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Opportunities for palaeoclimate research on Coleoptera
in Northwestern Europe

This thesis deals with the subject of Coleoptera, a subject I've grown fond of the moment | got the
opportunity to work on it. Starting with a long forgotten presentation during my Bachelor my interest in
Coleoptera started to grow, until | decided to find out whether this somewhat uncommon branch of
palaeoecology was worth to study. Therefore, | moved to south Sweden for four months to do my internship
on fossil beetles. Under the supervision of Geoffrey Lemdahl | quickly became aware of the great diversity
of species and ecology of Coleoptera, the great results that can be produced with Coleoptera as a proxy for
climate as well as landscape/vegetation, and the opportunities for more research on Coleoptera that are
still waiting to be taken on. Being such exciting organisms, it was important to me to find out if there are still
opportunities for valuable palaeoclimate research on Coleoptera in northwestern Europe, to quantify and
qualify these optional studies. This will be the main goal of this thesis. Chapter one introduces Coleoptera
and shows the special properties of this family of insects, which make them very suitable for
(palaeo)climate research. Chapter two gives an overview of research done on Coleoptera in the past.
Chapter three shows research opportunities on Coleoptera in Weichselian and subsequently, older deposits.
In chapter four the potential sites for new research on Coleoptera are identified, which were found in this
study. Finally, in chapter five all the findings will be summarized and conclusions can be drawn.

Although it was hard to write this thesis in a restricted time frame, | had a lot of fun putting my
ideas and findings down on paper. Ever since | started to explore a possible career in beetles, I've had
nothing but fun. Geoffrey Lemdahl has been a great teacher and his passion for beetles greatly enlarged my
own enthusiasm. Now that my studies are almost at their end | can only hope to find a job as a
palaeoentomologist. As with all things, time will tell.



Chapter 1 On the topic of Coleoptera

1.1 The diversity of Coleoptera

Coleoptera, or beetles, form one of the largest groups of organisms at the order level (Crowson, 1981). With
their characteristic shape they form a unique insect family with also great variety in size and shapes into
many extremities (Figure 1). Already back in ancient time people showed great interest in beetles (Kitchen,
2008) and this continued through time: some species were worshiped as godlike creatures, others were
admired for their beauty and more others were and still are useful as pest controls and food source. What
makes many people admire beetles in general is the sturdiness of this group of animals, being able to
survive almost every environment. They occupy the earth from the deserts to the tropics, dominate lakes
and streams and are only restricted from the coldest places on earth (Mani, 1968), being cold blooded.
Some species are even found living in brackish water and hot springs (Schwartz, 1914). By the development
of impermeable exoskeletons and the excretion of thick waxy layers Coleoptera have become able to
maintain in the harshest deserts (Koch, 1962; Hadley, 1979), while in the arctic and alpine regions species
have adapted themselves by altering their metabolic processes (Danks, 1978).
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Figure 1. A collection of beetles in all shapes and sizes.
Picture from independent.co.uk

1.2 The exoskeleton of Coleoptera

Like all insects Coleoptera have an exoskeleton, covering the outside of their body parts. This exoskeleton
consists of a waxy outer epicuticle, and a thicker procuticle just beneath (Figure 2). The procuticle contains
an extremely durable substance called sclerotin (Vincent & Wegst, 2004), which forms during the initial
hardening of the exoskeleton of an emerging adult. While in all insect cuticles the procuticles main
substance is chitin, which is also not very easily broken down (Tomihata & lkada, 1997), the extreme
amounts of sclerotin in the exocuticle of beetles explains why they are always well preserved and often the
dominant group in the fossil record. The exoskeleton of beetles can have some typical shapes

and even extremities in the shape of the heads are not uncommon, especially in the family of Scarabideae
with genera of rhinoceros and elephant beetles (CEE, 2011). Also pronotum and elytra can be exceptionally
distinguishable and can be considered truly beautiful, in shape and color. Apart from color there are a
number of features to distinguish species from one another. Striae, carinae, grooves, tubercles, punctures
(with or without seta), scales and different types of teeth are found in wide variations in shape and size.
Many beetle families have some clear general features and species of beetles can often directly be assigned
to a certain family.

Pore canal

Epicutic ke

Exocuticle

Endocuticle

procuticle

Epidermis

Figure 2. Cross section of an insect cuticle, showing its different layers
(by Chen et al., 2002).
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1.3 Microsculpture

Furthermore, many parts of the exoskeleton are covered in microsculpture. This microsculpture often
reflects the pattern of the underlying hypodermic cells and may not only be present on the sclerities below
the waxy layer but also on the connecting membranes (Crowson, 1981). The microsculpture is so typical for
each species that beetles can often be determined to species level just by examining their microsculpture.
There are different types of microsculpture, from which micropunctures and meshes are the most common.
These meshes can have various shapes, from rounded to isodametric to very stretched (Figure 3a), giving
each beetle species a different appearance. Also close parallel lines of teeth occur (Figure 3b), giving its
bearer an iridescent appearance. In extreme cases, if the microsculpture of a genus is almost similar
between different species, one could also look at the male gonads (aedagus) of individuals. The gonads are
also heavily scelotized and clearly distinguishable between species. Some genera of beetles can only be
determined onto species level by comparing their aedagus (Lemdahl, pers. comm.).

Figure 3a. Horizontally stretched meshes on the rove beetle Figure 3b. An array of microtrichia on the elytron of
Tachinus brevipennis. Photo adapted from Elias (2010). Sericestis micans. Photo adapted from Crowson (1981).

1.4 Preservation of the exoskeleton

Because the exoskeleton of beetles contains sclerotin it preserves extremely well, especially under anoxic
conditions. The head capsule, the pronotum (abdominal dorsal shield) and the wing covers (elytra) are the
main parts that preserve in sediments. The special features of these skeletal parts, like rows of punctures or
striae, and even de microsculpture on these plates do not alter in time and are preserved as long as the
skeletal plates themselves are preserved (Elias, 2010). Insect exoskeletons are mainly found in anoxic
sediments which contain organic detritus. Sediments which (have been) waterlogged are best in this
category, since the water also concentrates the insect remains (Elias, 2010). Fossil insect remains can be
found where the plant material has accumulated in these water bodies, like the shores or the place where a
stream enters a body of stagnant water. Also fluvial sediments accumulate organic detritus, especially in
parts of the stream where the water flows more slowly (Coleman, 1964). Most organic rich are bogs or fens,
filling a previous stagnant body of water, having accumulated meters of organic sediment in a moist
environment over sometimes thousands of years (Olsson & Lemdahl, 2009). While a corer is required to
collect a column of sediment from bogs and lacustrine sediments (e.g. Berglund & Digerfeldt, 1970) old
stream-beds of rivers provide thick columns of organic-rich sediment of which the stratigraphic layers can
readily be found by correlating horizons (Elias et al., 1991). However, this type of deposit requires large
guantities of sediment in order to yield enough insect remains. Different other interesting places to search
for insect remains, ways of processing organic rich sediment, and the isolation of insect remains from the
detritus are extensively described in chapter 2 of the recent book of Elias (2010).

