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There is unequivocal evidence that altered biodiversity, through changes in
the expression and distribution of functional traits, can have large impacts
on ecosystem properties. However, trait-based summaries of how organisms
affect ecosystem properties often assume that traits show constancy within
and between populations and that species contributions to ecosystem func-
tioning are not overly affected by the presence of other species or variations
in abiotic conditions. Here, we evaluate the validity of these assumptions
using an experiment in which three geographically distinct populations of
intertidal sediment-dwelling invertebrates are reciprocally substituted. We
find that the mediation of macronutrient generation by these species can
vary between different populations and show that changes in biotic and/
or abiotic conditions can further modify functionally important aspects of
the behaviour of individuals within a population. Our results demonstrate
the importance of knowing how, when, and why traits are expressed and
suggest that these dimensions of species functionality are not sufficiently
well-constrained to facilitate the accurate projection of the functional conse-
quences of change. Information regarding the ecological role of key species
and assumptions about the form of species—environment interactions needs
urgent refinement.

1. Introduction

A wealth of empirical studies over the past two decades have provided unequi-
vocal evidence that altering biodiversity leads to concomitant changes in
ecosystem functioning that, ultimately, can affect the benefits that humans
derive from ecological systems [1]. Indeed, recent consensus emphasizes the
functional importance of individual species, rather than species diversity, in
mediating ecosystem processes that are important in maintaining efficient
and productive ecosystems [2—4]. This has revitalized interest in applying
trait-based indices of functional diversity, in both terrestrial [5-7] and marine
ecosystems [7-9], in order to provide a mechanistic understanding of the
biotic control of ecosystem functioning and/or service delivery. While most
of these approaches use non-phylogenetic biological attributes (i.e. physiologi-
cal, morphological, or phenological characteristics [10]) to focus on how species
mediate ecosystem functioning, they typically disregard variation in trait values
(exceptions exist [11,12]) and, instead, focus on mean performance. In doing so,
the contributory roles of species are assumed to show functional constancy in
time and across space and, therefore, do not necessarily reflect the realized
role of species [13]. Further, these perceptions are seldom challenged or interro-
gated and are infrequently explored empirically or objectively validated [14,15].
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Nonetheless, these functional summaries are increasingly
being adopted within predictive tools that incorporate
community dynamics to project ecosystem responses to
environmental change for the purposes of ecosystem
management and planning [7,16,17].

As the allocation of species to a functional group and/or
the assignment of functionally important traits is frequently
based on single mean trait values per species [18,19], assess-
ments of species
underestimate the importance of intraspecific trait variation

contributions to functioning often
(but see [20]) and assume that an organism’s functional
effects and responses will be the same within and between
populations [13,21]. However, the expression of functional
traits within species is unlikely to be homogenously
distributed, as individuals behave differently depending on
the biotic and/or environmental conditions they experience
[22-26]. Such context-dependent changes in trait expression,
including, for example, responses to temperature [27], hydro-
dynamic regimes [28,29], resource availability and quality
[30-32], or biotic interactions (e.g. predation [33,34]; compe-
tition [35]), can mean that the functional role of an individual
may fundamentally change over time and across space, with
corresponding transient effects on ecosystem properties
[25,36,37].

Theory, as well as observations in plant communities [38],
suggests that the relative importance of intraspecific variation
in trait expression will decline with increasing scale as more
variation is considered [39]. Here, we test this supposition
in a marine system by exploring variability in sediment
particle reworking activity, burrow ventilation behaviour,
and the associated generation of nutrients for three
distinct populations contrasting
sediment-dwelling invertebrate species that are common in
mid-latitude eastern Atlantic and Mediterranean intertidal
mudflats. Our a priori expectation was that undefined differ-
ences in location-specific environmental setting would lead to
inter-population variation in behaviour that reflects differ-
ences in the extent and nature of organism-sediment

of three functionally

coupling. A prominence of these sources of variation would
emphasize the importance of the individual and/or popu-
lation, rather than the species per se, and would highlight
the need to incorporate sources of performance variability
within biodiversity—ecosystem functioning models and
ecosystem management strategies.

2. Methods

(a) Experimental set-up and design

Surficial sediment (less than 3 cm depth, including surficial
oxidized and subsurface reduced sediment) and fauna were
collected in August 2014 from three sites from the northern
(Ythan Estuary, 57°20'09.1" N, 2°00'20.6” W), central (Humber
Estuary, 53°38'31.2"” N, 0°04'08.0” E), and southern (Hamble
Estuary, 50°52'23.1" N, 1°18'49.3” W) regions of the UK. We col-
lected individuals of the gastropod Hydrobia ulvae and the mud
shrimp Corophium volutator by sieving (>500 pm), and individ-
uals of the polychaete Hediste diversicolor by hand. Sediment
from each location was independently sieved (500 um mesh) in
a seawater bath to remove macrofauna, allowed to settle for
48h (to retain the fine fraction, <63 um) and thoroughly
mixed. Sediment grain size parameters were measured using
laser diffraction (Malvern Mastersizer 2000) and calculated
using standard logarithmic graphical measures [40]. Total

organic carbon (TOC) was determined by loss on ignition
(electronic supplementary material, figure S1 and table S1).

Aquaria consisted of transparent square acrylic cores
(internal dimensions, LWH, 12 x 12 x 35 cm), filled to approxi-
mately 10 cm with sediment overlain by approximately 20 cm
of seawater (UV sterilized, 10 wm filtered, salinity 33) and main-
tained in a temperature-controlled water bath (14 + 1°C, a value
within the annual temperature range of all study site locations).
After 24h, the overlying water was exchanged to remove
excess nutrients associated with assembly. We assembled repli-
cate aquaria (1 =3) of each species in monoculture, and in a
three species mixture (1:1:1), for each population (hereafter,
Ythan, Humber, or Hamble). The species mixture allows deter-
mination of whether any observed variability that relates to
environmental setting and/or population is conserved when
biotic context is altered. To distinguish the effects of species inter-
actions in the species mixture from the effects of density, we fixed
biomass at 2 g wet weight aquarium ™" across all species treat-
ment levels. To account for the effects of site-specific
differences in environmental setting (mean #+ s.d.) including
differences in grain size distribution (Mz, sorting), organic
carbon content (TC,.) (Ythan, Mz =49.4 4+ 2 um, sorting =
14 4£0.08, TCyz =93 +2.6%; Humber, Mz=233.6 + 1.1 um,
sorting= 1.9 & 0.04, TCog = 10.2 + 2.2%; Hamble, Mz = 27.5 +
0.9 pm, sorting=2.4 +0.04, TC,; = 6.8 £ 0.1%; see electronic
supplementary material, figure S1 and table S1) and any unchar-
acterized correlates, each species treatment was incubated in each
sediment type. This allows us to distinguish the role of sediment
conditions from that of species population effects (i.e. for each
species treatment (4x): 3 populations x 3 environmental set-
tings, in triplicate = 108 aquaria, figure 1). In addition, we
included aquaria (n =27) without macro-invertebrates to dis-
tinguish the contribution of macrofauna from that of the
meiofauna and microbial processes. All aquaria were continually
aerated and maintained under a 12h light:dark regime for
12 days.

