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In this thesis I made an attempt to characterize, with the help of the tell-tale stable
isotopes, the food web of the Dutch Wadden Sea. I aimed at making this characteriza-
tion spatially explicit as possible. With an eye to current restoration attempts and
changes in the future, I also identified indicator species to document temporal changes
in the food web. This allowed me to show why scale is such a crucial variable in food
web studies. It also became clear to me that the finding and proper working defini-
tion of one or more indicator species for changing food web structures (over time and
space) requires more work than could be addressed in a single PhD project.

In this final chapter I will briefly summarize the previous chapters, followed up by
a synthesis of what is required to characterize food webs. In doing so, I will invoke
the help of yet unpublished data which show the importance of spatial aspects. I will
also suggest some potential indicator species to help trophically characterize the
Wadden Sea ecosystem over time and space. Last but not least, I will compare an iso-
tope-based food web structure of the Wadden Sea to four other, previously character-
ized intertidal ecosystems along the East-Atlantic flyway. 

Complications in the use of stable isotopes for determining trophic positions

During the Waddensleutels project of which this thesis is part, we discovered that the
Wadden Sea food web is a benthic-driven system, i.e. a system that is highly depend-
ent on the local primary production on the mudflats of the intertidal zone (Chapter
3). Interestingly, the younger salt marshes of the Wadden Sea ecosystem are highly
dependent on external inputs of nutrients from their neighbouring marine system,
i.e. organic matter washed ashore and the guano of roosting birds (Chapter 2). The
contrast between the younger saltmarsh and the intertidal systems signals the issue of
relative openness versus closeness in relation to spatial ‘grain’. A food web with
species with strongly varying levels of mobility is hard to characterize because of the
spatially heterogeneous baselines – consumers will have been feeding across a daily
home range on a variety of resources that can encompass a range of d15N baseline
 levels (Chapter 4). But not for all species this blurs the trophic signals, also not for
highly mobile species.  Scaled up to the entire Dutch Wadden Sea, spoonbills never-
theless showed tell-tale information (Chapter 5). This led to the conclusion that their
dependence on relatively rare young demersal fish (rather than the more common
shrimp) was much greater than we realized. This diet preference may explain why
spoonbills breeding on the vast predator-free saltmarshes of the Wadden Sea islands
reach carrying capacity so quickly (Oudman et al. 2017). This may be limited by food
availability instead of breeding area. Spoonbills thus could serve as an indicator
species, indicative for the density of young demersal (flat)fish in the shallow intertidal
Wadden Sea, an food web variable of present concern due to low overall fish stocks in
the ecosystem. 
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Also for other species stage-dependent diet preferences are key in understanding
trophic positions, which can lead to complications in estimating trophic positions.
An interesting example of this was revealed in my studies on edible cockles Cerasto -
derma edule, a bivalve consumed by several shorebird species. Small (and young)
cockles have lower d15N values than larger (and older) cockles (Figure 7.1). This may
result in a different isotopic signal between red knots who routinely eat only the small-
est cockles as they have to ingest them whole (e.g. Bijleveld et al. 2015), versus, e.g.,
oystercatchers who forage on large cockles from which they excise the flesh (e.g.
Sutherland 1982). If a constant food web baseline would be assumed for cockles that
ignores this ontogenetic shift in stable isotope signal, this would overestimate the
trophic position of oystercatchers versus red knots (Figure 7.1).