1.5 Migration due to climate shifts

As mentioned earlier in this chapter, the diversity in habitats and ecological niches of beetles in enormous.
One feature they share with many other classes of insects is the rapid migration due to variation in habitat.
Instead of adapting to local climate insect species invest enormous amounts of energy in dispersal and
migration (e.g. Dantharanayana, 1970). Studies have shown that beetle populations respond even to
changes in microclimate (Howden & Scholtz, 1986). Climate shifts within such short time frames are often
not recorded in the vegetational record, which often has a lag in response to climatic change (e.g. Cole,
1985). Using fossil insects as a proxy should avoid this issue. Not only is the migration of certain beetle
species due to climatic shifts clearly noticeable, as for example by the presence of the rove beetle Tachinus
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caelatus in deposits from the last glaciation in Britain (Taylor and Coope, 1985), while it is at present
endemic to Mongolia. Being not altered in appearance and ecology through time, and quickly migrating
along with climatic changes, beetles make an excellent proxy for climate change. This will be more
extensively discussed in Chapter 2, which handles palaeoclimate research on Coleoptera.

Since Coleoptera are such a valuable proxy for short-term climatic change and variation and can
contribute to the development of an ecological overview of an area in addition to more mainstream proxies
like pollen grains, it is worth to explore which areas and time zones have still (partly) unknown climatic,
ecological and landscape evolution to which data from Coleoptera could contribute. In the following
chapters 3 and 4 this will be explored.



Chapter 2  The history of palaeoclimate research on Coleoptera

2.1 Species longitivity

When the first studies on fossil Coleoptera emerged in the second half of the 19" century (Scudder, 1877) it
was presumed that all excavated samples were of extinct species. Early workers on Quaternary beetles
came up with names for their discoveries like Helophorus pleistocenicus (Lomnicki, 1894) and Platynus
exterminatus (Scudder, 1900). Until halfway through the 20" century it was assumed that a great part of all
fossil beetles from Pleistocene deposits were extinct species. Particularly Carl Lindroth (1905-1979) played
an important role in establishing the modern aspects in Quaternary entomology, namely that all species
from Quaternary deposits belong to extant species. His revisions of various previous Swedish studies
concluded that all fossils described as extinct species were in fact from extant species (Lindroth, 1948).
Lindroth concluded that the most useful taxonomic features of fossil beetle sclerities are in their
microsculpture. Ever since, the microsculpture of fossil Coleoptera has contributed greatly in their
identification. Other extensive work on the development of Quaternary entomology has been performed by
Russell Coope (1930-2011). Coope didn’t cease to look for modern counterparts to British Pleistocene
fossils which couldn’t be related to an extant species. For instance, after years of searching Coope found
modern specimens from a species which are living today only on the Tibetan Plateau (Coope, 1973). Mainly
by the work of Coope it was finally accepted by the community that most species of Coleoptera we find
today have been extant since the beginning of the Pleistocene. In a recent study, Elias et al. (2006)
summarized all available fossil data from northern Siberia, arctic North America and Greenland, of which a
large part are early Pleistocene sites. Approximately 5% of all beetle species were known to have become
extinct.

Another striking feature of Coope’s interpretation of Pleistocene beetle remains is that in all known
studies during the time of publication (Coope, 1970), there was not a single fossil known with intermediate
features between two known species. Therefore, Coope concluded, later on seconded by Matthews
(1976a,b) that the fossil beetle record of the Middle and Late Pleistocene provides no evidence of
speciation. Recently some examples of intermediate features were found (Elias, 2007), but these are
infrequent occurences.

While many species have been persisting for millions of years, their appearance in the fossil record
is very constant as well. In well studied regions such as Britain, assemblages of nearly identical composition
were found in series of glacial, interglacial and interstadial climate episodes. Not only was the beetle
community of a region consistent of the same species in each warmer time period, this was also the case in
colder time periods. Nearly all found fossil beetle species assemblages correspond to a fairly narrow
climatic envelope in which all the species are found living. If there would have been evolution among
species climate preference, for instance, then the referred species would be incompatible with the fauna as
a whole.

2.2 Climate preferences and consistency

More research on long-term species constancy of beetles has been worked out by Angus (1983). The
aquatic scavenger beetle Helophorus lapponicus was in the last cold phases of the last glaciations very
common throughout Western Europe but after the glaciations retreated to the remaining cold regions,
including northern Scandinavia and mountain regions in central Spain. Angus successfully interbred two
populations from Sweden and Spain, even though these two populations had been isolated from each other
for the last 10,000 years. Also other studies, aiming on the evolution of beetles during geographic isolation,
also reported non or very slow speciation of the species that were present (Basilewsky, 1970; Thiele, 1977).
Thiele (1977) also studied the thermal preferences of ground beetles (Carabidae), using environments with
controlled temperatures. With a determined preferred temperature (PT), Thiele concluded that the PT was
identical for every measured population within the species. In additional experiments, it was determined
that the PT of every species corresponded with that species’ optimal metabolisms. These results are
supported by recent modeling of beetle distribution in France (Lobo et al., 2002), concluding the
distribution of the species to be mainly influenced by temperature and the “failure of many species to go
beyond determined temperature range limits”.



2.3 Coleoptera as proxy for quantitative temperatures

The first researchers which used fossil beetle remains as a proxy for climate reconstruction, starting with
Coope (1959), still used fairly primitive methods to estimate past temperatures. While studying the fossil
beetle assemblage they were interested in, they tried to find areas where the different species from the
assemblage were living together at present. Although at present many species don't share the same
geographic range any more this method, called the Range Overlap Method, generally came up with good
results. It must have been for the experience of the researchers that good together fitting species were
emphasized in these studies (e.g. Osborne, 1980), as well as finding the climatically sensitive species.

In 1982, the Mutual Climatic Range (MCR) method was created. It works by establishing the present
climatic envelope for each separate species found in a fossil assemblage and after that overlapping these
climatic envelopes to find a climatic envelope suitable for all present species (Atkinson et al., 1986). In this
way, two species with overlapping climatic envelopes can be compared to one another, even if they don't
occupy the same areas but are even present on different continents. Most important, since the whole
geographic ranges of different species are documented and not single locations where species are spotted
together, the whole temperature range of areas where species are living is documented and true
guantitative measurements of the temperature can be given. Only predators and scavenger species are
used for the MCR method, since phytophagous species might be tied to a host plant and therefore
restricted to a certain area by far more factors than temperature alone.

By far the most used variables in MCR are mean temperature of the warmest month of the year
(Tmax) @and the temperature range between the warmest and coldest month (T..nge). This last factor serves as
a degree of seasonality. Almost the entire range of (micro)climates in Europe and North America is found to
be determined by these two factors (Atkinson et al., 1987). Figure 4 shows an MCR temperature
reconstruction for two North American species. As mentioned, an MCR plot can be made for an endless
amount of species together and of course from different parts of the world.