(b) Quantification of ecosystem process and functioning
Faunal-mediated sediment particle reworking was estimated
non-invasively using a sediment profile imaging camera
(Canon 400D, set to 10 s exposure, aperture f5 and speed equiv-
alent to ISO 400; 3888 x 2592 pixels, effective resolution =
63.1 pm pixel '), modified to enable the preferential imaging
of fluorescent-labelled particulate tracers (luminophores, pink
colour, size class less than 125 wm; Brianclegg Ltd., UK) under
UV light (f-SPI [41]). We analysed stitched composite images
(RGB colour, JPEG compression, GMU Image Manipulation
Program, v. 2.8.4, www.gimp.org/, Kimball S, Mattis P, GIMP
(1995), date of access 01/10/2014), compiled from images of all
four sides of each aquarium in a UV illuminated imaging box
[42] after 12 days, using a custom-made semi-automated macro
that runs within Image] (v. 1.47), a java-based public domain
program developed at the US National Institutes of Health
(http://rsb.info.nih.gov/ij/index.html, Rasband W, Image] (1997),
date of access 01/10/2014). From these data, following [15], the
mean (f'SPILmean,) and maximum (“"'L,..,) depth of particle
reworking was calculated. In addition, an estimate of surficial
activity was determined using the maximum vertical deviation
of the sediment-water interface (upper—lower limit; surface
boundary roughness, SBR).

Burrow ventilation was estimated from absolute changes in
the concentration of the inert tracer sodium bromide (A[Br ],
mg 17'; negative values indicate increased activity) over a 4 h
period during the daytime on day 12. Bromide concentrations
were determined from pre-filtered (Fisherbrand, QL100, &
70 mm) water samples (5ml, taken centrally, approximately
5 cm above the sediment—water interface) using a flow injection
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Figure 1. We adopted a full factorial experimental design consisting of three
geographically distinct populations (Ythan, Humber, and Hamble estuaries) of
invertebrate species (H. ulvae, HU; C. volutator, CV; H. diversicolor, HD) crossed
with three environmental settings (sediment sourced from each geographical
location). Species treatments included monocultures of each species (HD, HU,
or (V) and a three-species mixture (Mix). Each treatment was replicated three
times, giving a total of 108 aquaria. In addition, to distinguish the contri-
bution of microbes and meiofauna from the activities of the macrofauna,
we included additional aquaria that did not contain macrofauna (n =9
environmental setting™' = 27 aquaria) that were not included in statistical
analyses.

auto-analyser and standard protocols (FIAstar 5010 series,
Foss-Tecator).

Nutrient concentrations ([NHy—N], [NO,—N], [PO,-P]) were
quantified from pre-filtered (Fisherbrand, nylon 0.45pm, &
25 mm) water samples (10 ml, taken centrally, approximately
5cm above the sediment-water interface on day 12) using a
flow injection auto-analyser (FIAstar 5010 series, Foss-Tecator)
with an artificial seawater carrier solution.

(c) Statistical analysis
For each species in monoculture (H. diversicolor, H. ulvae,
C. volutator) and the three species mixture, we developed separ-
ate statistical models for each of the response variables
(ecosystem processes: f‘SPILmean, f'SPILmaX, SBR, A[Br™ ]; ecosystem
functioning: [NH4-N], [NO,-N], [PO4—P]) with environmental
setting and population as explanatory variables. As our main
focus is to compare species contributions to functioning, and
not to detect presence versus absence effects of species, aquaria
that contained no invertebrates were not included in our
statistical analyses but are presented for comparative purposes.
Initial linear models were assessed for normality (Q-Q-plot),
heterogeneity of variance (plotted residual versus fitted values),
and influential data points (cook’s distance) [43]. When data
exploration indicated variance heterogeneity, we applied gener-
alized least squares (GLS) estimations that specifically
incorporate variance in the residual spread with the explanatory
variables, using appropriate variance functions (here varldent for
nominal explanatory variables) [43]. The optimal fixed structure
was obtained by manual backward selection using the likelihood
ratio test under maximum-likelihood (ML) estimation [43]. Coef-
ficient tables are presented (electronic supplementary material,
models S1-523) without correction for the alpha-error, as Bon-
ferroni correction increases the beta error and tends to obscure
multiple significant results if p-values are moderate and the stat-
istical power is low [44]. All statistical analyses were performed
using the R statistical and programming environment [45] and
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Figure 2. The effects of environmental setting on SBR (mean + s.e., n = 3)
for H. ulvae (circles) and C. volutator (squares). Observations without macro-
fauna (dash, n = 9) are shown for comparison.

the nlme package [46]. All data are provided in the electronic
supplementary material, table S2.

3. Results

Our analyses confirm strong species-specific effects of
environmental setting and/or population on ecosystem
process and functioning across all of our response variables
(for detail see electronic supplementary material, models
S1-523). Analysis of sediment properties confirm differences
in bulk sediment descriptors (Mz, oy, SK;, K¢, particulate
fraction < 63 pm, TOC; electronic supplementary material,
figure S1 and table S1) between the three geographical
locations. Overall, our results provide evidence that both
differences in population and/or environmental setting can
affect the way in which species moderate nutrient generation.

(a) Effects on particle reworking and burrow ventilation
SBR and the vertical redistribution of sediment particles
("L ean and FSPIL ) are clearly influenced by a combi-
nation of interactive and additive effects of environmental
setting and population that are dependent on species iden-
tity. We find that the faunal mediation of SBR is influenced
by an independent effect of environmental setting
(L-ratio =14.33, d.f.=2, p=<0.001) for H. ulvae
(Humber > Ythan > Hamble, figure 2), or by a combination
of the independent effects of environmental setting
(Hamble > Ythan = Humber, L-ratio=14.18, df. =2, p<
0.001, figure 2) and population (Humber > Ythan =
Hamble, L-ratio=6.26, d.f. =2, p=0.044, electronic sup-
plementary material, figure S2) for C. volutator. In contrast,
we find no evidence that environmental setting or population
affect the mediation of SBR when H. diversicolor is present in
monoculture or when species are in mixture (both intercept
only models; F=144,df.=2,p=026 and F=22,d.f =2,
p = 0.13, respectively).

The mediation of ©'L,,,.., (mean particle mixing depth,
figure 3) in the presence of H. diversicolor and H. ulvae is
influenced by the independent effects of environmental
setting (H. diversicolor: F=27.77, d.f.=2, p<0.0001;
H. ulvae, F=2246, df. =2, p<0.0001) and population
(H. diversicolor: F=20.31, d.f. =2, p <0.0001; H. ulvae,
F=09.14, d.f. =2, p <0.001), but by the interactive effects of
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Figure 3. Independent effects of population (a) and environmental setting (b) on the mean depth of sediment particle reworking (f’SP'Lmean, cm, mean =+ s.e.,
n = 3) for H. diversicolor (triangles), H. ulvae (circles), and the interactive effect of environmental setting and population for (c) C. volutator (squares) and (d) the
species mixture (diamonds). Observations without macrofauna (dash, n = 9) are shown for comparison. In panel (c) and (d), shadings indicate different populations:
black, Ythan Estuary; white, Humber Estuary; grey, Hamble Estuary. The dotted line indicates the sediment surface and negative values indicate an increase in the

net downward transport of sediment particles.

