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1. Introduction 

 

The Quaternary is a geological period which is characterized by the alternation of glacial and 

interglacial periods. The transition from the last glacial to the present interglacial (the Lateglacial) 

was a period of relative rapid climate fluctuations. The most important drivers of the Lateglacial 

climate are variations in the size of ice sheets, seasonal insolation, and greenhouse gas 

concentrations (Ruddiman, 2001). The Lateglacial climate fluctuations are recorded in ice cores 

from the Greenland Ice Sheet (figure 1). Changes in climate do not always occur simultaneously, 

ice core records are used to compare timing in marine and terrestrial records with. 

 The INTIMATE (Integration of Ice Core, Marine and Terrestrial Records) group suggested 

an event stratigraphy for the Lateglacial in the North Atlantic region based on the Greenland ice 

core records (Björck et al., 1998). The most recently updated version of this event stratigraphy 

(GICC05 chronology (Lowe et al., 2008)) is shown in figure 1. The period is divided into events 

and subdivided into episodes, which are all labeled in the figure. Table 1 shows the dates and 

names for the different events and episodes. This event stratigraphy forms a framework to 

correlate ice core, marine and terrestrial records. 
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Fig. 1: δ
18

O curve for the Lateglacial derived from the NGRIP ice core (based on data from NGRIP members, 2004, 

Rasmussen et al., 2005,  Rasmussen et al., 2006). GICC05 chronology events are indicated (Lowe et al., 2008). 
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Events Episodes 
(GICC05) 

Episodes 
(Continental NW 

Europe) 

Ice core age 
(yrs b2k) for the 

onset 

Preboreal Oscillation, onset of 
Holocene   

Holocene 
11.703 

Greenland Stadial 1 (GS-1)  Younger Dryas 12.896 

GI-1a 
Pre Younger Dryas 
Warming 13.099 

GI-1b 
Gerzensee 
oscillation 13.311 

GI-1c Allerød biozone 13.954 

GI-1d 
Aegelsee 
oscillation 14.075 

Greenland Interstadial 1 (GI-1) 

GI-1e Bølling biozone 14.692 
 
Table 1: The GICC05 chronology for key climatic events during the Lateglacial period (After Lowe et al., 2008). 

 

Table 1 gives an overview of the Lateglacial climatic episodes as derived from Greenland ice 

cores and their corresponding nomenclature in records from continental NW Europe. The climatic 

changes for the Lateglacial as derived from the NGRIP oxygen isotopes record can be described 

as follows: At the end of the Weichselien glacial period temperatures suddenly rise between 14.7 

and 14.1 ka b2k. This warm period is the warmest period in the Lateglacial; referred to as the 

Bølling biozone (GI-1e). From the end of the Bølling a general cooling trend can be observed until 

11.7 ka b2k; the onset of the Holocene. This period with an overall cooling trend is also 

characterized by an alternation of relative warm and relative cool periods. A colder period; the 

Aegelsee oscillation (GI-1d), starting around 14.1 ka b2k is followed by a warmer period; the 

Allerød biozone (GI-1c), starting around 13.95 ka b2k. This period shows some minor oscillations: 

The period between 13.3 and 13.1 ka b2k is a cold period referred to as the Gerzensee oscilation 

(GI-1b), followed by a warmer period lasting until 12.9 ka b2k; the Pre Younger Dryas Warming 

(GI-1a). The coldest part of the Lateglacial period is the Younger Dryas (GS-1), which shows 

some minor oscillations. The Younger Dryas lasts until the onset of the warm Holocene. The 

onset of the Holocene is also referred to as the Preboreal oscillation. 

 The goal of our study is to reconstruct Lateglacial climatic changes for western Ireland. 

The results of our study in Ireland will be correlated to the chronology derived from the NGRIP 

oxygen isotopes record. The climate reconstruction done in our study is based on chironomids. 

To do this reconstruction, a lacustrine sediment core has been retrieved from Lurga, County 

Galway in western Ireland.  

Three research questions are formulated: 

- Is chironomid analysis a useful tool to research climatic changes during the 

Lateglacial in western Ireland? 

- How did climate change during the Lateglacial in western Ireland? 
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- How are these climatic changes correlated to the chronology derived from the NGRIP 

oxygen isotopes record? 

In this thesis, first the Lateglacial in Ireland is described as it is known from previous research 

(chapter 2). The research site is described in chapter 3. Chapter 4 provides an overview of the 

methods used in this research. Chapter 5 describes the research results. The results are 

discussed in chapter 6 and conclusions are drawn in chapter 7. 
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2. The Lateglacial in Ireland 

Figure 2 shows the glaciation history for the British Isles during the Weichselien and the 

Lateglacial period. The Late Devensian ice sheet has disappeared completely from Ireland at 

13.0 
14

C ka BP (Lowe & Walker, 1997). The sites in Ireland referred to in this chapter are 

indicated in figure 2. Earlier research results consist of pollen diagrams, lithology descriptions, 

organic content analysis, whole core volume susceptibility, chemical element concentrations, 

macrofossils (AMS dates), mollusk and osctracod analysis, stable isotope records and carbonate 

content. 

 

2.1 Chronology 

In Ireland, 
14

C datings for the end of the Lateglacial Interstadial (Woodgrange Interstadial) show 

intersite variations. Dates spanning the interval from ca. 10.6 to 11 ka BP are found for the onset 

of the Younger Dryas (Craig, 1978; Cwynar & Watts, 1989). Dates for the end of the Younger 

Dryas also vary. Cwynar & Watts (1989) found dates in the range of 9.5 to 9.9 ka BP and dates 

up to 10.2 ka BP have been reported by Craig (1978). The Lateglacial Interstadial (Woodgrange 

Interstadial) had not been divided formally into Bølling and Allerød periods because of confusions 

over the climatostratigraphical and chronostratigraphical application of these terms (Walker et al., 

1994). Nevertheless, in more recent research, the Lateglacial Interstadial in Ireland has been 

subdivided in different periods. 