Once that the food source of a consumer has been established and corrections
have been applied for ontogenetic shifts in isotopic composition, the estimation of
food web positions is still holds complications. The turnover rates of different tissues
(e.g. red blood cells, blood plasma, gonads, liver) may be very different, which gives
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Figure 7.1: Trophic level, expressed as d15N (‰), in relation to prey size – the example of cockles
Cerastoderma edulis (n = 376). Red knots feed only on small cockles of <16 mm (open circles)
with a lower d15N value, compared to cockles larger than 16 mm (black circles) (graph A). Graph
B shows that the d15N values (mean ± s.d.) of only edible cockle (<16 mm, open circles) is lower
than all cockles sizes (grey circles), which can have significant effect for the justly estimation of
trophic position of red knots.Knots can digest cockles of <16 mm, yet select 6.9 ±1.0 mm
(Bijleveld et al. 2015) i.e. with lower d15N values, which will make the isotopic difference between
preferred and mean cockles even steeper. Using a baseline based on cockles of all sizes would
result in an overestimate of the trophic level too large. Collected in June-September 2011 and
August-September 2013.  
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the opportunity to explore seasonal diet and/or habitat shifts. Where the signal in
high-turnover tissue indicates recent diet, the signal in slow-turnover tissues indicates
the diet longer ago. We made use of this complication in our study on the estimation
of migration scheduling of sanderlings (Chapter 6), It allowed us to devise a statistical
method used the isotopic values of red blood cells and blood plasma (with reference
to known turnover rates) to reconstruct diet histories. 
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Figure 7.2: Trophic level (mean ± s.d.) of individual mullets Chelon labrosus showing a contrast
in stomach content: either vegetable matter (diatoms (algae) and other components of biofilm)
or mudsnail Peringia ulvae (itself a consumer of biofilm). In graph B and C the trophic level is of
mullets was calculated with help of d15N values of muscle bulk or gonad bulk tissue and d15N
values of the baseline (diatoms). This method of trophic level calculation requires solid informa-
tion about the  true underlying baseline, though the underlying baseline(s) of the target species
can be difficult to determine (e.g. lack of knowledge about the food sources and spatial hetero-
geneity in baseline sources). Note that the trophic differentiation factor (TDF) between prey and
predator may vary greatly between species, we here chose to use the TDF of muscle and liver tis-
sue (here used for gonad tissue) given by Sacramento et al. (2015) since they studied the compa-
rable fish species Prochilodus lineatus. Note that the actual TDF of Mullets might be slightly dif-
ferent, but the relative difference between mullets with a stomach content of algae or mud snails
will not differ. Graph A shows the estimated trophic level of mullets with help of Compount
Specific Isotope Analysis of Amino Acids (CSIA-AA) with d15NGlu-Phe values (β = 3.4, TDF = 5.0)
(Dale et al. 2011, Chikaraishi et al. 2010, 2014), this calculation only relies on the mullet tissue.
CSIA-AA makes use of differences in the metabolic pathway of amino acids. Whereas the amino
acid glutamate displays large enrichment of 15N with trophic level, i.e. the trophic differentiation
factor (TDF), the amino acid phenylalanine (Phe) remains unchanged with trophic level and
thus reflects the base of the food web (Styring et al. 2010).   
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Another complication may arise if species forage on a mixture of resources, as
shown by my study on the trophic position of grey mullet Chelon labrosus. This is a
typical Wadden Sea fish that often behaves like a grazer of the biofilm (Cardona
2016), but may also eat mud snails (Peringia ulva)  in large quantities. As mud snails
themselves are grazers (on diatoms), one would predict mullets on a mud snail diet to
be one trophic level higher than mullets eating algae. However, a mullet feeding on
mud snails likely also ingests part of the algae containing biofilm and thereby, thus,
may be expected to not be a full trophic level higher than mullets that eat only algae.
When studied the trophic level of mullet in relation to their stomach content, this
expectation was not sustained. (Figure 7.2), except possibly for the reconstructed
trophic level based on d15N in the gonadal tissues (that represents the diet of some
days ago and should therefore best represent the prey found in the stomach). Both,
bulk analysis and Compound Specific Isotopic Analyses of Amino Acids (CSIA-AA)
carried out on muscle tissue (explained in brief in the caption to Figure 7.2) suggest
that the true, longer-term diets of mullets carrying either algae (and indeed other
parts of the biofilm) or mud snails in their muscular gizzards at the time of capture is
still rather mixed. This suggests that Mullets with different stomach contents (either
algae or mud snails) do not reflect individuals with consistent diet preferences.
Instead, the species seems to eat what is available on the top layer of the bottom of the
sea.

