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Abstract
Climate change contributes directly
or indirectly to changes in species
distributions, and there is very high
confidence that recent climate warming is
already affecting ecosystems. The Arctic
has already experienced the greatest
regional warming in recent decades, and
the trend is continuing. However, studies
on the northern ecosystems are scarce
compared to more southerly regions. Better
understanding of the past and present
environmental change is needed to be able
to forecast the future.
Multivariate methods were used
to explore the distributional patterns of
chironomids in 50 shallow (≤ 10m) lakes
in relation to 24 variables determined in
northern Fennoscandia at the ecotonal
area from the boreal forest in the south
to the orohemiarctic zone in the north.
Highest taxon richness was noted at middle
elevations around 400 m a.s.l. Significantly
lower values were observed from cold
lakes situated in the tundra zone. Lake
water alkalinity had the strongest positive
correlation with the taxon richness. Many
taxa had preference for lakes either on
tundra area or forested area. The variation
in the chironomid abundance data was best
correlated with sediment organic content
(LOI), lake water total organic carbon
content, pH and air temperature, with LOI
being the strongest variable. Three major
lake groups were separated on the basis
of their chironomid assemblages: (i) small
and shallow organic-rich lakes, (ii) large
and base-rich lakes, and (iii) cold and clear
oligotrophic tundra lakes. Environmental
variables best discriminating the lake
groups were LOI, taxon richness, and Mg.
When repeated, this kind of an approach
could be useful and efficient in monitoring
the effects of global change on species
ranges.
Many species of fast spreading
insects, including chironomids, show a
remarkable ability to track environmental
changes. Based on this ability, past

environmental conditions have been
reconstructed using their chitinous remains
in the lake sediment profiles. In order
to study the Holocene environmental
history of subarctic aquatic systems,
and quantitatively reconstruct the past
temperatures at or near the tree line, long
sediment cores covering the last 10 000
years (the Holocene) were collected from
three lakes. Lower temperature values than
expected based on the presence of pine in
the catchment during the mid-Holocene
were reconstructed from a lake with great
water volume and depth. The lake provided
thermal refuge for profundal, cold adapted
taxa during the warm period. In a shallow
lake, the decrease in the reconstructed
temperatures during the late Holocene may
have reflected the indirect response of the
midges to climate change through, e.g.,
pH change. The results from three lakes
indicated that the response of chironomids
to climate have been more or less indirect.
However, concurrent shifts in assemblages
of chironomids and vegetation in two lakes
during the Holocene time period indicated
that the midges together with the terrestrial
vegetation had responded to the same
ultimate cause, which most likely was the
Holocene climate change. This was also
supported by the similarity in the longterm trends in faunal succession for the
chironomid assemblages in several lakes in
the area.
In northern Finnish Lapland
the distribution of chironomids were
significantly correlated with physical and
limnological factors that are most likely to
change as a result of future climate change.
The indirect and individualistic response
of aquatic systems, as reconstructed using
the chironomid assemblages, to the climate
change in the past suggests that in the
future, the lake ecosystems in the north do
not respond in one predictable way to the
global climate change. Lakes in the north
may respond to global climate change in
various ways that are dependent on the
initial characters of the catchment area and
the lake.
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1. Introduction
According to the recent study by Parmesan
and Yohe (2003), there is “very high
confidence” (as indicated by the IPCC)
that recent climate warming is already
affecting ecosystems. Cascading effects
of the individual responses (whether
direct or indirect) to climate change have
an inevitable effect on the composition
and structure of biological communities
(Parmesan et al. 1999, Hughes 2000,
McCarty 2001, Walther et al. 2002).
Given the thermal constraints that act
on Arctic insects, it seems likely that for
any level of climate warming there will
be a disproportionately greater biological
response with increasing latitude (Strathdee
and Bale 1998). Predictions of aquatic
ecosystem change with global warming
require basic data that accurately reflect
environmental conditions underlying
species distributions. However, in remote
arctic areas such baseline data are scarce.
Non-biting
midges
(Chironomidae)
extend their distribution all over the world
(Armitage et al. 1995). In freshwaters, they
are the most numerous and most successful
benthic invertebrate group in the Arctic.
They are amongst the best adapted to utilise
the scarce resources of oligotrophic lakes
and show considerable affinity to particular
environmental conditions (Oliver 1968,
Brinkhurst 1974). Many species of insects,
including chironomids, show a remarkable
ability to track environmental changes and,
throughout the Quaternary, insects have



migrated in response to complex climatic
oscillations (Elias 1991, Coope 1995).
Chironomids as fast spreading insects
can provide valuable information on the
climatic succession and its effects on lake
ecosystems (Battarbee 2000).

1.1 Chironomid ecology
Chironomidae inhabit most stagnant water
bodies and running waters but like many
other species they too exhibit a strong
latitudinal gradient, with decreasing
diversity poleward (Hebert and Hann
1986, Gibson and Bayly 2007). In North
America, Chironomidae dominate the
benthos at high latitudes, with 30 or more
species at 63°N and only six to eight at
75°N (Welch 1991). Paasivirta (2006)
lists ca. 580 species of Chironomidae
in subarctic biogeographical provinces
of Finland. Semi-terrestrial species
contribute markedly to the diversity in
wet tundra (Oliver and Dillon 1997). The
chironomid richness of the lakes declines
sharply at the tree line (Figure 1). Probably
the low insect diversity in the arctic is due
to harshness of the environment, which
restricts the distribution of many species
and prevents population expansion of
others, thus increasing the chances of
extinction (Strathdee and Bale 1998).
The benthic insect diversity in arctic tundra
ponds is generally very low, but populations
can be large, and chironomids compose up
to 95% of the benthic insect community
(Oliver 1968). For example, in Kilpisjärvi
area chironomids were the dominating

few days. It settles onto the bottom of,
for example, a lake and starts to feed. The
larva develops in four stages, each stage
ending with moulting of the next stage and
leaving the cast old skin and headcapsule
behind (Pinder 1986, Armitage et al. 1995).
Insect growth, development and fecundity
are all dependent on temperature. Due to
the coldness and scarcity of food in arctic
water bodies, the larva develops slowly
and may have to overwinter many times.
In the Arctic, all life cycles are one year
or longer (Oliver 1968), or even 7 years
(Butler 1982). When the larva has reached
maturity, it pupates. Pupal stage lasts
for few hours to days. When the pupa is
mature it starts to rise to the water surface.
During this phase chironomids are heavily
predated. The emergence of the adult takes
place on the water surface (Pinder 1986,
Armitage et al. 1995). The emergence
period is short and highly synchronized
to increase the probability of the success
of mating and to take advantage of the
short growing season (Oliver 1971). Some
species emerge early in spring through the
cracks in the ice.

Figure 1. Taxon richness of chironomids

plotted against elevation/temperature and
vegetation zones. The regression line is
based on the second order polynomial
model, which best described the response.
Data from paper I.

benthic invertebrate group and the number
of chironomid taxa constituted between
60–70% of the fauna in the shallow water
habitats (Korhola et al. submitted).
One of the strongest selection pressures
on Arctic insects is the survival at low
temperatures. Most of the chironomid
subfamilies possess tolerance to freezing
which suggests that they are largely
preadapted to harsh winter conditions
(Danks 1971). One adaptation to low
temperatures is that the activity and
development of arctic insects seem to
occur at lower temperatures than in species
from warmer climates.

Most chironomid species are adapted to
live in certain water depths (Paasivirta
1974). Even shallow pond species show
preferences related to it (Danks 1971).
Many physical, chemical and nutritional
factors create variability that changes with
water depth (Jónasson 1978). However,
temperature conditions in the profundal of
subarctic lakes do not differ much compared
with those in south Finland (Bagge 1968).

Chironomids are holometabolic insects that
go through four life stages. After mating in
swarms, the female lays eggs close to the
water’s edge on firm substrata and soon
after this it dies. The larva hatches after



Yet, most of the lakes in Finnish Lapland
are small and shallow isothermal lakes that
do not stratify in summer (Korhola et al.
2002).
Strathdee and Bale (1998) suggest that
competitive exclusion does not occur
among arctic insects because densities of
the insects are usually relatively low and
in most cases parasites and predators are
also found in low densities. Therefore
abiotic conditions largely define the
species distribution. The most important
abiotic factor affecting insect mortality
and mobility is temperature (Bale 2002).
Many taxa that are able to survive in the
Arctic have clearly-defined ecological
preferences. In addition to temperature,
chironomid community structure in the
arctic is related to lake morphometry
(especially depth), pH, and trophic status
(e.g. Brodersen and Anderson 2002,
Gajewski et al. 2005).
The benthic invertebrates in high latitude
lakes are dominated by detrivore species
that freely graze on the scarce food, such
as benthic algae, decaying plants and
bacteria. Most chironomid taxa living
in the Arctic have wide distributions in
the area. Orthocladiinae is the dominant
chironomid subfamily in the arctic zone
decreasing in diversity in warmer regions
(Oliver 1971, Porinchu and Cwynar 2000).
Deep lakes and shallow ponds in the arctic
have their own characteristic fauna. Such
genera as Chironomus, Corynoneura,
Cricotopus, Orthocladius, Procladius,
Sergentia and Tanytarsini may be



abundant in cold shallow ponds (Walker
and Mathewes 1989). In lakes, on the other
hand, oligotrophic, cold stenotherms,
such as Abiskomyia, Heterotrissocladius,
Paracladius, Parakiefferiella, Protanypus,
Pseudodiamesa, Stictochironomus and
also Tanytarsini, may be abundant (e.g.
Oliver 1963, 1964, Hershey 1985a,b).
For example, Corynoneura was found
abundantly in the shallow littorals of tundra
lakes in Kilpisjärvi area (Korhola et al.
submitted).