Figure 4. Modern distribution maps for the carrion beetle Aclypea bibuterosa (A) and the ground beetle Agonum octopunctatum (B). The
corresponding Tpax and Trange are plotted, showing the climatic envelope of both species (C & D). By overlapping these two envelopes the mutual
climatic range of the two species is clarified (E) (Adapted from Elias, 2010).

One of the true criticisms of MCR is that the difference in abundance of a species within its geographic
range are not recorded (Huppert & Solow, 2004) By using a technique called ubiquity analysis (Bray et al.,
2006) these problems might be overcome, but the technique is still in development.

24 Other studies on fossil insects

Finally, it is worth noting that ongoing studies in dating isotopes of chitin layers of insects are advancing
(Walker et al., 2001; Van Hardenbroeck et al., 2012), but no solid methods for dating insect sclerities or
stable isotope studies have been developed yet. Also, with DNA analysis it is attempted to gain insight in the
history of insect populations and the past geographical dispersal of beetle species (e.g. Reiss et al., 1999).
These relatively new fields of research will continue to develop, just like palaeoclimate studies with
Coleoptera.



Chapter 3 Coleoptera from Weichselian and older deposits

3.1 Glacials and interglacials

In climatic research, people are mostly interested in trying to predict our future climate. Vast discussions
about the future of our climate and the anthropogenic role in it (Charlson et al., 1992; Mann, 2002; Walther
et al., 2002) have enhanced the interest in (palaeo)climate research and is expected that this interest will
not diminish for the upcoming decades. The Holocene period, which is the present time period, is in fact an
Interglacial between two Glacials and can readily be compared to the other interglacials of the Pleistocene
(Figure 5). While the glacial-interglacial pattern of the Pleistocene is a pattern of Milankovic cycles (Imbrie,
1984; Grootes & Stuiver, 1997) it is expected that a new Glacial will turn up sooner or later.

Temperature and CO, concentration in the atmosphere over
the past 400 000 years (from the Vostock ice core)
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Figure 5. Measured CO, concentrations and derived temperatures
from the Vostok ice core from the past 400,000 years showing

five interglacials, noticeable by peaks in CO,, including the Holocene
at present (from sahfos.ac.uk, adapted from Petit et al., 1999).

The Late Glacial (the last part of the Weichselian) and the Holocene, the present interglacial, are mostly
studied since this period is ideal for studying the termination of a glacial period and the response and
development of climate and landscape (Monnin et al., 2001; Demske et al., 2005). Since this transition from
glacial to interglacial condition is the most recent one the different proxies from the fossil record are often
well preserved. Although sections could have undergone compaction and erision just like older deposits,
they haven’t suffered from great erosion due to younger ice advances. Because of this, and because of the
fact that young enough deposits can be readily carbon-dated, age of the deposits can be determined
relatively easy. Furthermore, the chance that a certain taxon has changed its environmental preferences
compared to the present is the smallest (e.g. Knies et al., 2006; Rogers et al., 2011).

Mainland Nortwestern Europe (northern France, Belgium, The Netherlands, Western Germany) is a
unique area to study the onset and termination of past glaciations, and the climate of the interglacials.
During the last glacial maximum this area was close to the edge of the Fennoscandian ice sheet (Clark &
Mix, 2001) while during earlier glacial maximums covered underneath and one of the first regions to
become ice free after a glaciations (Ehlers & Gibbard, 2004). As being mostly lowland and rich in rivers and
streams which transported great amounts of sediment (Gibbard et al., 1988), many areas are yet to be
explored for their fossil contents. While the small lakes in mountainous areas, which serve as sediment
traps, have already been widely explored there are still many research opportunities in the European
lowland.

3.2 Chronology

In order to refer easily to different time periods, and to readily compare different periods to each other,
associated Marine Isotope Stages (MIS) are used. These stages are based on the shifts in §'°0 in the shells
of benthic foraminifera (Imbrie et al., 1984), which have developed in stages (oxygen isotope stages). By
correlation with subchrons (Raymo et al., 1989) a very reliable dating method was acquired and has been
used ever since. The Holocene is correlated to MIS 1, while each older oxygen isotope stage receives a
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higher number. For instance, the Eemian interglacial corresponds to MIS 5e. Figure 6 displays a MIS
schedule for the last ~900 ky for European mainland sections. As can be seen, MIS stages have different
names in different regions of the world. Furthermore, not every stage contains the same amount of sub
stages in every region.
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Figure 7. Chronostratigraphical correlation table of the Middle and Upper Pleistocene in north-central Europe
(From Litt 2007; compiled after Zagwijn, 1989; Gibbard and van Kolfschoten, 2004; Lindner et al., 2004; Litt et al., 2005).
(C) — cold stage, (W) — warm stage.

3.3 Weichselian deposits

First, the focus further on in this chapter will be on studies with Coleoptera as proxy. Then, studies using
other proxies will be briefly considered. In this way an effort will be made to show areas in which climate
studies using Coleoptera as proxy will improve the knowledge of past climate. For this goal, northwestern
Europe is divided into three regions: northern France, the Benelux, and western Germany (Figure 7).

Figure 7. Map of western Europe (Google Maps), showing the Weichselian-Holocene sites with studied insect remains,
mentioned in Chapter 3. Depicted are Houdancourt (1), Conty (2), St-Momelin (3), High Ardenne (4), Usselo (5), Mark valley (6),
Peelo (7), Voorthuizen (8), Orvelte (9) and Tilligte (10). The long record sites La Grande Pile and Oerel are depicted with a star,
with La Grande Pile in the south and Oerel in the north.
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3.3.1 Northern France

In northern France, a few Weichselian-Holocene studies on Coleoptera were executed. A study by Ponel et
al. (2005) extensively describes the vegetation and entomological records of two sites; Houdancourt in the
Oise valley (1) and Conty in the Selle valley (2), which were chiefly used in previous studies concerning the
human occupation of these areas (Antoine et al., 2003). The sites yielded sufficient fossil insect remains
from the Bglling and Allergd periods to determine that temperatures during these times were similar to one
another and nearly as warm as today, according to MCR reconstruction. A different study by Ponel et
al.(2007) handles a site at St-Momelin (3), where the long record includes organic rich sediments from the
Younger Dryas. Although the area is situated close enough to the coast to have been subdued under several
transgressions through time, enough fossil Coleoptera remains were identified to give sufficient information
on the environment of the region through time and give quantative temperature estimations for each
determined faunal unit. For instance, the well known sudden shift of temperature between the Younger
Dryas and the Holocene (Atkinson et al., 1987; Berglund et al., 1994; Lang et al., 2010) is well documented
in this study. A study by Damblon et al. (1977) on peat bogs in the High Ardennes (4) uses, besides plant
macro- and microfossils, subfossil beetle remains to investigate the ecological evolution of these bogs.
Unfortunately these records go back only a few thousand years and the focus of the study lies on the
evolution of the bogs and not the local climate. The site La Grande Pile (Vosges mountains, depicted with a
star in Figure 7) is located just outside the area of interest. This site holds a long climatic record of the last
140,000 years (Woillard, 1978; De Beaulieu & Reille, 1992) and is providing an indispensible site for other
studies to be compared with. Only for periods prior to the Late Glacial, climate studies on Coleoptera have
been performed for this site. The study by Ponel (1995) shows MCR temperature reconstructions from the
early Weichselian to the Late Glacial.

