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Population growth is driving the demand for recreational marine infrastructure, resulting
in extensive coastal habitat modification. Boat moorings, for example, are popular for
vessel storage and are known to damage seagrass communities, yet little is known
about how they influence unvegetated sediment habitats. Here we investigate the
effects of boat moorings on sediment infauna using metrics of community composition,
diversity, total abundance and abundances of individual functional groups and dominant
taxa. Metrics were compared at fine and larger spatial scales, to investigate how spatial
variability affects the ecological assessments in soft-sedimentary environments. Fine-
scale models revealed changes in community composition and mollusk abundance
with the distance from moorings, while sediment grain size was also an important
predictor for composition, bivalve and polychaete abundances, although the direction
of effects varied. When the same metrics were compared at larger scales (i.e., boating
infrastructure present or lacking) we found that spatial variability among locations was
detected, but no effect for moorings. With increased urbanization and industrialization
of coastal areas there is a clear need to account for the scale of potential ecological
effects in investigations of coastal infrastructure developments.
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INTRODUCTION

Human-induced ecological change has increased over recent decades (Glasson et al., 2013; Lewis
and Maslin, 2015; Waters et al., 2016), prompting governments to use legislation to manage
user-environment interactions (e.g., Christodoulou and Stamatelatou, 2016; Feng and Liao, 2016;
Gunningham and Holley, 2016; Horne et al., 2016; Pettipas et al., 2016; Harvey et al., 2017).
In order to conform to these legislative requirements, and to maintain a social license to
operate, both industry and government are applying formal impact and monitoring assessments
to existing and proposed developments (Glasson et al., 2013). During the past few decades such
assessments have become more rigorous, more reliant on formal statistical principles, and are
now better able to detect change (Downes et al., 2002; Briggs and Hudson, 2013; Drayson et al.,
2017). However, refinement of analytical frameworks must continue and new methodologies and
technologies should build on existing techniques to understand ecological changes (Morgan, 2012;
Briggs and Hudson, 2013).
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Ecological impact assessments (EcIAs) are a component of
environmental impact assessments (EIAs) and provide a formal
test for ecological change, at a scale relevant to a proposed or
existing development (Glasson et al., 2013). EcIAs aim to (1)
evaluate whether the activity in question impacts surrounding
ecosystems and (2) if present, estimate the magnitude and scale
of the disturbance (Downes et al., 2002). All infrastructure is
expected to have some effect on natural systems (McKinney,
2002; Benítez-López et al., 2010; Dafforn et al., 2015), so
it is often the magnitude and scale of impact that is more
pertinent to policy development. The most appropriate EcIA
approaches must therefore be designed to test, not only for
Impact/No Impact (a simple binary test), but also for the
scale (in both space and time) and direction (positive or
negative) of such effects. Inappropriately designed assessments
may fail to provide policy-makers and decision makers with
the most appropriate information they need to manage marine
infrastructure development (Legg and Nagy, 2006).

Studies that investigate human-induced ecological change are
often geographically restricted, and consist of a few replicate
observations taken at relatively large spatial scales, where
potentially impacted and reference locations may be 1000s of
meters apart (Piersma et al., 2001; Lewis et al., 2002; Dauvin
et al., 2006; Wildsmith et al., 2011; Minshall et al., 2014). Such
designs may not provide a representative description of the
impacts associated with the disturbance in question; particularly
the scale of its effects. These approaches also fail to consider
important sources of variation (Schmitt and Osenberg, 1996;
Downes et al., 2002) especially those occurring at small spatial
scales. Many communities are known to exhibit natural small-
scale spatial variability (Dexter, 1984; Thrush, 1991; James and
Fairweather, 1996; Herman et al., 1999; Fraschetti et al., 2005),
but if sampling to infer impact is assessed at larger spatial
scales (100s to 1000s of meters), then important information
on fine scale species distributions may remain hidden. Similarly,
small-scale anthropogenic impacts (restricted developments) on
population and/or community level measures will be obscured.
EcIAs in these environments may benefit from assessing impact
at multiple spatial scales.

