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Abstract. Fifteen small dystrophic and dyseutrophic lakes were studied in 1966—1991,
two of them seasonally, five repeatedly after long intervals. An impoverished bottom
fauna was found which consisted altogether of 136 taxa, mainly various insects, including
a few species specific to this kind of lakes. Molluscs and worms were scantily represented.
The profundal zone was usually very poor in animals or azoic. The average abundance
and biomass of zoobenthos were very low in closed bog lakes but increased gradually
together with the trophic condition, up to a very high level in one dyseutrophic lake.
A tendency towards the increase of biomass during several decades is evident.

Introduction

There are about 1,150 lakes in Estonia. Since 1951, some 500 of them
have been investigated hydrobiologically by the Institute of Zoology and
Botany, about 300 lakes also with respect to the bottom fauna. A consider-
able part of the lakes are humified with allochtonous substances from
bogs and forests. They belong to the dystrophic type sensu Naumann
(1931). A detailed limnological typology for Estonian lakes was elaborated
by Miemets (1974) on the basis of the accumulation type, biogeochemical
circulation and water circulation. A guide for the identification of these
lake types was given by Miemets and Midemets (Msasmerc, Msasmerc,
1991). According to this, Estonian humified brown-water lakes are divided
into semidystrophic (soft-water, with a moderate accumulation of humic
substances), dystrophic (strongly humified), and dyseutrophic types
(accumulating simultaneously mineral, humic and biogenic substances),
each with several subtypes. As the bottom invertebrates of Estonian semi-
dystrophic lakes studied during the last decades were already treated
elsewhere (Tumm et al., 1991), only 15 lakes belonging to dystrophic and
dyseutrophic types are included in this paper. Their main limnological
%haracteristics are presented in Table 1, their geographic location in the

igure.

The lakes under consideration are small (1.2—78.7 ha, with the maxi-
mum depth 2.4—18 m), with strongly coloured (reddish to yellowish
brown) water, mostly poor in macrovegetation. Their common hydro-
chemical features are low total alkalinity (usually <30 mg/l HCOy’,
often zero) and pH (<7) combined with high dichromate oxidability
(usually >35mg/l O) due to allochtonous humic substances. Profundal
sediments are represented by brown dy, sometimes with a blackish surface
layer, while various peaty, sandy and muddy bottoms can occur in the
littoral. The water can be rich in biogenic substances but eutrophication
phenomena are less apparent than in clear-water lakes.
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Four of the lakes are shallow and polymictic-dystrophic, situated in or
near Sphagnum bogs (limnological subtype D?® by Médemets, 1974). Seven
more lakes belong to strongly stratified subtype D? they are located on
sandy soils and accumulate humified water from pine forests. Finally,
four dyseutrophic lakes represent the soft-water subtype DE! which differs
frorrtl) D? only by a somewhat higher concentration of mineral compounds
(Table 1).

Material and methods

The material was collected during limnological expeditions of the
Institute of Zoology and Botany in 1966—1991. In case there exists com-
parable material from an earlier period (1953—1963), it is considered
after Mdemets (1968). Quantitative zoobenthos samples were taken mostly
in summer, in lakes Pakasjdrv and Nohipalu Mustjirv also seasonally.
One to five sampling spots were chosen at the characteristic depths and

Table 1

Some limnological features of the lakes studied,
after Mdemets (1968), Kask (1964), Midemets (1974), and unpublished data

25 . 2
Lake o8 | SE EE o z ar -3 .g’.o )
255 o E«‘i? s5<|sE |58 | 22
b 3] + 2 = 2
as |28 8 T |88c|RE|RE|8F |53
Loosalu 34.1 5.0 2.7.56 4.0 50.7 0 D?
9877 . <6 34 0
Pakasjérv 178 24 6.7.72 455 486 0 D3
Nigula 179 /8.1 6.854 <6 38.1 6.1 D3
17.7.83 6.4 37 9.2
Meelva 781,92 5.9.58 5.2 46.4 0 D¢
10.7.91 6 745 122 119 1260
Viroste 104 100  30.6.63 4.7 75.2 0 D?
10791 ~6 100 122 74 2230
Holvandi Kivijarv. 59 18 6.7.83 <6 72 0 D?
10.7.91 6.25 83.6 122 49 1500
Pikamie 6.7 5 \11.7 5783 <6 80 12.2 D2
10.7.91 5.6 100 122172 /1260
Partsi Saarjarv 11.8 119 5783 <6 85 7.3 D?
11,791 5.5 111 6.1 42 2050
Koolma 6.1 6.0 5783 <6 53 0 D?
Nohipalu Mustjarv = 219 8.9 8783 <6 80 3.6 D?
12.7.90 4.1 110 0 21 3260
Suur-Kaksjarv 2.2 40" 27068 5.8 80 0 D?
Piigandi Mustjarv  14.8 143 23.7.73 6.0 47 0 DE!
8.7.91 6.9 65.4 6.1 47 1620
Orava Mustjérv 5.1 92 25654 <6 65.4 0 DE!
9.7.83 6.8 76 24
Orava Koverajarv  11.1  15.0 9.7.83 6.6 39 7.3 DE!

Neeruti Sinijérv 1.2 4.8 29.6.88 6.0 60 36 70 947 DE!
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vegetation zones of every lake, Usually, three hauls with the Borutski or
Zabolotski bottom grab (modifications of the Ekman grab, 225 cm?) were
taken at every spot; in 1966 there was only one haul. The samples were
sieved on a gauze net (14 threads per cm), macroscopic bottom inverte-
brates were picked out alive and preserved in 709, ethanol. Their wet
weight was established on a torsion balance with 1 mg precision. Altogether
62 quantitative samples (most of them triple) were collected and treated,
besides several qualitative ones.

The Chironomidae larvae were identified mostly by K. Kangur (by
O. Tolp in 1966—1972), Oligochaeta and Hirudinea by T. Timm, Mollusca
by V. Timm, Hydracarina by 1. Lissenko, Ephemeroptera and Odonata by
E. Remm, and Trichoptera by O. Kachalova.

