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Ab stract
Anal y ses of subfossil cladocerans (Crustacea: Cladocera) and chi rono mids (Diptera: Chironomidae) were ap plied to
ex am ine wa ter-level changes in a small and oligotrophic lake in south ern Fin land over the past 2000 years. Ma jor
changes in the in ver te brate com mu ni ties oc curred ca. 400 AD on wards when the lit to ral cladoceran Alonella nana
started to re place the plank tonic Eubosmina as the dom i nant spe cies and chi rono mids Psectrocladius sordidellus
group and Zalutschia zalutschicola in creased. These changes were most likely due to a de creas ing wa ter level and an
en larg ing pro por tion of the lit to ral area, pro vid ing suit able veg e ta tive hab i tats, e.g. aquatic bryophytes (mosses), for
these taxa. The low er ing wa ter level reached its min i mum just be fore the Me di eval Warm Pe riod, ca. 800–1000 AD,
af ter which the lake level rose again and re mained high un til mod ern times. A prom i nent change in the chi rono mid as -
sem blages oc curred dur ing the 20th cen tury when Ablabesmyia monilis and Chironomus anthracinus type in creased,
pre sum ably due to changes in wa ter chem is try, caused by anthropogenic load of pol lut ants.
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IN TRO DUC TION

De vel op ment of cli mate has been one of the main top ics
lately in the Holo cene re search. In ad di tion to tem pera tures,
also ef fec tive mois ture (pre cipi ta tion – evapo tran spi ra tion)
has var ied dur ing the Holo cene and has been re flected in lake
lev els (Har ri son, Diger feldt 1993, Har ri son et al. 1993, Guiot 
et al. 1993, Yu, Har ri son 1995). Past lake- level fluc tua tions
have been stud ied by e.g. de tect ing changes in sedi ment com -
po si tion, as well as in mi cro- and mac ro fos sil as sem blages
(Diger feldt 1988, 1997, Almquist- Jacobson 1995, Bar ne -
kow 2000, Koff et al. 2005, Pun ning et al. 2005, Val pola, Sa -
lonen 2006).

Lake- level changes have been stud ied rather in ten sively
us ing sub fos sil cla do ceran re mains. Al honen (1970a, 1970b) 
sug gested that the ra tio of re mains of plank tonic/lit to ral cla -
do cer ans in sedi ments re flects the vol ume or the ex tent of the
pe lagic and lit to ral area (plank tonic/lit to ral ra tio, P/L). Hy -
po theti cally, when the wa ter level is ris ing, the size and vol -
ume of the pe lagic area in crease and sub se quently, the pro-
por tions of re mains of plank tonic cla do cer ans in sedi ments
grow. When the wa ter level is low, the pe lagic wa ter vol ume
is smaller and the size of the lit to ral area is pro por tion ally
larger, as well as the pro por tion of lit to ral cla do cer ans. Af ter
Al honen’s pio neer work, many stud ies con cern ing long- term 
lake- level changes dur ing the Holo cene were per formed in

south ern and north ern Fin land (Al honen 1972, Don ner et al.
1978, Hyväri nen, Al honen 1994, Sarmaja- Korjonen, Al -
honen 1999, Sarmaja- Korjonen, Hyväri nen 1999, Sarmaja-
 Korjonen 2001), as well as else where in Europe (Mikul ski
1976, Brad bury, White side 1980, G¹sior owski, Herc man
2005). Re cently, Kor hola et al. (2000) de vel oped a Cla do -
cera – lake- depth trans fer model to es ti mate quan ti ta tively
lake- level fluc tua tions in Fin nish Lap land. The model was
ap plied later with suc cess (Kor hola et al. 2005).

