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Abstract Zostera marina is a cosmopolitan, temperate
seagrass species capable of both sexual and asexual (i.e.,
clonal) reproduction. Until recently, the importance of
sexual reproduction has been largely dismissed, and clon-
al growth has dominated our understanding of space ac-
quisition by Z. marina. This model of Z. marina growth
was developed in locations where reproductive effort falls
on the lower end of a wide range in sexual productivity.
This study assessed Z. marina seed production as a func-
tion of patch size in a landscape where sexual reproduc-
tion has played a significant role in meadow expansion.
Additionally, a landscape-scale analysis of seagrass prox-
imity was performed to determine whether relationships
between seed production and percent seagrass coverage
exist. Reproductive shoots were collected from 58
seagrass patches of four different size classes: 2.5, 5, 10,
and 20 m2 over a two-year period. Seeds were harvested,
enumerated, and scored for viability. Viable seed density
was significantly related to patch size, but no statistically
significant difference was found for non-viable seed

densities between patch sizes. Larger patches, with both
an edge and center region, were evaluated by region; no
difference was found between seed production at the edge
vs. center for these size classes. Finally, seed densities
were not positively correlated with the amount of proxi-
mate seagrass in the landscape. The results of this study
suggest that more explicit regional studies of sexual re-
production dynamics must be undertaken to fully under-
stand the complex reproductive ecology of this
angiosperm.
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Introduction

Seagrasses are clonal marine angiosperms, and although
they are capable of both sexual and asexual reproduction,
vegetative or clonal growth is thought to drive the lateral
spreading and internal meadow dynamics of most
seagrass species (Duarte et al. 1994; Duarte et al. 2006)
including Zostera marina (Renn 1937; Phillips et al.
1983). Conversely, the contribution of sexual recruitment
to meadow growth and persistence has been largely
dismissed, considered important only within annual pop-
ulations (Orth et al. 2000), those with persistent seed
banks (Fonseca et al. 2008), and in disturbed or barren
areas where competition with established genets is re-
duced (Orth and Moore 1986; Peterson et al. 2002; Lee
et al. 2007; Jarvis and Moore 2010). Recently, the
monoclonal-centric model of seagrass expansion has been
empirically challenged (Becheler et al. 2010; Zipperle
et al. 2011; Buckel et al. 2012; Peterson et al. 2013),
reinvigorating interest in the role of sexual recruitment
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in meadow development, recovery, and persistence
(Macreadie et al. 2014; Furman et al. 2015).

Like most angiosperms, sexual reproduction in seagrasses
occurs when male flowers pollinate female flowers; therefore,
one of the main factors influencing successful seed output is
pollen accessibility. Dioecious seagrasses can experience pollen
limitation due to inadequate male densities or great distances
separating female and male reproductive shoots (Shelton 2008;
Van Tussenbroek et al. 2010; Buckel et al. 2012). Similar con-
straints on pollination success and subsequent seed production
have been found for monoecious seagrasses (Harwell and
Rhode 2007), such as Z. marina. Because 103 to 104 pollen
grains may be necessary to fertilize just one Z. marina ovule
(Ackerman 2002), low densities of reproductive shoots may
severely limit pollination rates. After comparing seed develop-
ment between isolated patches and continuous meadows,
Reusch (2003) concluded that pollen availability limited seed
production within patchy Z. marina landscapes and older
meadows with waning reproductive effort.

Empirical estimates of pollination distances remain rare in
the literature (Furman et al. 2015). A pollen dispersal study by
Ruckelshaus (1996) reported Z. marina pollen transport of up
to 15 m in open water, while Reusch (2003) observed limited
evidence for pollination beyond 3 m from source flowers.
Ackerman (2002) calculated a log-linear pattern for sub-
canopy dispersal with an upper bound of 1.23 km; Furman
et al. (2015) found evidence for pollen transport up to 74 m in
a tidally influenced Z. marina habitat. These discrepancies in
the literature have likely arisen because pollen is passively
distributed, and therefore, effective pollen dispersal kernels
are strongly constrained by local hydrodynamic conditions.