 

 

11

Fig. 2: Glaciation limits during recent glaciations in Britain. (Bowen et al., 2002). Sites referred to in the text are indicated in the figure. 
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2.2 Climate 

The temperature curve for Ireland shown in figure 3 

is based on palaeobotanical data (Walker et al., 

1994). The curve shows a climatic warming around 

13 ka BP, with maximum summer temperatures of at 

least 14-15 ºC, comparable with present summer 

temperatures in southern Ireland. The following 

cooling in climate seems to have a step-like pattern. 

During the Younger Dryas stadial mean annual air 

temperatures fell below 10 ºC, and January mean 

temperatures of -20 ºC have been inferred for the 

British Isles (Atkinson et al., 1987). A rapid rise in 

temperature at the onset of the Holocene is reflected 

in all available forms of proxy data. 

 Ahlberg et al. (1996) studied oxygen 

isotopes for Red Bog and Lough Gur in western 

Ireland. Figures 4 and 5 show the studies’ results 

correlated to the NGRIP δ
18

O record. The δ
18

O 

records from Red Bog and Lough Gur give an 

indication for the relative temperature changes during 

the Lateglacial. Only relative temperatures can be 

estimated and the size of the error margin is 

uncertain. The periods Oldest Dryas, Bølling, Older 

Dryas, Allerød, Younger Dryas, Preboreal and Boreal 

are clearly recognizable. The Gerzensee oscillation 

is also visible in both records. The correlation with 

the NGRIP δ
18

O record is good for both sites. 

 

 

 

Fig 3: Temperature curve for Ireland based on 

palaeobotanical data. (After Walker et al., 1994) 
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Fig. 4: LOI and Oxygen isotope record for Red Bog compared to the oxygen isotope record from NGRIP ice core. (After 
Ahlberg et al., 1996) 
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Fig. 5: Oxygen isotope record for Lough Gur compared to the oxygen isotope record from NGRIP ice core. (After Ahlberg 

et al., 1996) 

 

Another example of a multiproxy analysis in western Ireland was carried out in 1999 on a core 

from Tory Hill basin (O’Connell et al, 1999). The core was analysed for pollen, macrofossils, loss-

on-ignition, magnetic susceptibility, carbonate content, oxygen and carbon isotopes, and heavy 

minerals. Environmental change, including estimates of summer temperatures, could be 

reconstructed. Figure 6 shows a part of the analysis’ results. Ages were assigned to 

biostratigraphical and lithostratigraphical boundaries by cross-correlation with the Lateglacial 

event stratigraphy put forward by Björck et al. (1998). The estimates of summer temperatures are 

based on the δ
18

O record and the vegetation record (pollen and macrofossils). The period from 

14.6 to 12.7 ka BP represents a cold, steppic environment from the last phase of the Pleniglacial. 

A thermal maximum was achieved early in the interstadial with a maximum summer temperature 

of 14 ºC. Within this warm period, the proxies suggest at least one substantial, short lived climatic 
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oscillation. The later part of the Bølling/Allerød interstadial (after ca. 12 ka BP) began with a 

temperature decrease, maintained until just before the Younger Dryas where a temperature rise 

is recorded in the proxies, referred to as a pre-Younger Dryas warming. During the Younger 

Dryas stadial summer temperature drops to around 6 ºC. The early part of the Younger Dryas 

stadial is not well represented by the stable isotope record, for reasons not understood. The 

period which was referred to as the pre-Younger Dryas warming is also visible in the other proxy 

records. In figure 6 the results are correlated to the NGRIP δ
18

O record. The results from Tory Hill 

show the same general trend as the NGRIP δ
18

O record. The Bølling Interstadial, pre Younger 

Dryas warming, and Younger Dryas are clearly recognizable. Within the Bølling Interstadial 

period, multiple oscillations are visible, especially in the vegetation record.The researchers found 

that the variations in δ
18

O did not directly reflect temperature changes at the study site, but rather 

δ
18

O variation in precipitation, which was forced by temperature and changes in atmospheric 

circulation. 

 

Fig. 6: Percentage pollen curves for Betula and Juniperus, and δ
18

O, erosion, and July temperature values compared to 
NGRIP oxygen isotope record. (After O’Connell et al., 1999)
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Another study was done at Lough Inchiquin in 2002 (Diefendorf et al., 2006). A 7.6 m long 

core was retrieved from the southeastern shoreline of the lake. The results from the analysed 

core are presented in figure 7. Ages were connected to the core by 
14

C dating of bulk aquatic 

macrofossils, bulk calcite and organisms. Since the datings are influenced by the hard-water 

effect, they were corrected for an assumed constant hard-water effect, which was quantified 

by comparing contemporaneous wood and carbonate macrofossils. According to these results 

the climate in Ireland was highly variable during the Lateglacial and early Holocene. Some 

previously unidentified climate anomalies in western Ireland were identified at 10.8 cal yr BP 

and 7.1 cal yr BP. After the Younger Dryas, δ
18

Ocalcite values recover strongly, followed by 

decreasing values. The most severe climate decline in Ireland during the Younger Dryas 

appears much later than in other records, which was also noted at Tory Hill by O’Connell et 

al. (1999). The δ
18

O record is correlated to the NGRIP δ
18

O record in figure 7. The overall 

trend from the NGRIP record is also visible in the record from Lough Inchiquin. The Younger 

Dryas event is visible as well as the pre Younger Dryas warming. The timing of the events 

sometimes differs in both records and therefore it is difficult to correlate them. This is probably 

caused by the fact that the ages displayed in the left column in figure A are based on just two 

14
C datings, which might contain errors. 

Fig. 7: Lithology (A), weight percent total calcite (B), weight percent total organic matter (C), δ
18

Ocalcite values vs. age 

in cal yr BP with significant climate events labeled in brackets and a 50-year moving average in grey illustrating first 

order trends, and the NGRIP δ
18

Oice record for comparison. Ice-rafted debris is labeled as IRD. High values indicate 

higher temperatures and low values are interpreted as lower temperatures resulting from Rayleigh 

distillation/atmospheric temperature relationships that force δ
18

Oprecipitation values. (After Diefendorf et al., 2006) 

 

Limited data is available on former precipitation but it might be inferred that Ireland formed a 
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more oceanic region within northwest Europe with relatively high precipitation (Walker et al., 

1994). 

