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A B S T R A C T   

The prospects that coastal urbanisation propagates in more fish production remains untested and thereby a 
fundamental question for managers challenged with approving urban expansion while also protecting and 
conserving habitat resources important for fish production. We tested this by collecting giant mud crabs (Scylla 
serrata) from highly urbanised waterways in south-east Queensland, Australia, and report that this crab not only 
occupy urban coastal waterways, but using a Bayesian stable isotope mixing model (MixSIAR) of the potential 
individual autotrophic sources, the range of feasible contributions for autotrophs was very broad, limiting the 
conclusions that could be made directly from the modelling. Patterns of contributions from pooled categories of 
autotrophs were clearer; at the site closest to seagrass, the pooled enriched autotroph sources contributed 69 to 
87% of crab isotope signatures, while at all other sites (beyond approximately 500 m distance) it appears that 
crabs utilise a generalised pool of sources, either local or perhaps a mix of local transported sources. Using spatial 
analysis we reveal that the crab isotope values were not significantly related to the distance from any of the 
vegetated habitats (mangroves, seagrass and saltmarsh). The exception was two sites very close to seagrass (<
500 m distance), and not saltmarsh grass which has been reported elsewhere, where crabs had the most enriched 
C value. At all other sites (beyond approximately 500 m distance) it appears crabs utilise a generalised organic 
producer pool, either local or perhaps a mix of transported sources. Overall, this study provides evidence that in 
an era of coastal urbanisation expansion and loss of natural coastal vegetated areas, some fisheries species may 
have remarkable trophic plasticity to the new, engineered, habitat settings.   

1. Introduction 

Vegetated coastal habitats - mangroves, saltmarsh and seagrass - are 
critical in supporting the production of coastal fisheries (Bouillon et al., 
2002; Layman, 2007; Baker et al., 2020; Plumlee et al., 2020). The 
determination of aquatic plant habitats, singly or in combination, that 
provide basal nutrition supporting aquatic food webs, continues to be a 
central research question for the objective of coastal habitat conserva-
tion and restoration (Connolly and Waltham, 2015; James et al., 2020; 
Loch et al., 2020; Park et al., 2021). This trophodynamic model is 
problematic however, because it has an underpinning that consumers, 
for example finfish and crustaceans, in estuaries are supported either 
from locally-derived sources or from spatially segregated sources, where 
water is the connecting vector of energy movement (Guest and Connolly, 
2004; Ziegler et al., 2019; Plumlee et al., 2020; Lesser et al., 2021). 

Resolving patterns and extent of movement of energy in coastal food 
webs is critical for managers challenged with approving more coastal 
urban and industrial development – this raises important decisions 
relating to choosing which tidal wetland/s to protect and conserve from 
those to be lost to development expansion (Swanson and Wilson, 2008; 
Bilkovic, 2011; Firth et al., 2020; Murray et al., 2022). 

To maximise the financial prospects that residential real-estate with 
waterfrontage offers, developers excavate or reclaim areas of natural 
wetlands in many places to construct engineered urban waterways 
(Johnson and Williams, 1989; Maxted et al., 1997; Waltham and 
Sheaves, 2017). These artificial urban waterways massively extend the 
amount of available coastal habitat for aquatic species, with >4000 
linear km in the world when last surveyed, with the highest proportion 
in Australia (Queensland), USA (Florida and New York), and UAE 
(Dubai) (Waltham and Connolly, 2011). This expansion has generated 
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concerns about their ecological function and role as comparable fish 
habitat with adjacent natural coastal bays and estuaries (Sheaves et al., 
2010; Olds et al., 2018; Gilby et al., 2021). Comparisons in the distri-
bution and patterns of animals between natural and artificial waterways 
have been used to assess whether ecological processes differ between 
natural and artificial waterways (Baird et al., 1981; Morton, 1989; 
Waltham and Connolly, 2013). While these comparisons have shown 
that an almost complete overlap exists in the suite of fish species present 
(Morton, 1992; Rozas and Reed, 1994), they have neither elucidated the 
underlying ecological values and services artificial urban waterways 
provide, nor whether they differ from the natural habitats replaced, 
particularly given that artificial waterways lack the conspicuous mac-
rophytes of natural vegetation habitats (Waltham and Connolly, 2007). 
While an early study in Florida concluded that food webs supporting 
production were similar across both natural and artificial habitat 
(Maxted et al., 1997), evidence elsewhere using carbon isotope analysis 
shows that some fish species rely on completely different plant-sources 
in artificial waterways compared to adjacent natural coastal areas, 
suggesting that coastal fisheries can have remarkable plasticity to ur-
banisation and habitat change (Waltham and Connolly, 2006). Beyond 
these small number of studies, little other data exists, which is con-
cerning given the rate of coastal urban development expansion that 
continues to increase in many places around the globe (Airoldi et al., 
2020). 

