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Introduction

The present edition"Estonianm Comtributioms to the Inter-
national Biological Programms III" continues the publication
of the IBP Progress reports by Estonian scientists started
in the previocus collections of articles (Vol. 1 published in
Tartu in 1970, Vol.2 = 1973) in accordance with the Bstonian
Hational Programme for IBP, The articles have been arranged
by sections, The present collection includes papers repre~
senting six out of eight existing sections: PT, PP, C?, PP,
HA and UM,

In the PT section four articles presemted u-o' COnCETR-
ed with the same general subject "Primary production of the
nemoral spruce forest®™, Two of the papers ( that by T.Froy
and the one by K. Kalamees,A. Kollom ) were presented at the
Pirst Conference on Biological Productivity of Spruce Fo-
rests organized by the IBP Estonian Republican Committee in
Partu in January 1971, The article by R. EOlli correspond to
the theme "Biological productivity and gemesis of soils in
connection with their processes and regimes®,

The paper published in the PP section corresponds to the
approved subject of"Photosynthesis and productivity of plant
communities®,

The article by Prof, E. Kumari printed in the CT section
represente a report delivered at the scientific conference
on "Man and Environmment®™ organized by the Chemistry,Bcology
and Bjology Section of the Academy of Sciences of the Beto-
nian S,S.R. in Tallinn in Hovember 1970,

Two articles presented in the PF section are devoted %o
the approved topic ef "Quantitative study of the stages of
production processes"™, in which the respective problems are
discussed and solved on the besis of Lake Vortsjirv in

),



Bstonis,

The HA seotion carries articles on two themes: "Peculis-
rities of 1lipid and carbohydrate metabolimm in the populati-
on of the Bstonian S.S.R.(one paper by M. Ssava and E,Vagane)
and "Cardiovascular injuries and , psychic disturbamces in
the people of today" (three papers).

The three papers presented by the UM section comstitute
& oempact group of articles dealing with the topic of "In-
vestigations of entomophages and their use in the biologi-
ocal pest, oontrol of crops" included in the IBP Bstonisn
Prograume,

% Bstonian Republican Committee
for IBP



Estonian Comtributions to the Intermatiomal Biological
Progremme, 111, TARTU, 1971

Institute of Zoology and Botany

The study of the primary productivity of matural commu-
nities poses serious difficulties. For this reason the data
on the productivity of various types of vegetation are very
scanty and, in their overwhelming majority, not comparable
to each other.

The data available in the literature on the primary pro-
ductivity of vegetation have been concentrated in reviews
published recently by L.E. RODIN and N,I. BAZILEVICH (1968)
and A.I, UTKIN (1970).

‘ Regardless of some obvious drawbacks and differemces in
‘tho methodological approach,the available data enable us to
give a tentative picture of the amount of increment and the
productivity of various types of vegetatiom,

According to RODIN and BAZILEVICH the net primary incre-
ment of absolutely dry plant material im forests accoumis
for 32,5 metric toms per hectare im tropical rain forests,
24.5 t/ha in subtropical forests,13.0t/ha in beech forestis, -
etc.,i.e. the net primary production of forests may acquire
values ranging, say, from 0.5 to 50 t/ha.

Porests of the f{aiga zone are characterized by am incre-
ment ranging from 4.5 t/ha for the mortherm taiga and 8,5
t/ha for the southern taiga. For reasoms which are mot quite
oclear to us these figures do not agree with the data that



will be given below (Table 1),according to which the prima-
ry production of maturing and mature spruce stands on an
average comstitutes 17 to 18 t/ha.Relying on the last-named
figures, Buropeam spruce forests occupy third place, second
only to tropical rain forests and subtropical forests.

According to the capacity of the photosynthezing appara-
tus, spruce foresis sven take second place. The mass of the
green parto_ eof spruces acceunts on an average for 13 to 19
t/ha (in reain forests 40 and marshy forests 15, in savennas
and mangroves 8, in beech forests 5 t/ha, etc.).

There is another fact which indirectly confirms the
trustworthiness of comparatively high indices of the net
productivity of spruce stands, As is generally known, pro-
ductivity is closely related to the emount of annual litter
fall, which in tropical rain forests makes up 16,in subtro-
pical forests 12, in spruce stands 6 (4 to 8), in beech
forests 4.5 and in oak forsste 3.5 t/ha.

It should be memtioned, however, that some other recent
sources, €. g, WHITTARKER (1970), indicate that high mean net
primary production values ocan be observed in marshlands of
favorable enviromments, in estuaries, im attached dlgae, and
even in tropical orops umder rather intensive managament.

All these data, in spite of being quite approximate,
Justify one to speak of spruce forests as of h:l.ghly produc=-
tive commumities not omnly on the territory of the natural
distribution of the spruce but also all over the temperate
ZORE,

Fig. 1 represemts a collection of most reliable data om
the net primary production of spruce stands in the European
part of the U,S.S.R..The comparatively equal level of matur-
ing and mature stands (lime A) is conspicuous (points 4-7),
which ie practically independemt of the gemeral biomass of
stands, Young stands (8 - 10) are characterized by a sharply
rising line (B) in the course. of which they reach their
maximum increment of the tree-layer,the value of the incre-
ment or of the subordinate layers as well as the litter



Pig. 1. Productivity of some Norway spruce stands in the
European part of the U.S.S.R.. Dots desingnate
total phytomass, crosses above-ground phytomass,
and quadrats - tree trunk mass. The ordmn.Pg.
corresponds to the met yearly production amd the
abscissa - to the standing crop or biomass (Bt)'
both expressed as absolutely dry mass. in metric
tons per hectare. Sources see Table 1.



fall is so far small, Line C combimes the points (1 - 3)
according to the average data of RODIN and BAZILEVICH. In
addition to total imcrement, FPig. 1 also indicates the incre-
ment of the stem amd that of the above-ground parts of the
tree-layer which lie around line C.In this comnection there
arises the supposition that the increment data which were
used by RODIN and BAZILEVICH in fact have been estimated on
the basis of the above-ground parts of the tree-layer rather
than on the estimates of the increment of total biomass,

Comparison of the productivity of various vegetation
types is complicated, besides methodological difficulties,
by the fact that phytocoenoses are distimguished by the
degree of their maturity ( in climax commumities fi.tual
imcrement approaches gzero) and the duration of the vege-
tative period. Hemce the statement that on the global scale
spruce forests probably occupy third place according to
their primary productivity is partly semseless. The fact is
that in subarctic comditions shrub-covered tundras, in the
temperate zone probably spruce stamds, while in tropical
climates rain forests occupy first place. In other words,
local climax compumities are the most productive in any
geographical gzome, Simoce the spruce comstitutes oclimax
communities im the Europeam part of the taiga zome (on
comparatively rich mimersl soils), spruce stands are to be
regarded here as the mest productive plamt communities,

However,the widespread idea of agricultural crops being
highly productive is mot confirmed by research data., Thus,
according to WASSINK (1968), whem PhAR is employed, all
forest commumities show a high degree of efficiemcy which
on an average constitutes 0.50 % (the remaining phytocoeno-
ses and agricultural crops make up 0.15 %, while oceans -
0,13 %. Under conditioms of irrigation and fertilization
sugar oane, sun-flower and Indiam corn may attain an effi-
ciency of 0,35 %. Among the useful properties of the spruce
the following may be pointed out:

(1) The spatial oriemtation ef spruce bramches and twigs

10



Table 1
Primary productivity of Norway spruce stands

Absol,dry biomags t/ha |

Source otal |above | stem|green|under Porest type,
£ ground parts (ground Piceetun,..
Rodin, Bagilevich, 1968 |100 [ 78 [70 | 8.0 | 22 north \ taiga
—_— 260 | 200 185 |16.0 | 60 Iiddle}sonc
—_— 330 | 257 [240 |16.5 T4 ? ? 8.5 ¢?|south
1 Fowm,, 1970 285 | 220 Q76 |16.7 65 112.0 |(5.5) |17.8 85| cariceeto-guercetos
2| Kwum, Kexpex, 1970 250 | 182 p20 [16.9 | 68 [11.2 | 6.0 |17.2 84|nepatici-fragariosun
: L 200 | 152 |95 |13.5 | 48 |13.0 | 4.9 |[17.9 51|
BaTroBommft, TpmmmHa, 1971|364 | 279 198 [25.2 82 |12.9 3.9 |16.8 80] oxalidosum
M —_ 132 | 108 | 60 (28.4 23 113:6 3.9 - |17.5| 30]
) Scan . L] et ae 1 | 1.4 |0.4 | 1.5)15

MasmeoBOoREE, Kommmyx, I971 73 60 | 39 10,2 13 8.1 [(1.3) | 9.4 20| hylocomiosum

16 | Hocora, I971 ? | 210% n6sa [18.0% o B ? 2 | 89| cariceeto-tiliosum

16 _ — 2. Foos=hen | 4% -2 [ 49 |2 2 | 93| caricosum

16 L — e et Tk oL eet] ¢ 2 | 93| coryletosum
4.(18) onoeH ixos, 1968 ? {204®hes l1s.9*} 2| 7.6* | ¢ 2| 7| polytrichosum
5.418) M t-f200°hs3 ls.o*| o 6% |72 2 | 7| sphagno-myrtillosum
6‘;18) LR o s b oga™ e a5l e Js.a® | 12 2| ?|myrtillosum

X - tree layer only




corresponds to the optimum ome - they are at the top of the
crown reised, in the middle of the crown horizontal and in
the lower part descending.

. (2) Average age of spruce meedles is, of course, high
(4-15 years), owing to which the spruce attaims high values
of the leaf area imdex., Besides, the spruce carries out
photosynthesis all the year round (though in winter it does
not make up for the expemditure on respiration).

(3) The photosynthesizing apparatus of the spruce is
adapted to the relatively low intemsities of PhAR, which is
accompanied by a high oconcentratiom of chlorophyll in the
needles. As a result, the dark meedles of the spruce absord
a oonsiderable part of reflected radiation, which is import-.
ant im the climatical comditions obtaiming in the north-west-
ern parts of the U,S.8.R., which are characterised by a high
number of cloudy and foggy days.

It follows frem the above that our spruce stands deserve
an all-round detailed ecological study, which should be
aimed at establishing concrete adaptatioms and regulatory
mechanisms emsuring a high productivity of spruce stands as
well as at receiving full energy balamces for various geo-
graphic points within the area of distribution of the spruce.

The task of the mext step of study is the determinmation
of efficiency for individual stages of emergy flow (separa-
tely for various species and trophic levels).

At the preseat time, thanks to investigations ocarried
out in commection with the‘ IBP, there exist preconditionms
for the comduction of such co-ordimated studies since many
research teams in various coumtries are emgaged im the study
of the productivity of spruce commumities (of, Pig., 2). In
addition, a great mumber of individual investigators are
studying spruce stands,

It should mot be overlooked that considerable support is
to be expected from the latter source. A good example is the
excellent work done by the German forester H.von Droste zu
Hulshoff (1970) at Ebersberg near Mumich.

12
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Explanations to Pig. 2 :

1 = Pederal Republic of Germany, Solling

2 = German Democratic Republic, Tharandt

- Csechoslovakia, Zbraslav

- Poland, Warsaw; 5 - Byalowiezha (?)

- Romania, Redma (?)

- Bulgaria, Vitosha

- Yugoslavia, Belgrad (?)

~ Sweden, Stockholm

10 - Pinland, Oulemka; 11 - Hyytisla

12 - Estomian S,S.R., Mihkli; 13 - Vooremaa

14 - Kalinin Region, Valdai; 15 - Nelidovo

16 - Moscow Region, Malinki; 17 - Zvenigorod

18 - Byelorussian S.S.R., Byelovezhskaya pushcha
19 - Ukrainian S.S.R., Carpathian State Reserve.

It seems to us that the time has come to unite efforts
for the elaboration of a uniform minimum programme which
would make it possible to obtain comparable(and only compa-
rable) results,

There arise the question of what must the programme of
co-ordinated studies,i.e. the project PICEA, contain., Bear-
ing in mind the fact that it is extremely desirable to in-
volve also small teams,i.e., to aim at a geographical net-
work which would be as complete as possible, the project
PICEA cannot set up strict claims to the scope and details
of field studies. Unfortumately, unified ecological equip-
ment is also infeasible, We propose the following programme
of the PICEA preject for discussionm,

(1)Gemeral information: age, quality
class,forest site and soil type, formula of the composition,
a complete list ef vascular plante and mosses,

(2) Stand density: a sample plot of 1 hecta-
re; for each tree its height, diameter, size amd extent of
the crewn, for a set of at least 5 model trees with 2-metre
sections feor which fractioms of biomass are expressed in

C WO W
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terms of absolutely dry biomass: trumk, living bramches and
twigs, assesement of their inocrement,dry bramches amd twigs,
needles, meedles of the ocurremt year,roots up to a diameter
of 1 mm to a depth of 1 m, assessment of the increment of
roots; the litter fall is to be determimed by meams of 10
samples of ome square metre each at 7 differemt dates(desir-
able in the first days of a momth):from May 1st to November
18t in the course of 4 years (1971 - 1972), and is to be ex-
pressed in terms of the biomass of bramches and twigs,
needles, leaves, cones and lichems.

(3) Undergrowth : the phytomass is to bedeter-
mined on the basis of at least 3 sample plots of 10 x 10 m,
stratified into 1-metre vertical sections with the following
fractions: leaves, shoots of the curreat year, cemes, timber
increment , epiphytes; roots as in the case of trees,

(4) Lower 1layers : the biomass of herbs, grass-
es, mosses and litter is to be estimated at the begimning
of July (1971-1973),0n quadrats havisg an area of 1 sq m,for
grasses and herbs the biomass of roots to a depth of 40 cam
geparately in layers of 10 cm in 10 replicatioms, the area
of the monolith being 50 x 50 sq cm.

This programme with the above-mentiomed details may call
forth a number of objeotiola. Still, as long as there are
no universally aoceptod and exactly co-ordimated methods,
there will be mo completely co-pmb].o data and no genuine
collaboration in the selution of the o-puutod problems
lying ahead.

Bearing this in mind, the Estomian Committee fer the IBP
regarded it as expedient to comveme imvestigators of spruce
stands of ‘the U,S.S.R. ~ (an all-Union symposium was held
January 25 to 29, 1971, in Tartu) since the co-ordimatiom of
investigations among the researchers of the U,S.S.R. should
precede the co-ordination of studies with their foreign
colleagues,

The first all-Uniom meeting under the heading of "Biolo-
gical Productivity ef Spruce Porests" was participated

15



by 90 sciemtists from about 30 imetitutions of the U,.S,S.R..

Abstracts of the reports issued under the same heading
by the Estoniam IBP Hatiomal co-ittge are still available
(mimeographed, 252 pages in Russian without summaries in the
western lamguages, Tartu, 1971).

Censiderable progress was reported in relation to the
initation of mew IBP studies in temperate Picea abies fo-
rests. The main interest at the symposium was oconcemtrated-
on the radiation regime (7 reports), the litter fall and its
decomposition (8), total and mnet primary productivity (8),
etc..Alltogether 54 reports were presented at the symposium,
The following recommendations were agreed upon:

1. Workshop activities should be emcouraged with the
purpose of =

a) analyzing and comparing the data collected;

b) making recommentations to researchers to conduct
their investigations on the basis of methods which are as
similar as possible;

c) comceatrating efforts on studies of the ecology of
spruce forests as related to met primery productivity and
ferest memsuration, enabling ome to make estimates of imcre-
ment in separate fractioms (meedles, cones, roots etc.).

2. In 1975, during the 12th Intermational Botanical Comn-
gress to be held in Leningrad, U.S.S.R., an international
symposium om PICEA should organized, i.e. the participants
of both the Tartu amd Kratte Masugn spruce symposia are to
be imcluded.

3, An all-Union steering committee,the Secretariat PICEA,
wag elected to organisze the exchange of imformation, the
cemparisen of methode, the assessment of movel results, the
examination of IBP areas as well as of their equipmemt, etc.,
with DI»r., T. Frey as the Scientific Secretary (Imstitute of
Zoelogy . amnd Botamy, 21 Vamemuise St,, 202400 Tartu, Estenia,
UeSeSeRe), S. A. Djremkov (Porest Research Imstitute, 21 Im-
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stitutsky St., Leningrad K-223) and G. B. Gortimsky (Komarev
Botanical Imstitute, 2 Prof. Popov St., Lemimgrad P-22) as
Co-ordinators on Structure, and Ecology, respectively, amd
/e].even representatives from differemt geographical regioms
of the U,S.S«Ree

4, Due to the rather high net primary preductivity of
spruce forests in the western parts of the U.S.S.R. (the
Baltic republics, Valdai, the Carpathiams) reported as being
about 15 - 19 metric toms per hectare, special attentiom
should be paid to them in the framework of the IBP as well
as of the coming intermatiomal projects.

(1) Droste zu Hiilshoff, B. von, 1970, Struktur, Biomass und
Zuwachs eines alteren Pichtembestandes, Forstwiss.
Cbl., 89, 3 (162 - 171), 1970.

(2) Kol1i, R., Kéhrik, R. 1970. Phytomass and net primary
production in the forests of the ~He ica
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(69 - 91), Tartu.

(3) Rodin, L.E., Bazilevich, N.I. 1968, World distribution
of plant biomass, In: Fumctioning of Terrestirial
Ecosystems et the Primary Productivity Level
(45 - 52), UNESCO, Liége.

(4) Wassink, E.C. 1968, Light emergy comyersion in photosya-
thesis and growth of plants, In: Fumctioning of
Perrestrial Ecosystems at the Primary Productivity
Level (53 - 66), UNBSCO, Liége.

(5) Whittaker, R.H, 1970. Communities amd ecosystems,
Current Comcepte in Biology Series (1 - 158),
MacMillan, New York.

(6) Barrosckmtt 0.C., I'pmmgsa I.A. I1971. [POLYKTHBHOCTE 6JB—
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Valdai region. In: Biological Productivity of
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Estonisn Contributions to the International Biological
Programme, III, Tartu, 1971

Department of Soil Science and Agronomical
Chemistry of the Estonian Agricultural Acedemy

A general source of organic matter in the mimerel hori-
gons of the forest soil are the underground parts of a plant
community. On the other hand the total phytomsss and distri-
bution of roots in the soil profile must depend oni the struc-
ture and cHaracteristics of a plant community a2 well as on
the soll comditioms.

We have studied the phytomass of underground perts and
distribution of small roots in six forest ecosystems:

(I) - a S4-yesr-old spruce forest of the Fragaria-Hepa-
tica type on rendsina; (II) - a 84-year-old spruce forest of
the same type on brown typical soil; (III) - a 200~year- old
oak forest of the ssme type on the same 80il;(IV)- a 51-yeanr
old spruce forest of the ﬁm—nemnc.-mn- on brown
lessive s0il;(V) - a 80-yeer-old spruce forest ef the Oxalis
type on brown pseudopodsolie soil; (VI) - a 75-yeav-old pine
forest of the same type on the same soil. The floristic com-
position and geobotanical features of various forest layers
(the tree, regrowth and underwood, herd snd moss layers) of
these experimentul areas have been dealt with in our previous
papers (2),(3), but the soils of these experimentul ereas have
been disoussed by L. ERINTAM (5),(6).
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Nathods

The phytomass of the roots with a diameter less than C.5
. cm was determined by washing them by the BWN-50(1) root wash-
ing machine from soil samples with an area of 0.25 x 0.4 =
by 0.1 m lagyers to a depth of 0.6-1 m; the phytomass of the
roots with a diameter of 0.5-3 cm was determined by gather-
ing them from gsoil samples with an area of 0.5 x 1 = to a
depth of 0.5 m; that of stumps snd large roots of the tree
layer, regrowth and underwood (all of them omly in three
experimental areas) was estimated by mesns of sample trees
(3 aversge sample trees from the tree layer and 50-60 sam—
ples from the layer of regrowth snd umderwood). All the data
on phytomass were obtained in terms of dry matter.

Bepulta

For all ecosystems studied 67-88f of the total phytomass
of _the roots,less than 5 mm in diasmeter was found in a 0-20
cm layer and 91-99% im a 0-50 om layer.

Root distribution proves the ecologic influence of scil
properties on the development of the umderground parts of a
plant commmity.The main portion of rcot phylomess occurs in
well drained and rich-in-nutrients humus accumulative hori-
zons, but in moraine it is less than 10%.

It can be seen from Tables 1, 2, 4 anéd 5 thet ocoveidar-
able differences are observed in the distribution of root
phytomass of the same forest types in various soil profllem
The data obtained also show that the root systems of spruee’
forests have ecological plastioity.In drown typical ané les-
give soils small roots are distributed more homogeneously
than in brewn pseudopodsolic soils.For exampla,sf small rocts
(5 mm diameter) of spruce foreste 52-57% are looatad in the
upper 10-om-layer and 70-75% in the upper 20-om-layer of
brown soils, but the corresponding proportiom in brown pseu~
dopodzolioc soils is 63% and 84% respectively. As can be seen
from Tables 2 and 3, there are considerably more roots in the
lower layers of oak forests than in the solls of
spruce forests. This proves <that root distribution al-
so depends on the physiological properties . of the predomi=-
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eter

'r'oo'tl

DPia 'l, of .
L 5wm 5-10 ma 10-30 =m
ol dogt Distribution by Btetistical oharagteristies .
cm ers ' ; { y
=t iR Sy S R L
100 xa/ha | g 9, % R .

