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Chapter 9

9.1The present Wadden Sea fish food web structure

The study of the present fish food web structure was based on material collected at a
single spot by means of a passive gear (a kom-fyke) in the western Wadden Sea over
a period of almost a decade (2010-2018). This kom-fyke is an efficient tool to collect
fish material, and it is in use for fish monitoring in the western Wadden Sea from 1960
onwards (van der Veer et al. 2015). It has a leader of 200m running from the beach
towards deeper waters with two chambers and a fyke at the end. Fish swimming
against the leader are guided fowards the two chambers (the so-called ‘kom”) and
from there collected into the fyke. A kom-fyke is collecting both demersal, benthopelagic
and pelagic fish with a high daily frequency. However, this type of gear also has its
limitations: it is labour intensive; it is restricted fo relatively shallow waters; it collects
only actively migrating fish species and it collects only individuals larger than the mesh
size of the neft.

Despite these limitations, most of the Wadden Sea fish species can be collected by
means of a kom-fyke. In total 82 fish species were caught over the period 1960 - 2011
(van der Veer et al. 2015). While this study covered only a decade, it still caught 54
different fish species and these species include the most common and abundant fish
species recorded in the area (Witte & Zijlstra 1983). However, it cannot be excluded that
some fish species or life stages are not fully sampled due to the combination of data
collecting at a single spof; in shallow waters; and for only a decade.
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Figure1 Mean daily fyke catch (kg wet mass d'; total and for different guilds separately) in spring
and autumn.

This study was carried out affer a period in which monitoring programmes showed
a strong decrease in fish biomass in the Wadden Sea from the 1980s to around 2010
(Tulp et al. 2008, van der Veer et al. 2015). The kom-fyke catches showed even a
10-fold decrease in total daily catch biomass of both pelagic and demersal species
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from 1980 to the present (van der Veer et al. 2015). During the period of this study,
there was some fluctuations in the mean total daily catch in the kom-fyke, however
without a further decrease in any of the different guilds or functional groups (Fig 1).
This means that based on the kom-fyke monitoring, the Wadden Sea fish food web
presented in this study (2010-2018) seems fo reflect a period of relatively stable fish
biomass in the area.

Different approaches were combined for the analysis of the Wadden Sea fish food
web. Trophic position (TP) of the various fish species was based directly on the stable
nitfrogen isotope values (8"°N) relative to baseline of the pelagic and benthic primary
production and indirectly calculated from the stomach composition based on fixed
trophic positions of the prey items. In addition, stomach content composition was used
to identify the various predator-prey interactions. Results can be summarized as follows:
+ Stable isotope values of the various fish species showed that they were not different
between immigrating fish in spring and emigrating fish in autumn, suggesting a
similar trophic niche of the various fish species in the coastal zone and inside the
Wadden Sea. This means that the fish food web based on kom-fyke catches near the
enfrance of the Wadden Sea actually also represent the situation in the coastal zone. 9

« For all fish species, estimated trophic position based on stomach content differed
from TPs based on stable isotopes, whereby estimated TPs based on isotope values
were lower than those based on stomach content composition. Sfomach content
analysis might have missed smaller and fast digestible prey species with low trophic
posifions. Also, the estimate of tfrophic position from stable isotope values is based
on a fixed similar enrichment with increasing trophic position for all species (van der
Zanden et al. 1997, Post 2002), although this trophic fractionation might be species-
specific (Vesely et al. 2024).

+ Both the estimates based on stomach content and those on stable isotopes, indicate
that the present fish food web still covers a range from various trophic levels from
algae consumers (TP=2) to top predators (TP around 4).

+ Stomach content analysis indicates that the fish fauna comprises of a mix of
opportunistic feeders and more specialized fish species. The opportunistic feeders
consuming on a variety of prey items and especially a few key prey species are
consumed by many fish species and fuel the fish food web: amphipod crustaceans,
brown shrimps, juvenile herring and gobies. The role of juvenile herring and gobies
is two-fold: they are abundant and important as fish predators but also as prey items
for other fish species.