Results

Composition of the fauna. 131 taxa were identified, among them 58 species
and larval forms of Chironomidae, 24 species of Oligochaeta, 12 of Mol-
lusca, and 37 species and groups of other animals (Table 2).
Chironomidae were common in all the lakes studied. The number of
taxa met with in different lakes fluctuated from 3 (Suur-Kaksjirv) to
19 (Nohipalu Mustjirv), depending also on the number of samples.
Procladius choreus was the most widely distributed species (found in
12 lakes), followed by Sergentia A%r. longiventris, Endochironomus albi-
pennis (both in 8 lakes), and Microtendipes pedellus (7). Sergentia
longiventris (specific to the profundal of polyhumose lakes after Brundin,
1949) and sometimes Procladius spp. were frequent but not numerous in
the profundal, either. Chironomus solitus was abundant in the profundal
of Lake Koolma, various forms of Procladius and Chironomus were in the
unstratified Lake Pakasjarv. Chironomidae were lacking in the anaerobic
profundal of several strongly stratified lakes (Table 4). The littoral fauna
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of Chironomidae was more diverse; sometimes a mass development of
Tribelos intextus (in Orava Koverajirv, Koolma, and Meelva) or Chirono-
mus spp. (Neeruti Sinijdrv) occurred. Zalutschia zalutschicola, specific
to brown-water lakes, was found in four lakes only (Table 2); it was
numerous in the bog lake Loosalu but lacking in the similar Lake Pakas-
jarv. The same species was common in Lake Nohipalu Mustjidrv in 1971—
1972 but lacking in 1983.

Oligochaeta occurred in the samples of seven lakes only. In Lake
Meelva (after repeated qualitative collecting) 21 species were found, in
the other lakes only 2—6. Limnodrilus hoffmeisteri (found in six lakes)
and Lumbriculus variegatus (in four) were most frequent. The profundal
of these lakes was almost devoid of Oligochaeta, except Lake Piigandi
Mustjiarv which maintained a regular profundal population of Potamothrix
hammoniensis. In the littoral of Lake Meelva a very rare arctoalpine
species Tatriella slovenica was observed up to 1969 but not later on.
Another oxyphilous species Stylodrilus heringianus was met with in the
littoral of three lakes.

Mollusca seem to be entirely lacking in most of the lakes studied. In
five lakes a few Pisidiidae were found (most frequently Euglesa nitida),
in Lake Orava Mustjdrv also Sphaerium corneum and two species of
Planorbidae snails. Pisidiidae were abundant only in lakes Nigula and
Pikamde, while in the former even the profundal supports numerous
Euglesa nitida and E. milium.

Among the other animals, the larvae of the ghost midge Chaoborus
flavicans were widely distributed and often dominating in the poorly oxy-
genated or anaerobic profundal. They were found in 14 lakes, except the
shallow, well-mixed Lake Pakasjirv. Asellus aquaticus (in 10 lakes),
larvae of Sialis sp. (10), various Hydracarina (11), Trichoptera (10), and
Ceratopogonidae (9) occurred rather frequently but mostly in the littoral
only.

Abundance and biomass. The average midsummer abundance and bio-
mass fluctuated from 296 ind./m? and 0.46 g/m? in Lake Pakasjidrv to
7,955 ind./m? and 34.88 g/m? in Lake Neeruti Sinijdrv, hence 27 and 76X,
respectively. Usually Chironomidae dominated, sometimes Chaoborus,
rarely other groups (Table 3).

Shallow dystrophic bog lakes with peaty shores devoid of any macro-
vegetation zone (Loosalu and Pakasjirv) were the poorest: on the average
359 ind./m?, 0.98 g/m2. Chironomidae formed the bulk of zoobenthos.
Neither Oligochaeta nor Mollusca were found. Lakes Nigula and Meelva
belong to the same limnological subtype D?® but lie on the bog edge, have
stretches of sandy littoral and somewhat harder water. Their zoobenthos
is more diverse, with the average abundance and biomass (978 ind./m?
3.62 g/m?) about three times higher than in genuine bog lakes.

The strongly stratified dystrophic lakes on sandy soil (subtype D2
Viroste, Holvandi Kivijarv, Pikamae, Partsi Saarjdrv, Koolma, Nohipalu
Mustjarv, Suur-Kaksjirv) appeared to be rather variable, with a tenfold
difference in the abundance and biomass. However, the average par-
ameters of the whole set (1223 ind./m?, 3.54 g/m?) were comparable with
those of lakes Nigula and Meelva, while the lowest ones (415 ind./m? in
Lake Nohipalu Mustjdrv, and 1.11 g/m? in Lake Partsi Saarjirv) were
rather close to those of true bog lakes. The faunal composition appeared
poor, too.

The three deeper dyseutrophic lakes (DE') Piigandi Mustjarv, Orava
Mustjarv and Orava Koverajarv were, in their turn, twice as rich as the
previous group: on the average 2,214 ind./m? and 6.03 g/m2 All main
animal groups were represented here.
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List of the taxa and their finding-places in the lakes studied

Abbreviations: HK — Holvandi Kivijarv, K — Koolma, L — Loosalu, M — Meelva,
N — Nigula, NM — Nohipalu Mustjiarv, NS — Neeruti Sinijarv, OK — Orava Kovera-
jirv, OM — Orava Mustjiarv, Pa — Pakasjarv, Pi — Pikamie, PM — Piigandi Must-
jarv, PS — Partsi Saarjirv, SK — Suur-Kaksjiarv, V — Viroste

Chironomidae:

Ablabesmyia annulata (Say) — PM

A. longistyla Fittkau — OK

A. gr. monilis L. — M, NM, SK

A. phatta (Eggert) — M

Ablabesmyia sp. — NM

Larsia curticalcar (Kieffer) — NM, Pa

Procladius choreus (Meigen) — HK, K, L, M, N, NS, OK, OM, Pi, PM, PS, V
P. ferrugineus (Kieffer) — HK, L, M, N, OK

P. nigriventris (Kieffer) — M, PM

Procladius sp. — NM, Pa, PM, SK

Corynoneura scutellata Winn. — M

Nanocladius bicolor (Zett.) — PM

Psectrocladius gr. psilopterus Kieffer — NM

P. simulans (Johan.) — NM, OK, Pi

Zalutschia zalutschicola Lipina — L, N, NM, PM
Allochironomus Kieffer? — NM, Pa

Camptochironomus pallidivittatus (Malloch) — OM, V
Chaetolabis macani Freeman — L