1.2 Chironomids in palaeolimnology
Palaeolimnology has undergone major
developments during the past five to ten
years, especially in coring techniques,
sediment sampling, geochronology, fossil
biota identification, calibration data sets,
and quantitative multivariate techniques
(Birks 1998, Rieradevall and Brooks 2001).
Palaeolimnological techniques can provide
a powerful tool to determine the effects of
human impacts on freshwater ecosystems
and to gather background information of
the rate, magnitude and direction of these
changes (Smol 1992, 2005). Midges have
been used in various palaeolimnological
and biogeographical studies that cover a
number of natural and anthropogenically
induced limnological changes. A vast
body of literature has accumulated
concerning the palaeolimnological value
of chironomid microfossils in assessing
environmental changes, such as nutrient
concentration, productivity, palaeosalinity,
pH, humic content, sedimentation, fluvial
processes, water and air temperatures and

oxygen concentration in water bodies (e.g.
Walker et al. 1991, Schnell and Willassen
1996, Lotter et al. 1997, Quinlan et al.
1998, Brodersen and Lindegaard 1999,
Korhola et al. 1999, Olander et al. 1999,
Battarbee 2000, Brooks and Birks 2000,
Clerk et al. 2000, Brooks and Birks 2001,
Brooks et al. 2001, Heinrichs et al. 2001,
Meriläinen et al. 2001, Korhola et al.
2002, Quinlan and Smol 2001b, Porinchu
and MacDonald 2003, Quinlan et al. 2005,
Brooks 2006, Walker and Cwynar 2006).
Some of the best examples are transfer
functions applied to chironomid remains
for predicting phosphorus concentrations
and trophic status in lakes with high nutrient
variation (Brodersen and Lindegaard 1999,
Brooks et al. 2001), and reconstruction
of Holocene temperatures in small lakes
in northern Fennoscandia (Korhola et al.
2002a) and elsewhere (Levesque et al.
1993, Brooks and Birks 2000, Palmer et
al. 2002, Heiri et al. 2003).

variables such as temperature and
dissolved oxygen, i.e., they are stenotopic,
3) their chitinous remains preserve in the
bottom deposits for long periods of time,
4) they are abundantly represented in the
lake sediments, allowing high-resolution
studies and the statistical treatment of
results, 5) they have relatively short life
cycles, and 6) the adults are mobile (Walker
2001, Porinchu and MacDonald 2003).
Additionally, the taxonomy of chironomids
is comprehensively documented, allowing
genus to species level identification of
subfossil midge assemblages.

The adaptations of lentic species cover
a wide range of habitats and feeding
groups. This is reflected in the species’
morphological features, e.g. the structures
of the head capsule and the mouth parts of
the larvae. The chitinous head capsules of

The subfossil chironomid analysis is
rather time consuming and laborious
because the chironomid remains, i.e.
headcapsules, have to be picked out from
the processed sediment samples by hand
using forceps and placed on a microscope
slide one by one. In palaeolimnology, at
least 500 diatoms are usually identified
from each subsample (e.g. Weckström et
al. 1997a,b), but this not a realistic goal
for the midge remains. Larocque (2001),
Quinlan and Smol (2001a), and Heiri and
Lotter (2001) have statistically estimated
that at least 50 head capsules should be
processed in order to be time effective,

the moulted or dead larvae are deposited in
the sediments, and they can be identified
usually to genus or species group level.
Among the insect remains in lake sediments,
remains of the Chironomidae are the most
abundant. Chironomids are especially
suited in palaeolimnological studies

statistically representative, and to be able
to reliably reconstruct e.g. temperatures.
However, counting more than 50 head
capsules would increase the recovery of
additional rarer taxa and hence improve
the ecological interpretation (Larocque
2001, Quinlan and Smol 2001a).

because 1) they live in a diversity of habitats,
2) they are sensitive to key environmental

10

1.3 Chironomids and vegetation:
ecotones as research areas
Ecotones are zones of transition between
adjacent main ecological systems, e.g.
between types of vegetation or biomes.
They are dynamic areas that occur under
steep or gradual environmental gradients
that affect ecological processes (Risser
1995). Ecotones frequently contain
relatively high biodiversity (Risser 1995).
In particular, stable and wide ecotones tend
to contain high diversities (Hansen and di
Castri 1992). Many species live at their
distributional limits at the ecotones. The
importance of ecological boundary regions
as determinants of biotic composition of
ecosystems has been widely acknowledged
due to their dynamic environmental
conditions, yet there is little information
available on the ecotonal qualities between
different aquatic systems.
At the biome scale, the dominant controls
of ecotone position are usually climatic
(temperature and water balance, Neilson
1993). Subarctic ecotonal transition zone
between the major biomes of the boreal
coniferous forest and the arctic tundra
would be expected to respond to patterns
of global climate change as it is defined
by temperature. Future changes in the
position of the northern tree line ecotone
may have consequences on chironomid
faunal richness by shifting the position of
maximum richness towards the north. High
diversity should appear as a moving wave
as the ecotone gradually shifts through
space (Neilson 1993, Risser 1995). These
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changes could be tracked by especially
monitoring the ecological characteristics
of the ecotones. The transitional zones are
important biological study areas, because
their sensitivity to climatic parameters
makes them an early warning for other
regions in the context of climate change
(Neilson 1993, Risser 1993).
Several

studies

illustrate

significant

changes in the chironomid composition
across tree line (Walker and Mathewes
1989, Walker and MacDonald 1995,
Porinchu and Cwynar 2000, Larocque et
al. 2001, Walker et al. 2003). Porinchu and
Cwynar (2000) argue that the position of
the circumpolar tree line indirectly affects
chironomid fauna by differentiating the taxa
found in cold tundra lakes from warmer
lakes located in the forested area. They
found significant differences in lake water
chemistry between tundra and forest sites
and attribute the changes in chironomid
composition of the studied lakes in Siberia
to the productivity, as represented by
particulate organic carbon and nitrogen
(Porinchu and Cwynar 2000). In the
Alpine altitudinal gradient Heegaard et al.
(2006) identified an ecotonal boundary for
chironomids and other organism groups
just below the present tree line, although
the strength and altitude of the maximum
change in the composition varied between
the studied aquatic organisms. In Finnish
Lapland,
chironomid
communities
analysed showed a clear shift in the taxon
assemblages across altitude, the main
change occurring at ca. 500 to 700 m a.s.l. at
the ecological boundary region of mountain

birch forest (Betula pubescens subsp.
czerepanovii) (Korhola et al. submitted).
The most abundant taxa in lakes below
this transitional zone were Paratanytarsus,
Psectrocladius, Monopsectrocladius and
Corynocera ambigua. Many taxa did
not occur in higher altitude lakes, which
were dominated by Heterotrissocladius
brundini and Micropsectra insignilobus
type. In the coldest high altitude lakes
Abiskomyia, Micropsectra radialis and
Heterotrissocladius subpilosus became
dominant (Korhola et al. submitted).

Microtendipes, Dicrotendipes, Pagastiella,
Stempellinella, Monopsectrocladius, and
Zalutschia. Table 1 presents a compilation
of the chironomid taxon preferences for
vegetation classes in various studies. I
aimed to group the taxa according to the
vegetation zones that they are reported
to occur and to compile a reference list
of characteristic assemblages in these
vegetation categories. In many cases that
was difficult due to varying scope and
emphasis of the studies. The vegetation
preference of taxa was not evident in every
case and many studies focused chiefly on
the temperature preferences of the taxa. It
became evident that the distributions of
many taxa were rather wide and preference
for particular vegetation zone seems to
vary among the areas studied. It is also
clear that some tundra species can find
refugia in deep lakes of the forest zone.
However, it seems that climate broadly
defines the midge assemblages, as well
as it defines vegetation cover, but that the
regional characteristics, such as lake depth
distribution of the data set, bedrock and

Tree line may serve as an important
biogeographical and ecological boundary
with regard to the distribution of
chironomids. At the tree line the movement
of water and nutrients, and chemical and
biological processes may change as the
vegetation cover changes and becomes
fragmented towards higher altitudes/
latitudes. This affects the water quality in
streams and receiving lakes thus affecting
the aquatic organisms.
Chironomid species characterising the
forested areas and tundra areas have
been identified and it has been postulated
that chironomids could be good palaeoecological indicators of tree line shifts/
forest movements (Porinchu and Cwynar
2000). In the above mentioned studies,
genera associated in cold tundra lakes and
high elevation sites include Abiskomyia,
Heterotrissocladius,
Paracladius,
Stictochironomus, and Mesocricotopus.
Genera associated with lakes south of
tree line and low- to mid-elevation are

nutrients, modulate the final biological
composition from area to area.

