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MATERIALS AND METHODS 

Red coralline algae: Red coralline algae are long lived (<700 years (Frantz et al., 2005)) marine algae 
with slow growth rates (0.015 – 2.5 mm yr-1) ((Adey and McKibbin, 1970; Blake and Maggs, 2003; Frantz 
et al., 2000; Kamenos et al., 2008) and encrusting (calcareous coralline algae) or free-living (maerl or 
rhodolith) growth forms. They occur from polar (Schwarz et al., 2005) to tropical (Littler et al., 1991) seas 
in the euphotic zone and form large beds such as those on the Brazilian shelf extending from 2oN to 25oS 
(Amado-Filho et al., 2012). Deposits are highly stratified (Kamenos, 2010), can attain 20 kys of growth 
(Bosence, 1983) and are common as far back as the Cambrian-Late Devonian (Cooper, 1994). While 
growing, individual red coralline algal thalli lay down annual or sub-annual high-Mg calcite growth bands 
(Fig. 1) (Foster, 2001). In some species, growth continues during periods of low winter temperature 
(L.glaciale (Henrich et al., 1996)) and darkness (L. glaciale (Freiwald and Henrich, 1994)), while in others 
there is reduced winter growth (C. compactum (Halfar et al., 2008)). 

Algal collection: Red coralline algae (Lithothamnion glaciale) (Fig. 1) were collected using self contained 
underwater breathing apparatus (SCUBA) from Søndre Strømfjord, Greenland (Fig 1: 66o58’17’’N, 
53o29’43’’W) in 2009. The Kangerlussuaq Drainage Basin (KDB) is a 66000 km2 catchment draining a 
section of the GrIS that drains into Søndre Strømfjord.  

Algae as environmental recorders: Palaeoenvironmental reconstructions using coralline algae have 
been achieved using geochemical and structural proxies. Mg concentrations within L. glaciale bands have 
been biogeochemically validated (Kamenos et al., 2009) and observed to represent in situ temperature at 
up to fortnightly resolution (Kamenos et al., 2008) over the last 650y at fortnightly resolution in the North 
Atlantic (Kamenos, 2010). δ18O in Clathromorphum compactum also represents temperature change at 
sub-annual resolutions (Halfar et al., 2008). More recently, temperature (Kamenos and Law, 2010) and 
cloud cover (light) (Burdett et al., 2011) have been shown to influence the degree of calcification within 
cells of the red coralline alga L. glaciale and enabled a 96y cloud cover reconstruction in the North 
Atlantic. Similarly, annual growth in Clathromorphum nereostratum has been used to reconstruct a 225y 
record of temperature change in the in the North Pacific (Halfar et al., 2011). While light (cloud cover) 
affects cell calcification (Burdett et al., 2011), there is no evidence of light-dependent deposition of Mg/Ca 
and thus no light-effect on Mg-palaeothermometry (Kamenos et al., 2008). No organism stress-induced 
geochemical deviation is present in Mg/Ca-temperature relationships (Kamenos et al., 2008) and similarly 
there is no non-equilibrium-associated oxygen isotope fractionation in red coralline algae (Halfar et al., 
2007). Red coralline algae do not suffer diagenetic effects due to the presence of the living membrane 
covering the carbonate skeleton (Alexandersson, 1974).  
 

Chronology construction: All samples were collected live and band counting was used to calculate the 
absolute ages of each year. Lithothamnion glaciale is known to band annually (Kamenos et al., 2008) and 
band sizes were consistent with those found elsewhere in the North Atlantic (Kamenos, 2010).  

Relative salinity – runoff relationship: Relative salinity followed a similar pattern to reconstructed 
summer in situ temperature (more/less negative δ18O indicates more/less fresh water input) (Fig. 3). 
Directly measured runoff data from the KDB are available for <5 consecutive years, so modelled KDB and 
GrIS runoff data were used for comparisons. Our relative salinity reconstruction was compared to runoff 
for the KDB modelled by Mernild et al (2011). But also, as the KDB has a mass balance representative of 



the GrIS (Mernild et al., 2010), we compared relative salinity to GrIS runoff modelled by Hanna et al. 
(2008) as far back as 1958.  

Rates of change in water temperature: Differences in rates of in situ water temperature change 
between summer and winter were assessed by regressing the difference between summer and winter 
temperatures on sums of summer and winter temperature between 1977-1989 and also 1989-2002 which 
were periods of pronounced increase and decrease in reconstructed water temperature, respectively.  

Relative salinity comparisons: Modelled historical (1958-2002) melt water runoff volume for the KDB 
(Mernild et al., 2011) as well as the GrIS (Hanna et al., 2008) and instrumental atmospheric temperature 
in Kangerlussuaq (World Meteorological Organisation station 4231: 20 km from glacier influx, 100km from 
algal sampling location) were compared with reconstructed relative salinity. Correlations and regression 
were conducted on residuals of de-trended time series at 5y resolution (to match relative salinity 
reconstruction) with autocorrelation removed using successively higher order autoregressive integrated 
moving average (ARIMA) models on each input variable.  
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