Transport, though, is not the only consideration, as hydro-
dynamic shear stress and turbulence also affect the probability
of pollen attachment. To account for slightly negative buoy-
ancy, a moderate current (0–0.3 m s−1) is thought to be ideal
for attachment to receptive styles (Ackerman 1997). In nature,
the patches and meadows exert a strong influence on the hy-
drodynamic environment, increasing turbulence at a number
of scales while dampening laminar flow rates inside seagrass
patches (Fonseca et al. 1982; Peterson et al. 2004). These
hydrodynamic alterations have been shown to influence bi-
valve larvae settlement (Orth 1992; Carroll et al. 2012),
resulting in increased recruitment along seagrass edges and
reduced downstream larval concentrations. Similar effects
may also occur for pollen dispersal, with higher contact rates
for flowers located along patch edges, and reduced allochtho-
nous pollen flux into patch centers.

Because many seagrasses, including Z. marina
(Ruckelshaus 1995), are capable of self-pollination—that is,
ovules will accept pollen from the same plant or clone
(selfing), as well as a close relative inbreeding (Reusch
2001; Billingham et al. 2007)—pollen shadows may not be
readily apparent in the raw numbers of fertilized ovaries.

However, patch edges should still benefit from access to more
genetically diverse pollen (Billingham et al. 2007), particular-
ly for large monoclonal patches within which the likelihood
for selfing should be the highest (Hammerli and Reusch
2003a). Billingham et al. (2007) demonstrated that pollination
distances of less than 4 m led to higher seed abortion rates and
fewer, less robust offspring per pollination, which was
interpreted as a mixture of self-incompatibility and inbreeding
depression. Therefore, the fitness or viability of seeds pro-
duced in the edge vs. centers of seagrass patches may provide
indirect evidence for allochthonous Bpollen shadows^
(Ruckelshaus 1995; Reusch 2001).

The monoclonal-centric conceptual model of seagrass
growth and reproduction has been widely invoked (Phillips
et al. 1983; Duarte and Sandjensen 1990) yet only recently
tested (Hammerli and Reusch 2003; Becheler et al. 2010;
Zipperle et al. 2011). This model assumes that seagrass
patches are largely comprised of single clones growing cen-
trifugally, expanding from the center through the lateral
growth of vegetative shoots.While Z. marina produces flowers
annually after the first year of growth, reproductive effort has
been shown to decline with genet age (Furman et al. 2015).
From this, it follows that successful reproduction and seed
output will be the lowest in the center of the patch, where the
oldest clones are thought to reside. Consequently, as a mono-
clonal patch expands radially, the core area may begin to yield
fewer flowers, potentially resulting in reduced seed production.
This has been observed in the dioecious seagrass Thalassia
testudinum, where fewer female flowering shoots were found
in older portions of the meadow (Durako and Moffler 1985).
Additionally, limited access to genetically diverse pollen
should occur in the center of a patch due to an allochthonous
Bpollen shadow,^ leading to higher rates of self-fertilization
and lower seed fitness within the centers of patches.

The purpose of this study was to assess whether the relative
reproductive shoot and seed production of patches within a
fully mapped, genetically diverse Z. marina landscape
(Furman et al. 2015) supported the conceptual model derived
from monoclonal patches. Specifically, in vitro viable and
non-viable seed densities were quantified from the edge and
centers of isolated seagrass patches to assess whether a
Bpollen shadow^ existed. The amount of proximate seagrass,
and therefore the potential for allochthonous pollen sources,
was also quantified and assessed for possible relationship to
seed production and density within the experimental patches.
Based on the assumptions from the monoclonal conceptual
model, we hypothesized the following: (1) relatively small
patches will have the highest seed production, (2) larger
patches with both edge and center habitat will have higher
seed production occurring along the edges than in the center,
and (3) seed density would be positively correlated with the
amount of proximate seagrass due to increased pollen
availability.
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Materials and Methods

Study Site

A 250 × 225 m study area of a patchily distributed Z. marina
meadow was selected in Shinnecock Bay, Long Island, NY
(40.857237° N, 72.450289°W). For a full site description and
meadow history, refer to Furman et al. (2015) and Furman and
Peterson (2015). Briefly, Shinnecock Bay has a tidal range of
approximately 1 m, and MLLW depths at the site range from
0.25–1.25 m. Light pene t ra t ion at the s i te was
143 ± 9.2 μmol s−1 m−2, which was 46 ± 2 % of surface
incident light at a depth of 0.89 ± 0.04 m (n = 5, LI-COR
underwater PAR sensor). Surficial sediments consisted of si-
liceous sands uniformly low in organic content (<1 % loss on
ignition at 500 °C for 5 h).