1.4 Using midges to hindcast
Holocene climate change
In the 1990’s when numerical techniques
and taxonomic resolution for subfossil
midges had improved considerably,
research groups started to quantify the
response of midges to environmental
variables, e.g. temperature. Large
calibration or modern training data sets
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were developed in North America and
Europe in order to create quantitative
transfer functions and to reconstruct
Holocene temperatures using the remains
of chironomids in the lake sediments (see
Brooks 2006, and Walker and Cwynar 2006
for reviews). The Holocene time period,
however, challenges the method due to
the relatively small temperature variability
that is often close to the prediction errors

similar trends, in particular a decreasing
trend towards the present starting from ca.
4000 cal yr BP (Rosén et al. 2001, Bigler
et al. 2002, Korhola et al. 2002a, paper
III). However, contradictions in details
between the temperature reconstructions
among individual lakes and between
various proxies within one lake are
common (Rosén et al. 2001, Larocque
and Hall 2004, Velle et al. 2005a). Even

of the temperature inference models (see
Broecker 2001), compared with more
pronounced changes that occurred during,
for example, the lateglacial. In addition,
Holocene vegetation development may
have caused significant limnological
changes concurrently with the periods
of tree line advances and retreats at
the ecotonal areas, as indicated by the
palaeolimnological proxy records (Laing
et al. 1999, Seppä and Weckström 1999,
Pienitz et al. 1999). Other factors, such as
water level fluctuations, acidification, and
changes in dissolved oxygen content, may
have overriden the effects of temperature
on midges during certain periods of the
Holocene (Heinrichs et al. 2005, 2006,
Antonsson et al. 2006).

closely situated lakes support particular
assemblages of midges, due to available
habitats and variety of characteristics of
their riparian areas affecting them. This
variability causes inherent differences
in the temperature reconstructions. To
allow better estimation of the regional
pattern of climate change, regional
consensus temperature reconstructions
(Palmer et al. 2002, Rosenberg et al.
2004, Velle 2003) or multiple temperature
reconstructions (Larocque and Hall 2004)
have been suggested to solve the problem
in addition to other means that are related
to improving the models by extending the
training sets, taxonomy, or by applying
more sophisticated calibration techniques
(Vasko et al. 2000, Toivonen et al. 2000,
Brooks and Birks 2001, Korhola et al.
2002).

The usefulness of chironomids as a
climate proxy for the Holocene climate
reconstructions has been discussed in
various papers (e.g. Olander et al. 1999,
Korhola et al. 2002a, Larocque and Hall
2004, Heinrichs et al. 2005, Velle et al.
2005a, Brooks 2006, Heinrichs et al. 2006,
Kurek et al. 2006). Many chironomidinferred Holocene summer temperature
records for subarctic regions often show
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The need for knowledge of past climatic
changes and the possible effects of the
predicted climate warming on the aquatic
ecosystems in high latitudes is increasing.
In my thesis I will use the extensive and
quality-controlled data sets of modern
aquatic fauna and their respective
environments collected during the last
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Northeast Siberia,
Russia
31 lakes from tundra
to forest 4
Northern Swedish
Lapland
100 lakes boreal
forest to alpine
tundra 5

Abiskomyia
Diamesa
Heterotrissocladius subpilosus
Micropsectra radialis
Pseudodiamesa

Abiskomyia
C. oliveri (mostly)
Hydrobaenus
Oliveridia
Paracladius
Parakiefferiella nigra
Corynoneura scutellata
Heterotrissocladius
Zalutschia lingulata pauca

Corynocera
Corynoneura/Thienemanniella
Sergentia
Zalutschia

Northwest
Territories, Canada,
20 lakes at tree line 3

Abiskomyia
Doithrix/Pseudorthocladius
Pseudodiamesa
Rheocricotopus
Z. zalutschicola

Low arctic lakes, coldest deep
lakes of northern Labrador:
Abiskomyia
Heterotrissocladius
Oliveridia
Paracladius
Parakiefferiella sp. A,
Pseudodiamesa

Heterotrissocladius
Paracladius
Parakiefferiella sp. A
Protanypus
Pseudodiamesa
Stictochironomus

Canadian Cordillera,
British Columbia
30 lakes on
elevational transect 1

Mostly tundra species

Labrador, Canada
33 lakes from low
arctic tundra to
forest 2

Species restricted to
arctic tundra

Region

Allopsectrocladius
Cladotanytarsus mancus gr.1
Dicrotendipes
Heterotanytarsus
Microtendipes
Oliverdia
Polypedilum

Cladopelma
Dicrotendipes

Chaoborus
Dicrotendipes
Microtendipes
Pagastiella
Pentaneurini
Polypedilum

Cladopelma
Dicrotendipes
Heterotanytarsus
Microtendipes
Pagastiella
Zalutschia

Chironomus
Monopsectrocladius
Parakiefferiella cf. triquetra
Psectrocladius

Mostly forest species/
forest tundra species/
low latitude

Cladopelma
Einfeldia
Pagastiella orophila
Tanytarsus sp C

Allo/Mesopsectrocladius
Cryptotendipes
Nilothauma
Paralauterborniella
Pseudochironomus
Stempellina
Tanypus
Allo/Mesopsectrocladius
Corynocera ambigua
Microtendipes
Monopsectrocladius
Zalutschia zalutshicola

Cladopelma
Cryptotendipes
Dicrotendipes
Lauterborniella/Zavreliella
Microtendipes
Pagastiella
Parakiefferiella cf. bathophila
Paratendipes
Polypedilum
Stempellinella
Tribelos
Zalutschia
Temperate littoral Chironomini
(excluding Sergentia,
Stictochironomus, Chironomus)
Pentaneurini
Stempellina
Stempellinella
Zavrelia

Species restricted south of
tree line

Table 1. Chironomid taxa listed in relation to preferred vegetation zone in various studies.

Corynocera ambigua
Corynocera oliveri
Heterotrissocladius brundini
Micropsectra insignilobus
Monopsectrocladius
Paratanytarsus
Procladius
Psectrocladius
Sergentia
Tanytarsini
Tanytarsus lugens

Corynoneura/Thienemanniella
Cricotopus/Orthocladius/
Paratrichocladius
Doithrix/Pseudorthocladius?
Limnophyes
Procladius
Sergentia
Tanytarsus s.lat.

Broadly distributed
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Broadly distributed:
Micropsectra type
Small lakes:
Sergentia
Tanytarsina
Large lakes:
Abiskomyia
Heterotrissocladius
Paracladius
Pseudodiamesa

50 lakes in Canadian
High and Middle
Arctic Islands 8

Abiskomyia
Corynocera cf. oliveri
H. brundini
Mesocricotopus
Micropsectra
M. radialis

-

-

Heterotrissocladius
Micropsectra- type
Monodiamesa
Parakiefferiella nigra
Protanypus
Stictochironomus
Tanytarsina gr. SAP
Zalutschia type 2

Cladotanytarsus mancus
Cricotopus
T. pallidicornis
Z. zalutschicola

-

Chaoborus
Glyptotendipes
Polypedilum
Pseudochironomus

Temperate Chironomini
Eukiefferiella
Nanocladius
Orthocladius
Parakiefferiella sp. F
Parametriocnemus/Paraphaenocladius
Pseudosmittia
Synorthocladius
Tanypodini
Tanytarsus chinyensis
Tanytarsus type C
Zavrelimyia

Shallow lakes with high LOI:
Allo/Mesopsectrocladius
Polypedilum
Tanytarsus pallidicornis type
Tanytarsus sp. C
Deeper lakes with minerogenic
sediments:
Corynocera oliveri type
Paratanytarsus
Sergentia
-

Sergentia
Procladius
Psectrocladius s.str.
T. lugens gr.

-

Microtendipes
Procladius
Sergentia
Stempellinella/Zavrelia

Walker and Mathewes 1989, 2 Walker et al. 1991a, 3 Walker and MacDonald 1995, 4 Porinchu and Cwynar 2000, 5 Larocque et al. 2001, 6 Walker et al. 2003, 7 Wilson and
Gajewski 2004, 8 Gajewski et al. 2005, 9 paper I

1

-

Southwest Yukon
and northern British
Columbia, Canada
39 lakes in boreal
forest7

Northern Finnish
Lapland
50 shallow lakes
from boreal forest to
subarctic tundra 9

Abiskomyia
Mesocricotopus
Monodiamesa
Paracladius

Northwest Canada
and Alaska
47 lakes after
screening from
tundra to forest 6

decade (Weckström et al. 1997a,b, Korhola
et al. 2002b) to determine what influences

2. assess the influence of different
abiotic environmental variables
on chironomid assemblages in
shallow lakes (I)
3. study the usefulness of chironomid
assemblages in classifying shallow
lakes for obtaining complementary
information of the environmental
change at the subarctic ecotone
(II)
4. quantitatively reconstruct the
mean July air temperatures for
the Holocene using subfossil
chironomids preserved in the lake
sediments (III, IV)
5. evaluate
the
effects
of
Holocene climate, terrestrial
vegetation
fluctuations,
and
other environmental changes on
chironomids in three lakes near
the tree line (III, IV, V)

the chironomid distribution and diversity
in subarctic lakes and to study Holocene
climate change as reflected by changes
in the chironomid fauna. This research
contributes to the knowledge on the factors
that are affecting midge distributions in
subarctic lakes and helps in understanding
the functioning of subarctic lakes in a
changing climate.

2. Objectives of the study
The thesis is divided in two parts.
The first part (papers I, II) comprises
neolimnological studies where I aim to
identify the patterns of the distribution of
modern chironomids (represented by their
recent remains in the surface sediments of
the lakes) and limnological characteristics
of a series of subarctic lakes. The second
part (papers III, IV, V) comprises three
palaeolimnological studies where I use
the information from the first part (and
the information from other studies as
well) together with multivariate methods
to reconstruct past environmental
change in the tree line lakes in northern
Fennoscandia.