The use of stable isotopes in food web studies is a widely used 
approach to resolve complex energy pathways from basal producers to 
higher order consumers (Lee, 2000; Mateo et al., 2008; Abrantes et al., 
2015; Nelson et al., 2019; James et al., 2019, 2021). Carbon and ni-
trogen isotopes of potential basal food sources and of a predominantly 
carnivorous fisheries species, Scylla serrata (Forskal) (giant mud crab), 
was examined here to further the knowledge for managers of the coastal 
estate, using spatially explicit isotope surveys to resolve a food web in 
highly urbanised waterways in south-east Queensland. S. serrata is 
widely distributed throughout the Indo-West Pacific, from the Middle 
East, south-east Asia to Japan, the western Pacific islands and northern 
Australia, and has been introduced to Hawaii. This species is exemplary 
for coastal food web studies for four reasons: (1) it lives on and can be 
caught over shallow to 2 m deep, unvegetated mudflats, which occur 
alongside the key vegetated coastal habitats of mangrove, saltmarsh and 
seagrass; (2) individuals do not move far on a daily basis (see Hill, 1978; 
Hyland et al., 1984), so their isotope signatures can show site specific 
variation; (3) individuals grow rapidly, and therefore reflect the isotope 
values of their diet quickly; and (4) its ecology is of broad interest due to 
its importance commercially - 175,000 t/yr globally, wild and aqua-
culture; and culturally and for subsistence fishing in southeast Asia and 
western Pacific islands (Connolly and Waltham, 2015). A previous 
isotope survey of giant mud crabs in natural environments in Queens-
land, Australia, used spatially explicit sampling and revealed that crabs 
had a food web supported by carbon (C) from seagrass (enriched C 
isotopes) when immediately adjacent to seagrass, and depleting C 
isotope values with increasing distance from seagrass (Connolly and 
Waltham, 2015). In a second study in Queensland that captured crabs in 
a partly urbanised estuary (Jinks et al., 2020), without seagrass 
meadows present, crabs were supported by saltmarsh vegetation, as has 
been found for other crustaceans on the east coast of Australia (Taylor 
et al., 2018). While S. serrata seems to occupy a broad range of coastal 
habitats ranging from natural to modified waterways, there remains a 
gap in knowledge relating to whether this species occupies the most 
urbanised areas with south-east Queensland, that make up a large part of 
the seascape extending >100 km from natural estuaries, and thereby no 
information on the food web supporting production of this species. Here 
we test the model that crabs also occupy highly urbanised waterways, 
and whether like natural and moderately urban systems (Connolly and 
Waltham, 2015; Jinks et al., 2020), are supported by local vegetation 
sources. The findings are important for managers challenged with 
approving more coastal development and engineering over protection 

and conservation of natural vegetated resources in coastal waters. 

2. Methods 

2.1. Study area 

Moreton Bay in Queensland, on the east coast of Australia, is a 
shallow, coastal embayment 1500 km2 in area (Johnson, 2010). Human 
population growth in the region has been ~3% per year for decades 
(Leigh et al., 2013); which equates to 75 km2 of forest and agricultural 
land being converted to housing estates annually. Natural wetland 
habitats fringing the bay have been cleared for urban development 
sprawl (Lovelock et al., 2019). While Moreton Bay supports a variety of 
commercial and recreational fish species, the trophic consequences of 
habitat loss is limited to only a few studies (Johnson and Williams, 1989; 
Pascoe et al., 2017). A comprehensive suite of finfish in Moreton Bay has 
been tested isotopically to determine basal autotrophic sources sup-
porting productivity; for most fish species, the top three autotrophs were 
seagrass, epiphytic algae and saltmarsh grass, with a combined median 
C contribution of 60 to 90% (Melville and Connolly, 2005). Generally 
producers with enriched C isotope values are more important for pro-
duction in Moreton Bay, and seagrass seems to be more important than 
saltmarsh grass (with a similar enriched C isotope signature) where it 
occurs, probably because saltmarsh occurs higher in the intertidal zone – 
more landward than mangroves in this region (Guest et al., 2004b). 

2.2. Sample collection and processing 

Adult giant mud crabs (3 individuals, all >100 mm carapace width – 
though at 5 sites only a single crab was captured despite best effort at-
tempts to catch additional crabs) were collected for isotope analysis at 
each of 10 sites in urban, artificial tidal waterways in the austral summer 
(November) in southern Moreton Bay, Queensland, Australia (Fig. 1; 
153o42’E, 27o93’S). Sites were positioned using coastal wetland maps 

Fig. 1. Sampling locations in engineered, artificial waterways in Queensland, 
Australia: A) position in Australia; B) general location in southern Moreton Bay, 
C/D) inset of precise locations. 
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sourced from the Queensland Herbarium (Queensland Government) to 
represent different spatial distances from seagrass (Zostera muelleri), 
saltmarsh grass (Sporobolus virginicus), and mangroves (predominantly 
Avicennia marina). At all sites, distance (km) was measured as the most 
direct route, via water, to the nearest, substantial habitat patch. 

As a proxy for carbon and nitrogen assimilation in the whole animal, 
muscle tissue was excised from the cheliped given that previous research 
has shown there is no measurable difference in the isotope values be-
tween cheliped and walking leg, nor is there a difference by Scylla serrata 
sex or size for adults (see Connolly and Waltham, 2015). Muscle tissue 
was dried to constant weight (60 ◦C), ground to a fine powder and 
analysed on an Isoprime Isotope Ratio Mass Spectrometer (Griffith 
University Stable Isotope Facility, Queensland, Australia). The ratios of 
13C/12C and 15N/14N for S. serrata were calculated as the relative per mil 
(‰) difference between the sample and the recognised international 
standard. Analytical precision was determined from duplicate samples 
as being ±0.5. 

. 

2.3. Analysis of distances from autotrophs 

A multiple stepwise regression was used initially to examine vari-
ability of δ13C values of S. serrata among sites, using distance from 
seagrass, saltmarsh grass and mangroves as predictor variables for car-
bon and nitrogen isotopes separately. Akaike information criteria were 
used to examine model fit, and partial regressions were used to deter-
mine the amount of variation explained by individual habitats. Data 
were logx transformed to satisfy homogeneity of variances, although the 
assumption of linearity was still only partially fulfilled. 