2.3 Vegetation 

Palaeobotanical records from Ireland show that the largest part of the Lateglacial vegetation 

was characterized by herbaceous and low shrub vegetation with very few trees (Watts, 1985). 

The late Weichselian tundra vegetation was first succeeded by a Rumex-Salix vegetation, 

then around 12.4 ka BP by scrub and heath land and finally by open grassland. Pioneer trees 

were never abundant. Pollen assemblages from Tory Hill show a distinct rise in Betula and 

Juniperus during the Bølling Interstadial, indicating this was the only period during the 

Lateglacial with substantial development of woody vegetation (O’Connell et al., 1999). Apart 

from climatic reasons, tree growth might also be tempered by grazing pressures from large 

animals like the giant Irish deer and reindeer (Mitchell, 1986). At some sites in Ireland and 

Scotland the mid-Interglacial pollen records show a decline in Juniperus and rise of open-

ground communities (Watts, 1985; Walker & Lowe, 1990). This characteristic is not as distinct 

as it is in records from continental northwest Europe (Andrieu et al., 1993). The Younger 

Dryas in pollen records from Britain and Ireland is characterized by the replacement of wood 

and heathland taxa by tundra and low alpine scrub communities (Watts, 1985). The transition 

from Younger Dryas to Holocene is characterized by a succession from open ground 

communities to closed woodland (Walker et al., 1994). 

 

2.4 Geomorphology, soils and lithology 

Lateglacial lake sediments in Ireland have a distinctive stratigraphy separated into three parts. 

The main lithological features are (O’Connell et al., 1999): 

- Silt/clay sediments from the final phase of the Pleniglacial followed by 

- Organic-rich gyttja or marl, depending mainly on the local bedrock, and 

- Clay/silt sediments during the Younger Dryas stadial, ending with a sharp transition to 

- Organic-rich gyttja or marl at the beginning of the Holocene. 

 

Between 12.0 and 11.8 ka BP there are indications for renewed minerogenic inwash into 

lake basins in Ireland. This is particularly true for upland areas (Pennington, 1977). Possibly, 

discontinuous permafrost occurred in Ireland during the Younger Dryas (Bryant & Carpenter, 

1987). Furthermore, the Lateglacial sequences are often thick (usually more than 1 m); 

sometimes sequences are longer than 2-4 m (Singh, 1970). 

A Lateglacial sequence has been cored at Lurga, western Ireland by Paus et al. (1994). 

The core was mainly analysed for pollen, but also lithology, organic content and chemical 

composition were analysed. Figure 8 shows the stratigraphy, organic content and chemical 

composition of the oxides in the core. The Lateglacial sequence is 165 cm thick. The bottom 

consists of grey-blue pebbles in sand representing outwash from glacial melt. On top of this 
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deposit 25 cm of brownish grey silt and blue-gray to brownish gray highly minerogenic silt/clay 

has been deposited. This silt and clay is covered by 20 cm of grey to brown silty gyttja and 73 

cm of whitish grey marl formed during the Allerød interstadial. During the Younger Dryas, 22 

cm of grey silty calcareous gyttja has been deposited. The Holocene deposits on top consist 

of silty gyttja, marl and peat. 

 

Fig. 8: LOI as a percentage of dry weight, concentration of selected chemical elements as a percentage of the oxide 
in the mineral fraction and mass specific magnetic susceptibility, profile LGA II, Lurga. (Paus et al. 1994)
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3. Site description 

 

Lurga is situated in western Ireland, in the County Galway, close to the County Clare 

boundary (figure 9a). The site is located 6.3 km southwest of Gort, and is part of a north-south 

running shallow depression to the north of Tubber. The depression is partly filled with marl 

overlain by peat. In several places, the marl deposits include Lateglacial sediments which 

seldom exceed ca. 1 m in thickness (Andrieu et al., 1993). The depression is located in 

karstic Carboniferous limestone. Drumlins, 3-5 m high, are present in the area. The basin 

area is ca. 15 ha and the estimated catchment area is 150 ha. Coring took place next to 

Fiddaun Lough (figure 9b). Figure 9c shows a detailed map of the site. See also the map with 

the coring locations; enclosure 1. 

 

Fig. 9a: Map of Ireland showing study site location 

 

Fig. 9b: Topographical map of study site Lurga (Ordnance 
Survey Ireland) 

 

 

Fig. 9c: Detailed map of the study site. 
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4. Methods 

4.1 Fieldwork 

The site was mapped using an Edelman corer and a gauge. Mapping was done to obtain data 

on the lithology and depth of the depression’s infill. Date for all corings is listed in enclosure 3. 

A first transect was cored NW-SE over the site (coring locations 01-07, see enclosure 1). 

After coring this transect, the site was systematically cored to localize the thickest Lateglacial 

sequence and the middle of the former lake. It is important to take a core near the middle of 

the lake to obtain a representative chironomid assemblage (Bedford et al., 2004). After 

mapping the site, a final W-E transect was cored at the location where the thickest Lateglacial 

deposit sequence was found. Three cores were taken from the area: LU-A was taken from the 

location in the transect with the thickest Lateglacial deposit sequence, near the center of the 

former lake. LU-B was taken along the same transect, more to the west, towards the edge of 

the former lake. LU-C was taken at coring location 11, where the Lateglacial sequence was 

also thick. The cores were recovered using a Livingstone piston corer with 7 cm diameter. 

