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Freshwater Mussels in Peril
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Redrawn from ,The Nature Conservancy and NatureServe*
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Habitat Habitat Exploitation Invasions of alien
fragmentation degradation species

AR\ Z
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Small, fragmented,

Demographic iIsolated populations
stochasticity &J

Environmental | _, Inbreeding, drift, loss
stochasticity / of genetic variation

Catastrophes % j

Reduced ability of
adaptation, survival,
reproduction

after Frankham et al. (2002)

J. Geist
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. Bayerns
The Freshwater Pearl Mussel: Payes S0
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Target Species for Conservation ..., # ®

Indicator species
Keystone species
Umbrella species
Flagship species

Core problem: recruitment

Geist (2010) Hydrobiologia

J. Geist
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Diversity of Pearl Mussel Streams
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Life Cycle

Parasitic phase

Status of
host fish /

. \ Habitat for
stocks”

up to 1000 'I it . 7
Glochidiq  9ochidia on gils ‘ FOEcpaRcnlic juveni les /

juveniles

,30_7G’um 0.4-0.?m SUbStratum?
Adult phase ',: 4

Y

AN et + Genetics?

Fertility / &, + Environmental
GraVid |ty’) up to 4 000 000 glochidia Change?

Geist (2010) Hydrobiologia

J. Geist
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The First Step:
Gravidity of Populations

 Normal levels of
gravidity in most
SUEEINS
No decrease of
gravidity with age
High reproductive
potential

Induced release of
glochidia

J. Geist
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The Parasmc Phase on the Host Fish

Salmo ftrutta

Gill of S. trutta with encysted “
glochidia

J. Geist
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The host fish — mussel
relationship

Nutrient transfer from host to
glochidium

Adverse effects on the host at
high infestation densities

Differences in host suitabilities
Between fish species
Within fish species

Depending on holding conditions | i o

a Mussel larvae

(e . g .y Te m p _ ) u Fish gill tissue (after excystment)

« Fish muscle tissue (after excystment)
a Juvenile mussels

Denic, Taeubert & Geist (2015) Invertebrate Biol.

J. Geist
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Optimum Infestation Densities of Salmo trutta
with glochidia of M. margaritifera

@ 150,000 gloch L
A 75000 gloch L
+ 15,000 glach L
% 1,500 gloch L
< Reference

Stocking of glochidia-infested fishes:

y = -8.467e-06x +2.932
R®=0.25; p=0.002

Up to 100 glochidia per g fish weight
200 OWO
8 = N ~18 cm fish)

[body length s']

Ucrit
60 22 24 26 238 30 32

55

Captive breeding of mussels:

y = -1.365e-04x + 54.200
R'=0.22 p=0.004

50

Up to 300 glochidia per g fish weight
000 0 0
8 " W ~18 cm fish)
10000 20000 30000 40000 50000 60000

Taeubert & Geist (2013) Parasitology Research riochidial load aloch fish”
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J. Geist




= |_ehrstuhl fur
Aquatische Systembiologie Technische Universitat Miinchen

Host Fish Densities in Functional and Non-
Functional Pearl Mussel Populations
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Geist et al. (2006) Aquatic Conserv.

J. Geist
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U. crassus

Temperature-Dependence of
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Taeubert, EI-Nobi & Geist (2014) Aquatic Conserv.
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Stream Bed:
The Core Problem for Juvenile Recruitment

J. Geist
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Texture

Functional populations:
— Well-sorted gravel
— Low percentage of fines

Potentially
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Non-functional populations:
— Mixed texture
— High percentage of fines

S
c
9o
)
(&)
©
-
k)
[0}
]
E
=)
£
=)
O
O
<

Geist & Auerswald (2007) Freshw. Biol. Particle size [mm]

J. Geist




= |_ehrstuhl fur
Aquatische Systembiologie Technische Universitat Miinchen

Determining Functional Substrate Conditions
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Geist & Auerswald (2007) Freshw. Biol.

J. Geist
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Monitoring of Siltation
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Denic & Geist (2015) River Research and Applications

J. Geist
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Comparisons of Different Stream Substratum
Restoration Measures

J. Geist
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Changes of Physicochemical Habitat Characteristics
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Sampling time point

Pander, Mueller & Geist (2014) River Res. Appl.

Dissolved oxygen interstitial zone [mg/I]

Mueller, Pander & Geist (2014) Ecolog. Engineering

-1 0

J. Geist
Kruskal-Wallis-ANOVA: p < 0.001, pairwise Mann-Whitney-U-Test: p < 0.05
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Survival rate brown trout eggs [%]

Tiater surface level
b
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"Egg-Sandwich” == T
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16/32 8/16

g Pander, Schnell, Sternecker & Geist (2009) J. Fish Biol.
See meaT IS @SRl Pander & Geist (2010) J. Fish Biol.
Sternecker, Cowley & Geist (2013) Ecol. Freshw. Fish

J. Geist
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Restoration can also have negative effects!
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Mueller, Pander & Geist (2014) Ecol. Engineering
Pander, Mueller & Geist (2014) Riv. Res. Appl.

J. Geist
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Ark projects and captive breeding

J. Geist
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200 kam

Drainage Stream name Code

Local habitat adaptation PR

£ Elbe Wolfsbach EW
Rhine Our RO

study streams
F Danube Giessenbach DG
A Danube Wolfsteiner Ohe DW
P Elbe  Haarbach EH
4 Elbe Rauner Bach  ER
4 Rhine Our RO
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Gum, Lange, Geist (2011) Aquat. Conserv.
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Denic et al. (2015) Limnologica
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Geist (2015) Aquat. Conserv. e
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Decisions on Priority Populations

W Total
Diversity
Differentiation

Heterozygosity Contribution

R

Tuuloma

Vo Kemijoki

P

s

s

Margaritifera margaritifera Salmo trutta B sk we HB MB WE ST BL WN B WR

Geist et al. (2003) Mol. Ecol. Res.
Geist & Kuehn (2005) Mol. Ecol.

