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Abstract
Intraspecific genetic diversity influences the primary production and biomass of coastal marine foundation plants. The majority
of their primary production ends up as detritus, yet the relationship between their intraspecific genetic diversity and detritus-based
functions has rarely been considered. We addressed the relationship between these functions (detritus standing stock, degrada-
tion, sediment ammonium production) and genotypic diversity (richness, evenness, relatedness) in eelgrass (Zostera marina L.),
a widely distributed coastal foundation plant, grown in the field at different levels of genotypic richness and relatedness. The
functions were largely insensitive to the genotypic diversity, density, and biomass of the living plants in a plot, which suggests
that changes in eelgrass genotypic diversity have minimal effects on these important functions and their consequences ranging
from trophic support to carbon sequestration. Instead, detritus-based functions are perhaps more related to the sediment envi-
ronment, the genotypic composition of the detritus itself, and macro- and microscopic detritus consumers.
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Introduction

Many studies have documented the importance of bio-
diversity for the functioning of marine ecosystems
(Worm et al. 2006; Stachowicz et al. 2007; Hensel and
Silliman 2013; Gamfeldt et al. 2015). In macrophyte-based sys-
tems such as salt marshes and seagrass beds, intraspecific

diversity, i.e., genetic variation within the foundationmacrophyte
population, strongly influences many ecosystem functions
(Reusch and Hughes 2006; Hughes et al. 2008; Hughes 2014).
Most of these studies focused on the production of the live mac-
rophyte and associated functions such as habitat provision; how-
ever, the majority of their high primary production ends up as
detritus (Cebrián 2004; Cebrián and Lartique 2004; Hyndes et al.
2014). Marine macrophyte detritus plays a central role in trophic
support, nutrient remineralization, and carbon sequestration
(Rice 1982; Mann 1988; Marbà et al. 2006; Mcleod et al.
2011; Fourqurean et al. 2012), yet the relationship between these
important detritus-based functions and macrophyte intraspecific
variation has received scant attention compared to freshwater and
even terrestrial systems (Bailey et al. 2009; Crutsinger et al.
2014; Gamfeldt et al. 2015; Rudman et al. 2015).

We investigated the relationship between detritus accumu-
lation and its degradation and remineralization, hereafter re-
ferred to as “detritus-based functions,” and intraspecific ge-
netic variation in eelgrass (Zostera marina L.), which has
become a model system for exploring biodiversity-function
relationships (Duffy et al. 2015; Williams 2016). Eelgrass is
an ecologically and economically important marine macro-
phyte that forms large monospecific meadows over much of
its wide distribution in the northern hemisphere (Moore and
Short 2006). Previous eelgrass research demonstrated that
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many functional traits (morphology, photosynthesis, biochem-
ical composition, nitrogen uptake rates) vary predictably
across genotypes (Hughes et al. 2009; Tomas et al. 2011).
As a result, related ecosystem functions, including production
and biomass, bed development, animal abundances, sensitiv-
ity to eutrophication, and resistance to disturbance, are posi-
tively correlated with intraspecific genetic variation (Williams
2001; Hughes and Stachowicz 2004, 2009, 2011; Reusch
et al. 2005; Hughes et al. 2009; Reynolds et al. 2012; Duffy
et al. 2015; Reynolds et al. 2016).

Eelgrass genotypic variation hypothetically influences
detritus-based functions in many diverse direct and indirect
ways. Direct effects include genotype-specific differences in
detritus production, biochemical composition (nitrogen, car-
bon, phenolics), and leaf and root lengths (Tomas et al. 2011;
Reynolds et al. 2016). Genotypic diversity could thus affect
litter standing stock and rates of decomposition through nutri-
tional quality or deterrent chemicals (e.g., C:N, phenolic con-
tent; Tomas et al. 2011). Simply because genotypes vary in
these properties does not however mean that such variation will
influence detritus-based functions in the field, which might de-
pend on themix of genotypes present. Considerable literature in
terrestrial and aquatic systems focuses on “litter diversity” bio-
assays, and results are highly variable among study systems
(e.g., Gessner et al. 2010; Hättenschwiler et al. 2005).