The peat and marl overlying the Lateglacial deposits was removed for a large part using a 7 

cm diameter gauge. The last 100-150 centimeters of the overlying Holocene deposits were 

also recovered in the cores. The cores were recovered in parts of 1 m in length. At each 

coring location, a second core was taken approximately 30 cm from the location of the first 

core, which covered the same sequence with a 50 cm vertical offset, to make sure every part 

of the sequence was covered uninterrupted at least once. The cores were conserved in 

plastic sheet and PVC tubes and cold stored at the Department of Physical Geography, 

Utrecht University. 

A multiproxy analysis was done for core LU-A at the Department of Physical 

Geography, Utrecht University. Methodology and results for carbonate content analysis and 

stable isotopes analysis are described by Duijkers (2009).  

 

4.2 Chironomid analysis 

Climatic changes are recorded in sediment by changes in its physical and chemical 

properties.  Lake sediments are useful for climate reconstruction because they provide a 

continuous record of changes in ecosystems, lake sediment processes and climate. The 

environmental change recorded in Ireland’s lake sediments represents a maritime 

environment as the climate in Ireland is for a large part affected by the Atlantic Ocean. 

Chironomid analysis is widely recognized as a powerful proxy to reconstruct palaeoclimate. 

 

Chironomids (non-biting midges) are a diverse group of two-winged flies with an aquatic larval 

stage. About 1000 species are recorded from Europe (Lindegaard, 1997). They represent 
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more than 20% of all freshwater insects in rivers and lakes, and the larvae often dominate the 

bottom zone. Chironomids are now widely recognised as a powerful proxy to reconstruct 

palaeoclimate. The aquatic larvae are abundant and diverse in lake sediments. Their short life 

cycle and high dispersive capacity make that they can respond rapidly and characteristicly to 

environmental and climatic change (Bedford et al., 2004). Chironomids can show a wide 

variety of environmental changes on freshwater, like eutrofication effects, acidification, toxic 

metals and chemicals and physical disturbances (Brooks & Birks, 2001). Climatic change is 

the most important factor influencing chironomid distribution. Besides climatic change, the 

chironomid distribution is also influenced by other environmental factors such as pH, lake 

depth, dissolved oxygen, trophic status and substrate type (Pinder, 1995). This is more 

important for Holocene records than for Lateglacial records because the climatic variations in 

the Holocene are smaller in comparison to the Lateglacial. Temperature is principally the 

most important variable explaining the broad scale geographic distribution of chironomid taxa 

(Walker et al., 1991). Air temperature rather than water temperature is often inferred from 

subfossil chironomid assemblages because of the superior performance of air temperature 

inference models. However the influence of water temperature on the distribution and 

abundance of chironomid larval assemblages is probably greater than air temperature 

(Brooks & Birks, 2001). It is necessary to disentangle the response of the chironomid 

distribution to climatic change and changes in pH, lake depth, dissolved oxygen and trophic 

status. (Brooks & Birks, 2001). The evolution of a lake in time also influences the chironomid 

assemblage. Continuous infilling of a lake, decreasing the amount of water to be heated, 

favours warm-water taxa and can lead to an over-estimation of temperatures obtained from a 

transfer function (Gandouin & Franquet, 2002). 

 There is usually a strong correlation between the organic content of sediments and 

the abundance of chironomids (Pinder, 1986). The deepest part of a lake is most 

recommended for chironomid studies, so that the fossil assemblage, including the true 

profundal organisms, is representative for the entire lake population (Bedford et al., 2004). 

 In the absence of reliable dating, it is difficult to correlate chironomid records from 

different lakes, because climatic changes are often resembled by different taxa. However, if 

the chironomid record can be attributed to quantitative temperature values an ‘event 

stratigraphy’ could be developed, forming a basis for the comparison of different sites (Lowe 

et al., 1999). Chironomid analysis is especially well suited to study climate changes that took 

place at different temporal and spatial scales during the Lateglacial. Different studies from for 

example northwest England (Bedford et al., 2004), southeast Scotland (Brooks & Birks, 

2000b) and western Norway (Brooks & Birks, 2000a) have shown the potential of chironomid 

analysis.  

 Chironomid taxa are recognised by the larvae’s head capsule remains. The head 

capsules preserve well because of their high chitine content. Still, because of weathering of 

the head capsules, the taxa often can’t be determined below the genus level (Bedford et al., 

2004). Sometimes a large proportion of the chironomids lacks mandibles and premandibles 



 

 

22 

(jaws), which are important to distinguish taxa below the genus level (Bedford et al., 2004). 

Another difficulty in chironomid analysis forms the fact that some taxa are carnivorous and 

include other chironomids in their diet (Merrit and Cummins, 1996). 

 A study at Hawes Water in northwest England (Bedford et al., 2004) shows that the 

temperature as retrieved from chironomids sometimes lags behind the oxygen isotope record. 

The opposite case, in which the oxygen isotope record lags behind the chironomid-inferred 

temperature record, also occurs. The oxygen isotope record is influenced significantly by 

other environmental factors besides temperature change (Leng & Marshall, 2004). 

Precipiation can influence the oxygen isotope record significantly, while this influence is not 

present in chironomid records. The lags can also be caused by the fact that the link between 

the chironomid assemblage and temperature change is stronger than the link between 

temperature change and the oxygen isotope record. Chironomids record only summer 

temperatures, while temperatures in oxygen istopes records are recording temperature all 

year round. The observed lags are shorter than lags between pollen records and oxygen 

isotope curves. 

 

4.1 Chrironomid-inferred temperature models 

To be able to reconstruct palaeotemperatures, it is necessary to develop a modern 

chironomid-temperature calibration data-set. This is done by examining the optimum 

temperature and temperature range observed for modern taxa. The lakes used for the 

calibration-data set need to have a wide range of climatic zones differentiated by latitude and 

altitude, and should be evenly distributed over the climatic gradient to minimize errors (Birks, 

1995). 