+ Due to the pivotal position of a few key prey species in combination with the
opportunistic behaviour of most fish species, infra- and interspecific competition
cannot be excluded as it is also indicated by the overlap in diet of many fish species
of different groups (semi-resident, juvenile marine migrants, seasonal migrants).
Food competition nowadays might be lower than in the past educed competition
due to the lower fish biomass nowadays (Tulp et al. 2008, van der Veer et al. 2015).
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9.2. Spatial variability in Wadden Sea fish food web structure

The comparison of the Wadden Sea fish food web structure simultaneously in different
tidal basins indicated some spatial variability. eDNA sampling of the fish community
revealed a pattern with on the one hand common (core) species being found
everywhere and on the other hand spatial differences with respect to rare (transient)
species. Stomach confent analysis showed that a small group of key species are
fuelling the Wadden Sea fish food web. Copepods and brown shrimp are the most
important key species, followed by mysid shrimp, shore crab and herring. However,
the importance of mysid shrimp, shore crab and herring showed spatial variability
between Marsdiep and Ems.

Estimated absolute trophic positions based on stomach content and on bulk stable
isofopes could not be used for the analysis of spatial variability due to sensitivity to
sampling procedure (stomach content) and sampling size and baseline (bulk stable
isotopes). Spatial variability in trophic structure could only be analysed for a few fish
species. For these species, estimates of absolute trophic positions based on compound-
specific stable isofopes indicated a low spatial variability. Also a comparison of relative
trophic positions showed a significant correlation for most fish between different basins,
indicating a large spatial similarity in trophic structure.

The few data about the absolute trophic position of some Wadden Sea epibenthic
and fish species indicate a range in trophic positions from af least 2 — 4 (Table 1). Bass
(Dicentrarchus labrax) and viviparous blenny (Zoarces viviparus) are top predators in
the system with a trophic position of respectively 4.0 and 3.8. The frophic positions of the
key prey species have a strong impact on the fish food web. Two of the main key prey
species, the shore crab (Carcinus maenas) and the brown shrimp (Crangon crangon)
have already a frophic position of respectively 3.2 and 3.5 (Table 7). This relatively high
trophic position reflects their omnivore behaviour. Both species consume a variety of
prey. For brown shrimp Mysids and amphipods and copepods together constituted
the dominant prey (Oh et al. 2001, Hostens & Mees 2003) and for shore crab Crangon
crangon and Hidiste diversicolor (Beata et al. 2006). Mysids and amphipods, copepods
and the brown shrimp are even more important as prey species in the Wadden Sea
fish food web than indicated by the stomach content information of the fish species
because they are also important food items for the other key prey species, the brown
shrimp and the shore crab.

Mysids and amphipods, copepods, brown shrimps and shore crabs are commmon and
abundant species inside the Wadden Sea (Beukema 1976, Roast et al. 1998) and also in
the coastal zone (Beyst et al. 2007, Oliveira et al. 2023. Also, in other Wadden Sea tidall
basins calanoid copepods, brown shrimps and mysid shrimps have been described
as the most abundant prey items for the fish community, such as in the Sylt-Rema tidal
basin in the northern Wadden Sea Kellnreitner et al. 2012). For brown shrimps, clear
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spatial and temporal variability in abundance has been found both inside the Wadden
Sea as well as in the coastal zone (Kuipers & Dapper 1984, Siegel et al. 2005, Campos
et al. 2010, Tulp et al. 2012) and similar variability might be assumed for the other key
prey species. Such spatial and femporal variability in key prey species abundance due
to location specific differences in hydrography and geomorphology, might explain the
observed differences in relative importance of the various prey items in the various
studies in the Wadden Sea

Overall, there seems to be a large-scale similarity in fish food web structure due to
a similarity in the key prey species and in the fish abundant components of the fish
community. Some spatial variability occurs due to a combination of differences in local
fish community (especially more rare species) and local and interannual differences in
predatfor and prey abundances.

Table1 Estimates of absolute frophic positions (mean, SE) of some fish and epibenthic species
in the Dutch Wadden Sea based on compound-specific stable isotopes, together with
number of observations (n). After Riekenberg et al. (2022).