Fewer studies examine the many potential indirect effects
of diversity on detritus-based functions, mediated through the
higher production, aboveground biomass, and shoot density
found in more diverse beds (Hughes and Stachowicz 2004,
2011; Reusch et al. 2005; Reynolds et al. 2012; Fig. 1). For
example, higher leaf production and turnover should increase
detritus standing stock, and greater biomass should slowwater
flow and thus increase detritus retention. Higher epifaunal
abundance associated with more genotypically diverse beds
(Hughes and Stachowicz 2004; Reusch et al. 2005; Reynolds
et al. 2012; Duffy et al. 2015) could lead to lower detritus
standing stock directly through more rapid detritus consump-
tion or indirectly through loss of live tissue to herbivory. The
genetic variation responsible for higher belowground bio-
mass, reduced spacing between shoots, and more or longer
roots on the rhizomes (Hughes et al. 2009, Hughes and
Stachowicz 2011) potentially results in more stabilized sedi-
ments or root exudates, which could secondarily enhance de-
tritus degradation by animals and microbes.

Here, we examine these indirect mechanisms, mediated by
genotypic diversity effects on the environment in which de-
composition takes place, to isolate these effects from those
caused by litter diversity, per se. Specifically, we planted ex-
perimental plots of Z. marina that varied in the richness and
diversity of genotypes and measured detritus standing stock,
detritus degradation, and ammonification rates (hereafter
detritus-based functions). We chose these detritus-based func-
tions for the following reasons. The standing stock of detritus

provides food for consumers that break it down mechanically
and chemically (“detritus degradation”), hastening its decom-
position and remineralization (Tenore 1988; Marbà et al.
2006). In the earliest stages of remineralization, ammonium
is produced (“ammonification,” Mackin and Aller 1984),
which is important for replenishing the dissolved nitrogen
pool in the sediments, the primary and sometimes limiting
source of nitrogen for eelgrass growth (Dennison et al. 1987;
Romero et al. 2006). Ammonium also forms the largest pool
of dissolved inorganic nitrogen in anaerobic eelgrass sedi-
ments (Iizumi et al. 1980; Pedersen and Borum 1992), and it
is the primary substrate for eelgrass nitrogen uptake (Short and
McRoy 1984; Hemminga et al. 1994; Hughes et al. 2009).
Finally, depending on the ultimate fate of the seagrass detritus,
it can be a carbon sink (Suchanek et al. 1984; Duarte and
Cebrián 1986; Heck et al. 2008; Fourqurean et al. 2012;
Duarte et al. 2013; Duarte and Krause-Jensen 2017).

Eelgrass genotypic diversity has been quantified primarily as
the number of different genotypes (“genotypic richness”), but it
also encompasses the relative abundance of genotypes (“geno-
typic evenness”) and their relatedness (Hughes et al. 2009;Kamel
et al. 2012; Stachowicz et al. 2013; Abbott and Stachowicz
2016). The relatedness of genotypes can be a proxy for trait
differentiation among genotypes, such that assemblages of more
distantly related genotypes might have a higher trait diversity and
consequently higher performance (Fischer et al. 2017). In eel-
grass, closely related individuals can exhibit higher biomass, leaf
growth, and deeper rooting (Hughes et al. 2009; Stachowicz et al.
2013), and thus relatedness potentially influences detritus-based
functions in a manner similar to richness. These relationships are
not always consistent (Abbott and Stachowicz 2016; Abbott et al.
2017) and need to be explored further.

Our field experiment allowed us to test the relationship
between genotypic richness, evenness, and relatedness and
key detritus-based functions. Based on the studies cited above
and biodiversity-ecosystem function relationships in general
(Gamfeldt et al. 2015), we hypothesized that detritus-based
functions would vary in a positive direction with the genotypic
richness, evenness, and inversely to relatedness of living eel-
grass. The central role of detritus-based functions in the ocean
combined with the global loss of seagrass biodiversity, includ-
ing genetic, adds compelling impetus to the study (Williams
and Davis 1996; Williams 2001; Waycott et al. 2009; Evans
et al. 2014).