The first chironomid-temperature inference model was developed from a dataset of 

24 lakes in eastern Canada and included 21 chironomid taxa (Walker et al., 1991). This 

calibration set was later expanded to 39 lakes, from the south to high arctic Atlantic Canada, 

including 33 chironomid taxa (Walker et al., 1997). A similar set was made from 30 Finnish 

lakes which was later expanded to include 53 lakes (Olander et al., 1999). These two 

calibration sets proved to work surprisingly well, but some improvements could be made 

(Brooks & Birks, 2001): 

 

1) An increase in the number of lakes, increased spreading over the temperature 

gradient and increasing the length of the temperature gradient. 

2) Improving the taxonomic resolution of the midge identifications. 

3) Improving the quality of temperature data based on single-spot measurements of 

the surface-water temperature (This was done for the first two datasets 

mentioned above). 

 

Taking these points into account, Brooks & Birks (2001) created a dataset based on 
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Norwegian and Svalbard lakes. This calibration set is based on 119 chironomid from 111 

lakes. The set covers a high latitudinal range (80 °N – 58 °N) and an altitudinal range from 0 

to 1600 m. The mean July surface temperature range is 0.3 – 23.0 °C. Besides this high 

temperature gradient range, the taxonomic resolution is enhanced in comparison to previous 

calibration sets. The temperature data for the lakes was compiled by the use of different 

meteorological stations near the specific lake. This provided better temperature data than 

spot-measurements of surface temperature as used in previous models. 

Two proglacial lakes were part of this calibration set. These lakes were deleted from 

the set as statistical analysis showed these lakes have lower temperatures as expected for 

their altitude and latitude because they are fed with glacier water. An important note for this 

calibration set is that only acidic, soft-water lakes were used and no carbonate lakes were 

included. Also the substrate of a lake seems to influence the applicability of this northern 

calibration set. Gandouin and Franquet (2002) were unable to apply the calibration set at a 

site in southeastern France because of potential influence from the Mediterranean climate on 

the species assemblage and the siliceous nature of the substrate. 

The calibration data sets can be further improved by further refining the taxonomic 

resolution of the chironomids, especially in the Tanytarsini taxa, which often represent over 

50% of the chironomid assemblage. Also the set can be extended with data from more lakes. 

Heiri and Lotter (2005) created a chironomid summer-temperature transfer function for the 

Alpine region. This transfer function is based on 85 samples from lakes in the Swiss Alpine 

region. All lakes in this set have calcareous bedrock. 

Using a calibration data-set, palaeotemperatures for a chironomid record can be inferred by 

applying numerical methods to the data. By 
14

C dating of sediment samples and looking for 

isochronous marker horizons (tephra), the record can be placed in a chronology. 

 

4.2 Chironomid analysis LURGA-A 

Core LU-A was in first instance sampled for chironomids at six depths. The depths were 

chosen in a way that the major lithologic units were represented and the whole range of the 

sequence was covered. After analysis of the first samples, one extra sample was analysed. 

Nine more samples were analyzed by drs. N. van Asch. Samples of 1 ml were taken from the 

core and processed cf. Brooks et al. (2007). For the sample at 689.5 cm, an additional 1 ml 

had to be sampled in order to obtain a satisfying number of head capsules (50-100 head 

capsules per sample). The samples were treated with a 10% KOH solution for 45-60 minutes 

at 80 °C. The material was then sieved in two fractions with 212 and 90 µm sieves. The 

fractions with material >212 µm and >90 µm were then stored in water separately. The stored 

material was put in a chironomid tray and head capsules were picked out using a fine forceps 

at 40x magnification. The picked chironomids were mounted on mounting glasses with 

Euparal mounting medium. Identification of chironomids was done at 100-300x magnification 

using the guide from Brooks et al. (2007).  
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During the processing of samples to extract chironomid head capsules from the other 

material, head capsules often get damaged, which makes indentification more difficult. An 

alternative method to extract chironomid head capsules using ultrasound has been described 

by Lang et al. (2003). For one sample, the extraction of chironomid head-capsules was done 

according to three different methods: 

- The method described by Brooks et al. (2007), which is described in this report 

- The ultrasound method described by Lang et al. (2003)  

- Using the same method as Brooks et al. (2007) but treating the sample with HCl for 

30 minutes in stead of the KOH treatment. 

The ultrasound method resulted in the highest number of damaged head capsules. The HCl 

method seemed to produce similar or even better results than the method described by 

Brooks et al. (2007). Due to a lack of time, this experiment was not carried out further and the 

other chironomid samples were treated by the method according to Brooks et al. (2007). 

However, it is probably useful to continue to investigate the HCl method, since it can result in 

increased number of identifiable head capsules and save time during the picking process. 

 After identification, specimens which could not be determined to type level were 

divided over the remaining possibilities, if possible. From the absolute numbers of 

chironomids, the percentages of the total sample were plotted in a diagram.  

A detrended correspondence analysis (DCA) was done for the chironomid samples to 

statistically analyse the differences between the chironomid assemblages at the sampled 

depths (Hill & Gauch, 1980). The square root of the percentages is used as input for the DCA. 

A canonical correspondence analysis (CCA) using the Alpine training set (Heiri & Lotter, 

2005) is also applied to the data to compare the chironomid assemblage to the Alpine training 

set. The Alpine training set was used because the sites compiling this training set are 

calcareous lakes, which is also true for our study site. CCA relates community composition 

directly to variation in the environment (Ter Braak, 1986).
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5. Results 

5.1 Lithological profile 

The lithological profile, as obtained from the W-E coring transect over the study site (figure 

11), is presented in figure 12. The profile is available in enclosure 2 in original size. The 

transect shows the infilling of the lake. The bottom of the profile consist of clays on top of 

glacial till/outwash till. On top of the clays, calcareous gyttja formed. The formation of 

calcareous gyttja has been interrupted two times, when clayey calcareous gyttja and clay 

were deposited. The deposition of calcareous gyttja was gradually continued by formation of 

gyttja and later peat. 