Coastal developments that require EcIAs include the local
and regional installation of infrastructure such as groins and
breakwaters. These are relatively well studied (Connell and
Glasby, 1999; Connell, 2001; Martin et al., 2005; Bulleri and
Chapman, 2010; Johnston et al., 2011; Rivero et al., 2013; Clark
et al., 2015; Sim et al., 2015), but there a paucity of research
exists on the ecological and environmental changes associated
with estuarine recreational boating infrastructure, such as swing
moorings. The small body of research that does exist has
primarily focused on seagrass communities (Walker et al., 1989;
Hastings et al., 1995; Demers et al., 2013). Studies have shown
that moorings negatively impact seagrass beds through scouring,
consequently increasing meadow susceptibility to erosion and
reducing productivity (Walker et al., 1989; Hastings et al., 1995;
Demers et al., 2013). As a result, seagrass-friendly moorings have
been used in some areas to reduce the scour and ecological
impacts associated with conventional “swing” moorings (Demers
et al., 2013), yet their installation is still relatively rare. Moorings

have also been linked to changes in grain sizes, organic matter
and contamination (Hedge et al., 2017 in a parallel study to this
one), however, few studies have assessed the effect of marine
infrastructure (reviewed by Heery et al., 2017) or specifically boat
moorings on soft-sedimentary communities (but see Herbert
et al., 2009; Collins et al., 2010). This is surprising given the large
number of dense mooring fields, situated on soft-sedimentary
habitats (e.g., >26,000 moorings in New South Wales, Transport
for New South Wales, 2014).

In this study we analyze the fine (m) and large (km) scale
spatial patterns in soft-sediment assemblages associated with
boat moorings. We contrast the sensitivity of sampling at
different spatial scales to detect ecological change associated
with recreational boating infrastructure. Thus, we simultaneously
develop our understanding of boating infrastructure impacts on
coastal environments; and evaluate sampling designs for future
impact assessments in soft-sedimentary systems.

MATERIALS AND METHODS

Study Area
Sediments were sampled from Sydney Harbour, located on the
SE coast of New South Wales, Australia (Figure 1). Recent
data from Transport for NSW estimates registered recreational
vessel numbers in Sydney Harbor at more than 20,000 with
annual growth predicted at 2.9% (Transport for New South
Wales, 2015). Four locations were chosen, two with large
mooring fields and two reference locations containing no boating
infrastructure. Clontarf (33◦81′S, 151◦25′E) and North Harbor
(33◦80′S, 151◦27′E) contained a marina and extensive mooring
fields. Quarantine Bay (33◦81′S, 151◦29′E) and East Rose Bay
(33◦86′S, 151◦27′E) were selected as reference locations with no
boating infrastructure within 500 m. All locations are protected
from ocean waves and subject to diurnal tidal flushing.

Sampling Design
A Generalized Random Tessellation Stratified (GRTS) sampling
design (Stevens and Olsen, 2004) was used to select samples
within all locations for consistency. Sampling was stratified
by distance to moorings at boating infrastructure locations or
unstratified at reference sites. A GRTS design allows for spatially
balanced sampling, where sampling effort is distributed evenly
across both environmental (distance from shore and moorings)
and geographic space (Stevens and Olsen, 2004). This coverage
is important when dealing with ecological communities that
exhibit variation in spatial patterning (Thrush, 1991). Divers
were positioned to collect samples on the seafloor using an Ultra
Short Baseline (USBL) sub-sea positioning system (Sonardyne
ScoutTM) and diver-to-vessel communication equipment. This
enabled fine-scale sampling (<1 m intervals) in relation to
distance from boating infrastructure.

Thirteen samples were collected from each of the mooring
fields and reference locations, for a large-scale impact assessment.
Additional samples were taken at the two mooring field locations
(including the original 13 samples, n = 28 at North Harbor and
n = 36 at Clontarf) for a finer-scale impact assessment within
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FIGURE 1 | The location of sampling locations, and sites within locations, in Sydney Harbour, Australia. Moorings were present at Clontarf (n = 36 samples taken)
and North Harbour (n = 28). The reference locations lacking moorings were East Rose Bay (n = 13) and Quarantine Bay (n = 13).

locations. All sampling was subtidal at between 3 and 8 m below
MLWS. Samples were collected during February and March 2015.
Each sample comprised 500 mL of sediment, collected from the
top 5 cm of the seafloor using a 8 cm × 5 cm corer operated
by SCUBA divers.