population x environmental setting in the presence of
C. volutator (C. volutator: F = 4.72, d.f. = 4, p = 0.009; species
mixture, L-ratio=13.06, d.f.=4, p=0.01). In general,
ESPIL  an tends to be greatest for populations from the
Humber (Humber > Ythan > Hamble, figure 3a) and/or in
sediments from the Ythan (Ythan > Hamble > Humber,
figure 3b), although these patterns are not universal across
all species treatments (figure 2). For FSPIL s (figure 4), we
find an effect of environmental setting for H. diversicolor
(L-ratio = 11.89, d.f. = 2, p = 0.003), and independent effects
of environmental setting and population (L-ratio = 31.74,
d.f.=2, p<0.0001 and L-ratio=8.35, d.f. =2, p <0.015,
respectively) for H. ulvae (figure 4). ¥5P'L, .. is deepest in
sediment from the Ythan (figure 4a) and/or for the popu-
lations from the Ythan (figure 4b). There is also evidence
for an interactive effect between environmental setting and
population for the species mixture (L-ratio=9.99, d.f. =4,
p = 0.041, electronic supplementary material, figure S3). In
contrast, for C. volutator, we find no evidence that environ-
mental setting or population are influential in determining
FSPIL ax (intercept only model; F = 1.14, d.f. =2, p = 0.34).
We find marginal effects of population on burrow venti-
lation ([ABr™]) for H. diversicolor and C. volutator (Ythan =
Humber > Hamble: F=2343, d.f.=2, p=0049 and
Ythan > Humber = Hamble: F=23.41, d.f =2, p=0.05
respectively, electronic supplementary material, figure S4).
There is no effect of environmental setting or population in

the presence of H. ulvae (intercept only model; F=2.34,
d.f. =2, p=0.12) or when species are in mixture (intercept
only model; F =194, d.f. =2, p=0.17).

(b) Effects on nutrient concentrations

Consistent effects of environmental setting are present across
all species treatments, irrespective of nutrient identity, but
the influence of population varies with nutrient identity
(INH4—N]: predominantly additive, figure 5; [NO,—N]: no
effect, figure 6; [PO,—P]: no effect or interactive, figure 7).
For [NH4—N] there are independent effects of both environ-
mental setting and population for H. diversicolor, C. volutator,
and the species mixture (environmental setting: F = 31.38,
d.f.=2, p<0.0001; L-ratio=37.25 d.f. =2, p<0.0001;
L-ratio = 26.62, d.f. = 2, p < 0.0001, respectively; population:
F=416, df.=2, p=0.03; Lratio=16.84, df.=2, p<
0.001; L-ratio =9.6, d.f. =2, p = 0.008, respectively). For H.
ulvae, there is some weak evidence that these effects may be
interactive (L-ratio = 9.55, d.f. =4, p = 0.049, electronic sup-
plementary material, figure S5). In general, [NH4—N] are
higher in treatments with sediments from the Humber
relative to those from the Hamble or the Ythan (figure 5a).
The role of population is less pronounced, but populations
of H. diversicolor and C. wvolutator from the Hamble and
Humber return higher [NH;-N] relative to populations
from the Ythan (figure 5b). For the species mixture,
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Figure 5. The effects of environmental setting (a) and population (b) on [NH,—N] (mg I~ mean + s.e., n = 3) for H. diversicolor (triangles), C. volutator
(squares), and the species mixture (diamonds). Observations without macrofauna (dash, n = 9) are shown for comparison.
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Figure 6. The effects of environmental setting on [NOy—N] (mg I~
mean + s.e., n = 3) for H. diversicolor (triangles), H. ulvae (circles), C. volu-
tator (squares), and the species mixture (diamonds). Observations without
macrofauna (dash, n =9) are shown for comparison.

populations from the Humber return higher [NH,—N] than
populations from the Hamble and Ythan (figure 5b).

We find a consistent effect of environmental setting on
[NO,—N] across all of our species treatments (H. diversicolor:
F=779, df.=2, p=0.002; H. ulvae: F=28041, d.f.=2,
p < 0.0001; C. volutator: L-ratio = 25.04, d.f. =2, p < 0.0001;
species mixture: L-ratio=52.94, d.f. =2, p <0.0001). For

H. diversicolor and H. ulvae [NO,—N] are greater in sediments
from the Hamble or Ythan (figure 6) relative to those of the
Humber. In contrast, for C. volutator and the species mixture,
the highest [NO,—N] are in sediments from the Ythan, fol-
lowed by sediments from the Humber and Hamble (figure 6).

For [PO4—P] we find a single independent effect of
environmental setting for H. diversicolor and H. ulvae
(L-ratio = 21.65, d.f. =2, p < 0.001; L-ratio =54.01, d.f. =2,
p < 0.0001, respectively) and an interactive effect of environ-
mental setting and population for C. volutator and the species
mixture (L-ratio =14.83, d.f. =4, p =0.005; L-ratio = 10.78,
d.f. =4, p=0.029, respectively). [PO4—P] are higher in treat-
ments containing sediments from the Ythan, followed by
those with sediments from the Humber and Hamble
(figure 7a). This trend is also reflected in the C. wvolutator
and species mixture treatments, where the interaction is
largely driven by population-specific differences within
environmental settings (figure 7b and c).

4. Discussion

The use of functional traits to inform ecosystem management
and policy relies on relating species functional effect traits,
or functional diversity metrics, to ecosystem processes.
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Figure 7. The effects of environmental setting on [PO,—P] (g, mg I, mean =+ s.e., n = 3) for H. diversicolor (triangles) and H. ulvae (circles), and the interactive
effect of environmental setting and population for C. volutator (b, squares) and the species mixture (¢, diamonds). Observations without macrofauna (dash, n = 9)
are shown for comparison. (b) and (c) shadings indicate different populations: black, Ythan Estuary; white, Humber Estuary; grey, Hamble Estuary.

However, concerns have been expressed about how impor-
tant intraspecific variation is in defining functional trait
structure [47-49] and how transferable functional designa-
tions may be across regions and with changing context,
particularly in human-dominated landscapes [50,51]. Here,
our experiments with intertidal sediment communities
reveal that the presence of specific traits does not necessarily
predetermine either the degree of species—environment inter-
action, or the way in which species mediate biogeochemical
cycling; these can vary between populations and can be
further moderated by dynamic shifts in abiotic and/or
biotic circumstance [52]. Indeed, our findings indicate that
the combined effects of abiotic/biotic conditions and histori-
cal precedent that are encapsulated in a specific location have
the potential to determine the basal level of species—environ-
mental interaction [53-55]. Individuals within a population
may further regulate their own functional performance
through additional morphological, physiological, or behav-
ioural responses to transient changes in circumstance
[25,31,34,36,56]. Hence, the net functional contributions of
species to ecosystem properties will reflect the relative impor-
tance and interdependency of both short- and long-term
processes that have altered, are altering, or are yet to fully
alter the nature of species—environment coupling [26].

It is important to consider our findings in light of current
practices that adopt single mean trait values to characterize
how species mediate ecosystem properties [57]. Inherent in
most functional metrics is the assumption that intraspecific

trait variability is likely to be negligible relative to inter-
specific differences in species performance. Yet, with few
exceptions [58], it is unlikely that functional effects will be
synonymous with species taxonomy or be capable of being
applied generically [14,59] because functional equivalence
tends not to occur across local and regional scales, as well
as across annual cycles [60]; a problem that will be com-
pounded when multiple and/or more comprehensive trait
descriptors are considered [15,61]. Although trait variation
can be identified at local scales [62], scaling up will need to
accommodate the long-term adjustment of species to local
conditions and the history of environmental variation
[63,64]. For example, one of our study species (H. diversicolor)
is known to adapt its feeding strategy to local resource
supply leading to morphological and behavioural differen-
tiation [65] that, in turn, is likely to affect bioturbation
activities of local populations. More widely, such adaptations
can involve adjustments of morphological [65-67], behav-
ioural [66—-68], or physiological [69,70] traits in response to
certain biotic and abiotic conditions. Indeed, as observed
here, the functional role of species is not necessarily
expressed to the same extent when species are in mixture,
relative to when they are in monoculture. This is because
the presence of interspecific interactions can positively or
negatively affect the trait expression of individual species,
altering per capita contributions to ecosystem functioning
[71]. While the specific abiotic and/or biotic factors that
lead to variation in trait expression are not easy to predict
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[22,72], the relationship between functional diversity and
ecosystem properties has a strong theoretical base [73] and
species responses to specific circumstances are well known.
For example, the effects of timing [74,75] and environmental
context [52] can moderate species—environment interactions
and, albeit documented less frequently, the expression of
[30,31] and/or behaviours
[25,37,76]. Importantly, when the response of individuals to

functionally relevant traits

changing circumstances link to the effect traits that determine
the functional contribution of an organism, the summed
response of the assemblage can be sufficient to affect ecologi-
cal patterns and processes at larger scales [16,77]. Conversely,
when species—environment interactions decouple [78-80] or
do not balance (abiotic > biotic control [81]), the underlying
reciprocal relationship between species and the environment
is minimized and the relative importance of biotic control
may be diminished or masked [53].