0-10 108,8 60,7 | 7 | 28,8 | 26 | 10,9 [ 10,0 [13,843,6 | 71,2 | 2,8223,0 | 97,6
10-20 38,7 21,6 | 5 ]17,0 | s | 7,6 [20,0 | 2,66141 | 13,4 | 0,65 0,6 | 204
20-30 14,7 8,2 | & | 2,6 | 18| 1.3 | 8,8 1,5:0,8 | 7,7
30"“0 5.8 3‘2 3 3.5 60 2'0 3’.‘.0 0.3!0.7 ‘.1
40-50 7.2 a0 | 3| 2,8 | 39| 1.6 | 22,0 ] 0,3:0,3 | 1.5
50-60 8,2 2,3 | 3| 3.6 | 86 | 2,1 | 50,0 | 0,420.8 | 2,1
0-20 147,5 82,9 | - | 55,8 | 31 | 18,5 | 1245 [16,428,7 | 84,6 | 25,0£23,6 | 10040
0-50 5.2 1 97,7 | - | 56,7 | 31 | 23,8 |13,8 | 19,046,5] 89,9 | 25,0423,6 | 100,0
0-60 179,6 | 100,0 | - [ 58,3 | 32 | 25,5 | 1442 | 194426,9 |100,0 25,0423,6 | 100,0




Table 2
tribut f root ph 0 ce forest

Diagweser ot - roots

Depth, . [ 5 mm 5-10 mm 10-30 mm
on S

Diati:;::ion.b’ Statistiocal oharscteristios

¥ +0= % X+6= %
100 kg/ha $ | n ¥idy o P £
R
8-10 150,0 572 | 9 | 50,07 | 33 16,7 | 11,1 | 33,849,7 |74,0 | 44,0093 | 73,2
1b-20 16,1 17,6 | 9 | 23,6 | 51, | 7,9 | 17,1 | 9,5¢2,4 120,7 | 16,3+11,1 | 26,8
B 20-30 27,1 10, 4 5 | 1,0 4 a6} 8573 19,8 .| e,0e8,0 fun

30-40 14,2 Sk 5 7,0 49 5 g - 0,440, 1550
40-50 17,7 6,8 | s 9,3 52 KD 1259
50-60 740 R 3 5,0 &) e @ L
0-20 196,1 74,8 | - | 73,6 [.38 | 24,6 | 12,5 | 43,3512,1{94,7 | 60,0+20,4 | 100,0
p-s0 255,1 | 97,3 |- |101,8 | 80 | 37,2 | 14,6 | 45,7414,5]100,0 | 60,9+20,4 | 100,0
0-6¢ 262,1 100,0 | - |106,8 | 41 [40,1 | 15,2 | 45,7+14,5[100,0 | 60,9+20,4 | 108,0




Table 3

oot ph of the oak forest
; Diamete r of ‘rootes
Depth, L5 ua 5-10 mm 10-30 mm
on ;
Distribution by
“ layers Statistiosl oh-:_agg_gxuuoa s ta'i. > sty 2
100 i;/m $ a o v 0 P
0-10 118,0 47,2 | 10 | 30,7 | 26 1 9,7 | 8,2 | 15,7%7,5 23,6 e A 0
 10-20 48,7 19,5 ﬁ 10 | 13,0 | 27 | 4,1 | 8,4 | 8,633,1 [12,9 | 12,6%5,2 | 13,4
20-30 35,1 14,0 T-7-] 6,7 | 19| 2,5 | 7,1 | 23,8%,6 |35,8 | 17,7%6,5 | 26,9
30-40 20,2 80 | 5 | 3,8 | 17| 1,5 | 7,4 | 5,9%3,8 | 8,9 17,7894 | 26,9
§0-30 19,4 206 1 S| 8 |43 | 3,7 |19,1 | 11,3%5,4 |17,0 | 15,3%,7 | 23,3
50-60 8,4 " 3,4 3| 3.4 | 40| 2,0 [23,8 | 1,2%1,2 | 1,8 2,5%2,5 3,8
0~20 166,7 66,7 - | 43,7 | 26 | 13,8 | 8,3 | 24,3%10,6/36,5 | 12,6%5,2 | 19,1
" 0~50 241,4 96,6 - | 62,4 | 26 | 21,5 | 8,5 | 65,3%28,4/98,2 | 63,3%27,8 | 96,2
0- 60 249,86 [100,0 | - [ 65,5 [ 26 [ 23,5 | 9,4 | 66,5%29,6[100,0 | 65,8%30,3 [ 100,0°



Riesnibuiion of root phytomaes of the spruce forest

osystem IV

1

24

311

Table &4

e

i aneteriof rod0ts
: . /5 mm 5-10 mm 10-30 mm
,mgh, Platrivation by 7.
: Yayere , Statistical characteristios| : + s P Fro “
100 kg/ha
i _L;’ ! 5' v 6; b4
e 65,8 52,0 | 10 | 26,8 | a1 | 8,5 | 12,9 |14,4%2,6 | 63,2 | 17,3%6,1 | 84,3
10-26 22,3 17,6 91 5.5 85| %8 8,1 | 5,6%4,2| 24,6 | 7,8%,9 | 20,0
2¢-39 12,6 9,9 61 341 271 1,0 | 11,1 1,86%0,9]| 7,9 | 7,2%1,3 | 18,5
50-40 7,3 5.8 6] 2,31 32]0,9 | 12,3 | 0,8%,8] 1,7 a,6%1,9 | 12,3
4o-50 740 505 | 6| 2,9 | a1 ) 1,2 | 17,2 | osto,a| 1,72 | 1,9%,2 | a9
5660 3,7 2,9 4 142 32 | 0,6 16,2 0,2%0,2 0,9
60~70 2,0 1,6 4| 1,4 | 55] 0,5 | 25,0
70-80 2,1 1.7 4 0,8 38 | 0,4 19,1
80-90 2,1 1,6 3] 1,0 | s8] 0,6 | 28,6
90-100 1,8 1,4 3 }on |22 0,2 } 19
0~20 88,1 69,6 - | 32,3 | 37 (10,3 | 11,7 | 20,0%6,8 | 87,8 | 25,1%8,0 | 64,3
0-50 115,0 - 90,8 ~ | 50,9 | 36| 13,8 | 12,0 | 22,6%8,5| 99,1 | 39,0%11,4 | 100,0
00 126,7 100,0 | - | 45,4 | 36| 16,1°) 12,7 | 22,8%8,7 | 100,0 | 39,0%11,4 | 100,0



Table 5

g;stribution of root whytomass of the spruce forest

jn_brown pseudopodzolic soil {ecosystem V)

JL am e h e o: 1 o S
Depth, [ 5 mm 5 5-10 mm 10-30 mm
cm
Distiib“ti°” by Statistical characteristics .
ayers s :yi % X ta’i %
100 §3/ha % n & v 53z P

0-10 94,0 62,8 9 | 37,8 &0 12767 A3y4 13250 §,17] 61,6 ] '14,8%9,4 48,8
10-20 32,1 21,5 9 | 14,0 44 5,2 ) 14,6 “145,1811,5 } 28,4, | 15;5%7,6 51,2
20-30 9,7 6,5 3 4e5 4€ Vo3 | 15,5 553 2,9:| 10,0
30-40 560 | 3,3 6 249 46 0,9 . 48,0
40-50 2,9 1,9 6 1.3 38 351 i17.2

50-60 17 1,1 4 0,8 47 2,4 | 23,5 .
60-70 ok 0,9 4 0,4 29 0,2 | 14,3
70-80 0,9 0,6 4 0,3 35 050522,
80-90 0,8 0,6 4 044 50 0,2 | 25,0
30-100 152 0,8 4 0,6 50 0,3 | 25,0

0-20 126,1 84,3 - | 51,8 41 | 12,3 | 13,7 | 47,8%19,6 | 90,0 | 30,3%16,7 | 100,0
0-50 143,7 96,0 -] 59,7 .| 427] 20,2 14,1 |} 53,1¥22,5]100,0} 30,3%16,7 | 100,0
0-100 149,7 100,0 - | 62,2 | 42 | 21,5 | 14,4 | 53,1%22,5|100,0| 30,3%¥16,7 | 100,0
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Table 6

Distribution root phyto the pine forest
brown pseudopodgolic soi v
Diameter of roo%¢s
Depth, [_5 mm 5-10 mm 10-30 mm
o Distribution by | gtatistioal oharacteristios
/it xto; | ¢ |xio; s
100 kg/ha % nl| o vV|os P
X

0-10 71,3 66,9 8 | 32,24 | 45 | 11,40 16,0 | 19,0%7,1 | s6.2 |35,6%7,1 | 67,8
10-20 22,3 20,9 7 | 12,41 | 56 | 4,68 21,0 | 7,9%1,9 |23,4 11,8%,6 | 22,5
20-30 9,6 9,0 5 | 6,79 | 71 | 3,03|31,6 | 3,9%1,5 [11,5 | 5,4%2,5 9,7
30-40 1,3 1,2 4 | 1,14 | 88 | 0,57| 43,8 | 1,8%0,9 | 5.3
40-50 1,0 0,9 4 | 0,86 ]| 86 | 0,43 43,0 | 1,2%0,8 | 3,6
60-70 0,2 0,2 2| 0,90} %0 | 0,07 35,0
70-80 0,15 0,4 2| 0,07| #7 | 0,05) 33,3
80-30 0,15 0,1 2 | 0,07 ] 47-} 0,05 33,3
90-100 0,1 0,1 2| 0,10 100} 0,07| 70,0
0-20 93,6 87,8 - | 44,65 | a8 | 16,08 17,2 | 26,9%9,0 | 79,6 |47,4%11,7 | 90,3
0-50 105,5 98,9 - | 53,88 | 51 | 20,11 | 19,1 | 33,8%12,2 | 100,0 | 52,5%14,2 | 100,0
0~100 106,7 100,0 - {54,281 s1 ] 20,70} 19,8 | 33,8%12,2 ] 100,0 | 52,5%14,2 | 100,0



nant tree species. According to I.N. RAKHTEBNKO ( 1 7 , the
osk has a deep extensively branching tap root system whereas
the spruce has a superficial root system.As to the influemnce
of root phytomass on soil forming processes, it is possible
to state that on all soils it plays en essential role in
weathering parent rocks, sspecially on brown typical soils.

Table 7
Total s of wmnd ound 8_of )
forests (in tons per hectare)
No, of ex-| Small roots Stumps and
perimen- [yt 1 root E | Batio
Wl T IR | & | B
K5 mm sto ar-
: - it
II 26.2 | 10.7 337 1.2 71.8f 0.40:1
Iv 12.7 | 6.2 26.7 0.8 46.4] 0,30:1
v 15.0| 8.3 41.2 0.7 65.2] 0.27:1

II - on brown typical soil;
IV - on brown lessive soil;
V - on brown pseudopodzolic soil.

As shown in Table 7,in the 80-84-year-old spruce forest
the underground phytomass is 65-72 tons per hectere, being
much more than in the 51-year-old forest (46 tons per hec-
tare). On the basis of these data (Table 7) it is possible
to note that on brown typical soils a spruce ecosystem devel-
ops a remarkably large amount of root phytomaess per ome unit
of aboveground phytomass. It is quite understandable if we
take into comsideration the fact that the tree layer of the
ecosystem mentioned above belangs to the second quality
class, but the others (IV and V) are of the first quality
class. .
It may be conoluded that in an ecosystem where the tree
layer is of a lower quality class relatively more phytomess
(or energy) is in underground parts, since the less. favour-
able the environmmental conditioms are the more powerful
root system is developed by an ecosystem.
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ON THE BIOLOGICAL PRODUCTIVITY OF A C
FOREST ECOSYSTEMS

K, Kelamees

Institute of Zoology and Botany
A; Kollom

Institute of Zoology and Botany

When studying the floristic composition of fungi in vari-
ous forest site types, it usually turns out that the number
of the species in macroscopic fungi mostly exceeds that of
vascular plants at a respective site type at least twice.
Thus, the mycocoenological studies conducted in Estonie have
revealed 51 species of vascular plants at the Myrtillus site
type while the number of macroscopic fungl there (without
the wood-destroying polyporaceous fungi) amounts %o 131
species, The oorresponding numbers at the Aegopodium-
Mercurialis site <type are 86 end 142, at the _Oxa-
lis site type - 93 and 175, at the Vagginium site type 34
and 76, and the_Corylus site type - 43 and 89 respectively.
When we add to them the wood=-destroying Aphyllophorales and
microscopic fungi,it is clear that the number of fungal spe-
cies surpasses the number of vascular plant species in forest
commmities meny times, Recalling the universally known fact
about the responsible role of fungi in the secondary biolo-
gicsl production, i.6. in processes associated with the de-
composition of forest debris,it is evident that the function-
al role of fungi in forest ecosystems cennot be nogligihle
and that there is no justification for the omission of fungi
from the study of the bioproductivity of forest ecosystema,

The total productivity of fungal orgenisms is expressed
by three components : 1) the vital activity of an organism,
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2) the formation of & mycelium and 3)the formation of fruite

bodies. Unfortunately, we do not know to what extent each
of the above components participates in the formation of the
total productivity of a fungus., For methodical reasons we
have so far been unable to study the growth process of a my-
celium in nature and accordingly there are no methodical
techniques for the evaluation of the biomass of a mycelium,
the most significant part - so-to-say the body - of a fungal
organism, We can study the vital activity of a fungus to
some extent by measuring,e.g., 80ill respiration or by estab=-
lishing the intensity of the decomposition of forest debris
on the part of fungi, but even here there are great methodi-
cal shortcomings, At the present time soil respiration can
be measured only as a sum total of the respiratory activity
of all soil organisme (including bacteria). The determina-
tion of the role of individual fungal species in this pro-
cess -is out of the question. The only thing which in the
study of the bioproduction of fungi can most easily be carri-
ed out by the present methods 1is the determination of the
‘ primary production of fruit-bodies by counting and weirhing
them, The crux of the matter 1lies in the fact that fruit-
bodies represent only one phenological stage in the develop-
mental cycle of macroscopic fungil.The evaluation of the bio-
production of fungi merely on the basis of the biomass of
fruit-bodies is, roughly speaking, equivalent to the estima-
tion of the bioproduction of plants merely on the basis of
fruits or flowers,Consequently,the biomass of fruitbedies is
by no means an adequate estimate even from the stendpoint of
the net production of fungi,not to speak of the total preoduc-
tivity of a fungal orgenism and thus also its participa-
tion in the energetic balance of an ecosystem are after all

Pigs. 1-3, Seasonal dynamica of the number of fungal
fruit=bedies in a spruce-hardwood forest on two observation
areas (I and II) im 1970,

X
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determined by the intensity of the decomposition of debris
on the part of s fungus, Naturally, this does not mean that
we need not deal with the study of the biomass of fungal
fruit-bodies at all,The establishment of the biomass of fun-
‘gal fruit-bodies will certainly provide significant data on
the characterization of a forest ecosystem as a whole. ' On
the other hand, the determination of the mutual quantitative
relations of the fruit-bodies of fungal species will also
create better and more justified opportunities for the study
of the processes of the secondary production within an eco-
system, : ;

So far very little research into the biological produc-
tivity of fungi has been oarried out all over the world,
P.B, HORA (1959), T.F., HERING (1966) and M,J. RICHARDSON
(1970) have obtained better results in establishing the bio-
mass of the fruit-bodies of Agaricales,

Bearing these prospects in mind, studies were ini-
tiated in 1969 by a team of the Institute of Zoology and Bo-
tany of the Bstonian Academy of Sciences on the Vooremaa ex-
perimental area in eastern Estonia with the aim of determin-
‘dng the numbers and the biomass of the fruit-bodies of
macroscaopic fungi on two observation areas located in a
spruce-hardwood forest,

The site type of the first observation area can be charac-
terised as follows:composition of the tree-layer -10 spruces+
aspen, the closedness of the leaf canopy - 0.5, Corylus avel-
lana end Acer platanoideg eabound in the underwood, the ob-
servation area lies on a slope. The tree-layer of the second
observatien area censists of 10 spruces birch with a canopy
clesedness 0,7,Coxylus avellana is the predominant tree spe-
eles im the undexwood, the site is level, Nemoral species
predominate in the grass-layer of both the observation areas,
The first ebservation area is richer in the floristic compo-
sitiem, Beth the areas are em brown pseudopodsel soile

Observatioms were carried out em 10 sample plots, The
sise of a plet was 100 square metres, To facilitate the
cellection of friut-bodies, each sample plot was divided in-
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Table 1
The number of fruit-bodies (a) and their biomass (b, dry-weight in grams)

in dominant species of aricales in a spruce-hardwood forest in two
observation area ( I and II ) for 1970 (s denotes biomass below 0,05g)

e
Dates Apr.| Ma: June July August - September October |Nove
1 B W ;_ B R 2 'F‘!E B TeT 2
Species XL 2251 9118 | a9 | 1t 120 g 29 110 |23
e - - - - - - - - 2 86 15 . 5 T 12
T = @ - - @ = - & - |- |190 |366 5 1 11563
; bl I - - - - - - - - - 2,0 63,3 3.0 1.4| 2.3 * 72.0
RS 2 - = - - - - - - |- 1291,9{113,3] 1,4} + + 1406,6
!a TS ] e A e £ b 27X =110 4 1 71
(e o R - - - - = |0.3] 2.0] 1.2] 0.6] 0.6 + 4,8
I - - - - - - - - - - 0.4 001 002 + - 018
: RECIEE 3 e 3 = - 5 - 19 23 19113 2 9 71
Cystoderma II| - - - - P - - 2 46 PR3 83 24 4 2 + [184
sarcharias | 1| . S - = o - G = 10,51 - 1:3)--1.01 :0:6] : & 0.2 3.7
II - - - - - - - 002 103 109 4.§ o;ﬂ 001 0.1 e 9.2
e s ot R R TR [
stoderma - - e - o - - - = - 4
an! o b I - - - - = ", 001 103 10 103 006 02 001 o ol1 407
‘E"MMM u - - - - - - 0.9 - 0. 1.0 0.6 0:1 - - o 3.5
T G % = A - - - - 4 |9 22 6 6 3 108
aler a.a o - - ., a6 - 1 3 |8 33 7 112 -]12 5 83
I - - - - - - - - 0.1 004 1.3 005 002 ¥ 0'1 2.7
] - - - - - - + + 1+ Q.31 0,21 0,11 0,21 4+ 1.0
1l - | - | - | - |992|98 (389 |208 | 34 |6 7 3 |- |- - | 1744
jm?ugl II| - - - 30(1126 [619 |269 6 |14 |1 1 - - - 2066
bulllapdil |l ; “ b e bwlialoabbbl ot s le Tt ol 1o b 2,
I_I - - - + 1,31 0,71 0,2 <+ < & * - ed -




Table 1 continued

Datves Apr.| May | June Jul August September October |Nov.
T J‘z’rj’-—z B 2T i 2T
Species I 29 22 19 T 9 120 [0 123 172
sl o - s La - o - 6 |8 1 5 S 4 4 - 3
ﬁﬁi s ¢ SRR B -l=-] = |=-1-15 p3 i, e € B - | 63
2 b| I| = - ~ - - - + |+ T+ + 0.1 + + 0.2.
11l . = - - | - - - - 0,1 + 0.1 + 0.3+ + 0.1
al I| - - - |- - - - - |- 30 |38 5 - 2 9
Gymnopilus II| - - - |- -l =]=-1]1=-1=- |21 |16 - 1 - - | 38
penetrans o i e = P & - - - - 2:2] 5.7 0.7 = 2,2 - 10,8
0 - - ] - - - |- 1,9 2,0 | = + - - 3:9
al I| - - - |- - - - - |- - - 34 |84 4 |12T.
horus I} - - - |- - - - |- - 5 46 260 NT1 4 | 486
pustulatus — | | ;| _ o B % pos - SRS 5, - 0o 0.9 1.7] 021} 249
B II - - - - - - - - - - 0.1 1.1 3 2,8 + Te4.
2 al I| - - - | - 2 2 |43 |26 PBo1 PB36 (145 [45 |15 7 2 n3a25
e e 3 ) - T R, 3 |14 |65 69 f136 N93 (100 |20 |11 3 - | T4
L i - - - - + + 1.71142 %8| 101 4,0] 1.5 0.3] 0.2 + 41.9
II - - - - 01| 0.4] 1,9 5.6 0,1 3031 0,5 0031 + - g‘L
SE L s L o RN R S e W T - - - - ] 15
Lacterius. Il .= -~ - |= - - |54 |94 [103 |87 96 |36 |22 |11 2 | 505
pyrogalus b| I| - - - | - - - - - 4,4 1,0( - - - - - 5.4
il - f -1 -1l - |- 19,6 41,3 3843 42,4 32,0]11.7 3.3 1.9 0.4119,2
al I - - - | =-|278 6 G L4 48 14 8 19 9 - 1 - | 400
smius 5 - - - 11107 55  { 1 3 9  ; 2 4 2 - 197
Androsecsws vl 1| - - - |- 0.8] + + 0.2 + + + + - + - 1.4
II| - - - |+ 0¢3] Oo1i> + + + + + = + + o= 0.7
abrlcs o e A = % . 9 6 |36 |105 |68 3 9 8 248
ena II - - - - - - 1 1 12 27 93 20 10 20 2 196
epipserygia ni |l .| - = fedi et e Foud + 00Tl 231 0.0 8. + | 021 44
Bi - - SENS - - e + (6.8 ,)L1 0.7 1.4 2 0.1 D,3] + 3,0




Table 1 continued

Dates

Apr 8, une Jul August September
B I;x_‘%—"aj‘%‘l %_ F‘%F‘I‘?—T
Species 2 v 3 B R R 120 [—-9 = 1-20-"1-29
iz s s -l 1] a4 |11 [19 |20 63 | 56 |52 | 27
cena 11| = - -1 1 2 |50 |48 [29 [69 70 | 94 41
.E'%E‘f* LH B e 20wl oo 210,610, 21,30 L X101 00
;I k =3 - o 4 + 1,3|1 0,91 O, 0,9 1, 1,9 1,
a | I = - ~|1591998 K62 |82 N5T4| 132|145 [138 64
cena Il = - - 64 11037 1816 555 ( 111{238 | 114 44 93
elentafd [I| = | = ~10,2 2,8 1,5] 0,2| 4, +
x - -~ . 116 21 5:6 5.6 0.
a | I -~ - - - - - - - 88
%om TI “ - - ~ - - - - 109
A - o - - - - - - 1'
I = - -] = - - - - 2,1 0,°
s [T .= - o | 3 - o 2 802
gccla I - - - - - e 2 3 260
BT - - - - + - - + 1.
£ - = - e A k. > - d Oy
h X - - - - - - - - 108
gmmiolou . 01| = - -l - “- - - - D
b| I - - - - - i - . 6'
%i 939 | 8% & |9 38 171 | 189 | 301 169 135 4 |164 3303
N B R AL LRERLRER
8 2 «10,Y + :
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e W e R e e e 2 e 298 {1094\ 1658| ‘54 |s2as
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to 5 strips with a size of 2 x 10 sq.m. Thus observations |
on one observation area were made altogether on an area of
0.1 hectare, Pruit-bodies were collected during the whole
vegetative period from April to November, on an average every
ten days, but during the period when there were few mush-
rooms (in June) collection was once a month, In November
only one observation was made because snow fell in <the
first half of this month, The fruit-bodies were counted im-
mediately after cgllection, their dry weight was estimated
after drying at 70 C.

So far about 120 species of Agaricales have been
recorded in the spruce-hardwood forest under study. For the
present paper the data <for 1970 have been processed on 21
dominant species of Agaricales found in the particular
spruce-hardwood forest,

Summary data on the numbers and the biomass of the
fruit-bodies of the above-mentioned species are presented
in Table 1, Table 2 presents summary data on production per
ha according to species, It is evident from the Table that
both the observation areas of the same forest type -differ
from each, other considerably in the number of the fruit-
bodies as well as the biomass of the fungal species studied,
The total annual production of the above-mentioned dominant
species accounted for 2,8 kg/ha on observation area I and
7.7 kg/ha on area II, Remarkable differences in productivity
can also be seen in individual species. The differences were
particularly great in case of Lactarius pjroga‘g,g,s\,’ Armilla-
Tiella melleas and Naematoloms capuoides. The remarkebly
higher productivity of L. pyrogalus on the second observa-
tion area is apparently related to the greater frequency of
ocourrence of Corylus on this sample area, The difference
between the two observation areas could also be noted in
seasonal dynamics, In many species such as Lactarius pyro-
galus, Mycena pura, laccaria laccafs, etc,, the number of
frult-bodies and their corresponding dry weight reached
their maximum values on the second area three weeks later
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Table 2

The number of fruit-bodies and their biomass
er 1 ha) in dominant species of

in a spruce-hardwood forest on two observa-

tion greas (I and II) for 1970

ale

39

umber of fruit- | Biomass ( dry-
Species ~bodies -weight in grams)
i ¥ ¢ I I

Armillariella melles 1240 563 720 4066
Cortinarius hemitrichus T10 170 48 8
C e [ T10 1840 37 92
¢, _granulosum 680 470 47 35
~ Galerina marginata 1080 830 27 10
G, _unicolor 330 630 | 2 %
Gymnopilus penetrans 750 380 108 39
Hygrophorus pustulatus 1270 4860 29 T4
Laccaria laccata 13250 T140 419 224
Lactarius us 150 5050 54 1912
Marasmius androsaceus 1000 1970 14 T
M. bulli i ‘17440 - 2066 25 25
Mycena epipterygia '2480 1960 44 30
M., filopes s, Mos. 6360 32450 29 103
M. Ealogoda T480 15110 62 129
M, pura 2910 4610 67 102
M. sanguinolenta 36050 5499 100 175
M, viscosa 2670 2180 63 46
M, vulgaris 19380 7660 49 21
Naematoloma gapnoides 3500 250 483 24
Strobilurus esculenfus. | 33030 42110 339 586
z | 152470 |137798 2767 7715



Table 3

Total production (g/ha) of fruit-bodies in
dominant species of Agaricales for 1970 by
the month in a spruce-hardwood forest on two
observation areas (I end II)

May June July Aug. | Sept, Oct.| Nov,.

b 198 - 89 451 | 1609 312 104
II 488 - 186 1296 | 5405 326 12

than on the first area, The maximum number of fruit-bodies
and their biomess appeared on the first observation area
in +the second half of\ August, on the second observation
area in the firet half of September. The seasonal dynamics
of the pumbers of the fruit-bodiee of the same species under
study and their biomass are plotted in Pigs, 1-6, It can be
seen from Table 3 that the maximum of the fruit-bodies of

fungi on both observation areas occurred at the same time in
September, The total production of three months (August,

September, October) accounted for 89,4 % of the total annu-
al production on observation area I and 91,2 % on observa-
tion area II,

.If one compares the numbers and the corresponding
biomasses of fruit-bodies on the sample plots of one
observation erea, e.g., in the case of Laccaria laccata (see

Pigs, 4-6, Seasonal dynamics of the biomass (dry-weight
in grams) of fungal fruit-bodies in a spruce-hardwood forest
on two observation areas (I and II) in 1970
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Pable 4), it appears that the differences between the.
individual sample plots are remarkable, The number of
fruit-bodies on the sample plots varies from 42 to 522, the
biomsss »smging from 1 g to 17.9 g, The maxima of fruit-
bodies and their biomass sppear in the period of August 17
to September 8, In the period when the fruit-bodies are most
numerons, their dry weight 1s not at its meximum on many
sample plets, This is quite natural if one considers the
fact that the siszse of the fruit-body of a full-grown
Laccaria Jaccata varies on a rather large scale, for
instance the cap diameter ranging from 2 to 6 om in size.

