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Abstract   

The Freshwater Pearl Mussels M. margaritifera is an endangered Holartic species in the family of Margaritiferadae in the order of Unionoidea 
and Class of Bivalvia. M. margaritifera is found in North America, Europe and through into Siberia. It has been declining throughout the European 
part with a negative forecast on survivability of the species [1] IUCN1. The longevity of M. margaritifera and the fragility of the reproduction 
conditions as well as habitat selectivity regarding environmental requirements pose difficult niche conditions for the species. Population decline 
is not only related to species-specific intrinsic characteristics and extrinsic factor like water pollution (IUCN2), but also caused by the introduction 
of invasive species such as the less specialised, non-threatened Freshwater Zebra Mussel Dreissena polymorpha (Araujo, 2006). We discuss the 
vulnerability of the species in the light of the conceptual framework of Modern Synthesis, MS and the Extended Evolutionary Synthesis, EES [2]. 
In the outlook we review the conservation status and briefly evaluate the opportunities of EES driven approaches for further research on re-
establishment of the species [3].
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Introduction: Habitat Requirements of M. margaritifera 
for Survival and Reproduction

Early evolutionary theory (discussed in: Kutschera & Niklas 
[4]) provides a preliminary framework to explain the evolutionary 
history and the current endangered status of M. margaritifera as 
‘one of the most sensitive macroinvertebrate species targeted by 
the Water Framework and Habitat Directives’ [5]3. In 2010, the 
endangered species consisted out of 200 million, mostly mature 
individuals ‘with little replacement as mature animals die’ [1].  

 
The current population is characterized by high fragmentation 
and large numbers of isolated, under-critical subpopulations  
without genetic interchange4 [6]. With a complex reproduction 
lifecycle that requires different habitats at different stages of the 
metamorphosis cycle the Freshwater Pearl Mussel is adapted to 
niche conditions that are currently no longer intact due to water  
pollution, siltation of riverbeds, climate and temperature changes, 
and loss of fauna.

1https://www.iucnredlist.org/species/12799/128686456
2Ibit.
3Generation length for M. margaritifera is approximately 30 years, so a three-generation prediction of 90 years has been used to evaluate the 
population losses. Overall, in the last 90 years for Europe there has been a decline of 81.5%; a loss of 87% for EU countries. The overall global 
reduction in population size over the same period is 61.5%. Source: IUCN [16].
4IUCN, 2017. The IUCN Red List of Threatened Species International Union for Conservation of Nature, Gland, Switzerland (2017) 
http://www.iucnredlist.org
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Freshwater Pearl Mussels have separate male and female 
animals. Reproduction occurs when sperms are released into the 
open water via the male’s siphon and are carried to the eggs via 
the female inhalant siphon and fertilisation occurs in the female 
brood chambers. The eggs develop into the larval stage, called 
glochidia, which are temporarily brooded in the female gills 
from June each year, and are then released into the open water 
in high numbers in an event lasting one to two days [7,8]. In a 
larva stage the mussel relies on the presence of suitable fish like 
Brown Trout (Salmon Trutta) or Atlantic Salmon (Salmon Salar) 
for hosting the glochidia larvae as cysts in their gillies over the 
winter season. Both, juvenile, and mature mussels have specific 
niche requirements for further development. They require a clean 
and calcium free water quality, oligotroph conditions and oxygen 

rich rivers [6]. In the juvenile and adult stage M. margaritifera 
is susceptible to silt in riverbeds as it obstructs the intertestinal 
system and the intake of oxygen [9]. In addition, silt does not 
provide enough foothold for the mussel. It prefers gravel or sand 
to bury over two thirds of its shell-depth body in the riverbed and 
is sessile in nature in the mature stage [5,6,10]5.

M. margaritifera is a filter feeder. Because of its filtering effect 
on water the relationship between Salmonids and Freshwater 
Pearl Mussels is symbiotic which makes it susceptible to loss of 
specific fauna as it took place in Europe and North America with 
the introduction of the non-native Rainbow Trout (Oncorhynchus 
mykiss) and over-fishing. All these characteristics underline the 
uniqueness of the highly specialist Freshwater Pearl Mussel and 
the threat that it is facing in its ecological niche6 (Figure 1 & 2).

5https://www.duhallowlife.com/ird-duhallow-life/freshwater-pearl-mussel-margaritifera-margaritifera
6Ibit.