The P/L method has been criti cized (Hof mann 1996,
1998) since many fac tors be sides water- level changes may
af fect the pro por tions of plank tonic and lit to ral cla do cer ans
(Frey 1986a). The ex tent of the lit to ral area is con trolled by
light pene tra tion and the mor phome try of the ba sin. The
former can be al tered e.g. dur ing a pe riod of phy to plank ton
maxima, fol low ing a nu tri ent in crease or higher pre da tion of
fish on in ver te brate graz ers and re sult ing in de creased light
pene tra tion caused by higher al gal con cen tra tion. The lit to ral 
area may even be come larger dur ing ris ing of the wa ter level
if the new shore area is flat. Ac cord ing to Sarmaja- Korjonen
(2001), the method is most re li able in small, lim no logi cally
sta ble and oligo trophic lakes where there have been no large
changes in the food web that could have af fected the com po -
si tion of cla do ceran com mu ni ties. G¹sior owski and Herc -
man (2005) sug gested that the method worked best in
shal low lakes.

1 This article is a contribution to the Proceedings of the 8th Subfossil Cladocera Workshop in Prague, September 26–27 2006.



Also sub fos sil re mains of lar vae of non- biting midges,
i.e. chi ro nomids, pro vide in for ma tion about past lake lev els
be cause chi ro nomids live in the lit to ral and pro fun dal zones
of all lake types and ac cord ing to Walker and Mac Don ald
(1995), al most all of them have some pref er ence for the wa ter 
depth. Hof mann (1998) dis cussed that the size of lit to ral and
plank tonic com mu ni ties change when the wa ter level fluc tu -
ates. Kor hola et al. (2000) showed, us ing mul ti vari ate meth -
ods, that the lake depth was the sec ond most im por tant fac tor
ex plain ing chi ro nomid dis tri bu tion in north ern Fin land, and
de vel oped a model for water- depth re con struc tion.

Sarmaja- Korjonen and Al honen (1999) and Sarmaja-
 Korjonen (2001) stud ied Lake Iso Lehmälampi with the cla -
do ceran P/L method and found an evi dence of lake- level
changes dur ing the Holo cene. They also sug gested that the
small lake had been oligo trophic with sta ble lim no logi cal
con di tions. These stud ies, as well as al most all of the stud ies
con cern ing lake- level changes in Fin land, have fo cused on

long- term changes dur ing the en tire Holo cene. There fore,
since Lake Iso Lehmälampi ap pears suit able for water- level
stud ies, we aimed to dis tin guish short- term fluc tua tions dur -
ing the late Holo cene (0–2000 AD). To in ves ti gate these
changes, we ana lysed a radiocarbon- dated short (24 cm)
sedi ment core with 1 cm in ter vals us ing sub fos sil Cla do cera
and chi ro nomids, to gether with loss- on- ignition (LOI) and
sta tis ti cal analy sis (DCA).

STUDY SITE

Iso Lehmälampi (60°20’ N, 24°36’ E) is a small lake (5.1 
ha) situ ated in south ern Fin land (Fig. 1). It lies in an up land
area at an al ti tude of 91.7 m. The lake con sists of two parts;
the north west ern part is shal lower (max. 5.4 m) and sepa rated 
from the deeper (max. 8.1 m) south east ern part by a small
pen in sula (Fig. 1). The lake drains from the west ern shore
and there are no in lets. Bed rock out crops and mire patches
char ac ter ize the ca. 30 ha catch ment. The for est around the
lake com prises mainly Scots pine (Pinus sylves tris), Nor way
spruce (Pi cea abies), and birch (Be tula spp.). The shore line
is domi nated by Spaghnum mosses and Carex spp. and the
lit to ral zone by sub merged Nuphar lu tea and Nym phaea spp.

