Photo: Robbert Jak/ IMARES. Two young plaice hiding on top of the sediment.
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1. Introduction

The Wadden Sea is an important area for many fish species. The shallow coastal area forms the transition
between the estuaries and the North Sea (Figure 1). The inner Wadden Sea is connected with several
estuaries, which are characterized by a pronounced salinity gradient. The outer Wadden Sea, demarked by the
barrier islands, is connected with and influenced by the North Sea.

Many fish species rely on the Wadden Sea for at least one of their life stages. A suite of marine fish (flatfish,
other groundfish and pelagic fish species) reach the Wadden Sea as post-larvae and spend their juvenile phase
there (marine juveniles), benefitting from the high food availability and shelter from predators (van der Veer et
al., 2000; Elliott et al., 2007). Other species inhabit the region en route to either marine or freshwater
spawning sites (diadromous species), during certain times of the year (marine seasonal migrants) or only
occasionally (marine adventitious species) (Elliott et al., 2007). Apart from the temporary visitors, the Wadden
Sea is also inhabited by resident species that spend (almost) their entire life in the Wadden Sea.

Comprehensive lists of fish species occurring in the Wadden Sea have been published previously (Witte and
Zijlstra, 1978; Bolle et al, 2009). In this report, we list all species observed in long-term monitoring
programmes during the last decade. For the status and trends, we focus on a selection of species and
functional groups, which are typically found in the Wadden Sea. We also discuss elasmobranchs and other rare
species (paragraph 2). As the trilateral fish targets (CWSS, 2010) are described in an abstract manner, they
cannot be evaluated quantitatively. Therefore, this report was restricted to describing and classifying trends.
The trilateral targets are evaluated only in a qualitative way. However, we sketch how progress towards
testable targets can be achieved (paragraph 3).

Figure 1. Tidal flat Ems estuary (Photo: Oscar Bos).
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2. Status and trends

2.1 Selected monitoring programmes and species for trend analysis

The status and trends of the Wadden Sea fish are based on fish monitoring programmes covering a time span
of at least ten years, up to the present (Table 1, Figure 2). Further details on the monitoring programmes are

provided in Annex 1.

Table 1. Overview of the long-term fish monitoring programmes included in the trend analyses. The sampling areas are

shown in Figure 2.

Monitoring programme

DFS (Demersal Fish Survey)

DYFS (Demersal Young Fish
Survey)

NIOZ fyke
WMR fyke
Jade stow net

Schleswig-Holstein stow net

German estuaries stow net

Danish rivers tagging studies

NLeel
WGeel

Method

beam trawl (Figure 3)

beam trawl

fyke (Figure 3)
fyke

stow net (Figure 3)

stow net

stow net

tag-recapture

lift net
trapping ladder
electro fishing

Sampling period

Aug-Oct

Aug-Oct

Mar-Jun, Sep-Nov
Apr-Jun, Sep-Nov
Apr-Jun, Aug

Aug

Apr-May, Sep-Oct
Apr-May, Sep-Oct
QOct-Dec

Apr-May
n.a.
3 times per year

Sampling areas

western Dutch Wadden Sea

eastern Dutch Wadden Sea
Ems-Dollard

East Frisia

Jade + Weser

Elbe

Dithmarschen

North Frisia

western Dutch Wadden Sea
western Dutch Wadden Sea
Jade-Weser

Dithmarschen

North Frisia

Ems-Dollard

Elbe

Danish Wadden Sea

Danish Wadden Sea

western Dutch Wadden Sea
North Frisia

Danish Wadden Sea

Years

1970 - 2020
1970 - 2020

1970 - 2020

1977 - 2020

2005 - 2020

1975 - 2020

1975 - 2020

1975 - 2020

1970 - 2019

2000 - 2020

2005 - 2017

1991 - 2019

2001 - 2019

2007 - 2020

2000 - 2018

1996, 1997, 2004-2020
1994-2002, 2004-2010,
2013, 2018, 2019
1938-1944, 1946-2020
2010-2019

1995-2019
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Figure 2. Map of the sampling areas and locations. The beam trawl surveys cover all sampling areas except the Danish
Wadden Sea. The sampling locations of passive gears and the Danish rivers included in the tagging programme are
indicated by symbols. The background colours of the sampling areas correspond with the strip colours in the trend
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figures.

Consistent with the previous Quality Status Report (QSR) (Tulp et al., 2017), species were selected to
represent the three most important functional guilds in the Wadden Sea: marine juveniles, estuarine residents
and diadromous species (Table 2). Sprat (Sprattus sprattus, marine adventitious) was included because it is an
important prey item for birds. Anchovy (Engraulis encrasicolus) and pilchard (Sardina pilchardus, both
belonging to the marine seasonal guild) were evaluated because these species are expected to increase in the
Wadden Sea (Alheit et al., 2012; Tulp et al., 2017).
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For most species, only the most suitable sampling method was chosen: beam trawl for demersal species, and
stow net and fyke for pelagic species (Figure 3). For eel (Anguilla anguilla), both beam trawl and passive gears
were used, and these data were further supplemented with estimates of juvenile eel from the NL glass eel
survey and the ICES WGeel recruitment indices. For flounder (Platichthys flesus), the German estuaries stow
net data were included because flounder is a typical species in transitional waters. Abundance estimates of
diadromous species in Danish rivers were based on mark-recapture studies and sufficiently long time series
were only available for salmon (Salmo salar) and the North Sea houting (Coregonus oxyrinchus). These two
species, along with sea trout (Salmo trutta), were rare or absent in the stow net and fyke programmes.

All stow net and fyke programmes, except the Schleswig-Holstein stow net, were deployed for several months
each year (Table 1). As seasonal patterns may confound annual patterns, we chose representative periods for
most species (periods are indicated in the trend plots).

Table 2. Selected species by guild and sampling method. (X) = limited presence.
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English name Latin name

plaice Pleuronectes platessa
sole Solea solea

dab Limanda limanda
whiting Merlangius merangus
cod Gadus morhua

tub gurnard Chelidonichthys lucerna
sea bass Dicentrarchus labrax
herring Clupea harengus
flounder Platichthys flesus
eelpout Zoarces viviparus
bullrout Myoxocephalus scorpius

five bearded rockling Ciliata mustela

hooknose Agonus cataphractus
pipefishes Syngnathus sp.

eel Anguilla anguilla
smelt Osmerus eperlanus
twaite shad Alosa fallax

river lamprey Lampetra fluviatilis
sea lamprey Petromyzon marinus
salmon Salmo salar

sea trout Salmo trutta

North Sea houting Coregonus oxyrinchus
sprat Sprattus sprattus
anchovy Engraulis encrasicolus
pilchard Sardina pilchardus

Functional
guild

marine juvenile

marine juvenile

marine juvenile

marine juvenile

marine juvenile

marine juvenile

marine juvenile

marine juvenile

estuarine
resident

estuarine
resident

estuarine
resident

estuarine
resident

estuarine
resident

estuarine
resident

diadromous

diadromous

diadromous

diadromous

diadromous

diadromous

diadromous

diadromous

marine
adventitious

marine seasonal

marine seasonal

beam
trawl

X

X

stow net NLeel
and fyke  WGeel

tagging

(X)

(X) X

(X)

(X) X

(X)
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Figure 3. Selected long-term monitoring programmes for Wadden Sea fish trend analysis include: Upper left (A) NIOZ
fyke near Texel, The Netherlands (Photo: Lodewijk van Walraven); Upper right (B) Stownet fishing (Photo: Ralf Vorberg);
Lower (C) Dutch Demersal Fish Survey (DFS) in the Wadden Sea (Photo: Ingrid Tulp). Further details on the monitoring

programmes are provided in Annex 1.