Chironomus annularius sensu Keyl & Keyl, 1959 — PM
. cingulatus Meigen — NS

. commutatus Keyl complex — NS, PM

. pilicornis (Fabr.) — K, OM, V

. plumosus (L.) — N, NM, OM, Pa

. pseudothummi Strenzke complex — NS

. solitus Lin. et Ertb. — K, M, N, V

Chironomus sp. — L, NM, Pa

Cladopelma viridula (L.) — M, OK, Pa
Demicryptochironomus vulneratus (Zett) — M, OK
Dicrotendipes gr. nervosus Staeger — SK

D. pulsus (Walker) — OK

D. tritomus (Kieffer) — PS

Dicrotendipes sp. — K

Einfeldia sp. — NS

Endochironomus albipennis (Meigen) — M, N, NM, NS, OK, OM, Pi, PM
E. impar (Walker) — NM

Endochironomus sp. — M, NM

Glyptotendipes glaucus (Meigen) — L, NS, OK, PM
G. gripekoveni (Kieffer) — NM, NS, OM, PM

G. paripes (Edw.) — N

Microtendipes pedellus (De Geer) — M, NM, OK, OM, Pi, PM, PS
Pagastiella orophila (Edw.) — Pa

Parachironomus arcuatus (Goetgh.) — PM
Pentapedilum sordens (v. d. Wulp) — PM
Phaenopsectra sp. — K

Polypedilum bicrenatum Kieffer — M, N

P. gr. convictum Walker — NM

Pseudochironomus prasinatus (Staeger) — N, NM, OK

el cleFol s
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Table 2 (continued)

Sergentia gr. longiventris Kieffer — HK, L, M, OK, OM, Pi, PS, V
Stenochironomus sp. — NM

Tribelos intextus (Walker) — HK, K, M, OK, PM

Tribelos sp. — OM

Cladotanytarsus gr. mancus Walker — N, PM

Micropsectra gr. praecox Meigen — Pa

Tanytarsus excavatus Edw. + T. nemorosus Edw, complex — OM, PM

T. gregarius Kieffer — NM, Pa

T. holochlorus Edw. + T. occultus Brundin + T. volgensis Miseiko complex — HK,
M, N, OK

T. medius Reiss et Fittkau — HK, OK, OM, PS

T. verralli Goetgh. — HK, OK, PS

Oligochaeta:
Stylaria lacustris (L) — M, OK, PM
Ripistes parasita (Schmidt) — M, OM
Vejdouskyella comata (Vejdovsky) — M, OM
Slavina appendiculata (d’'Udekem) — M
Nais communis Piguet — M
N. variabilis Piguet — N, OM
Uncinais uncinata (Oersted) — M
Chaetogaster diastrophus (Gruith.) — M, SK
C. langi Bretscher — M
Pristina aequiseta f. foreli (Piguet) — M
P. rosea (Piguet) — M
Tubifex tubifex (Miiller) — M, Pi
T. ignotus (Stolc) — M, OM, SK
Spirosperma ferox Eisen — M, OK
Limnodrilus hoffmeisteri (Clap.) — M, N, OK, OM, Pi, PM
L. udekemianus Clap. — M

Potamothrix hammoniensis (Mich.) — PM
Psammoryctides barbatus (Grube) — PM
Cernosvitoviella sp. — M

Cognettia sp. — M

Marionina riparia Bretscher — M

Lumbriculus variegatus (Miiller) — M, N, OK, PM
Stylodrilus heringianus Clap. — M, N, OM
Tatriella slovenica Hrabé¢ — M

Mollusca:

Euglesa fedderseni (West.) — OM

. milium (Held) — N, OM

. nitida (Jenyns) — N, OK, OM, Pi
. pulchella (Jenyns) — OK

. rivularis (Clessin) — N, OM

. scholtzi (Clessin) — M, OM

. tanuga Timm — OK
Neopisidium alpinum (Odhner) — N
N. stelfoxi Pir. et Star. — Pi
Sphaerium corneum (L.) — OM
Planorbis planorbis (L.) — OM
Anisus albus (Miiller) — OM

hmmmmMh

Turbellaria indet. — L

Hirudinea indet. — NM
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Table 2 (continued)
Isopoda:

Asellus aquaticus L. — L, M, N, NM, OK, OM, Pi, PS, SK, V

Aranei:

Argyroneta aquatica (L.) — M, PM

Hydracarina:

Lebertia sp. — Pa

Forelia liliacea (Miiller) — NM

Piona coccinea (Koch) — Pa

Mideopsis orbicularis (Miiller) — NM

Arrhenurus affinis Koen. — NM

A. forcipatus Neuman — NM

A. neumani Piersig — NM

Hydrodroma despiciens (Miiller) — NM

Hydracarina indet. — HK, K, M, N, NM, OK, OM, Pa, Pi, PS, V
Ephemeroptera:

Leptophlebia marginata (L.) — NM
L. vespertina (L.) — NM

Odonata:

Cordulia aenea L. — NM, OK
Coenagrion sp. — SK
Sympetrum danae Sulz — NM
S. flaveolum (L) — M

Somatochlora metallica Vand. — M
Enallagma cyathigerum Charp. — NM
Leucorrhinia rubicunda L. — NM

Aeshna sp. — OK
Heteroptera:

Micronecta sp. — NM, V
Corixidae indet. — NM

Coleoptera:
Donacia sp. — K, M, V
Coleoptera indet. — L, M, N, NM, SK

Megaloptera:
Sialis sp. — K, L, N, NM, OK, OM, Pi, PS, SK, V

Trichoptera:
Cyrnus flavidus McLachlan — NM
Agrypnia obsoleta McLachlan — NM
Phryganea bipunctata Retzius — NM
Holocentropus sp. — NM
Trichoptera indet. — K, L, N, NM, OK, OM, Pi, PM, SK, V

Lepidoptera indet. — NM

Diptera (excl. Chironomidae):