2.4. Modelling feasible source mixtures to explain crab nutrition 

Mean isotope values of the dominant autotrophs in Moreton Bay 
were determined by pooling published literature (Guest et al., 2004a; 
Guest et al., 2004b; Melville and Connolly, 2005; Waltham and Con-
nolly, 2006). Giant mud crab δ13C and δ15N values collected at sites in 
this study and the autotroph values calculated from the literature were 
used in the Bayesian isotope mixing model framework (MixSIAR) was 
used to estimate the contribution of different food sources to assimilated 
carbon and nitrogen. MixSIAR estimates probability distribution of 
source contributions to consumer diets, whilst accounting for uncer-
tainty in source isotope signatures and trophic fractionation (Parnell 
et al., 2010; Ramírez et al., 2014). The model examines all possible 
combinations of the potential contribution (0 to 100%) of each auto-
troph in small incremental adjustments (here 1%). Combinations of 
sources that resulted in an estimated S. serrata isotope values within 
0.1‰ of the observed value were considered feasible solutions. We 
assumed a trophic enrichment factor (TEF) for the producers of δ13C =
1.0 ± 0.4 and δ15N = 3.1 ± 1.3. We also further adjusted the model by 
increasing both carbon and nitrogen by 1‰ and found it had no dif-
ference on the rank order and contribution for each producer - we are 
therefore confident that results are robust to the selected TEF (Connolly 
and Waltham, 2015; Jinks et al., 2020). The model reports results as the 
distribution of feasible solutions for each autotroph. When all possible 
primary producers were included, the breadth of distributions prevented 
clear conclusions about relative contributions, which is common in 
coastal estuaries when there are numerous primary producers available 
(Connolly and Waltham, 2015). Isotope values were therefore pooled for 
autotrophs with similar isotope values to provide greater resolution of 
contributions from three groups of autotrophs (enriched: seagrass, 
epiphytic algae, saltmarsh grass; depleted: mangrove, saltmarsh succu-
lents; intermediate: microphytobenthos). 

3. Results 

3.1. Crab isotope values 

The mean δ13C values for Scylla serrata ranged from − 17.6 to 
− 22.0‰, and were generally within 1‰ for individuals at a site, while 
δ15N values had a much smaller range, between 9.8 and 12.6‰ among 
sites (Table 1). 

When modelling potential individual sources using carbon and ni-
trogen combined, the range of feasible contributions for autotrophs was 
very broad, limiting the conclusions that could be made directly from 
the modelling (Table 2). Patterns of contributions from pooled cate-
gories of autotrophs were clearer. At the site closest to seagrass (Table 1; 
site 9), the pooled enriched autotroph sources contributed most to crab 
carbon and nitrogen (Fig. 2a), while at all other sites (beyond approxi-
mately 500 m distance) it appears that crabs utilise a generalised C pool 
of sources, either local or perhaps a mix of local transported sources – for 
the site furthest from seagrass (Table 1; site 2) the enriched autotrophs 
contributed least, while MPB contributed the most to crab carbon and 
nitrogen (Fig. 2b). All model feasible distribution results are shown in 
the Supplementary. 

The δ13C isotope value of crabs was not significantly (multiple 
regression) related to the distance from any of the vegetated habitats 
(Fig. 3). While this is the case, the exception was two sites closest to 
seagrass (< 500 m distance) where crabs had the most enriched δ13C 
values compared to all crabs caught further from seagrass and having 
more depleted values. The δ15N isotope value of crabs was significantly 
(multiple regression) related to distance from vegetated habitats (see 
Supplementary), however, the relationship is probably not meaningful 
given the variability in the data around the regression lines. 

3.2. Relationship with seagrass distance – comparing with crabs over 
natural estuaries 

The seagrass proximity relationship is within the expected range of 
previous research, though is weaker in urban systems compared to 
natural sites (Fig. 4). These relationships are shown as a difference in 
slope between natural and artificial regression relationships of crab 

Table 1 
Distance of sites from the three key habitats, and carbon and nitrogen isotope 
values (mean, SE) of giant mud crabs at each site (SE omitted where only n = 1 
crab could be collected).  

Distance (km) 

Site Seagrass Saltmarsh Mangrove δ13C (‰) δ15N (‰) 

1 11.3 17.0 15.0 − 19.5 (0.5) 12.6 (1.3) 
2 17.6 23.2 23.1 − 21.7 (0.9) 12.4 (0.8) 
3 9.5 1.6 0.4 − 20.8 (0.8) 10.3 (0.8) 
4 6.0 9.0 9.2 − 20.7 10 
5 4.8 0.3 0.3 − 20.3 (0.3) 10.9 (1.5) 
6 8.3 0.9 0.4 − 21.5 (0.3) 9.9 (0.4) 
7 0.4 1.8 0.5 − 18.4 10 
8 0.8 2.2 2.0 − 20.1 10.6 
9 0.3 1.6 0.5 − 17.6 9.7 
10 3.3 4.9 4.4 − 22.0 8.9  

Table 2 
MixSIAR modelling results. Distributions of feasible contributions for each 
autotroph to giant mud crab nutrition in artificial habitat. Values are medians, 
with ranges in parenthesis: 5 and 95 percentiles. EPI: epiphytic algae, MAN: 
mangroves, MPB: microphytobenthos, SG: seagrass, SMG: saltmarsh grass, SMS: 
saltmarsh succulent.  

Autotroph contribution (%) 

EPI MAN MPB SG SMG SMS 

4 (0–16) 2 (0–8) 83 (72–93) 6 (0–16) 2 (0–8) 2 (0–7)  
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isotope values against seagrass distance (ANCOVA: interaction, F1,20 =

9.92, P < 0.01). This weaker relationship might be an artefact of absent 
or insubstantial seagrass meadows near to urban system openings, or 
simply a lack of data in artificial habitat within 300 m of seagrass. 
Beyond the first hundred metres the crab δ13C value is more depleted 
and within the general range expected based on previous research. 

4. Discussion 

While the giant mud crab is found over natural areas across its range 
(Demopoulos et al., 2008), it can also occupy engineered waterways, 
providing evidence of remarkable plasticity to utilise created habitats in 
urbanising coastal areas. While this provides some suggestion that more 
urban waterways are simply an extension of natural areas, there is still 
data needed to decipher whether the stock numbers are disadvantaged 
with the new habitat – the sampling in this study was focused on food 
webs and further research is needed to quantify whether the new habitat 
supports fewer individuals or, indeed, habitat conditions are poorer 
which reduces their functional traits (Gilby et al., 2020). 