2.2 Methods of trend analysis

For the standardised trend analysis, we used General Additive Models (GAMs). This approach differs from the
method used in the 2017 QSR (Trendspotter, (Visser, 2004; Tulp et al., 2017)). GAMs share advantages with
Trendspotter such as estimating flexible trends, trend classification and dealing with missing values. Instead of
using annual means as input as required by Trendspotter, GAMs allow the use of the data at the observation
level so that all individual samples can be used. This allows for reducing bias and variance in the year signal by
accounting for covariates such as water depth or salinity.

Two different response variables were used, depending on species occurrence (expressed as a percentage of
zero observations). For common species, we modelled abundance estimates (catch per unit of effort (CPUE) for
most surveys, absolute abundance estimates for Danish rivers and WGeel North Frisia). For less common
species, the probability of occurrence was modelled. Abundance estimates were 4th-root transformed and
modelled with either gamma or Gaussian distribution. Fourth-root transformation is commonly used for this
type of data and has the advantage that it improves the interpretation of trend figures and that zero values can
be dealt with more easily than when using a log transformation. The probability of occurrence was modelled
with a binomial distribution. The response variable (abundance or probability of occurrence) is given in the top
right corner of each plot.
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The following cut-off values between the two approaches were applied:

e <30 % zero observations => high abundance => abundance modelling

30-60 % zero observations => intermediate abundance => abundance modelling
60-95 % zero observations => low abundance => probability of occurrence modelling
>95 % zero observations => rare species => no estimate

For the beam trawl surveys (DFS and DYFS) water depth was included as a covariate. The resulting trend plots
show the estimated trends at median depth. For the German estuaries stow net sampling, salinity was included
as a categorical covariate with 3 levels (oligo-, meso- and polyhaline). For the latter areas, trend plots depict
the trend at intermediate (mesohaline) salinity. The y-values in the plots can therefore not be interpreted as
absolute values (and are not directly comparable between areas) but can only be used to describe trends.

Trends were classified per year and visualised in the plots according to the following classification:

Colour Legend for trend classification in Figures 4 - 32

Colour Criterium Classification
. . st . .
Yellow Confidence interval of thg 1 | derivative of the year stable
smoother covers 0 and within +/- 0.1
Positive 98% Cl of 1* derivative of the year ! :
Green increasin
= smoother g
. ) st . .
Red Negative 98% CI of 17 derivative of the year decreasing
smoother
- - st . .
Grey [N Confidence interval of the 1™ derivative of the year T

smoother covers 0 and outside +/- 0.1

Model fit was assessed through residual plots, model AIC and comparison with raw data. For abundance
modelling, the decision for gamma or Gaussian distribution was also based on this assessment. In case the
model fit was insufficient based on the above criteria, the confidence interval was coloured light grey in the
trend figures. For further methodological details of trend calculation and classification see Annex 2.

Model outcomes were summarised by decade and larger regions by taking the statistical model of the trend
scores (increase, decrease, stable or uncertain) by year and area. For the summary, the areas were aggregated
to the Dutch Wadden Sea, the German Wadden Sea and the Danish rivers.

Because we realise there is an interest in examining the actual values, plots of the raw data (yearly means +
standard deviation) are also presented (Annex 3). Abundance estimates of raw data were 4th root transformed
before averaging.

As a result of the new approach used for the analyses, the following differences with the trend graphs from the
previous QSR report (Tulp et al., 2017) must be considered:

e The GAM method results in more curved trends than the Trendspotter trends. This is due to the
flexibility in building curvature in splines.

e The current model runs on the 4th root transformed raw data, so the trends represent the mean of the
4th root transformed data, while in the previous report, trends represented the 4th root transformed
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annual mean.

¢ We now use two types of response variables: abundance estimates for the common species/area
combinations and probability of occurrence for the rarer species. In the previous QSR, we only used
abundance estimates.

o Compared to the previous report, in several species, more periods are classified as stable instead of
uncertain. This is due to the fact that we now use the individual samples and covariates, so we can
account for variation much better.

The methodological development added considerable robustness, detail and transparency to the analyses,
while at the same time hampering comparability with earlier analyses. Therefore, we did not include a
comparison of trends between the QSR thematic reports 2005, 2009, 2017 and 2022.

2.3 Trend analysis for selected species

Species were grouped to illustrate trends by the functional guilds (Elliott & Hemingway, 2002, Table 2). For
marine juveniles and estuarine resident species, the overall trend of the functional guild was analysed based
on DFS and DYFS data. For the other functional guilds, data and number of species were too limited for a
guild specific analysis.

2.3.1 Marine juvenile species

Marine juveniles showed declines in nearly all subareas since the early or mid-1980s, followed by a subsequent
stabilisation at a low level in the one to two most recent decades (Figure 4). The exception to this pattern is
the Elbe. The seemingly upward trend during the last five years in North Frisia, East Frisia and Jade-Weser
was classified as uncertain (black) or stable (yellow) because of large year-to-year variation.
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Figure 4. Trends in modelled predicted abundance of marine juvenile species in the different areas. Trend lines represent
GAM models. The model predicted values (in this case densities) are on the y-axes. The grey shaded area represents the
confidence interval; if the shaded area is dark grey the model assumptions are met, in the case of a light grey shaded
area the model assumptions are not met. Colour coding for the trend line: red-decrease, green-increase, yellow-stable,
grey-uncertain. Because model predictions are given for a mean depth per area absolute y-values are not comparable
between areas.

2.3.1.1 Pleuronectes platessa - plaice

Plaice declined in most areas and surveys since the 1980s, with stable periods and periods of decline
alternating and varying between areas (Figure 5). The Elbe is an exception to this pattern: an increase until
1990 and a stabilisation thereafter. Although not significant, trends made an upward bend in the German
areas in the past five years.

Wadden Sea Quality Status Report - Fish 10


https://qsr-waddensea-worldheritage-org.cdn.gofasterstripes.download/sites/default/files/styles/lightbox/public/Figure%205_Fish.png?itok=1nw4TqLJ

4.Uq

Pleuronectes platessa (plaice)

Elbe
DYFS beam

3.5
35
3.0
2.51 3.0
2.0 25
1.5+
Jade-Weser East Frisia
DYFS beam DYFS beam
3.31 abundance

w
o
r

Model predicted values
n [
lli- -~

~
=

a!ul!an!

4.04

3.59

3.01

2.5

2

2010

\jﬁ
_ v .

abunda Y ,
A\ ®

2020

2.0+, : ; - - -
1870 1980 1980 2000 2010 2020

Figure 5. Trends in modelled predicted abundance/probability of occurrence of plaice in the different areas. The area-
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2.3.1.2 Solea solea - sole

Sole showed peaks between 1975 and 1985 in most areas, followed by a decrease (Figure 6). While levels have
stayed low in the German areas, numbers have increased in the Dutch areas after the absolute low in the
1990s. In the Dutch areas shorter periods of in- and decreases occurred since the 1990s.
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Figure 6. Trends in modelled predicted abundance/probability of occurrence of sole in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.3 Limanda limanda - dab

Of all marine juvenile species, dab showed the strongest declines. Since the 1980s, dab declined in most areas
and surveys (Figure 7). The one exception to this pattern is the Jade-Weser, with alternating periods of
significant de- and increase. In the eastern and western Dutch Wadden Sea there was a recent upward bend in
the trend, although not significant.
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Figure 7. Trends in modelled predicted abundance/probability of occurrence of dab in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.4 Merlangius merlangus - whiting

Whiting showed different trends in different subareas with a clear distinction between the German and Dutch
areas (Figure 8). After an initial increase until 1980, densities collapsed in all Dutch areas until the early
2000s, after which they stabilised. In the German areas, trends were more stable during the period 1975-2010,
with exception of Dithmarschen with strong up-and-down trends. Since ca. 2010, there was a clear increase in
all German areas.
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Figure 8. Trends in modelled predicted abundance/probability of occurrence of whiting in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.5 Gadus morhua - cod