Chaoborus flavicans Meigen — HK, K, L, M, N, NM, NS, OK, OM, Pi, PM, PS, SK, V
Ceratopogonidae indet. — K, M, N, NM, NS, OK, OM, PM, SK
Diptera indet. — M
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Table 3

Average abundance (A, ind./m?) and biomass (B, g/m?) of zoobenthos in the lakes
studied, after Mdemets (1968) and original data

Loosalu Pakasjarv Nigula
28.6.53 I 22.7.55 9.8.77 6.7.72 6. 8.54 17.7.83
Taxon
A ‘ B | A I B | A I B A | B A B A B
Chironom. 504 040 74 007 326 081 281 042 130 0.09 267 2.16
Oligoch. — —_ = _ = —_ - — 4 0.01 168 0.34
Pisid. — —_ - —_—— —_ - — 252 060 222 0.53
Turbell. — —_ - — 7. 0.01 — _ - e —
Asellus 004 52 017 45_.030 15 004 — — 119 020
Hydracar. 62 0.y 22 - - — - — 7 0.01 10 0.01
Insecta? Za 048 —_ - —_ ) — —_ - —_ — —
Coleopt. 15 0.06 7 002 — —_ - — - - 5 001
Sialis 018 T — 37 036 — — 18 0.60 5 0.02
Trichopt. 7 0.10 15 031 - —_ - _ - — 5 —
Chaoborus 22 013 — — 7 0.04 — — 7 0.02 — —
Ceratop. — - - - - — - —_ - — 20 0.02
Total 621 097 178 058 422 151 296 :046 418 133 821 3.28
Table 3 (continued)
2 Holvandi . 2 Partsi
Meelva Viroste Kivijarv Pikamée Saarjiry
Taxon 7:-7:83 10.6.63 8.7.83 6.7.83 6.7.83 5.7.83
A | B A | B I A B A ‘ B A B A B
Chironom. 572 0.80 156 760 543 449 066 124 020 212 0.36
Oligoch. 202 128 — — - 5 0.01 39 0.05 - -
Pisid. 63 0.26 — — — - — 538 088 — —
Asellus 112 0.36 -+ - — 40 0.12 138 015 30 0.03
Argyroneta 15.0.22: — - - — - — — — —
Hydracar. 55 0.03 - 10 0.01 143 0.08 74 0.05 10 0.01
Odonata 6 0.15 - - - 5 003 - - — -
Micronecta - - — 5 — — — - - — -
Coleopt. 125 0.17 - - — — - - — — -
Donacia - - — 5¢ 0.35 - — - — — —
Sialis - — — 15 0.58 - — 10 0.36 10 0.12
Trichopt. 6 0.11 — — - — — 10 136 — -
Diptera? 24 049 — — - — - - — — -
Chaoborus 45 0.09 “+ 449 161 148 045 50 025 252 0.59
Ceratop. 24 002 - - — — - — — - -
Total 1136 397 289 1244 798 790 1,35 983 330 513 1.1l
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Table 3 (continued)

r i o Suur-

Koolma Nohipalu Mustjérv Kaksjarv

Taxon 5.7.83 14.7.60 14.7.72 8.7.83 27.6. 66

A B A B A B | A | B A B

Chironom. 3393 536 140 0.19 607 062 257 0.90 233 0.21
Oligoch. 5 001 — — — —_ - — 11 0.01
Asellus - - - - - —_ - — 222 080
Hydracar. 25 0.02 4 — - = = — 22 0.01
Odonata — — 15 032 — - 5 130 — —-
Corixidae — — 7 0.03 70T == _ - -
Micronecta — /5 — — = 5 T as)
Coleopt. _ —-= = - 7 0.02 5° 006 I —
Donacia 5 015 — — — —_ - —_ - -
Sialis 10 0.13 4 0.09 37 011 — — 11 0.03
Trichopt. 10 023 67 046 4 007 — — 11 0.19
Lepidopt. — - 4 004 — - - —_ - -
Chaoborus 553 0.76 256 0.66 156 045 124 066 55 0.16
Ceratop. 10 0.01 4 — 15- 0,02 20 001 33°70:02
Total 4010 6.66 500 1.78 873 1.31 415 294 610 1.43
Table 3 (continued)

Piigandi o e I?.’a"a Neeruti

Mustjiry 1a overa- | Sinijarv

jarv
T

e 10.7.91 | 24.6.54 | 9.7.83 | 9.7.83 | 30.6.88

A B A | B A l B A ' B A l B

Chironom. 1130 398 256 0.68 445 098 1832 0.78 7652 29.84
Oligoch. 100 034 148 0.21 30 0.06 208 0.82 — —
Pisid. —0F — = — 69" 031 “20 013 — i=—
Sphaerium — — — — 59 305 — — — —
Planorb. — — - — 25 008 — —- — _—
Asellus 685 096 52 026 — — 257 036 222 0.86
Argyroneta 11 002 - - - - — — ¢ faRanues
Hydracar. 33 0.11 — —- - — 64 006 — -
Odonata — — 30 021 10 040 5 0.12  15::3196
Coleopt. 4 001 29 195 — - - — —_ S
Sialis - - 15 063 — — 34 059 — —
Trichopt. 81— 066 15— 027 5 002 25 064 — —
Chaoborus 2851 10.075.1 15°110.08 1254+ 3.186°C 74+ 031 690022
Ceratop. 8 0.02 7 004 — — 153 0.06 7 -
Total 2074 6.16 837 4.31 1897 8.06 2672 3.88 7955 34.88
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The small shallow but strongly stratified dyseutrophic Lake Neeruti
Sinijdrv revealed exceptionally high average figures of zoobenthos (Table
3), mostly of various Chironomus larvae which are very abundant in
shallow water.

The profundal zoobenthos is always poor in species, consisting usually of
the larvae of Chaoborus and some Chironomidae (Chironomus, Procladius,
or Sergentia), sometimes with a few Oligochaeta, Sialis, etc.; in Lake
Nigula also with Pisidiidae. It revealed a comparatively low level of
abundance and biomass, too (Table 4). Only in two cases (lakes Nigula
and Koolma) did biomass appear higher in the profundal than in the
littoral due to the presence of big larvae of Chironomus solitus and
C. plumosus. In two lakes devoid of any vegetation zone, namely Loosalu
and Pakasjérv, the profundal represented the whole lake bottom.