Ac cord ing to the dia tom rec ords, the lake has been acidic 
for most of the Holo cene (Sarmaja- Korjonen, Al honen 1999, 
Sarmaja- Korjonen 2001) but ex pe ri enced a fur ther acidi fi ca -
tion in the 1980s when pH dropped be low 5.0 (Verta et al.
1990). The lake suc ceeded a chemi cal re cov ery pro cess dur -
ing the 1990s and dur ing 2005 pH ranged be tween 5.1 and
5.8 (Tab. 1). Dur ing the se vere acidi fi ca tion of the early
1980s, the lake be came al most fish less. Af ter wards, in the
late 1980s and early 1990s, it ex pe ri enced many fish in tro -
duc tions, in clud ing white fish (Core go nus la vare tus), roach
(Ru ti lus ru ti lus), and perch (Perca flu via tilis) (Kari Ny berg,
pers. comm.) but only perch has suc ceeded and in hab its the
lake to day. The other ba sic lim no logi cal meas ure ments of
this oligo trophic lake (con duc tiv ity, oxy gen, to tal phos pho -
rous and to tal ni tro gen) are shown in Tab. 1.

MA TE RI ALS AND METH ODS

Sed i ment and dat ing

A short sedi ment core was taken through the ice in Feb -
ru ary 2005 with a Lim nos grav ity corer. The wa ter depth at
the cor ing point was 4.12 m. The 24 cm sedi ment se quence
con sisted of fine de tri tus gyttja. The sedi ment was subsam -
pled at 1 cm in ter vals in the field.

Only one ter res trial mac ro fos sil (a piece of a tree) was
found for dat ing and in ad di tion to that, two bulk sedi ment
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Fig. 1. Lo ca tion, sche matic bathymetry and catch ment of Lake
Iso Lehmälampi.

Ta ble 1
Mea sured lim no logi cal vari ables of Lake Iso Lehmälampi

 pH
Con duc tiv ity

µS cm-1
Ox y gen
mg l–1

Color
Pt mg l–1

TP
µg l–1

TN
µg l–1

Spring 5.3 14 8.4 20 < 10 343.4

Sum mer 5.1 17 8.9 30 25.4 381.6

Win ter 5.8 20 18.1 40 10.3 456.8

Mea sure ments for spring val ues were per formed on 31.5.2005, for sum mer val ues on 15.8.2005, and for win ter val ues on 16.12.2005



sam ples were dated at the Poznañ Ra dio car bon Labo ra tory,
Po land, us ing AMS ra dio car bon dat ing tech nique (Tab. 2).
The dates were cali brated us ing the Cal Pal (The Co logne Ra -
dio car bon Cali bra tion & Pa leo cli mate Re search Pack age)
on line cali bra tion pro gram (www.cal pal.de). A sec ond or der
poly no mial func tion was fit ted with the cali brated dates and a 
time- depth model was drawn based on the func tion (Fig. 2).
The model was used in all the es ti mated ages pre sented in this 
study.

Cladocera

Vol u met ric sed i ment sam ples of 2 cm3, taken at 1 cm in -
ter vals, were pre pared for subfossil Cladocera anal y sis us ing
the method de scribed in Szeroczyñska and Sarmaja-Korjo-
nen (2007). The sam ples were heated and stirred in 10%
KOH for 20 min utes in de canter glasses and sieved through a
44-µm mesh. The sam ples were then mounted in glyc er ine
jelly stained with safranine. A min i mum of 400 cladoceran
re mains (mostly headshields, shells, and postabdomens)
were counted from each sam ple. The most com mon body
part of each taxon was cho sen to rep re sent the num ber of in -
di vid u als. The rel a tive pro por tions for each taxon were cal -
cu lated from the to tal sums of in di vid u als of all taxa. The
cladoceran no men cla ture fol lows RÝen (1995). Chydorus
sphaericus was iden ti fied as sensu lato (s.l.) ac cord ing to
Frey (1986b). Bosmina (Eubosmina) is here af ter called
Eubosmina.