There are many Weichselian — early Holocene climate reconstructions based on other proxies in
northern France. For instance, the site at St-Momelin also yielded studies on pollen grains (Gandouin et al.,
2009) and chironomids (Gandouin et al., 2007b). Other climate reconstructions include old studies on peat
deposits (Dubois, 1948), which have largely not been digitalized but are used in later studies (e.g. Guiter et
al., 2003).

3.3.2 Benelux

In the Benelux, Weichselian-Holocene climate research with Coleoptera as proxy has been concentrated in
The Netherlands. Two Late Glacial sequences exist: Usselo (5), near Enschede (Van Geel, Coope & Van der
Hammen, 1989) and the Mark valley (6) near Notsel in the southern Netherlands (Bohncke et al., 1987).

The Usselo section, with its base dated 12,930 + 210 “C yrs BP, contains Oldest Dryas to early Holocene
sediments. The ecology and climate of the area is quite detailed recorded; with sparse vegetation and cold
conditions (for instance by the presence of chironomid species Corynocera ambigua) during the Oldest
Dryas, a maximum summer temperature of 15-20°C during the Bglling and a somewhat colder Allergd (13-
16°C), while the Older Dryas in between is calculated to have had warmer or equal temperatures (14-16°C)
than the Allergd. Finally, the Younger Dryas is recorded to have significantly lower temperatures than the
previous periods (10-11°C). While the beetle assemblages from this record were suitable for MCR
temperature reconstructions, they also contributed greatly to the reconstruction of the landscape through
time. The Mark valley section was dated 12,600 + 60 — 10,970 + 50 'C yrs BP and comprises the Bglling up
to and including the beginning of the Younger Dryas. This section shows in detail the transition to colder
climate during the Younger Dryas.

Studies from The Netherlands also contributed greatly to our knowledge on Weichselian
interstadials. For a long time, climatic reconstructions of the early Weichselian were mainly based on Dutch
palaeobotanical records from Zagwijn (1957, 1963). Four studies describing Coleoptera from late
Pleniglacial sites are known, from Peelo (7), Voorthuizen (8), Orvelte (9) and Tilligte (10). The section from
Peelo (Coope, 1969) was a single lens of peat, radiocarbon dated 33,000 BP. The fossil beetle assemblage
consists of many tundra species, at present living in colder regions. Holding hardly any phytophagous
species, the assemblage is indicative of sparse vegetation. The presence of flightless species indicates that
this landscape had been in existence for a longer period of time in this region. The Peelo fauna resembles to
great extent Mid Weichselian insect faunas from the English Midlands, with an tundra fauna suggesting a
“severe climatic regime”. It is generally accepted that in order for a treeless landscape to persist, July
temperatures would not have exceeded 10 °C (Koppen, 1936). The sections from Voorthuizen (Angus,
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1975), Orvelte (Cappers et al., 1993) and Tilligte (Brinkkemper et al., 1987) all confirm a severe climate
during the pleniglacial, some with slightly warmer intervals.

In The Netherlands, many geological and palaeoclimatological studies have been performed

throughout the country (e.g. Van Geel et al., 1980; Van Leeuwaarden & Janssen, 1987; Van der Molen & Van
Dijk, 2000; Bos et al., 2005). Special attention should be drawn to the article about Hijkermeer (Heiri et al.,
2007), which describes a continuous record of chironomids from the Older Dryas to the Early Holocene,
indicating sudden temperature shifts between the different time periods. While the chironomid record
probably shows temperature shifts very accurate and could be an alternative to oxygen isotope records, as
the authors state, the quantitative temperature record is somewhat deviating from other proxies. If good
calibration is possible to overcome the bias between lake water temperatures and actual air temperatures
(e.g. Olander et al., 1999) then chironomids might add as much to quantitative climate reconstruction as
Coleoptera. There might not be as extensive knowledge on all separate chironomid species as with
Coleoptera, which might prove to be a complicating factor.
Few articles on palynological sites and other sites with biological fossils are available from Belgium in the
general libraries. In Belgium, this mostly is caused by the lack of development of suitable sites during the
Late Glacial and early Holocene (Verbruggen, 1999). A single article by Guiot & Couteaux (1992) gives a
guantitative climate reconstruction of the region of Luxembourg since 15,000 yr BP. It might be that studies
in Belgium and Luxemburg have been focusing more on the history of Paleolithic settlements (Naton et al.,
2009; Derese et al., 2009; Crombé et al., 2011) and less on the overall climate of the region.

3.3.3 Western Germany

No Late Glacial-Holocene studies describing Coleoptera are present in the general libraries. The site Oerel,
depicted with a star symbol, dates from the Warthe/Drenthe stadial (MIS 6) to the Holocene and has
contributed greatly to the correlation and dating of the different stadials of the early Weichselian (Behre &
Van der Plicht, 1992). The study by Behre et al. (2005) on Coleopteran remains from this section includes
only to MIS 4 and gives detailed temperature reconstructions of different stadials and interstadials.

Western Germany is in several aspects a special area during the Weichselian as it was the region of
volcanic eruptions at least since the Eocene (Mingram, 1998), including the Pleniglacial and Late Glacial
(Van den Boogaard & Schminke, 1984; Schminke et al., 1999). A summary of these volcanic events in the
whole region of western Germany is given by Litt et al. (2003). From this article it becomes apparent that
many fossil proxies have been studied to great extent, and that exact timing of climatic events could be
correlated between different regions by the correlation of varved lakes from old volcanic craters called maar
lakes. Many of these lakes, like Meerfelder Maar (Llicke & Brauer, 2004) and lake Holzmaar (e.g. Litt et al.,
2009) are annually laminated and provide valuable information about timing and transition between
different climate periods. Not only in the Eiffel region but also further north, many Weichselian sites exist
(e.g. Merkt & Miiller, 1999). Meyrick (2001) studied the mollusk fauna in northwestern Germany. Mollusk
fauna is a good indicator for different types of landscape and landscape reconstructions can be readily
made from mollusk assemblages. Although cold-adapted assemblages can be distinguished, quantitative
temperature reconstructions have not been made with mollusk assemblages as proxy.