Figure 1: Distribution Map of M. margaritifera. Source: Nature Serve and Department of Fisheries and Oceans Canada & IUCN 
2018. Margaritifera margaritifera. The IUCN Red List of Threatened Species. Version 2020-2/.

Photo in the natural habitat. Source: IUCN 2017 (photo copyright by Ian J.Killen).

Figure 2: Taxonomy of M. margaritifera. Source: IUCN red list.

M. margaritifera is on the Brink of Extinction: The 
Impact of Environmental Conditions, Human Pressure 
and Species-Specific Characteristics.

Much of the threat to this species can be explained by high 
human pressure and changing environmental conditions in the 
last centuries: Araujo reports that ‘one out 5000 Freshwater Pearl 
Mussels generates a mother of pearl and those pearls have made 

the species a first target of systematic and vast exploitation in 
Europe, which can be dated back to Austrian sources in the 12th 
century’ (Araujo, 2006). Environmental factors are freshwater 
pollution and siltation of riverbeds, which can be linked to 
industrialisation, and the use of fertilizers in the agrarian sector. 
Dry weather conditions and floodings that affect riverbeds are 
another cause of mortality of M. margaritifera in all metamorphic 
stages [8,11,12].
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Despite these extrinsic factors, species-specific characteristics 
or intrinsic factors have a considerable impact on the survivability 
of M. margaritifera. For the latter, the role of inheritance in Modern 
Synthesis, MS holds valid explanatory power to explicate the 
slow, linear physical and behavioural adaptations of the species 
to its ecological niche [13]. If the longevity of M. margaritifera 
of or more (Mutvei & Westermark 2001) and the complex and 
fragile reproduction cycle are taken into consideration, the 
species population must have become suited to its environmental 
conditions in a gradual and slow process of adjustment. This 
follows MS framework and underlines the statement that 
‘phenotypic transitions typically occur through multiple small 
steps, leading to gradual evolutionary change’ (comparison of the 
core assumptions of the classical MS and the EES. In: Laland et 
al. [2]). It must be assumed that M. margaritifera’s evolutionary 
developmental capacity, or its phenotypic plasticity, i.e. the 
capacity of an organism to change its phenotype in response to 
the environment [2] is low. 

The high fragmentation into unconnected and isolated 
subpopulations in rivers leaves M. margaritifera without genetic 
interchange [6,14]). In accordance with evolutionary development 
theory, the separation, or isolation of small subpopulation must 
be understood as a lack of opportunity for genetic mutation of 
the species. This hinders fast niche construction and ‘scaling up 
across individuals in a population, and over time, to generate 
directional changes’ (Discussion of evolutionary development or 
the so-called evo-devo approach. In: Laland et al. [2]). Although 
over generations remaining sub-populations became more and 
more suited to its specific environmental conditions, the niche 
environment in which it found itself, changed in a pace the species 
could not cope with [4]. What makes M. margaratifera vulnerable 
to extinction is the low heritable variation in each population.

Physical and behavioural adaptation of competitors: 
Freshwater Zebra Mussel Dreissena polymorpha

M. margaritifera also suffers from the spreading of the invasive 
unioida Zebra Mussel Dreissena polymorpha which attaches itself 
to the shell of native unionoid mussels with the result of reduction 
of populations and, in extreme cases, their localised extirpations 
[15]. The small bivalve Dreissena polymorpha is an invasive 
species that originates from the […] geographic zone covering 
the Caspian and Black Seas […] and spreads all across Europe via 
the waterways network, dug in the 18th-20th centuries to link 
Eastern and Western Europe (Araujo 2006). In stark contracts to 
M. margaritifera it can be found at silted and polluted sites such 
as in euryocious water conditions. As a characteristic feature 
it can attach itself to different surfaces (including boats and 
infrastructures) due to the anatomy of its mollusc, and travels to 
new locations. Araujo discusses the success of this less specialised 
Freshwater Mussel in comparison to M. margaritifera. Because 
Dreissena polymorpha can withstand significant environmental 
variations and is resistant to lack of water for approximately 

seven days (Araujo, 2006) it is better adapted to changing extrinsic 
conditions. Belonging to the order of unioida, Zebra mussel also 
rely on a glochae mechanism, but the larvae can drift in the water 
for several weeks and then settle onto any hard surface they can 
find. The lifespan of a zebra mussel is four to five years and female 
zebra mussels begin to reproduce within 6–7 weeks of settling 
[16]. Following this, the scenario for survival of this species is 
positive due to a higher probability of random genetic change, 
which can lead to functional and facilitated phenotypic variation 
and biodiversity within the species [2].