Chi rono mids

Chi ro nomid analy sis was per formed at 1 cm in ter vals.
Subsam ples of 0.3–0.6 g wet sedi ment were treated with 10% 
KOH and sieved through a 100-µm mesh. The sieved sam -
ples were trans ferred to a Petri dish and the chi ro nomid head
cap sules were hand picked with fine for ceps un der a stereo -
mi cro scope (mag ni fi ca tion 25x). The head cap sules were
mounted on mi cro scope slides in Eu paral. A mini mum of 60
head cap sules was counted from each sam ple which ex -
ceeded the mini mum abun dance cri te rion of 40–50 head cap -
sules (Hof mann 1986, Heiri, Lot ter 2001, La roc que 2001,
Walker 2001). The head cap sules were iden ti fied un der a
light mi cro scope at 400 x mag ni fi ca tion. The iden ti fi ca tion
was based mainly on Wieder holm (1983). The key of Heiri et
al. (2004) was used for the iden ti fi ca tion of the Tany tars ini,
and the guide by Ri er ade vall and Brooks (2001) for the Tany -
po di nae lar vae.

Loss-on-ig ni tion and data anal y ses

Loss-on-ig ni tion (LOI) anal y sis was per formed us ing
wet sed i ment sam ples at 1 cm in ter vals to de ter mine the or -

ganic con tent of the sed i ment. Ap prox i mately 10–12 g of wet 
sed i ment was dried at 105 °C for 12 hours and the dried sed i -
ment was ig nited in an oven at 550 °C for 2 hours.

Detrended cor re spon dence anal y sis (DCA) was used to
iden tify vari a tion in chi rono mid and Cladocera as sem blages
in the sed i ment se quence. DCA is a unimodal or di na tion
method that sum ma rizes vari a tion in an eco log i cal data set
and shows re la tion ships be tween sam ples in or di na tion di a -
grams, so that the lon ger the dis tance be tween sam ple scores,
the more dis sim i lar the sam ples are. DCA, with detrending
by seg ments, square-root-trans for ma tion of spe cies, and
down weight ing of rare spe cies, was per formed with CANO-
CO program, version 4.52 (ter Braak 2003).

RE SULTS

Cladocera

Rel a tive pro por tions of the most com mon cladocerans
through the sed i ment se quence are shown in Fig. 3. The
cladoceran stra tig ra phy was di vided into 5 lo cal fau nal zones
(ILCLA1-5) us ing the programme ZONE ver sion 1.2 (Jug -
gins 1991). In the zone ILCLA1 (24–21.5 cm, ca. 100–300
AD), Eubosmina dom i nates (ca. 40%) and Alonella nana,
Alona affinis, and Alonella excisa are the most com mon
chydorids. Eubosmina de creases and Alonella nana in -
creases mark edly in the zone ILCLA2 (21.5–17.5 cm, ca.
300–600 AD). In the zone ILCLA3 (17.5–13.5 cm, ca.
600–1000 AD), Eubosmina is at its min i mum (20%) and
Alonella nana at its max i mum (50%). Alonella nana starts to
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Ta ble 2
Ra dio car bon dates for Lake Iso Lehmälampi

Depth (cm) Lab. no. Dated ma te rial Age BP Age cal. BP Year AD

13-14 Poz-18679 Piece of tree 930 ± 30 855 ± 46 1095

18-19 Poz-18680 Bulk 1530 ± 30 1438 ± 53 512

24-25 Poz-18681 Bulk 1910 ± 30 1861 ± 28 89

Fig. 2. Time-depth model for Lake Iso Lehmälampi
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de crease mark edly in the top of the zone. Eubosmina, Alona
affinis and Acroperus harpae in crease in the zone ILCLA4
(13.5–9.5 cm, ca. 1000–1300 AD) and Alonella nana is at its
min i mum (ca. 10%). In the top most zone ILCLA5 (9.5–0 cm, 
ca. 1300 AD–pres ent), Eubosmina and Alonella nana are the
most com mon taxa. Alona affinis, Acroperus harpae, Alo-
nella excisa, Chydorus piger, and Alona rustica are con -
stantly pres ent at lower abun dances. Eubosmina in creases to
almost 50% in the topmost sample.

Figure 4 pres ents the plank tonic/lit to ral ra tio of cladoce-
rans in the lake. Plank tonic taxa were abun dant (ca. 40%) un -
til 300 AD when they started to de crease. The pro por tion of
lit to ral spe cies in creased from ca. 300 AD from ca. 60% to
ca. 80%. The plank tonic min i mum and the cor re spond ing lit -
to ral max i mum oc curred ca. 900–1000 AD, af ter which
plank tonic Cladocera in creased and stayed at ca. 40%.