3.3.4 Discussion

By showing summarized conclusions from different existing papers on climate reconstruction with
Coleoptera as proxy, it was shown to what extent studies on fossil Coleoptera can contribute in practice. For
instance, quantitative temperature reconstructions make it easy to compare with present day conditions
and presence/absence of indicator species for trees have greatly supported the assumption of temperate
but treeless landscapes at certain times. Many other proxies have been used in various studies, among
which pollen grains, plant macro remains, chironomids, mollusks and diatoms. Where all proxies have the
advantage over Coleoptera that they are generally found in more types of deposits (and in many cases more
numerous, which saves time) Coleoptera seem to be the only of these proxies which could directly indicate
guantitative air temperatures and landscape indications as well, apart from pollen grains. However, pollen
grains only can give good climate and landscape indications in larger temporal and distal frames and
Coleopteran fossils have proven a great addition to pollen records. Furthermore, in contrast to pollen
Coleoptera fossils can also provide quantitative minimum temperatures of a region in a certain time frame.
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Research on Weichselian, Late Glacial, and early Holocene climate dynamics has been continuing

since the beginning of the last century. With large amounts of information and dating methods that have
been growing in reliability, many syntheses of Weichselian to Holocene climate history have been made for
many parts of the world including (and especially) Northwestern Europe. The synthesis from Walker et al
(1994) of Late Glacial West European data from vegetation and Coleopteran data actually compares all
areas in and around Western Europe with each other, from Ireland to Germany. Important features in
Walker’s conclusions about the synthesis (1995) are a) a lag in vegetational response to climate of about
1000 years,
b) a delayed Late Glacial thermal maximum in northern Germany, dated around 12.5-12 ka BP, and c) the
lack of data for (Northern) Belgium. Reconstructions of early and middle Weichselian climate are fewer, but
Huijzer and Vandenberghe (1998) give a good overview of temperatures in North-West Europe during the
Pleniglacial (72-13 ka, MIS 4-2), combining 720 climate records from 268 sites. These studies focus on MIS
3-2, since MIS 4 is not well preserved in Europe, left hardly any fossils and its stratigraphy is still under
construction (Abbott et al., 2011). More recently, many Late Glacial-Holocene climate modeling studies
have been published (e.g. Isarin et al., 1998; Renssen & Isarin, 2001; Simonis et al., 2012) and even for
older MIS stages (Huntley et al., 2003). From the synthesized data it became apparent that insufficient data
from (Northern) Belgium is available for temperature reconstruction. A summary of articles by Verbruggen
et al. (1996) contains solely data from pollen records and could only give estimations on qualitative climate
change in Belgium. However, in another article concerning Coleoptera data in Europe (Witte et al., 1998)
three Belgian sites are named which contained remains from Coleoptera. One of these sites, Snellegem
near Brugge, contained few determinable insect remains and was therefore not published (Lemdahl, pers.
comm.). Unfortunately many articles were not readily accessible. For example the article by Walkling on
the site Gross Todshorn in 1997 (in Behre et al., 2005). While these articles would eventually be obtained by
contacting the authors, it was not possible to include these data in the given time to write this thesis.
Articles published in the magazine of national geological societies, like Schriftenreihe der Deutschen
Geologischen Gesellschaft (Germany), are often only available in the concerning country.

Furthermore, after assessing the different articles a few questions remain. Results from Northern
France by Ponel (2005, 2007) show some discrepancy with other regions, with respect to the Bglling-
Allergd. According to Coope & Lemdahl (1995) temperatures in northern Europe were lower in the Allergd
than in the Bglling, while the data from northern France suggests a temperature rise at the end of the
Allergd. As it seems these articles by Ponel are the only quantitative climate reconstructions of the Late
Glacial in Northern France and thus it might be useful to perform an extra study to confirm the present
data. Other uncertainties remain about temperatures during MIS 3. Huntley et al. (2003) state that the
model in their study simulates higher temperatures than were inferred from the pollen records. In this case
it would aid greatly to add data from Coleoptera, like Coope (2006) did for Britain. If the discrepancy
between pollen and Coleoptera would be solved for this period, only a few sections with Coleoptera data
would solve many issues. Since the main obstacle in this matter is the uncertain chronology of MIS 3
Northwestern Europe, it would be useful to perform studies on Coleoptera from the long records in
Southern Europe which were used in the study by Huntley et al. (2003). However, MCR constructions
cannot be made in many cases for Southern European beetle species due to lack of data.

3.4 Older deposits

This section will discuss the periods older than the Weichselian. Its focus will be on warmer prolonged
stages, as very little is known about short climate events. At least, if there are any recorded short events
these are quite different per region (see figure 6). The interglacial/interstadial periods handled with are the
Eemian (MIS 5e), the somewhat elusive interglacial periods MIS 7 and MIS 9, and the distinct interglacial
MIS 11, which was termed the Holsteinian. Although older interglacials are known, little has been studied
on these interglacials in Europe, apart from Britain (Rose, 2009). Even Coleoptera from older deposits were
described (Coope, 2006), where they were used for biostratification with other sites. Apart from a few
articles giving a stratification of the sediments of mainland Europe (e.g. Zagwijn, 1992) no other studies
were found and therefore this study will not go further back in time than MIS 11.
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3.4.1 Challenges with older deposits

The development and termination of the Eemian are quite well recorded, but the scale and correlation of
events during the Eemian are still widely discussed (Turner, 2000). While the Eemian and Holsteinian are
distinct interglacial periods, MIS 7 and 9 were found at less locations in Europe (Turner, 1998). Further-
more, the palynological characteristics of MIS 7 and 9 are less clear than from the Eemian and the
Holsteinian. With the correlations of maar lakes in southern Europe (e.g. De Beaulieu & Reille, 1995) to
other sections, at least it was concluded that MIS 7 and 9 represent distinct warmer periods and are not
part part of a 'Holsteinian complex'. Another challenge occurs when addressing the Eemian and Holsteinian
interglacials. Since quite some time there have been discussions on which interglacial resembles the
Holocene the most, to decide which one would be more important to study. While it was attempted to
compare the different interglacials in terms of vegetation (e.g. Cheddadi et al., 2005), it was concluded that
none of the interglacials of the last 500 ka resembles the Holocene. If solely earths orbital positions and
greenhouse gasses derived from ice cores are considered (De Abreu et al., 2005; Ruddiman, 2005; Voelker
et al., 2009) then MIS 11 looks in several aspects more like the Holocene than MIS 5. Finally, increasing
evidence shows that the typical Holsteinian sites in Germany are correlated to MIS 9 instead of MIS 11 (e.g.
Geyh & Miller, 2005). Since, in this light, not many localities for MIS 11 remain in Northwestern Europe,
new queries for MIS 11 sites should be undertaken.

Figure 8. Map of western Europe (Google Maps), showing sites mentioned in chapter 4. Round symbol are Eemian-early
Weichselian sites of which insect remains were studied, and square symbol are sites dated MIS 7. Depicted are Normandy (11),
La Grande Pile (12), Dingé (13) and Oerel (14).