Analysis of Infauna and Sediment Grain
Size
Sediment samples were wet sieved on site through steel sieves
with mesh sizes of 2 mm (to remove debris) and 500 µm
(to collect biota). To aid with invertebrate identification,
samples were stained with Rose Bengal and preserved in 10%
formaldehyde. Half the sample was sorted for infauna under a
dissecting microscope. The sieving resulted in damage to the
organisms in some samples. Further, while the staining aided in
picking live material from the sample, it obscured some finer
morphological features, preventing classification to species-level
for some specimens. Therefore, organisms were identified to
order and then classified into morphospecies. Polychaetes were
further identified to family as they represent∼70% of taxa within
sedimentary ecosystems (Hutchings, 1998; Dafforn et al., 2013).

Subsamples (3–5 g freeze-dried sediment) were assessed using
a Malvern laser particle size analyzer (Mastersizer 2000) to
quantify grain size distributions (Hedge et al., 2017). The 10th
percentile (D10) was used as a representative metric for grain size
in further statistical analysis (Blott and Pye, 2001).

Statistical Analyses of Fine Scale
Patterns
To test for fine-scale effects of moorings, we constructed
generalized linear models (GLMs) to assess patterns in

community structure, abundance and diversity (Baeten et al.,
2014) within the two locations with mooring fields (Clontarf and
North Harbor). Multivariate species composition was modeled as
a function of distance to moorings, distance from shore, location,
and grain size. Distance from shore was included as a proxy for
depth (which was highly correlated) and for potential land-based
influences, and grain size was included because of a previously
described relationship between grain size and distance from
moorings at these locations (Hedge et al., 2017).

Only abundant taxa (containing >10 observed individuals)
were included in this analysis, effectively reducing the final taxa
count from 144 to 44. This was done because taxa with less than
ten individuals found throughout a study are rarely important
to the multivariate analysis and may lead to zero-inflation issues
during model specification (Zuur et al., 2009; Wang et al.,
2012). Due to the presence of non-constant error variances in
residuals, GLMs were constructed using a negative binomial
distribution and log link in the mvabund package within the
R Statistical Environment (Wang et al., 2012; R Core Team,
2014). Full details of this model-based multivariate approach can
be found in Wang et al. (2012). Briefly, abundances of infauna
taxon j at site i (Yij) were modeled as a negative binomial
process where;

Yij ∼ NB(µij, k) (1)

E(Yij) = var(Yij) = µij +
µ2

ij

k
(2)

nj = αj + β1DistMoorj + β2DistShorej

+ β3Locj + β4GSizej + β5LocxDistMoorj (3)
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A multivariate test statistic (Wald value) was used to test
for the effects of each factor with inference from bootstrap
resampling with 999 samples.

The univariate response variables of total abundance per
sample, abundance of each of the dominant higher taxa
(polychaetes, crustaceans, and mollusks) and diversity, were also
modeled with GLMs in mvabund with the same independent
variables as above, and inference from bootstrap resampling. The
abundances were modeled using a negative binomial distribution
with a log link. Analyses of diversity (Shannons Diversity H’) used
a gamma distribution and log link such that:

Diversityi ∼ Gamma (µi, τ) (4)

E
(
Diversityi

)
= µi, var =

µ2
i

τ
(5)

log (µi) = αi + β1DistMoori + β2DistShorei + β3Loci

+ β4Gsizei + β4LocxDistMoori (6)

For both multivariate and univariate models, model validation
was done by examining both residual plots and mean-variance
plots in order to confirm if the choice of the distribution
family for these analyses was appropriate. A correlation plot
between grain size and distance from moorings revealed no
correlation between the two variables confirming the validity of
our model (P = 0.86).

Statistical Analyses of Large-Scale
Patterns
To test for larger scale impacts of boating infrastructure, we
contrasted species composition, abundance and diversity among
all four locations with GLMs. Multivariate species composition
was modeled in mvabund with location as the predictor variable
and a negative binomial distribution. The total abundance per
sample and the abundance of each of the dominant higher
taxa (polychaetes, crustaceans and mollusks), were also modeled
with GLMs, using a negative binomial distribution. Diversity
was modeled with a gamma distribution. Statistical inference
and model validation were done as described above, and for
all analyses, 13 replicate samples were randomly selected from
the mooring field locations to ensure a balanced data set. With
two locations per impact category (mooring fields vs. reference),
we considered location a fixed factor and tested for differences
among these two categories by pair-wise tests among all locations
(using the Holm method for adjusting for the inflated error rates
associated with multiple tests) (Holm, 1979). Differences in the
species composition among locations were visualized with multi-
dimensional scaling using the Bray-Curtis similarity coefficient
and square root transformed data.