The power of isotope analyses in food web studies

Having raised some caution about not bluntly using isotopic analysis, I now like to
focus on power of this analysis. The isotope data for plasma in red knots hint at the
possible use of stable isotopes as indicators of prey quality at the age or cohort level.
Based on the studies of van Gils et al. (2005) we know that cockles, mud snails and
Baltic tellins rank as prey of increasing quality for a forager that needs to crush and
process the ingested shell material. The three prey isotopically (and usefully) rank
along the d13C axis in a similar order (Figure 7.3). When I compared juveniles (birds
that have arrived in the Wadden Sea for the first time 1–3 months earlier), 2nd calen-
dar year post-summering birds and adult red knots Calidris canutus, I found that the
older birds have higher ratios for both the C and the N isotopes. This strongly sug-
gests that with age, size and experience they are able to eat prey of increasingly higher
quality, at least in September 2011 and 2012 (see Bijleveld et al. 2016 for the capacity
of red knots to make very fine distinctions using echo location in the sediment).

A final example of the power of stable isotopes in studies of diet and trophic posi-
tion of single species in the food web is that of bar-tailed godwits Limosa lapponica, a
species predominantly feeding on worms. Based on the blood plasma-based isotopic
positions of the bar-tailed godwits and their two potential prey species, the ragworm

GENERAL DISCUSSION

151

Jeltje.Jouta-thesis_J.J.-diss  27-12-18  11:26  Pagina 151



CHAPTER 7

152

Red knot, adult (2011) (n = 46)
Red knot, 2nd c.y. (2011) (n = 21)
Red knot, adult (2012) (n = 18)
Red knot, 2nd c.y. (2012) (n = 12)
Red knot, juvenile (2012) (n = 4)
prey (2011)

8

10

Red knot

11

9

12

14

13

15

–22 –20 –18 –16 –14 –12
d13C

d15
N

prey quality

cockle
Balthic tellin

mud snail

Figure 7.3: Trophic position (mean ± s.d.) of red knots (based on blood plasma) of different age
categories in the August 2011 and from the end of July to mid October 2012 in relation to the
position of their three potential prey (cockles Cerastoderma edule (n = 62 with size <16mm),
mud snail Peringia ulvae (n = 38) and Baltic tellin Macoma balthica (n = 27)). Knots were caught
with mist nets on De Richel (~53°17'50''N, 5°8'05''E), prey were collected in tidal basin Vlie in
June-September 2011 during a spatially comprehensive monitoring campaign (Synoptic
Intertidal Benthic Survey, SIBES).    

Bar-tailed Godwit
Lugworm
Ragworm8

10

12

14

16

–18–19 –16–17 –14–15
d13C

d15
N

Figure 7.4: Trophic position (mean ± s.d.) of bar-tailed godwits (based on blood plasma, n = 13)
in August-September 2011 in relation to the position of the two potential prey (ragworms Hediste
diversicolor (n = 19) and lugworm Arenaria marina (n = 25)). Bar-tailed godwits were caught
with mist nets on De Richel (~53°17'50''N, 5°8'05''E), prey were collected in tidal basin Vlie in
June-July 2011 during a spatially comprehensive monitoring campaign (Synoptic Intertidal
Benthic Survey, SIBES).    
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Hediste diversicolor and the lugworm Arenicola marina (Figure 7.4), it becomes clear
that bar-tailed godwits captured at the De Richel high-tide roost in September 2011
were eating lugworms rather than ragworms. This nicely complements the more clas-
sic diet studies published by Duijns et al. (2013, 2014).

Food webs in space

Food webs are often presented as static representations of trophic interactions, but
the species sets they describe are not static, not even under undisturbed conditions
(Pimm, Lawton & Cohen 1991, Polis, Anderson & Holt 1997). To be most helpful to
managers and politicians keen to do an evidence-based management of the Wadden
Sea, the food web changes would be best described across space and over time. This
should acknowledge that a food web is an interaction between species with widely dif-
ferent spatio-temporal habitat use. In reality, species are stepping in and out food
webs over time and space, making them dynamic instead of static entities. However,
these patterns may not be completely unpredictable. Species at the lowest trophic
positions are often more sessile or have low mobility, while higher trophic organisms
generally have a higher mobility (Figure 7.5). Moreover, some of the mobile higher
trophic organisms even feed in adjoining ecosystems, inferring that the top of a food
web is not necessarily totally dependent on the bottom of the represented food web.
This includes spoonbills that forage mainly in the Wadden Sea but also use freshwa-
ter resources (Chapter 5). I thus suggest that – taking time and space and aging and
mobility of species into account –  food relations in an ecosystem may be more com-
plex than can be represented in a single food web.