Patch Selection

The study site was extensively mapped using a combination of
archived aerial imagery from 2001 to 2010 and via balloon-
mounted camera bi-monthly since 2011 (Furman et al. 2015).
These images indicated significant increases in coverage of
Z. marina through both clonal growth and seedling recruit-
ment during the past decade (see Fig. 1 in Furman et al.
(2015)). After an extremely successful seedling recruitment
event in the spring of 2010, more than 2000 small, isolated
Z. marina patches appeared along the shallow edge of the site
in Shinnecock Bay. From these newly recruited patches and
pre-existing patches, 38 seagrass patches were selected in

June 2011 with areas of 2.5 (n = 11), 5 (n = 11), 10 (n = 10),
and 20 m2 (n = 6); to increase replication, five additional
patches of each size class were sampled in 2012, providing a
total of 58 patches. To quantify differences in seed production
as a result of intrapatch region (edge vs. center), patches of the
two largest size classes (10 and 20m2) were divided into edge,
defined as the outer 1-m perimeter of the patch, and center,
defined as the area of the patch located further than 1 m from
the inner-most edge boundary. However, it should be noted
that not all of the 10- and 20-m2 patches had a center due to
their oblong shape; of the 10-m2 patches (n = 15 total), 9 did
not have a center region, and only one of the 20-m2 patches
(n = 11 total) lacked a center region.

Seed Collection and Removal

In early summer of 2011 and 2012, reproductive shoots were
removed from study patches (n = 58) and collected in labeled
mesh bags. For larger patch sizes that had distinct edge and
center regions (10 m2, n = 6; 20 m2, n = 10), reproductive
shoots were collected separately from each region.
Additionally, the total number of reproductive shoots per
patch was quantified during the 2012 collection.

Seed capture and enumeration were achieved using two
different, but comparable, methods in 2011 and 2012. The first
method allowed seeds to dehisce in the lab over a 3-week
period by placing the reproductive material in containers with
a shallow layer of water, covered by a tarp to enhance humid-
ity; this technique has been shown to promote natural rates of
seed dehiscence (AC Churchill, Adelphi University, personal
communication). In 2012, due to space limitations in the lab-
oratory, reproductive shoots were kept in their collection bags
and placed in a large raceway with flowing seawater to natu-
rally dehisce over a period of 3–4 weeks; this approach has
been used successfully by Fishman and Orth (1996). To re-
cover the seeds, reproductive shoots were rinsed into a 2-cm
sieve atop an 800-μm sieve. The Bimbibed seed crush test^
was used to separate potentially viable seeds from non-viable
seeds (Sawma and Mohler 2002); this method evaluates via-
bility based on whether or not a seed collapses when pressure
is applied and is an effective way to rapidly assess seed via-
bility in large quantities without the use of stains such as
tetrazolium (Borza et al. 2007). Viable and non-viable seeds
from each patch were manually enumerated, and densities
were determined by dividing the totals by the patch area cal-
culated in ArcGIS.

Landscape Configuration Analysis

To determine whether seagrass seed production was relat-
ed to the potential pollen sources, the amount of seagrass
area surrounding each patch in buffers extending 2, 4, 8,
16, 32, and 64 m from the perimeter of the experimental
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Fig. 1 Mean (± 1 S.D.) viable seed densities for each of the patch sizes
investigated in 2011 and 2012
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patches was created using the ESRI ArcGIS software.
Any buffer that crossed the outermost site boundary was
removed from the analysis, as only seagrass within the
site had been repetitively mapped. The areal coverage of
seagrass within each buffer was computed, and the per-
cent of the buffer area covered by seagrass was calculated.
Pearson correlations between percent seagrass coverage in
the six buffer distances and reproductive shoot density or
seed densities (viable and non-viable) were calculated in
R 3.0.2 (R Core Team 2013).

Spatial pattern analysis of the site during 2011 and 2012
was conducted with Fragstats 4.2 (McGarigal et al. 2012). The
ArcGIS shape file was converted to a raster file with 0.01-m2

cell sizes and imported into Fragstats. Pearson correlation ma-
trices between reproductive shoot density, viable and non-
viable seed densities, and patch-level shape metrics was cal-
culated in R 3.0.2 (R Core Team 2013).