It follows from the above thaet the study of the produc-
tion of fungal fruit-bodies is & very complicated and la-
bour-consuming task since the same fungal species have a
rather wide oecological range and the appearance of their
fruit-bodies is seasonal,

To obtain reliable date it is necessary to carry out
such studies on different observation areas of one and the
same forest type over the entire vegetative period and in
addition on several individual sample plots within the same
observation area,

If one compares the biomass of the species studied as such
{Table 1), it is comspicuous that the fungal biomasses could
be negligible compared with the biomass of vascular plants,
For instance, Lectarius pyrogalus has rather large and
fleshy fruit-bodies but its total annual biomass was only
1.9 kg/ha, the total apnual biomass of tender non-fleshy
fruit-bodies decreased down to 62 g/ha (e.g. in Mycena pu-
Xa). These figures are naturally hundreds and thousands of
times smaller than the corresponding figures for vascular
plants, Por example, the.total annual mean biomass of Oxa=-
lis acetosella, a dominant species of the grass layer on
the Vooremaa experimental area, was 0,37 t/ha ( thereaf
the above-ground biomass constituted 0,09 t/ha)., The
total annual mean biomass of Cirriphyllum piliferum, a domi-
nant of the moss layer, was 45,5 kg/ha, Still, one must not
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Distribution of the number of fruit-
and thejr biomass (B) in Lascarie an.

ording %o gg!.plotl(loo 8q.m, )in a .w.».
MMML
{+ denotes biomass below 0,03 gle

Table 4

A
Date
ul August September | Qetober Fov.
Sample 297 8 | . 8 i Z
plots
1 13 13{ 10 S 1 42
2 431 25 | 14 i § i e 1 96
3 31:271¢23 4 15 4 1 13
4 1 12| 14| 24 | 33| 21 9113 3 120
5 6| 68| 54 | 66| 30 T b! 232
6 154 54§19 9 2 45
7 sk 3 R, 0 WA 0 A i ) g3 96
8 1 201121 10 3 3 47
9 191219112 5 X 1 66
10 1 1 191156 |134 | 141 44 17 8 11522
z 2 243|428 (301 | 345| 145 | 46| 18 1 21339
B
1 5,8 0.3] 0.5 0.4 +| T.0
2 1.3 0.7 005 003 o.l + 0.1 3.0
3 305 1.5 0e3 0.3 0.1 + 27T
4 > ;’03 0.4 19 1.2 0,9 042 0.1 (o181 4.3
5 Dol 21 o4 103 0.6 0.1 + 5.6
6 0ed [0e1 | 03] 0e3 061 1,2
b ¢ + el 01 | 0ad 0.2 (061 0.1 2.1
8 0.7 Pe1 | 062 + + 1.0
9 008 057 004 002 + + 2e 1
10 + De6 |4.8 563 | 5¢2| 103 [0.5| 02 Lo 17«9
2 + P.s 190 P.e 10.1] 4e4 [1.5] 0ud o.zi |46,
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conclude from this that the role and productivity of fungi
in a forest ecosystem is negligible. As we have emphesized
above, the participation of a fungal organism in the energy
flow of an ecosystem is shaded and may be altered by dif-
ferent kinds of circumstances.
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ECUL TIES IN GROWTH AND DEVEL OF
FRUIT-BODIES IN SOME FUNGAL SPECIES

K, Kalamees
Institute of Zoology and Botany

The development and growth of the fruit-bodies of fungi
are closely inter-related, The development of a frult-bedy
lasts from the moment of its rise to the cessation of
sporulation, being connected with the differemtiation of
the various parts of the fruit-body, including the formafion
of spores in the sporulation stage, The function of the
fruit-body of a fungus is first and foremost the formation
of spores, and the whole development of the mushroom is sub-
Jected to it, The growth of a fruit-body proceeds in paral-
lel to the development of the fumgus and is revealed in the
incresse of the sige of the fruit-body. The cessation of
growth and of development need not coincide and apparently
do not coincide in the majority of cases. As a rule, the
development of a fruit-body in the form of spore fermatien
continues for some time after the final cessation of growth
(see results of observations on sporulation below),

The growth of fruit-bodies takes place in an extremely
intricate way since we have to do here with such a growth
which simultaneously preceeds in several directiens and
very differently in various parts of the frulit-body., Thus,
the real growth of the cap is basically revealed in the
thickening of the cap as well as in the increase 'of its
diameter, The intricecy of the situation is increased by the
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fact thet in many species the unrolling of the cap edge '

proceeds in parallel to growth, and it is vexy difficult to
establisk what pexrt in the increase of the cap dismeter
belongs to umrelling, The growth of the fungel fruit-bodies
as well as that of the individual parts cannot therefore be
regarded as a linear but rather at least as a aquare-root
relationship., The growth of the parts of the frult-body in
certain respects (e. g.,increase of the cap diameter, height
increment of the fruit-body, which ecannot be expressed

linearly) consequently does not characterise the growth of

a given pert of the fruii-body.

The present report will deal with the growth of the
cap and the stipe in respoct of the diameter and the growth
of the fruit-body in the direction of height (the increase
of the ecap diaemeter is conditicnally considered implying
the wmrolling of the cap edge, which has not been differen~

tiated frem actual growih), Observations were ocarried out |
on 17 fungel epecies in the years 1962 and 1963, The rssults

of the obssxvations ars presented in the form of graphs in
Pigs, 1 to 6,

The followling methods were used, At the nmame time of the
day (9 a,m,) the intensity of sporulation, the diameter of
ths cap and the stipe, and the height of the fruit-body
were wmeasured, To ascertain sporulation a piece of glass
was pleced on & speciel metal plate dirvestly mmder the hy-
menophere, and the chsracter of spornlation was evaluated
on a 3=-point meale by the spore powder +that had fallen on
o the glass as follows: + weak sporulation (the spoxe
powder wes viaible om the glass umder the microscope), ++
modiwm sporulation (a thin layer of the spore powder was
viszible on the gless with the naked eye), +++ strong sporu-
lation (a thick layer of the spore powdexr - was visible with
the naked eye)., To measure the wotness of the fruit-bodies
a plese of glass was placed in the moes “at the base of the
stipe and the height of the fruit-body was measured from
thet surface to the $op of the cap, The diameter of the
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stipe was measured at about the middle of the stipe, which
was marked with damp-proof ink, The peculierities of the
rupture of the general and the circular velum as well as
the degree of eatability by snails and rodents were also
observed on frult-bodies,

While with vasculapy plante it 1a possible to watch
their development from their sprouting onwaxrd, the devel-
opment of the fruit-bodies of fumgi ocamnot be followed 1ty
the hitherto existing methods from the moment ef their
formation onward.Obsexvatioms of fruit-bodies can be stari-
ed only when they become observable beneath the forest
trees and readily measurable, By that moment the frult-
bodies of different species are by fer mot in & wmiform
stage of development., This makes 1% difficult ¢o compare
various species among themselves from the point of view of
the peculiarities of their growth, particularly since me
reliable criteria have been established for the differ-
entiation of the phemological stages of fruit-bodies. Ome
of such criteria is apparently the time of the inception
of sporulation but in meny instances for lothoilolod.oal
reasons its sccurete determimation is difficmlt, The only
factor which can be distinctly determined by the presemt
methode is the final moment of growth in the development
of fruit-bodies, Proceeding from this criterien, it ie
comparatively convenient to compare the growth of fruit-
bodies in different species, The establishment of this
moment enables the resesxcher to carry out & certsin comps~
rison and this moment has been +teken for the starting-
point in the present study. Data on the fruit-bedies, the
observations of which for somé reason or other have been
interrupted before the cessation of their growth, cannot
be considered to be comparable and cannot Sherefere be
made use of,

The majority of the fruit-bodies under ebservatiem
was suffering from the damage caused by smails, In meny
esses this circumstance led to an early imterruption ef
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observations (when the cap had been damaged by eating to
the extent that its further measuring was impossible or
when the stipe had been gnawn in two)., Very often the caps
were full of holes from eating already at the beginning of
observations, Considerable damage had been caused by smails
to the species Russula foetems, R. yimosa, Lactarius deli-
ciosus and Gomphidius glutinosus; Xerocomus badius had been
greatly damaged hy rodents. Despite that, the fruit-bodies
continued their growth even in the presence of considerable
damage, This shows that partial damage by snails and rodents
does mot prevent fruit-bodies from growing.

As can be seen from the diagrams, the diameter of the
cap and the height of the fruit-body of most fungal species
increase differently in various stages of development, For
this reason it is impossible to indicate their diurmal
growth rate during the whole period of their development,
The two species of Cantharellus cibarius and Cortinarius
g@i}}_&jyg (see Fig, 1) are conspicuous for a more uniform
growth, Average diurnal growth rates with regard to the cap
diameter and the height of the fruit-body have been present-
ed in Table 1 in periode of more or less uniform growth
for species whose fruit-bodies were under observation up
to the cessation of growth, The growing periods shown in
Table 1 are indicated by & broken line, numbers on each
species or specimen denote the average diurnel increment of
the cap diameter (in line 1) and of the height of the fruit-
body (im lime 2) in centimetres,

Pig, 1. Growth of fruit-bodies: a - Cantharellus ci-
barius, b - Cortinarius armillatus.

The continuous line indicates increase of the cap dia-
meter; the broken lineg denotes height increment of the
fruit-body;the Arabic numerals designates increase of the
stipe diameter., The arab numbers in diagram curves designa-
te specimens of fruit-bodies of the species observed.
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Average growth rates of fruit-bodies of some species

with regard to cap dismeter and height of fruit-body
Species X & . Diurnal
1l 2l 3]als]lel 7lsloTl10
Amanita citrina 1 21525
1.5 [0,2
Amanita citrina 3 | 5 1,13
b N 0,010,3
Amanita citrine 2 | lo,8] 2,5
103 0045
Amanita muscaria] Z,KS)
3.1 .45
Amanite ruscaria 2 2,6
: o1
Russula foetens s 4,0 0,26
a4 : ol
Russula iompelina 1,8] 0,85
Russula vinosa o O.,765 b
R S LA 20 0,711 2l
Tricholomopseis 0,7 0,26
rutilans 0,3 1 0,7 0e27
Gomphidius glutinosu 1,6 0,47
: 0,9 0,17 |0,6) 0,25
Collybia butyracea | 035 b
’ L]

Pig. 2. Growth. and sporulation of.fruit-bodies: a -
Amsnita citrina, b ~ ta muscaria, ¢ - Amanite vaginata.
Growth has been indicated as in Pig, 1., Plus signs demote
sparulation (+ weak, ++ medium, +++ strong).
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It appears from Table 1 <that average growth rates of :
the majority of comparable species change very fast, usually
every other day, more seldom every 3 days, It rarely happems
that a period of average uniform growth lasts for 4 or more
days (Russula vinosa, Gomphidius glutinosus, Collybia buty-

s~

Diurnal average growth rates in cm (in periods of more
or less uniform growth) on the cap diameter and the height
of the fruit-body of the species whose observations was
interrupted before the cessation of the growth of their
fruit-bedies are the following (in each species the cap
diameter is given in line 1, height increment of the fruit-
bedy is presented in line 2; in breckets is found the num-
ber of days during which a particular growth rate occurred):

Amani ta te - 0,0 (1); 0,25(2 2,06

wwwww Tagme o8 (13 e 55 (333 Si0 )

Russule vinosa 1 - 2,4 2;; 0,3323;

s X 17502

Ruesula vinosa 2 - 1,0 (3); 0.31 3);

AL Ny e 147 e 1, 2 (2); 0,23(3);

Xerocomus badius - 0,8 (1); 2,3 (1); 1,15(2)
X 2,0 (1); 0,7 (1); 0,0 (1); 0,3 (1)

Pholiota flammans - 0,2 (2); 0,7 (1); 0,2 (3)

orus olivaceo- - 0,4 (2); 0,67(3); 0,2 (1)

A EaapioTys. QL8000 = Or35(2); 0167¢3); 0l0 (1)

Paxillus involutus - 0,5 (1); 0,8 25)

g RSN e 0,0 (1); 2,0 (3); 0,0
Tricholoma virgatum 1 - 0,43(4); 0,12(5);
T e 0:55(4)3 0 04(5).

fricholoma virgetum 2 - 0,T7(3); 0.°6§7)

o, BT ke S 0,8 (2); 0 24(5); 0,0 (3)