This dynamic view contrasts with classic visual representations of food webs, with
producers on the bottom and top-predators at the top, typically reflecting a single
part of an ecosystem at a relatively short period. This visualization thus implicitly
assumes that the players are all residents, and that they are more or less dependent on
each other within the confines of a relatively uniform ecosystem. This not being true,
especially when migrants are involved, caused me to increasingly realize how many
hidden assumptions such images of food web systems really have. Not all primary
producers play an important role in the food web based on them, neither are higher
trophic organisms (always) totally dependent on those specific basal resources.
Indeed, in some representations the pyramid shape could be caused by the lower
trophic levels being less mobile and thus more variable in space than the higher and
more mobile species where averaging across space is inherent to their biology (Figure
7.5). Similar ideas where species at higher trophic levels are more mobile, hence cou-
pling the dynamics of different food webs across space can be works of McCann and
colleagues (McCann et al 2005, Rooney et al 2008) following up on the work of Polis
and colleagues (Polis et al 1995).
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These authors address the important topic how to analyse networks of trophic
interactions whilst acknowledging mobility. And, how should this be integrated with
the present knowledge of spatial heterogeneous baselines and flexible diets For exam-
ple, an isotopic difference in d15N between the two locations can mean that (1) the
trophic positions are different or (2) the baseline d15N shows spatially similar differ-
ences. This necessitates that we need to know what baseline value should be chosen
while analysing trophic positions on the basis of stable isotopes. Mobile species such
as birds or big predatory fish which operate across large areas with more spatial het-
erogeneity will average this spatial variability in baseline values (Chapter 4) to much
greater extent than organisms with low mobility. Thus, when calculating a food web
position, one should account for the mobility of consumers and of the spatial hetero-
geneity in the underlying food web (chapter 4). I have to conclude that isotope-based
reconstructions of whole food webs may be rather poor indicators of ecosystem health.
Isotopes are useful to indicate particular ecosystem relationships rather than state
qualities, such as spoonbill isotopes indicating a reliance on small fish (Chapter 5)

CHAPTER 7

154

Terschelling

N O R T H  S E A

Schiermonnikoog
Ameland

Texel

Vlieland

Figure 7.5: Simplified scheme of the consequences of variable home range size for visualizing a
food web structure (in this case the Wadden Sea). The higher the mobility, the more mixing of
underlying food sources, this resulting in a more homogeneous trophic position – along space –
of these mobile organisms. Thus, higher trophic organisms with higher mobility will be repre-
senting a ‘larger’ ecosystem than the less mobile species, which are thus likely to shown bigger
variation in web position across space. In this figure trophic levels are indicated by colour (light
blue representing a lower trophic position than dark blue) and the degree of mobility by dot size
(lowest mobility being indicated by the smallest dots).    
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rather than indicating the magnitude of the food pyramid (bigger pyramids indicat-
ing healthier systems, see Introduction).  

Characterizing ‘average’ food webs along a shorebird flyway

These complexities in the analysis of food webs should be accounted for when aiming
for conclusions on trophic structure and its conservation implications. At a next
larger scale, isotopic analysis of trophic positions can be used to even compare food
web structure of different intertidal ecosystems along the East Atlantic Flyway by
Catry et al. (2016). This study included four intertidal areas in Europe and West-
Africa, but did not include the Wadden Sea (Figure 7.6). 

The isotopic position of shorebirds varies between the studied areas (Figure 7.7).
In the Tagus estuary, Portugal, shorebirds have the highest d15N value. This does not
necessarily indicate a high trophic position as all the basal resources also occupy high
d15N values (Figure 7.8). The Banc d’Arguin – an area that is still relatively pristine in
relation to human influences compared with the Tagus estuary and the Wadden Sea –
is an ‘outlier’ in Figure 7.7, with birds occupying a relative high d13C (indicating that
the underlying food web relies mostly on marine basal sources) and a low d15N (stable
nitrogen isotopes can reveal information about trophic positioning). The high d15N
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Figure 7.6: The five intertidal eco -
systems along the East-Atlantic
Flyway compared based on Catry
et al. (2016) and my own measure-
ments.    
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of the Tagus may show that this narrow estuary surrounded by intense agriculture
receives the highest fertilizer loads (Gameiro et al 2007). The Wadden Sea occupies
the opposite position from the Banc d’Arguin in the d13C - d15N space, with birds car-
rying a less marine signal at a high d15N value. So, on the basis of isotope positioning,
the food webs of Banc d’Arguin and Wadden Sea seem to be very differently regu-
lated intertidal ecosystems, less dependent on agricultural inputs, and with a less
marine signal.