Seed Density Analysis

All statistical analyses of seed and reproductive shoot
density were run using R 3.0.2 (R Core Team 2013).
After data failed to meet the assumptions of normality,
we opted to avoid further data transformations in an at-
tempt to force normality and instead chose to use a gen-
eralized linear model with a negative binomial distribu-
tion, unless otherwise noted. Negative binomial regres-
sion is a functional form of the Poisson model that ad-
dresses overdispersion in count data (ver Hoef and
Boveng 2007). After rounding the data to the nearest
whole number, the model was constructed using the re-
sponse variable and predictor variables of interest. After
examining each model, a chi-squared goodness-of-fit test
was used to determine whether the model fit the data; the
Wald chi-square statistic was used to determine P values
for the chi-square (Jarvis and Moore 2010).

Differences in viable and non-viable seed densities
were analyzed using the negative binomial regression
with patch size and year as factors to determine whether
seed collection method or patch size influenced seed pro-
duction. For 10- and 20-m2 patches with center and edge
treatments, the viable and non-viable seed densities were
analyzed using the negative binomial generalized linear
model (GLM) using location (edge or center) and patch
size as predictor variables; this analysis was completed for
the 2011 patches only, due to the absence of 10-m2

patches with both location treatment regions in 2012.
Additionally, the Mann-Whitney-Wilcoxon rank sum test
was used to compare viable and non-viable seed densities
for 10-m2 patches with no center (n = 5) and for patches
that had both center and edge (n = 6) to determine wheth-
er patches containing a distinct central region exhibited
reduced reproductive output. For all patches assessed in

2012, a one-way ANOVA was used to determine whether
there were any differences in the number of seeds per
reproductive shoot by patch size. Finally, a one-way
ANOVA was used to assess the normally distributed re-
productive shoot density as a function of location (edge
vs. center) for the 20-m2 patches in 2012.

Results

Viable Seed Density

Despite different collection methods and increasing age of
seagrass patches, viable seed densities were not significantly
different between 2011 and 2012 (P > 0.05). The GLM with
negative binomial distribution did suggest a significant effect
of patch size on viable seed density (χ2 = 12.565, P < 0.01);
no significant interaction between year and patch size was
found. Mean viable seed densities for the 2.5-, 5-, 10-, and
20-m2 patches were 57 ± 74, 16 ± 19, 34 ± 37, and
20 ± 18 seeds m−2 (mean ± 1 standard deviation), respectively
(Fig. 1).

The comparison of viable seed densities in 10- and 20-m2

patches containing edge and center regions revealed that when
evaluated as an entire patch, 10-m2 patches exhibited a higher
density of viable seeds than 20-m2 patches (χ2 = 5.203,
P = 0.02). Unexpectedly, the density of viable seeds was not
significantly influenced by intrapatch location, i.e., edge vs.
center (χ2 = 0.111, P = 0.74). Combined mean viable seed
density of edge habitat was 27 ± 27 as compared to
34 ± 27 seeds m−2 for the center region. Overall, patch-wide
viable seed densities of the 10-m2 patches with both center
andedgewere47±31seedsm−2 compared to21±19seedsm−2

for 20-m2 patches. Further, there was no difference in mean
viable seed densities between 10-m2 patches with center hab-
itat and those 10-m2 patches that lacked center habitat
(P = 0.33).

Non-Viable Seed Density

Unlike viable seed density, neither Z. marina patch size nor
collection year was found to significantly influence the densi-
ty of non-viable seeds. Mean non-viable seed density for the
2.5-, 5-, 10-, and 20-m2 patch treatments was 14 ± 19, 6 ± 7,
13 ± 17, and 6 ± 6 seeds m−2, respectively (Fig. 2). Further, no
effect of intrapatch region (center vs. edge) or patch size on
non-viable seed densities was found; no differences in the
non-viable seed densities were found between 10-m2 patches
with and without center habitat (P = 0.13). Additionally, the
ratio of viable to non-viable seeds was not significantly dif-
ferent (P = 0.42) across patch sizes.
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Reproductive Shoot Density

In 2012, mean reproductive shoot densities in the 2.5-, 5-, 10-,
and 20-m2 patches were 9.6 ± 9.2, 3.7 ± 2.0, 5.7 ± 5.0, and
7.4 ± 7.5 shoots m−2, respectively. There was no significant
difference in the density of reproductive shoots as a function
of patch size. While the 5-m2 patch size had the least amount
of reproductive shoots per square meter, when the number of
viable seeds per reproductive shoot was standardized, no dif-
ference was found among patch sizes. Viable seeds per shoot
were 2.3 ± 1.2, 2.7 ± 1.0, 3.7 ± 1.3, and 3.1 ± 2.0 for the 2.5-,
5-, 10-, and 20-m2 patches, respectively. Additionally, there
was no difference in reproductive shoot density between the
edge and center locations of the 20-m2 patches (P = 0.82).