Geist & Kuehn (2008) Mol. Ecol.

Geist et al. (2010) Conserv. Genetics
Stoeckle et al. (2017) Conserv. Gen.
Zanatta et al. (2018) Biol. J. Linn. Soc.
Feind, Kuehn & Geist (2018) Hydrobiol.

J. Geist
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Considering genetic diversity is important
Ireland e America
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i alues| | PCA eigenvalues
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Population

1 River Deel (IDE) 4 Owenriff (IOA) 7 Caragh (ICA) 10 Dereen (IDR)
2 Bundorragha (IBU) 5 Owenriff (IOB) 8 K. Blackwater (IKE) 11 River Nore (INA)
3 Derryneen Str. (IID) 6 Owenriff (IOC) 9 Allow (IAL) 12 River Nore (INB)

Geist et al (2018) Aquatic Conservation Zanatta et al (2018) Biol. J Linn. Soc.

J. Geist
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Environmental DNA (eDNA)

shuarer peari muss 'l' (Margaritifera margaritifera L.):
a substitute for classical monitoring approaches?

BERNHARD C,
s Biology Unit, 1

freshwater mussels. €

environmental DNA (el c a ch cred 2 ve tool to detect the
of this study was 1o establish a nested PCR system
uss the adv of ¢DNA in

r samples collecte
mussel populations (population size from 800 20000), with an internal

detection sensitivi €DNA detection at greater dista

of these populations failed, ¢ to DNA degradation or dilution process
downstream of an extinct population, most fikely resulting from overlooked mussels o L

e helpful in initial scroening

hy. and of other imp
ool

d 13 July 2015; Revised 19 October 2 copted | November 2015

kv womns: bivalves: eDNA: conservation; contami ; PCR: survey: distri

Stoeckl, Kuehn & Geist (2016) Aquatic Conserv.
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Examples of Currently Applied “Conservation”
Approaches and their Problems

Infestation and release of host fishes
from hatcheries into natural populations

Release of early post-parasitic juveniles
into wild populations

Population surveys / counts of mussels,
Water quality control

Gradivity monitoring of adult mussels

J. Geist

Does often not address the bottleneck
Low persistence of allochthonous fishes
Possible gene swamping, disease

Trial and error based
Poor monitoring possibilities

Only a monitoring tool
No conservation action

Not a powerful indicator
No conservation action
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Successful Examples of Restoring
Freshwater Mussel Populations

o

Dr. Reinhard Altmuller Rora e
and the Lutter Project

Altmiiller & Dettmer (2006)

J. Geist
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Effective Conservation Management:
A Stepwise Approach

Step 1: Decisions on conservation objectives
Step 2: Determination of status quo
Step 3: ldentification of bottlenecks and problems

Step 4: Decisions on conservation action with
stakeholders and sponsors

Step 5: Conservation action
Step 6: Evaluation and adaptive management
Step 7: Publication of results

Geist (2015) Aquatic Conservation: Marine and Freshwater Ecosystems

J. Geist
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Systematic conservation planning

U. crassus @
A. brama
A. bipunctatus
A. alburnus
A. anguilla
B. barbatula
B. barbus
C. gobio
E. lucius
G. aculeatus
G. gobio
L. planeri
L. leuciscus
L. lota
O. mykiss
P. fluviatilis
P. phoxinus @ @ L L
P. parva
R.rutilus s @@ @ [S]
S. trutta @@ o0
S. glanis O ® 0000
S.cephalus o @eo00® ©
T. thymallus c

Inoue, Stoeckl, Geist (2017) e
Diversity & Distributions -1 08 06 04 02 0
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Conservation of Functionally Intact
Populations (Kola peninsula)
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Conservation of Functionally Intact
Populations (North America)

J. Geist
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Public Awareness and Communication

' Healthy
Rivers

Motto of the Freshwater Mollusk Conservation Society Meeting 2009
in Baltimore, USA

J. Geist
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Harmonization and
Collaboration

New CEN standard

|dentification of key
variables on population
characterization and
habitat assessment

See also review paper

Boon, Cooksley, Geist,
Killeen, Moorkens &
Sime (in press) Aquatic Conservation

J. Geist
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DIN EN 16859

ICS 13.060.70

Water quality -

Guidance standard on monitoring freshwater pearl mussel (Margaritifera
margaritifera) populations and their environment;

English version EN 16859:2017,

English translation of DIN EN 16859:2017-07

Wasserbeschaffenheit

Anleitung fir das Monitoring von Populationen der Flussperimuschel (Margaritifera
margaritifera) und threr Umwelt;

Englische Fassung EN 16859:2017,

Englische Obersetzung von DIN EN 16859:2017-07

Qualité de 'eau

Norme guide sur le suivi des populations de moules perliéres d'eau douce (Margaritifer
margaritifera) et de leur environnement;

Version anglaise EN 16859:2017,

Traduction anglaise de DIN EN 16859:2017-07
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Non-static conservation needs to consider
climate change

Banksy/artofthestate.co.uk

J. Geist
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Conclusions

Freshwater pearl mussel populations continue to be in
trouble, despite of knowledge on the limiting factors for
recruitment

Prioritization of populations / areas of conservation
based on ecological and genetic data is important

Catchment conservation in functionally intact
populations should have highest priority

Combination of short-term remediation (culturing) with
long-term objectives (catchment restoration) is essential

Conservation needs to be more systematic and requires
evaluation plus publication of positive and negative
results

J. Geist
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Thank you for your attention!
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www.fisch.wzw.tum.de
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