Animals in estuaries that move and consume resources over the area 
they cover are considered to have contributions from sources that are 

not necessarily found where caught, but that was not the case here. 
Organic material from seagrass that is available in estuaries and known 
to support fisheries, is also true in some of the most extensively engi-
neered coastal urban waterways, at least for the first 100 m. Beyond 100 
m (which is the home range of Scylla serrata; Hill, 1978; Hyland et al., 
1984) this study provides evidence that the nutrition of S. serrata ap-
pears to be supported by a generalised pool that would be a mix of local 
sources, such as benthic algae, and perhaps of sources transported from 
outside the artificial waterways. One major limitation of these engi-
neered waterways is a distinct lack of vegetated habitats that are found 
in coastal estuaries (Greenwood and Morton, 1992; Morton, 1992), a 
consequence of the altered hydrology, lack of shallow water habitat, and 
at times poor water quality that is not conducive for aquatic plant 
growth. 

Here a lack of spatial resolution of crabs captured in close proximity 

Fig. 2. Modelling the contributions of the 3 autotroph groups (depleted – 
mangrove and saltmarsh succulents; microphytobenthos algae; and enriched – 
seagrass, saltmarsh grass, and epiphytic algae) based on both carbon and ni-
trogen isotope results. A) the site close to seagrass (Table 1; site 9) – note that 
the second site closest to seagrass had a similar contribution and distribution of 
sources in the modelling; and B) modelling for the site furthest from seagrass 
(Table 1; site 2). 

Fig. 3. Variation in δ13C values of giant mud crabs in heavily urbanised wa-
terways with distance from seagrass, saltmarsh grass, and mangroves. Values at 
each point are the site average. 

Fig. 4. Crabs at natural (closed symbols; Connolly and Waltham, 2015) and 
artificial sites (open symbols) shown here for mud crabs. Regression results also 
provided natural and artificial waterways. 
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to seagrass turned out to be important in attempting to compare the 
pattern for crabs from natural sites in a previous study (Connolly and 
Waltham, 2015). Even in artificial waterways, there was a hint that 
organic matter from seagrass meadows is important, since crabs from 
the two sites nearest seagrass did in fact have carbon values more to-
wards seagrass compared to mangroves (or terrestrial vegetation) end of 
the carbon range. With excess seagrass production available in natural 
habitat (Tomas et al., 2005; Duarte et al., 2013), it is conceivable that at 
least some of this allochthonous matter is transported into opening areas 
of artificial waterways. While possible, this trophic contribution is 
limited to the first few hundred metres, probably because of their nar-
row opening and restricted flow (Zigic et al., 2002), reducing the op-
portunity for tidal water with labile seagrass organic matter to ingress 
any further into the urban waterways. The results suggest that any 
transfer of seagrass nutrition via intermediate species that might have 
recently entered the urban waterways or are migrating between the 
natural areas and artificial waters also does not penetrate far into urban 
waterways. This evidence supports the idea that fisheries in these 
heavily urbanised waterways are supported by local sources, and 
probably not from nearby natural vegetation resources (Waltham and 
Connolly, 2006). 

Terrestrial grass has an enriched carbon signature similar to seagrass, 
and while it would be washed into these systems during rainfall runoff, 
the chance of its contribution, and not seagrass, to be only in the vicinity 
of artificial openings seems unlikely, particularly given that crabs 
distant from openings had depleted carbon values despite that the grass 
grows as urban lawn adjacent to artificial waterways throughout their 
extent. In a diet study of the garfish Arrhamphus sclerolepis in artificial 
waterways (Connolly, 2003; Waltham and Connolly, 2006), a species 
known to be at least partly herbivorous (Tibbetts, 1997), there was no 
evidence in the stomach of fish, day or night, to suggest a feasible tro-
phic importance of terrestrial grass. 

Away from the urban waterway openings, C isotope values were 
depleted and within the narrow range more typical of animals in deeper 
waterways in the region (Melville and Connolly, 2003; Melville and 
Connolly, 2005; Waltham and Connolly, 2006). The design of these built 
waterways consists of deep channels to permit boating navigation, 

bordered with fringes of sandy beaches or rock/concrete walls, meaning 
that they are not conducive to supporting marine plants found in natural 
parts of the bay. To this end, autotrophic production in artificial wa-
terways is restricted to macroalgae, MPB, phytoplankton and terrestrial 
plants (Connolly, 2003; Waltham and Connolly, 2006). It is difficult to 
separately assess contributions among these isotopically similar sources, 
and further work is necessary to resolve their trophic role – for example, 
the use of sulfur isotopes might help resolve this uncertainty (Connolly 
et al., 2004; Szpak and Buckley, 2020). When considering the manage-
ment of artificial waterways, then regardless of sources, these artificial 
waterways would seem to produce enough energy to support the mud 
crab species examined here. 

In natural areas the range of C isotope values of giant mud crabs 
(− 14 to − 25‰) is wider than that reported for finfish over the same 
spatial scale (− 16 to − 19‰, Melville and Connolly (2005)). Factors 
affecting isotope values of marine animals, other than different local 
basal sources available among sites (Deegan and Garritt, 1997), have 
included size, sex or tissue type (Hobson et al., 1997; Camprasse et al., 
2017; Louis et al., 2018), but none of these is particularly important for 
giant mud crabs (Connolly and Waltham, 2015). It is also possible that 
this among-site range was influenced by physiological processes, for 
example such as fractionation, which could be operating differently 
across the extent of artificial urban waterways included in this study 
(acknowledging that only a single crab individual was captured at some 
sites). Fractionation rates are known to vary depending on consumer 
size, growth rate and food quality (Adams and Sterner, 2000; Vander 
Zanden and Rasmussen, 2001), and any of these might contribute to 
differential fractionation rates among sites. We nevertheless consider 
that the low within-site variability in crab values reported here provides 
confidence that site differences reflect changes in source contributions. 
Importantly, for the purposes of this study, it indicates a relatively low 
level of dispersal of crabs among artificial sites and between natural and 
artificial waterways, as expected from previous tagging studies (Hill 
et al., 1982). 

