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Ab stract
This pa per fo cuses on the use ful ness of a palaeolimnological method called the joint algological and zoo log i cal anal y -
sis. The joint algo-zoo log i cal anal y sis in volves count ing all iden ti fi able re mains of the main al gae groups (Bacillario-
phyta, Cyanophyta, Desmidiales, other Chlorophyta, Trachelomonas sp.) and in ver te brate groups (Cladocera, Ostra-
coda, Chironomidae, Chaoborus sp., and other in sects, Turbellaria, Bryozoa, Spongia and Testacida) in vol u met ric
sam ples. We pres ent re sults from re cent sed i ments of Lake Glubokoe (Mos cow re gion, Rus sia) as an ex am ple of the
ap pli ca tion of this method. We re con struct the struc ture of phytoplankton, zoo plank ton and zoobenthos com mu ni ties
and their dy nam ics over the last 25 years. Our re sults sup port the va lid ity of this method in the re con struc tion of the
struc ture of phyto- and zoo plank ton com mu ni ties and their dy nam ics, in for ma tion that may be lost when car ry ing out
sep a rate anal y ses for in di vid ual groups. Sim plic ity is an other ad van tage of this meth od ol ogy.
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IN TRO DUC TION

Lake sed i ments con tain re mains of many veg e tal and an -
i mal groups ac cu mu lated dur ing a long pe riod of time.
Algological, pol len, and zoo log i cal anal y ses are the most
com mon meth ods used in clas sic palaeo eco logi cal stud ies,
among them pol len, di a tom, and cladoceran anal y sis (e.g.
Fuji 1978; Brake, Da vis 1983; Frey 1986; 1988) are the most
well-known. These prox ies are very use ful for palaeoenvi-
ronmental re con struc tions and his tor i cal biocoenology. Re -
mains of other in ver te brate groups, such as testacids (Kuli-
kovskaya 1983), sponges (Hall, Herrmann 1980), Bryozoa
(Crisman et al. 1986; Fran cis 2011), some in sects, par tic u -
larly Chaoboridae and Chironomidae (Hofmann 1988), and
Ostracoda (Günther 1986) are also well pre served in lake
sed i ments, as well as al gae re mains. They can also be used to
eval u ate qual i ta tive changes in the trophic struc ture in duced
by pro duc tiv ity, cli mate, and hu man im pact over the Ho lo -
cene. Each of these meth ods only pro vides in for ma tion about 
the dy nam ics of in di vid ual groups.

Within the frame work of the Pol ish-Rus sian Join Re -
search Pro ject (2011–2013), we wanted to dis cuss and test
the method of joint algological and zoo log i cal anal y sis, con -
tin u ing the study of Korde (1960) and Smirnov (2010). The
main ob jec tive of this study was to ver ify the po ten tial of this
method for the as sess ment of the com plex struc ture of the al -
gal and in ver te brate coenosis.

 STUDY AREA

Lake Glubokoe is lo cated ap prox i mately 90 km north -
west of Mos cow (55°45’N, 36°31’E, Mos cow re gion, Rus -
sia). The lake has a pear-like shape (Fig. 1), and is approxi-
mately 1200 m long and 850 m wide. It in cludes two sub-
bas ins: the larger one has a max i mum depth of 33 m, and the
smaller one 5 m. The inflowing wa ter is sup plied to the lake
from ditches, tem po rary streams, and sur face drain age. It is
sep a rated from farm lands and vil lages by a strip of for est
with a width of ap prox i mately 3 km (Smirnov 1986). Ac -
cord ing to pre vi ous stud ies, the lake has a gla cial or i gin
(Scherbakov 1967). Lake Glubokoe has a mesotrophic sta -
tus, con firmed by chem i cal wa ter anal y sis (Kluev 2002) and
re sults of de struc tion of or ganic sed i ments from var i ous
depths (Martynova 2002).

MA TE RIAL AND METH ODS

Sam pling and dat ing

Two sed i ment cores (12 cm and 45 cm in length, about 1
m dis tance) were taken from the cen tral part of the smaller
ba sin of Lake Glubokoe (55°45’537’’ N, 36°30’472’’ E) in
March 2011, from a depth of 3.3 m by means of a grav ity
corer KC-Den mark Kajak. The cores stud ied were sliced at
1 cm in ter vals, and the sam ples were kept in a dark and cold



place (about +4°C) un til the anal y sis. Sam ples from the shorter 
core (12 cm) were used for the joint algo-zoo log i cal anal y sis.
For this pro pose, 1 cm3 was subsampled from each depth.