Species name ‘ Common name ‘ TP SHES 9
Prey items
Carcinus maenas Shore crab 32 0.1
Crangon crangon Brown shrimp 35 0.1
Predatory fish
Solea solea Sole 3.0 0.1
Pleuronectes platessa Plaice 3.2 0.1
Platichthys flesus Flounder 3.4 0.1
Clupea harengus Herring 3.4 0.9
Osmerus eperlanus Smelt 3.8 0.1
Zoarces viviparus Viviparous blenny 3.8 0.1
Dicentrarchus labrax Bass 4.0 0.1

9.3. Past Wadden Sea fish food web structure

In this study reflections about the past Wadden Sea fish food web are restricted to the
last century for two reasons. Firstly, the last extensive habitat losses in the area took
place in the western Dutch Wadden Sea in the Marsdiep tidal basin with the exclosure
of the Zuiderzee estuary by the Afsluitdijk in 1932 and in the eastern Dutch Wadden
Sea in 1964 with the exclosure of the Lauwers (Wolff, 1983). Secondly, most quantitative
information is restricted to the last century only.

Until the construction of the Alsluitdijk, there was a profitable commercial fishery in the
western Wadden Sea and Zuiderzee on herring (a special spring race the Zuiderzee
herring), anchovy, flounder, smelt, eel and brown shrimp (Fig 2, Table 2). This fishery
collapsed with the closure of the Zuiderzee and the fransformation of the area into
a freshwater basin (Lake IJssel). It was hoped that the Zuiderzee herring and the
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anchovy would shift their spawning grounds towards the Waddenzee, but this was
not the case and both species disappeared almost completely from the Wadden Sea.
Nowadays, herring in the western Wadden Sea belongs to another race (Wolff 2000,
Lotze 2005). With the construction of the fish migration river through the Afsluitdijk, a
direct connection between the estuarine Wadden Sea and the freshwater Lake [Jssel
will be restored, however, at a much smaller scale than the semi-open barrier in the
Easter Scheldt. Itis unlikely that this will result in the situation before the closure with for
instance a reappearance of the Zuiderzee herring.

The lack of quantitative information from before the closure of the Alsluitdijk means
that quantitative reflections about the Wadden Sea fish food web can only focus on
roughly the last century. The low fishing pressure and low level of pollution (nutrients,
chemicals) during the second world war due to restricted activities would plea for a
baseline around 1945.

Figure 2 Archive pictures of commercial fisheries around 1930-1940 along the coastline of the
Marsdiep in the western Wadden Sea with beach seine for herring (fop picture) and fish
in general by kom-fyke (bottom picture). (Pictures from collection of Maarten Stoepker
and Anelfo archive).
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Insight in and conclusions about the past Wadden Sea fish food web is based on two

quantitative studies, both based on estimates of trophic position based on stomach

content information from the NIOZ archive:

+ An analysis of the former trophic position of sharks and skates, species that were
present in the coastal zone of the Netherlands and have disappeared nowadays;

+ An analysis of the past trophic position of various fish species that nowadays are still
present in the area.

Table 2 Quantity (1000 kg) and total value (1000 Dutch guilders) of commercial fish caught in
the former Zuiderzee (Lake lJssel) in the years before and after the enclosure by the
Afsluitdijk. After Redeke (1922, 1941).

Year Herring ‘ Anchovy ‘ Flounder ‘ Eel ‘ Smelt ‘ Garfish ‘ Shrimps Total value
1925 8987 1384 1067 756 1478 6 1910 3612
1926 6263 3326 709 714 802 23 1588 3499
1927 9643 882 71 602 M 33 2541 2537
1928 12387 139 1008 694 1273 22 217 2507
1929 10621 397 1686 858 752 4 2048 2629
1930 11246 5428 3647 838 1285 2 2313 4808
1931 12106 3578 2321 941 1349 3 1588 3094 9
1932 9985 378 1273 1048 476 9 589 1788
1933 12 1265 2125 337 50 1470
1934 124 2688 447 1662
1935 0.1 232 1970 317 1068
1936 48 2405 271 1091
1937 43 3595 130 1315
1938 25 2588 209 1285