3. Study area and sites
The study area for the papers I and II
was originally chosen to maximize the
temperature gradient to be able to develop
a transfer function between chironomid
assemblages and temperature in order
to reconstruct Holocene temperatures
using subfossil chironomid headcapsules
preserved in lake sediments. For this
purpose Olander et al. (1999) studied 53
lakes in the northwestern Finnish Lapland.
Since the original study, ten more lakes
from northern part of the study area have
been included in the data set. The 63 study
lakes are situated in north western Finnish
Lapland between the boreal and arctic

The specific objectives of the thesis were
to:
1. describe the distributional patterns
of chironomids in shallow
isothermal lakes along a tree line
ecotone in subarctic Fennoscandia
(I, II)
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biomes. The area extends from the boreal
mixed pine, spruce and birch forest in the
south (ca. 66°55’N) to the orohemiarctic
zone in the north (ca. 69°11’N). Between
these major biomes lies the subarctic
zone, represented by the belt of mountain
birch forest (Thomasson 1956). Along
this ecotone many interrelated climatic
and limnological factors, in addition
to temperature, change gradually. For
example, the average duration of ice
cover in 1961-2000 in the southern parts
of the study transect was approximately
210 days, and in the north over 220 days
(Korhonen 2005), while the total organic
carbon (TOC) varied from around 10 mg/L
(south) to less than 2 mg/L (north) in 1994,
1995 and 1998 samplings.
In this thesis I especially concentrated
on trying to explore the differences in
chironomid compositions between the
shallow lakes. Lake summer stratification,
which is dependent on lake depth, is highly
influential on lake ecology and distribution
of the organisms and therefore shallow
and deep lakes inherently support rather
different kinds of fauna (see section 1.1
above). Olander et al. (1999), by analysing
lakes with a depth range from 0.85 to 25
meters, found lake depth as one of the
most important explanatory variables for
chironomid variation (see also Korhola et
al. 2000). I divided the study sites into two
groups; lakes over and less than 10 m deep.
This particular depth of 10 m was chosen
for the lake discrimination, because the
depth of summer stratification in lakes in
NW Lapland usually lies at approximately

17

10 m, depending on the limnological
and morphometric characteristics of the
individual lake (Kansanen et al. 1984,
Sorvari et al. 2002, Korhola et al. 2002b).
By analysing stratifying and non-stratifying
(isothermal) lakes together, depth would
most obviously explain a large proportion
of the variability in the species data.
The lakes from which the long cores were
taken for the palaeolimnological studies
(papers III, IV and V) are situated in
northern Fennoscandia at or near the tree
line (Figure 2). Toskaljavri (704 m a.s.l.)
(III) is a high-altitude lake with a size
of 100 ha, and is surrounded by alpine
vegetation on fjell schist and dolomite

Figure 2. Study transect for lake sampling in
north-western Finnish Lapland (grey line).
Locations of the lakes where Holocene
cores were taken (b, c, e) and additional
lakes discussed in the text (a and d). a)
Barheivatn, b) Dalmutladdo, c) Toskaljavri,
d) Tsuolbmajavri and e) Njargajavri.

4. Materials and methods

bedrock in the NW Finnish Lapland. The
altitudinal limit of the mountain birch forest
in the surroundings of the lake is ca. 600
m a.s.l. The nearest mountain birch forest
is located 2 km south of the lake. At the
sampling point the water depth was 21.5 m
so this represents a deep, stratifying lake.
Estimated mean July air temperature for
the site is 9.7°C and interpolated annual
precipitation 414 mm.

The 63 lakes on the ecotonal transect
were sampled in July 1994, 1995 and
1998. Lakes are oligotrophic with total
phosphorus concentrations under the
detection limit (<5 μg/L) in all lakes.
Three surface sediment (0–1cm) samples
were collected from the middle of the lake
from the measured or assumed deepest part
using a modified Limnos gravity corer. The
samples were combined and homogenized.
500 ml water samples were collected using
a Limnos water sampler and analysed in
the Laboratory of Physical Geography, and
the Laboratories of Lammi and Kilpisjärvi
Biological stations, University of Helsinki.
See Table 2 for the lake physical and
limnological variables defined for papers
I and II.

Dalmutladdo (355 m a.s.l.) (V) is a
small, shallow lake in northern Norway,
surrounded by a mountain birch forest
with sporadic occurrence of Scots pine
(Pinus sylvestris). The water depth at the
coring point was 4.5 m. Estimated mean
July air temperature was 11.5°C and
annual precipitation 430 mm. Mean July
air temperature estimations for Toskaljavri
and Dalmutladdo were based on the
application of consistent regional lapse
rates and a linear interpolation procedure
from 11 nearby climate stations using
1961 - 1990 Climate Normals data (for the
full methodology of the air temperature
calculation, see Olander et al. (1999)).

Since the study by Olander et al. (1999)
subfossil chironomid taxonomy has
improved considerably as new keys were
developed, the world wide web was used
effectively to distribute new information
(Walker 2000, Rieradevall and Brooks
2001, Heiri et al. 2004), and several
harmonisation workshops were held
among chironomid workers. Therefore, it
was necessary to re-identify the material
by the author of this thesis which resulted
in higher taxonomical resolution, improved
taxon environmental response models,
and increased information on tundra lakes
from additional lakes. Increased lake
number and re-identifying of the material
was important also for further application
of the transfer function derived from the

Lake Njargajavri (IV) is a small, ca. 1.5
ha, headwater lake located above the
present tree line at an altitude of 355 m
a.s.l. in northeastern Finnish Lapland.
The orohemiarctic tree line of mountain
birch lies at ca. 300 m a.s.l. The nearest
mountain birch individuals grow ca. 3
km from the lake. The water depth at the
coring point was ca. 2 m. Estimated mean
July air temperature is 11.2°C and annual
precipitation 414 mm.
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Table 2. Analyses and methods used in papers I and II.

Physical, limnological and biological variables
Latitude
Longitude
Altitude
Lake area
Lake perimeter
Catchment area
Shoreline development
Catchment roughness
Catchment area/lake area ratio
Mire area
Distance beyond the treeline
Depth
Water temperature
Air temperature
pH
Conductivity
Alkalinity
K
Ca
Na
Mg
Total organic carbon
Vegetation type (coniferous/birch/barren)
Loss-on-ignition (LOI) at 550°C

Units
ºN
ºW
m
ha
m
ha
index
index
ratio
%
km
m
ºC
ºC
units
µS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
nominal
%

Chironomid percentages of the top sediment layer

%

taxon-environment data on the sediment
cores. When the same person analyses
the training-set and the core data, the
taxonomical problems are obviously less.
From every lake, chironomid remains were
processed from the top sediment layer by
heating 0.5–28.5 g of wet sediment in 10%
KOH for 30 minutes for deflocculation, and
sieving through a 103 μm mesh. All head
capsules were picked out with fine forceps
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under a binocular microscope and placed
ventral side upwards on an objective glass.
In the present survey, the head capsule
amount counted mostly exceeded 100,
and only in few cases 50 or lower amount
was recovered. The dried samples were
mounted in Euparal®. The identification
of the larval head capsules was done using
Brundin (1948), Hofmann (1971, 1984),
Sæther (1975, 1976, 1980), Klink (1983),
Wiederholm (1983), Walker et al. (1992),

Rieradevall and Brooks (2001), Epler
(2001), Heiri et al. (2004) and protocols
agreed to at several international meetings
on the taxonomy of chironomid larval
subfossils held since 1997. In Figure 3,
Tanytarsus lugens -gr. and Coryncera cf.
oliveri are illustrated. Figure 4 illustrates
some common chironomid taxa found in
the present study.

1992). Chironomids from the subsamples
of the sediment sequences were prepared
as described above. Table 3 shows the
additional analyses carried out for the
sediment cores.

Toskaljavri was sampled in April 1999
with rod-less piston corer (Chambers and
Cameron 2001). Lake Njargajavri was
sampled in April 2001 from ice using a
Russian peat corer. The long sediment
core of Dalmutladdo was obtained from
the deepest part of the lake in April 2001
with an 11 cm diameter piston corer (Nesje

from identified plant macrofossils in
collaboration with the Dating Laboratories
of Uppsala (Tandem Laboratory) and the
University of Helsinki. The sample pretreatment was carried out in Helsinki,
while the actual 14C-isotope measurement
was done in Uppsala.

Eight accelerator mass spectrometry
(AMS) radiocarbon datings for Toskaljavri
(III) and Njargajavri (IV), and 11 datings
for Lake Dalmutladdo (V) were derived

Figure 3. The upper row: Corynocera cf. oliveri
(first on the left is an early instar). Middle and lower
rows: T. lugens -gr (the specimens in the middle
row are early instars). Photos taken by the author.
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Table 3. Analyses used for sediment core subsamples.

Method

Paper

Chronology of the sediment Accelerator mass spectrometry (AMS) radiocarbon III, IV, V
cores
dating
Organic content

Loss-on-ignition (LOI) at 550°C

III, IV, V

Chironomid analysis

Heating in KOH

III, IV, V

Cladocera analysis

Heating in KOH

IV

Pollen analysis

KOH, HF and acetolysis method

III, IV, V

Macrofossil analysis

Sodium pyrophosphate method

IV

Figure 4. a) Monopsectrocladius, b) Psectrocladius,
c) near Oliveridia sp. (Sæther 1980), d) Dicrotendipes,
e) Microtendipes, f) Ablabesmyia, g) Paratanytarsus
(cf. austriacus/hyperboreus), h) Heterotrissocladius
brundini, i) Micropsectra insignilobus type, j) Tanytarsus
pallidicornis -gr. Photos taken by the author.

Table 4 summarizes various data analyses
applied in papers I-V. The temperature
reconstruction in paper III was evaluated
for this thesis synthesis using modern

21

analogue technique (MAT) and goodnessof-fit measure with constrained canonical
correspondence analysis (CCA) (for
details, see paper V).

