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From 2000 a range of projects composed overviews on geographic gradients
of marine biodiversity along the European coastline. We will show results of
the MARS initiated projects BIOMARE, MarBEF, BioCoMBE and EMBOS.

Firstly a couple of general trends (BIOMARE, MarBEF)
secondly some more detailed trends (BioCoMBE, EMBOS)
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MarBEF datasets covering the European distribution patterns of species
showed the relation of species diversity to factors as productivity, depth,
survey area
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MarBEF actions covered also the impact of Climate Change on marine biodiversity
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Extreme warm years
becoming common
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An effect of Climate Change was also earlier noted in marine plankton species
diversity (measured with the SAHFOS - Continuous Plankton Recorder Data).

Long-term changes in four species assemblage indicators showed a poleward shift in the diversity
of warm-water species associated with a decrease in the diversity of colder-water species
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Similar trehds and shifts were also found in the (sub)Arctic (just south of
Spitsbergen)




At higher temperatures more but smaller plankton species
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Calanus hyperboreus

Calanus glacialis

Calanus fimarchicus
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ngher temperatures thus coincide with more species , but also with
2) smaller plankton species,
3) longer trophic chain length,
4) lower carrying capacity for larger predators

ARCTIC

Microplankton

1209 C/m?/yr

Surprising conclusion:
Rising biodiversity in
the Arctic may lead to
food shortage for the
hlgher trophlc Ievels
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For fish species richness in the North Sea similar
effects were found as in the Arctic, i.e. total
species richness increased over time (and with an
increase of temperature). Explanation is:
» number of small southern species increased
= large northern species decreased their range
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Large top predators can of
course also disappear because
of overexploitation.
S\ zy: Example: Bluefin Tuna caught
AL inthe North Sea: UK 1933
Les®: (uppertwo), and Denmark
N (lower) 1946.
1 Thespecies has now
€W X ,Z disappeared completely.
e O (MacKenzie and Myers, 2007)
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Together with the changes due to Climate Change also the threat due to
species introductions,i.e. invading (exotic) species, is strongly felt, e.g.
- Marenzellaria sp.
- Caulerpa in Mediterranean

Rate of Introduction of marine alien species
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Caulerpataxifolia

Believed to have escaped from
: museum in Monaco,
Pinnules, Fronds, and Stoldns of . . 4
e LZR  now invading the Mediterranean
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Sigmoidal growth of C.taxifolia (French Riviera)
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©  Patterns in population dynamics of exotic and endemic species: Molluscs
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From these patterns a conceptual pattern for the population development of
iInvasive species could be derived. It shows:

- Lag phase

- Exponential phase

- Stable period with high numbers

- Decrease to balanced existence

~ From arrival to balanced existence lasts about 20 to 25 years.
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Invasive species
abundance
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A couple of more detailed studies on marine biodiversity at different
organisational level, the geographic gradients observed in Europe, and
trends between physico-chemical data

The question in the two projects BIOCOMBE and EMBOS was:
Can we observe patterns of (variation in) marine biodiversity in Europe
by combining information from a large-scale range of marine stations

To this end we measured :
- The diversity of benthos
-in the intertidal or upper subtidal zone
-in spring and/or autumn
-together with several abiotic factors in water and substrate

In this presentation focus on soft sediment zoomacrobenthos
(benthic animals larger than 1 mm)

= "In Biocombe we analysed diversity at genetic, ecophysiological and

B .

: -.Q:i«;‘g&;;;_ggmmunity_level, in EMBOS at species and community level
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For BIOCOMBE (2004-2007)
- along the European coast: >16 stations from Italy to the north of Sweden

- describing (gradients in) distribution and diversity of species (races/ecotypes)
- seasonal surveys, exposure experiments and field translocations

Species / Community diversity

- Macrozoobenthos: 0.5 mm sieve
(Biocombe: 10 cores, 4 dm? total)
(EMBOS: 3 cores, 4 dm? total)
- LWL or upper subtidal
- Spring (Biocombe: also autumn)

- Water (S, T; Biocombe also C,N)
- Sediment (granulometry, C N)




The EMBOS Pilot Project
- (2011-2015), following
~ harmonised methods, is
. carried out with
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Genetic diversity
- two key species (mussel and clam) in Europe

We used different markers for genetic T T Aadebadobad A LA L L4 LA Ay
diversity: . ™

* Morphological markers (shells):
NMNH Leiden

*Allozymes:
' _tltute for Sea Research;
sity of Gdansk
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Genetic diversity of Macoma balthica
along the European coast
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Analyses of
MtDNA (COI)
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Genetic
diversityin
- populations of

- Mytilus edulis
(Mt-DNA

“haplogroups)




Myt”US edulis

Mytilus galloprovincialis
Lamarck, 1819
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Analyses of genetic diversity traits and historical records (from literature)
indicate shift/changes of species/races along the European coast for
both species groups. Mainly apparent around two locations:

- Bay of Biscay
- Kattegat (entrance Baltic)
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Mytilus edulis