Summary and Outlook: The current Status and future 
Challenges for the Conservation of Freshwater pearl 
mussel

Literature on M. margaritifera and conservation reports 
demonstrate that freshwater mussels are declining globally and 
‘despite simultaneous efforts to restore mussel habitat over the 
last 25 years, natural reproduction still does not occur in some 
countries, such as in the Czech Republic or in Luxemburg’ [17]. 
While conservation priorities over European countries and North 
America vary widely, ranging from preventing imminent extinction 
to maintaining living population and habitat reconstruction as 
well as provision of host fish, human pressure and destruction of 
habitats continue to constitute the highest risk for extinction of 
the species.

Conservation includes the collection and storage of viable 
glochidia, the installation of different rearing systems in the 
larvae and juvenile stages of the Freshwater Pearl Mussel, as 
well as captive breeding programmes, restoration of oligotrophic 
streams and silted riverbed reconstruction [11,18,19]. As a 
result of these integrated actions, self-sustainability of Austrian 
populations of M. margaritifera has slightly improved [5]. This 
can be explained by an elaborate intervention scheme which is 
closely linked to the metamorphosis of Freshwater Pearl Mussel. 
Thomas, et al. [20] state that ‘as with other conservation projects, 
isolated captive breeding of the freshwater pearl mussel cannot 
compensate for loss of critical habitats unless it is combined 
with in-situ conservation. Thomas et al. [20] In the Austrian case, 
integrated actions are directed to the intrinsic sensitivity and 
extrinsic factors which modify the implementation of conservation 
and/or recovery plans [5,21]. Apparently, the balance between 
the species’ intrinsic factors and extrinsic factor modifications 
determine the success of implementation of conservation and/ or 
recovery plans [21].

For future research it might be interesting to pay more 
attention to the observation of genetic drifts in the inbreeding and 
breeding programs and to the complex symbiotic relationships 
in the local ecosystems for a renewed assessment of the 
conservation status of the Freshwater Pearl mussel. Historical 
events and biotic factors like genetic alterations in host fish, 
disease occurrence and competition with invasive species such as 
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the Dreissena polymorpha as well as abiotic factors (light intensity, 
rainfall, water temperature or soil nutrients in the respective 
rivers) might have caused mutations in the subpopulations that 
can affect the survivability of M. margaritifera - not as a species 
but a form of life [22]. Novel characteristics may occur in the 
employment of various intervention schemes - either through 
mutation or through facilitated variation, which might hold the 
key to survivability.

References
1.	 Moorkens, et al. (2017) Margaritifera margaritifera  (errata version 

published in 2018). The IUCN Red List of Threatened Species 2017.

2.	 Laland KN, Uller T, Feldman MW, Sterelny K, Muller GB, et al. (2015) 
The extended evolutionary synthesis: its structure, assumptions and 
predictions. Proceedings of the Royal Society Biological sciences 
282(1813): 20151019.

3.	 Pereira L, Leadly PW, Proenca V, Alkemade R, Scharlemann JPW, et al. 
(2010) Scenarios for Global Biodiversity in the 21st Century. Science 
330(6010): 1496-1501.

4.	 Kutschera U, KJ Niklas (2004) The modern theory of biological 
evolution: an expanded synthesis. Naturwissenschaften 91(6): 255-
276.

5.	 Gumpinger C, Hauer C, Scheder CP (2015) The current status and 
future challenges for the preservation and conservation of freshwater 
pearl mussel habitats. Limnologica 50: 1-3.

6.	 IUCN, 2017.

7.	 Boon PJ, Cooksley SL, Geist J, Killeen IJ, Moorkens EA, et al. (2019) 
Developing a standard approach for monitoring freshwater pearl 
mussel (Margaritifera margaritifera) populations in European rivers. 
Aquatic Conservation 29(8): 1365-1379.

8.	 Geist J (2010) Strategies for the conservation of endangered 
freshwater pearl mussels (Margaritifera margaritifera L.): a synthesis 
of Conservation Genetics and Ecology. Hydrobiologia 644(1): 69-88.