Table 4. Data analyses applied in this thesis.

Analyses

Technique

Program

Paper

Assessment of factors contributing to
chironomid composition

Partial CCA

CANOCO 4.0

I, V

Chironomid classification of lakes

TWINSPAN (Two-Way Indicator
Species Analysis)

TWINSPAN,
TWINEND

II

Chironomid inferred mean July air
temperature

WA-PLS (Weighted-averaging partial CALI 0.81
least squares) regression

Chironomid taxon richness-environment RDA (Redundancy Analysis)
relationships

CANOCO 4.0

III, IV
I

Chironomid taxon richness-vegetation
class relationships

ANOVA (one-way analysis of variance) SPSS 10.0

I

Chironomid-environment relationships

RDA

CANOCO 4.0

I, III, V

Chironomid-environment relationships

CCA

CANOCO 4.0

I

Classification of stratifying lakes

Classical lake typology

Key by Sæther
(1979)

II

Diatom-inferred pH

WA-PLS

CALI 0.81, C2

III, IV, V

Diatom-inferred TOC

WA-PLS

C2

V

Differences between pair-wise
vegetation classes

t-test

SPSS 10.0

I

Environment-biological lake group
relationships

CVA (Canonical Variates Analysis with CANOCO 4.0
Hill’s scaling)

II

Environment-lake group relationships

CCA

CANOCO 4.0

II

Evaluation of the reliability of WA-PLS
recontructions, goodness-of-fit

Squared residual length of the CCA

CANOCO 4.0

IV, V

Evaluation of the reliability of WA-PLS
recontructions

MAT (Modern Analogue Technique)

C2

V

General trends in chironomid successionPCA (Principal components analysis
with euclidean distance)

CANOCO 4.0

III

General variation in the environmental PCA
data

CANOCO 4.0

I

Overall changes in the chironomid
communities, the amount of
compositional turnover

DCA (Detrended Correspondence
Analysis)

CANOCO 4.0

I, IV, V

Pollen-inferred mean July air
temperature

WA-PLS

CALI 0.81

V

Taxon richness

Rarefaction analysis

RAREPOLL

I, II, V

Test for normality of the dataseries

Kolmogorov-Smirnov test with Lilliefors’SPSS 10.0
correction

Zonation of the core-data

Optimal sum of squares partitioning
and broken stick model
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I, II

ZONE, BSTICK III, V

5. Results and discussion
In all, 240 samples were analysed for
this thesis, of which 177 were samples
from the sediment cores. Altogether
33 792 subfossil midge headcapsules were
identified for papers I-V (24 194 picked
out by the author and 9598 previously by
H. Olander). 103 taxa were distinguished
from the Holocene cores of the three
lakes, and 84 taxa were identified from
the surface-sediment samples of 63 lakes
(modern samples).

5.1 Summary of the papers
I The distribution and diversity of
Chironomidae (Insecta: Diptera) in
western Finnish Lapland, with special
emphasis on shallow lakes
The aim of paper I was to investigate the
composition of chironomid assemblages
associated with different habitat types
along a south-north transect over the tree
line ecotone and discover the patterns of
distribution, abundance and biodiversity of
chironomids along the broad environmental
gradient from boreal through subarctic to
arctic Finnish Lapland. This was done to
provide baseline data of the distribution
and diversity of aquatic organisms from
the area where scarce information are
available. For the first time, the focus of
the study was exclusively in the shallow
lakes of the area, because little data exist
about chironomids in shallow systems in
general, and because shallow habitats are
the predominant feature of aquatic systems
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in arctic Fennoscandia (Korhola et al.
2002b). All lakes more than 10 m deep
were excluded from the study.
The advantages of the increased lake number
and recounting of the material of Olander
et al. (1999) using the latest taxonomical
information were the following: improved
resolution of several Orthocladiinae (e.g.
Cricotopus pulchripes type, Orthocladius
consobrinus type, genus near Oliveridia,
Parakiefferiella types), and Tanypodinae
(e.g.
Thienemannimyia-group)
and
correction of some identifications (e.g. cf.
Potthastia was first instar Pseudodiamesa).
Finally, the amount of unidentified
headcapsules could be reduced from as
high as 18% down to less than 5%. Ten
additional lakes compared with Olander
et al. (1999) brought more information on
the taxa living in cold lakes above the tree
line. The general pattern of distribution
did not differ markedly between the earlier
and the present study, but the tundra lakes
and species associated to them were more
clearly separated in the latter. Many taxa
were widespread in the research area,
Sergentia, Procladius, Psectrocladius s.str.
and T. lugens -gr. being the most common.
There were 11 taxa, which occurred only
in lakes situated in the coniferous forest
zone. These taxa constitute only very small
proportion of the fauna in those lakes with
only one to few occurrences. Two taxa
occurred only in mountain birch woodland
lakes (both with one occurrence) and only
one taxon solely in the tundra zone with
one occurrence.

Rarefied taxon richness values of the

the sediment organic content is always
routinely determined and therefore it is
not necessary to develop models for it or
reconstruct it. However, LOI can provide
a proxy for primary productivity related to
climate variability in the high altitude (or
latitude) lakes (Battarbee et al. 2001). TOC
and air temperature suffered most from
redundancy with other variables. Olander
et al. (1999) using RDA found that LOI,
water temperature and depth together
explained a statistically significant amount
of the variation in the chironomid data.
However, they had 53 lakes, 9 of which
were over 10 meters deep. The probable
mechanisms and inter-correlations of these
four variables in affecting the chironomid
ecology, and the representativeness of the
top sediment samples are discussed in
paper I.

chironomid assemblages ranged from 9
to 31, with a mean value of 18. A humpshaped pattern was noted in taxon richness
along the sampled eco-climatic transect,
with maximum richness occurring at
middle elevations around 400 m a.s.l. at
temperatures of 11-12°C. Significantly
lower values were observed from cold
lakes situated in the tundra zone (Figure
1). Lake water alkalinity had the strongest
correlation with the rarefied richness,
explaining 25% of the total variation in the
taxon data. Lakes in the mountain birch
woodland zone tended generally to have
higher alkalinity values, presumably due
to their relatively large catchment areas as
well as their situation on more weathered,
and finely textured soils (Korhola et al.
2002b). LOI, air temperature, and longitude
were the other predictor variables that
independently contributed to variation in
taxon richness.

II Chironomid-based classification of
lakes in western Finnish Lapland
The basic idea for paper II was that the
geographic range of many species has
already started to change due to human
disturbance in climate and habitats, but the
remote areas, which do not have regular
monitoring, would need a baseline for

The CCA ordination with forward
selection indicated that the smallest set
of variables that explained a statistically
significant amount of the total variation
in the chironomid abundance data were
LOI, TOC, pH and air temperature, with
LOI being the strongest variable. Several
studies have shown the importance of
sediment organic content in determining the
variability of the chironomid abundances

future biological investigations. Especially
the small and shallow water bodies are not
considered in the current European Water
Framework Directive (WFD), which
obligates the ecological status of the lakes
to be monitored by the European countries.
In paper II the aim was to further utilise
the extensive data set of paper I and to
elaborate a biological lake classification

in surface sediments, where the range
of values of sediment organic content
is high (Larocque et al. 2001, paper I,
Wilson and Gajewski 2005). However, in
the context of Holocene sediment cores

24

of subarctic shallow lakes for future
monitoring purposes and to see which of
the environmental factors discriminate
and best characterise biologically defined
lake groups. Paper II is the first attempt to
characterise lake groups among subarctic
shallow Fennoscandian lakes using
chironomid communities. Furthermore,
the midge data for 13 deep lakes (>10 m)
of the modern data set were reported.
Among the shallow lakes, three lake
groups were separated on the basis of
their chironomid assemblages: (i) small
and shallow organic-rich lakes, (ii) large
and base-rich lakes, and (iii) cold and
clear oligotrophic tundra lakes. Many taxa
occurred in several groups but the tundra
lakes had the most distinctive group of
species. The taxa preferring these lakes were
typical cold stenotherms of oligotrophic
lakes, such as Micropsectra, Corynocera
cf. oliveri, Heterotrissocladius brundini,
Mesocricotopus and Micropsectra radialis
type. Statistically significant environmental
variables best discriminating these three
major TWINSPAN lake groups were LOI,
rarefied taxon richness, and Mg. Due to
the fact that the pH gradient was very
short in our study, pH stood out only as
a very weakly significant variable. LOI
and mean July air temperature decreased
and depth increased from group (i) to (iii),
while taxon richness and Mg both had the
highest values in group (ii). The criterion
of a good indicator species was difficult
to meet by the taxa because the study
lakes form an environmental continuum
rather than discrete groups, and many
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taxa occurred in several lake groups.
Additionally, the taxonomic resolution
may not be high enough for some taxa to
effectively separate the groups. Some of the
common taxa, like Procladius, Tanytarsus,
and Psectrocladius, may contain several
species that have different environmental
requirements. These taxa might also serve
as useful indicator species if they could
be discriminated to species/species group
level.
The classification of deep lakes using the
lake typology system follows quite closely
the temperature rank of the lakes, with
the coldest lakes being ultraoligotrophic
Heterotrissocladius subpilosus lakes.
Sæther (1966) showed that the bottom
fauna coincided with lake typology
indicated by hydrographical properties,
i.e. the benthos showed a difference
between an oligotrophic, oligohumic lake
and a mesohumic lake. This supports
the view that the benthic animals may
provide an informative, cost-effective and
complementary tool for monitoring and
assessment.
III Changes of treelines and alpine
vegetation in relation to post-glacial climate
dynamics in northern Fennoscandia based
on pollen and chironomid records
For paper III, a high-altitude lake was
studied for its pollen percentage, pollen
influx, stomatal and chironomid records to
assess how tree lines and alpine vegetation
have responded to the post-glacial
changes of temperature and soil moisture