Table 4
Profundal zoobenthos of the lakes studied
Abundance Biomass
Lake Date o s 2 § =
=} Eas £ as
O S O 1
g Q e & Q e
Loosalu 9:8,77 422 Chironomidae 1.51 Chironomidae
Pakasjarv 6.7.72 296 Chironomidae 0.46 Chironomidae
11.9.71—9. 10. 72 (6 X) 802 Chironomidae 2.59 Chironomidae
Nigula 17.7.83 697 Pisidiidae 4.93 Chironomidae
Meelva 7.7.83 148 Chironomidae 0.37 Chironomidae
Viroste 8.7.83 326 Chaoborus* 0.96 Chaoborus*
Holvandi Kivijarv  6.7.83 104 Chaoborus 0.22 Chaoborus
Pikamade 6.7.83 163 Chaoborus 0.71 Chaoborus
Partsi Saarjarv 5.7.83 341 Chaoborus* 0.99 Chaoborus*
Koolma 5.7.83 2845 Chaoborus 13.39 Chironomidae
Nohipalu Mustjarv 17.9.71—4.10.72 (6 X) 2025 Chaoborus 5.14 Chaoborus
8.7.83 371 Chaoborus 1.78 Chaoborus
Suur-Kaksjarv 27.6. 66 111 Chaoborus* 0.31 Chaoborus*
Piigandi Mustjarv 10.7.91 830 Chironomidae 3.23 Chironomidae
Orava Mustjarv 9.7.83 193 Chaoborus 0.52 Chaoborus
Orava Koverajarv  9.7.83 237 Chaoborus 0.99 Chaoborus
Neeruti Sinijarv  30.6. 88 89 Chaoborus 0.28 Chaoborus

* The only group in the profundal of this lake.

Seasonal changes of zoobenthos were studied in lakes Pakasjirv and
Nohipalu Mustjéarv only (Table 5). A clear summer minimum was observed,
apparently caused by the emergence of heterotopic insects. The abundance
and biomass were 2—6X lower in July in comparison with the annual
average. This probably applies to other lakes, too.
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Table 5

Seasonal fluctuations of the zoobenthos in two lakes studied

S« | 4 - Pl )

Lake i BE | . Lake g BE | £

= a9 | SE = AR hBE
a <S | Mo a <E | @

Pakasjérv 11°9. 71 350 1.53 Nohipalu 17.9.71 2940 18.46
(one station) YR T 548 1.56 Mustjérv 17.71. 7177 °2363.° 8.84
103 72" 12007 27194 (two stations) 9.3.72 2151 "11:80

10, T iBgTe Y 18 20.8.72.° 1355 . 412

0. 7. 92 7296 11046 14.7.72" 873 & I3

9.10.72 1941 9.07 4.10.72 1370 7.43

Average 802 2.60 Average 1842 8.66

Long-time changes. Five lakes were repeatedly studied with intervals of
many years (Table 3). The last investigation showed that in all of them
the biomass of zoobenthos and in three lakes also its abundance appeared
the highest. In lakes Loosalu and Nohipalu Mustjirv the abundance has
been higher at some earlier time. A tendency towards the increase of the
amount of zoobenthos in the lakes is evident, which is probably caused
by the general eutrophication of all the lakes.

Discussion

The 15 brown-water lakes studied cover the whole scale of abundance
and biomass of zoobenthos in Estonian lakes (according to Eesti jédrved,
1968). They reveal examples of both very low (<600 ind./m? <1.5g/m?,
as in lakes Loosalu and Pakasjdrv) and very high level (>7,000 ind./m?,
>16 g/m?, as in Lake Neeruti Sinijdrv), with an intermediate gradation.
The quantity of zoobenthos seems to increase together with the trophic
level of the lakes.

The authors have described the bottom invertebrate fauna of 53 Estonian
lakes with soft and lighter water (Tumwm et al., 1991). A comparison
shows dystrophic bog lakes (subtype D®) as being quantitatively the
poorest in zoobenthos among the Estonian lakes. Dystrophic lakes on
mineral soil (subtype D?) are on the same level with semidystrophic and
eutrophized oligotrophic lakes, while the lakes of the dyseutrophic type
treated in both papers do not differ essentially from one another.

291 taxa were identified in soft light-water lakes, that is, over twice
more than in brown-water ones. This is partially caused by the larger
number of the lakes and samples. However, several dystrophic lakes lack
many species and whole groups of animals (Mollusca, Oligochaeta, Hiru-
dinea, etc.). The main cause lies in the acidic water of these lakes and
not directly in humic substances (Canaskun, 1971, 1976). Some animals
are typical of humified lakes (e.g., chironomids Zalutschia zalutschicola,
Sergentia gr. longiventris and probably also Tribelos intextus), some oxy-
philous or stenotherm relicts have also remained here. However, most
bottom invertebrate species living in brown-water lakes are common in
light-water ones. Besides, the dominants are changed. In soft light-water
lakes Polypedilum bicrenatum (especially in oligotrophic and semi-
dystrophic lakes), Ablabesmyia gr. monilis and Tanytarsus spp. were the
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most common among chironomids, but not so in brown-water lakes. The
decrease of Tanytarsus spp. in humified lakes was noted also by Brundin
(1949). In the profundal of light-water lakes Chironomus plumosus (re-
placed by C. cingulatus in several oligotrophic lakes), the worm Pota-
mothrix hammoniensis, and often Pisidiidae occur as the commonest. The
profundal of brown-water lakes is usually inhabited neither by worms nor
molluscs, while C. plumosus can be replaced by C. solitus or by some
other species of the genus. Procladius spp. and Chaoborus flavicans are
common in the profundal of all lake types mentioned, the last species
being abundant in the case of oxygen deficiency.