The model that urbanising coastal areas result in a reduced or, at 
worst, complete loss of essential habitat areas for fisheries production 
continues to be challenged, with the consensus that modified coastal 

Fig. 5. Crabs are found across the continuum of natural areas, partly urbanised estuaries through to heavily urbanised artificial waterways, showing trophic 
plasticity. Crabs utilise local food sources, in natural areas nutrition is supported by seagrass with contribution reducing with increasing distance from patches, in 
semi-urban areas crabs are supported predominantly by saltmarsh, while in heavily urbanised seascapes there is minor seagrass contribution but nutrition is pre-
dominantly from the generalised, mixed carbon pool. 
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waters provide habitat for many of the same species found over natural 
areas of estuaries. There is emerging evidence that giant mud crabs, at 
least, can occupy the continuum from natural areas, to semi urban 
through to heavily urbanised artificial waterways (Fig. 5). This supports 
the model of plasticity that coastal fisheries show in adapting to newly 
created, engineered coastal habitat. This has been shown in other urban 
waterways, as well as for fauna attached to seawalls and piers, and 
nearby natural shores (Moreau et al., 2008; Loke and Todd, 2016; Lai 
et al., 2018). This evidence is becoming increasingly important for 
managers facing the challenge of approving more coastal sprawl while at 
the same time ensuring species conservation and protection (Johnston 
et al., 2015; Brook et al., 2018; Waltham et al., 2021). 

Tidal urban waterways globally are mostly constructed as long, 
complex, narrow interconnecting channels that maximise the opportu-
nity for residential properties with waterfrontage (Waltham and Con-
nolly, 2011). An important engineering design consideration for these 
transitional waters is for a long residence time with limited exchange 
with natural estuarine waters. This engineering design is necessary for 
controlling the potential erosion and damage caused to infrastructure (e. 
g. road and bridge foundations) that strong currents can cause (Zigic 
et al., 2002). A longer residence time does increase susceptibility to 
contamination accumulation from sediment transport via runoff from 
surrounding urban and industrial centres (Moss, 1989; Lincoln-Smith 
et al., 1995; Maxted et al., 1997; Waltham et al., 2011). 

This study adds to the evidence supporting the importance of organic 
material from seagrass meadows as the base for nutrition of a fisheries 
species in coastal areas. Spatial analysis showed a stronger pattern be-
tween seagrass proximity and Scylla serrata carbon isotope values, 
whereas no relationship existed for saltmarsh (or mangroves). The data 
here suggests that organic material derived from seagrass and/or 
epiphytic algae is important to fisheries production only in the imme-
diate vicinity, beyond the first few hundred meters this contribution 
seems less important whereby crabs are then supported by a generalised 
pool of organic matter, likely of local origin. The study reinforces the 
need to conserve and protect seagrass meadows from adverse anthro-
pogenic influences (Waltham and Sheaves, 2015), but indeed where 
seagrass is absent, coastal food webs are nevertheless supported by 
alternative sources. 
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Duarte, C.M., Kennedy, H., Marbà, N., Hendriks, I., 2013. Assessing the capacity of 
seagrass meadows for carbon burial: current limitations and future strategies. Ocean 
Coast. Manag. 83, 32–38. 

Firth, L.B., Airoldi, L., Bulleri, F., Challinor, S., Chee, S.Y., Evans, A.J., Hanley, M.E, 
Knights, A.M., O’Shaughnessy, K., Thompson, R.C., 2020. Greening of grey 
infrastructure should not be used as a Trojan horse to facilitate coastal development. 
J. Appl. Ecol. 57: 1762–1768. 

Gilby, B.L., Olds, A.D., Hardcastle, F.E., Henderson, C.J., Connolly, R.M., Martin, T.S., 
Jones, T.R., Maxwell, P.S., Schlacher, T.A., 2020. Urbanisation and fishing alter the 
body size and functional traits of a key fisheries species. Estuar. Coasts 43, 
2170–2181. 

Gilby, B., Weinstein, M.P., Alford, S.B., Baker, R., Cebrián, J., Chelsky, A., Colombano, D. 
D., Connolly, R.M., Currin, C.A., Feller, I.C., Frank, A., Goeke, J., Gaines, L.A.G., 
Hardcastle, F.E., Henderson, C.J., Martin, C., Morrison, B., Olds, A.D., Rehage, J., 
Waltham, N.J., Ziegler, S.L., 2021. Quantifying the effects of human impacts on 
ecosystem services at multiple spatial scales is vital in optimising salt marsh 
management. Estuar. Coasts 44: 1628–1636. 

Greenwood, J.G., Morton, R.M., 1992. The fish fauna of Australian subtropical estuaries 
modified through residential canal developments. In: Kurihara, E. (Ed.), Resturation 
and Preservation of Urban Estuarine Ecosystems. Tokaku University, pp. 61–96. 

Guest, M.A., Connolly, R.M., 2004. Fine scale movement and assimilation of carbon in 
saltmarsh and mangrove habitat by resident animals. Aquat. Ecol. 38, 599–609. 

Guest, M.A., Connolly, R.M., Loneragan, N.R., 2004a. Within and among site variability 
in 13C and 15N for three estuarine producers, Sporobolus virginicus, Zostera capricorni 
and epiphytes of Z. capricorni. Aquat. Bot. 79, 87–94. 