in northern Fennoscandia. Chironomid
remains were used to reconstruct mean July
air temperatures to provide an independent
climate data series that could be compared
with the reconstructed vegetation patterns
and other independent climate proxies.
All chironomid samples had a good fit
to temperature and only 11 out of 95
samples had a no-analogue situation in
the Toskaljavri core. This suggests that
the temperature reconstruction could be
trusted in statistical sense. Chironomidbased
temperature
reconstruction
shows roughly consistent trends with
reconstructions based on borehole
temperature measurements from the GRIP
ice-core (Dahl-Jensen et al. 1998) and the
δ18O record from the NorthGRIP icecore in Greenland (Johnsen et al. 2001)
(Figure 5). However, the absolute values
of the chironomid-based reconstruction
indicate temperatures that are slightly
too cold to explain the reconstructed tree
line and vegetation patterns, notably the
presence of pine at the altitude of the lake.
In Toskaljavri the depressed chironomidinferred temperatures are probably the
result of the great water volume and the
depth of the lake (21.5 m) and the resultant
dominance of profundal, cold adapted,
oligotrophic taxa throughout the Holocene.
Toskaljavri may have retained the dimictic
nature during the entire Holocene with a
well developed thermocline in summers.
Because the profundal community in
such a lake remains isolated for the most
part from direct climatic effects, and the
tree line changes in the catchment were
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Figure 5. The general trends of the
Holocene summer temperatures in the
Toskaljavri area. The main features of the
chironomid-based reconstruction from
Toskaljavri (left), shown with unsmoothed
data and a LOESS smoother with a span of
0.15, are consistent with the direct borehole
temperature measurements of the GRIP
ice-core (Dahl-Jensen et al. 1998) and of
the δ18O record of the NorthGRIP icecore (Johnsen et al. 2001) from Greenland
(right). Data from paper III.

not large enough to cause any substantial
changes in the lake’s water quality either,
the response of midge fauna to temperature
changes is via a limited number of littoral
and sublittoral taxa that inhabit spatially
restricted littoral habitats.
Additionally, chironomid response to
vegetation changes was studied using
a partial redundancy analysis (RDA).
A correlation existed between midges
and (moist) alpine vegetation, which
is strongly linked to edaphic and
climatic conditions. There are also
concurrent shifts in assemblage zones of
chironomids and vegetation, although
no relationship between tree pollen and
midge percentages was found. Pinus and
Betula evidently never formed a dense

forest around the lake. During the warmest
period of the Holocene, ‘tundra species’
such as Heterotrissocladius brundini
and Abiskomyia found a refugium in the
profundal of Toskaljavri, while at the same
time the ‘forest species’ Microtendipes and
Dicrotendipes were present in the littoral.
This evidence indicates that the midges,
together with the terrestrial vegetation,
have responded to the same ultimate cause,

Additionally, chironomids were used to
reconstruct the Holocene mean July air
temperatures. Midge assemblages were
compared with the palaeolimnological
evidence of lake ontogenic changes
derived from the above mentioned proxies
and diatom-inferred pH.

which most likely is Holocene climate
change.

Lake
Njargajavri
sediments
were
previously studied by Väliranta et al.
(2005) for macrofossils, pollen, LOI,
grain size and C/N ratio. They found that
pronounced changes in water level and
the occurrence of aquatic macrophytes
had taken place in the lake during
the Holocene. Unfortunately, pollen
accumulation data could not be obtained
due to uncertainties in sediment datings
and therefore the presence or absence of
the forest in the vicinity of the lake could
not be adequately judged. However, no
direct evidence (stomata or macroscopic
remains) for the local presence of pine
was discovered (Väliranta et al. 2005).

from the initially mesotrophic basin to an
acidic and oligotrophic shallow lake having
a period of extremely low water levels and
most likely complete dry out from ca. 8000
to 5000 cal yr BP (Väliranta et al. 2005,
paper IV). Generally, the chironomid-based
mean July air temperature reconstruction
from Njargajavri agrees with the overall
decreasing Holocene trend reconstructed
from other lakes in Scandinavia. It suggests
the highest values for the early Holocene
and a total decrease of about one degree
C towards the late Holocene. The diatombased pH reconstruction indicates that
the lake has experienced a natural, longterm acidification that is more pronounced
than the general Holocene trend found
in other lakes in northern Fennoscandia
(Korhola and Weckström 2004, Korhola
and Nyman 2006). The low reconstructed
temperatures for the late Holocene are
driven by midge species that also indicate
oligotrophication and acidification of
the lake. The acidification may indicate

Profound changes in this shallow subarctic
lake made it an interesting study site to
investigate how these changes had affected
the aquatic organism assemblages, such
as chironomids, cladocera and diatoms.

indirect effects of the climate change, i.e.
neoglacial cooling, on lake ecosystems
(climate driven pH change, Psenner and
Schmidt 1992, Wolfe 2002, Michelutti et
al. 2006).

IV Palaeolimnological development
of Lake Njargajavri, northern Finnish
Lapland, in a changing Holocene climate
and environment
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According to cladocera, diatoms and
macrophyte remains, Njargajavri changed

Surprisingly small changes occurred
in the midge assemblages in the
early Holocene compared with
the drastic changes in water level
and benthic habitats as inferred
from the sediment lithology and
macrofossils (Figure 6, Väliranta et
al. 2005). When comparison is made
between macrophyte occurrence and
chironomids, during the early Holocene
period with aquatic macrophytes
present,
small
abundances
of
Cricotopus, a macrophyte dweller,
are also present. Tanytarsus lugensgr. seems to decrease at the expense of
Monopsectrocladius during the period
of the highest abundances of mosses

and the lowest water level before the
complete dry out between ca. 10 000
and 9500 cal yr BP. The effects of tree
line fluctuations on midges cannot
be studied because of the clearly
identified hiatus in the sedimentation
during
the
Holocene
thermal
maximum and probably forested
period. For most of the time, the lake
is inhabited by taxa that commonly
indicate the presence of forests in
the catchment (Table 1), such as
Microtendipes in the early Holocene
before the arrival of pine, and later,
Dicrotendipes, Monopsectrocladius
and Ablabesmyia. Presently the
catchment is treeless.

Figure 6. Chironomid percentage diagram of Njargajavri, diatom-inferred pH and
chironomid-inferred July air temperature. Grey bar represents the location of hiatus in
the sediment sequence. Data from paper IV.
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V Chironomid response to some
potential drivers during the Holocene in
a shallow tree line lake in northwestern
Fennoscandia
In shallow tree line lakes, there are many
potential forcing factors that may affect
the establishment and development of
the midge assemblages. Over long time
scales, climate has probably been the
most important external agent shaping
the chironomid communities, for which
reason sub-fossil midges have been
frequently used to reconstruct past
temperatures (Walker et al. 1991, Brooks
2006). However, during the Holocene,
local changes in hydrological conditions
and forest cover together with soil
development and consequent changes in
lake water quality may have masked the
influence of relatively moderate changes
in regional temperature. In paper V I
tried to better understand the complex
influences and interactions that climate
and other more local driving forces may
have had on the midge composition and
limnological development during the
Holocene in a shallow lake using multiple
proxies and multivariate methods. In this
study, chironomid assemblages were used
as a response variable for a multitude
of potential drivers, including pollenderived air temperature, vegetation
cover, diatom inferred water quality,
and sediment properties, the explanatory
power of which on midge variation
was tested using partial constrained
ordination. The tests were done for each
chironomid zone separately, and taken
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together. Temperature reconstruction was
not attempted for Dalmutladdo because
13 out of 62 samples (21%) had poor
or very poor fit to temperature, and noanalogue situations prevailed basically
for the whole Holocene period.
Changes in Betula percentages were
identified as a significant correlate for
variation in the chironomid composition
during the Holocene period as a whole,
but were also identified as significant for
the early and mid-Holocene periods when
these were considered together. However,
during the early Holocene period, from
10 500 to 8300 cal yr BP, chironomid
abundances were significantly correlated to
the changes in water quality, most notably
pH. During the latter part of the Holocene,
no environmental variable appeared to be
significant in explaining the variation in
chironomid assemblages. This may be due
to the underestimation of the actual water
TOC by the diatom based TOC model.
However, the importance of limnological
changes attributed to the development of
marginal mires on the midges is evident as
shown by the increasing diatom-inferred
TOC and strong increase in the abundance
of Z. zalutschicola (Figure 7).
The results presented in paper V indicate
that during the course of the Holocene the
relative importance of possible driving
factors for biota may change and that the
most important factor for chironomids is
not necessarily temperature per se. The
importance of mountain birch in explaining
the variation in midge assemblages during

Figure 7. Chironomid percentage diagram of Dalmutladdo, and Sphagnum leaf density
on the right. Sphagnum remains are recorded on a relative scale, where 10 = occasional,
15 = frequent, 20 = abundant and 25 = very abundant (redrawn from Bjune et al. 2004).
Shaded area represents the densest pine forest period and warmest climate period.
Chironomid data from paper V.