Chi rono mids

A to tal of 2128 chi rono mid head cap sules were counted
from the 25 sam ples and 34 dif fer ent taxa were iden ti fied.
Rel a tive abun dances of the most com mon chi rono mids are
pre sented in Fig. 5. The stra tig ra phy was di vided into 5 lo cal
fau nal zones (ILCH1-5), which were iden ti fied by ma jor
changes in the chi rono mid as sem blages us ing the progra-
mme ZONE version 1.2 (Juggins 1991).

The most com mon chi rono mids in the zone ILCH1
(24–20.5 cm, ca. 100–400 AD) are Heterotanytarsus api-
calis, Procladius, Dicrotendipes pulsus, Tanytarsus undif.,
Micropsectra undif., Cladotanytarsus mancus group, and
Paratanytarsus penicillatus type. Ad di tion ally, Psectrocla-
dius septentrionalis group be comes fre quent at 21 cm (13%). 
In the Zone ILCH2 (20.5–16.5 cm, ca. 400–800 AD), the
most com mon chi rono mids are Psectrocladius septentrio-
nalis group (9–23%), P. sordidellus group (14–18%), and
Tanytarsus undif. (13–17%), while Heterotanytarsus api-
calis, Procladius, Micropsectra undif., Dicrotendipes pul-
sus, Cladotanytarsus mancus group, and Paratanytarsus
penicillatus type de crease. Microtendipes pedellus group be -
comes slightly more com mon and Zalutschia zalutschicola
(11%) is abun dant at the be gin ning of the zone. In the zone
ILCH3 (16.5–8.5 cm, ca. 800–1400 AD), Psectrocladius
septentrionalis group is still the most com mon taxon, vary -
ing be tween 9 and 30%. Tanytarsus undif. var ies be tween 4
and 23%. Ablabesmyia monilis in crease from 2–5% to 17%
at 16 cm. Psectrocladius sordidellus group de creases in this
zone. Psectrocladius septentrionalis group and Tanytarsus
undif. are still the most com mon taxa in the zone ILCH4
(8.5–2.5 cm, ca. 1400–1800 AD). In the ear lier part of the
zone, Procladius in creases mark edly from 1 to 11%, and
Heterotanytarsus apicalis in creases in the mid zone up to
16–19%. Procladius and Ablabesmyia monilis de crease. Ta-
nytarsus undif. (21–23%) and Psectrocladius septentrio-
nalis group (13–18%) dom i nate the zone ILCH5 (2.5–0 cm,
ca. 1800 AD–pres ent). Ablabesmyia monilis in creases
sharply to wards the top most sam ple. Chironomus anthraci-
nus type in creases from 0 to 8% and Paratanytarsus peni-
cillatus type and Paratanytarsus austriacus type disappear
in the zone.

Loss-on-ig ni tion and data anal y sis

Loss-on-ig ni tion (LOI), i.e. the or ganic con tent of the
sed i ment of Lake Iso Lehmälampi, var ies be tween 63 and
74% (Fig ure 6). From 24 to 9 cm (ca. 100–1400 AD), LOI
stays at a high value (70–74%) and starts to de crease steadily
from 8 cm un til 1 cm (20th cen tury), where it reaches 63%. At
0 cm (pres ent), LOI is 64.5%.

The scores in the DCA or di na tion di a gram show clus ter -
ing of the sam ples in both the cladocerans (Fig. 7A) and chi -
rono mids (Fig. 7B). In both di a grams, the old est sam ples
(24–21 cm, ca. 100–300 AD) and the youn gest sam ples (2–0
cm, ca. 1800–2000 AD) have clearly sep a rate scores from
the other sam ples. In chi rono mids, the three top most sam ples 
are in a sep a rate clus ter and have very low DCA axis 1 val -
ues. In ter me di ate sam ples (20–14 cm, ca. 400–1000 AD) are
grouped more noticeably in cladocerans.