The fact that the Wadden Sea fish community has lost most of its shark and skate
species means that the fish food web structure must have been more complexin the
past. The various shark and skate species belonged to different functional groups:
(nean)-residents, juvenile marine migrants and marine seasonal visitors. The various
functional groups had different diet preferences: the (near-)resident and juvenile marine
migrant species were demersal while the marine seasonal visitors species were pelagic.
Most of the species were generalist predators. Not only their diet showed overlap for
especially fish and crustaceans, but also their diet indicated competition with other fish
species for at least fish and crustaceans. Estimates of their trophic position indicated
that it ranged from 3.2 for thornback ray to even 4.6 for the tope shark. It is clear that
with the disappearance of shark and skate species, the Wadden Sea food web has
also lost some of its top predators.

Although the NIOZ archive contained 7031 stomach records of 43 species over the period
1932-1979, records were not evenly distributed but clustered both with respect to years
as well as to fish species. Only for 18 fish species, stomach content could be analysed
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and trophic position could be estimated, whereby the period 2010-2018 is used as the
reference period. The stomach content analysis showed a variability in prey occurrence
in the stomachs of different fish species over fime, but without a significant tfrend. Even
the present fish food web shows fluctuations in relative mean prey occurrence in the
order of 10- 20% (Fig 3). Part of the variability will be caused by fluctuations in prey
abundance. In some period, larger differences in relative mean prey occurrence occur. It
is unclear whether this is caused by differences in predator-prey interactions or whether
it reflects a bias due to the fact that it is based on information of only a relatively small
set of fish species. The estimates of trophic position showed a variability in the order
of 1 unit or even more for all species both within and between years. Surprisingly,
no significant frend in mean frophic position over time could be found in any of the
18 species, despite the serious anthropogenic stress (pollution, eutrophication events,
climate change) and the decrease in fish abundance in the area during the last 50
years. The present study does not indicate any changes in trophic position of individual
common species in the western Dutch Wadden Sea over the last 80 years. However,
this conclusion is preliminary and more independent data are required.
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Figure 3 Relative mean occurrence (%) of the most abundant prey classes in the stomachs of the
Wadden Sea fish species within the NIOZ archive (1932-2009). Only years with at least
50 observations are listed.

In conclusion, the Wadden Sea fish fauna has undergone changes compared with the
present situation, especially with respect to fish abundance, fish species composition
and fish food web. The various predator-prey relationships show intferannual variability,
without presently any indications of significant temporal changes. Fish abundance
has strongly decreased even from 1945 to present. After 1945 there was commercial
fishing with passive gears along the coastline of the Wadden Sea, until this was no
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longer profitable in the 1960s. Regulating mechanisms (competition for food, density-
dependent growth, mortality) might have been (more) common in the past. Fish
species composition has changed over time especially due fo the disappearance of
most skate and shark species. The disappearance of these species has removed this
part of the fish food web. For the other Wadden Sea fish species, a few key prey
species are dominant as food. At a large scale, copepods and brown shrimp are most
important, followed by mysid shrimp, shore crab and herring. Surprisingly, herring is
still a dominant food source despite the disappearance of the Zuiderzee herring after
1932. Predator-prey relationships and hence trophic position show some interannual
variability, most likely due to fluctuations in prey and predator abundance. Presently
there are no indications of any systematic changes over fime. The lower fish biomass
in the area has reduced the trophic role of the fish community at the ecosystem. The
reduction of frophic sfructure has also been observed in other coastal areas around
the North Sea (Thurstan et al. 2010, McHugh et al. 2011, Frelat et al. 2022, Moore ef al.
2023). This might point to general mechanisms in all locations behind these changes.

Human disturbances are expected to have less of an effect on systems with more

biological and ecological inferactions, than systems which are more stand-alone 9
(Jorddn et al. 2024). Consequently, the structure of marine fish food webs are then

expected to be able to withstand more disturbances by anthropogenic origin (Albouy

et al. 2019). Therefore, in contrast to open-water communities, coastal food webs with

more variable temperatures have greater inferaction redundancy (e.g. species fulfilling

similar roles in an ecosystem, can respectively increase and stabilize processes in
ecosystems), which may benefit robustness and decrease the chance a species getting

exfinct. Our resulfs suggest that coastal marine ecosystems and its fish communities,

have more ecological connections (in terms of complexity) and therefore are more
resistance to changes and environmental fluctuations (Albouy et al. 2019).