the Holocene time period may reflect the
importance of the climatic aspects other than
temperature for midges, such as precipitation,
snow and ice cover and seasonality, since
for the tree growth factors like precipitation
are also important (Garfinkel and Brubaker
1980). The development of Betula may thus
act as a surrogate for general development
of climate which was the ultimate cause
affecting the chironomid communities
during the Holocene. Provided that the
pollen derived air temperatures are a reliable

communities by vegetation (Table 1).
However, the distinction of the communities
is not sharp at least in Fennoscandia, and
the species preferences are best seen by
looking at the ordination diagram (Figure
8). As is also evident from Figure 9, in
which chironomid taxa are arranged across
an altitudinal transect of Finnish Lapland (I,
II), most of the taxa occur in all vegetation
zones. Few taxa occur only in one
vegetation zone and also the tundra species
extend their range into the birch woodland

indication of the Holocene temperature
changes, this study showed that the
response of chironomids to climate (here
the summer temperature) is always more or
less indirect.

zone to some extent. The fact that the lakes
were not sharply defined by species only
occurring in their respective vegetation
zones may partly result from the fact that in
Fennoscandia the ecotone between boreal
and arctic zones is not clearly defined, but
a broad transition zone extending tens of
kilometres resulting in gradually changing
environment. Defining which vegetation
class is dominant in the catchment of a
lake is difficult, as the vegetation changes
gradually. There may also be cold thermal
refuges in lakes of the forested area due

5.2 Discussion
Chironomid
changes

response

Several
modern
discrimination
of

to

vegetation

studies
suggest
the
chironomid
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to shaded aspect or groundwater influence
consequently leading to the occurrence of
cold adapted taxa. However, many taxa
have preference for lakes either on tundra
area or forested area as shown both by the
CCA ordination (Figure 8) and the species
assemblage diagram across an altitudinal
gradient (Figure 9). Reconstructing
environmental change using only midges
is sometimes difficult since the autecology
of many chironomid species are not
completely known, and there are several
widely distributed taxa, e.g. Procladius
and Tanytarsini, the variability of which is
difficult to explain in the data. Obviously
more work on ecological requirements of
different taxa is needed in order to make the
ecological interpretations more precise.
In Fennoscandia, the succession of the
vegetation development has been well
documented (Seppä 1996, Barnekov 1999).
Similar general long-term successional
patterns are not evident for aquatic midge
assemblages during the Holocene. Some
studies show the concurrent development
of aquatic biota and vegetation (e.g.
III). Levesque et al. (1994) noted that
assemblage zones of midges and vegetation
were coincident during the lateglacial
period. The concurrent shift in the
assemblage zones has been interpreted as a
response of aquatic biota and vegetation to
the ultimate driving force, i.e. climate. The
long-term dynamics of vegetation is highly
related to climatic conditions in northern
Fennoscandia (Seppä and Hammarlund
2000), and the interpretation that climate is
the ultimate driver also for the benthos may
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Figure 8. Canonical correspondence
analysis (CCA) biplot of the four forward
selected
environmental
variables
determined from 50 shallow lakes.
Explanatory variables and sites (a), and
chironomid taxa (b) with more than 2%
abundance in any one of the samples
analysed (abbreviations follow the
chironomid taxa coding system by Schnell
et al. (1999)) are shown. The names of
the taxa in the group of closely positioned
dots near the centre of (b) are enlarged
in the box. The three vegetation classes
were treated as supplementary (passive)
variables in the analysis and their centroids
are marked in (a) by the diamond symbol.
Data from paper I.

be encouraged by the fact that the variability
in chironomid communities is significantly
correlated with the variability in vegetation
in statistical analyses (III, V), although the

Figure 9. Percentage diagram of selected chironomid taxa from 50 lakes less than 10 m
deep from Finnish Lapland. Lakes are arranged according to their elevation. Vegetation
zones are indicated on the right.

assemblage zones may not always coincide.
In some cases the changes in chironomid
communities that coincide with important
changes in vegetation types/climate may
be apparent through changes in relative
abundance of independent species rather
than the overall composition (Heinrichs et
al. 2006).

can provide a source of information on
the effects of forest cover on aquatic biota.
According to the pollen accumulation
rate data (Bjune et al. 2004), Betula and
Pinus once formed a dense forest around
Dalmuladdo between ca. 7000-5000 cal
yr BP. Tundra lake species of midges were
more abundant during the early Holocene
but both forest and tundra species cooccured in the lake throughout the Holocene
(V). Microtendipes pedellus -gr., a taxon
considered a typical forest species, had a
bimodal distribution in the Holocene. As
shown in paper III, the temperatures can

Pollen accumulation rates can be used to
indicate the local occurrence of tree species
in the catchment during certain time
periods (e.g. Seppä 1996). Lakes where
pollen accumulation rates are available
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be warm enough to support warm adapted
midge taxa even though trees do not grow
densely around the lake. Therefore, the
presence or absence of forests cannot be
judged according to certain midge taxa
in the sediment cores. On the basis of the
present study, there is no evidence that
chironomids would respond directly to
vegetation cover. The midge compositions
have shifted as a response to climate.

Temperature/climate reconstructions
using midges
Below I list some points that support or
contest the reliability of the temperature
reconstructions using midges in Toskaljavri
and Njargajavri (III and IV, respectively).
In Toskaljavri and Njargajavri chironomid
samples show a good fit to temperature,
which suggests that the species most
abundant in the core samples are also
those that are strongly correlated with the
temperature in the modern training set on
which the transfer function is based. In deep
Toskaljavri the pH reconstruction indicates
that the water quality is more or less stable
throughout the Holocene and therefore the
midges are not responding to changes in
e.g. pH and related limnological factors.
Additionally, the narrow littoral area of
steep sided Toskaljavri means that the
effect of possible littoral dynamics, such as
development of extensive marginal mires,
is minimal on the midges. These littoral
processes could otherwise easily affect the
temperature reconstruction. On the other
hand, the depth is also a disadvantage since
the profundal cold adapted midges are
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protected from the effects of warm climate
periods, which depresses the reconstructed
temperatures (III).
Water temperatures of shallow lakes
reflect more closely the fluctuations in
air temperature than that of deep lakes
(Livingstone and Lotter 1998). Shallow
Njargajavri (IV), with a small catchment,
could be more directly responsive to
atmospheric changes, like temperature and
precipitation (effective moisture) (Korhola
and Tikkanen 1991). In this lake, however,
the response of the midges to climate
is possibly indirect and affected by pH
change, as shown by diatom-inferred pH
and the midge taxa involved (Figure 6).
Cooling in the latter part of the Holocene
apparently induced a decrease in pH of this
oligotrophic tundra lake (Wolfe 2002). This
change was also recorded by the midges
(Figure 6). On the other hand, in the boreal
zone of Sweden, Antonsson et al. (2006)
showed that the late Holocene mireinduced acidification was accompanied
with the anomalous increase in midgereconstructed July temperatures.
In Dalmutladdo (V), changes in chironomid
communities were coincident with
important changes in vegetation. Even
during periods of time, when other factors
than temperature seemed to have more direct
effect on midges, climate in general was
apparently the ultimate reason for changes
in the midge communities. In respect to
quantitative climate reconstructions using
midges, this conclusion does not help, since
quantification is what is often required

from many studies. Heinrichs et al. (2006)
emphasizes the identification of sites
with ‘good’ or ‘poor’ temperature records
before in-depth analysis. Evaluation of the
core samples using evaluation techniques
would be good starting point with respect
to quantitative reconstructions. Careful
selection of the lake for climate studies,
and especially for the reconstruction
purposes, is apparently very important. It

I would argue that the sites with a ‘poor’
temperature record or ‘poor’ ability to
quantitatively reconstruct past temperatures
might be even more interesting in
providing information on the interactions
between aquatic biota, different trophic
levels, habitats, catchments, and on the
processes behind the shifts in species
abundances and ranges. The time periods
when indirect effects of climate change

would be useful to be able to identify the
lakes that do not have such characteristics,
other than temperature/climate, that may
have a large impact on the biota of the
lake. Some characteristics that might be
good to avoid when seeking for a good
lake for palaeolimnological studies could
be too steep catchment relief (erosion
and changing mineral input) or too flat
riparian area (mire formation and probable
extensive changes in the proportion of
littoral areas when water levels fluctuate).
Acid lakes might be good to avoid, because
the magnitude of probable changes in
pH from the early Holocene might have
been large enough to have affected the
biota. On the other hand, poorly buffered
and oligotrophic tundra/alpine lakes
may provide good indirect sources of
information on climate change through
changes in pH (Psenner and Schmidt 1992,
Wolfe 2002, Velle et al. 2005b, Michelutti
et al. 2006). Diatoms are good indicators
of pH (Weckström et al. 1997b), but for

are more likely to affect the midges
should be identified using the multiproxy
approach where multiple organism
groups/variables are analysed ideally from
the same sediment sequence (core), as
attempted here. The possible mechanisms
underlying assemblage changes should
be discussed. For example, diatoms can
be used to identify the probability of the
effect of acidification, and pollen and
macrofossils provide evidence of forest
presence and mire development. Physical
and chemical properties of the sediment
sequence can provide information on, for
example, erosion and aquatic and terrestrial
productivity.

chironomids, the pH change should be
much larger and cross a threshold value of
ca. 6 to be able to be tracked by the midge
assemblages (IV).

e.g. Heinrichs et al. 2005, 2006, Velle et
al. 2005a, and Antonsson et al. 2006. We
need more understanding especially on the
relationships between benthic chironomids

According to the results presented in
papers III, IV and V, the effect of climate
on midges seems to be more or less
indirect; more direct in some lakes (III)
than the others (VI, V). In this regard,
the results presented here are in good
agreement with earlier statements given by
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and different climatic variables in addition
to temperature, e.g. precipitation and
ice cover, in order to understand the
reconstructions from high latitude aquatic
systems. For example, model simulations
and observations have shown that winter
precipitation, and hence snow cover, plays
a key role on the seasonal evolution of ice
thickness and the timing of spring breakup (Duguay et al. 2003). Thickness and

The similarity is particularly notable, as
each of these lakes has a rather different
history and they are situated in a different
position relative to tree line. The similarity
in the trends of faunal change between
these lakes of northern Fennoscandia can
probably be best explained by a common
agent, which most likely is regional
climate succession, which has acted upon
the midges throughout the Holocene.

duration of ice cover have a wide-ranging
influence on many physical and chemical
properties of the aquatic ecosystem, which
in turn has great influence on benthic
invertebrates.