The clays at the bottom are probably resulting from glacial melt out at the end of the 

Pleniglacial. The calcareous gyttja on top of it is probably deposited during the Interstadial. 

The upper and thicker clay layer was probably deposited during the Younger Dryas. The 

calcareous gyttja, gyttja and peat on top of this clay layer are probably depostited during the 

Holocene. This general sequence is also found at other sites in Ireland. 

 

Fig. 12: Coring transect Lurga, western Ireland 
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5.2 Lithology 

The lithology of core LU-A is described in table 2. Figure 13 shows a photograph of the core. 

 

Fig. 13: Photograph of LU-A 
(courtesy: N. van Asch) 

Depth below 

surface level 

(cm) 

Characteristics 

550-580 Calcareous gyttja: brown, shell remnants 

abundant. Between 561 and 571 cm lighter color 

and less shell remnants. 

580-686 Calcareous gyttja: light grey brown, shell 

remnants and plants present, vague laminations 

towards lower depths. 

686-691.6 Clay: dark grey 

691.6-747.5 Calcareous gyttja: light brown grey, shell 

remnants present, vague lamination 

747.5-749 Clayey calcareous gyttja: dark grey, greenish 

749-770 Calcareous gyttja: Light brown green, becoming 

grey green towards lower depths. Between 758 

and 764 cm black spots are present. 

770-786 Clay: grey, laminated 

Table 2: Lithology description of LU-A 

 

5.3 LURGA-A Chironomid record 

5.3.1 Qualitative approach 

Figure 14 shows the chironomid analysis’ results. This diagram shows the most important 

species occuring in the record and is constructed from 16 samples between … and … cm. No 

head capsules could be recovered from the grey laminated clays in the bottom section of the 

core. 

The diagram shows depth on the y-axis. The first column shows lithology. The following 

columns show the number of specimens for the different chironomid species. The 

chironomids are grouped into the four subfamilies encountered in this study (Chironomini, 

Tanytarsini, Tanypodinae, Orthocladiinae). The last column shows the number of head 
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capsules per ml for each depth. Appendix 1 lists the meaning of the abbreviations listed in this 

diagram. Appendix 2 lists the ecological properties of the chironomid species mentioned.  

Thiennemannimyia is considered to be a cold stenothermic species (see appendix 2) In this 

study, however, the response of Thiennemannimyia seems to coincide with the response of 

thermophilic taxa. It is therefore not included in the interpretation of the chironomid 

assemblages below. 

 

The record can be divided into eight different chironomid assemblage zones based on the 

differences between the samples. Each of the eight zones has its own characteristics and is 

described below. Epecially the changes in species indicating warm or cold conditions are put 

forward in the descriptions. 

 

Zone LU-A-I (770 – 763 cm) 

Zone LU-A-I is located in the calcareous gyttja just above the grey laminated clays in the 

bottom section of the core. The most important species in this zone are species indicating 

cold conditions (Micropsectra insignilobus-type, Sergentia coracina-type). These species are 

decreasing towards the top of the zone. Also a species indicating warmer conditions 

(Tanytarsus mendax-type) is present. This species is increasing towards the top of the zone. 

Microtendipes pedellus-type is the most occurring species in this zone. 

 

Zone LU-A-II (763 – 749 cm) 

Zone LU-A-II is characterised by the appearance of species indicating warm conditions 

(Dicrotendipes nervosus-type, Tanytarsus glabrescens-type, Parakiefferiella bathophila-type) 

and disappearance of species indicating cold conditions (Sergentia coracina-type, 

Micropsectra insignilobus-type). The numbers of Microtendipes pedellus-type are decreasing. 

 

Zone LU-A-III (749 – 747.5 cm) 

Zone LU-A-III corresponds to the clayey gyttja layer between 749 and 747.5 cm. It is 

characterised by high numbers of Sergentia coracina-type. Numbers of Dicrotendipes 

nervosus-type and Tanytarsus glabrescens-type are much lower compared to zone LU-A-II. 

 

Zone LU-A-IV (747.5 – 706 cm) 

Zone LU-A-IV covers a relatively large part of the core. The zone is characterized by high 

abundances of species indicating warm conditions (Tanytarsus glabrescens-type, Tanytarsus 

mendax-type, Parakiefferiella bathophila-type, Paratanytarsus penicillatus-type, Dicrotendipes 

nervosus-type). Some species indicating cold conditions show small peaks at different 

locations in this zone (Sergentia coracina-type, Paratanytarsus austriacus-type, Tanytarsus 

lugens-type, Parakiefferiella type A). It seems that this zone can be described as a relatively 

warm period, with some minor fluctuations. 
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Zone LU-A-V (706 – 699 cm) 

Zone LU-A-V is characterised by a short increase in numbers of Sergentia coracina-type, 

Dicrotendipes nervosus-type and Psectrocladius sordidellus-type. The numbers of Einfeldia 

pagana-type, Tanytarsus glabrescens-type and Parakiefferiella type A disappear in this zone. 

 

Zone LU-A-VI (699 – 691.6 cm) 

Zone LU-A-VI is characterised by the reappearance in high numbers of Tanytarsus 

glabrescens-type and Parakiefferiella type A. Dicrotendipes nervosus-type disappears in this 

zone. Numbers of Sergentia coracina-type decrease in this zone. 

 

Zone LU-A-VII (691.6 – 686 cm) 

Zone LU-A-VII corresponds to the clay layer between 691.6 and 686 cm. This zone is, 

compared to the other zones, characterised by the highest abundance of species indicating 

cold conditions. Sergentia coracina-type, Micropsectra radialis-type, Paratanytarsus 

austriacus-type and Stichtochironomus rosenschoeldi-type show high numbers. Some 

species indicating cold conditions appear in this zone for the first time (Corynocera ambigua-

type, Corynocera oliveri-type, Paracladius). Species indicating warm conditions as well as the 

Tanypodinae have low abundances. 