DIS CUS SION

The time pe riod be tween ca. 100 and 300 AD in Lake Iso 
Lehmälampi is char ac ter ized by cladocerans Eubosmina,
Alonella nana, Alona affinis, and Alonella excisa (Fig. 3)
which thrive in oligotrophic wa ters (SandÝy and Nilssen
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Fig. 4. Pro por tions of plank tonic/lit to ral Cladocera in Lake Iso
Lehmälampi. The sed i ment is fine de tri tus gyttja.
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1986, Uimonen-Simola and Tolonen 1987). The most com -
mon chi rono mids (Fig. 5) in clude acid-tol er ant Procladius,
Dicrotendipes pulsus, and Heterotanytarsus apicalis (Olan-
der 1992, Ilyashuk and Ilyashuk 2004, Brooks 2006). These
fau nal as sem blages im ply that the lake was al ready then
acidic and oligotrophic, which is in di cated also by the fact
that the very com mon but acid-sen si tive plank tonic clado-
ceran Daph nia was en tirely miss ing.

These re sults are in ac cor dance to Sarmaja-Korjonen
(2001) who found in the di a tom ev i dence that the pH of Lake
Iso Lehmälampi had stayed very low dur ing the Ho lo cene,
and sug gested that the lake had been oligotrophic through its
en tire his tory. Lake Iso Lehmälampi is a typ i cal nat u rally
acid i fied lake since it is sit u ated in a rocky and peaty up land
and its small catch ment (Fig. 1) is very poor in base el e ments
and nu tri ents (cf. Korhola and Tikkanen 1991). In ad di tion,
the high pro por tion of plank tonic Cladocera (Fig. 4) sug gests 
that the lake ba sin had a relatively large pelagic area.

From ca. 400 AD on wards, some lit to ral chi rono mid
taxa as so ci ated with aquatic macrophytes, such as Psectro-
cladius septentrionalis group and Psectrocladius sordidellus 
group (Brodersen et al. 2001, Tolonen et al. 2001), started to
dom i nate the chi rono mid as sem blages. Also Zalutschia zalu- 
tschicola, a chi rono mid typ i cal in humic and oligotrophic
lakes (S³ther 1976) and as so ci ated with peaty shore lines, in -
creased around 400 AD (Fig. 5). Si mul ta neously around 400
AD, the pro por tion of the plank tonic cladoceran taxon Eubo-
smina started to de crease while, the lit to ral spe cies Alonella
nana started to in crease mark edly (Fig. 3). Ac cord ing to
Duigan and Kovach (1991) Alonella nana is as so ci ated with
peat and moss hab i tats, and ac cord ing to Korhola (1990), it is
strictly as so ci ated with veg e ta tion. These changes are vis i ble
in the chang ing sam ple scores in DCA for cladocerans and
chi rono mids (Fig. 7). The sam ple scores rep re sent ing the
time from 400 AD on wards (sam ples <20 cm) lo cate in the
mid dle of the or di na tion di a gram, whereas the older sam ples
(24–21 cm) have higher val ues for DCA axis 1.

Dur ing 700–1000 AD, Alonella nana in creased to its
max i mum and the pro por tions of lit to ral cladocerans were at
their high est, whereas the plank tonic spe cies de creased to a
min i mum and con sti tuted only 20% of the com mu nity (Figs
3, 4). Si mul ta neously, in chi rono mids (Fig. 5), Ablabesmyia
monilis in creased no tice ably. How ever, this spe cies is con -
sid ered to be eurytopic and cos mo pol i tan (Fittkau and Ro-
back 1983) and un for tu nately it is un clear to which en vi ron -
men tal variables it responded.