All intertidal systems along this flyway show high horizontal diversity in the food
web (within trophic levels, as reflected by variation in d13C ratios), both for the pri-
mary producers as well as the consumers (Figure 7.8). This broad horizontal diversity
indicates that the intertidal systems along the East Atlantic are built on a variety of
basal organic sources (e.g. marine, benthic, brackish and freshwater sources). The
consumers of the Bijagós Archipelago in Guinea-Bissau show the lowest horizontal
diversity and do not seem to rely on mangrove-related biomass. The isotopic outlier
on the bottom left in the two West-African sites may refer to the unique trophic posi-
tion of the bivalves of the Lucinidae family (Figure 7.8). These bivalves host sulphide-
oxidizing symbionts and thus have a mixotrophic diet (van der Geest et al. 2014);
they depend on sulphite for their energy and on organic matter for their carbon and
nitrogen source, that are likely consumed under highly anoxic conditions.  

The d15N position of the shorebirds in these different ecosystems is in general
~4.5 ‰ above that of the primary producers (Figure 7.8). Only the position between
birds and two of the basal sources (SOM and POM) in the Tagus estuary showed an
enrichment of about ~7 ‰ d15N. Since all primary producers and consumers in the
Tagus showed enriched d15N values, the marine basal sources in the Tagus food web
seem to be enriched in d15N indicative of nitrogen enrichment from inland sources. 
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An everlasting search for balance

In the introduction of this thesis (Chapter 1), I wondered why the heart of the
Wadden Sea was still beating. The main character in the story The tell-tale heart by
Edgar Allan Poe went mad and he wondered why the heart of the person he killed
was still beating. I see similarities between this story and the thinking of today about
natural wonders such as the Wadden Sea. Although the Wadden Sea ecosystem
appears to be very flexible, the system has changed dramatically towards a likely
impoverished state (to a mere 30% of the biological quality as found around the year
1700, according to Loske et al. 2003). We undeniably destroyed the unique brackish
estuary of the Zuiderzee, embanked many salt marshes and estuaries in Friesland and
Groningen, and called the remains the Wadden Sea. Meanwhile we cherish what is
left as one of the still most natural ecosystems of the Netherlands (with the degree of
enthusiasm varying greatly from person to person) and count on the resilience of this
ecosystem to survive upcoming pressures such as climate change, without strong evi-
dence that this trust is justified. Food web studies as outlined in this thesis can help in
further unravelling the structure and functioning of this still extensive ecosystem,
providing better information of how to protect its inspiring landscape, biodiversity
and future resilience. 
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Supplemental information
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Table S1: d13C and d15N signatures (mean ± SD) of basal food sources, producers and consumers
(macroinvertebrates) collected the winter of 2012–2013 and/or 2013–214 in the Wadden Sea,
Tagus estuary, Sidi Moussa, Banc d’Arguin and Bijagós archipelago. n = number of samples
analysed (followed by the number of individuals included in each sample). Trophic guild is pre-
sented for the benthic macroinvertebrates. * = symbiosis with chemoautotrophic bacteria.  

d15N (‰) d13C (‰) n Trophic guild

Wadden Sea, Netherlands
Basal sources of organic matter

POM 8.53 ±1.38 –19.21 ±1.81 73
SOM 7.96 ±1.43 –22.00 ±3.03 103

Algae
Ulva sp. 11.75 ±2.71 –13.76 ±2.46 71

Vegetation
Spartina maritima (C4) 10.36 –14.45 1
Zostera noltii (leaves) 4.49 ±2.91 –13.17 ±1.05 20
Zostera marina (leaves) 4.73 ±1.42 –12.83 ±1.05 40
Fucus vescilosus 9.68 ±3.22 –16.95 ±2.02 78
Puccinellia maritima (salt marsh) 6.02 ±1.31 –28.43 ±0.90 20
Salicornia europaea 7.18 ±0.77 –28.16 ±0.62 5