One of the characteristics of dystrophic lakes after Naumann (1931)
is their low concentration of biogenic elements. Now, all brown-water
lakes appear to be eutrophized to some degree. The concentration of total
phosphorus in the water of eight lakes given in Table 1 corresponds to
the hypertrophic level >54 mg/m?® after Milius et al. (1991) in four lakes,
to the eutrophic level 20—56 mg/m® in three lakes, and to the mesotrophic
level only in Lake Nohipalu Mustjarv. The biological phenomena of eutro-
phization are comparatively weak in brown-water lakes, where they are
evidently inhibited by humic substances in some way. This is indirectly
confirmed by the occurrence of some oxyphilous relicts in several brown-
water lakes, e.g. the chironomid Sergentia gr. longiventris in the profundal
and the oligochaete Stylodrilus heringianus in the littoral.

Brundin (1949) described the bottom fauna of three polyhumose
(dystrophic) lakes in southern Sweden. He counted several thousands of
ind./m? in the littoral and about one thousand in the profundal. These
figures are considerably greater than ours, which comes from taking into
account also submicroscopic animals disregarded in our samples. In the
profundal Chironomidae, Oligochaeta, Pisidiidae, and Chaoborus were
found regularly, among chironomids Sergentia longiventris, Chironomus
tenuistylus, and Orthocladius naumanni (= Zalutschia zalutschicola) were
numerous, while the last two were described by Brundin as new species
peculiar to polyhumose lakes.

Another species-rich bottom fauna of similar abundance was found by
Berg and Petersen (1956) in the polyhumose Lake Gribso, Denmark. The
average biomass there fluctuated between 1.6 and 29.5 g/m? (in sublittoral
and in the upper littoral, respectively). Sergentia longiventris and Ortho-
cladius naumanni dominated in the upper profundal while Corethra
(= Chaoborus) flavicans was the main inhabitant of the deepest region.

It seems that these Swedish and Danish lakes studied in the 1940s
were then more typical dystrophic lakes than our 15 lakes are now;
probably, they were less disturbed by human activity. :

The zoobenthos of 27 dystrophic lakes in Latvia has been summarized
by Vadzis et al. (Bax3uc et al., 1976). They give even lower values of
biomass than there is in our lakes: 0.06—1.3 (average 0.6) g/m? in bog
lakes, and 0.2—3.0 (1.5) g/m? in the case of a developed littoral. The
profundal fauna is stated to consist of a few species occurring also in
eutrophic lakes: Ilyodrilus hammoniensis (= Potamothrix hammoniensis),
Procladius, Chironomus f. 1. plumosus, Chironomus sp., and Chaoborus
flavicans.

Eastwards, in the Leningrad Region of Russia, the zoobenthos of two
mesohumose lakes was very poor according to Salazkin (Canaskum,
1968): only 170—360 ind./m?, 0.53—0.80 g/m?. The fishery cadastre of the
small lakes of the region (PwiGoxossiicTBennsiii kaxactp ..., 1977, 1980)
gives 0.12—2.7 g/m? for brown-water lakes, only in the case of one vegeta-
tion-rich lake as much as 5g/m? The bottom fauna consisted mainly of
Chironomidae, often also of other insects, oligochaetes and molluscs, in the
profundal of stratified lakes mostly or exclusively of Chaoborus.
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A monograph on the Karelian lakes (Osepa Kapeaun, 1959) gives
0.07—1.12 g/m? for the zoobenthos biomasses of five larger oligotrophic
polyhumose lakes. Gordeyev and Russanova (I'opaeeB, PycanoBa, 1964)
found 0.26—2.93 g/m? in four small forest lakes near Konchozero. Alek-
sandrov (Auaekcanzapos, 1968) confirms that in 21 dystrophic lakes of
southern Karelia the biomass of zoobenthos rarely exceeded 1 g/m?
reaching exceptionally 2.5 g/m?. The fauna consisted mainly of insect
larvae, usually with Chironomidae and Chaoborus or neither in the pro-
fundal. Hence, Karelian dystrophic lakes seem to be even poorer in zoo-
benthos than those in Estonia.

In general, Estonian brown-water (dystrophic and dyseutrophic) lakes
resemble those of the neighbouring countries lying at the same latitudes,
but all are eutrophized to a different extent. Some of them can reveal
a high biomass of zoobenthos, while the qualitative composition of their
fauna is poor. They have no complete primeval bottom fauna consisting
of oxyphilous soft-water species, but its single relicts occur frequently
together with more tolerant animals. The profundal of several brown-
water lakes is anaerobic during stagnation periods and therefore devoid of
any macroscopic animals. Closed bog lakes have preserved best of all.

REFERENCES

Berg, K., Petersen, I. C. 1956. Studies on the humic, acid Lake Gribsé. — Folia limnol.
scand., 8.

Brundin, L. 1949. Chironomiden und andere Bodentiere der siidschwedischen Urgebirgs-
seen. — Institute of Freshwater Research, Drottningholm, Report 30.

Kask, 1. 1964. Eesti jarvede nimestik. ERK, Tallinn.

Milius, A., Saan, T., Starast, H., Lindpere, A. 1991. Total phosphorus in Estonian lakes.
— Proc. Estonian Acad. Sci. Ecol,, 1, 3, 122—130.

Mdaemets, A. (ed.). 1968. Eesti jarved. Valgus, Tallinn.

Mdemets, A. 1974. On Estonian lake types and main trends of their evolution. — In:
Estonian wetlands and their life. Estonian Contributions to the International
Biological Programme, 7, 29—62.

Naumann, E. 1931. Limnologische Terminologie. Urban und Schwarzenberg, Berlin.

Anexcandpos B. M. 1968. K nosuanuio mauanix osep lOxwuoit Kapeaun B THHoJOrHueckom
H THAPOOHOJOrHYeCKOM OTHOlIeHHsIX. — B kH.: CblpbeBble pecypcbl BHYTPEHHHX
BonoemoB Cesepo-3anaga. Tp. Kap. ora. T'ocHHOPX, Ilerposasoack, 5, 1
(1967), 246—256.

Badsuc JI. P., Jlune P. fl., Ceiicyma 3. K. 1976. 300n1aHKTOH H MaKpo3000eHTOC B
o3epax JlatBuu. 3unatue, Pura.

