CV = 13 %) was much less
than that in nitrogen (CV = 40 %) or phosphorus (CV =
57 %) contents, probably because most of the carbon
content of seagrass leaves represents, as suggested by
Atkinson & Smith (1984}, structural components, rela-
tively unaffected by the nutritional status of the plants.
The lower variability in seagrass carbon, compared to
nitrogen and phosphorus contents also suggests that
carbon-limited seagrass growth is, because of high
carbon availability in seawater, rare, whereas nitrogen
(Short 1987) and phosphorus (Short et al. 1985, Powell
et al. 1989, Perez et al. 1990) limitations have been
often reported.

Variability in nutrient contents results from differ-
ences both within and among species (Figs. 2 to 4).
However, the importance of differences in nutrient
content due to intrinsic differences among species
appears small compared to within-species variability,
because the range of values exhibited by some species
(notably Zostera marina; Figs. 2 to 4) is similar to the
total range. Further, species with the broadest range of
nutrient contents are those for which more measure-
ments were available, suggesting that the range for
species with (apparent) smaller variability may be simi-
larly large if additional measurements were available.
Since the data set represents the data available, and
not a random sample of seagrass nutrient contents, the
nutrient contents reported (Figs. 2 to 4) reflect the
nutritional conditions where the plants were collected,
and do not necessarily represent those expected under
nutrient-balanced growth.

Because seagrass nitrogen and phosphorus contents
were more variable than carbon content, the variability
in carbon:nutrient ratios should be dominated by var-
iance in nitrogen and phosphorus, and carbon:nutrient
ratios should be proportional to the inverse of the
nutrient content in the tissues (Fig. 5). However, the
relationship between carbon:nutrient ratio and tissue
nutrient content departed significantly from the inverse
relationship (i.e. carbon:nutrient = nutrient!) expected
if carbon content were conservative (slopejog c/n - log N =
—0.84 £ 0.023 SE; slopejog c/p - 1og p = —0.88 = 0.018
SE; H,: slope = —1, t-test, p < 0.01). The reason for this
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Fig. 2. Carbon contents of the leaves of different seagrass

species. Numbers on the right indicate number of measure-

ments; horizontal bars span the entire range of values
observed. Vertical arrow: average value

difference is that seagrass carbon content declines
at very low nitrogen (< 1.2 % DW) and phosphorus
(< 0.13 % DW) contents.

Scaling of seagrass nitrogen or phosphorus content to
carbon content provides further insight into seagrass
responses to increased nutrient availability. Plants that
are strongly nitrogen (or phosphorus) limited should
have tissues depleted in nitrogen (or phosphorus) rela-
tive to their carbon content, and should, therefore,
show high C:N (or C:P) ratios (Fig.5). As nutrient
availability increases to meet the plant’s demands,
their tissues should become progressively enriched in
nitrogen and phosphorus relative to the carbon content,
implying decreasing C:N and C:P ratios (Fig. 5). Thus,
the rate of change in C:N and C:P ratios with increas-
ing nitrogen or phosphorus content in plant tissues
should shift from high to low as nutrient supply meets
the plant's demand, high rates, therefore, indicating
nutrient limitation. Indeed, carbon:nitrogen ratios
decreased rapidly as leaf nitrogen increased from the
minimum observed (0.56 % DW) to a concentration
close to the median value observed (ca 1.8 % DW), and
decreased slowly as nitrogen concentration increased
to about 3.0 % DW (Fig.5). Similarly, C:P ratios
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Fig. 3. Nitrogen contents of the leaves of different seagrass

species. Numbers on the right indicate number of measure-

ments; horizontal bars span the entire range of values
observed. Vertical arrow: median value
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Fig. 4. Phosphorus contents of the leaves of different seagrass

species. Numbers on the right indicate number of measure-

ments; horizontal bars span the entire range of values
observed. Vertical arrow: median value
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Fig. 5. Relationship between carbon:nitrogen (C:N) and car-
bon:phosphorus (C:P) ratios of seagrass leaves and their nitro-
gen and phosphorus contents
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Fig. 6. Seagrass responses, expressed

decreased rapidly as phosphorus concentrations
increased to values about the median observed (0.20 %
DW), and decreased slowly as phosphorus concen-
tration increased to about 0.40 % DW (Fig. 5).
Moreover, the C:N and C:P ratios at which carbon:nut-
rient ratios appeared stable against further increments
in nutrient content were about 12 and 200, respectively
(Fig. 5). These values are still higher, but not very much
so, than the Redfield ratio for oceanic seston, which is
also characteristic of nutrient-balanced growth (Gold-
man et al. 1979).

The median nutrient contents obtained here may
provide a reference to compare data collected in the
future. This comparison, however, would only be
meaningful if departure from these median values sug-
gested what the nutritional status of the plants might
be. Although rigorous evaluation of this possibility
requires extensive experimental tests, some indication
of its potential merits can be obtained by comparing
seagrass response to nutrient enrichment relative to the
median nutrient contents reported here. This compari-
son showed that plants with nutrient contents below
the median levels found here (< 1.8 % N and < 0.20 %
P as % DW) were strongly nutrient-limited, as demon-
strated by significant increases in tissue nutrient con-
tent of enriched plants (Fig. 6). In contrast, the response
of plants with nutrient contents similar or greater to the
median values was small and statistically not signifi-
cant (Fig. 6). Identification of critical nutrient contents
(cf. Gerloff & Krombholz 1966) for seagrass growth
requires, however, extensive experimental work, for
they are likely to vary among species and with changes
in growth conditions.

In summary, the results presented here confirm, on
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the basis of a much broader compilation of data, the
conclusion of Atkinson & Smith (1984) that C:N:P ratios
for seagrasses are, even for very high nutrient avail-
ability (as reflected in high nutrient contents), greater
than those for oceanic seston, and support their
hypothesis that this difference is likely to reflect the
greater contribution of structural components to sea-
grass carbon. Because seagrass carbon shows little
variation, changes in carbon:nutrient (N and P) ratios
are inversely related to changes in nutrient content,
and the rate of change in C:N and C:P ratios with
increasing nitrogen or phosphorus content in plant
tissues should shift from high to small as nutrient sup-
ply meets the plant's demands (Fig. 5). The median
nitrogen and phosphorus contents reported here (1.8 %
N and 0.20 % P as % DW) correctly discriminated
between seagrass stands that did or did not respond to
nutrient enrichment (Fig. 6). In the absence of informa-
tion on critical nutrient levels for seagrass growth,
these median values may be used to derive predictions
on the likelihood of nutrient limitation of seagrass
stands upon examination of their nutrient content.
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