Materials and Methods

In a manipulative field experiment lasting 16 months
(July 2013–October 2014), we transplanted eelgrass in plots
at different levels of genotypic richness and genetic related-
ness in a fully crossed design (see below). We measured
detritus-based functions near or at the end of the experiment,
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allowing the genetic composition of the mixtures to change
naturally during establishment and growth processes. After at
least 1 year, we measured detritus standing stock and degra-
dation in intact plots in the summer when eelgrass growth and
turnover are highest (Olyarnik and Stachowicz 2012) and col-
lected sediments from the plots for the ammonification exper-
iment when we destructively sampled at the end of the exper-
iment (see below).

Field Experiment Crossing Genotypic Richness
and Relatedness

We selected 41 genotypes from 240 unique eelgrass clones
characterized by 11 microsatellite loci and harvested from
multiple sites in Bodega Harbor, Bodega Bay, CA (Abbott
and Stachowicz 2016; Abbott et al. 2017; Online
Supplemental Material OSM 1). We propagated these 41 ge-
notypes in plastic flower pots in outdoor tanks with flowing
seawater for a year before planting them into plots in Bodega
Harbor, CA (38° 19′ 25″ N, 123° 02′ 52″ W) in July 2013.
Genotypes were planted at two levels of genotypic richness
(S = 2 and 6 genotypes) and three levels of genetic relatedness
(R =more, less, and as closely related as expected by chance)
in a fully crossed design. We estimated genotypic richness

(“S”) as the number of unique multilocus genotypes and relat-
edness (“R”) as the average pairwise relatedness of the geno-
types in a plot. Pairwise relatedness was calculated as a
regression-based measure of the number of shared alleles cal-
ibrated by their frequency in the overall population using the
program STORM (Fraser 2008; Stachowicz et al. 2013;
Abbott and Stachowicz 2016). To avoid confounding richness
and relatedness with genotypic identity, we minimized the
number of replicate genotypes within a treatment and maxi-
mized the number of shared genotypes across treatments
(Abbott et al. 2017). The six treatments of genotypic richness
and relatedness were randomly assigned to plots in each of 12
blocks (Online Supplemental Material OSM 1). Blocks were
aligned in rows parallel to the shoreline in an unvegetated area
within an intertidal eelgrass bed close to shore in a wave- and
current-protected environment, for a total of 72 plots.

We planted the genotypes in plastic containers (40 × 33-
cm × 15-cm deep) filled with muddy sediments taken from
Bodega Harbor, screened of eelgrass vegetation and seeds,
and homogenized. Eelgrass clones were standardized to
3 cm of rhizome and 30-cm leaf length and marked with small
colored cable ties. The initial shoot density was standardized
to 12 shoots per plot (6 shoots/genotype in the S = 2 treatment
and 2 shoots/genotype in the S = 6 treatment). Containers were

Fig. 1 Conceptual model of some hypothetical effects of living eelgrass genetic diversity on detritus standing stock, degradation, and ammonification.
Blue arrows are hypothesized positive effects; red arrows are negative effects
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positioned within sediments in 60 × 70-cm plots separated by
1 m and marked by poles that prevented grazing by geese.
Shoot density was measured 13 months later (July 2014)
and at the end of the experiment (October), when we collected
the eelgrass, genotyped it again to account for any changes
due to mortality or colonization, and measured its dry bio-
mass. We then calculated plot-wide genetic diversity metrics
(S, R) for use in the analyses (see below) based on the com-
position of genotypes in the plots at the end of the experiment.
We calculated genotypic evenness as Pielou’s “J” (1975).

Detritus-Degradation Processes in Genotype Mixtures

Detritus Standing Stock After the eelgrass had grown in plots
for a year, we estimated the standing stock (g dry mass) of
macrophyte (eelgrass and macroalgal) detritus in June, July,
and August 2014 by collecting detritus at the base of the
eelgrass leaf canopy in each plot. Macroalgal material (primar-
ily Ulva spp.) was considered detritus if it was unattached in
the plot and/or did not look fresh. For comparison, we also
collected detritus in haphazardly placed 25 × 25-cm quadrats
(n = 4–15) in the natural bed immediately adjacent to the plots
in May, June, July, August 2014 and the natural bed again in
January 2015 (for a winter sample). We rinsed the detritus in
freshwater over a sieve (710-μmesh size) and dried it at 70 °C
until constant mass. Our assessment of the standing stock does
not include any detritus incorporated into the sediments.