Sam ples from the lon ger core (45 cm) were used for
210Pb dat ing in the Iso topes Dat ing & En vi ron ment Re search
Lab o ra tory of the In sti tute of Geo log i cal Sci ences, Pol ish
Acad emy of Sci ences in War saw. For this pro pose, 3 cm3 of
fresh, ho mogen ised ma te rial was taken from each level. The
210Pb ac tiv ity of sed i ments was in di rectly de ter mined by al -
pha spec trom e try mea sure ment of 210Pb (Ea =5.31 MeV,
T1/2 = 138 days) ac tiv ity (Flynn 1968). The ac tiv ity of 210Pb
and 208Pb was mea sured by means of an OCTETE PC al pha
spec trom e ter pro duced by EG&G ORTEC. The con stant rate 
of sup ply (CRS) model was used to cal cu late the sed i ment
age (Appleby 2001). Based on the re sults ob tained, the age–
depth model for the sur face sed i ments of Lake Glubokoe was 
de vel oped.

Algo-zoo log i cal anal y sis

The algo-zoo log i cal anal y sis con cerned 1 cm3 of fresh
sed i ment mixed in 10 ml of dis tilled wa ter with no chem i cal
prep a ra tion or colour ing. We con ducted the vol u met ric
count of the sam ples. An au to matic pi pette with a fixed value
of 0.1ml was used to place a drop of the so lu tion on an ob -
ject-plate. All the re mains iden ti fied were counted with the
ap pli ca tion of a light mi cro scope Olym pus BX40. Each of
the sam ples was counted in dou ble rep e ti tion, i.e. we counted
two slides (0.1 ml each) from each sam ple.

The joint algo-zoo log i cal anal y sis in volves count ing all
the iden ti fi able re mains of the main al gae groups (Bacillario-
phyta, Cyanophyta, Desmidiales, other Chlorophyta, Tra-

chelomonas sp.) and in ver te brate groups (Cladocera, Ostra-
coda, Chironomidae, Chaoborus sp. and other in sects, Tur-
bellaria, Bryozoa, Spongia, and Testacida). Di a toms were
rep re sented by sil ica cell walls, well pre served in the sed i -
ments. Re mains of other al gae were cel lu lose cell walls. Chi-
tinous parts of Cladocera (shell, head shield, postabdomen,
claw, man di ble, tail spine, fil ter ing combs, and ephippia) and 
aquatic lar vae of in sects (head shield, man di ble, and parts of
an ten nas) were well con spic u ous in the sed i ments too. Re -
mains of Turbellaria and Bryozoa were rep re sented by co -
coons and statoblasts, re mains of sponges – by sil ica spines,
and re mains of Testacida (Rhizopoda) – by ag glu ti nated (Ar-
cella sp.) and/or in laid shells (Difflugia sp.) (Fig. 2). All the
re sults were con verted into to tal num ber of re mains per 1 cm3

(con cen tra tion in 1 cm3).
Once all the re mains were counted, we sep a rated the

inver te brate re mains into two main groups – Cladocera and
Testacida – in or der to re con struct their quan ti ta tive dy nam ics.

RE SULTS

210Pb dat ing – pre lim i nary re sults

Ac cord ing to the re sults of 210Pb dat ing, the 45 cm pro file 
was ac cu mu lated through out the last ap prox i mately 141±18
years, which yields an av er age sed i men ta tion rate of about
0.3 cm y–1 (M. G¹siorowski, un pub lished data). As sum ing
sim i lar sed i men ta tion rate be tween the cores, the top layer of
sed i ment from the 12-cm pro file was prob a bly ac cu mu lated
dur ing the last 25 years (Ta ble 1). How ever, this dat ing is
only pre lim i nary, as there were few anom a lies, which will re -
quire fur ther test ing with gamma spec trom e try.
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Fig. 1. Lo ca tion of Lake Glubokoe (the cor ing site is marked with X).



Re sults of joint algo-zoo log i cal anal y sis

The core ana lysed con tained re mains of di a toms, desmi-
diales, and other Chlorophyta, Trachelomonas sp., and in-
ver te brate re mains: Cladocera, Ostracoda, Chaoborus sp.,
Chironomidae and other in sects, Turbellaria, Bryozoa, spon-
ges, and testacids (Fig. 3). Cyanophyta re mains were not
found. As it was ex pected, al gae were dom i nated by di a toms,
and Cladocera were the dom i nant in ver te brate group. This is
a com mon sit u a tion for mesotrophic lakes (Smirnov 2010).
No ta bly, the con cen tra tion of di a tom re mains in creased in
the up per part of the core, while the con cen tra tion of in ver te -
brate re mains in creased down wards. Testacids were the sub-
dom i nant group among in ver te brates. Spines of sponges
were also nu mer ous, es pe cially in the bot tom part of the core.
Re mains of ostracods, Bryozoa, Chaoborus sp., and other in -
sects were rare.