Zooplankton 10.00 ±1.39 –20.00 ±2.33 63
Bivalvia

Scrobicularia plana 11.00 ±2.67 –15.67 ±1.79 22 Filter feeder
Abra tenuis 8.45 ±1.40 –13.21 ±2.47 18
Abra alba 9.83 ±0.25 –17.30 ±0.18 2
Cerastoderma edule 10.98 ±1.34 –18.65 ±1.30 399
Crassostrea gigas 12.48 ±1.39 –17.84 ±0.86 37
Mya arenarea 10.94 ±2.06 –17.15 ±3.45 47
Mytilus edulis 11.25 ±1.52 –18.19 ±1.69 267
Macoma balthica 11.29 ±2.34 –12.99 ±1.87 191
Ensis directus 10.27 ±0.95 –18.17 ±1.53 56
Tellina tenuis 10.01 –16.48 1

Gastropoda & Polyplacophora*
Peringia ulvae 9.74 ±1.72 –16.27 ±1.92 137 Detritivore
Littorina littorea* 11.96 ±1.27 –14.22 ±1.43 60
Lepidochitona cinerea* 11.88 ±1.26 –13.01 ±2.77 19

Polychaeta
Hediste diversicolor –16.06 ±1.70 12.63±1.69 167 Detritivore/Predator
Capitellidae n.id.
–– Heteromastus filiformis –17.67 ±1.32 12.16±1.09 20
Nereidae n.id.
–– Alitta succinea –17.19 ±1.55 14.36 ±1.78 22
–– Allita virens –17.59 ±0.19 14.70 ±0.71 2
Glyceridae n.id.
–– Glycera alba –18.82 12.60 1
Nephtys sp.
–– Nephtys hombergii –14.96 ±0.99 13.69 ±1.15 25
Lanice conchilega –17.89 ±1.24 11.73 ±1.56 46
Arenicola marina –16.35 ±1.20 12.11 ±3.52 113
Eteone longa –15.57 ±1.15 14.10 ±1.61 40
Scoloplos armiger –16.35 ±1.30 11.75 ±1.35 79
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Table S1: Continued.  

d15N (‰) d13C (‰) n Trophic guild

Wadden Sea, Netherlands
Crustacea

Crangon crangon –14.98 ±1.69 14.41 ±1.90 363 Predator
Carcinus maenas –15.77 ±1.30 14.42 ±1.64 1098
Palaemon elegans –17.32 ±2.09 16.55 ±1.96 70
Ideotea linearis –18.30 ±1.04 12.27 ±0.71 21
Hemigrapsus takanoi –16.10 ±1.29 13.53 ±1.37 25
Hemigrapsus penicillatus –17.67 ±1.32 12.16 ±1.09 20
Liocarcinus holsatus –17.94 ±1.46 14.29 ±1.28 106
Bathyporeia sarsi/sp. –14.48 ±1.53 11.70 ±1.92 8
Corophium sp. –17.97 ±2.32 10.88 ±2.99 19
Gammarus locusta/sp. –16.79 ±2.73 11.32 ±1.76 49
Gastrosaccus spinifer –19.90 ±0.87 13.17 ±0.94 15
Hyperia galba –19.18 ±0.91 12.97 ±1.69 21
Palaemon serratus –16.76 ±1.26 16.54 ±1.11 8
Palaemon varians –28.01 ±0.60 9.50 ±1.99 7
Palaemon sp. –21.12 ±5.14 11.25 ±2.36 34
Praunus flexuosus –18.82 ±4.73 13.60 ±1.58 94
Urothoe poseidonis –15.87 ±1.40 12.57 ±1.54 40

Insecta
Corixidae –32.15 ±4.00 5.88 ±2.53 14

Tejo estuary, Portugal
Basal sources of organic matter

POM 7.68 ±0.13 –24.00 ±1.41 3
SOM 7.71 ±0.67 –24.95 ±1.21 3

Algae
Ulva sp. 17.02 ±2.80 –14.97 ±3.43 3 (5–10)
Microalgae 10.87 ±1.27 –18.55 ±4.40 2