Pig, 3. Growth and sporulation of frult-bodies: a -
Russula foetens (Rf), Russula xerampelina (Rx), b - Russula
;1noga.0mth has been plotted as in Pig, 1. Sporulation
has been indicated as in Pig, 2,
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Lactarius delicios _ 0,3 ( 3); 0,93( 6); 0,27

~~~~~ 8 Cellelonwe s Rt AR

Cantharellus cibarius 1 - 0,12(25);
S 0,07(16); 0,19( 9);

Cantharellus cibariuws 2 - 0,12(25)

: 0,05(19); 0,07( 1); o, 06( 5)

Cortinarius armillatus 2 - 0,16(12); 0,5 ( 5); O ;

7] 0,1.(19); O 6

Cortimarius srmillatus 3 - 0, 32214); .145 8;
0,15(11); 0,48( 5); 0,28

Cortimerius armillatus 1 - 0,15(10); 1,2 1;; 0,26 14;
¥ 0,21(15); 0,44 £33 (1

Among the above species Cantharellus ciberius eand
Cortinmarius scmillatus (particularly the fomr) stand out

to: their u-pmtl.vol: uniform - growth (Fig., 1), The cap

of the chanterelle imcreased in diameter very uniformly over

the whole peried eof observation (25 days), There were no
growing periods which had meticeabdbly different growth rates.
Eith regard to the increase of the cap diameter Cortinarius
ermillatus wes a little less wmiform, particularly in the
central part of the growth cwrve where there occurred sharp
one-day differemces in growth rates. More noticeable differ-

cfnn in the growth rates of different periods were obsexr-
ved in the hsight increment of the fruit-bodies of both
these species, especially in Cortinarius armillstus whose
younger Ifruit-bodies in ell the 3 specimens wmder obser-
vatien grew much faster amd less wniformly than older fruit-
bodies wp to a certain poimt of time, The perieds of differ-
ent grewth rates of thess two species were of a rather long
duretion.

Pig. 4. Growth and sporulation eof fruit-bodies: a -
Semphidius glutinosus, b ~ Collybia butyreces. Growth hes
been shown as in Pig, 1, Sporulation has been indicated as
in Pig, 2,
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Comparing the average growth rates of the frult-bodies
among themselves with regard to the cap and stipe diameter
and the height increment of the fruit-bodies of each specles,
it appears that the periods of different growth rates do no*t*
mostly coincide,likewise changes in the average growth retes
of the characteristice mentioned do not proceed in wmiform
proportions, Often the height of the frult-body may continue
%o increase, though the csp has attained its maximum diame-
ter a8, for instance, in the specles Amanita citrina (Fig.
2, a), Russula foetens (rig. 3, a), Gonphidius glutinosus
(Pig. 4, 8). The most striking thing is the fact that the
stipe diameter of the majority of the species studied does
not increase any longer or increases very imsignificantly
(1 to 2 mm) while the growth of the fruit-body in other
' @irections mentionmed continues most intemsively. in some
species the stipe diameter may even decrease significantly|
during that period on account of drying up Amanita citrina,
Russula vinosa (see Fig, 2, a, and ¥ig 3, b).

1‘!:1- shows that in most speciea the stipe attains  a
nearly maximum thickness alreedy in comparatively young|
fruit-bodies, The most intense increase in the thickness
of the stipe in the period when the cap diameter and the
height increment of the fruit-body attained maximum values
was observed in the species Lactarius deliciosus (Pig. 5)‘
and Collybia butyrecea (rig. 4. b). ® |

onpu-ing the growth of differemt specles among themsel-
ves with regard %o the cap diameter and the height incre-|
ment of the fruit-body (Table 1), it appears that the
differemces are rather great, Amanite (Pig. 2, 'a, and b)|
are characterized by & sharp increase in the cap diameter|
during the very last day or the last +two days before tho‘
cessation of growth; in the days proooding the last dws,{
the growth of the cap dlameter is vexry negligible. On the
other hand, the height of the fruit-body of anm Amanita
shows a negligible growth in the last ome or iwo days, bnt’
a sharp Iincresse in the preceeding days. It follows from

1
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the above that in Amanita  the stipe grows to its alno‘t
normal length first and thereafter proceeds a sharp yise in
the cap diameter, Within the last 2 or 3 days of the final
_cessation of growth, the fruit-body of Russula feetens
(Pig. 3, a) grew negligibly in increment in the directiems
studiedput very moticeably during the day preceding it
Gomphidius glutinosus and Collybia butyreces grew in the
cap diameter and in the height increment eof the fruit-
bedy very uniformly for nearly & week before the cessa-

¢¢¢¢¢¢¢¢¢¢ A

b), however, showed a grawth in the directions ctions mentioned
which was three times slower than in the period prier to
it,

Prom these data one can drew the conclusien thet in

w0

o

P b oo

O 20 21 22 25 % 2 2 27 28 2 % 3
August

Pig. 5. Growth of frult-body of L-ehriu deliciosus.
Growth has been indicated as in Pig. 1.
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the majority of the species studied the cap diameter and
the kheight increment of the fruit-body before the cessation
of growth proceed more slowly than in the middle stages of
development; only Amanita show a partially reverse tendency.

On the basis of the data presented it is difficult to
drew any definite conclusioms on the duration of the exist-
ence of the fruit-bodies of various fungal species., The
reasons for this are that there are no data on the duration
of the initial period of the development of frult-bodies
(i.e, on the development of the fruit-bodies not observable
beneath the forest trees) and the starting-point of obser-
vations in most cases does not coincide with the moment
when the fruit-body becomes visible under the forest., Omly
in the case of one species, namely on two specimens of Ama-
mnita citrina we succeeded in determining the moment when a
fruit-body became observable under the forest with an
accurecy of one day. The growth of fruit-bodies from that
moment onward lasted for four days (Pig., 2, a, 1 and 2),
their development, however, at least for seven days
(observations ended before the end-point of sporulation).
One can provisionally state with certainty <that in con-
trast to the species showing a sudden growth of a few days
(Amanita) there also exist species having a growing period
of at least a month (_(;_ng_t@ggg;;gg__@}gqiua and Cortinarius
armillatus).

Obsexvations of the sperulation of the species stu~
died are very incemplete (in the diagrems sporulation is
indicated by plus signs in calours corresponding to the
growtk curve), We succeeded in fully determining the dure-

Pig. 6, Growth and sporulation of fruit-bodies: a -
Hygrophorus elivacecalbus (H), Paxillus involutus (P),
b~ Mohlouplia rutilans (T), Pholiota flammans (P),
Xerocomaus bad hdins (x). c - ?rioholon virgatum, Growth has

been uuam as in ris. 1, Sporulation has been shown
as in Pig, 2,
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tion of the sporulation of ene species - g:x:i_.choloma virgatun
(Pig. 6, c). Sporulation lasted altogether for ten days
and started about & week before the cessation of the growth
of the fruit-body. At the start of sporulation the fruit-
body bhad almost attained its meaximum size. In the two
fruit-bodies of the species studied the begimming of sporu-
lation more or less coincided with a uniform and slow growing
period of the cap diameter and of the height increment of
the fruit-body before the final cessation of the growth of
the fruit-body. In the period preceding sporulation, how-
ever, the fruit-body grew in the directions mentioned consi-
derebly faster and less uniformly. In two species (Hygropho-
rus olivaceoalbus and Paxillus involutus) we succeeded in
establishing only <the begimming of sporulation, As can be
seen from Pig, 4, b, in these species sporulation started
on markedly younger frult-bodies (compared with the previ-
ous species) whose greater part of growth was still ahead.
Amanita showed extremely poor sporulation immediately
after the rupture of the circular velum (Fig. 2, a and b),
It ia also evident from the observations of sporula- .

tion that fruit-bodies sporulate usually for a long time
after the cessation of growth, even regardless of the fact
that fruit-bodies may already reveal the tendency to dry
wpe It follows from the above that the development of
fruit-bodies mostly proceeds over a longer \pcriod of time
than growth. 3

Accepted for publication: april, 30, 1971
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Butonin Contributioms to the Intermational Biologiocal
Progremme, III, TARTU 197 1

Institute of Zoology and Botany

Sl Lichens occur im mearly all overground ecosystems,

Often forming groupings with a great biomass, they in-
fluence the circulation of substances in ecosystems, The
latter is valid of tlge scosystems of tundra,forest tumdra
and some boreal forests in which lichens have an impertamt
place in the regulation of the emergetic processes and of
the interrelations of the compoments of an ecosystem, .

The-peculidr ecological conditions obtaining in forests
exert a great influence on their iichen flora which
considerably differs from that of parks amnd open areas.
The overground lichens together with other plamts ocam be
indicators of soil conditions. They exercise their in-
fluence on the physico-chemical qualities of the soil
and also have an effect om the life of vascular plantu.

Epiphytic 1lichems covering the trumks of trees level
the changes of temperature on the tree bark. At the same
time they can hinder the mormal development of trees.

Alongside autecological studies,attemtion must be pald
to lichenmocoenglogical problm.c“nolbgic metheds are used
to explain the position and the impertamce of lichen groups
in ecosystems and also. the interrelationships between
cryptogams - and flowering plants. The problems of the for-
mation and development of lichen synusise are of great aig-
nificance im the investigation of 'ecosystems as an
integrity.
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Certain specific features of lichens must be espe-
cially comsidered when studying the structural elemeants
of ecesystems. They are: a slow growth rate, a special
type of mutritiom and metabolism, specific metabolites,
dependemce or ocertain ecelogical ocomditioms obtainming
within a coemosis,

In the preseat study special attentiomn has been
paid to the relationships of lichen species and their

groupings with various tree species.

In the present paper the method of recognimt in-
wvestigation has been used, Porest lichems of the Estonian
S.S.R, were studied in the period of 1965 - 1968. The
main attention was paid to spruce, pine,birch and black
alder. Vaocinium vitis-idesea, Oxalis and Alder swamp
site types were studied im detail im a number of districts
of the Estonian S.S.R.

Porest types were determined on the basis of g classi-
fication compiled by A. Karu and L. Muiste in 1958,

In the present study & sample quadrat of 2 x 2 dm was
used. A network was used to divide it into 100 parts in
order.to simplify the determination of the lichen cover
value, On thin-stemmed trees the size of the quadrat
was 1 x 4 dm. In the case of conifers 8 quadrats on each
trunk were described in 4 expositions both at the base
amnd at breat height.

The cever value of all species was determined with
a precision of 1% in each quadret. The species with @
cover less than 1% were marked with a plus sign (+).
Vitality was ryecorded emly in ocase it deviated from the
normal ome, 1.0, in the ocase of poor er rich growth.
Printed pumched, cards were used for recerding the data
( Ciasopmaa, I968 ). The trees were divided imte five
age-classess

I 20 - 40 year-eld trees,
II 41 - 60 yearweld trees,
III 61 - 90 year-eld trees,
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IV 91 = 120 year-old trees,
V 121 - 200 year-old trees,

Although conifers live lomger than deciduous trees
and their physiological agaimg is slower, the total age
of the substrate is far more importamt for lichems than
its physiological age. That is why in the presemt paper
the same age clagses have beem used both for deciduous
trees and conifers,

20 trunks of conifers of each age-class of all forest
types were investigated.

In the present paper a combination of the random
snd regular methods was applied whem selecting sample
plots. A close waich was kept that the sample plots should
have as homogemeous ecologic comditioms as pessible, i.e.
they should lie far enough from roads and forest edges
and mo aisles or vistas should run though them. The pre-
sence of & well-developed homogemeous forest vegetatiom
on & large area was ome of the requirememts.

The composition age, camopy coverage sand quality class
of a stamd as well as its. location on the relief was re-
cerded om each sample plots Very mamy analyses were made
together with forest-typologiste, therefore detailed geo-
botamic descriptions ef all strata on all sample plots
have beemn oompiled, The trees were randemly selected
for amalysis. To avoid the effect of dimclimation sad of
the vitality of phorophytes on lichenms, slanting, nem-
-yiable and dead trunks were left out of comsideration.
In order to make it possible to establish the differemt
stages of the development of lichem vegetation, the age
of each tree was recorded. The age was  measured by an
imcrement borer om each trumk separately. The diameter
at breas} height and the total height of each tree was
measured, The degree of viability was estimated by a
3-stage scale (trees with a broad orown reaching over
the average tree layer, trees belonging to0 the average
crown level, trees below the average).
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Relations of lichen species to various tree
species

The development of epiphytic lichens on phorophytes
is due to a complex of ecological factors - so-called
envirommental conditions, Besides other factors, the
qualities of the substrate are of an essential impor-
tance,

M.E., HALE (1967) notes that substrate specificity is
an important factor in the determination of the structure
of commumities amd that about 60% of the wvariation im
lichen commuxities is due to the substrate factor and
about 40% to the microclimate,

Relatively great differemces 4m the 1lichem flora
of the tree species studied have been ,recorded to exist
in the forests of the Estoniam S.S.R. The spruce ( 74
species) has proved to be the richest in lichen species,
The pine (69 species) and the black alder ( 59 species)
follow, ,The birch (46 species) is the poorest in lichem
species,

The physical qualities of the bark of different
tree. .species acquire similar features when trees grow
older. Therefore ome can find lichen species on old trees
that have been regarded as substrate specific to some
other +tree species, For instamce, Lecanactis abietina
which has been regarded as imhabiting only spruces was
found at the base of black alders and pines in a 200~
year-old pime stamd of the Myxrtillus ‘type where it had
a low frequency and cover value, Arthomia lurida, which
commenly inhabits spruces, cam also grow on 200-year-old
pines and black alders, having a low frequency and cover
value om them, It is not emough if we examine the occur-
remce or the absemce of a species om a certain tree
species, We must also take imto account some other fac-
tors. The scarcity of very old trees in the forests
makes it difficult to study the changes in eubstrate
specificity imn cemmection with the age of trees,
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Table 1

Coefficient of community of corticolous vegetation
on various tree species

Picea Pinus Betula Alnus
AE . Z B i B .
Picea abies : - T2 48,2 51,2
Pinus sylvestris 71,2 o 51.9 42,7
Betula pepd. » pub, 58,2 519 e 69.0
Plnua glutinosa 510 ; 42,7 69.0 -

If we compare the coefficie;ts of con-unity' of
various tree species (table 1), it turns out that of
all tree species investigated the spruce and the pine
are most eimilar to each other in their floristic
composition, The ©black alder and the birch are the
next, Conifers and deciduous trees separately are far more
similar than pairs of conifers and deciduous trees.

Although 1lichens are neither parasites nor sapro-
phytes,. the substrate exercises a considerable effect
on them, Besides the lichen species that have a consider-
able relation to tree species, there are lichen species
that are indifferent to substrate conditionms,

Vertical Distribution of Lichens on the Tree
Trunk

Investigation of the vertical distribution of many
lichen species on the trunk is of great importamce for

* The coefficient of commmity calculated from the fermula

2¢ 100
e & e s
where P is the coefficiemt of community, a is the mumber of
lichen species found on'one tree species, b is the mumber
of lichen species found on amother tree species, ¢ is the
number of common lichen species,
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the umderstamding of their ecology since even very semall
areas om the trunk have very diverse ecological comditioms,
It is possible to record exactly the mutations of the
epiphytic flora amd vegetation at differemt heights on the
trunk, Surfece plants usually grow im a horisomntal posi-
tion, BEpiphytes are adjusted to a vertical position and
a cylimdrical size of their substrate. A great number of
epiphytis lichems have. a specific vertical positiom onm
the bark (BARKMAN, 1958). Some species occur most oftem
in the tyee crown, others have beem found inhabiting only
the base. Variatiom of the emvirommental conditions on
the trumk is & fairly complicated phemomemon, A tree is
a habitat having extreme condijioms of high maximum tempe-
ratures and of extreme drymess,

In the present paper a large number of trees have
been studied in detail from the base to the crown. About
2,000 trunks have beem investigated at the base and at
breast height only. The data ocollected in this manner
show great differemges in the vertical position of
lichens on tree trunke, The main attention was paid to the
lichens inhabiting the lower parts of the tree.The numerous
data collected enable us to draw comclusins on these zomes,

According to the data collected, we are able to
distinguish op a phorophyte between 4 zones which differ
floristically, They are: the bese (up to a height of
70 cm), the lower part of the trunk ( up to a height of
2 m), the upper part of the trumk, and the crown. There
are differemces betweem the outer parts ( twigs and branch-
es) amd the immer parts (thick branches) of the crown,
It was mot our aim to study these parts in detail in the
present paper, therefore they have mot been included,

There are no great differemces in the total number
of the species at breast height amd at the base (Table 2).




' Table 2

Number of species om the trumk at breast height
5 and at the base

1 2 3 4 5
Picea abies 62 | 62 50 T4 80,6
Pimus sylvestris 60 Do 44 69 7.8
Betula pemdula, pub, | 37 39 30 46 78,9
Alnus glutinoea ] 45 45 36 59 80,0

(1 = number of species om the trumk at breast height} 2 -
number of species at the base; 3 - mumber ef .of species
on both habitats; 4 -, total mumber of species} 5 - coef-
 ficlent of commumity). '

3 But there appear certain regularities in the average
number of epecies in the range of ome tree trumk ( at
breast height and at the base) (table 3). In table 3 anmd
4 the following designations are used: 1 - alvar type;
2 - Vaccinium . vitis-idses type; 3 - Oxalls type; 4 -
- Alder swamp type; 5 - Vaccimimm uligimosum type; 6 -
= Birch-alder .swamp type; 7 - Dryopteris iype; I - age-
~clasg I; II - age=class II;  III - age-class III; IV -
-~ age-class IV; V - age-class V, The average n»umber of
species at breast height and at the base of oconifers 1is
nearly +the same, but it is considerably smaller at the
base of hardwoods, In the birch-alder swamp forest type
the birch bases are often entirely free of lichems since
exessive humidity creates a disproportion im the assi-
milatiom ‘of algal cells (which require more moisture)
and fungal hyphae (which need less of ,it). A lichen as
an integrity will perish (SCOTE, 196M). In the preseboe
of tall herbaceous plamts the trumks of trees im ¢hick
grass are poorly inhabijed by lichems simce there .is
teo little light for them, The averdge amowmt eof lichems
is comsiderably smaller at the base of black alders
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Table 3

Average number of lichen species per tree

Picea sbies Pinus sylvestris Betula sppq Alnus g
T S s 2 T R RN A W M T
355 4,1 15,01 3;4| 3;9( 2,6 :
3.7 | 4:3 | 4;0 5¢7 | 33| 59| 56 2:5| 4:2] 5:6] 7T
2:0 | 4.3 | 5:6 | 4.9 8:2] 4.9 6.6 4.8 5.7 | 4:3| 6.4
4:4 | 4:1 | 5.2 | 4:6 T¢0 | 4:6 | 8.4 | 5:8| 5:7| 4.8
o1 70,1 842-].5:2 6.6 | 58| 9.5 | 5.8 6.2
3:3 5:6 | 4.3 | 453 | 341 4,0
® 4,1 | 3.6 | 3.9 5¢4.] 3:2] 5¢1 | 2.5] 5:81 363 | 35
o 2.4 | 3.4 |4.8 | 4.9 6.7 | 83| 6.2 | 5.3 6.8 5.6 | 3.1
& 4;1 15:0 5.7 15:3 6.8 | 5.5| 7.4 4:6
501 8.5 8.1 5.9 8.7 ) 6.1 7.8 5¢3
Table 4
Average cover of lichens per tree in various
types of forest
Trunk Base
0 S I & R A 5 Y T P 5 R 1 o Y Y Y
N | 9.0 [14:5]| 31:5 44:3) 36.1( 32,4 | 55.1| 47:5 | 5745
S S |12.1 [17.4| 27.6 39.4| 21.4| 19.8 | 46.2 | 52.2 | 85.8
20, ¥ 120 [20:6 | 4341 2101 29.0 | 57.7| 71:8 | 48.7
Y S 10.6 | 31.7 22,2 21.0 | 49.5 | 64.5 | 55.2
e I 26:6 | 47.1 43.9 43.2| 61.4 | 5646 | 62.7
T S 36.2 | 44.9 35.9 44,4 61,6 | 50,6 | 56,2
¥ 44,8 51.6 49.6 | 67:8 | 51:1
8 41,9 31,8 emeed438.16150 [ 53,4
N | 13:3 |27:2 ] 29:3 20.7 | 18:4 | 35:0 | 29:2 | 58.:1 | 48:9
;/ S| 9.4 |24.4 | 19.7 18.9 | 19.5| 23,2 | 38,2 | 30,5 | 38,7
'i; ¥ [ 12.8 [42:5 ] 43.1 31:8 | 12:0 | 48.2 | 48.9 | 42:9 | 48:6
ol S| 15.6[46.6 | 37.9 22,1| 13.4 | 58,7 | 41,6 | 50.6 | 38.4
az N | 57:6 [18.7 | 20:9 44,6 | 60.6 | 24,1 | 26.9 | 38,1 | 44.5
I S | 52.0 |22,0 | 32.3 37.4 59. 41.5 | 33.6 321§ 45.4
| T:6 |31:0{ 21.8 36:6 | 22:8 | 35,7 | 31:4 | 34:5 | 40:0
8.)..534.123501 16,0 21.17,8).13,61.20,6 130,034,551 3352,
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(which are usually covered with a thick moss cover) tham
on the trunks at breast height in the forest types studied,

The average cover value of lichens (Table 4) is con-
siddrably greater at the base than at breast height on all
the tree species studied. The birch bases in the birch
stands of the Birch-alder swamp forest type,where excessive
humidity prevemts the growth of 1lichems, and the bases
of black alders in the black alder stands of the Dryopteris
type, where the more competitive mosses have a more extem-
sive cover, are exceptiomal,

Under favourable conditions some lichen species
constitute large groupings at the base, They cover nearly
the whole bese (Cladomis comicorees, Cl. ohlorophses, Cl.
dgitata, Ochrolechis androgyma, Lecamactis sbletima,
Arthonia leucopellaea, A. spadicea, Psora scalaris).

In the following table (Table 5) the lichem species
are grouped according to the height at which they occur
with the highest frequency and cover value, The species
which occur only at the base or at breast height or which
have the highest frequengy and cover value in the upper,
part of the trunk or on the branches,have not been imcluded.

In some cases the vertical positiomn of 1lichems om
the trunk has not become distimctly established. It has
already been pointed out that basal lichems may sometimes
be absent in some forest types. The lichem species that are
characteristic of the breast height of tree trumks eccur
more oftem at the base in youmg stapds and young ferests
(Lecidsa turgidula, Lecamors pimasjry), In samp forests the
zones may have been shifted higher., Several authers have
observed -that the basal communities of the trees growing
on the banks of bodies of water oftem reach high up om the
trunk on the windward side of the jrunk (BILLINGS, DREW,
1938; BARKMAN, 1958; HAKULINEN, 1961).

The coefficients of community between.the trumk part
and the bese of the trees studied were 77.8-80.6 (Table 2).
It shows a great floristic similarity of the species com-
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position of the lichems growing on the trunk and at the

base,

Table 5

. iBSpecies of lichens ocourring with greatest
Prequency at a certain height on the trunk

e
On the trunk At the base

Arehémia 1sucepellaea Arthonia spadicea

A, lurida Bacidia melaena

Busliia griseovirens B. sphaeroides

Calisimm abietinua Oetraria pinastri

0, salicinmm Cledonia chlorophaea

G, viride L1, conicraea

Catillaria griffithii Cl, digitata

D gunares, Sraphis seripta
theca chlorells Lecanactis abietina

80 Lecidea helvola

Ch, melanophaea L, vernalis °

Iecanora oconisaea O lichenoides

L, expallens Parmeliopeis ambigua

L. pallide P, aleurites

L, pinastri P, hyperopta

Lecidea obscurella FPsora cladonioides

L, turgidula Ps, scalaris

lepraria candelaris Thelotrema lepadinum

Leptowhaphis epidermidis
Mycoblastus sanguinarius
QOchrolechia alborlsvescens
Opegrapha vulgata
Pertusaria amara

P, coccodes

Fhlyotis argena
Varicellaria kemensis
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The lower part of the trunk from the base to a height
of 2 m on the trunk considerably differs from the remaining
part of the trunk due to the abundant development of
crustose lichens. y

The upper part of the trunk can be well distinguished
from & distance due to., the abundant presence of foliose
and fruticose 1lichens. Alectoris implexa, A. jubata, Cet-
raria chlorophylls, C, glauca, Evernis furfuraces, . pru-
nastri, Hypogymmia physodes, _Parmeliopsis ._pleurites,
Parmelia puloata, Remalina farinaces, Usnea glabrescens,
U, comosa, U, h;::gi have the highest frequency and cover
value in this area,.This zone is 1limited on pines, reach-
ing a height of 4-7 m; the higher parts of the trunk’
have no lichens on them due eo intensive bark scaling.
On spruces this zone occupies the basic part of the trunk
extending nearly to the top of the tree,

Either crustose, foliose or <fruticose 1lichens in-
habit the thin branches of the crown, Bacidia chlorococca
_Eyernia furfuracea, Lecamors pimastri, Eypogymnis physodes,
H. tubuloss, Lecidea symmicta beimg the most frequemt.
The branch lichens are very similar to those of the young
trunks of the same tree species /Komawesckas, I1965/.
Poliose and crustose lichens are the first to appear om the -
brenches, Pruticose | lichens (DEGELIUS, 1964) will follow
them, There are no essential differemces in the 1lichen
flora of the thin bramches of pines and spruces mor are
there considerable differences between the forest types.

(1) Barkman, J.J. 1958, Phytosociology and ecology crypto-
gemic epiphytes. Assen. Netherlands.

(2) Billings, W.D., W.B, Drew 1938, Bark factors affecting
the distribution of corticolous bryophytic commu-
nities, Amer, Midl., Nat. 20 (302-330). '

(3) Hakulimen, R. 1961, Beobachtungen iiber die Laubflechten
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der Uferbirkem in Mittelfimmlend. Arch, SOc.Zool.I
Bot, Pemn, "Vanamo™ 16, 1 (75-77).
(4) Hale, M,E. 1967, The biology of lichems. London.
(5) Karu, A., L. Juiste 1958, BEesti metsakasvukohatiiibid. |
Tallimn,
(6) Scott, G.E. 1964..The lichen symbiosis. Adv. of Science l
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Estonian Contributioms to the Intermatiomal Bielegiocal
Programme, IIX I, 1971
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ARGUMENT FOR THE INTERVAL O.0000 01) 1

I, Prey
Institute of Zoology amd Botamy

Recent decades demonstrate the growimg iaterest of biolo-
gists im the application of the Shammox - Weaver fumctioam to
biological phemomema., This fumctiom is usually kmown as the
ertropy comtent formula: H = -Z’ﬁi 1b Py» Whare Py staads
for the quamtity of the 1th species expressed in terms of
its probqbn:lty, i.e. Zpi = 1, The estimation eof the pro-
babilities is assumed to be correct emough by way ef trams-
forming all the imdividual guamtities (x;) ef N species in
terms of the propertioms of the total quamtity (x,/ > x,).

According to the formula given above, ome has to multi-
ply the probabilities by their bimary logarithms (logz pi).
These are troubleseme operatioms which can be perfermed by

‘using the tables, where the body of & table - the temm

Py 1b py - is given accordiag to Pye Pour places of py are
given im the left column, and the fifth place is indicated
im the table head, The tables have beex worked out by using
a pregramme writtem by stud. rer. math, K. Lohmus for the
computer NAIRI, Academy of Sciemces of the Estoniam S.S.R.

It is hoped . that the tables below will be valuable for
preliminary hamd-preformed computatiome in ascertaining the
special teatures of the complicated ecosystems under study
in line with most IBP projects.
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A CAICULATION METHOD FOR DETERMINING THE IEAF AREA
ARD ITS VERTICAL DISTEIBUTION IN THE BARLEY OROP

J. Boss
Institute of FPhysics and Astronomy

H. Mgl
Bstonian Agricultural Academy

The amount of the assimilating leaf area in agricultural
crops is a significant characteristic indispensable both for
the estimation and analysis of the photosyuthetic activity