Cod showed a negative trend in all areas and surveys from 1980 onwards, within some areas intermediate
periods with increasing trends (e.g. 1990-2000 North Frisia, Elbe) (Figure 9).
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Figure 9. Trends in modelled predicted abundance/probability of occurrence of cod in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met. Colour
coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions are
given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.6 Chelidonichthys lucerna - tub gurnard

Trends in tub gurnard were highly uncertain in all areas for most of the time period, partly because of low
catch rates (hence only estimation of presence/absence, Figure 10). Around 1980, tub gurnard only occurred
in the most south-westerly areas (Dutch Wadden Sea). In several areas, there was a steep increase after
2000-2005 until 2005-2015, after which densities decreased again (although only significant in the eastern
Dutch Wadden Sea).
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Figure 10. Trends in modelled predicted abundance/probability of occurrence of tub gurnard in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.7 Dicentrarchus labrax - sea bass

Trend information on sea bass is limited to three-time series (Figure 11). In the NIOZ fyke, sea bass showed an
increasing trend from the 1980s until 2000, after a slight decrease, stabilising in the last decade. In the WMR
fyke numbers are decreasing from 2005 onwards, while the occurrence in the Ems-Dollard is uncertain, but
indicates a slight (nonsignificant) increase over the last decade.
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Figure 11. Trends in modelled predicted abundance/probability of occurrence of sea bass in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.1.8 Clupea harengus - herring

Information on herring was derived from fyke- and stow net monitoring. Along with sprat, anchovy and
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sardine, herring belongs to the so-called small pelagic fish species that generally live in schools. Trends for
herring vary between the different areas (Figure 12). In the NIOZ fyke, herring showed a significant increase
from the 1980s until 1990, followed by stabilisation, and a decline after 2005. In the WMR fyke, abundance
increased from 2000 to 2010 followed by a decrease. In the Jade-Weser and Ems-Dollard, the trend increased
over the last decade. In North Frisia, Dithmarschen and Elbe the trends were classified as stable or uncertain.
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Figure 12. Trends in modelled predicted abundance/probability of occurrence of herring in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2 Estuarine resident species

Trends in estuarine species were highly variable across areas and surveys (Figure 13). Significant in- or
decreases occurred in various periods in nearly all areas, but hardly ever at the same time. Since 2010 strong
negative trends occurred in several German areas (Dithmarschen, Elbe and Jade-Weser), while in other areas
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the trends were more stable in the same period. The pattern in the western Dutch Wadden Sea was quite
different from the other areas, with several alternating periods of in- and decreases.
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Figure 13. Trends in modelled predicted abundance of estuarine residents in the different areas. Trend lines represent

GAM models. The model predicted values (in this case densities) are on the y-axes. The grey shaded area represents the

confidence interval; if the shaded area is dark grey the model assumptions are met, in the case of a light grey shaded

area the model assumptions are not met. Colour coding for the trend line: red-decrease, green-increase, yellow-stable,

grey-uncertain. Because model predictions are given for a mean depth per area absolute y-values are not comparable

between areas.

2.3.2.1 Platichthys flesus - flounder

Flounder does not show a clear overall trend and few similarities across areas (Figure 14). Trends in many
areas were characterised by long periods of stable or uncertain trends. A period with a significant increase
occurred during 1990-2000 in North Frisia, Dithmarschen, Ems-Dollard and the western Dutch Wadden Sea.
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Figure 14. Trends in modelled predicted abundance/probability of occurrence of flounder in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2.2 Zoarces viviparus - eelpout

The overall trends showed similar patterns across areas (Figure 15). An initial increase until ca. 1985 was
followed by a decline until ca. 2000. In most German areas the trend was either uncertain or stable after that,
but in the Dutch areas, abundance started fluctuating with alternating periods of in- and decreases in similar
periods.
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Figure 15. Trends in modelled predicted abundance/probability of occurrence of eelpout in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met. Colour
coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions are
given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2.3 Myoxocephalus scorpius - bull-rout

The same increase as observed in many other species until ca. 1980 was also observed in bull-rout (Figure 16).
The occurrence of highs and lows strongly resembled those of eelpout. In general, the species is more
abundant in the western area, hence abundance trends in the Dutch areas and presence/absence trends in the
German area. The general pattern in the German areas was a decline from the 1980s onwards (although not
classified as a significant decrease in all areas). The three Dutch DFS areas showed similar fluctuations with
peaks around 1985, 2000 and 2015.
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Figure 16. Trends in modelled predicted abundance/probability of occurrence of bull-rout in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2.4 Ciliata mustela - five bearded rockling

In several areas, an increase was observed between ca. 1990 and 2000. This increase was followed by a
further increase in the western Dutch Wadden Sea, a decline in East Frisia, a stable trend in the eastern Dutch
Wadden Sea and Ems-Dollard and an uncertain trend in the Elbe (Figure 17). In the two most northern
Wadden Sea areas the trends are characterised by long periods of stable or uncertain trends. The trends in
Jade-Weser and Elbe corresponded, with a decrease after 2010 and an increase in the past five years, but only
the decrease in Jade-Weser was significant.
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Figure 17. Trends in modelled predicted abundance/probability of occurrence of fivebearded rockling in the different

areas. The area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM

models. The model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the

shaded area is dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions

are not met. Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because

model predictions are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2.5 Agonus cataphractus - hooknose

The trends of hooknose are characterised by alternating periods of in- and decreases in all areas, that only
occasionally coincided across areas (Figure 18). However, the recent decline after ca. 2012 in many areas
brought densities down to lower levels than any other time during the whole series.
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Figure 18. Trends in modelled predicted abundance/probability of occurrence of hooknose in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.2.6 Syngnathus sp. - pipefishes

In the three most northerly areas pipefishes showed a similar development with increasing numbers from the
1980s onwards, levelling off and even declining in the past decade (Elbe, Figure 19). A strong decline after
2010 also occurred in the Jade-Weser. The development in the more southerly areas showed a different
pattern, with either fluctuating trends (East Frisia, Ems-Dollard, western Dutch Wadden Sea) or a clear peak
in the 1990s (eastern Dutch Wadden Sea).
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Figure 19. Trends in modelled predicted abundance/probability of occurrence of pipefishes in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3 Diadromous species

2.3.3.1 Anguilla anguilla - eel

Eel is the only species for which we use a combination of beam trawl, stow net and fyke data. In many of the
German beam trawl areas, eel is so rare that trends could not be calculated. All-time series including the
1980s showed a peak in the early 1980s (Figure 20). Several time series showed a second, lower peak around
2000. All-time series indicated very low levels of abundance or occurrence in recent times, with exception of
the WMR fyke in the western Dutch Wadden Sea, showing a remarkable increase since 2010.

The recruitment series (glass eel and/or young yellow eel) showed general declines in the Dutch and Danish
series, whereas the Danish series seems to have stabilised in the last decade (Figure 21). The German series
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Figure 20. Trends in modelled predicted abundance/probability of occurrence of eel in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met. Colour
coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions are
given for a mean depth per area absolute y-values are not comparable between areas.
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Figure 21. Trends in modelled predicted abundance/probability of occurrence of young eel in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.2 Osmerus eperlanus — smelt

For smelting, the trends in spring and summer-autumn were analysed separately, because in or near the
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estuaries these seasons represent the spawning run (spring, adults) and the return of the juveniles (summer-
autumn). This distinction between adults and juveniles by season is not possible for sampling further offshore
(Jade and Schleswig-Holstein stow nets).

Spring: The time series in spring are limited in number and length, and trends vary across areas (Figure 22).
In the western Dutch Wadden Sea and the Elbe, smelt numbers decrease in the last decade. A similar decrease
occurred in Jade-Weser with a slightly later onset. The abundance in the Ems-Dollard was stable.