Detritus Degradation Rates We measured the degradation
rates (as mass loss) of eelgrass detritus in the plots and also
in the adjacent bed in a litter bag experiment in July 2014
(13 months after initiation of the experiment), when detritus
was abundant (Olyarnik and Stachowicz 2012; see “Results”).
To determine the influence of the genetic variation of the liv-
ing eelgrass on degradation rates, as opposed to degradation of
selected individual genotypes, we collected naturally occur-
ring leaf detritus in the adjacent bed and mixed it thoroughly.
This experiment thus represents degradation of the standing
stock that collects at the base of the canopy (see ammonifica-
tion experiment below, which includes degradation of detritus
incorporated into sediments). We cleaned off epiphytes by
hand, cut leaves to standard 6-cm lengths, avoiding holes or
black spots, grazer-damaged tissue, and reproductive shoots.
We placed ~ 1.2 g of the detritus in labeled litter bags (7 ×
8 cm) made of plastic window screen (1-mm2 mesh size) and
sealed them with hot melt glue. Subsamples (n = 29) of the
litter were retained to determine the fresh:dry mass ratio to
convert the initial fresh mass in the bags to dry mass, which
was measured subsequently in the experiment. Bags (n = 3)
were anchored with small lead fishing weights at the
sediment-water interface, where detritus naturally collects in
eelgrass, in each experimental plot and in eight locations in the
ambient eelgrass bed surrounding the experimental area.

We collected one bag from each plot and ambient bed lo-
cation after 13, 22, and 27 days. We removed visible animals
(primarily polychaetes and their tubes) from the litter, quickly
rinsed it with deionized water to remove salt and any adhering
sediments, and dried it to constant mass at 70 °C. After the
first collection when the detritus could be removed from the
bags in large pieces, we filtered the contents onto a pre-
weighed glass fiber filter (Whatman G/A). The mass loss rate
was estimated as the slope of a linear transformation of a
negative exponential decay function: mass remaining (dry
g) = at + b, where a = slope = ln(g dryt = 0/g dryt), where t =
days since deployed in field, and b is the intercept (Nicastro
et al. 2012).

AmmonificationWe measured the rate of net ammonium pro-
duction (production minus losses to denitrification and anaer-
obic ammonium oxidation) in the sediments of each plot using
standard procedures (Dennison et al. 1987; Williams 1990;
Caffrey 1995; Kristensen and Hansen 1995; Kristensen et al.
2000) when we destructively sampled the plots at the end of
the experiment in October 2015 (16 months). Because we
planted the genotypes in containers of homogenized sedi-
ments at the beginning of the experiment (see above), we
tested the effect of the eelgrass growing in the plots and do
not suggest that results are applicable to a nitrogen budget. We
collected sediments in each plot to 10-cm depth (average
rooting depth of eelgrass) using 50-mL syringe corers (n = 5
per plot). Sediments were kept cool and dark and immediately
transferred to the laboratory. Under a N2 atmosphere, we ex-
truded and mixed the sediments from each plot, removed the
few animals, rhizomes, and visible roots, and filled four
opaque glass centrifuge tubes. We retained subsamples for
initial porewater and adsorbed ammonium concentrations,
which were processed immediately (Koroleff 1976). Tubes
were tightly capped, sealed with electrical tape, and placed
in the dark in a controlled environmental chamber (Percival
Scientific, Inc., Model I-36LLVL, Perry, IA 50220) at the
ambient sediment temperature (15 °C). We sampled one incu-
bated tube per plot four times over 26 days. Each tube was
centrifuged to extract porewater, which was split into two
replicates to estimate the average ammonium concentration.
We then took two replicate sediment subsamples (~ 5 g) from
each tube and extracted adsorbed ammonium in 50 mL of 2-N
KCl for 24 h in the dark at room temperature (Mackin and
Aller 1984). Sediments were shaken five times during the
extraction. We averaged the ammonium concentration of
two supernatant subsamples taken from each extraction repli-
cate. Porosities for sediments from each porewater and
adsorbed replicate were calculated from their wet and dry
sediment masses and the density of silicoclastic sediments
(2.84 g/cm3; Mackin and Aller 1984; Caffrey 1995).
Porewater concentrations (μM) and μmol adsorbed NH4