When looking at a larger spatial scale (global), biodiversity patterns and food-web
dynamics are not directly scalable to each. In order to conserve species diversity as well
as the functional frophic integrity of commmunities, patterns of biodiversity and food-
web characteristics over a large spatial scale must be jointly studied (Blackman et al.
2022). Therefore, studying the whole fish food web both in the present and the past and
over a larger spatial scale, helps to understand the importance of knowledge of every
species living in a fragile environment such as the Wadden Sea. By answering these
questions, a greater understanding of how and why the fish populations in the Wadden
Sea changed over time and on a spatial scale will be achieved. Making it possible to
predict further changes in either food web structures or shifts in populations. Which in
turn might alter the function of the Wadden Sea as a commercially fishing area or even
as nursery ground for young fish. Results found in this thesis should thus strengthen the
importance of infernational negotiations in to conserve and use sustainably marine
biological resources of areas beyond national borders.
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Summary

Different approaches were combined for the analysis of the Wadden Sea fish food
web. Trophic position (TP) of the various fish species was based directly on the stable
nitfrogen isotope values (3"°N) relative to baseline of the pelagic and benthic primary
production and indirectly calculated from the stomach composition based on fixed
trophic positions of the prey items. Spatial analyses were performed by means of both
stable isotope values and stomach content analyses from two far away locations in the
Wadden Sea as well as environmental DNA.

This study focusses on spatial and temporal variability in the Wadden Sea fish food
web, whereby the aim is threefold:

[1] a detailed analysis of the present fish food web to fill in the gab of knowledge
for the western Dutch Wadden Seq;

an analysis of the spatial variability in the Wadden Sea fish food web;

an analysis of the femporal variability in the Wadden Sea fish food web,

T ©

focussing on the last century.

The present Wadden Sea fish food web (ad 1) and spatial variability in fish food web (ad
2) will be based on both stomach content and stable isotope analysis analyses for the
Marsdiep basin in the western Wadden Sea and the Ems basin in the eastern Wadden
Sea as well as environmental DNA for a larger consecutive spatial scale. Temporal
variability in the Wadden Sea fish food (ad 3) will focus on the western Wadden Sea
and will be based on the NIOZ archive of historical information of stomach content data
of Wadden Sea fish species dating back to 1930.

Part I: Western Wadden Sea fish food web structure

In chapter 3 the food web structure of a coastal fish community (western Dutch Wadden
Sea) was studied based on stomach content data from samples collected between
2010 and 2018. Results showed the pivotal position of a few key prey species (amphipod
crustaceans, brown shrimps, juvenile herring and gobies) for the coastal Wadden Sea
fishes and that the substantial prey overlap in the diet of some predators cannot exclude
infra- and inter-specific competition among these predators.

Chapter 4 investigates the frophic structure of the western Wadden Sea fish community
by means of stable isotope analysis (3°C and &"°N) of 1658 samples from 57 fish species
collected between 2012 and 2016. Results of this study showed that the estimated frophic
positions based on isofope values were lower than those based on stomach content
composition, which could be explained by species-specific differences in trophic
fractionation or by underestimation of the confribution of smaller prey species in the
sftomach content analysis. The trophic niche space of benthopelagic species was the
smalllest and overlapped with that of the pelagic and benthic species. In terms of use of
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the areaq, frophic niche space was smaller for juvenile marine migrant species (nursery-
type species) and overlapped with that of the (near)-resident species and marine
seasonal visitors. Potentially, frophic competition is highest for the functional group of
benthopelagic species and the guild of juvenile marine migrant species (nursery-type
species).