Summer-autumn: In all series apart from the Ems-Dollard recent declines occurred (although the trend is not
significantly negative in North Frisia and Jade-Weser, Figure 23). Another similarity is the increase over the
period 2000-2010, which is visible in Dithmarschen, Elbe and western Dutch Wadden Sea. The longest series,
the NIOZ fyke, showed an uncertain trend up to the late 1990s followed by an increase and a subsequent
decrease since 2013. A recent increase occurred in the Ems-Dollard. These juvenile smelts are most probably
not recruits from the Ems estuary, as the structural conditions (fluid mud, oxygen deficits) of the potential
spawning areas located in the Lower Ems do not allow successful reproduction.
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Figure 22. Trends in modelled predicted abundance/probability of occurrence of adult smelt in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.
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Figure 23. Trends in modelled predicted abundance/probability of occurrence of juvenile smelt in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.3 Alosa fallax - twaite shad

For twaite shad, like for smelt, the trends in spring (adults) and summer-autumn (juveniles) were analysed
separately. Also for twaite shad, this distinction between adults and juveniles by season is not possible for
sampling further offshore (Jade stow nets).

Spring: In all series except the Elbe, twaite shad decreased from 2010 onwards (but the trend is not significant
in Jade-Weser and Ems-Dollard, Figure 24). The pattern in the Elbe is entirely different, with a stable trend
until 2010 and a subsequent increase.

Summer-autumn: Similar developments occur in summer-autumn, with declines from 2005-2010 onwards (not
all significant, Figure 25). The only exception is again the Elbe where the trend is stable. The longest series,
the NIOZ fyke, revealed a stable trend for most of the period with significant declines around the 1980s and
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from 2005 onwards.
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Figure 24. Trends in modelled predicted abundance/probability of occurrence of adult twaite shad in the different areas.
The area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models.
The model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded
area is dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not
met. Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model
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predictions are given for a mean depth per area absolute y-values are not comparable between areas.
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Figure 25. Trends in modelled predicted abundance/probability of occurrence of juvenile twaite shad in the different

areas. The area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM

models. The model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the

shaded area is dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions

are not met. Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because

model predictions are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.4 Lampetra fluviatilis - river lamprey

Data on river lamprey is limited to only a few series because the species is quite rare. In most series (apart
from the Elbe estuary) catches declined over the period 2000-2010 (Figure 26). In the Ems-Dollard and Jade-
Weser numbers stabilised since.
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Figure 26. Trends in modelled predicted abundance/probability of occurrence of river lamprey in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.5 Petromyzon marinus - sea lamprey

For sea lamprey, only two trend analyses are available: from the Elbe estuary and the WMR fyke in the
western Dutch Wadden Sea, since 2000 (Figure 27). The trend in the Elbe is uncertain, whereas in the western
Dutch Wadden Sea the trend shows a significant and continuous decline.
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Figure 27. Trends in modelled predicted abundance/probability of occurrence of sea lamprey in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colour coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.6 Salmo salar — salmon

For salmon, only two surveys provided sufficient data for trend analysis (Figure 28). The trend in the Elbe is
uncertain. In the Danish Wadden sea, salmon shows a sharp increase since the start of the survey, with
stabilisation since roughly 2010.
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Figure 28. Trends in modelled predicted abundance/probability of occurrence of salmon in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met. Colour
coding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions are
given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.7 Salmo trutta - sea trout

Sea trout shows a stable trend in the Elbe area (Figure 29). In the western Dutch Wadden Sea, there is an
increase until roughly 1983, after which the probability of occurrence showed alternating declining, stable and
uncertain periods.
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Figure 29. Trends in modelled predicted abundance/probability of occurrence of sea trout in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.3.8 Coregonus oxyrinchus - North Sea houting

In the Danish Wadden Sea, the North Sea houting decreased until 2000, after which the trend stabilized
(Figure 30). In the western Dutch Wadden Sea, the trend fluctuates strongly, with a significant increase since
2015.
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Figure 30. Trends in modelled predicted abundance/probability of occurrence of North Sea houting in the different
areas. The area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM
models. The model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the
shaded area is dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions
are not met. Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because
model predictions are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.4 Marine adventitious and seasonal migrant species

In this group, we analysed three species that belong to the so-called small pelagics. In fact, herring also
belongs to this group but has already been discussed under the marine juvenile section. Small pelagics are
representatively sampled with stow nets and fykes.

2.3.4.1 Sprattus sprattus - sprat

Trends for sprat are mainly derived from the stow net series and show large differences between the areas
(Figure 31). Sprat is only occasionally caught in the NIOZ fyke; the probability of occurrence increased in the
1980s and decreased since. A decrease in abundance was observed in Dithmarschen in 1995-2010, followed by
a steep increase in the last decade. The trend in the Elbe estuary is uncertain, negative in Jade-Weser and
positive in the Ems-Dollard.
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Figure 31. Trends in modelled predicted abundance/probability of occurrence of sprat in the different areas. The area-
specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The model
predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is dark
grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.

2.3.4.2 Engraulis encrasicolus - anchovy

Also for anchovy, there are large differences between areas, with uncertain trends in many periods (Figure
32). Significant changes were observed in Dithmarschen and Jade-Weser (increases) and some slight
decreases in the Western Dutch Wadden Sea.
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Figure 32. Trends in modelled predicted abundance/probability of occurrence of anchovy in the different areas. The
area-specific response variable is indicated in the top right corner of each panel. Trend lines represent GAM models. The
model predicted values are on the y-axes. The grey shaded area represents the confidence interval; if the shaded area is
dark grey the model assumptions are met, in the case of a light grey shaded area the model assumptions are not met.
Colourcoding for the trend line: red-decrease, green-increase, yellow-stable, grey-uncertain. Because model predictions
are given for a mean depth per area absolute y-values are not comparable between areas.
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2.3.4.3 Sardina pilchardus - pilchard

Pilchard was only caught in the NIOZ fyke in the western Dutch Wadden Sea, but its occurrence was too rare
for trend estimation. The raw data show however that this is an upcoming species, with increasing occurrence
from 1995 onwards (Annex 3).

2.4 Species list

In the past decade (2011-2020), a total of 124 species were recorded in the long-term monitoring programmes
that were used for the trend analysis (Table 3). As a result of location, period, method and total sampling
effort, the total number of species per survey varied between 42 (Schleswig-Holstein stow net) and 94 (WMR
fyke). The two-beam trawl surveys had a highly similar species list with few differences. The WMR fyke and
German estuaries stow nets recorded most species, due to their locations, catching both marine and
freshwater species.

Table 3. Species list by the survey for the period 2011-2020. Common names are missing for species groups that were

identified to genus level only in specific programmes.
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2.5 Rare species

Most of the rare species mainly occur in offshore habitats or freshwater and will occur sporadically in the
Wadden Sea area. Additionally, some species that were recorded are real vagrants and probably were
introduced temporarily by unusual hydrographic features (e.g. Helicolenus dactylopterus, Maurolicus
muelleri).

The monitoring programs rarely record elasmobranch species, although some of them might use the Wadden
Sea area as a nursery or as regular habitat (see section 2.6). The Jade stow net monitoring recorded all five
elasmobranchs which occur in the species list.

The lesser spotted dogfish (Scyliorhinus canicula, Figure 33a) was recorded by five out of seven monitoring
programs and thus seems fairly common given the assumed low catchability for elasmobranchs in the used
gears. However, from the ongoing standard monitoring programs, it is not possible to derive any trends for
elasmobranchs, and their abundance, distribution patterns and the possible function of the Wadden Sea as a
habitat for these species remains unclear.

Several coastal monitoring programs indicate that sea horses (Hippocampus sp., Figure 33b) occur more
frequently in the continental coastal waters of the North Sea in recent years. In 2020, in the coastal part of the
DFS and DYFS surveys, sea horses were recorded especially along the south-westerly coasts of the Wadden
Sea up to East Frisia. The causes for this increase remain unclear. It might be possible that warmer water
temperatures favour a northward shift of this species or that the population as such has increased.