+-N/
g dry sediment extracted were converted to per L sediment
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using porosities (Mackin and Aller 1984). The two adsorbed
replicates were averaged and added to the porewater ammo-
nium to yield total NH4

+-Nporewater + adsorbed/L sediment.
Ammonium production rates were calculated by regressing
μmol NH4

+-Nporewater + adsorbed/L sediment against incubation
time (day). The average coefficient of determination (R2) was
0.88 ± 0.16 (n = 72 plots). We measured the sediment percent
organic matter by taking a subsample of sediments sampled
on day 3 and weighing it before and after overnight combus-
tion at 550 °C.

Data Analyses

Data were analyzed using a Bayesian generalized linear mixed
model to account for blocking and because S, J, and R were
continuous descriptors based on the genotypes at the end of the
experiment. The analyses were performed using the
MCMCglmm package in R 3.0.3. Factors were specified with
a Gaussian distribution (blocks were included in the random
error). Priors were based on an inverse-Gamma distribution with
shape and scale parameters = 0.001. The least significant factors
were sequentially dropped from the analyses until the model
performance did not improve, indicated by the deviance infor-
mation criterion (DIC). DIC is a Bayesian generalization of the
Akaike information criterion (AIC), which is suited to comparing
models that use Markov chain Monte Carlo (MCMC) to obtain
posterior distributions (Spiegelhalter et al. 2002). We report pos-
terior means, 95% credible intervals, and pMCMC values, which
are analogous to P values in parametric statistics. We also used
linear regression to test relationships between leaf shoot density
versus detritus standing stock and versus degradation (mass loss)
rates, and ammonification rates versus belowground biomass and
versus sediment organicmatter.We ran these regressions because
ecosystem functions are often related to seagrass leaf shoot den-
sity or belowground biomass, and organic matter can influence
ammonification rates (Mackin and Aller 1984; Caffrey 1995;
Reynolds et al. 2012; see “Introduction”). Detritus standing stock
and degradation rates were compared between the experimental
plots and natural bed using two-sample, two-tailed t tests.
Detritus standing stock was tested independently for each month
sampled because plots, but not the adjacent bed, were sampled
repeatedly.

Results

Detritus Standing Stock

Seasonally, eelgrass detritus standing stock peaked in July
when the adjacent bed collected roughly twice as much detri-
tus on average as the plots (t = 4.701, P < 0.001, df = 80,
Fig. 2). The detritus standing stock varied little across other
sampling times in both the plots and adjacent bed and there

was no difference between the plots and the bed in June (t = −
1.24, P = 0.217, df = 74) or in August (t = 0.929, P = 0.356,
df = 73). In the best-performing Bayesian model (lowest
DIC), detritus standing stock did not vary with genetic varia-
tion in the eelgrass growing in the plots (Table 1). At its peak,
the standing stock in the plots varied positively but weakly
with leaf shoot density (P = 0.001, R2 = 0.137, Fig. 3; Online
Supplemental Material OSM 1).

Detritus Degradation Rates

The average degradation rates were similar between the plots
and the adjacent eelgrass bed (54.8% ± 1.8 SE vs. 56.6% ± 4.5
SE mass lost over 27 days, respectively; t = 0.521, P = 0.604,
df = 78). The decay coefficient k ranged from − 0.008 to −
0.067%/day. By day 13, the detritus had been lightly shredded
primarily by polychaetes, predominantly Platynereis
bicanaliculata, and occasionally a few amphipods that colo-
nized the bags. By day 22 of the experiment, only small pieces
of detritus remained. Detritus degradation rates varied weakly
with evenness, the only factor included in the best-performing
model (Table 1). Plots with more evenly distributed genotypes
supported marginally faster degradation rates (Fig. 4). There
was no relationship between the rate and shoot density (P =
0.222, R2 = 0.007).