Ac cord ing to Sarmaja-Korjonen and Alhonen (1999)
and Sarmaja-Korjonen (2001), Lake Iso Lehmälampi ex pe ri -
enced sev eral short-term fluc tu a tions in the wa ter level dur -
ing the late Ho lo cene, 4000 BP on wards. There fore, one
ma jor driv ing force for the fau nal changes from 400 AD on -
wards may have been the wa ter-level change and ac cord -
ingly, the changes in the ex tent of the lit to ral area and
macrophytes rel a tive to the cor ing point. Since the in creas ing 
in ver te brates, e.g. Alonella nana and Zalutschia zalutschi-
cola, in habit moss and peat hab i tats, it is pos si ble that the
low er ing wa ter level en larged the area of aquatic bryophytes
(mosses), char ac ter is tic to this lake also in the past (Sarmaja-
Korjonen and Alhonen 1999). The slightly ris ing or ganic
con tent of the sed i ment (Fig. 6) from 400 AD on wards may

also be a re flec tion of the in creased pro por tion of the lit to ral
zone. As the north east ern sec tion of the lake is shal lower than 
the south west ern one, low er ing of the lake level could have
considerably decreased the volume of the pelagic area
(Fig. 1).

In the cladoceran as sem blages, the plank tonic clado-
cerans (mainly Eubosmina) in creased back to ca. 40% and
cor re spond ingly, Alonella nana de creased sharply some de -
cades af ter 1000 AD (Figs 3, 4), whereas in the chi rono mid
com mu nity Tanytarsus undif., which is mainly a lit to ral ge -
nus (S³ther 1979), de creased from 20 to 4% (Fig. 5). These
changes prob a bly in di cate a di min ished pro por tion of lit to ral
hab i tats and an en larged pe lagic area.

The pro por tions of plank tonic cladocerans re mained rel -
a tively con stant to wards the top of the core, sug gest ing that
there were no sig nif i cant wa ter-level changes af ter ca. 1200
AD. The chi rono mid Procladius be came fre quent again from 
ca. 1400 AD on wards. Procladius of ten in di cates ac cel er -
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Fig. 6. Loss-on-ig ni t ion of the sed i  ment of Lake Iso
Lehmälampi. The sed i ment is fine de tri tus gyttja



ated de po si tion or dis tur bances in sed i men ta tion pro cesses,
as Lit tle and Smol (2000) showed. Ac cord ing to their re sults,
Procladius in creased af ter con struc tion of a ca nal and the fol -
low ing flood ing. To gether with the in crease of Procladius,
the LOI val ues de creased sev eral percents in Lake Iso Leh-
mälampi, in di cat ing a lower or ganic con tent of the sed i ment
(Fig. 6). A sim i lar de crease in LOI to wards the top was vis i -
ble also in the cores stud ied (but not shown) by Sarmaja-
Korjonen (2001), in di cat ing that a sim i lar change oc curred in 
both sec tions of the lake. The drop of LOI may indicate that
erosion from the catchment increased.

The pol len ev i dence from Iso Lehmälampi (Sarmaja-
Korjonen 2003) in di cates only very weak signs of anthropo-
genic ac tiv i ties but it is pos si ble that e.g. small-scaled graz -
ing in the for est may have been prac tised in the catch ment
area, in ten si fy ing to wards mod ern times. This could have en -
hanced the nu tri ent in put into the lake but there is no in di ca -
tion of a risen trophic state in the cladoceran and chi rono mid
as sem blages (Figs 3, 5) or in the di a tom ev i dence (Sarmaja-
Korjonen 2001). There fore, we can not ex clude the pos si bil -
ity that the de crease in LOI was due to de creas ing or ganic
pro duc tion, pos si bly re sult ing from the cold climate periods
of the Little Ice Age (LIA).