Sea lamprey (Petromyzon marinus) is one example of a species which is quite common in the Wadden Sea area
but for which the catchability of the used gears is probably too low to be recorded regularly. While the stow
and fyke net monitoring show records of this species, it was not recorded by the beam trawl surveys. This is a
general phenomenon for a number of diadromous and pelagic fish species in the area.

-

Figure 33. Rare fish species in the Wadden Sea include elasmobranchs and sea horses: Left (A) Lesser spotted dogfish
(Scyliorhinus canicula) (Photo: Oscar Bos); Right (B) Short-snouted sea horse (Hippocampus hippocampus)
(Photo: Andreas Ddnhardt).

2.6 Elasmobranchs

2.6.1 Introduction

Information on the occurrence and distribution of elasmobranchs (skates, rays and sharks) in the Wadden Sea
is limited to historical data and anecdotal evidence (Walker, 1996; Poeisz et al., 2021). Although the area is
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considered to be an important (nursery) area for elasmobranch species, there is little scientific evidence to
support this. In the wider North Sea, 14 skate & ray species and 12 shark species have historically been
recorded (Dankers et al., 1979; De Vooys et al., 1991; Daan et al., 2005; Heessen, 2010; Walker and Kingma,
2013; Fock et al., 2014; Sguotti et al., 2016; Poiesz et al., 2021) (Table 4). Some of these also inhabit or visit
the Wadden Sea, as shown in Tables 3 and 4. Within the Trilateral Swimway Programme, the elasmobranch
species are seen as being characteristic of the marine adventitious species. Elasmobranchs vary in their
habitat use and life history. Some are pelagic, others are demersal (Table 4).

Monitoring and research dedicated to sharks and rays in the Wadden Sea are lacking, and records are often
anecdotal or originate from (historical) fisheries bycatch, surveys such as the Demersal Fish Survey (DFS) or
for the North Sea from the International Bottom Trawl Survey (IBTS) (Daan et al., 2005). These surveys are
not primarily designed for elasmobranchs but the data can be used to identify long-term trends (ICES 2020).
Contemporary research to understand migratory patterns of shark species in the Wadden Sea area and beyond
utilises satellite tags (Thorburn et al., 2019, Waddentools Swimway Waddenzee and Life-IP Deltanatuur).

There are some (contemporary) records of sharks and rays being bycaught in shrimp fisheries in the Dutch and
German Wadden Sea (P. Molenaar, R. Vorberg, pers. comm.). The MSC certified shrimp fishery is obliged to
record sharks and rays in the course of their ETP-species registration program, but since they have to use
sieve nets through which larger bycatch species can escape (Addison et al., 2017), the informative value is low.
In practice, shark and ray species are hardly ever bycaught in the shrimp fishery.

Table 4. Shark and skate species (historically) recorded in the wider North Sea, and whether they have (historically) been
recorded in the Wadden Sea. Deepwater species are highly unlikely to inhabit/visit the southern North Sea or the
Wadden Sea. IUCN Red List status: DD = Data Deficient; LC = Least Concern; NT = Near Threatened; VU = Vulnerable;
EN = Endangered; CR = Critically Endangered. IUCN information from: www.iucnredlist.org
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Latin name

Alopias vulpinus

Cetorhinus maximus
Etmopterus spinax

Galeorhinus galeus

Galeus melastomus

Lamna nasus

Mustelus asterias/Mustelus
mustelus

sharks

Scyliorhinus caniculus

Scyliorhinus stellaris
Somniosus microcephalus

Squalus acanthias
Squatina squatina

Dipturus batis

Amblyraja radiata
Dipturus oxyrinchus
Leucoraja circularis
Leucoraja fullonica
Leucoraja naevus
Raja brachyura

Raja clavata

Raja montagui
Raja undulata
Rajella fyllae
Rostroraja alba
Torpedo marmorata

English name

Common thresher
Basking shark
Velvet belly lanternshark

Tope shark

Blackmouth catshark

Porbeagle

(Starry) smooth-hound

Lesser spotted dogfish

Greater-spotted dogfish
Greenland shark

Spiny dogfish
Angel shark

Common skate

Starry ray
Long-nosed skate
Sandy ray
Shagreen ray
Cuckoo ray
Blonde ray

Thornback ray

Spotted ray
Undulate ray

Round skate
Bottlenose skate
Marbled electric ray

recorded in
Wadden Sea

X

X

source of Wadden Sea
records

(Dankers et al., 1979; Poiesz et
al., 2021)

(De Vooys et al., 1991)

(Dankers et al., 1979; Poiesz et
al., 2021; Thorburn et al., 2019)

(Dankers et al., 1979; Poiesz et
al., 2021; Zidowitz & Thiel)

(Dankers et al., 1979; Poiesz et
al., 2021)

(Poiesz et al., 2021); DFS data
Netherlands; (Dankers et al.,
1979)

(Dankers et al., 1979; Fock et
al., 2014)

(Dankers et al., 1979; Poiesz et
al., 2021)

(Fock et al., 2014; Zidowitz &
Thiel)

(Dankers et al., 1979; Heessen,
2010; Poiesz et al., 2021)

Historical data from the Dutch Wadden Sea

IUCN Status
Global/Europe

VU/EN
EN/EN

CRNU

VUICR

M. aseterias NT/NT

M. mustelus VUNU

LC/LC

NT/NT

VU/EN

CRI/CR

CRI/CR

VuiLC
-INT
-IEN
-uU
-ILC
NT/NT

NT/NT

LC/LC
EN/NT
LC/-

EN/EN
DD/LC

distribution

pelagic
pelagic
deep water

demersal/pelagic

deep water

pelagic

M. aseterias demersal

M. mustelus primarily
demersal

demersal

demersal
deep water

demersal/pelagic
demersal

demersal

demersal
demersal
demersal
demersal
demersal
demersal

demersal

demersal
demersal
demersal
demersal
primarily demersal

At the beginning of the last century (1900-1920) there was a lively ray fishery in the Dutch Wadden Sea and
northern Zuiderzee, targeting thornback and stingrays, caught in lobster nets, gillnets and trawls (Bergman,
1989; Walker, 1996; Heessen, 2010). The fisheries in the years 1919-1920 were especially yielding, but this
was of short duration and a decline was seen in the 1930s. Poiesz et al., (2021) analysed archival catch data
(1946 - 1954) from the Royal NIOZ (Netherlands Institute for Sea, Research) of landings (mainly by local
fishermen) of ray and shark species in the Dutch North Sea, including the Wadden Sea. They report eight
species for the Wadden Sea area (Table 4). For the common stingray, the records in the Wadden Sea were
quite high even compared to other areas. This species has been popular for its’ liver oil. It was generally
thought that the demise of the thornback ray in the Wadden Sea in the 1930s and again after 1945 was due to
over-fishing in the southern North Sea during these periods (Bergman, 1989). Rays were scarce from the
mid-1950s onwards (Bergman, 1989; De Vooys et al., 1991). However, closing off the Zuiderzee by the
Afsluitdijk in the 1930s, creating the freshwater Lake IJssel, also may have had an effect as this area was an
important nursery area for the thornback rays and stingrays (Heessen, 2010). Thornback rays were also
caught as bycatch in the German shrimp fisheries and between 1954 and 1960 a number of juveniles of about
20 cm were registered (Walker, 1996). There was a fishery on tope sharks in the Wadden Sea coastal area

until the 1970s.
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2.6.2 Local ecological knowledge

In 2018 a study was carried out in the Dutch Wadden Sea to map the temporal and spatial distribution of
different sizes, sexes and species of sharks in the area and surrounding North Sea coast using local ecological
knowledge (Noorlander et al., 2018). The aim of the project was to determine the presence of shark nurseries
in the Dutch Wadden Sea, based on structured interviews with fishermen who had worked in the area for the
past 30 years. The investigated species were tope, starry smooth-hound, lesser spotted dogfish and spurdog.
The study shows that both adult and juvenile sharks likely inhabit (very) shallow waters in the Dutch Wadden
Sea, mainly around the islands of Terschelling, Ameland and Schiermonnikoog (Noorlander et al., 2018).
Specimen of early and later life stages and of each of the investigated species were encountered there during
summers, but adult sharks appear to move away from the area during winter. The findings support the idea of
the Dutch Wadden Sea as a shark nursery area.