Vegetation
Spartina maritima 12.6 –14.22 1 (10)
Sarcocornia fruticosa 14.28 ±2.42 –28.07 ±1.01 3 (10)
Halimione portulacoides 17.20 ±2.34 –26.68 ±1.33 3 (10)

Zooplankton 13.99 ±0.66 –27.55 ±3.96 2
Bivalvia

Scrobicularia plana 16.86 ±2.19 –15.38 ±1.74 11 (5–25) Filter feeder
Gastropoda

Hydrobia ulvae 15.73 ±1.73 –13.34 ±1.02 7 (>25) Detritivore
Polychaeta

Hediste diversicolor 16.14 ±2.21 –14.62 ±0.37 10 (4–10) Detritivore/Predator
Crustacea

Crangon crangon 19.47 ±0.95 –20.09 ±1.63 3 (5–10) Predator
Insecta

Chironomidae larvae 9.51 ±1.33 –17.73 ±0.29 3 (>20)

Sidi Moussa, Morocco
Basal sources of organic matter

POM 6.14 ±2.74 –17.57 ±9.46 2
SOM 6.71 ±0.49 –20.94 ±2.09 2

Algae
Ulva sp. 9.93 ±2.57 –12.55 ±5.37 2 (5–10)
Microalgae 8.60 ±1.69 –16.83 ±3.27 2
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Table S1: Continued.  

d15N (‰) d13C (‰) n Trophic guild

Sidi Moussa, Morocco
Vegetation

Spartina maritima 11.09 ±0.11 –11.12 ±3.85 2 (10)
Sarcocornia perennis 10.85 ±4.07 –27.63 ±2.12 2 (10)
Zostera noltii (leaves) 6.46 ±2.21 –10.97 ±6.28 2 (10)

Zooplankton 8.74 ±2.09 –23.16 ±4.54 2
Bivalvia

Scrobicularia plana 10.88 ±4.66 –17.16 ±2.36 7 (5–10) Filter feeder
Gastropoda

Hydrobia ulvae 11.40 ±0.64 –15.43 ±1.45 6 (>25) Detritivore
Polychaeta

Hediste diversicolor 13.86 ±2.28 –17.38 ±1.20 7 (4–10) Detritivore/Predator
Diopatra neapolitana 17.09 ±0.01 –18.05 ±0.15 3 (4–10) Detritivore/Predator

Insecta
Chironomidae larvae 4.39 ±0.16 –18.96 ±0.11 3 (>20)

Banc d’Arguin, Mauritania
Basal sources of organic matter

POM 5.88 ±0.21 –19.02 ±5.85 2
SOM 3.93 ±0.66 –15.58 ±3.28 2

Algae
Macroalgae n.id. 7.68 ±0.72 –15.38 ±1.38 2 (5–10)
Microalgae 4.38 ±1.14 –17.19 ±3.18 3

Vegetation
Zygophyllum waterlotii 9.78 ±3.75 –12.31 ±3.75 2 (10)
Sesuvium portulacastrum 10.90 ±6.61 –23.31 ±3.18 2 (10)
Zostera noltii (leaves) 1.13 ±0.27 –6.42 ±1.81 2 (10)
Zostera noltii (rhizomes) 0.82 ±0.72 –8.14 ±2.17 2 (10)
Cymodocea sp. (leaves) 0.37 ±0.24 –5.30 ±4.60 2 (10)

Zooplankton 5.97 ±0.22 –20.60 ±2.23 2
Bivalvia

Abra sp. 5.87 ±0.28 –10.52 ±2.82 6 (>45) Filter feeder
Anadara senilis 6.11 ±0.05 –17.89 ±0.40 3 (5–10) Filter feeder
Diplodonta diaphana 6.02 ±0.55 –15.35 ±1.35 6 (3–5) Filter feeder
Dosinia isocardia 6.48 ±0.83 –15.88 ±1.54 7 (10–20) Filter feeder
Loripes lucinalis 0.53 ±1.20 –24.50 ±1.02 12 (10–20) Symbiont*