Landscape Configuration

The density of reproductive shoots was not significantly cor-
related with the amount of seagrass coverage in any of the
buffer zones (P > 0.05). Interestingly, the non-viable seed
density was significantly negatively correlated with percent
seagrass coverage in buffers of 2- and 4-m radii
(r50 = −0.37, P < 0.01; r50 = −0.38, P < 0.01, respectively;
Fig. 3). A similar negative correlation was found for seagrass
coverage and viable seeds (2-m radius r52 = −0.39, P < 0.01;
4-m radius r52 = −0.39, P < 0.01; Fig. 3) over the same dis-
tance intervals. The seagrass coverage in the larger buffer
areas did not correlate significantly with viable or non-viable
seed density, suggesting that the most important landscape
interactions are at smaller scales (<4 m).

Discussion

Our aim was to assess whether seed production was affected
by patch size, the existence of a pollen shadow, or the amount
of proximate seagrass in a developing meadow of known con-
figuration and history (Furman et al. 2015; Furman and
Peterson 2015). To accomplish this, we selected patches of
different sizes and posited that there would be an inverse re-
lationship between patch size and seed viability due to a de-
crease in access to allochthonous pollen. For larger patches,
we expected greater densities of viable seeds would be found
along patch edges (<1 m from the perimeter) than patch cen-
ters (>1 m from the perimeter). Additionally, we expected that
seed density would be positively correlated with the amount
of seagrass in the surrounding landscape. Only some of these
hypotheses were supported by our results, suggesting that
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patterns of seagrass seed production may vary from the com-
monly held monoclonal-centric conceptual model.

We observed the highest density of viable seeds in the 2.5-
m2 patches, where access to allochthonous pollen was predict-
ed to be the highest. Here, the probability of self-pollination
should have been lessened, and because these smaller patches
recruited in 2010, they would have been entering their first
reproductive season, during which time flowering intensity is
generally the highest (Furman et al. 2015). While we antici-
pated that the smallest patch size (2.5 m2) would produce the
most seeds per area, we did not predict that the next size class
(5 m2) would exhibit the lowest seed densities. Yet, the 5-m2

patches had the lowest mean viable seed density (Fig. 1) of the
four patch sizes investigated. Seed production was consistent-
ly low for both the 2011 (18.8 ± 22.8 seeds m−2) and 2012
(9.6 ± 4.5 seedsm−2) 5-m2 patches, suggesting that this pattern
was stable over multiple reproductive seasons. Though the
absolute number of reproductive shoots collected in 2012
was lower in the 5-m2 patches, when the corresponding seed
data were standardized to the number of reproductive shoots,
there was no difference in the number of viable seeds per
shoot between patch sizes. In other words, the relative repro-
ductive output was comparable among all patch sizes.

One potential explanation for the low absolute seed and
reproductive shoot production in the 5-m2 patches may be that
portions of these patches experienced high reproductive effort
in the previous season (Furman et al. 2015). Unfortunately,
because patch-level reproductive effort was not followed over
time and because floral counts were conducted only in 2012,
we lack the data to confirm this. Another explanation may be
that the patches were primarily monoclonal—clone area has
been shown to be related to reduced reproductive output over
time (Hammerli and Reusch 2003; Reusch 2003; Ruggiero
et al. 2005). There is evidence that multiclonal patches are
common at this site (Furman et al. 2015), since patch recruit-
ment often begins with a small number of founding genets
(Waycott et al. 2006); the smallest patch size classes may
not have been old enough at the time of sampling for multi-
generational flowering (Furman et al. 2015).

Interestingly, our hypothesis that the larger patch sizes (10-
and 20-m2) would have the lowest seed densities was not sup-
ported; instead, the larger patches (10-m2 and 20-m2) had higher
viable seed densities than the 5-m2 patches. While no genetic
work was conducted in the present study, Furman et al. (2015)
found high levels of genotypic diversity within similarly sized
patches located at the same study site. Based on high-resolution
time-series maps and reconstructed pedigrees, Furman et al.
(2015) concluded that many of these larger patches were actually
formed by multiple smaller patches coalescing over time.
Greater seed production in the 10-m2 or 20-m2 patchesmay have
been the result of multiple younger, genetically diverse patches
with high reproductive output. Additionally, seedling recruitment
likely occurred within the largest patches, increasing the range of

ages represented and further diluting the Btypical^ pattern of
reduced sexual output with patch age.

