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Fische in Fliessgewässern der 
Nordvogesen und der Pfalz:
Fit für den Klimawandel?



Diversität der Fische
Größer als gedacht? ?



Diversität der Fische
Größer als gedacht?

• Fischarten


• Weltweit: 36.617 (FRICKE et al. 2023)


• ca. 35.000 (96%) Echte Knochenfische


• ca. 50% aller Wirbeltiere


• ca. 18.500 (50%) im Süßwasser


• Rhein: 71 (IKSR 2021)


• Queich: 18 [+ 8 (seltene) Exoten]


• Sulzbach: 3

!



Gefährdung Süßwasserfische
Status

• Gefährdete Fischarten

• Weltweit: ca. 28% (IUCN 2019 in TICKNER et al. 2020)

• Deutschland: ca. 42% (+ 10% ausgestorben; FREYHOF
et al. 2023)

Verteilung der bewerteten Süßwasser!sche und Neunaugen Deutschlands auf die Rote-Liste-Kategorien (Stand 
2022; N = 90). Die absoluten Zahlen sind in den Säulen aufgeführt. Die Rote-Liste-Kategorien 1, 2, 3 und G werden 
in einer Säule zusammengefasst.

Verteilung der bewerteten Süßwasser!sche und Neunaugen auf die Rote-Liste-Kriterien (N = 
90)

63,3 % (absolut: 57) der bewerteten einheimischen Süßwasser!sche und Neunaugen werden 
aktuell als selten bis extrem selten eingestuft. 25,6 % (absolut: 23) gelten als mäßig häu!g bis 
sehr häu!g.

Neben den 9 in Deutschland ausgestorbenen oder verschollenen Arten zeigten 66,7 % (abso­
lut: 60) der bewerteten einheimischen Süßwasser!sche und Neunaugen in den vergangenen 
150 Jahren einen negativen Bestandstrend. Die Bestände von nur 14,4 % (absolut: 13) der 
Arten sind langfristig stabil geblieben, 6,7 % (absolut: 6) nahmen langfristig deutlich zu.

In den vergangenen 15 bis 20 Jahren haben 18,9 % (absolut: 17) der bewerteten einheimi­
schen Süßwasser!sche und Neunaugen in ihren Beständen abgenommen. Während die Be­
stände von 52,2 % (absolut: 47) der Arten im genannten Zeitraum stabil geblieben sind, konn­
te für 15,6 % (absolut: 14) der Arten eine deutliche Bestandszunahme festgestellt werden.

Verantwortlichkeit Deutschlands für die weltweite Erhaltung von Süßwasser!schen und 
Neunaugen

Deutschland ist für die weltweite Erhaltung von 14 Süßwasser!sch- und Neunaugenarten 
in besonders hohem Maße verantwortlich. Davon sind 7 Arten nationale Endemiten. Für 6 
weitere Arten ist Deutschland für die weltweite Erhaltung in hohem Maße und für 1 weitere 
Art in besonderem Maße für hochgradig isolierte Vorposten verantwortlich. Für 2 Arten ist 
eine erhöhte Verantwortlichkeit eventuell zu vermuten.

aus FREYHOF et al. 2023



Biodiversitäts-Hotspot Süßwasser
Wertvoll und gefährdet

• Süßwasserhabitate:


• < 1% der Erdoberfläche


• > 10% aller bekannten Arten


• ca. 30% aller Wirbeltierarten


• Habitat- und Artverluste überproportional größer als im 
Meer und an Land z.B. STARYER & DUDGEON 2010, TICKNER et al. 2020

Biodiversitäts-Hotspot



Fische & Fließgewässer
Gefährdungsursachen

• Habitatveränderungen und -verluste


• Verschmutzung


• Invasive Arten & Krankheiten


• Nutzung & Management


• Klimawandel



Fische & Fließgewässer
Gefährdungsursachen

• Habitatveränderungen und -verluste


• Verschmutzung


• Invasive Arten & Krankheiten


• Nutzung & Management


• Klimawandel

Vielfältige Wechselwirkungen!

Klimawandel trifft bereits belastete Ökosysteme!