Fishery-independent surveys and mark-recapture (MR) data from across the NE-Atlantic suggest the presence
of different age classes of tope shark in the entire area with juveniles occurring in the Wadden Sea (Thorburn
et al., 2019). Survey and MR data showed that immature tope sharks smaller than 40 cm were caught
exclusively in continental shelf waters below a depth of 45 m, demonstrating a statistically significant
relationship between habitat depth and total length (Figure 34).

Size range

(cm)

N 26 - 36

N 36 — 46

46 - 57
57 — 68
68 — 78
78 -89

T 89-100

100 -110

B 110 - 120

120 -130

e

Figure 34. Distribution of all immature tope sharks (Galeorhinus galeus, max length = 130 cm) based on mark and
recapture and International Bottom Trawl Survey (IBTS) data sets. Colour represents the smallest sized (based on total
length) animal predicted to occur in that area. From (Thorburn et al., 2019).
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2.6.3 Historical trends in the wider North Sea

Since the Wadden Sea appears to be a nursery of shark and ray species distributed across large parts of the
North Sea and the NE Atlantic, it is possible that larger-scale abundance trends are also evident in the
Wadden Sea. Because Wadden Sea data are lacking we, therefore, describe the developments of several
species in the wider North Sea.

Trends of elasmobranchs in the wider North Sea based on fishery-independent surveys have shown different
patterns over the past decades (Fock et al., 2014; Sguotti et al., 2016; ICES, 2020). Whereas previous analyses
of fishery-independent data from 1902 to 2013 demonstrated that larger species such as thornback ray, tope
shark, and spiny dogfish showed long term declines in the southern North Sea region, more recent data have
shown an increase in the thornback ray in the past 10 years. The common skate complex and angel shark were
considered extinct altogether (Walker and Hislop, 1998; Nieto et al., 2015; Bom et al., 2019), but recent
analyses show a small but consistent increase in the common skate complex in the past 10 years (ICES, 2020).
Smaller species, such as spotted ray, starry ray, and lesser spotted dogfish but also the starry smooth-hound
seem to have increased over the past decades (1902-2013) (Sguotti et al., 2016). However, since the early
2000s, the starry ray declined quite rapidly and is now on the EU prohibited species list (ICES, 2020). Fock et
al. (2014) compared data from 1902-1932 with 1991 - 2009, and conclude similar results for all species except
for the smooth-hound - they report a decrease in this species. When looking at a shorter time period, Daan et
al. (2005) analysed the North Sea, Skagerrak and Kattegat survey data and reported a decrease in spiny
dogfish and common skate, and an increase of lesser spotted dogfish, tope shark and smooth-hounds over the
period 1970 - 2004. For other ray species, the trends were less clear. Recent research demonstrated that
populations of thornback ray, spotted ray and blonde ray (Figure 35) all have been increasing in the North Sea
area since 1990, albeit at different rates (Amelot et al., 2021).

The relationship between the abundance and distribution of skates, rays and sharks in the North Sea and those
occurring in the Wadden Sea, and vice versa, is unknown. It is likely that the Wadden Sea plays a role in the
life-cycle of at least some of the species, but this has never been quantified. Dedicated research is necessary to
understand the population dynamics of elasmobranch species in the Wadden Sea. Hopefully, the new research
projects on the migratory sharks in the Wadden Sea will hopefully provide some information.
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Figure 35. Blonde ray (Rja brachyura) (Photo: Niels Daan).

3. Assessment

3.1 Trilateral targets

In their declaration from the 13th governmental council meeting in May 2018 in Leeuwarden, the trilateral
ministers placed a mandate to implement the trilateral fish targets contained in the Wadden Sea Plan (CWSS,
2010):

¢ Viable stocks of populations and natural reproduction of typical Wadden Sea fish species.

¢ Occurrence and abundance of fish species according to the natural dynamics in (a)biotic conditions.

¢ Favourable living conditions for endangered fish species.

e Maintenance of the diversity of natural habitats to provide substratum for spawning and nursery
functions for juvenile fish.

¢ Maintaining and restoring the possibilities for the passage of migrating fish between the Wadden Sea
and inland waters

In the previous trilateral Quality Status Report, the authors of the fish thematic report noted: “These targets
were not formulated in a testable way, which makes it impossible to evaluate them quantitatively.
Furthermore, the formulations are not all easy to comprehend, allowing multiple interpretations.” (Tulp et al.,
2017). They, therefore, reformulated the generic targets and suggested that the next step should be the

Wadden Sea Quality Status Report - Fish 47


https://qsr-waddensea-worldheritage-org.cdn.gofasterstripes.download/sites/default/files/styles/lightbox/public/Figure%2037_Fish.jpg?itok=olIJMdbF
http://qsr.waddensea-worldheritage.org/reports/fish-2017

formulation of quantitative and testable sub-targets, which ”"should focus on fish parameters that are
influenced by (manageable) human activities” (Tulp et al., 2017). They also pointed out that the formulation of
such quantitative targets is hampered by the limited knowledge of human impacts, population dynamics and
ecology of typical Wadden Sea fish species.

The reformulated targets in 2017 are:

Overall target: There should be no human-induced bottlenecks in the Wadden Sea for fish populations or their
ecosystem functions.

Targets (all in reference to the overall target): maintain or improve:

¢ robust and viable populations of estuarine resident fish species.

¢ the nursery function of the Wadden Sea and estuaries.

¢ the quality and quantity of typical Wadden Sea habitats.

¢ passageways for fish migrating between the Wadden Sea and inland waters.

3.2 Trend summary and target evaluation

The generic targets can only partly, and only qualitatively be evaluated based on the trend analyses. In most
cases, causes for observed trends are not known. To provide a concise overview of long term changes we
summarize the trends by decade and across geographic regions (Table 5). Note that this aggregation results in
a loss of detail potentially relevant for correct interpretation. Therefore it is advised to view Table 5 in
conjunction with the detailed trend figures and descriptions. A comparison of overall trends with previous QSR
reports, as done in other QSR thematic reports, is not feasible for fish, due to changes in methodology and
species selections.

The abundance of estuarine residents varies between species and areas. In the last decade, abundance is
stable for most species, except for bull-rout (Figure 36) and hooknose, which showed a decline in both the
Dutch and German Wadden Sea. Whether or not populations have declined below robust and viable levels is
unknown.

In general, trends in marine juveniles are similar between the Dutch and German Wadden Sea and the
strongest changes occurred in the period before 2000. Most marine juveniles have stabilised in the last
decade, except sea bass (NL) and cod (DE) showing a decline, and whiting showing an increase (DE). Overall,
the nursery function of the Wadden Sea appears to have declined since the 1980s and has stabilised in the last
decade.

Based on our current analyses the target quality and quantity of typical Wadden Sea habitats cannot be
evaluated.

