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Introduction

Freshwater mussels

The aim of this research is to reconstruct late Holocene discharge patterns of the
Rhine and Meuse using freshwater bivalve shells.

Background
Freshwater mussels of the genus Unio are large bivalves that are widely distributed in the Netherlands. They reach a size up to 10 cm long and an age of approximately 15 years. Shell material is
precipitated in clearly visible seasonal growth bands. Characteristics of water chemistry are fixed
in these growth bands, usually in equilibrium with the ambient water.

River δ18O is strongly related to discharge. The Rhine and Meuse both have their own characteristic seasonal δ18O profile. Rhine water values are between -8.5‰ in winter and -10‰ during the
summer, whereas the Meuse reaches its peak value of -6.5‰ during summer and has a winter
minimum of -7.5‰. These differences are caused by different source-inputs: melt water from the
Alps and precipitation from southern Germany for the Rhine and rainwater from France and the Ardennes for the Meuse.
The project involves:
- A monitoring experiment: living mussels are cultivated in the rivers and water chemistry and shell
chemistry are compared.
- Application of this knowledge on shells from the
several time periods of the late Holocene:
• 20th century
• Little Ice Age (ca. 1500-1700 A.D.)
• Medieval Climate Optimum (ca. 1000-1200
A.D.)
• Roman Period (ca. 0-300 A.D.)
• Bronze Age (ca. 4500-2500 B.P.)

Unio crassus

Materials & Methods

Preliminary results
All shells show a distinct seasonality in δ18O corresponding with water temperature.
The two shells from the river Waal have an overlap of three years and show very similar values in
both δ18O and seasonality. Since these shells grew in different places in the same river there is a
virtual absence of local effects on shell δ18O.

Shell δ18O values are a reliable proxy for reconstructing river δ18O.

Thin section of a shell from Tuil (Waal, 1998)

The shell from the lake has higher δ18O values than shells from the Waal. This is probably caused
by the greater distance to the river channel and subsequent decreased river water input, and the increased vaporisation of lighter isotopes.
Dreumel (Lake, 2005)
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Map of the rivers Rhine and Meuse in the Netherlands showing locations of shell collections and
monitoring stations.
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At the end of 2006 the monitoring experiment will be finished. For the growing season of 2006 relations between shell δ18O and water variables such as water δ18O, temperature, pH, alkalinity and
trace element concentrations will be determined.
More 20th century shells will be analysed and shell δ18O will be compared with instrumental data
such as river discharge and temperature. Shells from Rhine and Meuse from the same time periods
will be compared.

δ18OAR
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Herwijnen (Waal, 2003)

Future work
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Shell δ18O (δ18OAR) of two shells from the Waal (Tuil, 1998 & Herwijnen, 2003) and one from a
lake connected to the Waal (Dreumel, 2005), shown in red, compared to river discharge and
water temperature data from Lobith (Rhine), both shown in blue.
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Shells will be analysed from archaeological
sites of the following time periods:
• Little Ice Age (ca. 1500-1700 A.D.)
• Medieval Climate Optimum (ca.
1000-1200 A.D.)
• Roman Period (ca. 0-300 A.D.)
• Bronze Age (ca. 4500-2500 B.P.)
Reconstructions of river discharge and frequencies of floods, droughts and melt
water fluxes will be made.

Variation of measured shell δ18O of Anodonta (black
dots & crosses) compared to predicted shell δ18O
(black line). (Ricken et al., 2003)

δ18OAR

Application
Shells are embedded in epoxy resin and
thin sections are made transversely to the
growth lines. These are sampled on a ca.
150µm resolution and analysed for δ18O.
So far three 20th century shells were analysed. Two shells of Unio tumidus are from
the Waal (branch of the Rhine). One was
collected in August 1998 near Tuil. The
other was collected at Herwijnen in August
2003 during extremely low water levels. A
third shell (Unio pictorum) was collected
August 2005 in a small lake connected to
the Waal in Dreumel.

δ18O
The δ18O ratio of a shell is influenced by:
• Water δ18O: freshwater mussels fix δ18O
in their shells carbonate in equilibrium with
the ambient water
• Temperature: differential fractionation of
oxygen isotopes at different temperatures
results in higher values at lower temperatures and lower values at higher temperatures.
If temperature and water δ18O are known,
shell δ18O can be predicted. Predicted
values usually correspond well with measured shell δ18O.

δ18OAR

Monitoring
Cages with 20 mussels are placed in fishladders near weirs: one in the river Lek
(branch of the Rhine) at Hagestein and one
in the Meuse at Lith. These monitoring stations will stay in place for one year. Shell
δ18O will be compared with water parameters such as water δ18O and temperature.

When growth increments are sampled, freshwater mussels serve as an archive for
past water compositions.
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Shell of Unio pictorum from Herwijnen (Waal, 2003)

δ18O values of the shells from Tuil (Waal, 1998, green triangles) and Herwijnen (Waal, 2003, red
dots) fitted over each other. These mussels lived approximately 7 km apart in the same river and
show a consistent pattern for the overlapping seasons.

Reference
Ricken, W., T. Steuber, H. Freitag, M. Hirschfeld & B. Niedenzu (2003). "Recent and historical discharge of a large
European river system - oxygen isotopic composition of river water and skeletal aragonite of Unionidae in the
Rhine." Palaeogeography, Palaeoclimatology, Palaeoecology 193(1): 73-86.