Part Il: Spatial variability in Wadden Sea fish food web structure

Chapter 5 investigates the spatial variability in the fish community composition by
means of monthly sampling of environmental (€)-DNA concentrations at eight stations
spread out over the Dutch Wadden Sea from west to east. Results illustrated spatial
variability in fish community in the Dutch Wadden Sea with common (core) species
being present at all locations and differences between locations with respect to rare
(fransient) species, most probably due to location specific differences in hydrography
and geomorphology.

In chapter 6 the spatial variability in food web structure for the Wadden Sea fish 9
community was investigated by simultaneously analysing stomach content and

stable isotopes (8C and &*N) in the Marsdiep and Ems basin in the Dutch Wadden

Sea. Almost all 31 fish species caught were generalist feeders. In both basins, similar
predator-prey relationships were found in which a few key prey species fuelled the fish

food web. Copepods and brown shrimp were the most important prey species in both

basins, mysid shrimp were more important as prey in the Ems basin, while shore crab

and herring were more important prey species in the Marsdiep basin. Relative trophic

positions showed a significant correlation for most fish between the Ems and Marsdiep

basins, also indicating a large spatial similarity in trophic structure.

Part Ill: Past Wadden Sea fish food web structure

Chapter 7 focusses on the historical tfrophic ecology of some divergent shark and skate
species in the Dutch coastal North Sea zone. In this study historical dietary data of four
species of sharks and skates being in the past (near)-residents, juvenile marine migrants
and marine seasonal visitors of the Dutch coastal North Sea zone, were analysed for
the period 1946 - 1954. Based on stomach content composition, the frophic position
of four of the various shark and skate species could be reconstructed. The analysis
indicates that most of the shark and skate species were generalist predators. The
calculated trophic positions of shark and skate species indicate that those species were
not necessarily at the top of the marine ecosystem food web, but they might have been
the top predators of their particular ecological assemblage.

Chapter 8 investigates the temporal variability in fish food web structure of the
western Wadden Sea over almost the last century. Information about stomach content
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composition over the period 1930 - 2019 was analysed to reconstruct long-term trends
in trophic position of individual species. In 18 species analysed, no significant trend in
mean trophic position over fime could be found, despite the serious anthropogenic
stress (pollution, eutrophication events, climate change) and the decrease in fish
abundance in the area during the last 50 years. The present study does not indicate
any changes in trophic position of individual species in the western Dutch Wadden Sea
over the last 80 years.

Fish food web structure of the Wadden Sea

The work presented in this thesis provides us with a better understanding of the spatial
distribution of several fish species in the Wadden Sea. In chapter 9 some highlights
and results are discussed and put in a broader context. Therefore, studying the whole
fish food web both in the present and the past and over a larger spatial scale, helps fo
understand the importance of knowledge of every species living in a fragile environment
such as the Wadden Sea. By answering these questions, a greater understanding of
how and why the fish populations in the Wadden Sea changed over time and on @
spatial scale will be achieved. Making it possible to predict further changes in either
food web structures or shifts in populations. Which in turn might alter the function of
the Wadden Sea as a commercially fishing area or even as nursery ground for young
fish. Our results should thus strengthen the importance of international negotiations in
to conserve and use sustainably marine biological resources of areas beyond national
borders.
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Samenvatting

Deze studie werd uitgevoerd na een periode waarin monitoringprogramma’s een
sterke afname van de visbiomassa in de Waddenzee lieten zien van de jaren 1980 fof
en met 2010. De kom-fuik vangsten lieten zelfs een 10-voudige afname zien in de fotale
dagelijkse vangstbiomassa van zowel pelagische als demersale soorten van 1980 fot
heden. Gedurende de periode van deze studie waren er enkele schommelingen in de
gemiddelde fotale dagelijkse vangst in de kom-fuik, maar zonder een verdere afname
in een van de verschillende guilds of functionele groepen. Dit betekent dat op basis van
de kom-fuikmonitoringprogramma het visvoedselweb van de Waddenzee dat in deze
studie (2010-2018) wordt gepresenteerd, een periode van relatief stabiele visbiomassa
in het gebied lijkt weer te geven.