9.	 Box JB, J Mossa (1999) Sediment, Land Use, and Freshwater Mussels: 
Prospects and Problems. Journal of the North American Benthological 
Society 18(1): 99-117.

10.	Leitner P, Hauer C, Ofenbock T, Pletterbauer F, Kloiber AS, et al. (2015) 
Fine sediment deposition affects biodiversity and density of benthic 
macroinvertebrates: A case study in the freshwater pearl mussel river 
Waldaist (Upper Austria). Limnologica 50: 54-57.

11.	Moog O, Ofenbock T, Nesemann H, Stundner C (1998) The freshwater 
pearl mussel Margaritifera margaritifera (L.) in Austria: Fundamental 
conservation measures for an endangered species. Internationale 
Vereinigung für theoretische und angewandte Limnologie: 

Verhandlungen 26(5): 2438-2443.

12.	Hof C, Brandle M, Dehling DM, Munguia M, Brandl R, et al. (2012) 
Habitat stability affects dispersal and the ability to track climate 
change. Biology letters 8(4): 639-643.

13.	Mayr E (1982) The growth of biological thought: Diversity, evolution, 
and inheritance. Harvard University Press.

14.	Frankham Ballou, et al. (2002) Introduction to Conservation Genetics. 
Cambridge, Cambridge University Press. 

15.	Pilotto F, Sousa R, Aldridge DC (2016) Is the body condition of the 
invasive zebra mussel (Dreissena polymorpha) enhanced through 
attachment to native freshwater mussels (Bivalvia, Unionidae)? The 
Science of the Total Environment 553: 243-249.

16.	Schloesser D, Nalepa TF (1994) Dramatic decline of unionid bivalves 
in offshore waters of western Lake Erie after infestation by the zebra 
mussel, Dreissena polymorpha. USGS Great Lakes Science Center.

17.	Bolotov IN, Kondakov AV, Konopleva ES, Vikhrev IV, Aksenova OV, et 
al. (2020) Integrative taxonomy, biogeography and conservation of 
freshwater mussels (Unionidae) in Russia. Sci Rep 10(1): 3072.

18.	Stoeckl K, Denic M, Geist J (2020) Conservation status of two 
endangered freshwater mussel species in Bavaria, Germany: Habitat 
quality, threats, and implications for conservation management. 
Aquatic conservation 30(4): 647-661.

19.	Skinner A, et al. (2003) Ecology of the Freshwater Pearl Mussel. 
Conserving Natura 2000 Rivers. Ecology Series No. 2. English Nature, 
Peterborough.

20.	Thomas GR, Taylor J, de Leaniz CG (2010) Captive breeding of the 
endangered freshwater pearl mussel, Margaritifera margaritifera (L.). 
Endangered Species Research 12: 1-9.

21.	Ferreira-Rodríguez N, Akiyama YB, Aksenova OV, Araujo R, Barnhart 
MC, et al. (2019) Research priorities for freshwater mussel 
conservation assessment. Biological Conservation 231: 77-87.

22.	Mace GM, Gittleman JL, Purvis A (2003) Preserving the tree of life. 
Science 300: 1707-1709.

23.	Gordon IJ, Pettorelli N, Katzner T, Gompper ME, Mock K, et al. (2010) 
International year of biodiversity: missed targets and the need for 
better monitoring, real action and global policy. Animal Conservation 
13(2): 113-114.

24.	Lopes-Lima M, Sousa R, Geist J, Aldridge DC, Araujo R, et al. (2017) 
Conservation status of freshwater mussels in Europe: state of the 
art and future challenges.  Biological reviews of the Cambridge 
Philosophical Society 92(1): 572-607.

25.	Sutherland WJ, Broad S, Butchart SHM, Clarke SJ, Collins AM, et al. 
(2019) A Horizon Scan of emerging issues for global conservation in 
2019. Trends in Ecology and Evolution 34(1): 83-94.