of a crop stand and for the forecasting of the yield. A de-
tailed treatment of these problems and particularly the stu-
dy of the radiation and water-thermal regimes in a crop
stand need data on the total leaf area as well as on its
vertical distribution. The "stratifying clip method” pro=-
posed by the Japanese scientists MONSI and SAEKI [1],which
is still one of the principel methods for determining the
vertical distribution of the leaf area, made it possible to
collect interesting experimental data. But in spite of its
simplicity this method is too labour-consuming for the ob-
taimment of reliable data. For this reason several attempte
" bave been mede [3, 4] to work out new calculation wmethods
based on the mathematical simulation of the growth of plant
stands and designed for the determinstion of the leaf ares
and its vertical distributiom.

Unfortunately, there are few data in the literature om
the vertical distribution of the assimilating leaf area of
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cereals [5, 8, 9] , in which besides the leaf area also ﬂj
area of stems and ears is taken into account. Simulating
stems and ears by vertical cylinders, the lateral area can
be caloulated in case the diamefers and heights of stems and
the number of ears are given. The determination of the ver-
tical distribution of the leaf ares is more complicated. It
requires the cutting of the leaves and the determination of
the leaf area separately in each layer. f

In the present report an empirical calculation method |
for determining the leaf area index as well as the down-
ward cumulative leaf ares index in the barley crop, which
in our opinion could alsc be applied to other cereals, will
be proposed. To make calculations by means of the formulae
presented here, it is supposed that some numerical charec-
teristiocs of a plant variety , determined by certain expe-
riments, and three standard agrometeorological characteris-
tice of a vrop must be known. The latter include the period
of time from the emergence of plants up to their turning
completely yellow in a certain locality, the densityof crop
stands, and the change of the maximum height of a mean plant
‘during the vegetative season.

Basio_notions end formulse

The determination of the vertical distribution of the
leaf area by the"stratifying clip method"lies in the follow~
ing (8] : 50-100 plants (depending on the homogeneity of a
crop) are chosen in which the amount of the leaf area is de-
termined separately in each layer, over 5, 10, 20 em etc.,
in accordance with the height of the orop stands. Dividing
the sempled results by the number of the plants chosen, the
leaf area in each layer per plant is calculatedOn the basis
of these data a corresponding histogram is comstructed and
a emoothed curve «'(Z) is drewn, which represents the leaf
. aresa in a layer of unit thickness at the height 2z saleula~
$ed per plant. Multiplying «'(z] by the demsity of the orop
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‘gtand N , i.e. by the number of plamts per square metre,
the leaf area demsity in a orop is obtained: i

ulz2)=Nu'lz). (&)

The leaf aree density «(2), determining the area of the
upper leaf area per unit volume in a crop stand at a
beight = , is the main charecteristic for the vertical dis-
tribution of the leaf arsa in a crop. The dimensions of «u(z)
are 12/33-1"1.

‘Instead of the leaf area density «(z)the: downward cu~
mlative leaf ares index

“s
L(z)=] ulz)dz (2
P4
is often used. It represents the lesaf area . in the layer of
a orop stand between the heights Z and 25 per square met-
re of the ground surface; 25 is the height of the uppexr
boundaxry of foliage.
The quantity
2
L;/ ul(z) dz &)}
2u
is called the leaf area index of a crop stand; 2, 1ia the
height of the lower boundary of foliage.

The dimensioms of L(2) and L, are m>/m’.

The curves for «(z]of the barley orop in different ve-
getative phases,determined by ™etratifying clip method” .are
presented in Fig.1. The demnsity of this crop stand is 1.100
rphnt-persqmntro; the number of plants chosen to de-
termine «(z) were 100. Taking into sccount that «'(2/) m
= u(2)/N , we cbtain analogous curves also for a mean
Plant.

The study of Fig.1 makes us think of the possibllity eof
simulating the curves of «(z) by triangles which sheuld so-
incide with the ourves of «(z) as exactly as possible and
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have am area equal to L,.

024

01

Fig.1. Vertical dia) bntion of the green Ileaf area

Height of tand =2 in metres and
B et S s o
Jm;#-sw;s 20 July; 6 - 5 August.

The triangle pattern is given and the paramsters describ
ing it are presented in Mg.2,
where ;- the height DC of the triangle ABC de
the amount of the lsaf surface «'in the
layer, 1.0. py,=max u'(z);
hp=- height of a layer of maximum density ., takey
from the ground surface;
K,s-—-’! inclination of the straight line AL ;

Kq=5F - imclination of the straight lime 5C;
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A,
Zo=hmt TR ™ 2, ()

- point of intersection of the straight 1line AC
with the vertical axis, which determines the ef-
fective height of the upper boundary of foliage

Zoo™ hm = (5

- point of intersection of the straight line B(
with the vertical axis. If 2z, < O, the lower
boundary of foliage 2z,= 0; if 2,>0, 2,% Z,.
It can be seen from Fig.2 that the equations of the
straight lines AC and BC give the quamtity «(z) approxi-
l_la.te]J, that is:

U Kl2rhg) i at) hys 282y, /i
rtyoi 0,"‘1\’2(/7,,,‘2) s 3L ZHSZGhm,
and considering (1)
NG, (2=bp)] , 42 hp<2=2,, x
~‘*"”%§‘*"N-' ﬂl-w,m*‘«.[hm"z)] yif 2, x2S h,,.
Bince g
'3 « 2
/a'(z) dz = (42 + hp-2)
and

/ ’Z,z) dz = U3 (hm-2)] (h,,éz),

then considering (1), (2) and (3), we obtain

25 (42 +hy-2)" gt hy<2ea,
L ’ ®
ﬁ*ﬂ[ﬁ,{l}ﬁl;i‘{h;z)] AL ZgS2&hpy,

-~
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L,-/v/:’}/z e~ )
p

z-z‘,,,—L

Pig.2. h‘lﬁlo ttern for the calculation of the vertical
dis butﬁn of the leaf area density.
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Equations (7) and (8) enable one to calculate the char-
acteristics of the vertical distribution of the leaf area
in the crop «(z) and L (z)and equation (9) makes it possible
to calculate the leaf area index L, , if the five structural
parameters are known: N , hm , U4m , K, and Kp.

As the plants grow, these parameters may change and thus
serve as the functions of time 7 characterizing the course
of the vegetative period.

To be able to apply the calculation formulae proposed,
the structural parameters of a crop must be easy to deter-
mine and more or less constant during the whole vegetative
period.

Determinaticn of struotural jeramsters

According to the data of the phytometrical measurements
carried out on an experimental farm of the Estonian Agri-
cultural Academy near Tartu with the barley crop ("Domen"
variety) in 1964-1966 on plots with a different level of mi-
neral nutrients, it can be concluded that the structural pa-
rameters are quite steady, if the growth of a crop pro-
ceeds under normal climatic conditions. Extreme weather con-
ditions and large differences in fertilizer level cause in-
stability in structural parameters and our calculation meth-—
od cannot be applied.

Proceeding to the discussion of separate parameters, it
can be pointed out that the demsity of the crop stand N cen
actually be considered as a constant quantity during the ve-
getative season and it is emough to determine it once in the
middle of the latter.

; The field measurement of the height of the densest layer
hm 1is very labour-consuming. For this reason it would be
more expedient to determine it through other phytometrical
perameters of a crop stand which are easy to determine. Va-
rious comparisons have shown that the correlation between /1,
and the maximum height of a mean plant / (¥ig.3),taken from
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the ground surfmce up to the upper boundary of the topmost
leaf in its vertical position, is sufficiently significant,
In case the upper boundary of an ear is higher than that of
the topmoat leaf, the former must be considered as 5 . The
relation between A, and h shown in Pig.3 is

hm (T)=ctm h(T)-0.1, (10)

where o, is the constant characterizing a given variety.
In the present case o, = 0.57. The maximum height of a mean
plant h 1is determined by field measurements in each 5 to
7 days during the vegetative periocd.

0 o0 02 03 a4 Q5 a6 07 08 h

Pig.3. Relation Zr the height of a la.yer with the maximum
density /m to the maximum gt of a mean plant
h in a barley stand at Tartu 1964-1966,

The course of the change of the maximum density of the
leaf surface of a mean plant &, during the vegetative pe-
riod is presented in Fig.4a. At the beginning of the period
Um is growing, it attains its maximum in the middle of the
season Just before earing, and when the leaves start to turn
Yellow, it begins to decrease. The course of the change of
4m (T) 18 1llustrated by a simsoid in Fig.4a and expressed
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by the formula
, U (T)= s, 50 T 5 )

where 43, is the maximum value of &,,(7)in the middle of
the vegetative period, 7 denotes time in days from the day
of the emergemce of plants, 7, denotes the duration of the
period, on the average, from the emergence of plants until
the leaves of a given variety turn completely yellow.

In connection with seasonal conditions (Fig.4a) &, and
T, can change a little in some years. 4m ocan differ in
different varieties. The barley variety "Domen" has &y =
= w(21)+107> n?/a’.plant, T, = 75 + 5 days.

Changes in the angular coefficients K,(T)and K,(T) of
the model triangle during the vegetative season are present-
ed in Figs.4b and 4c, respectively.

It is seen that the decrease of K, (T) is linear with
time and can be expressed by the formula

k (T)=K7(1- ). (12)

In the present case K, = 9.2.10"2 mE/m"-plant. The angular
coefficient K,(T) is practically constant up to the phase of
milk-ripeness, but later on towards the end of the vegeta-
tive season it decreases quickly to zero.

Thus, the calculation method proposed here presupposes
the determination of the parameters otm , m , X/ and %
typical of a given variety by means of specisl phytometrical
measurements as well as the determimastion of the lemgth of
the period of photosynthetic activity of the leaves 7, . If
these data are known, then, to determine the charssteristics
of the vertical distribution of the leaf area in a c¢rop, on~
1y the density of the crop stand / and the course of the
peximm height of a mean plant #(7) during the vegetative
season are to be obtained.

The course of the calculation proceas is the following:
hm (T) 18 determined by formula (10), 4, (7) by formula

109



(1) and K,(T) by formula (12). Further, «,,(z) is cal-
culated by formula (7); L(z) by formula (8) and ., by for-
mla (9).

15%+
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@ s L s
Fig.4. Course of the maximum density of the green leaf area
Um (curve a) and of the slopes kK, (curve b) and K,
(curve ¢) respectively throughout the vegetative g:-
viod for a mean plant at Tartu in 1964-1966. T -

notes days emergence of plants. The dimensions
of um are r plant and those of slopes are in-
dicated in the o

By wiky of example the change of the relative leaf area L,
throughout the vegetative season of 1965 according to the
actual and caloculated data is presented in Fig.5.
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Fig.5. Course of the relative en leaf area L, in a bar-
ley stand at Tartu in 1965. T denotes days <from
emergence of plants. 1 - calculated ocurve, 2 - ac-
tual curve.

The mean values of /i, , 4m , X and K, for three years
(1964=1966) were used for the calculation. We may see that
the calculated values of L, are larger than the actual ones.
This is due to the fact that the points on graphs 4a, 4bend
4¢c for the year 1965 are below the mean curves.The scatter
of these points on the graphs demonstrates also the error
of the calculation method, constituting about 10 to 15%.

Conslusion

We think that the calculation method of determining the
leaf area index as well as the downward cumulative leaf area
index can be applied not only to the barley crop but also
to other cereals like wheat, rye and oats. However, this
method as well the constancy of the ¢haracteristics 7T,, o,
ub , K/ and K, need to be tested experimentally.
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MAN AND ENVIRONMENT

Brik Fuopgrd
Institute of Zoology and Botany, Academy of Sciences

of the Bstonian S.S.R.

Until quite recently little attention has been paid
in Estonia to the relations between man and environ~
ment and to the role of man in preserving the enviromment
i{nhabitable. We hsve oonsidered ourselves lucky as in
our country there are still places which have remained
nearly untouched by man,and there exist beautiful unspoilt
scenery as well as an unpolluted environment. In our lec-
tures and public spesches we have mentioned as & warning
example the spoilt nature and the polluted envirommsnt of
Western Europe and America, pointing out that fortunately
these problems avre still far away from us.

But the developmsat of human society is making rapid
progress in our country, too, due to the great advanoces in
technology. What a few decades ago was oconsidered to be a
Utopie has become a reality nowadays. On our highways
horses have almost cogpletely been replaced by modern cars
and lorries. In place of the navvies of the Tformer days
powerful excavators dig drainage systems in our marshes.
Iabour-consuming operations in oonstruction, agrioculture.
(e.g. bay-making, harvesting, etc.) and in industry (eeBe
oil-shale mining) have been mechanised, Urbanisation is
going on at a rapid pace. In summer thousands of urban re-—
sidents go into the country reaching the most distant lo-
calities. Summer cottages and rest-homes are mushrooming
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up everywhere, Great ochanges in the relations between
man and enviromment bhave taken place during the last few
decades, the chief witness of which is the . ever-growing
utilisation of the surrounding nature by man, ‘

At the present time (particularly during the very
last decade) we are faced with the same problems as our
colleagues in older eivilized countries, We must learn from
their sad experiences and save our landscape from the re-
sults which these countries have undergone.,

Pirst of all, let us deal with the objective factors
which have started to influence the natural environment in
oconditions obtaining in Estonia, The existence of such fac-
tors has been caused by technological progress and eco-
nomic development, Inevitable as these phenomena are,their
harmful effects can be either alleviated or neutralized.
This can be done in case soientists as well as economic
and administrative bodies join their efforts to ensure the
preservation of nature for the benefit of the present ge-
neration as well as for those to come.

The ocondition of atmospheric air in our Republic is
in general wonsiderably better than that in industrial
countries with a greater population density., The pollution
of air can be observed to a greater extent only locally-
=8.8¢ in the areas of the oil-shale industry and a few
larger towns. It does not mean, however,that we should sit
idle and not deal with the problem. Even a single incident
which points to the deterioration of the ocircumstances
should be sufficient for taking preventive measures. Smoke
from factory funnels, dust arising from traffic and parti-
sularly the exhaust gases of motor wehicles are the con~
orete faets which should be in the centre of attention of
everybody working in this field, scientists included. More
attention should also be paid to applied research into
these problems.

Nolse is also among the phenomena that inevitably
grow in oomnection with inoreasing industrialization
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and the development of motor transport. Traffic noise has

been investigated in Tallinn,but noise at industrial enter-
prises, in airfields and on trunk roads has not received

the slightest attention. Noise made by portable transistor

sets disturbs people in nature and places of reoreation.

We have managed to get rid of loudspeakers i4in public

places, and now it is necessary to ensure that nature

should not be polluted with sounds not belonging to it.

The preservation of the purity of water (including
ground water) is a highly complicated problem, The Funda-
‘mentals of Water Iegislation in the U,S.S.R. and Union Re-
publics have already been worked out,and when the Water Co-
de is enaoted it will contribute to the elimination of a
number of shortocomings. Pure water is one of the most ex-
pensive natural resources, but often only the oountries
lacking it can appreciate it properly. It is ocommon know-
ledge that it has become a Aiffiocult problem to provide
Tallinn with drinking-water of good gquality, but also Tar-
tu and a few other towns of Estonia will be facing similar
diffioulties in the near future. The shortage of pure wa-
ter grows according as waste waters from local enterprises
are direoted into natural bodies of water, The purifi-
cation of waste waters and their subsequent partial uti-
lization oconstitute the most important tasks for our spe~
cialists in water economy, The problem has become 80 ur-
gent owing to the wasteful utilization of water as well
as due to the fact that enterprises have not been charged
for the use of water,

Lately the Press has carried numerous articles on the
expediency of the drainage of peat bogs and various marshy
areas, Different points of view have been expressed: to
preserve peat bogs as natural reservoirs, to drain them
only partially, or to ocontinue drainage at the present
rate, Even such opinions have been expressed  that
the drainage of peat bogs does not noticeably ochange the
balance in nature, Contrary to the optimistic views of
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practical workers, ecologists are of the opinion that in
our geographical sone and under our climatic oonditions
the peat bogs constitute an important factor for the nor=
mal existence of the enviromment and therefore they should
be preserved., Peat bogs have been formed in the course of
many millemniums and in nature it is impossible to repro-
duce or replace them by amy other ecosystem.

The above-mentioned ideas can be applied to the prace
tice of draining lakes which was thoughtlessly carried
out in the past. In a number of cases it is necessary to
raise the problem of damming up the lakes again (partiou-
larly the former mill-ponds), Contrary to peat bogs, it
is possible to create new lakes, reservoirs and ponds with
the help of modern technology.

Idkewise, little comsideration has been given to the
dredging and straightening of rivers and to the creation
of new reservoirs. Flowing waters in their natural form
constitute a necessary factor in preserving the balance
in nature, including the cases when the <fishing industry
has not been the chief cause for their existence and re-
making, Therefore some reservoirs should be liquidated
and the former river-beds and the former landscape of the
river valley should be restored (e.g. the Ahja River be-
tween Kiidjédrve and Taevaskoda).

Problems related to the preservation of the natural
balance and purity of the Baltic Sea are still more ocome
plicated and many-sided.The Baltic Sea is an international
water=body and its water-economic and biological resources
are used by several countries. Though engineering-techno-
logical considerations are of great importance for the pre-
servation and transformation of the Baltic Sea, biological
aims are of decisive importance when deciding these prob-
lems, The chief tasks are to prevent the pollution of the
Baltio Sea and to increase its biological productivity,The
pollution of this inland sea with oil from ships is parti-
oularly dangerous., We are looking forward to the speedy ra=-
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tification of the international comvention on the preven~
 tion of the pollution of seas (including the Baltic Sea).

The chief pollutants of the living landscape in Es-
tonia ave pesticides, some fertilisers, debergeunts, part-
1y meroury ocompounds that get into nature from agriculture
and communal enterprises, No large-acale pollutions
have occurred in our country, but im certain localities
the harmfu) influence of these substances ' has been oOb-
served. The chemical oontrol of pests is going on, as up
to the present time we hawvn't managed to replace it by any-
thing else. The role of biological comtrol is still insig=
nificant. But we should like %o point out that Xstonian
chemists have contributed to the prevention of the pollu-
tion of nature, since it waa on their initistive that in
1970 a commission for nature comservation was set up wi=
thin the framework of the Estonian Branch of the All-Union
Mendeleyev Chemical Soclety. :

As is known, populations of several specles of
insects become resistant to concentrations of pesticides.
This makes it necessary either to increase the toxic con-
centration of & given pesticide or to introduce new con=
trol methods.As to the vertebrates, nothing certain can be
said, Our previous experience has shown that bhigher ani-
mals are unable to raise their resistance to the increas-
ing use of chemical toxicants and perish. Man, whose oOIw
genism is being comtinually poisoned by pestiocides, will
face the same fate, The great adaptivity of man to the
poisoned environment is not plausible and the only 8olu=
tion of the problem lies in preserving the cnviromment
pure, Therefore our urgent task is to improve ths osomdi-
tion of the biosphere and not to set our hopes cn the adap-
tability to toxicants.

It is also in Estonia that the towns and the wurban
population are growing and the process of urbanisation ia
under way.In our country it is alsc necessary to register,
analyse and pay more attention teo the hygienic oconditiens
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of urban residents. Smoke, dust, noise, rapid development
of oity transport, etc., make 1t necessary to improve the
organization of public services and amenities as well as
to sover ever larger areas with verdure, Urban residents
will be physically and mentally fit only on condition that
they are in close contact with nature.

It is to be regretted that our people very modestly
grow indoor' plants while gardening is wide-spread at pri-
vate and even state-~owned houses. It i1s beyond doubt that
these things enable urban residents to be in contact with
nature, Co-operative gardening, which only recently has
come into vogue, probably also serves this aim, though in
many cases it is used to obtain extra food. New parks,
avenues and verdant areas should be laid out on a larger
scale and those existing already ought to be takem greater
care of, The number of bodies of water in our towns is
particularly scarce; no decérative water-fowl can be seen
on our water-bodies. ILocal authorities should include
these problems among their activities,

The removal of communal waste (rubbish, refuse) has
become a serious problem in the last few years., For ine
stance, the residents of Tartu daily produce over 40 tons
of communal waste which is taken to the refuse dumps out-
side the town, Here scrap should be separated and the rest
of organic matter should be composted, which would help
te improve the enviromment as well as be of use for the
municipal economy.

During the recent years much attention has been paid
to the organization of recreation: the planning of places
and areas of recreation, the setting up of rest-honmes ,
pioneer and other camps, tourist campings, etc, The Fine
nish sauna has come Iinto fashion, but it does not do much
good as often parties held there are assoclated with the
consumption of alcoholic drinks, Tourimm and hiking have
become very popular at week-ends, both private and commu-
nal means of transport being used for that purpose.
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All the above-mentioned things involve great dangers
for the enviromment, Urbanized people cannot properly ap=-
preciate nature as a place for recreation., Nature is be-
coming littered to a greater extent than before (even in
pature reserves).Much should be done in the field of envi-
ronmental conserwvation by using a systém of fines and pe-
palties as well as by re-educating people. Of special
value in creating a proper attitude to the natural envi~
ronment are organized group hikes and outings on bicycles
and motor vehicles. Such undertakings should be guided by
people knowing nature as well as the locality.

In this connection the general problems of landscape
and environmental conservation come to the fore, It is
high time to replace our present nature conservation law
by a more up~to-date envirommental conservation lawy,as it
has been done in Sweden, the GDR and several other ocoun~
tries. The most beautiful landscapes of Estonia (the majo=
rity of them being landscape reserves) should be preserved
and developed further taking into account the principles
of modern landscape masnagement, The shores of the bodles
of water (seas and inland waters) need particular atten-
tion as thousands of unsuitable buildings, which have
been erected there without any plan, should be removed.
It is also necessary to limit improper advertising near
the highways, at public meeting=-places, in houses of
assembly, etc,

At the present time the territorial planning of the
Republic is taking place and it remains to be hoped that
it will constribute to the goal-directed formation and
preservation of Estonian landscape. A particularly labourw
consuming task is the recultivation of the territory of
exhausted quarries (e.g. in the oil-shale mining areas),
The existence of o0ld mines and quarries, oil-shale and
ash tips, and various other artificial formations of seve-
ral decades makes it difficult to solve current problems
of environmental conservation, We need not only a clean
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and healthy, but also a beautiful landscape which is as
natural as possible and in harmony with the specific chare
acter of our geographical area, Our landacape reserves
should serve as an example for such landscepe and it is
therefore necessary tvo prevent these reserves from be-
coming recreational areas and places for mass gatherings of
- people, such as popular festivals, sports competitions,etc,

Summing up what has been said above, we arrive at the
conclusion that modern nature comservation in Estonia
should primarily be biological and envirommental conserva-
tion, Viclation of tbe balance of our ecosystems, which
took place in the past, should be compensated for at the
pregent time mo that the landscape that we bequeath to
the future gensrations will be inhabitable, All this calls
for soientific foresight and good planning as well as cOn~
siderable economiic expenditure ooupled with a sensible
attitude towards naturs, Landscape ecology as & scientific
and applied breanch of biology should be glven a worthy
place alsc in our Republic by teaching it not only to bioe
logists and geographers, but also to architsots, engineers,
cyberneticists, eoconomiste and lawyers, ’

The asbove-mentioned principles served as the basic
ideas for the seclientific conferenmce "Man and Environment®™
devoted to the 150th anciversary of the birth of F, Engels
held in Pallimn on November 26-27,' 1970, The comference
was orgauised by the department of cbemical, geoiogical
and biological scienses of the Academy of Sciences of the
Estonian 5,8.%k, Twenty papers were read and discussed a%
the comferencs by our leading chemists (0, Xirret, M,Guber~
grits, K, Tlwoja, E, Ott, E, 8iirds), biologists (T, Orav,
B, Emeari, ¥, ilargus, Ivar Veldre, O, Renno), geographers
(B, Kildema, K, Iaan, A, Niine), medical people (Ingeborg
Veldre, G, Ioogna, H, Iutsoja, B. Vagane) and specialista
in applied ascidnoes (B, Vint,R, Ratas, L. Volkov, A, Niis).
The papers dealt with & wide range of problems connected
with the relations of man and environment in the Estonian
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S.S.R, at the present time. It was decided to publish the
abridged texts of the papers which would serve as our in-
troductory contribution to the international research pro-
gramme™Man and Biosphere" of 1972 and the subsequent years.

The conference adopted a detailed resolution, the
essential items of which will be presented below.

It is suggested that the research institutes of the
Academy of Sciences of the Estonian S.S.,R. and various
other research institutions should give particular impor-
tance to the problems of envirommental oconservation. At
the same time it is necessary that specialists in biology
and hygiene should take part in solving the problems