While the intrinsic variability within species and the
importance of local population adaptation have been recog-
nized and are informing evolutionary thinking [82,83],
equivalent information is yet to be fully incorporated into
predictive models that explore the functional contribution
of populations to ecosystem properties [49]. Our findings
lend support to the growing consensus that community-
level dynamics and intraspecific variability [13,39,84] need
to be incorporated into ecological models when predicting
the ecosystem consequences of altered biodiversity over
large scales or extended time periods [7,16,17], especially
when the risk of altered trait expression covaries with
environmental forcing [85]. This means that more must be
done to generate basic information on the hierarchical
scaling of trait variance [86,87] and less reliance should be

placed on macroecological and meta-analytical approaches
that focus on point-based traits. Instead, a shift from
species-based to individual-based ecology is necessary
[13,84,87] and, as multiple trait information for individuals
is not necessarily obtained by combining several trait data-
bases, alternative statistical or modelling approaches that
can fill data gaps and incorporate factors known to influence
trait expression need to be developed [88]. When attempting
to conserve the functional integrity of ecosystems under
global change, a primary challenge for ecosystem manage-
ment will be to account for the circumstances under which
response and effect traits are linked [16], and when and
where intraspecific versus interspecific trait variability are
most influential [89].
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Sediment parameters

Sediment parameters were measured by laser diffraction (Malvern Mastersizer
2000) at the Department of Geography, University of Cambridge, following
standard protocols (available at:

http://www.geog.cam.ac.uk/facilities /laboratories/techniques/). Particle size
parameters were calculated using logarithmic graphical measures (Blott & Pye

2001).
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Figure S1: Cumulative sediment particle size distributions for the Ythan Estuary

(blue), Humber Estuary (red) and Hamble Estuary (black).



Table S1: Sediment parameters (mean * sd, n=3) for the three environmental settings used in the

experiment.
. . . . Results
Source of Mz Mz | Sorting| Sorting | Kurtosis | Kurtosis | Skeweness | Skeweness below 63 TOC
sediment | (um) | (Phi) | (um) (Phi) (um) (Phi) (um) (Phi) um (%) (%)
Ythan 49.4 4.7 375.8 1.4 451.7 1.1 1208.8 -0.3 68.8 9.3
Estuary +2 £01 | 214 | +£0.08 +3.6 +0.01 +27.1 +0.03 £2.3 2.6
Humber 33.6 5.6 274.3 1.9 540.9 0.9 1151.4 -0.2 80.1 10.2
Estuary +11 | £0.1 +7.2 +0.04 +5.7 +0.02 +12.2 +0.02 1.1 2.2
Hamble 27.5 6.1 189.1 2.4 449.7 1.2 1167.6 -0.2 84.0 6.8
Estuary £09 | £0.04| *4.6 +0.04 +9.55 +0.03 20.4 +0.03 +0.9 +0.1




Statistical model summary

Summary of the statistical models analysing each species and the three species
mixture separately (Model S1 to S23). For each model we list the initial linear
regression model and the minimal adequate model. When variance homogeneity
was violated we used a linear regression with generalized least squares (GLS)
estimation. We present a summary of the coefficient tables for single terms. The
coefficients indicate the relative performance of each treatment level in relation
to the re-levelled baseline (as indicated). Coefficients * SE, t-values and

respective significance values are presented.

Abbreviations:

(i) Explanatory variables

EnvSet, environmental setting

Pop, population

(ii) Response variables

SBR, surface boundary roughness (cm)

"SPILean,, mean mixed depth of particle reworking (cm)
&SPILax,, maximum mixed depth of particle reworking (cm)
A[Br-], burrow ventilation (mg L-1)

[NH4-N], NH4-N concentration (mg L-1)

[NOx-N], NO2-N + NO3-N concentration (mg L-1)

[PO4-P], PO4-P concentration (mg L1)

Data: All data used in the analyses are provided as Table S2.



Model S1: Surface boundary roughness (SBR, cm) - Hydrobia ulvae
Initial linear regression model:
Im(SBR ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
gls(SBR ~ EnvSet, weights = varldent(form = ~1|EnvSet), method =
‘REML")
Intercept + SE (when baseline is for Ythan Estuary): 0.364 + 0.026, t = 14.010, p
<0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
-0.226 £+ 0.067 | 0.093 +0.043
Ythan / -3.361 2.149
0.003 0.042
0.226 + 0.067 0.319+0.071
Humber 3.361 / 4491
0.003 <0.001
-0.093 +0.043 | -0.319 £ 0.071
Hamble -2.149 -4.491 /
0.042 <0.001

Model S2: Surface boundary roughness (SBR, cm) - Corophium volutator
Initial linear regression model:

Im(SBR ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls(SBR ~ EnvSet+Pop, weights = varldent(form = ~1|Pop), method =

‘REML’)



Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 0.552 +
0.082,t=6.764,p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
0.120 £ 0.100 | -0.305 +0.100
Ythan / 1.198 -3.040
0.244 0.006
-0.120 +£ 0.100 -0.425 +0.100
Humber -1.198 / -4.239
0.244 <0.001
0.305+0.100 | 0.425+0.100
Hamble 3.040 4.239 /
0.006 <0.001
Coefficient table for Pop
Ythan Humber Hamble
-0.399 + 0.149 | -0.056 + 0.086
Ythan / -2.679 -0.653
0.014 0.521
0.399 + 0.149 0.343 + 0.152
Humber 2.679 / 2.260
0.014 0.034
0.056 + 0.086 | -0.343 +0.152
Hamble 0.653 -2.260 /
0.521 0.034




Model S3: Mean mixed depth of particle reworking (P'Lmean, cm) - Hediste
diversicolor
Initial linear regression model:

Im(“SP'Limean ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

Im (FSPILpmean ~ EnvSet+Pop)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 1.987 +
0.119,t=16.818,p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
0.909 £ 0.129 | 0.734 £ 0.129
Ythan / 7.025 5.668
<0.0001 <0.0001
-0.909 +0.129 -0.176 £ 0.129
Humber -7.025 / -1.356
<0.0001 0.189
-0.734+0.129 | 0.176 £0.129
Hamble -5.668 1.356 /
<0.0001 0.189
Coefficient table for Pop
Ythan Humber Hamble
-0.450 £ 0.129 | 0.374 £0.129
Ythan / -3.474 2.891
0.002 0.008
0.450 £ 0.129 0.824 £ 0.129
Humber 3.474 / 6.364
0.002 <0.0001
-0.374 +0.129 | -0.824 +0.129
Hamble -2.891 -6.364 /
0.008 <0.0001




Model S4: Mean mixed depth of particle reworking (P'Lmean, cm) - Hydrobia
ulvae
Initial linear regression model:

Im(“SP'Limean ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

Im (FSPILpmean ~ EnvSet+Pop)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 0.294 +
0.014,t=21.541,p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
0.100 £ 0.150 | 0.046 +1.150
Ythan / 6.694 3.054
<0.0001 0.006
-0.100 = 0.150 -0.054 + 0.150
Humber -6.694 / -3.640
<0.0001 0.001
-0.046 + 1.150 | 0.054 + 0.150
Hamble -3.054 3.640 /
0.006 0.001
Coefficient table for Pop
Ythan Humber Hamble
-0.036 £ 0.150 | 0.028 + 0.150
Ythan / -2.411 1.852
0.025 0.078
0.036 + 0.150 0.064 + 0.150
Humber 2411 / 4.263
0.025 0.0003
-0.028 £ 0.150 | -0.064 + 0.150
Hamble -1.852 -4.263 /
0.078 0.0003




Model S5: Mean mixed depth of particle reworking (SP'Lmean, cm) - Corophium
volutator
Initial linear regression model:
Im(“SP'Limean ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

Im(*SP'Limean ~ EnvSet+Pop+EnvSet:Pop)

Model S6: Mean mixed depth of particle reworking (SP!Lmean, cm) - species
mixture
Initial linear regression model:
Im(“SP'Limean ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
gls(FSPILmean ~ EnvSet+Pop+EnvSet:Pop, weights = varldent(form =

~1|Pop), method = ‘REML’))

Model S7: Maximum mixed depth of particle reworking (P'Lmax, cm) - Hediste
diversicolor
Initial linear regression model:
Im("“SPILymax ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
gls(“SPILmax ~ EnvSet, weights = varldent(form = ~1|EnvSet), method =

‘REML’)



Intercept + SE (when baseline is for Ythan Estuary): 10.627 + 0.151, t = 70.244, p
<0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
1.313+1.028 | 0.771 £0.205
Ythan / 1.277 3.768
0.214 0.001
-1.313 +1.028 -0.542 +1.026
Humber -1.277 / -0.529
0.214 0.602
-0.771 £ 0.205 | 0.542 £1.026
Hamble -3.768 0.529 /
0.001 0.602

Model $S8: Maximum mixed depth of particle reworking (F'Lmax, cm) - Hydrobia
ulvae
Initial linear regression model:
Im("“SPILmax ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
gls(“SPILmax ~ EnvSet+Pop, weights = varldent(form = ~1|EnvSetxPop),
method = ‘REML’)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 2.245 +
0.345,t=6.516,p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
0.026 +0.220 | 0.873 £0.181
Ythan / 0.118 4.815
0.907 0.0001
-0.026 + 0.220 0.847 +0.134
Humber -0.118 / 6.304
0.907 <0.0001
-0.873 +0.181 | -0.847 £ 0.134
Hamble -4.815 -6.304 /
0.0001 <0.0001
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Coefficient table for Pop

Ythan Humber Hamble
0.632 +0.317 | 0.755 +0.315
Ythan / 1.992 2.399
0.059 0.025
-0.632 +0.317 0.123 +0.058
Humber -1.992 / 2.119
0.059 0.046
-0.755 +0.315 | -0.123 £ 0.058
Hamble -2.399 -2.119 /
0.025 0.046

Model S9: Maximum mixed depth of particle reworking (FSP!Lmax, cm) - species

mixture

Initial linear regression model:

Im("“SPILymax ~ EnvSet+Pop+EnvSet:Pop)

Minimal adequate model:

gls(“SPILmax ~ EnvSet+Pop+EnvSet:Pop, weights = varldent(form =

~1|EnvSet), method = ‘REML’)

Model $10: Burrow ventilation (A[Br], mg L-1) - Hediste diversicolor

Initial linear regression model:

Im(A[Br-] ~ EnvSet+Pop+EnvSet:Pop)

Minimal adequate model:

Im(A[Br] ~ Pop)
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Intercept + SE (when baseline is for Ythan Estuary for Pop): -69.213 + 10.654, t =
-6.496, p < 0.0001

Coefficient table for Pop

Ythan Humber Hamble
-9.302 +15.067 | -37.849 + 15.067
Ythan / -0.617 -2.512
0.543 0.019
9.302 + 15.067 -28.548 + 15.067
Humber 0.617 / -1.895
0.543 0.070
37.849 + 15.067 | 28.548 + 15.067
Hamble 2.512 1.895 /
0.019 0.070

Model S11: Burrow ventilation (A[Br-], mg L-1) - Corophium volutator
Initial linear regression model:
Im(A[Br-] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
Im(A[Br-] ~ Pop)
Intercept + SE (when baseline is for Ythan Estuary for Pop): -45.270 + 10.520, t =
-4.303, p = 0.0002

Coefficient table for Pop

Ythan Humber Hamble
-37.600 + 14.881 | -27.270 + 14.881
Ythan / -2.527 -1.833
0.019 0.079
37.600 + 14.881 10.325 + 14.881
Humber 2.527 / 0.694
0.019 0.494
27.270 +14.881 | -10.325 + 14.881
Hamble 1.833 -0.694 /
0.079 0.494
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Model S12: NH4-N concentration ([NH4-N], mg L-1) - Hediste diversicolor
Initial linear regression model:
Im([NH4-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
Im([NH4-N] ~ EnvSet+Pop)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 5.658
0.869,t=6.508,p <0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
-5.502 £ 0.952 | 1.720 £ 0.952
Ythan / -5.778 1.805
<0.0001 0.085
5.502 £ 0.952 7.222 £ 0.952
Humber 5.778 / 7.582
<0.0001 <0.0001
-1.720 £ 0.952 | -7.222 £ 0.952
Hamble -1.805 -7.582 /
0.085 <0.0001
Coefficient table for Pop
Ythan Humber Hamble
-2.114 £ 0.952 | -2.577 £+ 0.952
Ythan / -2.220 -2.706
0.037 0.013
2.114 £ 0.952 -0.463 + 0.952
Humber 2.220 / -0.486
0.037 0.632
2.577 £0.952 | 0.463 +0.952
Hamble 2.706 0.486 /
0.013 0.632
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Model S13: NH4-N concentration ([NH4-N], mg L-1) - Hydrobia ulvae
Initial linear regression model:

Im([NH4-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([NH4-N] ~ EnvSet+Pop+EnvSet:Pop, weights = varldent(form =

~1|EnvSet), method = ‘REML’)

Model S14: NH4-N concentration ([NH4-N], mg L-1) - Corophium volutator
Initial linear regression model:

Im([NH4-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([NH4-N] ~ EnvSet+Pop, weights = varldent(form = ~1| EnvSetxPop),
method = ‘REML’)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 2.414 +
0.141,t=17.100, p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
-4.442 +0.235 | -3.483 £ 0.148
Ythan / -18.886 -23.483
<0.0001 <0.0001
4442 +0.235 0.960 + 0.184
Humber 18.886 / 5.223
<0.0001 <0.0001
3.483 +0.148 | -0.960 + 0.184
Hamble 23.483 -5.223 /
<0.0001 <0.0001

14



Coefficient table for Pop

Ythan Humber Hamble
-0.801 £+ 0.073 | -0.699 + 0.215
Ythan / -11.026 -3.246
<0.0001 0.004
0.801 +0.073 0.103 +0.216
Humber 11.026 / 0.475
<0.0001 0.640
0.699 +0.215 | -0.103 £0.216
Hamble 3.246 -0.475 /
0.004 0.640

Model S15: NH4-N concentration ([NH4-N], mg L-1) - species mixture
Initial linear regression model:

Im([NH4-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([NH4-N] ~ EnvSet+Pop, weights = varldent(form = ~1|EnvSet),
method = ‘REML’)
Intercept + SE (when baseline is for Ythan Estuary for EnvSet and Pop): 3.950 +
0.385,t=10.271,p < 0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
-5.604 +1.020 | -2.574 £ 0.366
Ythan / -5.493 -7.041
<0.0001 <0.0001
5.604 +1.020 3.030+0.976
Humber 5.493 / 3.104
<0.0001 0.005
2.574 +0.366 | -3.030+0.976
Hamble 7.041 -3.104 /
<0.0001 0.005
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Coefficient table for Pop

Ythan Humber Hamble
-0.771 £ 0.333 | 0.324 +0.333
Ythan / -2.317 0.973
0.030 0.341
0.771 +0.333 1.095 +0.333
Humber 2.317 / 3.290
0.030 0.003
-0.324 +0.333 | -1.095 £ 0.333
Hamble -0.973 -3.290 /
0.341 0.003

Model S16: NOx-N concentration ([NOx-N], mg L-1) - Hediste diversicolor
Initial linear regression model:
Im([NOx-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
Im([NOx-N] ~ EnvSet)
Intercept + SE (when baseline is for Ythan Estuary): 5.555 + 0.672,t = 8.270,p <
0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
3.620 + 0.95 0.961 + 0.95
Ythan / 3.810 1.012
<0.001 0.322
-3.620 + 0.95 -2.659 + 0.95
Humber -3.810 / -2.799
<0.001 0.01
-0.961 + 0.95 2.659 + 0.95
Hamble -1.011 2.799 /
0.322 0.01
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Model S17: NOx-N concentration ([NOx-N], mg L-1) - Hydrobia ulvae
Initial linear regression model:

Im([NOx-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

Im([NOx-N] ~ EnvSet)

Intercept + SE (when baseline is for Ythan Estuary): 10.15 + 0.355, t = 28.54, p <

0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
6.35 +0.502 2.884 + 0.502
Ythan / 12.660 5.750
<0.0001 <0.0001
-6.35 +£0.502 -3.466 + 0.502
Humber -12.660 / -6.914
<0.0001 <0.0001
-2.884 + 0.502 3.466 + 0.502
Hamble -5.750 6.914 /
<0.0001 <0.0001

Model S18: NOx-N concentration ([NOx-N], mg L-1) - Corophium volutator
Initial linear regression model:

Im([NOx-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([NOx-N] ~ EnvSet, weights = varldent(form = ~1| EnvSetxPop),

method = ‘REML’)
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Intercept + SE (when baseline is for Ythan Estuary): 17.648 * 2.235,t=7.896, p

<0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
10.309 + 2.551 | 14.722 + 2.609
Ythan / 4.042 6.512
<0.001 <0.0001
-10.309 + 2.551 4413 +1.276
Humber -4.042 / 3.460
<0.001 0.002
-14.722 +2.609 | -4.413+1.276
Hamble -6.512 -3.460 /
<0.0001 0.002

Model $19: NOx-N concentration ([NOx-N], mg L-1) - species mixture
Initial linear regression model:

Im([NOx-N] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([NOx-N] ~ EnvSet, weights = varldent(form = ~1|EnvSetxPop),
method = ‘REML"))
Intercept + SE (when baseline is for Ythan Estuary): 12.349 + 0.102, t = 121.518,
p <0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
9.546 +0.434 | 10.702 +0.236
Ythan / 21.980 45.379
<0.0001 <0.0001
-9.546 + 0.434 1.156 £ 0.473
Humber -21.980 / 2.444
<0.0001 0.022
-10.702 £+ 0.236 | -1.156 £+ 0.473
Hamble -45.379 -2.444 /
<0.0001 0.022
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Model S20: PO4-P concentration ([POs-P], mg L-1) - Hediste diversicolor

Initial linear regression model:
Im([PO4-P] ~ EnvSet+Pop+EnvSet:Pop)

Minimal adequate model:
gls([PO4-P] ~ EnvSet, weights = varldent(form = ~1|EnvSet), method =
‘REML")

Intercept + SE (when baseline is for Ythan Estuary): 1.530 + 0.157,t=9.741,p <

0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
1.008 £ 0.159 0.990 + 0.163
Ythan / 6.337 6.064
<0.0001 <0.0001
-1.008 + 0.159 -0.018 + 0.051
Humber -6.337 / -0.356
<0.0001 0.725
-0.990 + 0.163 0.018 + 0.051
Hamble -6.064 0.356 /
<0.0001 0.725

Model S21: PO4-P concentration ([POs-P], mg L-1) - Hydrobia ulvae
Initial linear regression model:
Im([PO4-P] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:
gls([PO4-P] ~ EnvSet, weights = varldent(form = ~1|Pop), method =

‘REML’)
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Intercept + SE (when baseline is for Ythan Estuary): 0.620 + 0.013, t = 46.206, p

<0.0001

Coefficient table for EnvSet

Ythan Humber Hamble
0.119 £ 0.019 0.300 £ 0.019
Ythan / 6.277 15.778
<0.0001 <0.0001
-0.119 £ 0.019 0.180 £ 0.019
Humber -6.277 / 9.501
<0.0001 <0.0001
-0.300£0.019 | -0.180+0.019
Hamble -15.778 -9.501 /
<0.0001 <0.0001

Model S22: PO4-P concentration ([PO4-P], mg L-1) - Corophium volutator
Initial linear regression model:

Im([PO4-P] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([PO4-P] ~ EnvSet+Pop+EnvSet:Pop, weights = varldent(form =

~1|EnvSet), method = ‘REML’)

Model S23: PO4-P concentration ([PO4-P], mg L-1) - species mixture
Initial linear regression model:

Im([PO4-P] ~ EnvSet+Pop+EnvSet:Pop)
Minimal adequate model:

gls([PO4-P] ~ EnvSet+Pop+EnvSet:Pop, weights = varldent(form =

~1|EnvSet), method = ‘REML’)
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Table S2: Summary of data used for statistical analysis. Data in the absence of macrofauna is
shown for comparison but was not included in the analyses. EnvSet = environmental setting,
Pop = population, SID = species identity (HD = Hediste diversicolor, HU = Hydrobia ulvae, CV =
Corophium volutator, Mix = species mixture, cntrl = no macrofauna), Ha = Hamble Estuary, Hu