Ammonification

Sediment porewater ammonium concentrations in the eelgrass
experimental plots averaged 314 μmol NH4

+-N ± 157 SD
(n = 72 plots). Ammonium production rates averaged
142 μmol NH4

+-N/L sediment/day ± 136 SD, ranging from
12 to 640 μmol (see Fig. 5 for representative time courses).
Sediment organic matter ranged from 1.51 to 3.96% dry mass,
with a mean of 2.15 ± 0.46 (SD) % (Online Supplemental
Material OSM 1). Ammonification did not vary with genotyp-
ic richness and evenness, the factors included in the best-fit
model (Table 1, Fig. 6). Ammonification also did not vary
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Fig. 2 Average (+ SE) detritus standing stock in plots (n = 72 plots; n =
4–15 adjacent bed)
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with eelgrass shoot density (P = 0.457, R2 = 0.008, n = 72) or
belowground biomass (P = 0.503, R2 = 0.005, n = 72; Online
Supplemental Material OSM 1) at the time of sampling, nor
did it vary with log % sediment organic matter (P = 0.086,
R2 = 0.028, n = 72).

Discussion

Our experiment is one of the first to address the effects of
genetic diversity of a marine macrophyte bed and detritus-
based functions. In contrast to most previous studies reporting
positive correlations between intraspecific genetic diversity
and function, such as density, biomass, and production, or
grazing (see Introduction), we found that detritus-based func-
tions varied little with plot-level intraspecific genetic diversity
(Table 1). The functions also did not vary with eelgrass shoot

density or biomass, except for a weak positive relationship
between peak detritus standing stock and shoot density.

The lack of a relationship between eelgrass genetic diver-
sity and detritus-based functions is not likely due to the exper-
imental duration or planting eelgrass in containers because
other functional metrics varied significantly in this experiment
(Abbott et al. 2017) and also in earlier shorter experiments in
the same type of containers at our site (Hughes and
Stachowicz 2004, 2011). The density and biomass of the plots
were similar to the adjacent natural bed (Online Supplemental
Material, OSM 1). Furthermore, the measured standing stock
of detritus, rates of degradation, and ammonification were
within values reported for eelgrass (Godshalk and Wetzel
1978; Josselyn and Mathieson 1980; Dennison et al. 1987;
Caffrey and Kemp 1990, Enriquez et al. 1993; Caffrey 1995;
Banta et al. 2004).

Some factor other than the genetic variation in the live plants
themselves is likely more important to detrital processes.

Fig. 4 Eelgrass detritus degradation rates as a function of genotypic
evenness (posterior mean = − 0.030), the only term in the best-fit
Bayesian model (see Table 1)

Fig. 3 Peak detritus standing stock versus eelgrass leaf shoot density in
plots, July 2013 (P and R2 from linear regression)

Table 1 Bayesian models testing for effects of genotypic richness (S),
evenness (J), and relatedness (R), in plots at the end of the experiment.
Ninety-five percent credible interval (CI; equivalent to 95% confidence
interval), pMCMC (analogous to P value in parametric statistics), and
deviance information criterion (DIC)

Model Posterior mean Lower CI Upper CI pMCMC DIC

Detritus standing stock

S + J + R 311.3

S − 0.27 − 1.39 0.81 0.63

J 4.80 − 10.4 19.1 0.53

R − 1.66 − 5.17 1.87 0.36

J + R 309.4

J 4.2 − 9.75 19.5 0.58

R − 1.39 − 4.55 1.92 0.42

R − 2.05 − 4.53 0.63 0.12 307.8

Detritus degradation

S + J + R − 284.9
S − 0.001 − 0.004 0.002 0.59

J − 0.030 − 0.070 0.020 0.20

R − 0.001 − 0.010 0.009 0.87

S + J − 287.4
S − 0.001 − 0.004 0.002 0.59

J − 0.030 − 0.060 0.009 0.15

J − 0.03 − 0.06 0.003 0.08 − 289.4
Ammonification

S + J + R 628.1

S − 22.9 − 50.7 5.91 0.11

J 136 − 241 478 0.45

R − 30.8 − 118 49.5 0.47

S + J 626.5

S − 20.0 − 45.8 6.31 0.12

J 213.6 − 99.8 491 0.15
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Detritus-based functions might be influenced more by the geno-
typic composition of the detritus itself (which we did not manip-
ulate), macro- and microscopic detritus consumers, and the hy-
drodynamic environment (Fig. 1). Our experimental manipula-
tions to test diversity effects of the living plants were constrained
in addressing these and other factors. For example, it was not
logistically feasible to test detritus genotype as a second experi-
mental factor. Instead, we used the natural mixture of eelgrass
detritus in the litter bags, which standardized the detritus quality
across the diversity treatments and also represented the detritus
available to the consumers in the field. To insure that ammonifi-
cation rates reflected the diversity effects of eelgrass growing in
the plots, and not sediment grain size or other differences, we
planted genotypes in homogenized sediments and then incubated
the sediments from each diversity treatment under standard