Guest, M.A., Connolly, R.M., Loneragan, N.R., 2004b. Carbon movement and 
assimilation by invertebrates in estuarine habitats at a scale of metres. Mar. Ecol. 
Prog. Ser. 278, 27–34. 

Hill, B.J., 1978. Activity, track and speed of movement of the crab Scylla serrata in an 
estuary. Mar. Biol. 47, 135–141. 

Hill, B.J., Williams, M.J., Dutton, P., 1982. Distribution of juvenile, subadult and adult 
Scylla serrata (Crustacea: Portunidae) on tidal flats in Australia. Mar. Biol. 69 (1), 
117–120. 

Hobson, K.A., Sease, J.L., Piatt, J.F., 1997. Investigating trophic relationahips of 
pinnipeds in Alaska and Washington using stable isotope ratios of ntirogen and 
carbon. Marine Mammal Sci. 13, 114–132. 

Hyland, S.J., Hill, B.J., Lee, C.P., 1984. Movement within and between different habitats 
by the portunid crab Scylla serrata. Mar. Biol. 80, 57–61. 

James, W.R., Lesser, J.S., James, W.R., Behringer, D.P., Furka, V., Doerr, J.C., 2019. Food 
web response to foundation species change in a coastal ecosystem. Food Webs 21, 
e00125. 

N.J. Waltham and R.M. Connolly                                                                                                                                                                                                           

https://doi.org/10.1016/j.fooweb.2022.e00259
https://doi.org/10.1016/j.fooweb.2022.e00259
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0005
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0005
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0005
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0010
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0010
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0015
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0015
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0020
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0020
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0025
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0030
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0030
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0035
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0035
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0035
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0040
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0040
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0040
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0045
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0045
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0045
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0050
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0050
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0050
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0055
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0055
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0060
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0060
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0065
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0065
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0070
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0070
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0070
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0075
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0075
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0075
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0080
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0080
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0080
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0080
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0085
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0085
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0085
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0090
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0090
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0095
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0095
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0095
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0100
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0100
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0100
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0105
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0105
http://refhub.elsevier.com/S2352-2496(22)00041-6/optxDl5d08kfj
http://refhub.elsevier.com/S2352-2496(22)00041-6/optxDl5d08kfj
http://refhub.elsevier.com/S2352-2496(22)00041-6/optxDl5d08kfj
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0110
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0110
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0110
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0115
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0115
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0120
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0120
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0120


Food Webs 33 (2022) e00259

7

James, W.R., Lesser, J.S., Litvin, S.Y., Nelson, J.A., 2020. Assessment of food web 
recovery following restoration using resource niche metrics. Sci. Total Environ. 711, 
134801. 

James, J.S., Floyd, O., Fedors, K., Deegan, L.A., Johnson, D.S., 2021. Cross-habitat access 
modifies the ‘trophic relay’ in New England saltmarsh ecosystems. Food Webs 29, 
e00206. 

Jinks, K.I., Rasheed, M.A., Brown, C.J., Olds, A.D., Schlacher, T.A., Sheaves, M., York, P. 
H., Connolly, R.M., 2020. Saltmarsh grass supports fishery food webs in subtropical 
Australian estuaries. Estuar. Coast. Shelf Sci. 238, 106719. 

Johnson, J., 2010. Fishes of the Moreton Bay Marine Park and adjacent continental shelf, 
Queensland, Australia. Memoirs of the Queensland Museum 54, 299–353. 

Johnson, T.C, Williams, S.H, 1989. From canals to lakes in south-East Queensland 
(Australia); water quality aspects. Water Sci. Technol. 21, 261–265. 

Johnston, E.L., Mayer-Pinto, M., Hutchings, P.A., Marzinelli, E.M., Ahyong, S.T., 
Birch, G., Booth, D.J., Creese, R.G., Doblin, M.A., Figueira, W., Gribben, P.E., 
Pritchard, T., Roughan, M., Steinberg, P.D., Hedge, L.H., 2015. Sydney harbour: 
what we do and do not know about a highly diverse estuary. Mar. Freshw. Res. 66, 
1073–1087. 

Lai, S., Loke, L.H., Bouma, T.J., Todd, P.A., 2018. Biodiversity surveys and stable isotope 
analyses reveal key differences in intertidal assemblages between tropical seawalls 
and rocky shores. Mar. Ecol. Prog. Ser. 587, 41–53. 

Layman, C.A., 2007. What can stable isotope ratios reveal about mangroves as fish 
habitat? Bull. Mar. Sci. 80, 513–527. 

Lee, S.Y., 2000. Carbon dynamics of Deep Bay, eastern Pearl River estuary, China. II: 
trophic relationship based on carbon- and nitrogen-stable isotopes. Mar. Ecol. Prog. 
Ser. 205, 1–10. 

Leigh, C., Burford, M.A., Connolly, R.M., Olley, J.M., Saeck, E., Sheldon, F., Smart, J.C., 
Bunn, S.E., 2013. Science to support management of receiving waters in an event- 
driven ecosystem: from land to river to sea. Water 5, 780–797. 

Lesser, J.S., Floyd, O., Fedors, K., Deegan, L.A., Johnson, D.S., Nelson, J.A., 2021. Cross- 
habitat access modifies the ‘trophic relay’in New England saltmarsh ecosystems. 
Food Webs 29, e00206. 

Lincoln-Smith, M.P., Hawes, P.M.H., DuquePortugal, F.J., 1995. Spatial variability in the 
nekton of a canal estate in southern New South Wales, Australia, and its implications 
for estuarine management - short communication. Mar. Freshw. Res. 46, 715–721. 

Loch, J.M., Walters, L.J., Cook, G.S., 2020. Recovering trophic structure through habitat 
restoration: a review. Food Webs 25, e00162. 