3.4.2 Northern France
Eemian sites with research on Coleoptera are absent in the area of interest. A study on Eemian deposits
from the Seine region (Antoine et al., 2007) mentions Eemian deposits, but shows that older deposits in this
region consist of calcareous tufa. Two studies were found from other parts in France; the studies on sites in
Normandy by Coope (1987) and the study on Coleoptera from the site La Grande Pile by Ponel (1995).
While the sections from Normandy (Figure 8: 11) present ample results from Coleoptera about the climate,
thus far the dating of the sections remains problematic and it was not possible to correlate these coastal
sections to other sections. La Grande Pile (Figure 8: 12) shows in how much detail a environment
reconstruction can be made solely from Coleopteran assemblages and from these assemblages quantitative
temperature recon- structions could be made for several phases of the Eemian.

France contains several long records which include the Eemian. The sections from Les Echets (De
Beaulieu & Reille, 1989) record the end of the Eemian, while the many maar lakes at the Velay region (e.g.
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Reille et al., 1998, 2000) cover the period from MIS 11 to the present. Together these sections make up a
framework for the stratigraphy of Western Europe of the last 400,000 years. Apart from chironomids
(Gandouin et al., 2007a) every climate study from these cores is on pollen.

With the area of northernmost France quite sparse of older organic deposits, it becomes
unfavorable to search this area for new sites. Two other studies were found on the topic of Coleoptera. One
in Brittany, not far from the area of interest (Andrieu et al., 1997) and the other one quite far away in the
Alps (Field et al., 2000). The core from Dingé (Figure 8: 13) in Brittany has been difficult to date but it was
concluded that the record must be older than the Eemian but younger than the Holsteinian and thus should
be attributed to MIS 7 or MIS 9. The record from the Alps was correlated with MIS stage 11. Both cores
yielded more than a few insect remains.

3.4.3 Benelux

The Netherlands is rich in Eemian sites. From the famous boreholes with shallow marine sediments,
Amersfoort and Amsterdam-Terminal (Cleveringa et al., 2000; Van Leeuwen et al., 2000), to fluvial deposits
(e.g. Van der Ham, 2008) to lacustrine deposits in the east (e.g. Denekamp; Van Geel et al., 1986) and the
south of the country (e.g. Boxtel; Schokker et al., 2004). However, none of these studies has included
insects. This leaves a literal hiatus in knowledge between sites La Grance Pile and Oerel. Unfortunately, no
organic deposits describing climate from Belgium or Luxembourg were found from the Eemian or older
periods.

The type location of MIS 7 in The Netherlands, Maastricht-Belvédere (Roebroeks et al., 1993), has
been the subject of climatic studies but only pollen and fossils from large animals have been retrieved from
this site. This has quite possibly to do with the type of sediments of the site. Other studies on the period
between the Holsteinian and Eemian focus on the geology of The Netherlands during the Saalian. With very
interesting results, since it was concluded that sea levels during MIS 7 were at least as high as during the
Eemian and that on top of that the stratigraphy of The Netherlands might need to be reviewed for this
period (Meijer & Cleveringa, 2009). Finally, it has been found that the core from Boxtel contains organic
sediments from MIS 9/11 as well (Schokker et al., 2005).

After contacting the Dutch Center of Geosciences a site which records MIS 11 was suggested, called
Kornwerderzand (Bunnik, 2010). This site has been used to determine if the Holsteinian should be
correlated to MIS 9 or MIS 11 and contains organic rich layers.

3.4.4 Western Germany
The only Eemian site in Western Germany from which insect remains have been investigated is the Oerel
site (Behre et al., 2005)(Figure 8: 14). Many of the sites which were used for Eemian climate reconstruction
lie outside the area of interest. Sites inside the area of interest are firstly maar lakes from the Eiffel region
(Sirocko et al., 2005). Other sites, like Bispingen (in Field et al., 1994), Quakenbriick (in Miller et al., 2003)
Odderade and Rederstall (in Griiger, 1989) are not readily accessible in the literature and could not be
considered as potential sites.

No research on Coleoptera has been found from MIS 7 or 9. After many queries, three sites dating
MIS 7-9 appear to be in the area of interest. The Nachtigall clay pit, the Schoningen lignite mine and Leck.
The Nachtigall section, near Holzminden, shows several peat, silt and silty mud horizons, together more
than 7 meters thick (Kleinmann et al., 2011). These were ***Th/U dated to be between ~227 to ~201 ka and,
correlated with the Velay section, to have been deposited during MIS 7c (Waas et al., 2011; Kleinmann et
al., 2011). During this long time period a fen or shallow lake continued to exist at this location, due to
continuous subsidence of the basin.
The Schoningen lignite mine has been studied since the 1980's and the section consists of consecutive
lacustrine deposits (Urban, 2007). These old lakes, of which the ones considered to have originated in
warmer periods contain peat and limnic telmatic deposits, are correlated to date from the Holsteinian to
the Holocene. After 2°Th/U dating of these layers the Holsteinian layer of peat and limnic sediments was
correlated to be from MIS 9. The site Leck, in the very north of Germany near Denmark, was mentioned
together with the Schéningen site in subsequent studies (Urban et al., 2011). The Leck formation consists of
almost 10 meters of silty gyttja and fine sand with organic striae. Unfortunately dating points from the core
from Leck were found to be unreliable. Additionally the Leck formation was correlated to among others the
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Nachtigall formation and it was tentatively proposed that the Leck formation should be correlated to MIS 7.
Holsteinian deposits in Germany are not rare, and many mentioned key sites are situated in
Western Germany. As the titles of the corresponding articles show (e.g. Hallik, 1960; Miiller, 1974) these
sections consist mainly of diatomite and only pollen and diatoms were studied from these sites. Recently,
two sites were investigated containing other sediments than diatomite. The core from Bilshausen (Kihl &
Gobet, 2010) contains thick layers of organic rich clay, while the Déttingen dry maar contains lake sediments
(Diehl & Sirocko, 2007). However, it was stated that the Dottingen dry maar lake corresponds to the classical
Holsteinian sites from western Germany and these sediments thus might sooner correspond to MIS 9.

3.4.5 Discussion
The past decades, a lot of work has been dedicated to reconstruct the climate of the Eemian. Fine
reconstructions exist for the early part of the Eemian in southern Britain with Coleoptera (Coope, 2000) and
reconstructions by pollen and plant macro remains for the first part of the Eemian in western Europe were
published by Zagwijn (1996) and the whole of the Eemian and further stages of MIS 5 by Aalbersberg & Litt
(1998). The article by Aalbersberg & Litt shows that many estimates could be made and that low-quality
sites could fill in the gaps between high-quality sites. It also shows the lack of data on Coleoptera from
mainland Europe, although the authors clearly use these data for verifying the botanical data. While new
studies on the Eemian are still performed, recently most of the attention was aimed at MIS 7, 9 and 11.
Other than the Eemian, no stratigraphic framework exists for MIS 7, 9 and 11. Research has
developed more rapidly after the discovery of the long records in France and the correlation with long cores
from southern Europe, like in Italy (e.g. Pini et al., 2009), but correlation between cores in northwestern
Europe still happens by comparing pollen zones. Until a framework has been created for these older
interglacials and interstadials, each new research will contribute to our knowledge of these periods. As
Coope (1987) put into practice while dating shore deposits in Normandy, Coleoptera could contribute to the
stratigraphy of sections. It remains a question if this can be applied to older time periods than the Eemian.
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Chapter 4 Potential NW European sites for palaeoclimate research
on Coleoptera

For different time periods, the amount of knowledge we have on climate from that period differs per
region. In this chapter, it will be considered for each period if there remain hiatuses on our knowledge on
climate in certain regions and subsequently potential sites for new research on Coleoptera in this regions
will be suggested. In many cases these sites were already mentioned in the previous chapters and more
information on these sites should also be found in chapter 3 and 4. To conclude this chapter, a map of
northwestern Europe (Figure 10) will depict the potential sites found in this study.