T'opdees O. H., Pycanosa M. H. 1964. K Bonpocy 0 BOCCTAHOBJEHHH JOHHOH (ayHbl
MaJbiX TyMH(QHUHPOBAHHBIX o03ep-1aM6 mocie 06pabOTKH MNOJHXJOPIHHEHOM. —
B kH.: XI Hayud. KoH(}. mo H3yuenuio BHyTp. BomoeMmoB [lpubGaatuku 24—28
Hos6psa 1964. Tes. noka. IlerposaBoxmck, 24—25.

Msasmerc Aape, Masmerc Adme. 1991. Obmas xapakrepuctuka osep. — B ku.: Cocros-
HHE MSATKOBOAHBIX o03ep JctoHHH. [mapobuosor. muccaemosauusi, XVI. Tapry,
9—38.

Osepa Kapesun. 1959. T'oc. uzg. KACCP, IlerposaBoack.

Pri6oxo3siiicTBeHHBI KajacTp Maabix o3ep Jlemunrpaackoii obaactu. Yactb mepsasi. Osepa
Kapeabckoro mepemeiika. 1977. — Hss. FT'ocHUOPX, 124, 1—171.

Priboxo3siicTBeHHBIH KagacTp MaJabix o3ep Jlenunrpaackoii o6iactu. Yacts tpetbsi. O3epa
BOCTOUHBIX paionoB, 1980. — C6. nayun. tp. ['ocHHUOPX, 148, 1—104,

142



Canraskun A. A. 1968. [lounasi dayna mauabix osep Kapesbckoro mepeiiefika H BO3MOK-
Hble nmyTH ee oGoraumenusi. — B kH.: I'mapoGHoJiorHueckHe H HXTHOJOrHYECKHE
HCcsieloBaHUsi BHYTpeHHHX BopoeMmoB [Ipubaaruku. Tp. XII nayun. xoud. mno
H3YYeHHIO BHYTp. BojgoemoB IlpuGantuku. Buabhioc, 22—24 centsibps 1965 r.,

81—84.
Canraskun A. A. 1971. Anaaus ¢dayHbl o03ep IyMHAHOI 30HBI B CBS3H C NpoGJaeMOli HMX
THHOJMOrHH. — 300J. X., 50, 2, 173—183.

Canaskun A. A. 1976. OcuoBHble THnbl o3ep ryMmuaHoii 3ol CCCP u ux GuoJoro-
NPOAYKIHOHHAS XapakrepuctHka. — H3s. TocHUOPX, 108, 1—194.

Tumm T., Tumm B. Kaweyp K., Towren bl. 1991. [louubie Gecno3BoHOYHBE. — B Ki.:
CocTosiHHe MArKOBOAHBIX o3ep dcrtoHuH. ['mapobGuou. uccaenosanusi, XVI. Tapry,
220—253.

Presented by K. Elberg Received

October 23, 1992

Tarmo TIMM, Kiilli KANGUR, Viivi TIMM
MONEDE EESTI PRUUNIVEELISTE JARVEDE POHJALOOMASTIK

Aastail 1966—1991 uuriti 15 viikest diistroofset ja diiseutroofset jdrve. Pohjaloo-
mastiku liigiline koosseis on neis suhteliselt vaene. Leitud 136 taksonist kuulus enamik
putukate, eriti hironomiidivastsete hulka; limuseid ja usse kohati vidhe. Ainult vdga iiksi-
kud liigid olid pruuniveelistele jérvedele spetsiifilised. Profundaal oli hapnikunappuse tottu
eriti loomavaene voi hoopis loomadeta. Pohjaloomade keskmine arvukus ja biomass koi-
kusid jdrvedes laiades piirides: viga madalast tasemest ehtsates diistroofsetes rabajérve-
des kuni vdga korge tasemeni diiseutroofses Neeruti Sinijdrves. Kahte jdrve (Pakasjirv
ja Nohipalu Mustjarv) uuriti 1971.—1972. aastal sesoonselt; tdheldati selget suvist, putu-
kate viljalennust tingitud pohjaloomastiku miinimumi. Viies paljuaastaste vaheaegade
jarel uuritud jdrves ilmnes tendents loomade kogubiomassi kasvu suunas. Klassikaliste
Skandinaavia huumusjdrvedega vorreldes on meie pruuniveeliste, suhteliselt eutrofeerunud
jarvede pohjaloomastik vormi- ja ka isendivaesem, kuid Léti, Karjala ja Leningradi
oblasti omadega iisna sarnane. ‘