= Humber Estuary, Y = Ythan Estuary

Env Pop | SID Repli | FSPILpean ESPI],ax SBR A[Br] [NH4-N] [NOx-N] [PO4-P]
Set -cate (cm) (cm) (cm) (mgl1Y) | (mglY (mg L) (mg L)
Ha | Ha | HD 1 0.915 10.465 0.850 | -20.160 6.552 3.124 0.358
Ha | Ha | HD 2 1.126 10.438 0.514 | -24.325 7.743 2.884 0.683
Ha | Ha | HD 3 0.965 9.608 0.746 | -36.740 5.745 4.306 0.596
Ha | Ha | HU 1 0.236 0.605 0.384 1.218 1.096 7.115 0.322
Ha | Ha | HU 2 0.208 0.575 0.316 | -11.459 1.384 6.298 0.329
Ha | Ha | HU 3 0.230 0.668 0.063 -5.637 0.655 6.214 0.209
Ha | Ha | CV 1 0.928 2.839 0.969 7.622 6.697 3.676 0.268
Ha | Ha | CV 2 1.018 2.606 0.917 -1.636 6.089 2.899 0.248
Ha | Ha | CV 3 0.821 2.380 0.467 -8.667 6.817 1.529 0.175
Ha | Ha | Mix 1 0.638 4.650 0.422 | -70.389 6.499 0.882 0.203
Ha | Ha | Mix 2 0.744 8.680 1.237 -7.093 6.007 1.393 0.230
Ha | Ha | Mix 3 0.819 7.751 0.776 | -34.825 6.096 1.788 0.204
Ha | Hu | HD 1 1.667 9.746 0.831 | -76.752 4.782 5.315 0.657
Ha | Hu | HD 2 1.868 9.639 0.638 15.830 7.952 0.774 0.731
Ha | Hu | HD 3 1.454 9.392 0.775 | -62.558 4.637 5.226 0.456
Ha | Hu | HU 1 0.279 0.780 0.302 | -22.948 0.765 6.239 0.293
Ha | Hu | HU 2 0.291 0.807 0.271 | -44.985 0.491 7.694 0.332
Ha | Hu | HU 3 0.242 0.638 0.139 33.476 0.769 7.364 0.345
Ha | Hu | CV 1 0.550 2.731 1.010 | -12.575 6.604 2.191 0.260
Ha | Hu | CV 2 0.927 3.941 1.280 20.377 6.797 4.248 0.310
Ha | Hu | CV 3 0.815 3.443 2.052 | -18.774 6.704 4.517 0.265
Ha | Hu | Mix 1 1.521 10.379 1.459 | -33.554 6.807 3.122 0.337
Ha | Hu | Mix 2 0.872 8.576 0.998 46.851 7.767 0.684 0.406
Ha | Hu | Mix 3 1.072 9.474 0.864 | -11.443 7.481 1.990 0.440
Ha Y | HD 1 1.129 9.499 0.723 | -78.203 3.732 6.878 0.536
Ha Y | HD 2 1.366 10.251 1.004 | -64.653 2.532 8.697 0.423
Ha Y | HD 3 1.015 9.671 0.524 | -33.694 5.848 4.148 0.426
Ha Y | HU 1 0.254 1.489 0.290 31.824 0.607 8.403 0.341
Ha Y | HU 2 0.208 1.012 0.348 | -23.202 0.774 7.923 0.332
Ha Y | HU 3 0.313 5.103 0.329 -3.210 0.667 8.182 0.335
Ha Y | CV 1 0.824 3.554 0.972 | -24.510 5.960 2.275 0.215
Ha Y | CV 2 0.700 2.960 1.008 | -34.489 5.803 2.873 0.223
Ha Y | CV 3 0.784 2.488 0.796 | -51.996 5.930 2.122 0.227
Ha Y | Mix 1 1.053 9.917 0.714 | -43.169 6.995 1.523 0.324

N
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Env Pop | SID Repli | FSPILpean ESPIL, oy SBR A[Br] [NH4-N] [NOx-N] [PO4-P]
Set -cate (cm) (cm) (cm) (mgL1) | (mgL? (mg L1 (mg LY
Ha Y | Mix 2 0.962 9.837 1.349 | -58.581 5.856 2.615 0.277
Ha Y | Mix 3 0.881 9.018 1.078 | -47.269 6.558 1.720 0.338
Ha | Ha / cntrl 0.059 0.690 0.418 | -17.355 0.085 2.078 0.031
Ha | Ha / cntrl 0.091 0.498 0.542 -8.946 0.023 2.036 0.065
Ha | Ha / cntrl 0.072 0.652 0.443 | -64.054 1.117 4.454 0.205
Ha | Hu / cntrl 0.059 0.690 0.418 | -17.355 0.085 2.078 0.031
Ha | Hu / cntrl 0.091 0.498 0.542 -8.946 0.023 2.036 0.065
Ha | Hu / cntrl 0.072 0.652 0.443 | -64.054 1.117 4.454 0.205
Ha Y / cntrl 0.059 0.690 0.418 | -17.355 0.085 2.078 0.031
Ha Y / cntrl 0.091 0.498 0.542 -8.946 0.023 2.036 0.065
Ha Y / cntrl 0.072 0.652 0.443 | -64.054 1.117 4.454 0.205
Hu | Ha | HD 1 0.797 10.977 0.900 | -13.598 13.251 0.847 0.545
Hu | Ha | HD 2 0.073 1.324 0.933 | -50.119 13.222 1.048 0.395
Hu | Ha | HD 3 0.641 9.609 1.069 | -17.423 13.097 1.495 0.492
Hu | Ha | HU 1 0.190 1.682 0.398 0.838 4.778 6.372 0.493
Hu | Ha | HU 2 0.169 1.181 0.810 | -13.943 6.031 3.356 0.509
Hu | Ha | HU 3 0.134 1.478 0.581 | -28.530 5.797 3.745 0.492
Hu | Ha | CV 1 0.275 2.014 0.537 | -11.058 8.048 0.558 0.674
Hu | Ha | CV 2 0.591 2.867 0.646 | -16.046 6.637 11.459 1.031
Hu | Ha | CV 3 0.582 2.500 0.504 | -24.338 9.185 6.730 0.923
Hu | Ha | Mix 1 0.540 10.592 0.518 | -11.429 12.001 1.236 0.721
Hu | Ha | Mix 2 0.876 9.505 0.720 | -31.978 6.774 4.823 0.781
Hu | Ha | Mix 3 0.625 9.507 0.423 | -37.974 8.853 2.342 0.752
Hu | Hu | HD 1 1.719 10.709 1.752 -7.928 14.848 0.643 0.483
Hu | Hu | HD 2 2.041 10.998 0.807 | -58.768 14.534 2.370 0.603
Hu | Hu | HD 3 1.212 9.835 1.318 | -61.465 13.341 2.718 0.625
Hu | Hu | HU 1 0.214 1.631 0.866 | -32.199 6.881 2.016 0.501
Hu | Hu | HU 2 0.193 1.044 0.297 | -44.373 5.770 3.981 0.470
Hu | Hu | HU 3 0.269 2.734 0.564 | -16.736 6.181 2.617 0.519
Hu | Hu | CV 1 0.240 3.382 0.595 | -37.403 7.939 6.651 0.970
Hu | Hu | CV 2 0.231 1.467 0.434 | -23.721 7.592 8.142 1.038
Hu | Hu | CV 3 0.290 4.041 1.068 4.033 7.296 9.822 1.021
Hu | Hu | Mix 1 1.441 10.092 0.416 | -55.431 13.182 1.439 0.622
Hu | Hu | Mix 2 0.837 9.332 0.921 | -52.307 12.040 3.058 0.760
Hu | Hu | Mix 3 1.046 9.221 0.491 | -60.298 12.240 3.152 0.876
Hu Y | HD 1 0.903 10.218 0.491 | -36.421 13.287 2.354 0.493
Hu Y | HD 2 1.247 10.675 0.592 | -80.054 12.922 1.761 0.475
Hu Y | HD 3 1.294 9.483 0.758 | -82.670 6.013 4.183 0.592
Hu Y | HU 1 0.194 2.373 0.598 | -136.942 6.315 3.237 0.486
Hu Y | HU 2 0.227 1.498 0.478 | -38.950 5.939 3.699 0.496
Hu Y | HU 3 0.181 2.680 0.722 | -82.200 7.629 5.211 0.790
Hu Y Ccv 1 0.438 2.952 0.460 | -66.684 4.948 12.557 0.867
Hu Y Ccv 2 0.745 3.159 0.379 | -119.992 8.386 5.595 0.821