For diadromous species in the Dutch Wadden Sea during the last decade, decreasing trends greatly
outnumber increasing or stable trends. This is despite the fact that numerous barriers for diadromous fish in
Dutch rivers have been mitigated using fish ladders. Currently, the “fish migration river” is being installed in
the Dutch Afsluitdijk, which will create a passageway between the Dutch Wadden Sea and the freshwater Lake
IJssel. In the German Wadden Sea, mostly stable or uncertain trends are observed in the last decade. Trends in
the Danish rivers have stabilised in the last decade, for the three species examined (salmon, houting, and eel).
During the last two decades, numerous river restoration projects have been carried out in the Danish rivers,
improving salmonid habitat and opening up extensive new areas, thus greatly improving the production of wild
salmonid juveniles. Most salmon rivers now have only very minor obstacles left. The current stabilisation of the
salmon, sea trout and houting populations is likely caused by increased in-river predation from cormorants,
inducing a five-fold increase in juvenile winter mortality.

The endangered fish species in the Wadden Sea are (according to Danish, German and Dutch red lists): river
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lamprey, sea lamprey, twaite shad, European eel, North Sea Houting, Atlantic salmon, sea stickleback, greater
pipefish, snack pipefish, greater weever, poor cod, transparent goby, picked dogfish, tope shark, starry
smooth-hound, common stingray and thornback ray (Thiel et al., 2013),
(https://minez.nederlandsesoorten.nl/content/rode-lijsten,
https://mst.dk/natur-vand/natur/national-naturbeskyttelse/naturpleje/naturplejequiden/roedlistede-arter/). Our
trend analyses only included the first six (diadromous) species and Syngnathus sp. (lesser and greater pipefish
combined). Of these, only North Sea houting showed an increase, and all other species-region combinations
showed declining, stable or uncertain trends.

Table 5. Summary of trends (all gears combined) per decade and region. The trend estimate (increase, decrease, stable or
uncertain (0)) was derived by taking the mode of the estimates by year and area. The Ems stow net data were
incorporated in the Dutch Wadden Sea and the Elbe stow net data in the German Wadden Sea.
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3.3 Trilateral targets: progress and future steps

Since the previous QSR, the focus on fish in the Wadden Sea has largely increased as evidenced by
the Swimway action programme, the establishment of a Swimway Working Group within the Trilateral
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Monitoring and Assessment Programme (TMAP), and the initiation of several research programmes.

At an international conference (SWIMWAYs: Understanding connectivity within the life cycles of coastal fish,
Dénhardt, 2019), the trilateral fish targets were discussed. Here suggestions on methods, variables and
indicators to progress towards testable fish targets were discussed.

Testable targets are not only a prerequisite for scientific evaluation within the QSR framework, they are also
necessary for the implementation of environmental quality objectives set by other directives. The major
current conservation legislation (EU Directives Habitat, Water Framework Directive and Marine Strategy
Framework) requires testable targets, and failure to reach them is threatened by monetary penalties for the
member states. The generic targets need to be translated into biologically relevant and measurable indicators
suitable for statistical analysis, thus forming the backbone for target specification and evaluation, and for
providing the evidence base to assess the effectiveness of conservation measures.

Practically, however, it depends on the properties of the ecosystem, of the fish community and data
availability, to what degree target specification is possible and makes sense. Because of the complexity and
multi causality within the ecosystem and the uncertainty of the precision of fish sampling methods it is unlikely
that gradual changes would immediately be visible in monitoring results. Despite these difficulties, using
approximations of population size and the extent and distribution of stressors may be a feasible approach to
evaluate progress toward the fish targets and the effect of possible conservation measures. Although currently
still unavailable, reference to a historical state of the fish community (during times of lower levels of human
activity) would allow inferences about whether the observed changes move towards or away from this
reference. Whether establishing such historical references would be feasible is not known but would be worth
the effort. Furthermore, changes in community metrics such as the share of rare/common species may also
yield useful indications for target evaluation.

Table 6 provides suggestions on how to proceed concerning the trilateral fish targets. A full account of future
steps is far beyond the scope of this report, as this will require dedicated effort from experts.
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Figure 36. Bull-rout (Myoxocephalus scorpius) Photo: (Oscar Bos)

Table 6. Trilateral fish targets (Wadden Sea Plan 2010 and revised generic targets 2017): Overview of possible research
questions and indicators, and data or information required and available.
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Generic targets
Wadden Sea Plan 2010

Viable stocks of populations
and a natural reproduction of
typical Wadden Sea fish
species

Occurrence and abundance of
fish species according to the
natural dynamics in (a)biotic
conditions

Maintenance of the diversity of
natural habitats to provide
substratum for spawning and
nursery functions for j il

Ganeric targets QSR 2017

Overall: There should be no
human-induced bottlenecks in
the Wadden Sea for fish
populations or their
ecosystem functions

Maintain or improve robust
and viable populations of
estuaring resident fish

species

Maintain or improve the
nursery function of the
Wadden Sea and estuaries

Maintain or improve the
quality and quantity of typical
Wadden Sea habi

fish

Maintaining and restoring the
possibilities for the passage of
migrating fish between the
Wadden Sea and inland
waters

Favourable living conditions for
endangered fish species

Maintain or improve passage
ways for fish migrating
between the Wadden Sea
and inland waters

Maintain or improve
conservation of endangered
fich species

Possible research gquestions

What are human-induced bottlenecks
in the Wadden Sea for fish populations
or their ecosystem functions? Where
are they? How do they work? What
can be done to remove them? This
target should be evaluated in relation
to the 5 targets below.

Has the number of fish per species
changed? Is the population per
species sfill viable (=self-sustaining in
the long-term)? When is a species
viablefwhat are threshold values for
various populations?

What causes changes? Are there
humar-induced bottlenecks? If so,
what can be done to remove them?

Has the number of juveniles per
species changed? Is the number of
juveniles a meaningful indicator of the
nursery function?

What causes changes? Are there
human-induced bottlenecks? If so,
what can be done to remove tham?

What are typical fish habitats in the
Wadden Sea? How can their quality
and quantity be measured? Did it
change? Does species-diversity
represent quality and quantity of
typical Wadden Sea habitats?

What causes changes? Are there
humar-induced bottlenecks? If so,
what can be done to remove them?

Where are the migration routes of
diadromous fish? Are there human-
induced bottlenecks along these
routes? How do they work? What can
be done to remove them?

Has the number of fish per
endangered species changed? Is the
population per endangered species
still viable (=self-sustaining in the long-
term)?

What causes changes? Are there
human-induced bottlenecks? If so,
what can be done to remove them.

Indicators

Number of human-
induced bottlenecks in the
‘Wadden Sea for fish
populations or their
ecosystem functions --=
likely to remain descriptive.

Species trends. Statistical
probability for falling below
a (pre-defined) threshold
value.

Trends in juvenile
abundance

Surface area (or any other
(set of) trait(s) of the
habitat functionally
relevant for fish),
anthropogenically affected
coastline, quantity of direct
discharges, shallow water
zones, chemical water
quality, oxygen-free zones,

species diversity

MNumber of human-
induced bottienecks in the:
‘Wadden Sea for
diadromous fish —> likely
to remain descriptive but
infermative in conjunction
with trends for diadromous
species

Trends for endangered
species

Datafinformation reguired

Inventory of bottlenecks in the
life cycles of Wadden Sea
Fish

Trend analyses

Knowledge of factors causing
changes.

Threshold values for viable
populations

Trend analyses for juveniles.
Knowledge of causal factors.

Species-habitat relationship,
measure of habitat fraits.

Knowledge of causal factors.

Collection/ inventory of
bottlenecks in the Wadden
Sea for the life cycles of
diadromous fish. Knowledge
of causal factors.

Trend analyses, semi-
quantitative or even
descriptive, since most
endangered species are too
rare for quantitative
approaches.

Knowledge of causal factors.

Availability of data/
information

Partial, depends on fish species,
life cycle and life stage: confined
to circumstances covered by the
menitoring surveys, habitat
specialists are
underrepresented.

Trend analyses are available.

Causal factors are poorly
understood.

Threshold values for viable
populations are unknown.

Trend analyses are available,
but not age-specific.

Lack of species-habitat
relationships (both qualitative
and quantitative) and driving
forces so far prohibits the
evaluation of this target.