4.1 Late Glacial - Holocene

While climate has been extensively reconstructed for the Late Glacial in northwestern Europe, it became
apparent that no complete record from Belgium could be made. Unfortunately no suitable sites containing
long-term climate records were found during this study. Secondly, there appears to be a discrepancy
between the record from northern France and northern European sites, concerning Coleopteran MCR
calculated temperatures during the Bglling and Allergd. Northern France contains many (palaeo)
streambeds which could be used as site for a new study to add to the studies by Ponel (2005, 2007). It
proved to be difficult to find articles describing peat deposits containing sediment from Bglling and Allergd
age as many Holocene sites did not extend that far back (e.g. Bakels, 1995) and no potential sites were
found in this study, although it is without question that more suitable sites exist in northern France. It
should be attempted to explore sites containing peat lenses as in the study by Frouin et al. (2006), instead
of obtaining bulk material from river banks.

4.2 Pleniglacial

Although many uncertainties about climate in MIS 3 could be overcome by assuming that discrepancies are
due to differences in the timing of interstadials throughout northwestern Europe, opportunities still lie
ahead in identifying Coleopteran remains in existing cores from MIS 3 from The Netherlands. Kolstrup &
Wijmstra (1977) describe four sites containing peat layers, of which only the site at Voorthuizen has been
investigated on beetle remains (Angus, 1975). Unfortunately no site was dated 43,000-40,000 and direct
comparison to temperatures in Britain during this time period (Coope, 2006) would be unable to execute,
but there are still discrepancies found between Britain and mainland Europe which would be valuable to
investigate. These sections (Eerbeek, Voorthuizen, Bussloo, Laarhuis) all lie in the eastern part of The
Netherlands and it is expected that more potential sites lie in this region.

4.3 The Eemian

While data from Britain is plentiful and long records from the sites La Grande Pile (Ponel, 1995) and Oerel
(Behre et al.,2005) provide evidence from France and Germany, no Eemian studies concerning Coleoptera
from The Netherlands have been published. This leaves a gap in the European map considering other
proxies than pollen grains and vegetation macro remains. The limitations of vegetation as a quantitative
temperature proxy for the Eemian (Aalbersberg & Litt, 1998) leaves a wanting for data from Coleoptera in
The Netherlands, especially since the Oerel section in Germany lacks the latest part of the Eemian.

Not a few Eemian sites have been described from The Netherlands, as the area is extremely well
described (see figure 9). The well-known boreholes Amersfoort and Amsterdam-Terminal are not suitable
for retrieving insect remains as these are marine sections. However, the top of the Amersfoort section exists
of wood peat and most probably records the end of the Eemian perfectly (Cleveringa et al., 2000). Besides
sediments from fluvial deposits (Van der Ham, 2008) several Eemian sites from palaeolakes and depressions
containing organic material have been recorded, like the Drentse Aa valley (De Gans, 1981), Denekamp (Van
Geel et al., 1986) and Vollenhove (Van der Vlerk & Florschiitz, 1953). The Vollenhove site is said to contain a
layer of peat on or very near the surface. It seems that knowledge of this site has become lost through time
and it might be worthwhile to rediscover this site. Recent studies took place near Boxtel (Schokker et al.,
2004), where a continuous record of peat and loam of almost 2 meters was dated by OSL dating to be of
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Eemian age. These sediments are with 4-6 meters below surface very shallow compared to cores further
north in The Netherlands, and all these properties make this the best known potential site for climate
research on the Eemian in The Netherlands.

Just over the Dutch border, in Belgium, near Antwerp, Eemian sediments were discovered by
accident (Vanhoorne & Ferguson, 1997). Thus, Northern Belgium could be searched for additional sites as
well.
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Figure 9. Distribution of Eemian deposits in The Netherlands.

From lighter color to darkest color are depicted: Shallow

Marine deposits; Marine deposits outside the glaciated area;

Fluvial deposits; Other non-marine deposits. (from Bosch et al., 2000).

Almost no data had been available from Western France and Southwestern Germany for a long time
(Zzagwijn, 1996). With the research on many maar lakes in the region of Southwestern Germany, the
majority of which was present during the Eemian (Sirocko et al., 2005), further possibilities emerge for
climate studies on Coleoptera. The ELSA project (Eiffel laminated sediment archive) stores sediment cores
from 30 dry maar lakes (Rein et al., 2007) and suitable sites could be yielded from their records. A possible
challenge would be to collect enough beetle remains from such a lake, since the relatively large size and
depth of the lakes might have impeded the capture of insects. A different option is to retrieve material from
one of the many lakes in Northwestern Germany that formed after the retreat of the Saalian ice sheet
(Caspers et al., 2001). In Western France, the study at Dingué (Andrieu et al., 1997) provides extensive data
on Coleoptera but was tentatively dated between MIS 5e and MIS 11. Nevertheless, the existence of this
site proves that older deposits in Northern France could be accessed. In corporation with French geologists
it should be possible to obtain Eemian sites in Western France for research on Coleoptera.

4.4 MIS 7 and MIS 9
With the French framework of long records from La Grande Pile, Les Echets and the Velay region (see
chapter 3 for references) there is no urgent request for new climate records from France. If the site at
Dingué (Andrieu et al., 1997) could be better dated or correlated, even a record with Coleoptera from the
north of France would be present for MIS 7 or MIS 9.

The key site on MIS 7 from the Netherlands, Maastricht-Belvedere (Vandenberghe, 1993), consists
mainly of gravel, loess and calcareous tufa. Therefore it is questionable if enough insect remains could be
yielded from this section. In a subsequent study on the core from Boxtel (Schokker et al., 2005) it was found
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that a lower horizon of peat dates from MIS 9 or 11. Thus, apart from the Eemian, this section could be
used for studies on MIS 9/11 as well. In this light, the Boxtel section might contribute to the stratigraphic
framework of Western Europe, mainly made up by the French sections and the Oerel section in Germany.