Macoma balthica

mean winter pack ice ---- mean winter pack ice
minimal winter pack ice ---. minimal winter pack ice
sz Atlantic race y sz Mytilus e. edulis
=R EBaltic race - B Myéilus e. galloprovincialis
mm ‘White Sea race R Mytilus e. trossulus

mm Pechora Sea subspecies




Ecophysiological / adaptation diversity

Pl ||
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We used several indicators for S
ecophysiological diversity: AN .o

* Biochemical composition:
(FAA, lipid, glycogen)
University of Gdansk;
Institut fir Ostseeforschung Warnemunde

* Weight index:
University of Gdansk

* Respiration:
_Netherlands Institute for Sea Research
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Free amino acids: Composition

Composition in Baltic strongly different from other areas
(in Baltic proper in animals no taurine, yet more leucine and proline)
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Respiration rate (for Mytilus sp) : Clear differences between genetic groups

- Increase of the maximum respiration rate with ambient temperature
- Above 12 °C down-regulation because of dependency on other factors, e.g. food
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Conclusions on Ecophysiological and genetic diversity:

Several ecophysiological diversity (performance) indicators, particularly
respiration rates, show differentiation between groups (ecotypes) of mussels
and clams

>>>
Patterns of ecophysiological diversity coincide with those of genetic diversity

Level and amplitude of variation for ecophysiological indicators are primarily
determined by T, S, food

Because of the increase of temperature with a speed of 1.4 per 40 year, the
observed northward range shifts of mussels will continue with further warming
- we prospect this happens at an average speed of approx. 100 km in 10 years

The genetic divergent group of M. balthica in the Bay of Biscay, with a low
~ genetic diversity, will disappear from the Bay of Biscay with further climatic
- changes - we prospect this to happen within 50 to 100 years from now. g
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Species / Community diversity

The classical theory indicated that there is a
decreasing diversity at increasing latitude.
In BIOCOMBE and EMBOS we tested this.
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Figure 3. Species diversity as a function of latitude for :
bryozoa and bivalves. The least-squares best fit is Y =
~5.20X + 481.8; r = 0.51%%; n = 41. .

v

SPECIES DIVERSITY

A > .
»Oristano




EMBOS GQMARS
—_— "

Biocombe: Distribution of major taxonomic groups along European coast
2005 (densities; n/m2, spring)

North No linear relation
between numbers
and latitude
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Biocombe: Relative distribution of major taxonomic groups along
Europe (based on numbers)
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l The distribution
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Relation % polychaetes and latitude

% Polychaeta
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10 years later same result with EMBOS:
Distribution of diversity along European coast
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The differentiation in species composition divides the studied

European populationin 3 major clusters (= regions)
(MDS on species diversity; square root transition of densities)
(3 replicates per plot; 3 plots per station;; Bray Curtis similarities)

20 Stress: 0,13
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Biocombe: Distribution of diversity along European coast

Shannon H' log e, major taxa

@ spring Atl.
B autumn Atl.

|atitude NB

Species diversity
seems to bein the
benthic communities
equal and equally
variable at all latitudes

Yet,
different picture if we

 separate Baltic stations

from other European
stations
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4In EMBOS slightly different distribution of diversity with
latitude along European coast

In EMBOS we were able to relate this changing level of
biodiversity to environmental factors (see next slides)

Shannondiversity

1 (
1

Latitude




number of species ———»

20
Measured salinity

Redrawn from Remane (195

freshwater
species

euryhaline
marine

ackish-watir
speaecies

1

15 20
salinity

5

Shannon diversity




Densities and species diversity in relation to mud and organic matter content

Soft substrate habitats
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MDS on species diversity (square root transition of densities)
PCA on environmental variables

Tidal range

Intertidal
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related to the
changes in
salinity and
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and therefore
we find nice
correlations
with all these
factors
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Redundancy Analysis
(RDA) to unravel
patterns in the various
relations and variance
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Redundancy Analysis
(RDA) to unravel
patterns in the various
relations and variance

- No difference
between seasons
- Polychaetes (high in
North Sea & Atlantic)
relate to mud content
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Redundancy Analysis
(RDA) to unravel
patterns in the various
relations and variance

- No difference
between seasons
- Polychaetes (high in
North Sea & Atlantic)
relate to mud content
- Major feeding types
related to salinity, i.e
indirectly to Baltic and
latitude
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Redundancy Analysis
(RDA) to unravel
patterns in the various
relations and variance

- No difference

between seasons
- Polychaetes (high in
North Sea & Atlantic)
relate to mud content
- Major feeding types
related to salinity, i.e
indirectly to Baltic and

latitude

- Taxa diversity and

biomass related to

temperature (high in

Mediterranean) and
grainsize, and thereby
to sessile filter-feeding
Molluscs and low mobile
Crustaceans in the

epifauna
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Conclusions on species / community diversity

Species diversity has no (simple linear) relationship
with latitude

SPECIES DIVERSITY

Taxonomic diversity (and other diversity indicators as
e.g. feeding type), can be related to environmental
factors (T, S, mud content, grain size)

LATITUDE

Diversity has no relation with numbers (densities) of
benthic animals

Latitudinal trends (in diversity and biomass) and
regional differences are result of including areas like
Baltic with typical salinity clines and taxa (insects)
~and Mediterranean with higher temperatures (and
= crusxaceans)
o= Zf_rmads with latitude and reglonal differences are indirect
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