conditions at the end of the experiment. Under field conditions,
there could be differences in bioturbation and sediment redox
that would affect detritus functions. Also, our plots were likely
too small and uniform to create a natural hydrodynamic
interaction with the leaf canopy and bed size, which can
influence detritus distribution and oxygen penetration
into the sediments and remineralization (Williams and
Heck 2001; Fonseca and Koehl 2006, Koch et al.
2006). These multifaceted interactions remain to be ex-
plored in future studies.

Our study provides some of the first evidence that specific
detritus-based functions will be relatively robust to changes in
the genetic variation in the living plants, a hypothesis also
supported by a study of terrestrial litter degradation (Wardle
et al. 1997). Detritus helps buffer food webs from seasonal
variation in primary production (Moore et al. 2004) and the
insensitivity of detritus availability and degradation to genetic
variation in the living plants should reinforce this buffering
capacity. Nevertheless, biodiversity could wield influence at
other places along the path from living plants and their nutri-
tional status and biochemistry to detritus and its degradation
and remineralization in nature (Banta et al. 2004; Moore et al.
2004; Hättenschwiler et al. 2005; Canuel et al. 2007; Moore
and Fairweather 2006; Gessner et al. 2010; Kominoski et al.
2010). The species diversity of the detritus consumers will
undoubtedly influence detritus-based functions, as has been
shown for epiphyte grazers in eelgrass systems (Hughes
et al. 2010; Duffy et al. 2003, 2005, 2007; Spivak et al.
2007; Duffy et al. 2014, 2015). For example, Danovaro and
Gambi (2002) found that the richness and evenness of
seagrass nematode species were correlated not only with food
availability but also the diversity of food sources, both living
and dead. We found in a later, complimentary study that de-
tritus consumer species and detritus genotypic diversity influ-
enced the rate at which the animals consumed detritus in the
laboratory (Reynolds et al. 2017).

A related and also critically understudied aspect of marine
biodiversity and detritus functional relationships is the funda-
mental role of the associated microbial community (Rice
1982; Blum and Mills 1991; Danovaro et al. 1994;
Danovaro 1996; Hensel and Silliman 2013). One explanation
for the lack of a relationship between genetic variation in the
living plants and detritus-degradation functions is that these
functions are perhaps more responsive to the eelgrass
microbiome than to the plants themselves. Recent genome
sequencing techniques revealed that the eelgrass microbiome
is a diverse, multifunctional consortium (Sun et al. 2015;
Cúcio et al. 2016; Ettinger et al. 2017a, b) including a wide
array of functional types that appear positively correlated with
one another, which suggests positive metabolic feedbacks in
organic matter degradation (Fahimipour et al. 2017).

From microbes to consumers, much is left to understand
about how detritus-based functions respond to biodiversity in

Fig. 5 Representative changes in sediment NH4
+-N (porewater +

adsorbed) concentration over incubation time from three of 72 total
plots. The slopes were used in the ammonification calculations. Circles:
plot L-6, S = 0, R not applicable at end of experiment; triangles: plot B-2,
S = 6, R = − 0.42; squares: plot K-6, S = 2, R = 0.24 (see Online
Supplemental Material OSM 1 for plot and genotype designations)

Fig. 6 Ammonium production as a function of eelgrass genotypic
richness (posterior mean = − 20.0) in each plot at the end of the
experiment with evenness included in the Bayesian model (see Table 1)
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coastal environments. Continuing to build an understanding
of these relationships is important given that detritus and its
processing have far-reaching and significant consequences,
from providing habitat and food for offshore and deep-sea
organisms (Suchanek et al. 1984; Thresher et al. 1992) to
carbon sequestration (Fourqurean et al. 2012; Duarte and
Krause-Jensen 2017).
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