The sites that were found in Western Germany in this study, the Schoningen lignite mine (Urban,
2007) and the Nachtigall clay pit (Waas et al., 2011; Kleinmann et al., 2011) are also good potential sites for
climate studies on Coleoptera. Quite recently these sites were re-dated by performing 2°Th/U dating and
this technique holds promises for re-dating or correctly dating other middle Pleistocene sites. The site of
Leck (Urban et al., 2011) could not be dated and was tentatively dated to be from MIS 7. Apart from the
lack of an exact age it also became apparent that the Leck formation has been inundated by seawater for a
longer period of time. This indicates that the Leck formation might not be very suitable for new studies in
insect remains. While the Schoningen site lies just outside the area of interest it is the only found site in
western Germany dating from MIS 9.

4.5 MIS 11

No potential sites for new research on MIS 11 in Northern France were found in this study, as it was
concluded by Antoine et al. (2007) that the fluvial terraces of the Seine, Somme and Yonne in northern
France contain sediments from MIS11, but that these are all calcareous tufa.

From The Netherlands, a new site was recommended by the TNO (Dutch center for geosciences):
the site Kornwerderzand, located in the north of The Netherlands, has almost certainly sediments from MIS
11. The bottom of the core taken from this site was interpreted to be dating form MIS 11 and contains a 20
cm peat layer (Bunnik, 2010). This core is stored at TNO and easily accessible.

Western Germany has many sites which were determined as MIS 11 or Holsteinian, most of which
are situated very deep and seem only useful for analysis of microfossils. The site at Bilshausen (Kiihl &
Gobet, 2011) might be the best known option for studies on Coleoptera, although the chances of finding
enough macro remains are still low for this site. Also, the Eiffel area contains maar lakes dating from the
Holsteinian.

4.6 Summary
Figure 10 and Table 1 summarize the discussed sites in this chapter.

Figure 10. Potential sites for research on fossil Coleoptera in northwestern Europe. Table 1 gives a description of the different sites.
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Table 1. Sites from figure 11, with associated age, site type and their reference.

Site Age Deposit ‘ Reference

1 Seine estuary Late Glacial Peat marsh Frouin et al., 2006

2  Eerbeek MIS 3 Peat lens Kolstrup & Wijmstra, 1977

3  Bussloo MIS 3 Peat deposits Kolstrup & Wijmstra, 1977

4  Llaarhuis MIS 3 Peat deposits Kolstrup & Wijmstra, 1977

5 Amersfoort borehole Eemian Lacustrine Cleveringa et al., 2000

6 Drentse Aa valley Eemian Fluviatile De Gans, 1981

7 Denekamp Eemian Lacustrine- peat Van Geel et al., 1986

8 Raalte Eemian Fluviatile Van der Ham, 2008

9 Vollenhove Eemian Peat deposit Van der Vlerk & Florschiitz, 1953

10 Boxtel Eemian- Fluviatile and Schokkeret al., 2004;
Holsteinian lacustrine Schokker et al., 2005

11 Liefkenshoek Eemian Fluviatile Vanhoorne & Ferguson, 1997

12 Eiffel maar lakes Eemian-MIS 11 Maar lakes Sirocko et al., 2005

13 NW Germany lakes Eemian Lacustrine Caspers et al.,2001

14 Dingé MIS 7-9 Peat deposits Andrieu et al., 1997

15 Belvédere MIS 7 Fluviatile Vandenberghe, 1993

16 Schoningen mine MIS 7-9 Lacustrine- peat Urban, 2007

17 Nachtigall clay pit MIS 7 Lacustrine- peat Waas et al., 2011

18 Leck MIS 7 Lacustrine Urban et al., 2011

19 Kornwerderzand MIS 9-11 Lacustrine- peat Bunnik, 2010

20 Bilshausen MIS 11 Maar lake Kihl & Gobet, 2011
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Chapter 5 Conclusion

During this study it became apparent that the Weichselian and onset of the Holocene have been recorded
into detail throughout Europe. The last few decades, the climate of the Eemian has been largely clarified
and only the scale and correlation of events should receive extensive studying. As the focus of attention in
northwestern Europe has shifted to MIS 7, 9 and 11, more knowledge on these periods have become
available. For instance, it is now believed that MIS 11 is the best analog to the Holocene. Furthermore it has
been stated that many classical Holsteinian sites should be attributed to MIS 9. While many studies prove
that much is already known of the older interglacials, by giving syntheses and by modeling temperatures
and other environmental variables for these periods, in several of these articles it has been clearified
directly or indirectly that there is need of extra proxies to verify the data. Model outputs show deviating
results from the fossil records (Huntley et al., 2003) and syntheses of data rely heavily on data from fossil
Coleoptera apart from pollen records, even though data from Coleoptera are rare outside Britain
(Aalbersberg & Litt, 1998). My study might aid in this need by pointing out potential sites for research on
fossil Coleoptera. Still, at present the question has arisen if research on fossil Coleoptera still deserves
financing, as other proxies for temperature and other environmental variables have been (further)
developed. Among the studies on Coleoptera in Northwestern Europe, the most recent one dates from
1997 (Andrieu et al., 1997). This is a missed opportunity, since Coleoptera fossils might be one of the few
proxies which could give quantitative temperature reconstructions as well as reconstruction of the
landscape during that time., as well as quantitative winter temperatures. Quite recently, many new long
records were discovered in southern Europe (e.g. Pini et al., 2009). If temperature ranges would be
determined for southern European beetle species as well, these cores might provide additional studies on
guantitative MCR-derived temperatures for southern Europe as well.

Extensive knowledge of the geological history of the region is required to discover potential sites; in
many cases it remained elusive if any organic deposits were located in a region. While sites from The
Netherlands could be pointed out in many occasions and even extensive data from the cores itself was
available, information from Belgium, France and Germany was frequently limited to the finding of a suitable
region. In order to find potential sites in these regions it would be necessary to get in contact with the local
geologists, and gain access to the national or regional geosciences magazines. For instance, the discovery of
the potential Dutch sites Boxtel and Kornwerderzand would not have happened without the aid of people
from the Dutch center of geosciences (TNO).

Still, more than a few potential sites were identified during this study. Northern France might have
more sites from the Eemian and older periods, but without contacting the local geologists it would prove
impossible to find these sites. The finding of an Eemian organic deposit in northern France would prove very
worthwhile, as there were no published sites found. Many more sites were discovered in Germany. These
sites, like the Schoningen lignite mine and the Nachtigall clay pit, show that countless organic deposits from
MIS 7-11 are available through western Germany. If the local scientists could be convinced of the value of
new studies on fossil Coleoptera then western Germany proves an excellent area for these studies. The soils
of The Netherlands are extremely well mapped and many sites are known and available. Since so much
information is available, it is truly a waste that no studies on Coleoptera have taken place since the early
1990’s. For instance, the cores from Boxtel could greatly contribute to our knowledge on Eemian climate
and earlier and would bridge a gap between the records from Oerel and La Grande Pile, especially since the
Oerel section has a hiatus at the latest part of the Eemian (Behre et al., 2005). When the value of new
research on fossil Coleoptera is again recognized, The Netherlands will prove an excellent area for starting
this research, for instance with the section from Boxtel.
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