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INTRODUCTION 
____________________________________________________________________________ 

There is an increasing number of studies concerning climate fluctuations during 

human history, ever since ocean drilling programs had started in the 60’s. Temperature 

reconstructions based on ice cores are covering hundreds of thousand years, while terrestrial 

temperature reconstructions are also available in increasing number. An environmental proxy 

usually reflects the conditions of a certain season. For example dendrochronological proxies 

can be used as summer temperature or precipitation records. Thickness of varves is usually 

affected by the intensity of the humid season and speleothems-based stable isotope records 

only reflect the conditions of time periods with dripping. These proxies do not reflect the 

whole seasonal temperature or precipitation range of their environment. 

Sclerochronology is the study on growth patterns in skeletal parts with periodic 

incremental growth of environmentally sensitive animals such as molluscs or even fish 

otoliths (Kern et al. 2017). A wide variety of animals grow their hard skeletal parts in a 

pattern affected by the limiting factors of their environment (e.g. temperature or food 

availability) and according to this, increment widths formed during a certain time interval 

reflect its environmental conditions. It has been noted that sclerochronological analyses of 

mollusc shells are capable of providing centuries long high resolution archives of their marine 

environment (Butler et al., 2013). Environmentally sensitive bivalve shells produce their shell 

carbonate on a periodic basis and seasonally occurring unfavourable environmental conditions 

leave recognisable marks in the shell structure. The cessation of growth results in growth 

lines. Sclerochronology, analysis of skeletal growth patterns, can reveal the changes in the 

growth rate of the shells and give us information about the changes in their ambient 

environment, especially when combined with geochemical methods (Mette et al., 2016). In 

contrast to the extratropical North Atlantic, where multicentennial sclerochronological records 

support the reconstruction of certain parameters of the marine environment (Butler et al., 

2013), the southern part of the North Atlantic still lacks shell-based composite chronologies 

which might provide potential sea surface temperatures (SST) archives and valuable 

information on the main environmental variables of the region, such as the Canary Current 

System. 
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The driving environmental factors for shell growth in the case of Glycymeris species 

were only studied so far in the extratropical North Atlantic and the Adriatic regions. Royer et 

al., (2013) established the minimum thermal threshold for G. glycymeris shell growth at 12.9 

°C, under which shell growth extremely slows down or stops. They also found positive 

correlation between annual shell growth and SST, similarly to other sclerochronological 

studies conducted on Glycymerids (Reynolds et al., 2013).  

As the use of Glycymeris spp. in paleoenvironmental modelling has already begun on 

fossil shells (Walliser et al., 2015, Crippa et al., 2016), it is essential to examine the dominant 

environmental variables regulating the annual growth under different climatic conditions for 

this genus. A pair of pertinent questions concerning the use of shells from poorly defined 

palaeodepths in future palaeoenvironmental reconstructions can be raised: can Glycymeris 

shells living in habitats below the thermocline or a depth of ~100 m be affected by the 

seasonal fluctuation of SST? And, if so, how? The aim of this dissertation was to investigate 

the driving factors for shell growth in Glycymeris bivalves collected from the southern region 

of the North Atlantic (Madeira; Aveiro, Portugal and Cadiz, Spain) by analysing the growth 

patterns and stable oxygen- and carbon-isotope composition of Glycymeris shells. 

The first part of the dissertation focuses on answering these questions by investigating the 

driving factors for shell growth in Glycymeris bivalves collected from the southern region of 

the North Atlantic (Madeira and Aveiro, Portugal). In the second part I applied the new 

knowledge gained in paleoenvironmental reconstructions for the Roman Period and the Dark 

Ages using sub-fossil Glycymeris shells. 

Since the beginning of the 90’s a large number of studies focused on the climate fluctuation 

occurring at the end of the Roman Period and the beginning of the Dark Ages and most of 

them defined the Dark Ages as a cold time period in human history (Helama et al., 2017). 

Despite this, an increasing variety of new research data suggests that it was not a globally cold 

period. Similarly to modern sclerochronological increment data, there is a significantly higher 

number of paleoclimate reconstructions covering Western and Northern Europe, than any 

other part of the continent, and because of this the general concept of the ‘Dark Ages Cold 

Period’ is based on these regions. During the last 15 years, an increasing number of 

paleoclimate studies were carried out along the Atlantic coast of the Iberian Peninsula 

(Abrantes et al., 2017) revealing no significant cooling for the region during the Dark Ages. A 

small-scale climate fluctuation, however, can be hard to trace by studying marine sediment 

cores with relatively low temporal resolution. Besides this, Helama et al. (2017) concluded 
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that comparing seasonally resolved proxies would provide the best possible understanding of 

the Dark Ages Cold Period. 

However, not only sediment cores could provide information about the climate 

fluctuations of the first millennia: along the Atlantic coast of Iberia several tsunami deposits 

containing rich molluscan fauna were described by Gutiérrez-Mas (2011). These episodic 

layers containing well preserved Glycymeris shells were formed during the first millennia. 