aimed at the rational utilization and management of the
resources of the environment, During their training
specialists in technology have to be introduced to the
problems of landscape ecology. The task facing the spe-
cialists in chemistry is to work out measures for the
prevention of the pollution of the environment with
chemical substances.

Pasks of envirommental oonservation ought to be
introduced to the territorial planning of the Republic.
The study of the processes of urbanization and such a
formation of ecosystems of urban settlements which con~
tributes to the improvement of the conditions of the bio-
sphere are considered to be tppical tasks, The investi-
gation of the oil-shale producing districts and of ether
industrial areas should be carried out by specialists em~
ployed for this purpose.

The problems of the conservation of internal waters
must be solved as a complex; it is necessary to implement
the water conservation law; the conditions of the Baltic
Sea esosystems should ocontinually be in the centre of
attention, particularly avoiding the pollution of its
water with oil and waste products from industry.

The protection of man's health should also be based
upon the envirommental conservation for which purpese coope—
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ration between naturalists, medical men and engineering
scientists is needed.

Nature reserves serve as important stationary bases
for the scientific study of mnatural resources and the
enviromment and the plans of such activities should be co-
=ordinated with thosc of the research institutes of the
Academy of Sciences of the Estonian S.S.R.

The resolution also contains an appeal to the re~
search institutions of the Republic to deal with the theo~
retical problems of biological and environmental conser-
vation as well as to employ internationally co-ordinated
terminology in research and practical aotivities.

It was proposed to appeal to the govermmental insti-
tutions to disouss at a high level the problems related
to the struggle against the pollution of the enviromnment
and to other nature conservation problems.

Both soientists and practiocians took a great interest
in the conference on "Man and Enviromment". We hope that
from this time on the problems connected with the rational
use and conservation of the enviromment will be among the
topics.of study and discussion for Estonian scientists and
that the results obtained will essentially contribute to
the improvemént of the conditions of our biosphere.

Accepted for publication; October 1, 1971
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Estonian Contributions to the International Biological
Programme, III, Tartu, 1971

PRELIMINARY CHARACTERIZATION OF ZOOPLANKTON IN LAKE
VOR‘I'SJIR!

A, Maemets
Institute of Zgology and Botamy

E,-J, Haberman
Imnstitute of Zoology and Botamy

In connection with the investigations carried out in
Lake Vortsjarv within the framework of the International
Biological Programme (IBP), it became mnecessary to survey
all earlier data on zooplankton (littoral fauna included) in
the lake and both qualitatively and quantitat:lvely characte-
rize the zooplankton of this eutrophic Bstonian lake (total
area - 270 sq. km.,, greatest depth - 6,0 m, average depth
- 2,8 m) at the first stage of investigations. Simultaneous-
ly an attempt is made to elucidate the main regularities of
the seasonal dynamics of zooplankton (mainly on the basis of
the material dating from the years 1965 and 1966)and ascer-
tain the dominants.

The earliest reliable data on the zooplankton of Lake
Vortsjarv have been published in the monograph by M. zur
Mihlen and G, Schneider "Der See Wirzjerw in Livland"(1920).
The samples made use of in the report were taken from the
pelagic part of the lake in the years 1912-1913. The food of
fish was also analyzed. The materials were chiefly treated
by K.M, Levander, an outstanding Pinnish gpecialist. The
presence of 14 species and intraspecific taxonomic units of
protozoans, 24 of Rotatoria, 8 of Copepoda and 21 of Clado-
cera among the zooplankton of L. Vortsjarv is mentioned, si-
milarities between the lakes of Vortsjdrv and Ulemiste as
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regards their zooplankton are pointed out and Vortsjarv is |

considered as a Chydorus-lake rich in food.The role of zoo-
plankton in the food of the fish in L. Vortsjarv is also
treated. Some data on the food of the fish of L. Vortsjarv
can 8also be found in G. Schneider's preliminary summary
published earlier (THettnep 1911).

After a longer interval, in the years of 1952-1954, the
zooplankton of L., Vortsjarv was studied by N. Schonberg
( DenGepr 1958, 1961 ), who indentified the occurrence of 63
species of zooplankers in L. Vortsjarv and for the first
time providod some quantitative data on zooplankton (numbers
and biomass). She also studied how the fish of L. Vortsjarv
use zooplankton, A rather essential part of N. Schonberg's
materials have unfortunately not been published.

Notee on the zooplankton of L. Vortsjarv can also be
found in a. paper by A. Mdemete ( Mgnerc 1966). There are
several articles where the data collected by M. zur Muhlen,
G. Schneider and N. Schonberg have been made use of (Taube
1924, Lepiksaar 1932, Murembcazp 1962).

Some msterial on the zooplankton of L. Vortsjarv may
also be found in some candidate's dissertations analyzing
the tfood of the fish of L. Vortsjarv ( e.,g. Haberman 1964).
The same applies to a short summary published by the authors
of the present paper in 1968 (Haberman, Msemets 1968),

The present summary is mainly based on 152 quantitative
samples of zooplankton taken from the open-water region of
L. Vortsjarv by J. Haberman in 1965 and 1966 and treated by
herself, In addition,data on 14 pelagic and littoral samples
analyzed by A. Maemets in 1954-1966 have been used,

In 1965 and 1966 samples were taken at 6 open-water
sampling spots ( Pig, 1 ), 12 times at sampling spot 6, 8-11
times a year at the rest of them, Samples were taken by
means of a small quantitative closable Juday plankton net
( silk No. 49 ), with an orifice of 100 sq. cm. Depending on
the depth of the water at the respective sampling spot, a
layer of water 1 to 3 metres thick was filtered by means of
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Pig. 1. Distribution of sampling spots in the pelagic
of L, Vortsjarv.
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the net, moving the net vertically upwards., At deeper samp-
ling spots (Nos.5 and 6) samples were taken from two layers:
3toO0Om and 5 (4) to 3 m thick, 50-litre scooped samples
were collected from the littoral zone ( straining the water
by means of & S5-litre bucket through the plankton net ). A

standard counting method was applied, using 2.5 ml portion

pipettes and the Bogorov chamber (see HuceneB 1956), As a |
rule, 1/10 of each sample was counted, in winter whole
samples were counted. The biomass was found by multiplying |
the number of individuals by their average weight; the

weights of zooplankters given by Mordukhai-Boltovski were
mainly used (K#ceneB 1956), To ascertain the average length
of a species, 20 individuals of each species were measured
on the average during all months,

The temperature, ocolour and transparency of the water
were determined at the time when the samples were taken,

In the course of the present work 103 species of =zoo=-
plankters were established in L, Vortsjérv (Rotatoria - 45,
Copepoda - 15, Cladocera - 43 ), Together with the species
identified by the earlier authors the number of the species
established in the lake reaches 109, together with proto-
zoans 124 ( Rotatoria -50, Copepoda =15, Cladocera -44; see |
the survey of species). About 40 of the identified zooplank- |
ters are typical open-water species, ;

A comparison with the data on the years 1912 - 1913 |
reveals that no essential changes have taken place in the |
composition of the sgzooplankton of L. Vortsjérv over the :
period of half a century. Dominant species are also essen- |
tially the same.

The zooplankton of L. Vortsjdrv in summer is characteri-
zed by the open-water complex of Daphnia cucullata-Bosmina,
coregoni-Chydorus _sphaericus, which is typical of the Esto- ‘
nian eutrophic lakes ( MssMeTc 1961), Some forms preferring |
oligotrophic water ( they obviously occur in L, Vortsjérv as
relicts ), like Ploesoma hudsoni, Conochilus unicornis, Bos- |
mina obtusirostris, Drepanothrix dentata, etc., can also o be

}
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found in the lake, although their role is rather small and &
they usually do not belong to dominant species. The occur=
rence of certain species of the Cladocera ( Bosmina beroli-
nensis and Bythotrephes longimanus ) points to good oxygen

' conditions in L, Vortsjarv in summer, In the open-water
region of L, Vortsjarv, littoral zone species can often be
met with.

In January Synchaeta sp. and Cyclops kolensis predomi-
pated in the open-water zooplankton of - L, Vortsjarv.
The nauplii of Copepoda and Asplanchna priodonta were also
rather numerous.In Pebruary Cyclops kolensis (especially in
1965) and nauplii occupied first place,In March Eudiaptomus
gracilis was added to them, in 1965 also Synchaeta sp. and
Keratella hiemalis together with K, quadrata (these spe-
cles were counted together).In April nauplii,Synchaeta sp.,
Keratella hiemalis and K,quadrata occurred as dominant spe-
cies.In the April of 1966 the rotifer Kellicottia longispi-
na was rather numerous, too.The rotifers Keratella cochlea-
ris and Kellicottia longispina predominated in May while
Keratella quadrata, Asplanchna priodonta,‘species of Poly-
arthra,nauplii and copepodids,Cyclops kolensis and Bosmina
coregoni may also be regarded as numerous,In June the domi-
nation of rotifers (Keratella cochlearis,Kellicottia longi-
spina, Keratella quadrata, Polyarthra and to some extent
Conochilus unicornis)and the nauplii of copepoda continued.
Cladocerans Chydorus sphaericus and Bosmina coregoni were
added to them as new dominant species., Remarkably abundant
were the cladoceran Daphnia cucullata and the copepod Eu-
diaptomus gracilis. In July Chydorus gg_h;urions and the
nauplii of copepods still retained first place, Daphnia cu-
cullata juvenile copepods, Bosmina coregoni (1965) and FPi-
linia limmetica (1966) were numerous, As regards the domi-
nant species, August was similar to July. In September the
cladocerans Chydorus sphaericus and Bosmina coregoni, naup=-
1i1 and copepodids ,and in 1965 also Asplanchna priodonta
occurred most frequently.In October Chydorus sphaericus and
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Bosmina coregoni predominated in the zooplankton of L.Vorts-
jarv, the nauplii of copepods and FBudiaptomus gracilis were
numerous, In 1965 species of Asplanchna and Polyarthra were
also numerous. In November Asplanchna priodonta (1965), Chy-
dorus sphaericus, Bosmina coregoni, Eudiaptomus gracilis and
pauplii took the first place emong the dominant species. In
December Synchaeta sp. predominated while Eudiaptomus graci-
1is, nesuplii and Asplanchna priodonta (1965) were numerous .

Pigs,2 and 3 provide a survey of the dynamics of the
numbers and biomass of the open-water zooplankton of L,
Vortsjarv.

The average monthly number of zooplankton ranged from
3,600 to 612,000 individuals per cubic metre during the
years of observation, The average monthly biomass in L.
Vortsjérv fluctuated between 0,024 and 2,629 g per cubic
metre, Minimum average numbers of zooplankton occurred in
the March (14,900 ind./m’) and December (134300 ind./m’ ) of
1965 gnd in the March of 1966 (3,600 ind./m”), Maximum aver-
age numbers occurred in the June ( 401,550 1n6../m3 ) and
August ( 314,100 ind./m’> ) of 1965 and in the May of 1966
(612,%&/-3).The last-named figure was mainly due to the
large numbers of rotifers ( 520,600 ind./m’ ), which consti-
tuted 85.1 % of the total number of sooplankton,.

Fluctuations in the biomass were considerable (Pig. 3).
The minimum biomass occurred in the February (0.083 g/n3 )
and December ( 0,098 g/m’ ) of 1965 and in the March of, 1966
( 0,024 g/t3 )e The maximum biomass was observed in the July
(1.441 s/-3 ) and Auguet (1,348 g/m3) of 1965 and in the May
of 1966 (2.629 g/-3). In the last case the large number was
due to the high amount of rotifers ( first of all Asplanchna
priodonta), which accounted for 74.5 % of the total mass of
gooplankton,

In general, at certain periods, the role of rotifers in
the numbers and biomass of the zooplankton of L.Vortsjarv,
in contradistinction to N. Schonberg's assumption ( lienoepr
1958 ), seems to be rather large. As regards their numbers,
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Fig. 2. Seasonal dynamics of the numbers of pelagic zooplank-
ton in L, Vortsjarv in 1965 and 1966, 1 - Copepoda,
2 - Cladocers, 3 - Rotatorias, 4 - zooplankton (all
groups), 5 - average diurnal temperature.
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Fig. 3. Seasonal dynamics of the biomass of pelagic zooplank-
ton in L. Vortsjérv in 1965 and 1966, 1 - Copepoda,
2 - Cladocera, 3 - Rotatoria, 4 - zooplankton (all
groups), 5 - average diurnal temperature.
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they constituted 51.3-73.6 % in the period of January to
June, 1965, and were in absolute majority in the January,
April and May of 1966 ( 70.7-85.1 % ). Temporarily rotifers
took first place even in biomass ( 54.2 % in the Pebruary of
1965, 55.6=81.7 % in the January, April and May of 1966).

Copepods, which have earlier ( UlcHGEpr1958) been oconsi-
dered to be a dominant group in L. -Vortsjdrv, never comsti-
tuted the absolute majority in 1965 while in 1966 they domi-
nated only in February, March and December (51,3-58.6 %). As
for the biomass, copepods formed the absolute majority in
the March, April, May and November of 1965 ( 54~90,1 % ) and
in the Pebruary, March, July and KNovember of 1966 ( 54,3~
“8T7.5 %).

Cladocerans dominated in number from August to October
in both years (51,4-69.4 %), in 1965 aleo in July (58.5 %).
In biomass they predominated in the July and August of 1965
( 58,5-64.9 % ) and in the June and October of 1966 ( 50.8-
=54.2 %)o

A comparison of the dynamics of the pumbers and biomass
of gooplankton in 1965 and in 1966 (Fig. 2,3) reveals rather
great differences,In 1965 two maxima occurred in the numbers
of zooplankton - one in June, the other in August. In Jume
the maximum was mainly due to the large mumber of rotifers,
in August it was due to cladocerans and to some extent also
copepods, In 1966 only one peak occurred - in May, The large
number was mainly accounted for by rotifers while later -
in June, July and August - the increase in the number of
cladocerans and copepods was not so great as a year before,
A certain increase in the number of zooplanktom, which was
present in the October of 1965, was absent in 1966,

When analyzing the temperature of the water in the lake
during the years of observation it becomes clear that in
1966 the warming of the water proceeded much quicker than in
1965 and the temperature of the water in May 1966 was noti-
ceably higher than that in May 1965.‘ The rise in the tempe-
rature of the water in 1966 went on till July when the aver—
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age diurnal temperature reached 20.1° C. In 1965 the
temperature in July and August remained on the same level
as in June, It seems that the quick warming of the water in
the spring of 1966 promoted the rapid reproduction of roti=-
fers while a high temperature in the summer of the same
year restrained the increase of the number of cladocerans
(this applies above all to Bosmina coregoni and Chydorus
sphaericus), AT

The cooling of the water in the lake and a decrease in
the number of zooplankton in 1966 occurred at a higher rate
than in 1965, In the summer and autumn of 1965 the water-le-
vel in L, Vortsjdrv was noticeably lower than during the
corresponding periods in 1966 - a fact which could also fa-
vour the reproduction of cladocerans, as it increased the
amount of their food ( bacteria, algae and detritus ) in the
water, In favour of our assumption is also the fact that the
transparency of the water in 1965 was, as a rule, smaller
than in 1966 (Fig. 4).

The dynamics of the biomass of zooplankton was rather
similar to that of their numbers. The main difference lay in
the ocourrence of one maximum of the biomass, which corre-
sponded to the higher numbers in July and August, while the
maximum number occurring in the general dynamics of biomass
in June was not noticeable because of the small biomass of
rotifers.

When analysing the number of zooplankton ( in the whole .
water layer ) in different areas of the open-water region of
the lake,it may be stated that it was rather similar in both
years (Fig. 5). In 1965 it was somewhat higher at the nor-
thern sampling spots of the lake ( 1-4 ) where the average
monthly number of zooplankters during the year was 140,000
ind./n3 while the corresponding figure for the southern
spots ( 5 and 6) ranged between 103,000~ 121,000 ind./m’ ,
In the winter months of 1965 there was more zooplankton at
the northern sampling spots than at spots 5 and 6.A compari-
son between the upper layer (3-0 m) of spots 5 and 6 on the
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one hand, and the upper layer ( 3( 2 )=0 m ) of the northern
‘sampling spots reveals no essential differences between
them, The relatively small numbers of zooplankton at the
southern spots are mainly due to the greater depth of the
profundal zone (5(4 )=3 m ) where zooplankton is completely
abgent in winter (obviously because of oxygen insufficiency)
and occurs in smaller amounts than in the upper layer even
in summer, In 1966 the poorest of all with regard = to zoo-
plankton was sampling spot 2 ( the average number 102,00
ind./m ) while spot 5 was relatively rich in plankton (the
average number 172,000 ind. /m%),

It is conspicuous that in the summer of 1965 the abund-
ance of cladocerans was particularly high at sampling spots
2 and 4 while in the summer of 1966 spots 1, 3, 4 and 5
were rather rich in rotifers.,

The average monthly number of zooplankton in L. Vorts-
jérv in 1965 was lower ( 134,00 ind./m’> ) than in 1966
( 151,000 ind./m’).

The dynamics of the biomasa at different sampling spots
of the open-water region of the lake is very similar %o the
dynamice of numbers, Here, also, the northern spots were
richer in winter and in the summer of 1965. The upper layer
(3 (2)= 0 m) of deeper spots was not noticeably poorer than
the spots in other parts of the lake, As regards biomass,
the year of 1966 was richer ( the average monthly biomass
0.717 g/m ) than 1965 (0.594 g/m ).

As far as the present scanty data on the distribution of
zooplankton in the littoral zone of L, Vortsjarv enable us
to draw any conclusione at all, it seems that both the num-
bers and biomass of zooplankton in the littoral zone are |
rather small (Fig.7,8).In most casea the numbers of zooplank=-
ton did not exceed 100,0001nd./m and the biomass -0.30 g/m3
(the average figuroe for all sampling apote being 86,000ind.,
/- and 0,675 g/m respectively), Particularly poor in zoo=-
plankton were Phragmites and Scirpus bushes near the easternm
end western coast of the lake which are open to undulation
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Pig. 7. Numbers (thous, 1nd./|n3) of littoral zooplankton at
different sampling spote of L. Vortsjarv in August-
September, 1966. 1 - Cladocera, 2 - Copepoda, 3 =
Rotetoria.
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and where open-water species ( Bosmina coregoni, Chydorus
sphaericus, Daphnia cucullata, etc. ) often dominate, The
southern part of the lake, especially the region eastward
of Pahksaar Island, was richer in zooplankton, Several lar-
ge forme of the littoral zone (Burycercus lamellatus, Simo~
cephalus vetulus, species of Macrocyclops, etc. ) occurred
and their number was 175.200 ind./m” , while the biomass
constituted 2,551 g/m3. The littoral region to the north of
Valma was also comparatively rich in plankton. According to
N. Schonberg (lleHGepr 1958), plankton of the littoral szone
is more abundant at the mouth of the Ofine river.

If one compares the quantitative data reported by N.
Schonberg ([TeHOepr 1958 ) with our data ,there is wide
agreement on the number of plankton while the values of the
biomass given in the present paper are, as a rule, greater,

Comparing the summertime numbers of cladocerans and co=-
pepods (the most importent zooplankters as regards the bio-
mess) of L. Vortsjarv to those of 77 Estonian lakes, we may
infer that L. Vortsjarv occupies approximately 12th-13th
place in this respect. As for the numbers of szooplankton,
L. Vortsjérv is a little poorer ( as for the biomass, much
poorer ) than L. Peipsi ( especially L. Pskov ), several
other eutrophic lakes (Harku, Joemdisa - Kaiu, Juusa, Kodi-
jirv, Besjérv at Neeruti ) and even some dyseutrophic lakes
( Suurjérv at Pubatu, Udujirv, Keutls, Ksbala, etc. ).8till
L. Vortsjarv should be regarded as a lake rich in sooplank-
ton where the total number of the open-water cladoocerans
and copepods exceeds 100.0001ml./-3 during the whole summer,
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Systematic Survey of Zooplankters in Lake
Vortsjarv

Rotatoris

Brachionus angularis Gosse. An open-water and pelagic
form, In L. Vortsjarv it occurred in emall numbers in
January, Elsewhere,for instance in L. Ulemiste (Schnei-
der 1908), the species is characteristic of the plankton
in summertime,

Brachionus quadridentatus Hermann, Both an open-water
and littoral form. Its occurrence in L. Vortsjarv ( in
July) under the synonym Brachionus bakeri O,F.M. is men-
tioned by K.M, Levander (Mithlen, Schneider 1920).
Platyias quadricornis ( Ehrenberg ). A littoral form .
Pound in small numbers in the southern corner of L.
Vortsjarv among Scirpus lacustris (Aug. 30, 1966).
Keratella cochlearis (Gosse), An open-water form, a very
common species, One of the dominant species of L. Vorts-
jarv, occurring the whole year round and attain the
maximum number at the end of May and at the beginning of
June (in some sampling spots exceeding 200,000 ind./m>).
5 Cfo m. 9.

Keratella quadrata (Miller). An open-water form, a very
comonvv;ﬁiu. In L. Vortejarv it could be found
throughout the year, attaining its maximum in May,
Keratella hiemalis Carlin, An open-water form., A steno-

therm thermophobe species (Peiler 1957). In L. Vortsjarv
it occurred from February to June,

Hotholea squamula (Miiller). An open-water form. A ste-
notherm thermophobe species (Pejler 1957). Occurred in
L. Vortsjdrv in emall numbers from March till May and
in December ( at a temperature of the water from 1.5 to
14.6°),

Notholoa striata (Miller). A thermophobe open-water
form, In L. Vortsjarv it occurred in small numbers from
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9.

10.

1.
12,

13,

14.

15.

October to December (at a temperature of the water from
1.0 to 8,6°). K.M. Levander has determined its occur=
rence from FPebruary to the beginning of May ( Mihlen,
Schneider 1920).

Notholca caudata Carlin, A thermophobe open-water form,

Not abundant in L, Vortsjdrv. Ocourred from September |

till November ( at a temperature of the water from 5.0
to 9-6°)o

Notholca acuminata (Ehrenmberg). An open-water form. A
stenotherm thermophobe speciees ( Carlin 1943 ). In L.
Vortsjarv we found it in small amounts in October, K.M,
Levander in September (Mithlen, Schneider 1920).
Hotholea 1limmnetica ( Levander ). A thermophobe open=-
water form, Occurred in small numbers from  September
to December,

Argonotholca foliascea (lhronberg). A thermophobe open=-
water form, The only find in I, Vortsjarv dates from
June (June 16, 1965),

Kellicottia longispina (Kollioott). A very frequently
ococurring cpen-water form in Estonian lakes., According
to L. Eutikove ((YTHEOBA& 4962 ), it ie & thermophobe
form, according $o0 B. Pejler a eurythermel species., In
L. Vortsjarv it wee found the whole yesr round and do-
minated in May - Jume (Pig. 10).

Euchlanis dilatata Ehrenberg. A littoral sone form, In
L. Vortsjarv the species was found in small numbers in
the southern cormer, in bushes of Scirpus lacustris and
in the regiom of Joesuu in the opem water (spot 1), The
frequent eccurrence of the species from Jume to Septem-
ber mentioned by K.M, Levander (Mihlen,Schneider) obvi-
ously spplies to E. lucksiana, which is considered to be
a separate species in the presemt paper,

Buchlanis parve Rousselet. A litteral sene form, Rather

numerous in the vegetation of the southern part of the
lake,It also ocouxred in the open water in the vicinity
of the eastuary of the Rongu river,
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17.

18.

19.

20,

21,

22,

23.

24,

25,

Buchlenis lucksiana Hauer.An open water form which also
occurs in the littoral zome.In L. Vortsjérv it occurred
in small numbers from July to October. The species can
also be found in the open water of the lakes Pskow and
Lammijarv ( MaomeTc 1966),

Buchlanis deflexa Gosse, A littoral zone form. 1In L.
Vortsjarv it was found in small amounts in reed bushes
near Vehendi,

Euchlanis triquetra Ehrenberg, A littoral zone form,
Occurred in small numbers emong Phragmites and Scirpus
acustris bushes in the southern part of L. Vortsjarv.
(?) Buchlanis proxima Myers.A littoral zone form.Accord-
ing to M. Voigt (1957) the species has been found in

_Sphagnum only,In L. Vortsjarv a specimen having similar

characteristics of the species was found in the open wa-
ter at spot 4 (Oct. 5, 1965).

Mytilinae mucronata (Miller),A littoral zone form. In L.
Vortejarv it has been found in small numbers in the pro-
fundal zone, (Sept. 30, 1966).

Mytilina ventralis (Ehrenberg), A littoral zone form.In
the southern part of the lake among bushes of reed and
Scirpus lacustris.

Lophocharis asp. In L., Vortsjdrv one specimen has been
found in the open water (Sept. 30, T966, spot 5).In ge-
neral, it resembled the species L. salpina ( Ehrenberg)
but had some differences in the cross-section.
Trichotria pocillum (Miller),A littoral sone form.In L.
Vorisjdrv it has been found by K.M. Levander (Mithlen,
Schneider 1920),

Rrichotria tetractis (Ehrenberg). A littoral zone form.
In L, Vortsjarv it occurred in rather small amounts in
April, May and September. K,M, Levander has stated its
occurrence also in July (Mihlen, Schneider 1920).
Lecane luna (Miller).More frequent in the littoral zone
than in the open water. In L, Vortsjarv it occurred iu
the open water in July-August, attaining a meximum of
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35

up to 5,000 :I.nd./lll3 at some sampling spobts.

Lecane closterocera (Schmarda). In the open water of L.
Vortsjarv one specimen has been fouﬁd ( Aug. 9, 1965,
spot 4).

Lecane cornuta (Miller), Under the synonym Monostyla
cornuta (0,F.M,), the occurrence of the species in L.
Vortsjarv has been mentioned by K.M. Levander ( Muhlen,
Schneider 1920).

Cephalodella sp. One specimen at spot 1 (May 30, 1965).
Trichocerce longiseta (Schrank), A littoral zone form.
Occurred relatively abundantly in the southern part of
the lake among bushee of Phragmites and of Scirpus la-
custris,

Trichocera capucina (Wierz. et Zach.). An open-water
form. A species occurring very frequently in Estonian
eutrophic lakes, recorded in L. Vortejarv from May till
the end of October (a maximum in June-Jule, it numbered
up to 10,000 ind./m>).

Trichocerca sp. Here some small specimens of Trichocer-
_ca are meant which were found in emall numbers in the
open water and could not be indentified.

Gastropus stylifer Imhof, An open-water form. Found in
L. Vortsjarv from Msy till the end of October, more nu=-
merous in June (in some places up to 10,000 :I.nd./m3).
Asplanchna herricki De Guerne, An open-water form. In
the open water of L. Vortsjarv it has been found from
June to September but also found in the southern corner
of the 1lake and in the vegetation zone of the Bay of
Tarvastu,

Asplanchna priodonta Gosse, A rather eurythermal open-
water form, In L. Vortsjarv it occurs the whole year
round, attaining its maximum numbers in May and October.
Synchaeta sp. A thermophobe open water form,The species
could not be indentified in the fixed material., It is
possible that there are some species of Synchaeta, It
was found in L, Vortsjarv the whole year round except
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36. Ploesoma (Bipalpus) hudsoni (Imhof.).An open-water form.

for July and August.The greatest abundance was observed
in December-January and in March-April when the species
was dominant,

In L, Vortsjérv it occurs from the end of April to the
end of October and attains its largest numbers in May
and July. According to B, Pejler (1957, 1964), it pre-
fers oligotrophic lakes.

37-43. Polyarthra Ehrenberg., According to the new classifi-

44,

45,

cation (see HyTHEOB2 1962), the genus is rather rich in