Loke, L.H., Todd, P.A., 2016. Structural complexity and component type increase 
intertidal biodiversity independently of area. Ecology 97, 383–393. 

Louis, M., Simon-Bouhet, B., Viricel, A., Lucas, T., Gally, F., Cherel, Y., Guinet, C., 2018. 
Evaluating the influence of ecology, sex and kinship on the social structure of 
resident coastal bottlenose dolphins. Mar. Biol. 165, 1–12. 

Lovelock, C.E., Accad, A., Dowling, R., Duke, N.C., Lee, S.Y., Ronan, M., 2019. Mangrove 
forests and tidal marshes of Moreton Bay. In: Tibbetts, I.R., Rothlisberg, P.C., Neil, D. 
T., Homburg, T.A., Brewer, D.T., Arthington, A.H. (Eds.), Moreton Bay 
Quandamooka & Catchment: Past, Present, and Future. The Moreton Bay 
Foundation, Brisbane, Australia, The Moreton Bary Foundation, pp. 299–318. 

Mateo, M.A., Serrano, O., Serrano, L., Michener, R.H., 2008. Effects of sample 
preparation on stable isotope ratios of carbon and nitrogen in marine invertebrates: 
implications for food web studies using stable isotopes. Oecologia 157, 105–115. 

Maxted, J.R., Eskin, R.A., Weisberg, S.B., Chaillou, J.C., Kutz, F.W., 1997. The ecological 
condition of dead-end canals of the Delaware and Maryland coastal bays. Estuaries 
20, 319–327. 

Melville, A.J., Connolly, R.M., 2003. Spatial analysis of stable isotope data to determine 
primary sources of nutrition for fish. Oecologia 136, 499–507. 

Melville, A.J., Connolly, R.M., 2005. Food webs supporting fish over subtropical 
mudflats are based on transported organic matter not in situ microalgae. Mar. 
Biodivers. 148, 363–371. 

Moreau, S., Peron, C., Pitt, K., Connolly, R., Lee, S., Méziane, T., 2008. Opportunistic 
predation by small fishes on epibiota of jetty pilings in urban waterways. J. Fish Biol. 
72, 205–217. 

Morton, R.M., 1989. Hydrology and fish fauna of canal developments in an intensively 
modified australian estuary. Estuar. Coast. Shelf Sci. 28, 43–58. 

Morton, R.M., 1992. Fish assemblages in residential canal developments near the mouth 
of a subtropical Queensland estuary. Aust. J. Mar. Freshwat. Res. 43, 1359–1371. 

Moss, A.J., 1989. Water quality in residential tidal canals. Water Sci. Technol. 21, 53–58. 
Murray, N.J., Worthington, T.A., Bunting, P., Duce, S., Hagger, V., Lovelock, C.E., 

Lucas, R., Saunders, M.I., Sheaves, M., Spalding, M., Waltham, N.J., 2022. High- 
resolution mapping of losses and gains of Earth’s tidal wetlands. Science 376, 
744–749. 

Nelson, J.A., Lesser, J., James, W.R., Behringer, D.P., Furka, V., Doerr, J.C., 2019. Food 
web response to foundation species change in a coastal ecosystem. Food Webs 21, 
e00125. 

Olds, A.D., Frohloff, B.A., Gilby, B.L., Connolly, R.M., Yabsley, N.A., Maxwell, P.S., 
Henderson, C.J., Schlacher, T.A., 2018. Urbanisation supplements ecosystem 
functioning in disturbed estuaries. Ecography 41, 2104–2113. 

Park, H.J., Park, T.H., Kang, H.Y., Lee, K.-S., Kim, Y.K., Kang, C.-K., 2021. Assessment of 
restoration success in a transplanted seagrass bed based on isotopic niche metrics. 
Ecol. Eng. 166, 106239. 

Parnell, A.C., Inger, R., Bearhop, S., Jackson, A.L., 2010. Source partitioning using stable 
isotopes: coping with too much variation. PLoS One 5, e9672. 

Pascoe, S., Innes, J., Courtney, A., Kienzle, M., 2017. Impact of reducing investment 
disincentives on the sustainability of the Moreton Bay prawn trawl fishery. Fish. Res. 
186, 121–130. 

Plumlee, J.D., Yeager, L.A., Fodrie, F.J., 2020. Role of saltmarsh production in 
subsidizing adjacent seagrass food webs: implications for landscape-scale 
restoration. Food Webs 24, e00158. 

Ramírez, F., Afán, I., Hobson, K.A., Bertellotti, M., Blanco, G., Forero, M.G., 2014. 
Natural and anthropogenic factors affecting the feeding ecology of a top marine 
predator, the Magellanic penguin. Ecosphere 5, art38. 

Rozas, L.P., Reed, D.J., 1994. Comparing nekton assemblages of subtidal habitats in 
pipeline canals traversing brackish and saline marshes in coastal Louisiana. Wetlands 
14, 262–275. 

Sheaves, M., Johnston, R., Connolly, R.M., 2010. Temporal dynamics of fish assemblages 
of natural and artificial tropical estuaries. Mar. Ecol. Prog. Ser. 410, 143–157. 

Swanson, R.L., Wilson, R.E., 2008. Increased tidal ranges coinciding with Jamaica Bay 
development contribute to marsh flooding. J. Coast. Res. 1565–1569. 

Szpak, P., Buckley, M., 2020. Sulfur isotopes (δ34S) in Arctic marine mammals: 
indicators of benthic vs. pelagic foraging. Mar. Ecol. Prog. Ser. 653, 205–216. 

Taylor, M.D., Becker, A., Moltschaniwskyj, N.A., Gaston, T.F., 2018. Direct and indirect 
interactions between lower estuarine mangrove and saltmarsh habitats and a 
commercially important penaeid shrimp. Estuar. Coasts 41, 815–826. 