Gastropoda
Hydrobia ulvae 5.66 ±0.76 –9.72 ±2.25 6 (>50) Detritivore

Polychaeta
Capitellidae n.id. 7.70 ±0.24 –9.93 ±0.73 6 (15–20) Detritivore
Nereidae n.id. 7.25 ±0.74 –8.57 ±2.03 5 (7–20) Detritivore/Predator
Glyceridae n.id. 9.54 ±0.58 –9.67 ±1.01 5 (2–5) Detritivore/Predator

Crustacea
Amphipoda n.id. 4.52 ±0.13 –10.51 ±1.70 5 (>30) Detritivore
Uca tangeri 5.66 ±0.18 –9.68 ±0.30 3 (5) Detritivore
Carcinus aestuarii 6.62 –11.45 1 (5) Detritivore/Predator
Palaemon elegans 8.06 ±0.19 –8.40 ±0.33 3 (10) Detritivore/Predator
Idotea chelipes 4.97 ±0.41 –8.17 ±0.19 2 (5–10) Grazer
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Table S1: Continued.  

d15N (‰) d13C (‰) n Trophic guild

Bijagós, Guinea–Bissau
Basal sources of organic matter

POM 8.66 –17.55 1
SOM 6.52 ±1.19 –19.03 ±0.7 2

Algae
Macroalgae n.id. 8.89 –17.90 1 (5)
Microalgae 9.89 –16.69 1

Vegetation (mangroves)
Avicenia sp. (leaves) 7.96 –25.66 1 (10)
Avicenia sp. (pneumatophores) 6.70 –26.46 1 (10)
Conocarpus erectus (leaves) 10.58 –26.58 1 (10)
Laguncularia sp. (leaves) 5.06 –29.47 1 (10)
Laguncularia sp. (pneumatophores) 4.96 –27.93 1 (10)
Rhizophora sp.(leaves) 5.45 –28.15 1 (10)
Rhizophora sp. (pneumatophores) 10.92 –31.71 1 (10)
Rhizophora sp. (roots) 8.23 –27.80 1 (10)

Zooplankton 10.35 –19.73 1 (10)
Bivalvia

Arca sp. 10.07 ±0.15 –14.90 ±0.26 3 (5–10) Filter feeder
Anadara senilis 10.90 ±0.10 –14.53 ±0.58 3 (5) Filter feeder
Dosinia sp. 9.22 ±0.36 –16.91 ±0.46 3 (5–10) Filter feeder
Tagelus adansoni 9.29 ±0.10 –15.93 ±0.23 3 (5–10) Filter feeder
Tellinidae n.id. 7.90 ±0.62 –13.93 ±0.45 3 (5–10) Filter feeder
Lucinidae n.id. –0.45 ±0.21 –25.30 ±0.30 3 (5–10) Symbiont*

Polychaeta
Capitellidae n.id. 11.95 ±1.71 –13.70 ±1.11 6 (10–15) Detritivore
Glyceridae n.id. 10.23 ±0.78 –16.71 ±1.34 2 (2–5) Detritivore/Predator
Nephtys sp. 10.95 ±0.21 –12.41 ±0.57 2 (2–5) Detritivore/Predator
Cirratulidae n.id. 10.66 ±0.15 –13.80 ±0.17 2 (5–10) Detritivore
Maldanidae n.id. 9.15 ±0.07 –12.55 ±0.21 2 (2–5) Detritivore
Spionidae n.id. 10.45 ±0.08 –15.62 ±0.19 2 (5–10) Detritivore
Eucinidae n.id. 9.85 ±0.35 –12.05 ±0.64 2 (2–5) Detritivore/Predator
Lumbrineris sp. 11.31 ±0.78 –13.50 ±0.85 2 (2–5) Detritivore/Predator

Crustacea
Axiidae 11.80 ±0.57 –17.40 ±0.14 2 (5–10) Detritivore/Predator
Uca tangeri 6.23 ±0.29 –12.86 ±0.42 3 (2–5) Detritivore
Grapcidae n.id. 9.32 ±0.48 –15.58 ±3.26 5 (2–5) Detritivore
Dendrobranchiata n.id. 11.97 ±0.50 –9.13 ±0.15 3 (2–5) Detritivore/Predator
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