Tapmo THMM, Kroaau KAHI'YP, Buisu THMM

300BEHTOC HEKOTOPBIX BYPOBOJIHbIX O3EP 3CTOHHH

B 1966—1991 rr. 6bian uccaefoBaHbl 15 MaJbIX AHCTPO(HBLIX H AHCIBTPODHBIX 03€p
dcronnn. BupoBoit coctaB 3006eHTOCa OKasaJjcs OTHOCHTENbHO OGegubiM. Haiigeno 136
TAKCOHOB, B OCHOBHOM HAaCEKOMBIX, OCOOEHHO JIHYHHOK XHPOHOMHA; MOJIIIOCKOB H YepBei
6bi10 Maso. JIMUIb eNHHHYHBIE BHABI OKa3aJHCh CHeuH(GHUUHBIMH JJsi OGypOBOAHBIX 03€p.
[Mpodyunans o3ep Gbla ocobeHHo GeHa HJAH COBCEM JIMIIEHA JKHBOTHBIX BCJEJCTBHE
HepocTaTKa Kuesaopoxaa. Cpenusis uucjaeHHocTb M GHoMacca 3006€HTOCAa B OTAEJbHBIX 03€-
pax koJeGajHChb B WIHPOKHX NpelesaX, OT OYeHb HH3KHX B THINHYHBIX AHCTPOQHBEIX O3epax
Ha BepXoBbIX G60JOTaX A0 OYeHb BLICOKOrO YPOBHSI B OJAHOM JHC3BTPpodHOM o3epe. B
IBYX NOCE30HHO HCCJAEJOBAHHLIX oO3epax HabaojaJcs YeTKHil JeTHHII MHHHMYM 3006eH-
TOCa, OOYCJOBJICHHBIi BHIJIETOM HaceKoMmbiX. IIaTb o3ep ObliH H3yYeHH MOBTOPHO uepe3
MHOTHEe TroAbl; B HHX Habaojajach TeHAEHUHs K pocty Ouomaccel. Ilo cpaBHenuio c¢
HOHHBIM Hace/JeHHEM KJAacCHYeCKHX ryMudHuupoBaHHbIX o3ep CKaHAHHABHH, JOHHOE Hace-
JIeHHE HAlIHX, MO0BOJBHO 3IBTPOMHPOBAHHBIX OYPOBOJAHBIX 03€p KAaYECTBEHHO M KOJHYECT-
BeHHo Gennee. Jlawusie o OypoBoaubix o3epax Jlatsuu, Kapesun u JleHnHrpapckoit
obsnactH GJH3KH HAUIHM AAHHBIM. :
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	Fig. 3A, B. Pterocystis erinaceoides. A. Whole cell, air dried, 1800 X. B. Plate and spine scales, 3200 x. Fig. 3C, D, E. Raphidocystis tubifera. C. Whole celi, air dried, 900 X. D. Scale 1, 2700%. E. Scales 2 and 3 (plate scale), 6750%. Fig. 3F, G. Raphidiophrys marginata. F. Whole cell, air dried, 900 X. G. Scale, 6750 X. Fig. 3H. Heterophrys cf. fockii. Whole cell, air dried, 1350 X.
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	Fig. 44, B. Heterophrys cf. myriopoda. A. Whole cell, air dried, 1800 х. В. sрlсшеs, 5400 Х. Fig. 4C,D. Rabdiophrys anulifera. C. Whole cell, air dried, 1800 x. D. Different spine scales, 6750 .
	Untitled
	TSENTROHELIIDSETEST JA ROTOSFERIIDSETEST PAIKELOOMADEST (HELIOZOA) EESTIS VÕRTSJARVE LIMNOLOOGIAJAAMA ÜMBRUSES




	Illustrations
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	Fig. 4. Abdominal rotation strokes from an MRA record of an affected (dipping in 1% permethrin WSEE for 60s) male G. mellonella pupa (0.135 g). On the right side of the record rotation strokes are presented soon after treatment, on the left side 5 h later when every stroke is prolonged due to the lasting contractions of dorsal intersegmental muscles.
	Fig. 5. An MRA record of muscular hyperactivity in a male Т. molitor pupa (0.140 g) after treatment (injection of 10 pg/pupa JHA-3). Irregular wriggle together with SB movements causes ca 2-fold OCR increase (right side), while the higher peak of OCR
	Fig. 6. Intermittent CO, discharge peaks from the heat conductivity detector (catharometer) in a cyclic G. mellonella pupa (right side) and a continuous CO, emission pattern in an acyclic pupa of the same species.
	Fig. 7. Vanishing of DC cycles in a female G. mellonella pupa (0.17 g) soon after treat ' ment (injection of 20 pg JHA-3). ; :
	Fig. 8. Right, an MRA record showing muscular hyperactivity in an affected 7. molitor pupa (dipping in 109% permethrin for 60 s). Left, the same treated pupa after fixing т foam rubber. Muscular contractions are eliminated and therefore DC cycles of gas exchange can be seen. A
	Fig. 9. Thermograms of heat production from DTC records in T. molitor pupae. From top to bottom: a normal pattern of heat production due to regular SB movements in a pupa on day-3; a DTC record showing moderate muscular hyperactivity peaks in a treated (injected 10 pg JHA-3) pupa on day-1. Nearly regular SB activity periods are still perceivable; muscular hyperactivity with one period of ataxia.
	Fig.lo. MRA records of T.molitor pupae with irregular DC cycles before and after treatments. A typical pattern of OCR depression (dipping in 16% H. sosnowskyi WSEE).
	Fig. 11. IRGA records of T. molitor pupae before and after treatments (arrow). A pattern of a stepwise recovery after treatment (dipping in 109% A. vulgaris).
	Fig. 12.. An MRA record of the temporal and slow metabolic rise as a delayed effect after 6 h of JHA-1 treatment (injected 15 pg/pupa) not caused by muscular hyperactivity. Irregular peaks belong to DC cycles of gas exchange.
	Fig. 1. Reproductive system of sexually mature female A. obscurus. I — paired accessory gland; 2 – oviduct; 3 — chitin plates; 4 — spermatheca; 5 — bursa copulatrix; 6 — common oviduct; 7 — ovary; 8 — vagina; 9 — appendage of VIII sternite; 10 — muscles о the pheromone gland and pseudo-ovipositor; // — pheromone gland; 12 — azygous accessory gland; 18 — excretory duct of the pheromone gland; 14 — stigma; 15 — VIII -tergite; 16 — VIII sternite; 17 — thickened part of the intersegmental membrane; 18 — openings of the excretory ducts of the pheromone gland (pseudo-ovipositor pockets); 19 — appendages of IX sternite; 20 — thin transparent part of the intersegmental membrane; 21 — IX sternite; 22 — terminal (X) abdominal segment (tentaclelike appendages of the pseudo-ovipositor); 23 — telescopiform protruding pseudo-ovipositor.
	Fig. 2. Gas liquid chromatograms of the secretion of the pheromone gland of female A. obscurus and A. lineatus. A, B — beetles caught in Estonia; C — beetles caught in j North Caucasus. S — solvent; GH — geranyl hexanoate; GO — geranyl octanoate; FA — farnesyl acetate; – X — unknown component.
	Location of the lakes studied.
	Fig. 1. Schematic depiction of the main characters suitable for the discrimination of gammarid taxa living in Lake Peipsi. A — general view of Gmelinoides fasciatus (after Mopayxaii-Boarosckoit, Hupkosa, 1971); B—D — heads and telsons of Pallasea quadrispinosa, Rivulogammarus lacustris, and Gmelinoides fasciatus (original drawings).
	Fig. 2. Distribution of gammarids on the near-shore profiles in Lake Peipsi in 1970.
	Fig. 3. Distribution ¢f gammarids on the near-shore profiles in Lake Peipsi in 1980
	Fig. 4. Distribution of gammarids on the near-shore profiles in Lake Peipsi in 1990
	Fig. 1. The region of investigations. L — Vortsjdrv Limnological Station; the numbers of sample sites (see Materials and methods) are designated by figures.
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