Tibbetts, I.R., 1997. The distribution and function of mucous cells and their secretions in 
the alimentary tract of Arrhamphus sclerolepis krefftii. J. Fish Biol. 50, 809–820. 

Tomas, F., Turon, X., Romero, J., 2005. Seasonal and small-scale spatial variability of 
herbivory pressure on the temperate seagrass Posidonia oceanica. Mar. Ecol. Prog. 
Ser. 301, 95–107. 

Vander Zanden, M.J., Rasmussen, J.B., 2001. Variation in delta N-15 and delta C-13 
trophic fractionation: implications for aquatic food web studies. Limnol. Oceanogr. 
46, 2061–2066. 

Waltham, N.J., Connolly, R.M., 2006. Trophic strategies of garfish, Arrhamphus 
sclerolepis, in natural coastal wetlands and artificial urban waterways. Mar. Biol. 148, 
1135–1141. 

Waltham, N.J., Connolly, R.M., 2007. Artificial waterway design affects fish assemblages 
in urban estuaries. J. Fish Biol. 71, 1613–1629. 

Waltham, N.J., Connolly, R.M., 2011. Global extent and distribution of artificial, 
residential waterways in estuaries. Estuar. Coast. Shelf Sci. 94, 192–197. 

Waltham, N.J., Connolly, R.M., 2013. Artificial tidal lakes: built for humans, home for 
fish. Ecol. Eng. 60, 414–420. 

Waltham, N.J., Sheaves, M., 2015. Expanding coastal urban and industrial seascape in 
the great barrier reef world heritage area: critical need for coordinated planning and 
policy. Mar. Policy 57, 78–84. 

Waltham, N.J., Sheaves, M., 2017. Acute thermal tolerance of tropical estuarine fish 
occupying a man-made tidal lake, and increased exposure risk with climate change. 
Estuar. Coast. Shelf Sci. 196, 173–181. 

Waltham, N.J., Teasdale, P.R., Connolly, R.M., 2011. Contaminants in water, sediment 
and fish biomonitor species from natural and artificial estuarine habitats along the 
urbanized Gold Coast, Queensland. J. Environ. Monit. 13, 3409–3419. 

Waltham, N.J., Alcott, C., Barbeau, M.A., Cebrián, J., Connolly, R.M., Deegan, L., 
Dodds, K., Gaines, L.A.G., Gilby, B., Henderson, C.J., McLuckie, C., Minello, T.J., 
Norris, G., Ollerhead, J., Pahl, J., Reinhardt, J., Rezek, R., Simenstad, C., Smith, J., 
Sparks, E.L., Staver, L., Ziegler, S., Weinstein, M.P., 2021. Tidal wetland restoration 
optimism in rapidly changing climate and seascape. Estuar. Coasts 44, 1681–1690. 

Ziegler, S.L., Able, K.W., Fodrie, F.J., 2019. Dietary shifts across biogeographic scales 
alter spatial subsidy dynamics. Ecosphere 10, e02980. 

Zigic, S., King, B.A., Lemckert, C., 2002. Mixing between two canals connected by an 
automated bi-directional gated structure, Gold Coast, Australia. Estuar. Coast. Shelf 
Sci. 55, 59–66. 

N.J. Waltham and R.M. Connolly                                                                                                                                                                                                           

http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0125
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0125
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0125
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0130
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0130
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0130
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0135
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0135
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0135
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0140
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0140
http://refhub.elsevier.com/S2352-2496(22)00041-6/optwEZGh7m0N8
http://refhub.elsevier.com/S2352-2496(22)00041-6/optwEZGh7m0N8
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0145
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0145
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0145
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0145
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0145
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0150
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0150
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0150
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0155
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0155
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0160
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0160
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0160
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0165
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0165
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0165
http://refhub.elsevier.com/S2352-2496(22)00041-6/optAriRJdA9x5
http://refhub.elsevier.com/S2352-2496(22)00041-6/optAriRJdA9x5
http://refhub.elsevier.com/S2352-2496(22)00041-6/optAriRJdA9x5
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0170
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0170
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0170
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0175
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0175
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0180
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0180
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0185
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0185
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0185
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0190
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0190
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0190
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0190
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0190
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0195
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0195
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0195
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0200
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0200
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0200
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0205
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0205
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0210
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0210
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0210
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0215
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0215
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0215
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0220
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0220
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0225
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0225
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0230
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0235
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0235
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0235
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0235
http://refhub.elsevier.com/S2352-2496(22)00041-6/optmEwBejjNDO
http://refhub.elsevier.com/S2352-2496(22)00041-6/optmEwBejjNDO
http://refhub.elsevier.com/S2352-2496(22)00041-6/optmEwBejjNDO
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0240
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0240
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0240
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0245
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0245
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0245
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0250
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0250
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0255
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0255
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0255
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0260
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0260
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0260
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0265
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0265
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0265
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0270
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0270
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0270
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0275
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0275
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0280
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0280
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0285
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0285
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0290
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0290
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0290
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0295
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0295
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0300
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0300
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0300
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0305
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0305
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0305
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0310
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0310
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0310
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0315
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0315
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0320
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0320
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0325
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0325
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0330
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0330
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0330
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0335
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0335
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0335
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0340
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0340
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0340
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0345
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0345
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0345
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0345
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0345
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0355
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0355
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0360
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0360
http://refhub.elsevier.com/S2352-2496(22)00041-6/rf0360

	Food webs supporting fisheries production in estuaries with expanding coastal urbanisation
	1 Introduction
	2 Methods
	2.1 Study area
	2.2 Sample collection and processing
	2.3 Analysis of distances from autotrophs
	2.4 Modelling feasible source mixtures to explain crab nutrition

	3 Results
	3.1 Crab isotope values
	3.2 Relationship with seagrass distance – comparing with crabs over natural estuaries

	4 Discussion
	Data accessibility statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