N
N




Env Pop | SID Repli | FSPILpean ESPIL, oy SBR A[Br] [NH4-N] [NOx-N] [PO4-P]
Set -cate (cm) (cm) (cm) (mgL1) | (mgL? (mg L1 (mg LY
Hu Y Ccv 3 0.612 2.123 0.347 | -65.441 9.277 4.533 0.764
Hu Y | Mix 1 0.668 9.990 0.908 | -43.966 10.626 2.856 0.689
Hu Y | Mix 2 0.748 7.347 0.876 | -78.148 7.913 2.657 0.766
Hu Y | Mix 3 0.649 8.135 1.164 | -60.011 3.708 5.895 0.455
Hu | Ha / cntrl 0.106 1.023 0.429 | -48.926 4.384 4.890 0.437
Hu | Ha / cntrl 0.093 1.158 0.654 | -54.156 4.264 4.746 0.424
Hu | Ha / cntrl 0.047 1.158 0.541 14.475 1.762 9.999 0.459
Hu | Hu / cntrl 0.106 1.023 0.429 | -48.926 4.384 4.890 0.437
Hu | Hu / cntrl 0.093 1.158 0.654 | -54.156 4.264 4.746 0.424
Hu | Hu / cntrl 0.047 1.158 0.541 14.475 1.762 9.999 0.459
Hu Y / cntrl 0.106 1.023 0.429 | -48.926 4.384 4.890 0.437
Hu Y / cntrl 0.093 1.158 0.654 | -54.156 4.264 4.746 0.424
Hu Y / cntrl 0.047 1.158 0.541 14.475 1.762 9.999 0.459
Y Ha | HD 1 1.703 10.289 0372 | -13.602 4.844 10.111 1.189
Y Ha | HD 2 1.546 9.971 1.371 | -19.159 12.495 3.765 0.664
Y Ha | HD 3 1.821 11.172 0.549 | -87.152 8.516 4.206 1.476
Y Ha | HU 1 0.305 2.862 0.378 | -89.941 0.775 11.165 0.833
Y Ha | HU 2 0.278 2.327 0.183 | -31.893 0.258 10.334 0.620
Y Ha | HU 3 0.211 1.331 0.366 | -49.582 0.209 10.040 0.636
Y Ha | CV 1 0.393 2.336 0.579 | -51.354 1.868 24.692 1.165
Y Ha | CV 2 0.554 1.810 0.801 | -15.599 2.339 23.382 1.078
Y Ha | CV 3 0.388 3.396 0.606 | -40.912 7.085 4.837 0.817
Y Ha | Mix 1 1.052 10.244 0.970 4.442 3.421 12.617 1.242
Y Ha | Mix 2 1.066 11.091 0.669 | -69.082 4.295 11.803 1.091
Y Ha | Mix 3 1.231 10.651 1.347 | -40.063 3.178 12.664 1.436
Y Hu | HD 1 2.178 10.017 0.678 | -68.074 6.039 5.571 1.451
Y Hu | HD 2 2.189 10.898 1.055 | -115.622 7.793 2.671 2.087
Y Hu | HD 3 2.672 10.789 1.385 | -103.869 7.374 5.659 2.267
Y Hu | HU 1 0.344 1.162 0.398 | -43.434 0.238 10.509 0.638
Y Hu | HU 2 0.332 1.770 0.419 15.983 0.380 9.473 0.602
Y Hu | HU 3 0.370 1.703 0.397 -8.297 0.268 9.920 0.597
Y Hu | CV 1 0.473 1.925 1.063 | -68.062 4.015 17.760 1.642
Y Hu | CV 2 0.573 3.057 0.411 24.636 4.447 16.875 1.501
Y Hu | CV 3 0.632 2.042 1.195 42.424 1.696 25.611 1.869
Y Hu | Mix 1 1.918 11.131 0.378 | -46.170 4.806 12.139 1.573
Y Hu | Mix 2 2.924 10.777 0.719 14.968 4.194 12.372 1.586
Y Hu | Mix 3 2.364 10.593 0.921 | -83.518 3.576 12.546 1.517
Y Y | HD 1 2.296 10.995 1.041 | -43.345 7.181 3.872 1.518
Y Y | HD 2 1.602 10.470 1.172 | -86.256 5.794 5.828 1.409
Y Y | HD 3 2.101 11.045 0931 | -117.625 4961 8.316 1.713
Y Y | HU 1 0.271 1.386 0.443 | -40.121 0.493 8.039 0.545
Y Y | HU 2 0.298 3.655 0.304 | -58.421 0.538 10.768 0.685
Y Y | HU 3 0.263 1.085 0.391 58.650 0.552 11.138 0.696




Env Pop | SID Repli | FSPILpean ESPIL, oy SBR A[Br] [NH4-N] [NOx-N] [PO4-P]
Set -cate (cm) (cm) (cm) (mgL1) | (mgL? (mg L1 (mg LY
Y Y Ccv 1 0.357 4.600 0.498 0.439 2.177 19.776 1.368
Y Y Ccv 2 0.360 2.786 0.253 5.696 2.676 12.571 1.065
Y Y Ccv 3 0.341 2.622 0.807 | -50.479 2.349 13.325 1.326
Y Y | Mix 1 1.767 10.024 0.818 | -67.061 3.966 10.666 1.088
Y Y | Mix 2 1.326 10.343 0.378 | -61.574 6.171 5.079 0.878
Y Y | Mix 3 1.327 10.758 0.378 | -39.049 3.288 12.727 1.445
Y Ha / cntrl 0.258 1.190 0.405 | -20.218 0.217 9.758 0.600
Y Ha / cntrl 0.305 2.561 0.967 | -30.673 0.223 8.622 0.548
Y Ha / cntrl 0.346 1.289 0.461 | -89.555 0.424 9.865 0.582
Y Hu / cntrl 0.258 1.190 0.405 | -20.218 0.217 9.758 0.600
Y Hu / cntrl 0.305 2.561 0.967 | -30.673 0.223 8.622 0.548
Y Hu / cntrl 0.346 1.289 0.461 | -89.555 0.424 9.865 0.582
Y Y / cntrl 0.258 1.190 0.405 | -20.218 0.217 9.758 0.600
Y Y / cntrl 0.305 2.561 0.967 | -30.673 0.223 8.622 0.548
Y Y / cntrl 0.346 1.289 0.461 | -89.555 0.424 9.865 0.582
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Figure S2: The effects of population on surface boundary roughness (SBR, mean
* s.e.,, n = 3) for Corophium volutator (squares). Observations without

macrofauna (dash, n = 9) are shown for comparison.
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Figure S3: The interactive effect of environmental setting and population on the
maximum depth of sediment particle reworking (F'Lmax, cm, mean * s.e., n = 3)
for the species mixture (diamonds). Observations without macrofauna (dash, n =
9) are shown for comparison. Shadings indicate different populations: black =
Ythan Estuary, white = Humber Estuary, grey = Hamble Estuary. The dotted line
indicates the sediment surface and negative values indicate deeper net

downward transport of sediment particles.
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Figure S4: The effect of population on burrow ventilation activity (A[BR‘], mg L1,
mean * s.e., n = 3) for Hediste diversicolor (triangles) and Corophium volutator
(squares). Observations without macrofauna (dash, n = 9) are shown for

comparison. Negative values indicate increased activity.
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Figure S5: The interactive effect of environmental setting and population on
[NH4-N] (mg L1, mean * s.e.,, n = 3) for Hydrobia ulvae (circles). Observations
without macrofauna (dash, n = 9) are shown for comparison. Shadings indicate
different populations: black = Ythan Estuary, white = Humber Estuary, grey =

Hamble Estuary.
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