RESULTS AND DISCUSSION

Soft-sediment infaunal communities are important components
of marine ecosystems, and critical to major ecosystem processes
(Snelgrove, 1997; Lohrer et al., 2004; Douglas et al., 2017). Given

their ecological significance, it is important that we understand
how building coastal infrastructure, such as boat moorings, might
affect these sediment communities and whether current impacts
assessment methodologies have sufficient sensitivity to detect
such effects. We found that comparisons at large scales failed
to detect ecological change related to boat moorings, however,
fine -scale effects of boating infrastructure on infauna were
detected when considering environmental space (distance to
moorings). Furthermore, while distance to moorings was found
to be a predictor of ecological change, the response of each
taxon varied considerably. No ‘one’ taxa were the main driver of
this change, but rather, the effects of moorings manifested in a
combination of small changes in several taxa of the communities
at both locations with boat moorings present. This highlights the
importance of sampling at multiple scales in impact assessments
and considering taxon-specific responses.

Fine-Scale Effects of Boat Moorings
A significant multiplicative effect of distance to moorings,
distance from shore, location and grain size was found
on infaunal community composition (Table 1). While the
communities nearer to the moorings were different than those
found further away (Table 1), the direction and magnitude of this
response for individual taxa varied considerably (Figure 2 and
Supplementary Table S1). We observed similar fine scale impact
of moorings on fish communities in a parallel study (Lanham
et al., 2018). No single taxon could be identified as most strongly
associated with these compositional changes. Nematodes were
the most abundant in close proximity to moorings (Figure 2)
and decreased with distance from moorings independent of
spatial differences (Supplementary Table S1). They are often
used as indicator species because of their differential sensitivity
to disturbance and here their response may be related to greater
physical disturbance close to the swing mooring change (Bongers
and Ferris, 1999; Boyd et al., 2000). Among the species with the
strongest relationship with distance from moorings (Figure 2),
there were taxa that were more abundant at sites further away
from moorings, but only at Clontarf (Orbiniid polychaetes,
ostracod sp. 1), while other taxa were more abundant at sites
closer to moorings but, again, only at Clontarf (ostracod sp.
6, bivalve sp. 1).

One potential physical change we expected from the swing
moorings was a change in grain size due to scouring (Demers
et al., 2013; Hedge et al., 2017). Overall the grain sizes were
similar and sandy at all sites (Supplementary Figure S1).
Clontarf sediments had ∼4% silt, while North Harbor sediments
were composed of ∼6% silt. Both Quarantine Bay and East
Rose Bay had around 3% silt. While we found significant
relationships between infauna and grain size changes, these were
independent of the distance from the mooring. The relationships
between abundance and grain size differed among taxa, and
between locations within taxa (Supplementary Figure S1 and
Table S1). At Clontarf, some taxa, such as bivalve sp. 1 and
ostracod sp. 1, decreased in abundance with increasing sediment
grain size (Supplementary Figure S1), while Pectinariidae and
Opheliidae (Polychaetes) increased in abundance with increasing
sediment size (Supplementary Table S1). Infaunal communities
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TABLE 1 | Results from generalized linear models used to test for effects of distance to moorings, distance from shore, location and grain size on the multivariate
composition of infaunal species, and the univariate total abundance per sample and diversity (Shannons Diversity H’).

Term Species composition Total abundance Diversity

Estimate P-value Estimate P-value Estimate P-value

Distance from mooring 7.40 0.04 −0.0006 0.96 0.003 0.91

Distance from shore 9.53 0.001 −0.006 0.21 −0.003 0.89

Location 10.67 0.001 −0.14 0.69 −0.36 0.002

Grain size 8.17 0.02 0.001 0.35 −0.06 0.05

Distance from mooring × location 6.12 0.08 −0.008 0.75 −0.04 0.59

Statistical inference is from bootstrap resampling. P-values in bold are significant at α = 0.05.