species but not all of them could be, identified in the
fixed ;ltorial. Therefore no exact survey of all the
species occurring in L. Vortsjarv is available.We mana-
ged to indentify the following species:Polyarthra doli-
ghoptera Idelson, P, vulgaris Carlin, P, dissimulans
Nipkow, P, luminosa Kutikova, P, minor Voigt .and g:£EE
mata Skorikov, At least one speciés remained unidenti-
fied. They are open-water forms whose largest numbers
occurred at the end of May, in June end July, but which
in emall numbers could be found the whole year round,

Testudinella patina (Hermann), Mainly a littoral zone
form, Prequent in Estonian lakes, In L. Vortsjérv found

only among bushes of Phragmites and Scirpus lacustris

of the southern part of the lake,

Pompholyx sulcata Hudson. An open water form.,In Estonia
it is characteristic of eutrophic lakes.According to B.
Pejler (1957a), this species is an indicator of the eu-
trophy of a lake, K,M, Levander ( Mithlen, Schneider
1920) found the species in L. Vortsjarv in March, Later
the species has not been found in L, Vortsjarv,

Pilinia terminalis (Plate). An open water form, In L.
Vortsjarv it ocourred in the cold season y it was found
from January to May and in October,in one case in July.
The abundance of the species was highest in April and
May (up to 9,500 ind./m”).According to B. Pejler (1957,
1957a),the species is more or less a stenothermal ther-
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48,

49.

50,

51,

mophobe form,

' _l\'iflvinia longiseta (Ehrenberg).An open water form.Accord-

ing to B, Pejler ( 1957a ), it occurs only in the warm
water, K.M. Levander ( Mihlen, Schneider ) mentions the
occurrence of the species in L. Vortsjarv in the June,
August and October of 1912, in 1913 also in April and
September. The occurrence of the species in L. Vortsjarv
is still doubtful since the earlier authors did not dis-~
tinguish between 5. longiseta, P, terminalis and F, lim-

netica,

Pilinia limmetica Zacharias, An open-water form. Rather
frequent in Estonian lakes, In L, Vortsjérv it occurred
from May to November and attained the largest numbers in
the period of June to August ( the maximum being up to
30,500 ind./m’).

Floscularia sp. K.M. Levander mentions the limited oc-
currence of the species in Jume, July and October (Mih -
lén, Schneider 1920).

Conochilus unicornis Rousselet. An open-water form, Ve-
ry common in Estonian lakes, According to B. Pejler
(1957a), it prefers oligotrophic lakes, In L. Vértsjarv
the specles was found from February to August amd in
November ( the maximum number in June, at spot 3 -
43,300 ind./m’).

% Copepoda
Fudiaptomus gracilis (Sars). An open-water form., A very
common eurythermal species in Estonian lakes ( Miemets,
1959 ). In L. Vortsjérv it occurs all the year round,
attaining the largest numbers in June - see PFig, 11
(in some years it was found to be more mumerous in July
- see [MeHGepr 1961), Sexually mature females and males
also occurred all the year round while females were so-
mewhat more numerous in October and November, males in
June. The number of juveniles was largest from June to
September. The maximum number of B. gracilis in L.Vorts-
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52,

53

54,

55

56.

57.

Jérv was atteined 15,000ind./m>, but as re the
biomass its role was much higher (0,735 g/m°)s Accord-
ing to N, Schonberg ( [enGepr 1961 ), the species is
to be found in ice-free regions in winter,

Mecrocyclops fuscus (Jurine), A littoral sone form, In
L. Vortsjarv it was found in small numbers in the south-
ern corner of the lake, among bushes of Phregmites and
Scirpus lacustris,.

Macrocyclops albidus (Jurine). A littoral zone form. A
very common species in Estonian lakes. In L. Vortsjérv
it was found in the southern corner of the lake, in
bushes of Phregmites and Scirpus lacustris, also at
the mouth of the Nigula rivulet.

EBucyclops serrulatus (Fischer). A 1littoral zome form,

Very common in Estonian lakes,in L. Vortsjarv but a few
specimens have been found in the open water in March
and May,.

Eucyclops macruroides (Lilljeborg).A littoral zone form.
In L. Vortsjarv found in smell amounts in the southern
corner of the lake, in bushes of Scirpus lacustris and
at the mouth of the Nigula rivulet. >

EBuoyclops macrurus (Sars). A very common littoral zone

form, In L, Vortsjarv it occurred in the southern cor-
ner of the lake, among bushes of Phregmites and Scirpus

lacustris.

Paracyclops fimbriatus (Fischer). A benthic form. In L.
Vortsjdrv one find in the open water { Sept. 30, 1966 ,
Bpot 2).

Cyclops kolensis Lilljeborges A thermophobe open-water

form, In Estonian eutrophic lakes it occurs rather
frequently in winter, In L. Vortsjarv it can be found
almost all the year round, more abundantly in May ( at
some sampling=-spots up to 27,000 iml./m3 ) and is prac~
tically absent in July (Fig. 12).{fccording to N. Schon=-
berg, the species performs diurnal vertical migrations.
In the opinion of the same author the species 1s more
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numerous in the northern part of the lake than in the
southern one, C, kolensis is of some importance in the
zooplankton of L. Vortsjarv during the spring period
poor in plankton,.

Acanthocyclops viridis (Jurine). A littoral zone form
which can also be found in the profundal zone of the
lake, In L, Vortsjarv the species occurred in emall
numbers in the open water from March to November and
reached ite maximum numbers in May (up to some thousand
individuals per cubic metre),

Microcyclops bicolor Sars, A littoral zone form, In L.
Vortsjérv it was found in small amounts in the southern
corner of the lake, among the bushes of Phragmites and
Scirpus lacustris,also at the mouth -of the Nigula rivu-
let. :
Mesocyclops leuckarti Claus, A very common open-water
form in Estonian lakes but occurs also in the littoral
gone.In L.V8rtsjérv it wasfound from April to November
with the largest number in June to August(at some samp-
ling spots up to 21,000 ind./m’).

Mesocyclops oithonoides Sars., An open-water form, Very
common in Bstonian eutrophic lakes, In L. Vortsjdrv the
species could be found from April to November attaining
its maximom numbers in July and August ( at some places
up to 17,000 ind./m’).

Mesocyclops -cressus (Pischer)., An open-water form,Occurs
mainly in eutrophic lakes, In L., Vortejdrv it was found
in ‘small amounts both in the open water ( May 29, 1957)
and in bushes of Phragmites and Scirpus lacustris of
the southern cormer of the lake (Aug. 30, 1966).
Ergasilus sieboldi Nordmann, A fish parasite whose ju-
veniles are rather common in the open. water of Estonian
eutrophic lakes,In L. Vortsjarv juveniles were found in
rather small numbers in the open water (Aug. 13,1954).
In L. Vortsjarv it is a parasite of the pike-perch,
burbot, ruff, perch, whitefish, bream, roach and. rudd
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H ( Tewsms 1958).

| 65. Canthocamptus staphylinus (Jurine). A thermophobe form
with & benthic way of life, In L. Vortsjarv its subspe-
cies_stephylinus has been found in FPebruary ( Veldre,
Maemets 1956).

Cladocera

66. Sida crystallina (Miller). A common littoral zone form
in Estonian lakes, Occurred in all macrophytes of L.
Vortsjarv.

67. Diaphanosoma brachyurum Lieven, Occurs both in the open
water and in the littoral zone.Common in Estonian lakes
but in L. Vortsjérv it has been found only in the south-
ern corner of the lake, among bushes of Phragmites and
Scirpus lacustris ( Aug. 30, 1966) and at the mouth of
the Nigula rivulet,

68. Daphnia cucullata Sars.An open-water torm. Characteris-
tic of Estonian eutrophic lakes, In L,Vortsjarv it is
one of the dominant species, Occurred here from the end
of April till November (Fig.13), Attaining the largest
numbers in July and August(at some sampling spots up to
55,600 ind./m>). The Daphnis cucullate of L. Vortsjarv
belonge to the race Kahlbergensis Schoedler,

69, Simocephalus vetulus (Miller), A littoral zone form,
Prequent in Estonian lakes, in L. Vortsjarv found only
in the southern corner, among bushes of w and

- Scirpus lacustris (numbering 1,600 ind./m”).

70. Ceriodaphnia pulchella Sars. A littoral zone form. Com-
mon in Estonian lakes, In macrophytes of the southern
part of L.Vortsjdrv it reaches a rather large number at
some places (up to 15,200 ind./m>).

T1. Scapholeberis mucronata (Miller), A littoral zone form,
inhabitant of the surface layer, Occurs frequently in
Estonian lakes but in L.Vortsjary it haes been found on-
ly at the mouths of some rivulets: f, cornuta Schoedler
in the Rivulet Nigula Aug.,1956, var. bispinosa De Geer
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in the Rivulet Vaibla (Mihlen, Schneider 1920).

Bosmina longirostris (Miller). Occurs both in the open
water and in the littoral zone.Common in Eestonian lakes.
In L.Vortsjdrv,too,it is practically found all the year
round (no finds in PFebruary) while the abundance of the
species was highest in spring(May) and auntumm(from Sep~-
tember to November -at some sampling spots up to 10,000
ind./m’). In sverage numbers it ocan slso be found among
macrophytes. The following forms have been found in L.

 Vortsjarv ; jypica Miller, cormuta Jurine, brevicornis

Hellich, similis Lilljeborg. ~

_Bosmina obtusirostris Sars, Occurs both in the opem wa-

ter and in the littoral zone,Is common in Estonia above
all in oligotrophic and dystrophic lakes,In L.Vortsjarv
it (the subspecies obtusirostris Lilljeborg)occurred in
small numbers in the open water in April-May and in Au-
gust to November, being somewhat more numerous in May
and October (at some places up to 1,000 md./-’). Males
occurred in October,At some places the species was also
found in bushes of Phragmites and Scirpus lacustris of
L. Vortsjarv (up to 3,200 1!“1./-3).
Bosmina berolinensis Imhof, An open water form, In some
earlier works (e,g. Mihlen,Schneider 1920) it was iden-~
tifried as B, coregoni-longispine Leydig. In fact, it is
an independent species requiring much oxygen which in
Estonia, besides L. Vortsjérv, is found in L, Peipsi-
Pskow ( Mmemerc 1966),in the Narva River and the Stora-
ge Reservoir of Narva, in L, Valgjarv near Otepéa
(Mdemets 1960). In' L.V8rtsjirv it occurred in relatively
small numbers from April to November, being more nume-
rous in September-October ( at some sampling spots up
40 3,300 ind./n>).

Bosmina coregoni Baird. An open~-water form. Prog\!nt in
and characteristic of Bstonian eutrophic lakes., In L.
Vortsjérv it is one of dominants species ocourring from
April to January (Pig. 14).The number of the species is
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76.

7.

T8.

79.

80.

81,

largest in June and in August-September.Males are found
from September to December.The species is comparatively
numerous even among bushes of Phragmites of the north-
ern and central part of the lake ( at some places
up to 10,400 ind./m’):

Ilyocryptus sordidus (Lieven). A profundal form, Pew
finds have been made in Estonian lakes. In L. Vortsjarv
it has been found in small amounts on mud at a depth of
3 m only once (May 19, 1959). i
Dlyocryptus acutifrons Sars.A profundal form. Pew finds
in Estonian lakes, In L. Vortsjarv it has been found in
small amounts on mud at a depth of 2,9 and 4.9 m in May
and June ( with the temperature of the water ranging
between 13,9-18").

Lathonure rectirostris (Miller), A littoral sone form, .
Rather few finds have been made in Estonian lakes.In L.
Vortesjarv it has been found in emall amounts in the
southern corner of the lake, in bushes of Phragmites
and Scirpus lacustris, and 'at the mouth of the Nigula
rivulet. ;
Drepanothrix dentata (Euren), Mainly a littoral szone
form.In Estonies it has been found in few, mainly oligo-
trophic and mesotrophic lakes.In L. Vortsjarv it occurs
in the open water in May and September (with numbers up
to 500 1nd./n3).uts been found in the food of the bream
and the ruff of L. Vortsjdrv from June to September
(Haberman 1964 and unpublished data by Kangur).
Burycercus lamellatus (Miller). A littoral zone form.

Occurs frequently in Bstonian lakes. In L. Vortsjarv
found in small amounts in the southern corner,in bushes
of Phragmites and Scirpus lacustris (Aug. 30, 1966), at
the mouth of the Nigula rivulet and in the food of the
bream (Haberman 1964).

Camptocercus 1illjeborgi (Schoedler). A littoral sone
form, Comparatively few finds in Estonian lakes, 1In L.
Vortsjarv it occurs in the southern corner of the lake,
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mong ‘bushes of Mg; and Scirpus lacustris (with
numbers up to 1,600 ind./m”), also at the mouth of the
Nigula rivulet,

82, Acroperus harpse Bsird. A very common littoral zone
form, Occurred in all -crophytu of L. Vortsjurv. at
some places up to 4,800 ind,/n’,

3. Acroperus elongats Sars.*A littoral zone form. Prequent
in Estonian lakes, Prefers oligotrophic and mesotropbic
water bodies,In L.Vortsjarv it has been found in bushes

* of Phragmites and Scirpus lacustris near Tamme (Aug.30,
1966) at the mouth of the Nigula rivulet (Aug.1956) and
in the open water (Miihlen, Schneider 1920),

84. Oxyrella temuicsudis Sars,’ A littoral zone form.Comps-
ratively rare in Estonien lakes. In L. Vortsjarv it has
been found once in the southern corner of the lake, in
bushes of Phragmites and Scirpus lacustris(Aug.30,1966).

85. Aloma guttata Sare. A littoral zone form, Prequent in
Bstonian ' lakes, Prefers oligotrophic and mesotrophic
lekes, In L, Vortsjdrv some finds have been made in
August and September both in the open water and in the
littoral sone,

86. Alona costata Sars. A littoral zone form, Frequent in
Estonian lakes,preferring mesotrophic and eutrophic la=-
kes. In L, Vortsjirv 1t has been found in small amounts
in the open water ( in September ) and in the southern
corner of the lake, in bushes of Phragmites and Scirpus

( in August the numbers amounting to 4,800
ind,./m”) and at the mouth of the Nigula rivulet,

87. Alons rectanguls Sars. A littorel some form, Prequent
in Bstonian lakes, In L. Vortsjirv it occurs in small
amounts from May to October both in the open water and

i

~
According to N, Smirnov (1966), the species belongs to

i Behning (Bumn' 1941) and B, Manuilova ( Many#moma
1964) consider the species to be a member of the Genus -
Oxyrells,
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in the littoral sone, Males have been found in Septem-
ber and October, , ; it e
Alona quadrangularis (Miller), A benthic form, occurs

both in the littoral zonme and in the open water. In L.
Vortsjarv it has been found in smell amounts in the
open water in May, August, October and November and in
the food of the ruff also in Pebruary (unpublished data
by Kangur). : 2

Alone affinis Leydig.A benthic form, occurs both in the

littoral zone and in the open water, common in Estonian
lakes,In L.Vortsjérv it has been found in small numbers
from May to November, ocourring also among macrophytes
in the southern corner of the lake end steadily in the
food of the bream, ruff and other fishes (Habermen 1964
and unpublished data by Kangur).

Graptoleberis testudinaria (Pischer)., A form frequeditly
occurring in the littoral sone of Estonian lakes. In L.
Vortsjérv it hae beun found comparstively abundantly
(up to 4,800 hd./- ) among macrophytes of the southern
corner of the lake, also at the mouth of the Nigula
rivulet,

Leydigia leydigii (Schoodler). profundal form prefer-
ring eutrophic lakes, Few finds in Estonien lakes.In L.
Vortsjarv it has been found only onoce in the stomach of
a tream (Haberman 1964). i
Rhynchotalonas falcata (Sars). A littoral zome form,
frequently occurring on the sandy bottome In L. Vorte-
jérv it bas been found in the littoral zone near Tamme
and at the mouth of the Nigula rivulet in August as
well as in the open nter in October.

Alonella rostrata (xoch) oA littoral sone form which is
rather rare in Estonian lekes, In L. Vortsjarv it has
been found in small amounts in the open water  in May

e
D.G. Prey (1961) considers the species to be a member
of the genus Alonella,
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and from Jugust to November ( males in September ).In'
the food of the bream and the other species it has also
been found in June (Haberman 1964).

94. Alonella excisa (Pischer),A frequent littoral zone form
in Estonian lakes, In L. Vortsjarv it occurs rather
abundantly in the southern corner, emong bushes. of
JPhragmites and Scirpus lacusiris, and at the mouth of
the Nigula rivulet.

95, Alonella exigua (Lilljeborg).A littoral zone form, Pre-
quent in Bstonian lakes, In L. Vortsjdrv it has been
found abundantly in macrophytes of the southern cormer
together with Alonella excisa (Pischer),

96. Alonella nana (Baird), A common littoral zone form in
Estonian lakes which also occurs in the open water of

shallow lakes,In L,Vortsjarv it was found in small num-
bers in the open water from May to January, more abun-
dantly in September-October (males have occurred during
same period, It is also found in macrophytes of the
littoral szone,

97. Peraceantha truncata (Miller), A 1littoral zone form,
Being a common species in Estonian lakes, it has been
found among mecrophytes of the southern corner of L.
Vortsjérv and at the mouth of the Nigula rivulet ( in
- August), It has also been found in the open water (Miih-
len, Schneider 1920),

98, Pleuroxus laevis Sars.A littoral zone form. The speties
is rather rare in Estonian lakes, Its ocourrence in L,
Vortsjarv is mentioned by M. zur Mihlen end G. Schnei-
der (1920).

99. Pleuroxus trigonellus (Miiller), A littoral zome form,
Rather frequent in Estonian lakes., In L. Vortsjarv it
has been found in emall numbers in the open water in
September (sampling spot 2), It also occurs in the food
of the bream and ruff (in September and August) & (Ha-
berman 1964 and unpublished data by Kangur).
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100, Pleuroxus uncinatus Baird., A benthic form occurring
mainly in the littoral zome but also met with in the
open water, Rare in Estonian lakes, In L, Vortsjarv it
has been found in the food of the bream in September
(Haberman 1964), also found in the food of the ruff in
July, August and September { the fish were caught near
the Limnological Station and near Tamme - data by
Kangur).

101, Chydorus gibbus Lilljeborg. Both an open- water and
littoral zome form, In Estonia it occurs mostly in
larger lakes on the sandy and muddy bottom. In L.
Vortejérv the species has been found in small numbers
near Vehendi in bushes of Phragmites and Scirpus la-
custris in August and in the open water in October
(sampling-spots 2,5,6).

102, dorus piger Sars, Occurs more  frequently on the
sandy and muddy bottom of the littoral zone but also
in the open water of shallow lakes, preferring oligo-
trophic and mesotrophic water bodies, Not very fre-
quent in Estonian 1lakes. In L. V8rtsjédrv it has been
found in emall amounts in the open water in July end
Angust, likewise among bushes of Phragmites and Scir-
pus lacustris near Tamme and Vehendi in August. The
species has also been found in the food of the bream,
ruff and other fishes ( Haberman 1964 and unpublished
date by Kangur).

103. Chydorus sphaericus (Miller). Both an open-water and
littoral zone form. Occurs very abundantly in the open
water of eutrophic lakes only; is very frequent in Es-
tonia., One of the dominant species in L. Vortsjarv,
Here it can be found practically all the year round
(Pig. 15) while in meximum numbers it occurs in July
(sometimes in June or August). At some sampling spots
the number has been found very high ( up to 218,000
1nd./n3).

104, Chydorus latus Sars, A littoral zome form which rarely
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Pig. 15. Seasonal dynamics of the numbers of Chydorus
spheericus in L. Vortsjérv in 1965 and 1966.
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" 107.

108,

109.

occurs in Estonian lakes, In L. Vortsjérv it has been
found once in the open water ( at sampling spot 2 ) in
September (Sept. 30, 1960).

Monospilus dispar Sars., Occurs both in the 1ittoral

zone and in the shallow open water but prefers a san-
dy bottom, Not frequent in Estonian lakes.In L., Vorts-
jérv it has been found in emell numbers in the open
water in August and October, in the littoral zone near
Tamme and Vehendi (Aug. 30, 1966 ). The species has
been found in the food of the bream in May and Septem~-
ber (Haberman 1964).

Anchistropus emarginatus Sars. A rare littoral zone
form in Estonian 1lakes, In L., Vortsjéarv it has been
found once in small smounts in the southerm cormer, in
bushes of Scirpus lacustris (Aug. 30, 1966),

Polyphemus pediculus Linne. Lives both in the littoral

zone and in the shallow open water. Frequent in Esto-
nian lakes but prefers oligotrophic and dystrophic

lakes, In L. Vortsjarv it has been found in large num-

bers near the pier of the Limnological Station at the
end of April (the temperature of the water being 7.8 ).
According to M. zur Mihlen and Schneider (1920) it has
been found only once in the stomach of a perch,
Bythotrephes longimanue Leydig. A very rare open-water
form in Estonian lakes, In L. Vortsjarv one specimen
(spot 3;July 30,1961) was found which was close to the
var, brevimanus Lilljeborg. Similar populations of -the
species are found in the lakes Peipsi-Pskow and Ulemis-
te. The occurrence of Bythotrephes sp. 1is mentioned by
M. zur Mihlen and G. Schneider (1920).

Leptodora kindti (Focke).A very common open-water spe-
cies in Estonian lakes which is of great importance as
food for fish, In the open water of L. Vortsjarv the
species occurs in small numbers from May to August and
is somewhat more numerous in June(at spot 5 even 4,000
ind./m>). It seems that in comparison with the data of
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1953 the numbers of the species in L. Vori sjérv have
noticeably deoreased. Due to its large size, Leptodora
is a valuable constituent of the food o. young pik per-
ches (Erm 1961).
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ON THE Pi TES OF P
OF LAKE VORTSJARY
H, Tell
Institute of Zoology and Botany

L. Vortsjirv is a large (270 sq km), shallow (the aver-
age depth being 2.8 m) lake of a eutrophic character.

Four well-znown predatory fishes of industrial  import-
ance - pike, perch, pike-perch, burbot -~ 1live in the lake.
The fishes mentioned begin to kill other fishes at a rather
early age, The pike at the age of some months uses the larvae
and fries of other fishes, mainly of cyprinid fishes, as its
food. The adult pike uses mainly perches and roach for its
food. O + year-old perches feed on zooplankton and switch
over to the predatory way of life in the second year only or
still later. At first they feed on the larvae and fries of
otner perches, later on they also use smelts, ruffs and roach
for their food. The <fries of the pike-~perch start killing
those of the smelt at the age of some months already. After-
wards they feed mainly on the smelt and the perch. The burbot
feeds on invertebrates during its first life-year and uses
small fishes for its food afterwards, especially the ruff and
the perch (PIHU 1963, KANGUR 1969 a, KANGUR 1369 b).

Predatory fishes get most of their parasites with their
food. It is the food that determines the character of the pa-
rasitofauna of these species. During the years 1964, 1962 and
1968, 390 predatory fish (250 perches, 60 pikes, 40 pike-per-
ches and 40 burbots) were studied. The fish were taken from
different parts of the lake (northerm, central and southern
parts). The fish were studied according to the method of ich-
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thyoparasitological dissection elaborated by V. A. Dogel.
Mostly helminths are studied while the studies on protozcan
are rather insufficient. Parasites of each species will be
presented in the form of a table where the infection of the
organs of the fish species (percentage of the total number
of the studied fish) and its intensity will be given.

Pike - Esox-lucius.All in all,60 pikes were dissected -
15 f£ish from the northern part of the lake in the May of
1964,20 fish in the summer and 15 fish in the autumn of 1965
from the central part of the lake and 10 fish from the cen-
tral part of the lake in the winter of 1968.The studied pikes
fell into the following age groups: O +, 1 +, 2 +, 3 +, 4 +,
S5 4, 6 #.

26 species of fish parasites occurred with the pike of
which 10 were dominant: Myxidium lieberlmhni. Myxosoma du-

Jjardini, Tetraonchus monenteron, Triaenophorus nodulosus ’
Dipbyllobothrium latunm, Lzygia lucii, Diplostomulum clavatum,
Rhaghidaacaris acus, Camallanus lacustris and Ergasilus sie-
boldi.

Dominant species infect the fish with & Liish infectl
on percentage and intensity and they are often specific pa-
rasites for one species of fish only. Predatory fish have
less specific species of parasites than non-predatory fish,
as they mainly feed on the same prey fishes.

The infection of the pike with parasites was different
in different age groups. The smallest number of parasites
was found on O + year-old fish and 1 + yeap-old fish-13 while
the largest number -~ 22 species of parasites was found in
group 3 +. In the first and second age group the pike was
highly infected with Myxosoma dujardini. Henneguya psoros-
permica, Diploatonulun clavatum, Azygia lucii, Phyllodisto-
mum folium, Ergasilus sieboldi.

On 3 + year-old fish some species which were absent in
the previous cases were added: Proteocephalus esosis, Acan-
thocephalus lucii, Camsllanus lacustris, Cotylurus pileatus
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Table 1

Parasites of t. ke
| S e B
Name of the Organs o ection
Parasite ng:c- of one fish
tion | gver Rini-[maxi-
age mum
Chloromyxum esocinum gall-bladder
urine-
bladder +
Myxidium lieberkiihni gall-bladder
urine-
bladder 83 + +
Myxosoma dujardini gills - 41.6 | 1.6 3
Myxobolus mulleri gills 5 0.2 3 10
Henneguya psorospermica | gills ;20 0.7 1 15
Ichthyophthirius
multifiliis skin +
Trichodinella sp. gills ¢ 19 0.5 1 9
Tetraonchus monenteron | gills 45 38 1 | 860
Triaenophorus nodulosus | intestine
; liver 83.3 | 22.2 % .1£.930
- T, crassus intestine
‘| muscles 8:31 0.95):1 3
Diphyllobothrium latum | internal :

: organs 45 3 3 i 25
Proteocephalus esocis intestine 8.3.1 0.25] 1 12
Bucephalus polymorphus | intestine

stomach 6.6 | 0.4 | 27 46
Bunodera luciopercae intestine 1.6 | 0.4 3 25
Azygia lucii stomach
intestine 36.6 | 1.4 2 13
Phyllodistomum folium urine-
bladder 18.31 2.7 1 G4
Diplostomum spathaceum | eyes 3:3.1:0.01% 14 1
Diplostomulum clavatum | eyes 58:3:1 .65 1 1 60
Neascus brevicaudatus eyes Fe 30051 494 2
| Cotylurus pileatus heart and in- p
ternal organs 6.6°| 0.15| &4 )
Rhaphidascaris acus intestine 30" 2:3 2 29
Camallanus lacustris intestine 35 1,4 1 12
Acanthocephalus
lucii intestine 8,3 | 0,62 1 9
‘ Piscicola geometra skin 3. 0.2 1 1
Ergasilus sieboldi gills 93.3 |34.3 1 150
Argulus foliaceus gills
skin 10 0.16| 1 3
|
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and several other rarely dccurring and less essential spe-
cies. The infection with Tetraoncbus monenteron, Triaeno-
phorus nodulosus and Rhaphidascaris _acus increased. wao-
soma dujardini, Heuneguya Esorosggrnica, Diplostomulum clar
vatum, Azygias lucii, and Ergasilus sieboldi occurred less
than in the previous groups.

4 + year-old fish had 17 species of parasites. As com-
scus brevicaudatus were added while Chloron;;hm ”eaoq}ggm,
oLchthyophthirius multifiliia, Cotylurus pileatus, Bunodera
luciopercae, ggzllodistomum folium, Proteocephalus __esocis
and Piscicola gsometra were absent.

16 species of parasites were found in the age groups 5+
and 6 +. In comparison with the previous group the same do-
minant species were found while some rarely occurring
species were added and some were absent.In general the lower
infection could be observed in the last groups.

Perch - Perca fluviatilis. Of the 250 perches studied,
50 ones were taken from +he northérn part of the lake and
analyzed in the autumn of 1964, 25 specimens were taken
from the centrel part of the lake and analyzed in the winter
of 1965,8snother 25 were caught in the same place and analyzed
in the spring of 1965. 150 perches were also taken from the
central part of the lake and analyzed in the summer of 1968.
Both young and adult fish were dissected (1 +, 2 +, 3 +, 4+,
54, 6 +y 7 +, 8 #.

26 species of fish parasites were found,of which 9 spe-
cles were numerous: Triaenqphorua nodulosus, Proteocephalus
percae, Bunodera luciopercae,Tetracotyle gercae-fluviatills,
Diplostomulum clavatum, Dlglostomum spathaceum, Camallanus
lacustris, Acanthocephalus lucii and Ergasilus sieboldi.

The smallest number of parasites occurred in the first
age group (8 species) and the biggest number in group 4 +.
(16). There were parasite species dangerous for young fish,
there were also species dangerous for adults. In Lake Virts-
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Parasites of the Perch