Fische: Fit für den Klimawandel?
Erwartete Folgen des Klimawandels: Fliessgewässer

• Zunahme der Wassertemperaturen


• Veränderung der Abflüsse


• Insbesondere längere & intensivere Niedrigwässer


• Zunahme von Extremen & stärkere Fluktuationen

Screenshot LUBW 02.10.2023



verändert aus NAGELKERKEN et al. 2023

subdisciplines of ecology, we then focus on the conceptual links across the different subfields
of fish ecology and levels of biological organisation, because their synthesis is important for
better understanding and predicting fish species responses to climate change from genes to
ecosystems. As such, we discuss the relevance of natural analogues of climate change, meta-
analyses, quantitative modelling, and paleobiology to help guide climate change research on
upscaling fish responses to community- and ecosystem-levels, which could provide future pro-
jections that are relevant for fish management and conservation practices.

Molecular ecology

Molecular plasticity and (epi)genetic adaptation

This represents the lowest level of biological organisation at which fish responses to climate
change stressors have been evaluated. It relates to changes at molecular levels, including alter-
nation to the genome and altered expression of particular genes. Some ecophysiological
responses also operate at cellular levels (e.g. neuro-endocrine functioning and changes to vari-
ous types of cellular biomarkers), but these are discussed under ‘Ecophysiology’ below, where
they are combined with ecophysiological alterations at the organismal level.

Recent advances in genomic and epigenomic techniques have started to reveal the genetic
mechanisms underlying phenotypic plasticity and genetic adaptation of fishes in response to
climate change [23]. Plasticity is often divided into responses that occur within an individual’s
lifetime (developmental and reversible) and across generations (parental effects and transge-
nerational plasticity) [24]. Aquarium-based manipulations have shown that some coral reef
fish species such as such as damselfishes and clownfishes (Pomacentridae) are able to acclimate
to higher ocean temperatures (1.5 and 3 ˚C warmer than current-day) within just one or a few

Fig 3. Conceptual diagram showing key processes that underpin the responses of fishes to climate change at different levels of
biological organisation and response times. The graph highlights how the different levels and processes are potentially
interconnected (arrows).

https://doi.org/10.1371/journal.pclm.0000258.g003

PLOS CLIMATE The effects of climate change on the ecology of fishes

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000258 August 7, 2023 5 / 28
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Fische: Fit für den Klimawandel?
Erwartete Folgen des Klimawandels: Fische

• Verschiebung der Artareale


• Gewinner: Generalisten, wärmeliebende Arten & 
Neozoen


• Verlierer: Spezialisten & kälteliebende Arten


• Zeitliche Entkopplung von kritischen Entwicklungsphasen 
und optimalen Umweltbedingungen  (z.B. Kieslaicher)


• Stärkere Belastung durch Krankheiten (z.B. PKD)


• (temporäre) Habitatverluste (z.B. Algenblüten)



verändert aus NAGELKERKEN et al. 2023

subdisciplines of ecology, we then focus on the conceptual links across the different subfields
of fish ecology and levels of biological organisation, because their synthesis is important for
better understanding and predicting fish species responses to climate change from genes to
ecosystems. As such, we discuss the relevance of natural analogues of climate change, meta-
analyses, quantitative modelling, and paleobiology to help guide climate change research on
upscaling fish responses to community- and ecosystem-levels, which could provide future pro-
jections that are relevant for fish management and conservation practices.

Molecular ecology

Molecular plasticity and (epi)genetic adaptation

This represents the lowest level of biological organisation at which fish responses to climate
change stressors have been evaluated. It relates to changes at molecular levels, including alter-
nation to the genome and altered expression of particular genes. Some ecophysiological
responses also operate at cellular levels (e.g. neuro-endocrine functioning and changes to vari-
ous types of cellular biomarkers), but these are discussed under ‘Ecophysiology’ below, where
they are combined with ecophysiological alterations at the organismal level.