FIGURE 2 | The relationship between infaunal abundance (count per sample) and distance from moorings (m) at the two locations with boating infrastructure
(Clontarf, North Harbour). The taxa plotted are the eight morphospecies with the lowest p-values for the distance from moorings predictor variable in the generalized
linear models (GLM). Fitted lines are derived from the negative binomial GLMs and shading represents 95% CI.

are strongly influenced by sediment characteristics such as
grain size (Simpson et al., 2005) and in particular, several
polychaete families (Syllidae, Opheliidae, and Pectinariidae), and
polychaetes as a group, increased as grain size increased, while
mollusks, crustaceans and other taxa decreased overall. These
changes were detected at a fine-scale, crucially allowing the effects
of moorings on infauna to be distinguished from natural spatial
variation in grain size.

When pooling species, the total abundance of infauna per
sample did not significantly vary with distance to moorings,
distance from shore, location or grain size (10th percentile, µm)
(Table 1). Diversity per sample (Shannons Diversity H’) varied
among locations, but there was no effect of distance to moorings,
distance from shore or grain size (Table 1). When the species
were aggregated to higher taxonomic levels, the abundance
of mollusks declined with increasing distance from moorings
and increasing grain size (Supplementary Table S2). The

abundance of crustaceans varied with location, but not with
the distance from moorings or with grain size (Supplementary
Table S2) and the abundance of polychaetes was unrelated to the
distance from moorings but increased with increasing grain size
(Supplementary Table S2).

Large Scale Effects of Boat Moorings
In this study, the large-scale analysis incorporating (1) 13
replicates at two boating infrastructures and two reference
locations and (2) randomized sample sites within the locations
(i.e., no consideration given to environmental space) found
no effect of boat moorings on infaunal communities.
Specifically, the composition of infauna varied significantly
among locations (Figure 3, multivariate GLM, deviance
907.1, P = 0.001), but there was no evidence that the two
locations with boating infrastructure (Clontarf and North
Harbor) differed consistently from those lacking boating
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FIGURE 3 | MDS ordination visualizing the differences in composition of the infaunal community for locations with boating infrastructure (Clontarf, North Harbour) and
lacking boating infrastructure (Quarantine Bay, Rose Bay). The ordination used the Bray-Curtis index of similarity and square root transformed data (stress = 0.19).

FIGURE 4 | The (A) abundance and (B) Shannons Diversity (H′) for each of the locations with boating infrastructure (Clontarf, North Harbour) and lacking boating
infrastructure (Quarantine Bay, East Rose Bay). Locations sharing a letter do not differ in post hoc tests following (A) a negative binomial GLM and (B) a linear model
contrasting all locations. Boxes indicate the upper and lower quartiles around the median, whiskers represent scores outside the middle 50%.

infrastructure (Quarantine Bay and Rose Bay). In pairwise
tests, the composition of infauna at each of the locations
differed significantly from all other locations (multivariate
GLMs, P = 0.006).

The total abundance of infauna per sample varied significantly
among locations (GLM, deviance = 37.32, P = 0.001), with
no evidence for reduced abundance at the locations with
boating infrastructure (Figure 4A). The two locations with
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boating infrastructure supported similar total abundances, with
abundances both significantly lower (Rose Bay) and higher
(Quarantine Bay) at the reference locations (Figure 4). Diversity
(Shannons Diversity H’) also varied among locations (F3,48,
P < 0.001), but not in the presence or absence of boating
infrastructure (Figure 4B). Diversity was highest and similar at
two sites that either had (Clontarf) or lacked (Quarantine Bay)
boating infrastructure. North Harbor and Rose Bay, one of which
had moorings, supported similar diversity, both significantly
lower than the other two locations (Figure 4).

The total abundance of each of the major taxa varied among
locations, but the two locations with boating infrastructure did
not differ consistently from the two locations lacking boating
infrastructure (Supplementary Figure S2; GLMs, crustaceans,
deviance 55.18, P < 0.001; mollusks, deviance 55.18, P < 0.001;
polychaetes, deviance 55.32, P < 0.001). For crustaceans, one
of the reference locations (Quarantine Bay) supported the
highest abundance, while the other reference location (Rose
Bay) did not differ significantly from one of the locations
with moorings (North Harbor; Supplementary Figure S2A).
For mollusks, abundance was also highest at Quarantine
Bay, with the other reference location supporting lower
abundance than both locations with moorings (Supplementary
Figure S2B). For polychaetes, one of the reference locations
(Rose Bay) supported lower abundance than all other locations
(Supplementary Figure S2C).