Using these shells to reconstruct their ambient water temperature by applying stable-isotope 

geochemical methods could provide a better understanding for the climate fluctuation 

between the Roman Period and the Dark Ages. Seasonally reconstructed SST could prove 

whether the Dark Ages was indeed a generally colder time period and which season would be 

the most affected by this temperature decrease. To answer these questions three tsunami 

layers (313-648 AD) outcropping near Cádiz (Spain) were sampled and studied. 

 

METHODOLOGY 
____________________________________________________________________________ 
The CIIMAR-Madeira research cruise collected 58 single shells and two live Glycymeris 

specimens in March, 2014 off the coast of Madeira, near the Desertas Island at depths of 90-

160 m. Thirteen samples from Aveiro (Portugal) were collected for a soft bottom study in 

2002 by (Martins et al. 2014) at 30 m depth. Sub-fossil specimens (30-30) were collected 

from three tsunami layers near Cadiz by Gutierrez-Mas (2011). 

Shells were prepared according to standard sclerochronological methods: they were cut coated 

with epoxy resin along the axis of their maximum growth. Along this axis, a 3 mm section 

was cut from each specimen using a low-speed precision saw and samples were grounded and 

polished. Sample slides were prepared using Mutvei’s solution (Schöne et al., 2005) and also 

the acetate peel method described by Richardson (2001). Cross-sections prepared these ways 

were photographed under a microscope with 2-10x magnification. 

Growth increments were measured along the hinge plate using the digital photos and log-

transformed individual increment records were visually cross-dated in each group. Raw 

increment series were standardised to remove age related trends and growth disturbances 

resulting from population dynamics (Cook et al. 1990). Composite chronologies have been 

computed based on the cross-dated increment series. The robustness of these was then 

assessed using interseries correlation (Rbar) and Expressed Population Signal (EPS) statistics. 
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Carbonate samples were collected from the outer prismatic layers from the selected 

increments by milling. For this computer controlled micromills with attached microscopes 

were used at the Camborn School of Mining, University of Exeter and the University of Graz. 

Stable carbon and oxygen isotope-ratio analyses were performed using an automated 

GASBENCH II sample preparation device attached to a Thermo Finnigan Delta Plus XP mass 

spectrometer at the Institute for Geological and Geochemical Research (IGGR). To calculate 

the original water temperature of the shells’ environment from our measurements we 

employed the temperature equation of Grossman and Ku (1986). 

 

THESES 
____________________________________________________________________________ 
1. There may be not only a latitudinal, but also a vertical trend in bivalve longevity. 

Limited food availability in the habitat of the studied G. vanhengstumi shells at 140-150 m 

depth results in reduced annual and juvenile growth rates and surprisingly high longevity, 

presumably connected to the shells’ less intensive metabolism. 

2.  The annual growth rate of Glycymeris spp. shells from the studied population at 

Madeira depends more directly on the surface productivity conditioned by the upward 

transport of the nutrients fertilizing the photic zone which is driven by the late-winter cooling 

of the sea surface and ocean mixing near Madeira.  

3. In contrast to earlier research conducted on Glycymeris species at high latitude 

collection sites from the North Atlantic, offshore Madeira growth rates are not limited by the 

SST; their growth, however, does reflect the early spring SST, though the causal relation is 

indirect. The annual growth rate of Glycymeris spp. shells from the studied population at 

Madeira depends more directly on the surface productivity conditioned by the upward 

transport of the nutrients fertilizing the photic zone, which is driven by the late-winter cooling 

of the sea surface and ocean mixing near Madeira. Therefore, any observed variability in the 

mean increment growth of Glycymeris spp. shells may be expected to serve as a prospective 

proxy for the inter-annual variability of the regional early spring SST. 

4. The measured δ13Car values from studied shells from Madeira showed a strong 

decreasing trend for the last 45 years, which can be connected to the Suess-effect, as at least a 

0.6‰ decrease in δ13Car values can be observed in the results for this time period. This implies 
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that Glycymeris shells also record the major changes in δ13C values (of dissolved inorganic 

carbon) of their environment. 

5. Positive and significant correlation coefficients calculated between G. glycymeris 

shells’ growth rates and averaged monthly SST suggest that annual shell growth was limited 

by the late winter SST offshore Aveiro. Summer SST does not affect annual shell 

growthrates. 

6. G. glycymeris could be used as a proxy in stable oxygen-isotope studies reconstructing 

bottom water temperatures of the Iberian Shelf from spring to late-autumn. However, the 

formation of annual growth line is not always connected to the annual temperature minimum 

and ambient seawater temperatures reconstructed from the shell carbonate of G. glycymeris 

cannot be expected to reflect annual seawater minima. 

7. The seasonality of carbon isotope ratios showed distinct changes between the Roman 

Period and the Dark Ages Period. Seasonal maxima of δ13C values were twice as high during 

the Dark Ages Period, which indicates seasonally intensified biological fractionation 

connected to enhanced primary productivity, which in turn also implies a significant change 

in the shallow marine environment. 

8. Paleotemperature data reconstructed from oxygen isotope ratios of seasonally sampled 

shell carbonate indicates no significant cooling for the ‘Dark Ages Cold Period’ in the Cádiz 

bay. 
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