http://dx.doi.org/10.19080/IJESNR.2024.33.556360
https://pubmed.ncbi.nlm.nih.gov/26246559/
https://pubmed.ncbi.nlm.nih.gov/26246559/
https://pubmed.ncbi.nlm.nih.gov/26246559/
https://pubmed.ncbi.nlm.nih.gov/26246559/
https://pubmed.ncbi.nlm.nih.gov/20978282/
https://pubmed.ncbi.nlm.nih.gov/20978282/
https://pubmed.ncbi.nlm.nih.gov/20978282/
https://pubmed.ncbi.nlm.nih.gov/15241603/
https://pubmed.ncbi.nlm.nih.gov/15241603/
https://pubmed.ncbi.nlm.nih.gov/15241603/
https://www.iucnredlist.org/species/12799/128686456
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3016
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3016
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3016
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3016
https://link.springer.com/article/10.1007/s10750-010-0190-2
https://link.springer.com/article/10.1007/s10750-010-0190-2
https://link.springer.com/article/10.1007/s10750-010-0190-2
https://www.jstor.org/stable/1468011
https://www.jstor.org/stable/1468011
https://www.jstor.org/stable/1468011
https://www.sciencedirect.com/science/article/pii/S0075951114000826
https://www.sciencedirect.com/science/article/pii/S0075951114000826
https://www.sciencedirect.com/science/article/pii/S0075951114000826
https://www.sciencedirect.com/science/article/pii/S0075951114000826
https://www.tandfonline.com/doi/abs/10.1080/03680770.1995.11901191
https://www.tandfonline.com/doi/abs/10.1080/03680770.1995.11901191
https://www.tandfonline.com/doi/abs/10.1080/03680770.1995.11901191
https://www.tandfonline.com/doi/abs/10.1080/03680770.1995.11901191
https://www.tandfonline.com/doi/abs/10.1080/03680770.1995.11901191
https://royalsocietypublishing.org/doi/10.1098/rsbl.2012.0023
https://royalsocietypublishing.org/doi/10.1098/rsbl.2012.0023
https://royalsocietypublishing.org/doi/10.1098/rsbl.2012.0023
https://www.epitropakisg.gr/grigorise/Mayr_GrowthOfBiologicalThought.pdf
https://www.epitropakisg.gr/grigorise/Mayr_GrowthOfBiologicalThought.pdf
https://pubmed.ncbi.nlm.nih.gov/26925735/
https://pubmed.ncbi.nlm.nih.gov/26925735/
https://pubmed.ncbi.nlm.nih.gov/26925735/
https://pubmed.ncbi.nlm.nih.gov/26925735/
https://cdnsciencepub.com/doi/10.1139/f94-226
https://cdnsciencepub.com/doi/10.1139/f94-226
https://cdnsciencepub.com/doi/10.1139/f94-226
https://pubmed.ncbi.nlm.nih.gov/32080260/
https://pubmed.ncbi.nlm.nih.gov/32080260/
https://pubmed.ncbi.nlm.nih.gov/32080260/
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.3310
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.3310
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.3310
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.3310
https://www.int-res.com/articles/esr2010/12/n012p001.pdf
https://www.int-res.com/articles/esr2010/12/n012p001.pdf
https://www.int-res.com/articles/esr2010/12/n012p001.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0006320718310401
https://www.sciencedirect.com/science/article/abs/pii/S0006320718310401
https://www.sciencedirect.com/science/article/abs/pii/S0006320718310401
https://www.science.org/doi/10.1126/science.1085510
https://www.science.org/doi/10.1126/science.1085510
https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-1795.2010.00365.x
https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-1795.2010.00365.x
https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-1795.2010.00365.x
https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-1795.2010.00365.x
https://pubmed.ncbi.nlm.nih.gov/26727244/
https://pubmed.ncbi.nlm.nih.gov/26727244/
https://pubmed.ncbi.nlm.nih.gov/26727244/
https://pubmed.ncbi.nlm.nih.gov/26727244/
https://pubmed.ncbi.nlm.nih.gov/30554808/
https://pubmed.ncbi.nlm.nih.gov/30554808/
https://pubmed.ncbi.nlm.nih.gov/30554808/


How to cite this article:  Gebhardt C. Human Pressure meets Climate Change: The Extinction Vortex of the Freshwater Pearl Mussel Margaritifera 
margaritifera How does the Evolutionary History Relate to the Current Status as Endangered Species?. Int J Environ Sci Nat Res. 2024; 33(2): 556360. 
DOI: 10.19080/IJESNR.2024.33.556360

05

International Journal of Environmental Sciences & Natural Resources

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/IJESNR.2024.33.556360

http://dx.doi.org/10.19080/IJESNR.2024.33.556360
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/IJESNR.2024.33.556360

	_Hlk159263645
	_Hlk159263662
	_Hlk159263681
	_Hlk52823874