We found no evidence for a pollen shadow based on the
densities of viable and non-viable seeds in both the edge and
central regions of the 10- and 20-m2 patches. In 2012, floral
densities were not different between edge and center. This sug-
gests that either our operational definition of edge (1 m) was
too small or that pollination edge effects were negated by the
presence of multigenerational genets within our patches. Given
that previous studies of seagrass edges have observed flow-
related effects at similar spatial scales (Bologna and Heck
2000; Carroll et al. 2012), the latter explanation appears to us
to most likely. While it is still possible that the allochthonous
pollen flux was reduced in the center of the largest patches,
there may not have been an observable pollen shadow because
autochthonous pollen would have been of comparable genetic
diversity (see Fig. 4). Further, if the mixture of genets resulted
from multiple recruitment events, then the increased reproduc-
tive effort of younger genets could have bolstered seed produc-
tion in these areas, masking any effect of a pollen shadow or
age-related depression in reproductive shoot density.

The viable and non-viable seed density data have largely
refuted the conceptual model of sexual reproduction derived
from studies of monoclonal Z. marina patches. This model
predicts low seed production in the center of large, presum-
ably older monoclonal patches as a function of reduced repro-
ductive effort and limited access to genetically diverse pollen.
In a multiclonal patch, however, many of these issues are
eliminated, provided that the genets are ontogenetically di-
verse. Under this new model, there should be no observable
pollen shadow reflected in the number of viable or non-viable
seeds. Patch centers should still experience limited access to
allochthonous pollen due to hydrodynamic barriers; however,
the autochthonous pollen would be genetically diverse and
should result in minimal inbreeding effects on seed viability.
Further work directly testing pollen densities as a function of
distance from patch edge and local genotypic diversity may
help to resolve this dynamic.

An unexpected outcome of this study was the relationship
between the amount of surrounding seagrass in the landscape
and seed production of the patches. We anticipated greater
seagrass coverage would result in higher viable seed densities
within the smallest buffer zones (< 10 m) due to the potential
for increased pollination; however, the amount of Z. marina in
2- and 4-m2 buffer radii was negatively correlated with both
viable and non-viable seed densities. This relationship be-
tween seed production and nearby Z. marina areal coverage
may be a product of hydrodynamics, whereby proximate
seagrasses reduce laminar flow and turbulence (Fonseca
et al. 1982; Peterson et al. 2004), thus, reducing contact rates
between stigmas and pollen. While there was also a negative
correlation between the non-viable seed density and proxi-
mate seagrass coverage, the number of non-viable seeds
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tracked proportionally to the viable seeds among all patch
sizes, indicating that the factors influencing seed production
were likely the same. It should be noted that while the negative
relationship between seagrass coverage in 2- and 4-m2 buffer
radii and seed production was statistically significant, the
magnitude of the relationship was low, and so its ecological
relevance may be questionable.

In conclusion, we found that neither reproductive shoot
density nor viable seed density decreased with increasing
patch size has previously been expected of larger, presumably
older seagrass patches (Duarte et al. 1994; Hammerli and
Reusch 2003b; Reusch 2003; Duarte et al. 2006; Harwell
and Rhode 2007). While we expected to find evidence of
higher seed production along the edges of larger patches, no
difference in viable/non-viable seed densities was found be-
tween the edge and center. Hydrodynamically induced edge
effects may limit pollen access to the middle of these patches;
however, we did not find any evidence of a pollen shadow nor
do we believe that pollen was particularly limiting at this site
based on the lack of patterns in non-viable seed densities.
Given that many of our results challenge the prevailing dogma
in seagrass reproduction ecology, we propose that within ge-
netically diverse seagrass beds, a condition that may be more
common than previously thought, seed production will be
influenced by landscape dynamics at multiple spatial scales,
and the typical assumptions of centrifugal growth with
resulting age and spatial effects on reproductive effort and
output may not be universally applicable. More work is nec-
essary to confirm aspects of this new conceptual model; how-
ever, there is growing evidence that sexual recruitment plays

an important role in meadow maintenance elsewhere (Reusch
2000; Peterson et al. 2013; Jarvis et al. 2014), and so our
results may not be geographically unique.
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