Partial, depends on fish species
and life stage; confined to
circumstances covered by the
menitoring surveys, habitat
specialists are
underrepresented

Confined to circumstances
covered by the monitoring
surveys, habitat specialists are
underrepresented.

4. Recommendations

4.1 Evaluation of 2017 recommendations
In 2017 a set of recommendations both for management and monitoring and research was formulated (Tulp et

al., 2017). In Annex 4, these are evaluated. Below we formulate newly emerging recommendations for the
period until the next evaluation.

4.2 Recommendations for management

Since the last QSR thematic report on fish was published in 2017, the SWIMWAY vision along with a
comprehensive working programme has been launched to implement the trilateral fish targets. A trilateral
SWIMWAY working group has been installed and has tackled several aspects. During a scientific conference
held in September 2019 in Hamburg, all aspects relating to the trilateral fish targets have been addressed by a
variety of oral and poster presentations, interactive breakout sessions and discussions in between (see
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conference report, Danhardt, 2019). We recommend using the outcome of these initiatives for future steps to
arrive at specific targets. We recommend that the trilateral SWIMWAY working group takes the lead in this
process and takes into account the suggestions presented in Table 6.

4.3 Recommendations for science and monitoring

A crucial knowledge gap hampering implementation of the trilateral fish targets is knowledge of specific
bottlenecks. Bottlenecks can be defined as critical pressures that inhibit the completion of fish life cycles or
inhibit the ecosystem function of fish in the Wadden Sea. Bottlenecks need to be identified, understood and, if
of anthropogenic origin, removed. We still lack basic knowledge of historic references, structure and
functioning of the Wadden Sea system for fish (paragraph 3). Also, mechanisms that drive developments in
Wadden Sea fish stocks are not understood well enough. Such knowledge is a prerequisite for formulating
testable targets for Wadden Sea fish and for being able to consider shifting/moving baselines in setting targets
and goals. Since the 2017 QSR, there have been several successful initiatives to enhance knowledge of fish in
the Wadden Sea. In the Netherlands, the Waddentool-Swimway program is running from 2020-2024 as a
cooperative project of institutes, universities and NGOs with five PhDs and one postdoc working on different
aspects (small pelagic fish, the function of saltmarshes and shellfish beds for fish, climate effects, large fish
species).

Regarding scientific questions, there are still some important matters that are not covered by any of the
running programs, but that need attention in order to improve the understanding of the Wadden Sea function
for fish. We recommend research attention be directed at the following subjects:

1. Monitoring of underrepresented groups: pelagic fish, larger fish species, fish in specific habitats.

2. Historic situation: our regular observations of Wadden Sea fish do not go back further than the 1970s.
However, there is still a lot of unexplored historical data dating further back. To understand
developments on a longer time scale, we need to disclose the historic information. See for example Bom
et al. (2020).

3. Relationship Wadden Sea-North Sea: what is the contribution of the Wadden Sea as a nursery area to
North Sea stocks?

4. The effect of noise pollution on habitat use in the Wadden Sea. The (recreational) use of the Wadden
Sea is increasing with more and more boat traffic going to and from the islands. Fishermen think this
might be an important source of the disturbance.

5. The effect of different sources of mortality (predation, fisheries) on Wadden Sea fish. Are fish regulated
bottom-up or top-down?

6. How did phenological changes influence the functioning of the Wadden Sea for fish (due to climate
change)? Climate change may have affected arrival or emigration dates from the Wadden Sea and
therefore also species interactions (e.g. predation) potentially leading to mismatches. Phenological
research is a large research field in the terrestrial world, but far less in the marine world where it is
probably equally important.

7. Other direct and indirect effects of climate change: are sea-level rise, change in abiotic conditions and
predator-prey relationships.

8. Effects of sand nourishments: there are continuous nourishments on the North Sea shore of islands and
in the tidal outlets.

5. Summary

The status and trends of Wadden Sea fish were based on ten different monitoring programmes that were
conducted for at least ten years. In the past decade, a total of 124 different species were recorded.
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We report on the developments of 25 common to fairly rare fish species belonging to different guilds in 9
subareas in the international Wadden Sea. Analysed species belong to marine juveniles (8 species), estuarine
residents (6), diadromous (8), marine adventitious (1) and marine seasonal migrants (2). In addition, we
provide anecdotical information on the status of sharks, skates and rays. Only species-area combinations that
had a minimum of 5 % non-zero recordings were included in the formal trend analyses.

Trends in abundance of Wadden Sea fish varied between ecological guilds. After an initial increase from 1970
to 1980, fish using the Wadden Sea as a nursery area declined in nearly all subareas since the early or
mid-1980s, followed by a subsequent stabilisation at a low level in the one to two most recent decades. The
exception to this pattern is the Elbe.

The nursery function of the Wadden Sea has especially changed for the traditional flatfish species such as
plaice, dab and sole. Most of these declined from the 1980s onwards and levelled off until current times.
Although not significant, plaice trends seemed to make an upward bend in the German areas in the past five
years, while dab showed this in the Dutch areas. Sole showed a similar pattern, but while levels have stayed
low in the German areas, numbers have increased in the Dutch areas after the absolute low in the 1990s. For
the gadoids: cod in all areas and whiting in Dutch areas showed a similar pattern compared to the flatfishes,
with a peak in the 1980s followed by an overall decline. Whiting showed more variable patterns in German
areas, with recent increases from East Frisia northwards. The increase in one of the newcomers to this guild:
tub gurnard, a southern species, has levelled off or even decreased since the previous report. For the other
newcomer, sea bass, the increase from the 1980s to 2000 has come to a halt or even a recent decrease.

For other migratory species and resident species, trends varied considerably between species, regions and
time periods. Among the resident species, there were species with overall stable trends (flounder), species
with an ongoing decline (eelpout and hooknose), species with variable trends (bull-rout and pipefishes) and
species with an overall increase (five-bearded rockling). Amongst the diadromous species, there were
generally more species-area combinations with decreasing than increasing trends. The most noteworthy trends
were the increase of salmon and decrease of North Sea houting in Danish Wadden Sea rivers and the overall
decrease of eel in all areas and gears.

Despite the fact that the Wadden Sea may be an important (nursery) area for elasmobranch species (skates
and sharks), information on their spatial and temporal occurrence and distribution in the Wadden Sea are
scarce because the standard monitoring programs are unsuitable to catch these species. For several species
occurring in the North Sea, it is likely that they also inhabit or visit the Wadden Sea, and for some (e.g. tope
shark, lesser spotted dogfish) there have indeed been observations within the Wadden Sea. In the wider North
Sea region, many elasmobranch species have strongly declined and/or are considered (near-) extinct.

As the trilateral fish targets are described in an abstract manner, they cannot be evaluated quantitatively.
Therefore we evaluated the targets in a qualitative manner only.

The abundance of estuarine residents in the last decade abundance is stable for most species, except for
bull-rout and hooknose, who showed a decline in both the Dutch and German Wadden Sea. In general, trends
in marine juveniles are similar between the Dutch and German Wadden Sea and the strongest changes
occurred in the period before 2000. Most marine juveniles have stabilised in the last decade. Overall, the
nursery function of the Wadden Sea appears to have declined since the 1980s and has stabilised in the last
decade. Based on our current analyses the target quality and quantity of typical Wadden Sea habitats
cannot be evaluated. Amongst the diadromous species, decreasing species greatly outnumber increasing
species in the last decade. Trends in the Danish rivers have stabilised for all three species (salmon, houting
and eel) in the last decade. The endangered fish species included in the trend analyses (mainly diadromous
species) show decreasing, stable or uncertain trends in the last decade, except North Sea houting, which
shows an increase in the Dutch Wadden Sea.

We conclude with a sketch of how progress towards more testable targets can be achieved and provide
recommendations for future research.
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