 

Zone LU-A-VIII (686 – 670 cm) 

In contrast to zone LU-A-VII, zone LU-A-VIII is dominated by species indicating warm 

conditions. Dicrotendipes nervosus-type, Tanytarsus glabrescens-type, Ablabesmyia, 

Thiennemannimyia, Cricotopus cylindraceus-type have high numbers. Species indicating cold 

conditions (Sergentia coracina-type, Micropsectra radialis-type, Paratanytarsus austriacus-

type, Stichtochironomus rosenschoeldi-type, Corynocera ambigua-type, Corynocera oliveri-

type, Paracladius) have disappeared. Procladius disappears as well.  

 

5.3.2 Quantitative approach 

Besides a qualitative analysis to infer climatic changes from the differences in chironomid 

assemblages a more quantitative approach can be used. A detrended correspondence 

analysis (DCA) was done for the chironomid samples to statistically analyse the differences 

between the chironomid assemblages at the sampled depths. Correspondence analysis is the 

most popular method for discovering underlying environmental gradients from taxonomic 

counts in a number of samples (Legendre & Legendre, 1998). The analysis provides different 

ordination axes. Ordination axis 1 explains most of the variation between the samples, axis 2 

explains the second-most variation between the samples, etc. It is assumed that summer 

temperature is the environmental variable which has most influence on the composition of the 

chironomid assemblage. Therefore, it can be assumed that the variation in temperature is 

represented by ordination axis 1. The scores of the different samples on this axis are plotted 
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in figure X. Ordination axis 1 is expressed as standard deviation (SD) units and provides an 

approximation of the species turnover between the samples (Hill & Gauch, 1980). 
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Graph 1: Detrended Correspondence Analysis chirionomid samples 

 

The spread in the graph shows how much the chironomid assemblages differ from each 

other. Since chironomids are a proxy for summer temperature, the spread in the graph 

indicates how much the summer temperatures vary between the samples, without actually 

assigning absolute temperature values to these variations. Combining the graph values with 

the temperature pattern obtained from the qualitative approach, indicates that the samples 

with the higher values on the DCA axis 1 are probably representing lower temperatures and 

samples with lower values are probably indicating higher temperatures. 

A Canonical Correspondence Analysis (CCA) using the Alpine based training set 

(Heiri & Lotter, 2005) is also applied to the data. CCA relates community composition directly 

to variation in the environment (Ter Braak, 1986). The chironomid assemblages in LU-A are 

compared to the chironomid assemblages in the training set. The results are presented in 

graph 2. 
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Graph 2: Canonical Correspondence analysis using the Alpine based training set 

 

The pattern in the CCA graph is in general the same as for the DCA graph.  
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Graph 3: Goodness of fit LU-A and Alpine training set 
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6. Climate reconstruction 

Besides chironomid analysis, core LU-A was also analysed for carbonate content and stable 

isotopes (Duijkers, 2009). Figure X shows the results for lithology, carbonate content, 

chironomids and oxygen istopes correlated to the NGRIP oxygen istopes. 

 

DCA 

The lowest sample represents low temperatures. Temperatures rise and then a short-lived 

cold period is present around 748 cm. After the short-lived cold period, temperatures become 

higher than before the short-lived cold period. Temperatures slightly drop again towards 735.5 

cm. After this drop, temperatures rise, reaching a maximum at 719.5 cm. Then temperatures 

decline gradually to the same values as the previous drop. After this temperature drop, 

temperature rises again before temperature drops to a minimum at 689.5 cm. Temperatures 

are high again at 669.5 cm 

 

CCA 

The deeper samples show less variation in the CCA compared to the DCA. The sample at 

689.5 cm is more pronounced in the CCA compared to the DCA. 

 

The found chironomid assemblages were compared to the Alpine based training set (Heiri & 

Lotter, 2005).  The assemblages found in LU-A turned out to be quite different from the Alpine 

training set. A major drawback is that Sergentia coracina-type does not occur in the Alpine 

training set, while it seems to be a very important species with respect to indicating climatic 

changes in the LU-A chironomid assemblage. A ‘goodness-of-fit’ analysis was done to 

quantify the similarity between the two chironomid assemblages (graph 3). ‘Goodness-of-fit’ 

statistics are assessed by fitting the fossil samples passively onto the ordination axis 

constrained by the environmental variable being reconstructed (in this case summer 

temperature) for the modern calibration data-set and evaluating how well individual samples 

fit to this axis in terms of their squared residual distance to the axis (Birks, 1998; Laird et al. 

1996). The results of this analysis is presented in graph. The samples that fit well to the 

training set are located in the 0-7 y-axis interval. It is obvious from the graph, that just three 

samples meet this criterion. This means the reliability of the DCA results is disputable. 

 

The DCA results can be compared to the shape of the NGRIP oxygen isotopes record (graph 

4). Then it becomes clear that the shape of the DCA chironomid curve in general has the 

same shape as the NGRIP record. It is assumed that the lithological boundaries of the dark 

grey clay between 686 and 691.6 cm can be used as boundaries for the Younger Dryas 

stadial. Then the Bølling interstadial, Older Dryas, Allerød, Intra Allerød Cold Period, pre 

Younger Dryas Warming, Younger Dryas and onset of the Holocene can be correlated. From 
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the samples within the Allerød interval, some minor oscillations might be recognizable, when 

the resolution of sampling had been higher within this part. 

 

Waarom beurt er niks in lithology tijdens bv. PYDW? 