In the course of the joint algo-zoo log i cal anal y sis, we
dis tin guished par tic u lar spe cies among Cladocera and Testa- 
cida with a max i mum pos si ble ac cu rancy. It was some times
im pos si ble to iden tify cer tain re mains of Cladocera as well as 
Testacida at spe cies level. For those re mains, we used ge nus
level iden ti fi ca tion: Bosmina (Eubosmina), Alona (large)
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Fig. 2. Subfossil re mains of com mon groups from sed i ments of Lake Glubokoe, where A, B – Testacida, C – Desmidiales, D – Spongia, E,
F – Cladocera, G – Ostracoda, H – Chironomidae, I, J – Turbellaria, K – Bryozoa.

Ta ble 1
Par tial re sults of 210Pb dat ing for the 45 cm pro file

(un pub lished, M. G¹siorowski)

Depth, cm Age, years from pres ent Age, AD

0 0±0.9 2010

1 1±0.5 2009

2 2.8±0.5 2007

3 4.7±0.6 2005

4 6.3±0.6 2004

5 8±0.8 2002

6 10±0.8 2000

7 12±1 1998

8 14.4±1.5 1996

9 17±1.5 1993

10 20±2 1990

11 22±2 1988

12 24±2.4 1986

13 27±2.8 1983

14 30±2.8 1980

15 33±3.0 1977



and Alona (small), Camptocercus sp., Pleuroxus sp., and
Difflugia sp.

In to tal, re mains of 19 Cladocera taxa be long ing to four
fam i lies and 7 taxa of Testacida were re corded in the sed i -
ments of Lake Glubokoe (Fig. 4). Re mains of Bosmina (Eu-
bosmina), Bosmina longirostris, and Alona (large) pre dom i -
nated. The con cen tra tion of re mains of these spe cies var ied
from 2000 to about 6000 per cm3. Shells of Difflugia globu-
losa were the most dom i nant among Testacida, and the con -
cen tra tion of re mains reached from 200 to 2000 per cm3. The
re sults dem on strated that the changes in both Cladocera and
Testacida were syn chro nous in time.

The most dis tinc tive changes in all of the groups stud ied
(phyto- and zoo-or gan isms) in the core were ob served at a
depth of 10 cm, rep re sent ing a year 1990 (±2) (Fig. 3). At this
time, we no ticed in creas ing num bers of al gae and de creas ing
num bers of in ver te brates. Trachelomonas sp. ap peared among 
al gae, and the con cen tra tion of Spongia and Testacida among
in ver te brates de creased. The to tal abun dance of Cladocera
was sta ble. Among Cladocera, how ever, the fre quency of B.
longirostris and Alona (large) de creased from a depth of 8 cm 
(year 1996 (±1.5) on wards in com par i son with older sed i -
ments (Fig. 4A). At the same time, re mains of Daph nia sp.,
Leydigia sp., and Pleuroxus sp. to tally dis ap peared. A very
sim i lar ten dency was also ob served for the Testacida spe cies
com po si tion (Fig. 4B). The most dis tinc tive change was re -
corded for the fre quency of Difflugia globulosa, which was a
dom i nant spe cies be fore but de creased in abun dance at the
depth of 8 cm. The sec ond change in the core was re corded at
a depth of 3 cm (appr. year 2005). At this time, a short-term
de crease in the to tal abun dance of al gae as well as in ver te -
brates was ob served.

DIS CUS SION AND CON CLU SIONS

The re sults of the joint algological and zoo log i cal anal y -
sis re flected the dy nam ics of the en vi ron men tal con di tions

over the last 25 years. Ap prox i mately 20–25 years ago (in
1985–1990), the struc ture of the phyto- and zoo plank ton
com mu nity cor re sponded to the pe riod of wa ter tur bu lence
and better ox y gen con di tions. Ac cord ing to Korde (1960),
the high con cen tra tion of sponges de pends on high aer a tion,
some flowage or wa ter tur bu lence, high sil i con con cen tra -
tion, and the ab sence of sus pended min eral mat ter. The con -
cen tra tions of testacids Difflugia globulosa and D. gigantea,
which are re lated to oligotrophic or mesotrophic con di tions
(per sonal ex pe ri ence of Siemensma F., www.arcella.nl),
were higher in this pe riod. Ac cord ing to syn op tic data (Koro- 
vchinsky 1999; Korovchinsky, Boikova 2009), sum mers
were rain ier be fore 1992. This con trib uted to an in crease in
nu tri ent run off, wa ter tur bu lence, and aer a tion. Af ter 1992
sum mers be came drier, and wa ter tur bu lence and aer a tion
de creased. Changes in the struc ture of the phyto- and zoo -
plank ton com mu nity (a de crease in con cen tra tion of sponges
and two spe cies of testacids: Difflugia globulosa, and D.
gigantea) sug gest that about 20–25 years ago, wa ter tur bu -
lence and ox y gen con cen tra tion were higher than now a days.