Verschillende benaderingen werden gecombineerd voor de analyse van het
visvoedselweb van de Waddenzee. De trofische positie (TP) van de verschillende
vissoorten werd gebaseerd op de stabiele stikstofisotopenwaarden (8*°N) ten opzichte
van de zogenaamde ‘baseline’ van de pelagische en benthische primaire producenten
en indirect berekend op basis van de maagsamenstelling en de frofische posities van
de prooien. Daarnaast werd de samenstelling van de maaginhoud gebruikt om de
verschillende predator-prooi interacties te identificeren. Deze studie richt zich op de
ruimtelijke en temporele variabiliteit in het visvoedselweb van de Waddenzee, waarbij
het doel drieledig is:

1] een gedetailleerde analyse van het huidige voedselweb van de vissen om de
missende kennis over de West-Nederlandse Waddenzee op te vullen;

[2] een analyse van de ruimtelijke variabiliteit in het voedselweb van de
Waddenzee;

(3] een analyse van de temporele variabiliteit in het voedselweb van de

Waddenzee, met de focus op de afgelopen eeuw.

Het huidige visvoedselweb van de Waddenzee (ad 1) en de ruimtelijke variabiliteit in
het visvoedselweb (ad 2) zullen gebaseerd zijn op zowel maaginhoud- als stabiele
isotopenanalyse voor het Marsdiepbekken in de westelijke Waddenzee en het
Eemsbekken in de oostelijke Waddenzee. Tijdelijke variabiliteit in het visvoedsel van
de Waddenzee (ad 3) zal zich richten op de westelike Waddenzee en zal gebaseerd
zijn op het NIOZ-archief met historische informatie over maaginhoudgegevens van
vissoorten in de Waddenzee die tferuggaan fot 1930.

Part I: Western Wadden Sea fish food web structure

In hoofdstuk 3 werd de structuur van het voedselweb van een kustvisgemeenschap (de
westelijke Nederlandse Waddenzee) bestudeerd op basis van maaginhoudgegevens
van samples die tussen 2010 en 2018 werden verzameld. Resultaten toonden de centrale
positie van een paar belangrijke prooisoorten (vlokreeftachtigen, bruine garnalen,
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jonge haring en grondels) voor de kustvissen van de Waddenzee. Daarnaast kon de
aanzienlijke prooioverlap in het dieet van sommige vissen intra- en inferspecifieke
concurrentie fussen deze roofdieren niet uitsluiten.

Hoofdstuk 4 onderzoekt de frofische structuur van de visgemeenschap van de
westelijke Waddenzee door middel van stabiele isotopenanalyse (8"C en &"N) van
1658 samples van 57 vissoorten verzameld tussen 2012 en 2016. De trofische nicheruimte
van benthopelagische soorten was het kleinst en overlapt met die van de pelagische en
benthische soorten. Wat betreft het gebruik van het gebied, was de trofische nicheruimte
kleiner voor jonge mariene migrerende soorten (kraamkamer soorten) en overlapte
deze met die van de (near)resident soorten en mariene seizoensbezoekers. Potentieel
is de frofische competitie het hoogst voor de functionele groep van benthopelagische
soorten en de guild van jonge mariene migrerende soorten (kraamkamer soorten).

Part Il: Spatial variability in Wadden Sea fish food web structure

Hoofdstuk 5 onderzoekt de ruimtelijke variabiliteit in de samenstelling van de
visgemeenschap door middel van maandelijkse bemonstering van (e)-DNA-
concentraties op acht stations verspreid over de Nederlandse Waddenzee van west naar 9

oost. Gedurende een jaar werden op alle locaties twintig soorten geidentificeerd. De
resultaten uit deze studie illustreerden de ruimtelijke variabiliteit in de visgemeenschap
in de Nederlandse Waddenzee, waarbij algemene (kern)soorten op alle locaties
aanwezig waren en er verschillen waren fussen locaties met betrekking tot zeldzame
(fijdelijk aanwezige) soorten, hoogstwaarschijnlijk vanwege locatie specifieke verschillen
in hydrografie en geomorfologie.