In Figure 10, the lakes are arranged
according to their west-east position.
DCA axis 1 sample scores for Barheivatn,
Dalmutladdo, and Toskaljavri, and DCA
axis 2 scores for Tsuolbmajavri, all have
remarkably common features together:
high values in the early Holocene, a period
of stable values or slight decrease from
10 000 to 6000 cal yr BP, further drop at
ca. 6000-4000 cal yr BP and slight increase
towards the present. The final trend in the
curve, which may be related to the start of
the late Holocene cooling and increasing
of the effective moisture (see Eronen et

When the detrended correspondence
analysis
(DCA)
sample
scores,
representing general trends in the variation
of the chironomid assemblages during the
Holocene, of the four rather different lakes
are compared, a remarkable similarity
can be noted among the resulting curves
(Figure 10).

Figure 10. Compositional change in the midge communities during the Holocene as
summarized by DCA axes scores of four lakes, Barheivatn (Nyman, unpublished data),
Dalmutladdo (III), Toskaljavri (V), and Tsuolbmajavri (Korhola et al. 2002a).
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al. 1999, Korhola et al. 2005), takes place
earlier in the Barheivatn and Dalmutladdo
(ca. 4000 cal yr BP), the most western
sites, than in the more continental sites
(ca. 2000 cal yr BP). Although the general
successional features are rather similar
between different lakes as summarized by
the DCA, different species are involved. In
addition to the lakes studied here, several
other chironomid DCA axis scores from
northern Fennoscandia show roughly
similar trends for the Holocene (Bigler
et al. 2002, Heinrichs et al. 2006, Luoto
2006).

richnesses and diversities, one would
expect changes in diversity of the lake
biota at the ecotones concurrently with
the large-scale vegetation/climate change
during the Holocene (see section 1.3 and
Neilson 1993). When the rarefied richness
values, which were chosen to represent
the diversity in this thesis, are compared
against the vegetation development during
the Holocene for lakes in paper III and
V, the patterns are not what might have
been expected, i.e. the higher chironomid
richness during the times when the lake
was situated within an advancing/retreating
forest margin, i.e. moving ecotone. The
dynamics of vegetation and shifting
vegetation regimes are not reflected in
the trends in taxon richness (Figure 11).

Taxon richness at the tree line lakes
For survival in the north a species needs
to tolerate or to be able to avoid freezing.
The short and cool summer and the harsh
conditions restrict many species from
dispersing north. Despite successful
adaptations to life at low temperatures, the
species number of benthic invertebrates
decreases towards the high latitudes (Hebert
and Hann 1986, Gibson and Bayly 2007).
The results from the lake population in
paper I demonstrate well how the diversity
decreases towards the tundra region in the
study area.
It is suggested that the ecotones have
higher
richnesses
and
diversities
compared to adjacent core areas (Hansen
and di Castri 1992). The occurrence of
aquatic ecotones has also been suggested
(Weckstöm and Korhola 2001, Heegaard
et al. 2006). Along the lines of the theory,
according to which ecotones have higher

Figure 11. Rarefied taxon richness in
Dalmutladdo and Toskaljavri during the
Holocene.
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Toskaljavri has been more or less a tundra
lake for the whole Holocene, and therefore
generally lower richness values would be
expected compared with Dalmutladdo,
presently situated at the mountain birch
zone. Also, low values would be expected
for Dalmutladdo for the early and late
Holocene, when open vegetation prevailed.
However, both lakes have similar richness
values (Figure 11). Toskaljavri is larger

changing Holocene environment and may
help to better understand the possible
effects of changes in climate in the future.

and deeper than Dalmutladdo, which may
partly account for the generally high values.
Generally, the rarefied richness values
and diversity measures obtained from the
Holocene sediment cores may be related to
sedimentation rates instead of true changes
in them (Smol 1981). Toskaljavri has
much lower sedimentation rate (III) than
Dalmutladdo (Bjune et al. 2004). Thus in
Toskaljavri, one centimetre of sediment
would represent sedimentation of longer
time period and probably contain more
taxa than Dalmutladdo. Consequently, if
the sedimentation rates of lakes are very
different, their richness (or diversity)
values are not comparable.

percentages of Tanytarsini, which often
cannot be resolved. This would apparently
lower the richness values compared with
an assemblage that contains taxa that can
be identified with higher taxonomical
precision. In effect, when the Tanytarsini
(or other large groups that include multiple
genera and species) increase at the expense
of other taxa, the rarefied taxon richess
would decrease, bringing an artefact to the
results. This theory needs to be tested more
rigorously though.

The richness values at the tree line lake
(Dalmutladdo), where the living conditions
for chironomids have changed more
dramatically (V), fluctuate more strongly
than in high altitude lake (Toskaljavri)
with more subtle limnological changes
(III). Stable limnological conditions
may promote stable richness levels in
Toskaljavri. The within core variability
of richness and diversity may provide
important information on the dynamics
of benthos and chironomid response to
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Chironomid taxon richness may also be
artificially affected by the taxonomical
composition of the lake if it contains a
high abundance of taxa for which high
identification resolution is not possible.
For example, a lake may contain high

6. Conclusions
This study demonstrates that chironomid
communities as represented in the surficial
sediments of lakes can be used in monitoring
the ranges of different taxa and for lake
classification in subarctic Fennoscandia. The
approach where recent remains (subfossils)
of chironomids are analysed from deepwater surface sediment of lakes provides
comparatively representative sample of the
chironomid community living in a lake.
Only small samples are required compared
to traditional zoobenthos sampling. Using
this approach, changes in chironomid

assemblages and factors affecting the
change were identified across a broad
geographical scale. Some limitations need
to be considered though, mainly related to
taxonomic issues and limited autecological
information on the environmental
preferences of individual taxa. When
repeated, this kind of an approach could
be useful and efficient in monitoring the
effects of global change on species ranges
and to find how the assemblage types
change through time in this area.

certain indicator midge species for tundra
or forest, since there are rarely such taxa
that occur only on one vegetation zone
or the other. The assemblages may give
some indication of the vegetation, but the
ultimate cause for the long term assemblage
changes is climate. In addition, local and
regional factors, such as bedrock, nutrients
and catchment morphometry, modulate the
midge assemblages so that each lake has
an individual mode of response.
Aquatic midge larvae provide valuable
information on the past environmental
change in the north. The climate has been
the ultimate driving force for chironomid
assemblage change but it is reflected
in various ways in different lakes. The
response of the chironomids to the
climate seems to be more or less indirect.
In Toskaljavri the starting point for the
temperature reconstructions is 1.5°C too
low as indicated by the presence of pine.
This is due to the depth of the lake, which
allowed cold stenotherms to dominate the
fauna for the whole Holocene. The warm
climate probably led to a decrease in the
ice cover period and consequent success
of littoral chironomid species that resulted
in the increase in the reconstructed
temperatures during the Holocene thermal
maximum around 7000-4000 cal yr BP. In
shallow Njargajavri the cooling climate
during the late Holocene led to declining
pH, as indicated by the diatoms. This
caused the change towards oligotrophic
and acidophilic chironomid assemblages,
which may have led to cooler reconstructed
temperature values.

In northern Finnish Lapland the
distribution of chironomids is significantly
correlated with factors that are most likely
to change as a result of future climate
change. These factors are the organic
content of the sediment, which represents
lake productivity and organic/mineral
matter derived from the catchments,
air temperature, organic carbon and
pH, which reflects hydrological and
weathering processes of the catchments.
Climate change will likely have an effect
on the distribution of chironomids through
physical and chemical changes of the lakes
in subarctic and arctic areas in addition to
that the midges have to compete with the
new invaders from the south.
Many species seem to show preference
for certain vegetation types, but this is
probably the consequence of the concurrent
response of both aquatic and terrestrial
biota to the climatic gradient in general. The
results from recent material and sediment
cores examined in this thesis show that
the position of past tree lines can not be
judged using the presence or absence of
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For Dalmutladdo, no temperature
reconstruction was attempted due to lack
of fit to temperature and poor analogues
for most of the samples. Holocene climate
change appears to have influenced the
variability in the chironomid data in
the broad sense, but closer examination
revealed that during certain time periods
in the Holocene there were more important
variables than temperature in determining
the chironomid abundances, such as pH
and organic carbon content. This study
confirms the opinion that temperature and
climatic effects on chironomids are complex
and indirect (Walker and Mathewes 1989,
Battarbee 2000, Bennike et al. 2004).
This causes problems when one wants to
reconstruct the air or water temperature
using midges. The reconstructions should
always be evaluated using the techniques
for this purpose (goodness-of-fit and MAT),
and checked against other information on
environmental change, e.g. diatom inferred
pH. In this context, by identifying through
which processes climate has affected the
midge communities in different lakes
in the past we can better understand the
directions of possible changes in aquatic
communities in the future. In addition,
more regional studies on the biogeography
and autecology of the aquatic midge larvae
are needed.
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