Recent advances in genomic and epigenomic techniques have started to reveal the genetic
mechanisms underlying phenotypic plasticity and genetic adaptation of fishes in response to
climate change [23]. Plasticity is often divided into responses that occur within an individual’s
lifetime (developmental and reversible) and across generations (parental effects and transge-
nerational plasticity) [24]. Aquarium-based manipulations have shown that some coral reef
fish species such as such as damselfishes and clownfishes (Pomacentridae) are able to acclimate
to higher ocean temperatures (1.5 and 3 ˚C warmer than current-day) within just one or a few

Fig 3. Conceptual diagram showing key processes that underpin the responses of fishes to climate change at different levels of
biological organisation and response times. The graph highlights how the different levels and processes are potentially
interconnected (arrows).

https://doi.org/10.1371/journal.pclm.0000258.g003

The effects of climate change on the ecology of fishes

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000258 August 7, 2023 5 / 28
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Genetische Diversität
Bachforelle & Groppen

SCHMIDT et al. 2023



Genetische Diversität
Bachforelle & Groppen

Groppen Forelle

SCHMIDT et al. 2023



Genetische Diversität
Bachforelle & Groppen

SCHMIDT et al. 2023
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Methods

• Electrofishing was carried out and estimates of the stream depth were taken in 9 sections of the Hainbach (Fig. 1) in September 2019 and
2022.

• Areas of different land use were covered: Ha01-02 lie within the Palatinate Forest, Ha03-04 in the vine growing areas in the transition zone
between low mountain range and Rhine valley and Ha05-09 lie in the intensively agricultural used Rhine valley.

Results

• The human influence on the stream was observed to be severe and increases from source to mouth, especially after the Hainbach leaves
the Palatinate Forest area.

• Similar patterns of low water levels were recorded in both years including a completely dry section (Ha06) in 2022 (Fig. 2).
• Five out of nine sections (Ha01, 03, 05, 06, 08) remain without any fish in both years following the respective trend of low water levels.
• In 2019 in total seven species were found whereas the species richness in Hainbach decreased in 2022 to six species.
• In all except one (Ha07) stretches in which fish were found, the communities remain homogenous consisting of only one species in total

(Ha02, 04) or a degraded community with one dominant species (Ha09).
• Ha07 remains the only stretch showing a more diverse fish community including the invasive Pseudorasbora parva. We assume this is due

to an artificial pond, located downstream of the sampling stretch, which might function as a refuge for some species during dry periods [2].

Figure 1: Study area (Upper Rhine region in south-west Germany) from
upstream (Ha01) to downstream (Ha09). Source: modified from Google Earth.

Figure 2: Fish communities at sampling sites Ha01-09 as individuals per meter, stream length from source to mouth and water depth of the Hainbach at
sampling days in the years 2019 (black) and 2022 (red).

Introduction

• Climate change and anthropogenic activities like intensive
agriculture, water abstraction and channelization can lead to low
discharge, especially in small streams.

• Low water levels can have different effects on local fish
populations, ranging from population declines and changes in
communities to the destruction of entire habitats [1].

References
[1] Matthews W. J. and Marsh-Matthews E. (2003). Effects of drought on fish across axes of space, time and ecological complexity. Freshwater Biology, 48, 1232–1253.
[2] Magoulick D. D. and Kobza R. M. (2003). The role of refugia for fishes during drought: a review and synthesis. Freshwater Biology, 48, 1186–1198
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Ecosystem at the edge – fish communities in a small stream in the 
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Take-Home

• Low discharge threatens the already degraded fish communities in
the Hainbach with further decline or even extinction.

• Artificial or natural ponds and pool structures might function as
refuges for fish during dry periods.

1iES Landau, Institute for Environmental Sciences, University of Koblenz-Landau, Fortstrasse 7, 76829 Landau, Germany
2Eusserthal Ecosystem Research Station, University of Koblenz-Landau, Birkenthalstrasse 13, 76857 Eusserthal, Germany

3Faculty of Environmental Sciences, Czech University of Life Science Prague, Kam!cká 129, 165 00 Praha-Suchdol, Czechia

Artareale und Dürre (?)
Zusammensetzung Fischarten Hainbach

REYES-HAGEMANN et al. 2022
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Renaturierung & Resilienz 
Queich in Landau
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Zusammenfassung

• Fliessgewässer sind wertvolle Biodiversitäts-Hotspots


• Fliessgewässer(arten) sind stark gefährdet


• Klimawandel trifft bereits  belastete Ökosysteme


• Wertvolle Fischarten geraten noch stärker unter Druck



Fische: Fit für den Klimawandel?
Ein (Zwischen-) Fazit

Die Fische in Fliessgewässern der 
Nordvogesen und der Pfalz sind dabei 

sich fit für den Klimawandel zu machen.

Notwendige Anpassungsprozesse 
ermöglichen & unterstützen!


=

Konsequent renaturieren!



Vielen
Dank!

schmidt.t@rptu.de