In hoofdstuk 6 werd de ruimtelijke variabiliteit in de structuur van het voedselweb voor
de visgemeenschap in de Waddenzee onderzocht door gelijktijdig de maaginhoud
en stabiele bulk isotopen (3®C en O"®N) te analyseren in het Marsdiep en het
Eemsbekken in de Nederlandse Waddenzee. De waargenomen ruimtelijke variabiliteit
in prooivoorkeuren was hoogstwaarschijnlijk het resultaat van lokale verschillen in
predator- en prooiovervlioed. Hoewel schattingen op basis van bulkstabiele isotopen
de absolute trofische niveaus in beide bekkens onderschatten, kunnen ze wel worden
gebruikt voor de analyse van relatieve frofische posities van vissoorten. Relatieve
trofische posities foonden een significante correlatie voor de meeste vissen tussen het
Eemsbekken en het Marsdiep-bekken, wat ook duidt op een grote ruimtelijke gelijkenis
in frofische structuur.

Part Ill: Past Wadden Sea fish food web structure

Hoofdstuk 7 richt zich op de historische trofische ecologie van enkele uiteenlopende
haaien- en roggensoorten in de Nederlandse kustzone van de Noordzee. In deze studie
werden historische dieetgegevens van vier soorten haaien en roggen geanalyseerd
van de Nederlandse kustzone van de Noordzee geanalyseerd voor de periode 1946 -
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1954. De resultaten laten zien dat de meeste haaien- en roggensoorten generalistische
predatoren waren. De berekende trofische posities van haaien- en roggensoorten
geven aan dat die soorfen niet noodzakelijkerwijs bovenaan het voedselweb van
het mariene ecosysteem stonden, maar dat ze mogelik de toproofdieren van hun
specifieke ecologische niche waren.

Hoofdstuk 8 onderzoekt de temporele variabiliteit in de structuur van het voedselweb
van vissen in de westelijke Waddenzee gedurende bijna de afgelopen eeuw. Informatie
over de samenstelling van de maaginhoud gedurende de periode 1930-2019 werd
geanalyseerd om langetermijntrends in de trofische positie van individuele soorten fe
reconstrueren. Bij alle 18 soorten kon geen significante trend in gemiddelde trofische
positie in de loop van de tijd worden gevonden, ondanks de antropogene stress
(vervuiling, eutrofiéring, klimaatverandering) en de afname van de visovervioed in het
gebied gedurende de laatste 50 jaar. De huidige studie geeft geen veranderingen aan
in de trofische positie van individuele soorten in de westelijke Nederlandse Waddenzee
gedurende de laatste 80 jaar. Op gemeenschapsniveau varieert de trofische structuur
als gevolg van inferannuele schommelingen in de soortfensamenstelling en jaarlijkse
schommelingen in de relatieve overvloed van de verschillende vissoorten. Op
ecosysteemniveau is de frofische rol van de visgemeenschap gedegradeerd als gevolg
van de afname van de totale visbiomassa in het gebied.

Fish food web structure of the Wadden Sea

Het werk dat in dif proefschrift wordt gepresenteerd, geeft ons een beter begrip van de
ruimtelijke verspreiding van verschillende vissoorten in de Waddenzee. In hoofdstuk 9
worden enkele hoogtepunten en resultaten besproken en in een bredere context
geplaatst. Het bestuderen van het hele visvoedselweb, zowel in het heden als in het
verleden en op een grotere ruimtelijke schaal, helpt om het belang van kennis van elke
soort die leeft in een kwetsbare omgeving zoals de Waddenzee te begrijpen. Door
de verschillenden vragen te beantwoorden, zal er meer kennis en begrip ontstaan
over het hoe en waarom de vispopulaties in de Waddenzee op een temporale en
spatiale schaal zijn veranderd. Hierdoor wordt het mogelijk om verdere veranderingen
in voedselwebstructuren of verschuivingen in populaties te voorspellen. Wat op zijn
beurt de functie van de Waddenzee als commercieel visgebied of zelfs als kraamkamer
voor jonge vissen zou kunnen veranderen. Onze resultaten moeten dus het belang
van internationale onderhandelingen over het behoud en het duurzame gebruik van
mariene biologische hulpbronnen in gebieden buiten de landsgrenzen benadrukken.
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