Cascading effects in the Wadden Sea ecosystem

From sediment composition to shorebird numbers

Allert Bijleveld
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Ebb en flow tide








Varge

DENMARK

Because of natural values &y

| World Heritage Area
: ( . gl Schleswig

N L
¢ o -.__|‘1:.I|'\rl."il"‘!

Aﬂm 0 30 40 50 km

MNorth Sea

o AL AR E e
A
F. 5 N
i - By
< e < - '
(A Tt My
_— x
8 "
x"‘,:- . 5
A L
Do) S, S b, Bremerhaver
Ing IVET 7 i

-
g e

7
=

A
s

Delfzjl o ot
Niedersachsen

Gromingen 5

Leeuwarden
Oldenburg

THE NETHERLANDS GERMAMNY

DerkHelder”




Natural values of Wadden Sea
- heavily affected by humans
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How do these changes affect the ecosystem
with cascading effects in the food web?




Millions of (shore)birds






Shorebirds

Western Europe

West Africa o
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Safety and food




Population changes in the past 10 years (%)
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Simplified ecosystem/food web

Shorebirds

1

Benthic
invertebrates

1

Abiotic environment

[llustration J-C. Goubert
and Vogeldbescherming

How do species interact with and are affected by
their changing (food) environment?






Why does Red Knot population size vary?

ROOST COUNTS
Whole Wadden Sea

Average number of knots

2008 2012 2016 2020
YEAR




SIBES
Synoptic Intertidal BEnthic Survey

Summer sampling
2008-onwards
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~4,500 Sampling stations yearly

" Sampling stations
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Count individuals of all species and measure
their biomass, and estimate sediment grain size




The two most abundant species
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Cerastoderma edule Arenicola marina
(Common Cockle) (Lugworm)



What about the food for knots?
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Does food availability predict Knot numbers?

A change in

10 15 20 25 3.0
Prey biomass (g AFDM m™)




Example biomass distributions 2019:
Baltic tellin - Macoma balthica

Dokkum

Groningen

SIBES 2019
Drachten AFDM g/m2 Veendam
= <15
= <5 o
x <3
= <1
Heerenveen
Natvnaal
Park Dreént
Steenwijk Emmen

SourcesEsri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAQuNPS, NRCAN, GeoBase, IGN,
KadastertNL, Ordnance Survey, Esri Japan, MET, Esri China (Heng Kong), (c) OpenStreetMap confributors, and
Emmeloord the GIS User Community




Example biomass distributions 2019:
Common cockle - Cerastoderma edule
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Groningen

Leeuwarden
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We have seen that food availability predicts
shorebird numbers in time, but what about space? | ... ..

etMap confributors, and
the GIS User Community
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Sanderling — Calidris alba
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Do sanderling select mudflats with the most shr
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Shrimp sampling

Emma Penning




Shrimp densities (n m~)
resource landscape

100 m™

25 m-2

10 m™2




Where do sanderling go?

Photo: Emma Penning

* Difficult to follow with binoculars
* Need transmitters for remote tracking
* But sanderling are small (50 g)



WATLAS

Wadden Sea Advanced Tracking and Localization of Animals in real-life Systems







2018: tagged 94 Sanderling (50 g)
2.4 g tag
3 s interval











Resource selection:
used-availability design

Selected foraging period (mudflats available)
4,187 residence patches of 72 birds

Mean duration 23 minutes (SD 32)

15 times available points (n = 62,726)
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Do sanderling select highest prey densities?
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Like birds, do invertebrates select habitat?

median grain size

SIBES data

Median grain size (NEN 5104)
Silt (< 63um)

Very fine sand (63 - 105um)

Fine sand (105 - 150um)

Medium sand (150 - 210um)
Medium course sand (210 - 300um)
Course sand (300 - 420um)

Very course sand ( 420 - 2000um)

[ ] Tidal basin
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HEECOCEN

reda
b Bochum

Eindtioven. HEF&[EK.'Q%)'W;fh USGS;
Antwerp Dussel ks, HERE I L I I I : : I

0 12,5 25 50 Kilometers
Esri, HERE, Garmin, USGS; Esri, HERE




Like birds, do invertebrates select habitat?
exposure time

Fraction of time exposed

B >=0 (mostly) inundated
B 0.25

B 0.50

O 0.75

O <1 (mostly exposed)




Bathypareia sp.
Spiosp.
Urathoe sp.

Magelona sp.

Nephtys hombergii —|

Scoloplos amiger
Phyllodoce mucosa
Capitela sp
Arenicola marina
Polynoidae
Marenzelleria viridis
Pygospio elegans
Eteone longa

Ensis leei

anice conchilega

Crangon crangon

Cerastoderma edule

Cirratulidae

‘Carcinus maenas

Limecola balthica

Hediste diversicolor

Oligochaeta

Peringia ulvae

Heteromaslus fiiformis

Coraphiidae

Mya arenaria

Alitta succinea
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Does land subsidence affect habitat & invertebrates?
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Does land subsidence affect habitat & invertebrates?

Subsidence

\4

Sediment
composition

\

Invertebrate abundance




Does land subsidence affect habitat & invertebrates?

Subsidence

7\

Shear stress

Sedimentation *
Erosion

\ Sediment /

composition

\

Invertebrate abundance



Does land subsidence affect habitat & invertebrates?

- Median grain size (um)
- Mud content (%)
- Total biomass (g)
- Species composition (biomass inside/outsid

diiiiihig,

REEHE

Extraction started in 1986 and no
before measurements available

Whole intertidal used as a reference while
accounting for important variables:

Depth, Shear stress, Waves, slope,
mussel/oyster beds, lug worm

density, and spatiotemporal autocorrelation
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Does land subsidence affect habitat & invertebrates?

 Median grain size is decreasing
* and the subsidence area is more muddy
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de la Barra et al. (2023) Journal of Applied Ecology



Does land subsidence affect habitat & invertebrates?

e Total biomass not statistically different
* But species composition is changing
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Sea Level Rise

Roughly 15 to 100 cm sea level rise for 2100, and a predicted
area loss of 15-90% depending on IPCC scenario (Vermeersen
et al 2018 and Wang et al 2018)

Probably also sediment composition change
With cascading effects from sediment to invertebrates to birds

Being such an important natural area, this will be disastrous



Summary

Birds

I

Benthic
invertebrates

1

Abiotic environment

Mudflats might look the same, but are very different
Sediment composition and inundation determine invertebrate community
Invertebrates abundance determine where birds go and bird population size

Wadden Sea is known for charismatic fauna, but invertebrates are the
foundation of the food web (and sediment)

Humans affect ecosystem with cascading effects from sediment to
invertebrates and birds

To increase climate-change resilience, remove pressures



Team work!




Thank you for listening, questions?

allert.bijleveld@nioz.nl
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Photo: Benjamin Gnep
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