The chi rono mid com mu nity from ca. 1900 AD un til
pres ent is dis tinc tive (Fig. 5), as shown in the DCA or di na -
tion (Fig. 7B). Paratanytarsus austriacus type and Parata-
nytarsus penicillatus type dis ap peared com pletely and Abla-
besmyia monilis, to gether with Chironomus anthracinus
type, in creased mark edly. Also Procladius in creased. Ilya-
shuk et al. (2003) found from a se verely metal-con tam i nated
lake in the Kola Pen in sula, Rus sia, that Chironomus and
Procladius in creased dur ing the con tam i na tion pro cess. In

Lake Iso Lehmälampi, Chironomus anthracinus type in -
creased from 0 to 11% and Procladius from 4 to 11% dur ing
the 20th cen tury. These shifts in the chi rono mid com mu ni ties
may be due to lim no logi cal changes caused by anthropogenic 
at mo spheric pol lu tion. It is known that Lake Iso Lehmälampi 
ex pe ri enced a se vere acid i fi ca tion pro cess dur ing the 1980s,
caused by anthropogenic load of trace met als from in dus trial
pro cesses (Verta et al. 1990). It is likely that the in flu ence of
at mo spheric load ing started ear lier, to gether with in dus trial -
is ation. Huttunen et al. (1990) found that in south ern Fin land, 
the anthropogenic acid i fi ca tion has been go ing on since ca.
1900 AD, and this agrees with our chi rono mid ev i dence. A
dis tinct change oc curred also in the cladoceran com mu nity
to wards pres ent times, shown best in the DCA or di na tion
(Fig. 7A) but without such dramatic changes in the species
assemblages as in chironomids.

CON CLU SIONS

The cladoceran and chi rono mid as sem blages in Lake Iso 
Lehmälampi showed changes from 400 AD on wards that
were prob a bly caused by a low er ing wa ter level and the as so -
ci ated changes in hab i tats. We de tected only one wa ter-level
min i mum dur ing the past 2000 years, oc cur ring ap prox i -
mately in the pe riod 800–1000 AD, af ter which the lake level
rose. E.g. Digerfeldt (1988, 1997) and Korhola et al. (2005)
showed that wa ter lev els have var ied for sev eral me ters dur -
ing the Ho lo cene in south ern Swe den and Finn ish Lapl and,
re spec tively. How ever, it is im pos si ble to es ti mate quan ti ta -
tively the vari a tions from the pres ent data. The core was
taken from the depth of 4.12 m and since all the ev i dence of
dry ing of the cor ing point is miss ing, the low er ing must have
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Fig. 7. DCA or di na tion di a gram along axes 1 and 2 for a) Cladocera and b) chi rono mid as sem blages. The num bers (0-24) in di cate sam ple
depths (0–24 cm), and the Ro man let ters in di cate lo cal fau nal zones (ILCLA1-5 and ILCHI1-5 in Figs 3 and 5).



been of a magnitude less than 4 m, compared to the present
level.

Ac cord ing to Vassiljev (1998), the lake level is more
sen si tive to a de crease, since an in crease can be com pen sated
by in creased out flow. There fore, it is pos si ble that there were
fluc tu a tions dur ing the high wa ter-level stage fol low ing the
min i mum, but these are not re flected in the cur rent re cord.
The low-wa ter pe riod oc curred just be fore the Me di eval
Warm Pe riod (MWP) and the wa ter level stayed high dur ing
the MWP and the LIA. Whether these fluc tu a tions re flect re -
gional hy dro log i cal trends, re mains un known, as only syn -
chro nous lake-level fluc tu a tions de tected from more than
one lake can be con nected to cli mate-in duced changes. There 
is hardly any high-res o lu tion ev i dence about the ef fec tive
mois ture and lake lev els in Fin land dur ing the MWP and LIA
(or pre ced ing them). Tiljander et al. (2003) ex am ined an nu -
ally lam i nated sed i ments from cen tral Fin land and found that
dur ing two pe ri ods, ca. 1580–1630 and 1650–1710 AD, sed -
i men ta tion rates and ac cu mu la tion of minerogenic ma te rial
in creased, in di cat ing wet ter and colder cli mate. More high-
res o lu tion multi-proxy palaeolimnological stud ies are re -
quired un til a more de tailed pic ture of mois ture con di tions
dur ing the MWP and the LIA in south ern Fin land can be
achieved. Nev er the less, our study indicates that there were
short-term lake-level changes in southern Finland during the
past 2000 years.
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