Implications for the Design of Impact
Assessments
Fine scale sampling designs have been successfully incorporated
into EcIA frameworks in the past. Walker et al. (2008), for
example, found effects of an artificial groin on the distribution
of macrofauna communities. Here they contrasted macrofauna
across 11 transects with proximities of 1, 3, 5, 10, 15, 25, 50,
100, 150, 200, and 250 m from each side of the groin. Similarly,
Rivero et al. (2013) and Sim et al. (2015) investigated changes in
epifaunal and infaunal communities, respectively, with distance
from boating structures finding patterns in larval recruitment,
reduced flow, and increased contamination closest to boating
structures. Yet, despite the obvious benefits of understanding
the scale of impact, rather than just testing if an impact occurs,
studies such as these are relatively rare.

If the effects of boating infrastructure were only assessed at
larger spatial scales (locations in this study) then changes in
sediment communities could be overlooked. Clearly this could
be of concern for policy makers and government bodies that use
the advice of analysts to guide the development of infrastructure
(Morgan, 2012; Clarke and Menadue, 2016). The failure to detect
an impact appears, in large part, due to the fine-scale nature of the
effects of moorings, which are not well assessed by the large-scale
sampling approach. For the majority of marine developments, the
potential scale of ecological impacts will be difficult to predict
a priori with any great accuracy (Dafforn et al., 2015; Bishop
et al., 2017; Heery et al., 2017). In such cases, it becomes prudent
to add value to impact assessment frameworks by incorporating
sampling programs that use multiple scales within potentially

impacted locations. Advances in the accuracy and versatility of
satellite positioning systems have greatly increased the feasibility
of such an approach (Dafforn et al., 2016).

Our large-scale impact assessment approach had fewer
replicates per location but more samples overall for processing
(13 replicate samples × n = 4 locations = 52) relative the within
location fine-scale approaches (n = 28 and n = 36 samples,
respectively, per impact location). Interestingly, 13 replicates
remain high for an EcIA in a marine ecosystem [e.g., see
systematic review of contamination impacts by Johnston and
Roberts (2009)]. Very few analyses have employed >10 replicate
samples per impact and reference locations (e.g., Anderlini and
Wear, 1992; Danovaro et al., 1995; Ward and Hutchings, 1996;
Stark, 1998; Lasiak et al., 2006; Skilleter et al., 2006; Fukunaga
et al., 2011). Lewis et al. (2002), for example, found effects of
pipeline construction on benthic invertebrate distributions in
Clonakilty Bay, Ireland. The study design consisted of three
sediment cores taken at an impact location and three reference
locations per sampling interval. Further to this, samples were
randomly allocated within sites and scale was not considered.
Sampling at finer spatial scales has the potential to reduce
sampling efforts without reducing the sensitivity in detecting
ecological changes.

Taxonomic Resolution
Where there are limitations to the taxonomic resolution that
can be attained, results show that morphospecies can be
used as surrogates for taxonomic species in ecological studies
(Brind’Amour et al., 2014). Further, many impact assessment
studies have recommended community analysis at the level of
class or family to provide a taxonomic sufficiency to detect
differences among locations (Warwick, 1988; Olsgard et al.,
1997; Roach et al., 2001). With limited research undertaken on
the impact of boat moorings on the distribution of infaunal
communities, it is unknown as to whether results from this
study would differ, had a species-level of taxonomic identification
been possible. Certainly, at the scale of taxonomic resolution
commonly applied in impact assessments (e.g., Sydney Water,
2014), we only detected ecological changes at finer spatial scales
of sampling for some taxa. Future studies in this system could
investigate a species-level approach to taxonomic identification
or other taxonomic and functional groupings (Bennett et al.,
2014; Jansen et al., 2018). This will allow for the comparison
of results using differing methods to taxonomic identification
and may highlight any loss of ecological information incurred by
using one approach over another.

CONCLUSION

As the world’s population moves closer to the sea, those
responsible for detecting impacts, approving development, and
monitoring societal-environmental interactions require every
tool at their disposal and must quickly adopt improved
methodologies to assess potential change (Kennish, 2002;
Halpern et al., 2007). There are thousands of moorings in
Sydney harbor, the study area, – and in coastal ecosystems
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around the globe, with the potential to change soft sedimentary
communities. While the impacts identified here may be fine
scale – they will act to fragment infaunal assemblages, which
might disrupt ecological processes at larger scales.
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