5.3.3 Multiproxy analysis 

The results from the chironomid analysis can be compared to the results of analyses of the 

other proxies. In graph 5 the results of the carbonate content analysis, chironomid analysis 

and carbon and oxygen isotopes analysis are plotted. Also the NGRIP ice core oxygen 

isotopes record is plotted. For the chironomids, the values from the detrended 

correspondence analysis are used (graph 1). The results for the organic content and clastic 

content are discarded, as these analyses produced unreliable results. The results of organic 

content analysis, carbonate content analysis, clastic content analysis and carbon and oxygen 

isotopes analysis are discussed in detail by Duijkers (2009). 



 

 

3
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Graph 5: LU-A multiproxy analysis results correlated to NGRIP oxygen isotopes curve based on data from NGRIP members, 2004, Rasmussen et al., 2005,  
Rasmussen et al., 2006 
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The major events which were also visible in the lithology can be easily recognized in the 

curves for the different proxies. The Younger Dryas occurring at a depth around 690 cm is 

clear in the four records. The same is true for the Older Dryas around 748 cm. The transition 

from cold climate during the Pleniglacial in which the grey, laminated clays at the bottom of 

the record formed, to the warmer climate during the Bølling interstadial in which the overlying 

calcareous gyttja formed is observable in the carbonate content and both isotopes records. It 

is not visible from the chironomid record, since no sample is analysed from the clays at the 

bottom of the record. The cold Older Dryas around 748 cm is visible in all four records. The 

Allerød, Intra Allerød Cold Period and pre Younger Dryas warming are visible from all 

records, except the carbonate content record. 

The results from this multiproxy analysis show the same climatic pattern as can be observed 

in the NGRIP oxygen isotope record. However, the fluctuations seem to be less pronounced 

in western Ireland, compared to the Greenland Ice Sheet. This is probably due to the 

tempering effect by the Atlantic Ocean. In graph 5, the results are correlated to the NGRIP 

oxygen isotopes curve. 

 

 

The thin layer of clayey calcareous gyttja was probably formed during the Older Dryas. 

 

As mentioned before, the Alpine based training set is suboptimal to deduce summer 

temperatures from the LU-A chironomid assemblage. The Nordic training set could be more 

suitable for this assemblage, although it also contains acidified lakes, and also doesn’t 

contain all of the species found in the LU-A assemblage. 

 

A difficulty in chironomid analysis forms the fact that some taxa are carnivorous and include 

other chironomids in their diet (Merrit & Cummins, 1996). In this study, carnivorous 

Tanypodinae are present in most samples. The assemblage of these samples could well be 

affected by the carnivorous Tanypodinae, while the samples without Tanypodinae are not. 

This could have lead to differences between the assemblages, which are not driven by 

temperature. 

 

Thiennemannimyia, which is considered to be a cold stenotherm seems to be occuring more 

during warm periods in comparison to cold periods in the LU-A chironomid record. Further 

research to this taxon is necessary to assess its ecological properties. 

 

Continuous infilling of a lake, decreasing the amount of water to be heated, favours warm-

water taxa and can lead to an over-estimation of temperatures (Gandouin & Franquet, 2002). 

This effect could occur for the studied lake. It has probably been infilling gradually. However, 

no indications were found for this problem to occur. 
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Lags between the δ
18

O record and the chironomid-inferred summer temperatures record have 

been observed for other chironomid studies (Bedford et al., 2004). In graph 6 the LU-A 

chironomid record is compared to the LU-A oxygen isotopes record. A lag might be present, 

but can’t be noticed at this chironomid sampling resolution. However, a lag can maybe be 

discovered when the core is samples for chironomids at a higher resolution. 

 

 

Chironomid based summer temperature reconstructions from north England and Scotland 

resulted in similar summer temperatures during the Bølling as well as the Allerød (Brooks & 

Birks, 2001; Bedford et al., 2004). Additional Lateglacial summer temperature records would 

be necessary to assess whether these differences are due to regional differences in summer 

air temperature between continental Europe and the British Isles or whether these differences 

reflect inconsistencies between the available chironomid-based summer air temperature 

records. According to the LU-A chironomid-inferred summer temperatures and the LU-A 

oxygen isotopes record, the temperatures are similar during the Bølling and the Allerød. 

Summer temperatures during Bølling might even have been lower than during the Allerød. 

This would favour the option that these differences are due to regional differences in summer 

air temperature between continental Europe and the British Isles. However, more Lateglacial 

summer temperature records would be necessary to support this. 

 

Correlation between the proxy records and the NGRIP oxygen isotopes record gives an 

estimate for the relation between age and depth in the core. However, it is clear from the 

core’s record that sedimentation rates changed during time. The Younger Dryas for example 

has much lower sedimentation rates than the Bølling-Allerød. Besides, there could be a time 

lag between climatic changes at the Greenland Ice Sheet and climatic changes in western 

Ireland. 
14

C AMS datings could be used to determine exact ages. 
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7. Conclusions 

This goal of this research was to answer two research questions: 

 

- Is chironomid analysis a useful tool to research climatic changes during the 

Lateglacial in western Ireland? 

- How did climate change during the Lateglacial in western Ireland? 

 

Chironomid analysis has proven to be a useful tool to research climatic changes during the 

Lateglacial in western Ireland. The chironomid assemblage responds very well to the climatic 

changes, which were also recorded by other proxies. Sampling the core material at a higher 

resolution and doing a summer temperature reconstruction will probably yield good results. 

 

Climate in western Ireland fluctuated during the Lateglacial period. After the Pleniglacial a 

warm period occurs (Bølling) followed by a short-lived cold period (Older Dryas). Climate is 

warm with minor fluctuations during the Allerød. At the end of the Allerød, a cold period 

occurs (Intra Allerød Cold Period), followed by a warm period (pre Younger Dryas Warming). 

This warming is followed by the coldest period occuring in this record (Younger Dryas). After 

the Younger Dryas, climate warms up at the onset of the Holocene. The climatic changes can 

be well correlated to the NGRIP oxygen isotopes record, although the fluctuations seem to be 

less pronounced in western Ireland, compared to the Greenland Ice Sheet. 
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