In the up per part of the core the con cen tra tion of di a tom
re mains in creased, while the con cen tra tion of in ver te brate
re mains de creased. This sug gests the ten dency of Lake Glu-
bokoe to eutrophication over the last years, which was also
in di cated by hy dro-chem i cal and phytoplankton pa ram e ters,
as well as the in dexes of rel a tive num ber of Cladocera/Cope-
poda and Cladocera/Calanoida (Korovchinsky, Boikova
2009).

The wa ter level was 10 cm lower in 2005 (Korov-
chinsky, Boikova 2009). At this time, a short-term de crease
in the to tal abun dance of al gae and in ver te brates was ob -
served in the core. Maybe that wa ter level de crease was more
sig nif i cant for the small ba sin of Lake Glubokoe.

The re sults based on phyto- and zoo-or gan ism as sem -
blages pro vided ev i dence of the en vi ron men tal dy nam ics
dur ing the study pe riod. We con sider the method pre sented
here very use ful, par tic u larly for the re con struc tion of the
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Fig. 3. Con cen tra tion of al gae and in ver te brate’s re mains in 1 cm3 of sed i ments from Lake Glubokoe (the grey part shows the con cen tra -
tion in ten fold).



gen eral struc ture of phyto-and zoo plank ton com mu ni ties and 
their dy nam ics. Sep a rate anal y ses of in di vid ual groups pro -
vide more ac cu rate data, but only re gard ing a sin gle group.
In for ma tion on the gen eral struc ture of phyto- and zoo plank -
ton com mu ni ties is lost. This method is es pe cially in for ma -
tive when com bined with data for in di vid ual groups, and
there fore use ful for the re con struc tion of past lake eco sys -
tems. “In ter pre ta tion from a sin gle group of or gan isms are
usu ally more sug ges tive than de fin i tive, and with out sup port

from other ev i dence lead to open-ended un satis fy ing con clu -
sions” (Frey 1976). Al ready in the 1960s, Frey (1964) men -
tioned the ne ces sity of si mul ta neous stud ies on all aquatic
or gan isms in hab it ing a given wa ter body at the same time.
Ma jor ity of the or gan isms leave traces of their pres ence in the 
form of re mains in de pos ited sed i ments. Frey (1964) stated
that through such re mains, sed i ments con tain an in te grated
re cord of not only the oc cur ring lim no logi cal pro cesses, but
also ex treme events in the wa ter shed area, in clud ing those
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Fig. 4. Con cen tra tion of Cladocera (A) and Testacida (B) re mains in 1 cm3 of sed i ments from Lake Glubokoe (the grey part shows the con -
cen tra tion in ten fold).



con cern ing the cli mate. In his re view, he ev i denced that only
the global im age pro vided by in di vid ual spe cies of var i ous
groups al lows for a full re con struc tion of events. Based on
the ex am ple of Lake Min ne sota, Frey (1976) proved a sig nif -
i cant ef fect of hu man eco nomic ac tiv ity on the de vel op ment
of var i ous phyto- and zoo-rganisms.

An even more de tailed anal y sis of the ef fect of hu man
ac tiv ity was car ried out by Bas van Geel (1978). He ana lysed
mi cro- and macrofossils in peat bog sed i ments from Ger -
many and The Neth er lands. Based on the anal y sis with a res -
o lu tion of 1 cm, based on 70 de ter mined fun gal taxa, 25
an i mal taxa, and 4 al gae, the au thor de ter mined the cli ma tic
con di tions oc cur ring in the Ho lo cene.

We jus ti fied the ap pli ca tion of si mul ta neous algo-zoo -
log i cal anal y sis for study ing both short and long pe ri ods. We
ap plied this method for the pe riod of the last 25 years and ev i -
denced that it is a per fect method, not only pro vid ing a full
im age of the phytoplankton, zoo plank ton, and zoobenthos
struc ture, but also per mit ting a faster re con struc tion of
events. This is par tic u larly im por tant in case mon i tor ing data
is lack ing. In the era of quite ex treme cli ma tic events, data re -
gard ing changes in lakes (hy dro log i cal, tro phy changes, etc.)
are nec es sary for en vi ron men tal pro tec tion and fore cast ing
of fu ture changes.

There fore, the anal y sis of all aquatic or gan isms is a
highly im por tant el e ment of per form ing a re con struc tion.
Each of them pro vides mu tu ally sup ple ment ing in for ma tion.
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