Table 2

Infection| Percen- | Intensity of the
g:::sgeth‘ of the me of Jinrection of
organs ectio:
um um
Henneguya psorospermical|gills 0.8 2 9
Trichodina sp. gills
skin + + ++
Ancyrocephalus
paradoxus gills 3.2 * 8
Triaenophorus nodulosus|liver 52 1 9
Diphyllobothrium latum
larva muscles 8 A 2
Proteocephalus percae intestine 32 1 27
Bucephalus polymorphus |intestine 2.4 2 20
Phyllodistomum folium |urine-
bladder 1.6 ) 3
Agygia lucii stomach 2.4 1 3
Bunodera luciopercae intestine 52 3 108
Tetracotyle echinata heart and
internal
organs + + +
Tetracotyle percas- heart and
fluviatilis internal
organs 92 10 1600
Diplostomulum clavatum |eyes 52 1 720
Diplostomum spathaceum |eyes 80 2 200
Neascus brevicaudatus |eyes 1.6 1 2
. Rhaphidascaris acus intestine 10 1 2
Rhabdochona sp. larva |liver 3.2 1 1
Spiruridee larva liver i 3.2 1 7
Camallanus lacustris intestine ™ 1 60
Camallanus truncatus intestine 0.8 1 2
Bustrongylides larva muscles 2.4 1 2
Acanthocephalus lucii |intestine 32 1 &0
Piscicola geometra skin 4 2 2
Ergasilus sieboldi- gills 20 5 %
Achteres percarum glills 3.2 1 2
Argulus foliaceus gills
o skin 6.4 1 10
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Jérv the following parasites were dangerous for young fish:
Ancyrocephalus paradoxus on gills, Triaenophorus nodulosus
in the liver and Tetracotyle percae-fluviatilis on membranes
of internal organs. Proteocephalus percae, Bunodera lucio-
perces, Camallanus lacustris, Ergasilus sieboldi endangered
adult fish (4 years old and older). The infection with the
larvae of Trematoda was especially high.

Tetracotyle percae-fluviatilis and Diplostomum spatha-
ceum infected the perches studied in the range of per cent
100 with an intemsity till 1000 cysts in the membra-
nes and 160 metacercars in the eyes of one fish. Diplostomu-
lum clavatum (70-80%) also infected the eyes of the fish in
a high degres.In the age group 6 + fish were found in whose
eyes 600-700 metacercare were established. High infection
with the larvae of Trematoda is characteristic of the follow-
ing age groups as well while the infection with other spe-
cles of parasites begins to decrease in the group of 5 - 6
year-old specimens.

Pike-perch - Lucioperca lucioperca. All in all 40 pike-
perches were studied, of them 15 ones in the summer of 1364,
5 in the autumn of 1965, 15 in the spring of 1368 and 5 in
the summer of 1968. All of them were caught in the central
paxrt of the lake.

The analyzed pike-perches belonged to the following age
groups: 1 +, 3 +, 4 +, 5+, 7 +, 8 +, 10 +.

15 species of parasites could be found, of which only
4 were dominant: Diplostomulum clavatum, Cotylurus pilea-
Yus., Camallanus l-cuatr:l.a, Ergasilus sieboldi.

With most of its parasites the pike-perch is infected
via food, all dominant species except for Ergasilus sie-
boldi included. In the case of the pike-perch it was rather
difficult to observe the infection of the fish according to
age groups as the number of fish was small (4-6 fish in one
group).

Young fish were strongly infected with 5 parasite spe-

170




Table 3

Paragites of the Pike-Perch
i Percen- Intensity of
Name of the
Organs tage the infection
Parasite of of one fish
infec-
tion aver- [mini-| maxi-
age mus | Bum
Myxobolus sp. muscles +
Trichodina sp. gills +
skin
Ancyrocephalus para-
doxus gills 12.5 0.35 1 3
Bunodera luciopercae intestine 15 0.65{ 3 16
Azygia lucii stomach 12,5 0.29] 1 2
Diplostomum spatha- I
ceun | eyes 10 0291 2 3
Diplostomulum clavatum eyes 45 4.1 3 23
letracotyle percae-
fluviatilis ?:art and
! ternal
organs " * +
Cotylurus pileatus | heart and
. internal
organs 2.5 . 131564 10 80
Camallanus lacustris | intestine 52.5 3.4 3 18
Camallanus truncatus | intestine 10 0.27| 1 3
Hepaticola
petruschewskii liver 15 0.25] 1 12
Acanthocephalus lucii | intestine 5 0.1 | 2
Ergasilus sieboldi gills ‘90 4.4 2 &0
Argulus foliaceus skin 2.5 0.024 1 1
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cles: Bunodera luciopercae, Cotylurus pileatus, Diplostomu-
lum clavatum, Camsllanus lacustris and Rrgéiﬂs sieboldi.
In group 4 + the weakening of the infection could be noticed
as compared with the previous group. Both Camallanus lacust-
ris and Bunodera luciopercae are absent. Ergasilus sieboldi
infected as strongly as in the previous group. Smaller chan-
ges could be observed in the case of rarely occurring spe-
cies. In group 5 + the intensity of infection was almost the
same as ‘in group 4 +. In the last groups (7 +, 8 +) the gen-
eral intensity of infection was decreasing.

Burbot - Lota lota., 40 burbots wers dissected:10 in the
winter of 1964, 15 in the spring of 1965, 5 in the summer
and 10 in the autumn of 1965. All of them were caught in the
central part of the lake.

The analyzed burbots belonged to five age groups (3+,
4 4+, 54,6+, 724).

The burbot had 18 species of parasites, of which 6 had
a high percentage of infection and intensity: Myxoboluy cyc-
loides, Bubothrium rugosum, Diphyllobothrium latum, Diplosto-
mum spathaceum, Camallanus lacustris, Ergasilus sieboldi.

As for the dependence of the parasitofauna on the age
group of the burbot, the results may be of occasional char-
acter as the number of fish in each group was small.

The smallest number of parasites (11) was found in
group 3 + and the biggest (14) im group 7 +. In group 4 +
there were 12 and in groups 5+, 6+ - 13 species of parasites.

In group 3 + Myxobolus cycloides, Diplostomum spatha~
ceum, Eubothrium Tugosum, Di&llobothrium latum, lela-
nus lacustris, Ergasilus sieboldi and clstobranchus mammil-
latus had a high percentage of infection and intensity.

m.w for Diplostomum spathaceum and Cystobranchus
mammillatus, the same parasites could be found in group 4 +
a8 in group 3 +. The two species mentioned were somehow ab-
sent in group 4 + but occurred again in the following groups.
Myxobolus cycloides and Eubothrium rugosum infected the fish
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Intensity of

Percen-
Name of the Organs tage the infection
Parasite of of one fish
infec-
tion aver-|mini+maxi-
age |mum |mum
Chloromyxum 8p. gall-bladder -
Myxidium sp. gills 1755 152:] -3 29
Myxobolus cycloides gills 40 74,5 | 3 , |700
Eubothrium rugosum intestine 77.5 8 1 60
Diphyllobothrium latum | muscles, ;
internal
. organs 72.5 1%4.5 | 3 42
Phyllodistomum sp. urine-bladder| 7.5 0.09] 1 2
Diplostomum spathaceum | eyes 30 3 2 19
Diplostomulum clavatum | eyes 22.2 1311 10
Neascus brevicaudatus | eyes 12.5 0.22] 1 8
Cotylurus pileatus stomach o b 0.9 | 3 8
Rhaphidasearis acus intestine 5 0.02| 1 1
Camallanus lacustris intestine 07 4.1 1 40
Bystrongylides sp. intestine 12.5 0.211 3
Acanthocephalus lucii | intestine 15 0.3 141 B3
Piscicola geometra skin 5 0.07] 1 3
Cystobranchus mammi- gills
latus skin 20 4.4 t 6 50
Ergesilus sieboldi gills 72.5 3.6 | 1 18
Argulus foliaceus skin 5 0.02} 1 1
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more weakly than in the previous group while Diplostomulum
olavatun and Ergasilus siebold;} occurred more abundantly. '

In groups 5 +, 6 + the general tendency was towards a
wider infection, the only exception being Myxobolus cyc-
loides, the infection with which was constantly decroui;zrﬁ

Of the 38 species of parasites observed on the preda-
tory fishes of Lake Vértsjirv, 17 were ectoparasites and 21
endoparasites.

Ectoparasites infect their host directly from the envi-
ronment. They mainly reside on the gills, fins and skin of
the host. Their development is direct and their occurrence
in the water body is largely dependent on the temperature of
the water and chemical conditions.

Endoparasites get on their host with food and reside in
its internal orgamns. Their development proceeds via one or
several intermediate hosts.

Endoparasites may be divided into species which become
sexually mature in the fish and species whose larvae live in
the fish.

There were few specific ecto- and endoparasites, char-
acteristic of one certain species of predatory <fish only
(Table 5).

The pike had four specific ectoparasites, the protozoa
Chloromymum esocinum, Myxidium lieberkihni, Myxosoms dujar-
dini and Monogenea Tetraonchus monenteron. The occurrence of
Myxobulus miilleri on the gills of the pike seems to be acci-
dental. In Lake Vértsjdrv it is a parasite of non-predatory
fishes, although in our material it occurred on the pike
only. Of endoparasites we should mention the Cestoda Triae-

nophorus nodulosus, to some extent Proteoceghalus esoc:l.a
and Trematoda FPhyllodistomum f/o,lﬁgn,a . Bucephaius po]quLu
may also occur on other predatory fishes, but in Lake Vdrts-
Jédrv it was found on the pike only. The abundant occurrence
of Trisenophorus nodulosus in the intestine of the pike pro-
ves that the pike in Leke Vdrtsjirv uses young  littoral

perches for its food.

174




It is interesting to note that protozoan gill parasites
were completely absent on the perch and pike-perch of Lake
Vortsjdrv while the Monogenea Ancyrocephalus paradoxus was
represented, although they were rather few in number. It is
probably caused by the biochemical unsuitability of tissues
with the mentioned groups of parasites. The perch had not a
single considerable specific species of parasites. The Nema-
toda of the liver Hepaticola petruschewskii occurred rather
modestly and even these specimens were often almost degen—
erated in the cyst. Well - known specific parasites Protozoa
Myxobolus cycloides and the Cestode Bubothrium rugosum occur-
red abundantly on the burbot.

Predatory fishes of Lake Virtsjdrv had several common
dominant endoparasites which still had a certain specific
inclination towards ome or amother species (Table 5). The
common ectoparasite Ergasilus sieboldi strongly infected all
predatory fishes except for the perch. It may be explained
by the fact that Ergasilus aieboldi is an open-water para~-
site which keeps aloof from areas covered with vegetation and
in our analyses no distinction was made between the littoral
and pelagic perch. On the other hand, the biochemical unsui-
tability of the gill tissue of' the peri:h for Ergasilus sie-
boldi may be another reason for it.

There were seasonal regularities in the infection of
predatory fishes with dominant parasites. It wes espec—-
ially clear in the case of sexually mature endoperasites and
rather indistinct in .the case of the larvae of endoparasites
which do not become sexually mature in fish. Predatory fishes
were most strongly infected in the spring and least of
all in the early summer. In general, the infection constantly
increases from the second half of the summer t+ill spring
when it culminates. It highly decreases at the beginning of
summer. The process continues till the second half of summer
when the opposite process starts again. It is caused by the
yearly development dynamics of endoparasites. The yearly
development dynamics was fixed in the case of Cestoda Triae-
nophorus nodulosus, Eubothrium rugosum, Termatoda ’?l\:nodera
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Name of the Ectopara- Percen- Endoparasites
Fish sites z:?o. of
ection| Sexually mature [Percentage Larvae h’orcentase
of inf. of inf.
’ % ¥ 2 o 4 5 6
Chlo: Triaenophorus
esocinum + nodulosus ! 83.3
dium Triasenophorus
lieberkiibni 83 crassus 8.3
s BEBOX lucius Myxosoma Proteocephalus
a dujardini 41.6 | esocis 8.3
(Kyxobo. Phyllodistomum
Imeri])*e 5 fgiiun 18.3
Tetraonchus (Bucephalus
monengeron 45 polymorphus) 6.6
Perca fluvia- Achteres Proteocephalus Tetracotyle per-
tilis percarum 3.2 | percae 32 cae-fluviatilis 92
Lucioperca Myxobolus sp. Hepaticola petru
lucioperca schewskii 15




Lit

‘| Chloromyxum Sp.

Eubothrium mgo—’

Table 5 continued

sum 77.5
Myxidium sp. 17.5 | Phyllodistomum 2.5
8p.
Lota lota Myxobolus
cycloides 40.
Cystobranchus
mammillatus 20
E. lucius Henns pso- | E.-20 (Triaenophorus P =52
P. fluviatilis 1‘°°P°§:‘ P - 0.8 nodulosus) E-6
L. lucioperca |Ancyrocepbalus |ILu-12.5 | Camallanus P~ 0.8
—g. fluvxat!lig m P-1.2 truncatus M
Be lucius - Rhaphidascaris E =30
L. lota — Io- 5
L. lota Bustrongylides P-2.4
P. fluviatilis sp Lo-12.5
E. lucius (Zeh thrius | B + Bunodsra lucio- P 52
P. fluviatilis | W01t ) ;: percas :u -;1';.6
+ “
L. lucloperca |(ersonogina (B +  |Asysts luoss B -36.6
sp) P+ P -2.4
1o+ n-12.5




Table 5 continued

8L1

1 » 2 3 3 5 1
lota - Diphylloboth~
lucius rium latum
fluviatilis Neascus brevi-
caudatus
lucius (Pisci:ola g - 2.3 ganaltaﬁs g -glsc» (Dip%:atm)
geometra - acustr: : -~ 8 aceum
fluviatilis A Lu-52 -
lucioperca Lo~ 5 Lo-50
lota (Ergasilus E -93.3 | Acanthocephalus P =32 (Diplostomulum
sieboldi) Lu-90 lucii E -43.3 ¢lavatum)
P =20 Lu- 5
Lo-72.5 Lo-15
(Argulus E -10 (Cotylurus
foliaceus) P - 6.4 pileatus
ILu- 2.5
Lo- 5

¥ The species mentioned in brackets also occur with some other kinds of
fish of Lake Vortsjarv.



/

lgg.omrcu. Azygia lucii, Phyllodistomum folium and B&K
toda Rhaphidascaris acus. In the spring (the end of April
and the beginning of May) the above-mentioned *parasites
ac uired their maximum size and their abdominal cavity was
filled with ova. At that time the percentage and intensity
. of the infection of fish was high. At the end of May and
beginning of June parasites disappeared from the fish.In the
following period began a gradual infection of the fish with
the young parasites developed from the ova. At the end of
June and beginning of July the precentage and intensity of
the infection of fish were very low. Alongside of the
growth of parasites the intensity of infection also grew
till the next spring. The larvae of endoparasites which do
not become sexually mature in fish infected the fish with
& uniform precentage and intemsity the whole year xround.
Neither were any development changes observed.

In case of strong infection certain parasites may cause
diseases and death of fish.The larvae of endoparasites cause
several diseases of fish.

Diplostomosis -~ an eye-disease of fish. It is caused
by metacercars of the Terematods Diplostomum spathaceum and
metacercars Diplostomulum clavatum whose adult from 1is not
known. In Leke Vértejérv the larvae of Diplostomum spatha-
ceum infected up to 80% of the eyes of the perch. The para-
site got on the perch with food (i. e. fishes feeding on
benthos, in the present case the ruff). Diplostomulum clava-
tum occurred abundantly in the eyes of the pike, perch and
pike-perch.The way of this parasite to its host in partially
the same as the above-mentioned one, another part of parasi-
tes intrudes into fish independently.Data from the literatum
reveal that cercars of the Trematoda leaving the mollusc af-
ter the end of a certain stage of development, are able to
actively intrude into blood-vessels of fish through the skin
and get afterwards into the eyes,which become their places
of. In order to become sexually mature, they must get in-
to the intestinaltract of waterfowl. It seems that in the
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eye of the fish they remain in the same stage of development
for a long time. We have had no case of finding a dead or
degemntoq parasite in the eye of the fish.

Tetracotylosis. A disease of the mesemtery, pericardium
of heart, sexual organs and other internal organs of fish.In
cases of strong infection the generator of the diseases was
found in the brain and eyes of the fish (ruff),in easier ca-
ses it was located in membranes of internal organs and on pe-
ricardium of the heart.Opinions exist that the waste-products
¢f metabolisa om the parasite have a toxic effect on certaim
cpecies of fish. The metacercar Tetracotyle variegata
of the Trematoda Cotylurus pileatus and the metacercar ggtra-
cotyle percas~fluviatilis occurred in the role of the gene-
rators of the disease.Both species could be found in the con-
nective tissue vyst of the membrame of the fish. Te$racotyle
percae-fluviatilis infected stromgly the perch and Tetraco-
tyle variegata the pike-perch.Both parasites get on the fish
with food,i.e. fishes which feed on benthos.Some cercars im-
trude into the fish independently. A peculiar feature is the
frequent occurrence of htmogle in the intestine of the
burbot. The® specimens found probably got into the intestine
of the burbot with food (fish) where the comnective tissue
mtamomugmluumugutins The larva was very
vital and as regards its internal comstruction similar to
Tetracotyle variegata. As for the sisze it was bigger than
the metacercar of cyst Tetracotyle varieetu. The latter has
not been found on the membrane of the internal organs of the
burbot.

- Zxisenophorosig, A disease of the intestine and liver
of predatory fishes. Bexually mature . parasites cause the
conatipation of the pike. The hooks of scolex harm the in-
ternal tissue of the intestine, where the inflammation may
arise. B8till more dangerous are the larvae in the liver
of 'young fish where they damage the tissue and reserve sub-
stances of the liver, cause disturbances of metabolism and
even death.The generator of the disease, Cestoda Triaenopho-
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| rus nodulosus infected the pike of Lake Virtsjirv in the ran-
ge of 83 per cent,its larvae had the same effect om the liver
' of the perch in the range of 52 per cemt,on that of the pike
in the range of 6.6 and on the liver of the burbot in the
range of 1 per cent. The livers of the young fish were more
strongly infected than those of the adult fish. The area of
the liver of young perches damaged by the cysts of the para-
site formed a half to two thirds of the total. One- amd two-
year-old perches were infected with the larvae of Triasno-
phorus nodulosus most of all, 80 and 70 paer cent respective-
ly. Most of the plerocercoids were vital. Among 3-year-old
perches the infectiom of the liver decreased amd so did the
aumber of vital plerocercoids in the liver. The livers of
young pikes were rarely infected with plerocercoids. The rare
cases occurred in the late summer and in the autumn when
Triaenophorus nodulosus residing in the intestine had not
groun up yet. In the liver of the burbot plerocercoids were
found very raroly and even these were weakly developed im
the cyst or dead.

The procercoids of Triasnophorus modulosus grow in co-
pepodae. Therefore it is understandable why namely omne- and
two-year-old perches who feed on plankton are strongly imfect-
ed with the pearasite. Pikes, feeding im their turm on young
perches, get thus infected. The plerocercoid gets free from
the liver of the perch during the digestiom of the liver tis-
sue, grows in the intestine of the pike and becomes sexually
mature. :

The burbot which also uses the young perch for its food
and the ruff (young ruffs got imfected with the plerocer-
colds of-the parasite almost as highly as perches) was not
infected with @riaemophorus nodulosus.Obviously the digestion
enzymes and the digestiomn activity of the burbot are dif-
ferent from those of the pike. In the intestine of ths burbot
the plerocercoids is digesting together with the liver. It is
possible that the burbot has a certain immunity towards the
parasite or the fact may be explained by the biochemical un-
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suitability of tissues with each other. The organism of the
burbot is able to damsge the tetracotyles and the larvae of
Diphyllobothrium lutum more than other fishes. :

Diphyllobothriosig., The predatory fishes of Lake Virts- |
jérv the burbot, the pike and the perch spread a dangerous
invasion disease of the man and domestic animals diphyllo-
bothriosis when the fishes are used for food in the raw or
half-raw fori.m plerocercoids of the Cestoda Diwlloboth-
rium latum infected the burbot in. the range of 72.5%,the pi-
ke in the range of 45% and the perch in the range of 8%. It
is interesting to mote that during the years 1952-1954 the
analyzed burbot and pike were more highly infected,91 and 72
per cent respectively.

Predatory fishes got infected with the larvae of the
Diphyllobothrium latum via prey~fishes who feed on plankton.
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Kingissepp District Central Hospital

The information about the relations of rheumatiem and
climate, particularly about the mutual connection between
contraction of rheumatism and meteorological agents is
contradictory, L, TRAUNIR (5), T.J, O'REILLY (3), T.N, NIKONO-
VA (II), D, ASSMANN (I), D,GROSS (2) and B,G,HAIKINA with
co-authors (I3) assure that meteorological factors play a
substantial part in the development and the clinical course
of rheumatism, Some of the authors consider those factors
to be second-rate /A I NESTEROV and J, A SIGIDIN (I0),
J. A.GORYAYEV (7)/ or even deny the connections with meteoro-
logical agents /I, I, VILENSKI with co-authors (6), D, TSEREN-
GIN (14)/, '

Contraction of rheumatism and exacerbation are more
often connected with the increasse of the relative humidity
of the air (5,I0) and with the variation of the. air pres-
gure, especially in spring and autumn (5), with the instabi-
lity of temperature (II), seldom with variation in solar re-
diation and atmospheric electricity, the velocity of the
wind, the abundance of precipitation and the pressure of wa-
ter vapour (I2),

As the majority of the researches of this kind have been
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carried out in regions of the continental climate ( above
all those which deny the importance of the met eorological
agents) (7,14), there is still 1ittle information about
the influence of the above-mentioned agents in the regiona
where the maritime climate obtains,

The complex effect of the disadvantageous meteorologi-
oal agents is closely connected with colds, Catching cold
ip first of all due to the variation of the above=
mentioned meteorological agents, especially the instabili-

ty of subnormal temperature (8,9,15), A, I NESTEROV and ]

J. A, SIGIDIN (I0) discuss chill ae a nonspecific irritating
agent, as a provocative moment in the formation of the re-
lapses of rheumatism,

The present paper deals with the contraction of rheuma-
tiem in a district which according to A,RAIK (4) belongs
to the sphere of the maritime climate,

The climatic conditions of the largest islands of the
Estonian S,S,R, (the islande of Saareamaa, Hiiumaa and Muhu)
in many respects differ from the conditions obtaining on
the continent, The biggest differences become evident . in
the seasons and the mean temperature of the year and in
the mmber of frosty and warm days, Thus the mean  anmal
temperature on the island of Vilgandi reaches +6, 0°C, the
mean temperature in Pebruary is -3, 2°C, In winter it is
3 to 5°C warmer on the island of Sasremaa than in the east
of Bstonia, Spring comes about two weeks later than in the
east of Estonia, In summer there are appreciably fewer hot
days, but autumn lasts longer and is warmer, On the whole,
the climate is more homogeneous,

In the years of 1963-1968 all the rheumatic cases in
the districts of Kingissepa and Hiiumaa, altogether 566
adults and children, were recorded and were 'contimously
observed, In the same period information was collected
about the contraction of mm. catarrh of the upper res=-
p!.ntory trect, influemsa and scarlet fever, The data of
the meteorological etations situated on the above=
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mentione? islands, and actinometric observations that are
carried out in the Eatonian S,S,R, were collated during
the same years,

Rheumatic attacks were more often preceded by angina
and chronic tonsillitis (6I%) and seldom by influenza and
the catarrh of the upper respiratory tract (24%).

It became evident that contraction' of rheumatism was
dependent on the seasons, cases of rheumatism became more
frequent in March, April and October, For example, 63% of
the total number of the rheumatic attacks on the island of
Hiiumaa occurred in March, April snd October.

In spring, contraction of rheumatism becomes more
frequent in periods when the extensive instability of at=-
mospheric temperature fluctuates in the range of subnormal
temperature (+I0,,,=I10°C) and the relative humidity increa-
ges, the actual duration of eunshiné becomes shorter +than
the potential duration and total radiation decreases, In
autumn the number of rheumatic attacks increases with the
rise of the relative humidity, atmospheric pressure decree-
ses, M the instability of atmospheric pressure is
high, while the actual duration of sunshine is shorter
than the potential one,

We calculated the amount of relspses and contraction
of rheumatism and the correlative dependence between indi-
vidual meteorological indices (M) by months,

The correlative connection is high and contrary to the
mean air temperature (7 ==Q 89,..,~0, 95), the actual dura-
tion of sunshine in per cent (7 ==0,72..=C 84) and the to-
tal emount of radiation (7 ==0,7Q,..=Q 85), The correla-
tive connection is noticeable and contrary to the gnantity
of precipitation (% ==Q,6Q,,..~0, 90) and the pressure of
the mean water vapour (7 ==0,6Q,,,-0,80), The above-
mentioned connection is moderate and contrary to the mean
speed of the wind (7 ==0,33,..-Q 85).

The correlative connection is noticeable and not con-
trary to the mean relative humidity of the air (M =0,62..
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Q,74), the mean air pressure (n=0,6Q.,Q9I), the insta-
bility of the amplitude of the air pressure (n =0, 66...1 0)
and the minimal air pressure (v =0,67...0Q,86). All the cor—
relative copnections are complet'ely plausible,

The results of the calculations show us that contrac-
tion of rheumatism has an obvious correlative relationship
to meteorological agents. In periods when we notice the
rigse of a great number of cases and relapses, the following
agents are typical: extensive instability of air tempera-
ture in the range of a subnormal temperature with notice=-
able deviations for the mean - annual temperature,anin-
creased mean relative humidity of the air, a low mean air ]
pressure together with extensive instabilities, a consider-

able shortening of the actual duration of sunshine as com=
pared with the potential duration and the decrease of total
radiation from the mean of many years,

It is understandable that the meteorological agents
have a complex effect while the importance of one or the
other agent may vary, It can be presumed that the impor-
tance of meteorological asgents in the spresd of rheumatism
is of a different type in the regions of a different cli-
mate, On a territory with a maritime climate the relatior=
ship between cases of rheumatism and climate is strongly
expressed,
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OF_LIPID METABOLI

DEPENDING ON SEASCN gg Dém

M. Saava, E, Vagane
Institute of Experimental and Clinical Medicine

Estonian SSR,Ministry of Health

In the whole of nature rhythmicel chenges take place in
accordance with the change of the seasons.Metabolism,lipid me-
_ tebolism included, is subordinated to rhythmicael fluctuations
' @s well. Of the environmental factors climato-geographical
conditions (temperature, solar radiaticn, changeability of
weather etc.), food intake and other specific features exer-
cise an influence.
The present work characterizes lipid metebolism and nu=-
trition of some population-groups of the Estonian SSR during
. autumn and spring. An attempt is being made to find connexions
between nutrition and the content of lipide in serum.

Yaterial sud Methods

In the autumn and the spring of 1966-69 in 118 adult wem.
bers of fishermen’s families, in 105 mental workers and in 51

undergraduates (average age 43, 38 and 21 respectively) a
number of indices of lipid metabolism in serum were determi-
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ned: total cholesterol and phospholipids by Blure's method, i
cholesterol fractionsby the digitonin me thod according to Bala-
khoveki and lipoprotein frections by the paper-electrophoretic
me thod according to Bammamn (13). Relations of indices of
lipid metabolism are expressed by the ‘esterification coeffi-
cient of cholesterol (EC), which is the ratio of an esterified
fraction of cholesterol to its total content, and by the ratio
of phospholipids to cholesterol (P/C). The normal values
of 1lipids in serum are estiimated after A.A. Pokrovski (1969):
total cholesterol at the age 18-30 = 150-200 mg%, at the age
of 30-60 = 150-250 mg%, free cholesterol = 40-70 mg%, choles-
terol esters = 90-135 mg®%, phospholipids = 150-250 mg% and
beta-lipoproteins = 65-70% (9).

The nutrition of the same individuals was studied. by a
questionnaire-weighing method (11, 13), which has been worked
out at the Academy of Medical Sciences of the USSR - Institute
for Nutrition, end is widely used in the USSR and Socialist
countries for the study of the factual nutrition of the po-
pulation. In the course of ten daye 190 dietary cards
were filled in; every day the amount of food consumed by
the family was marked on the card.On the basis of coeffici-
ents, which take into comsideration the character of work,
age and sex of the family members, an average amount of food-
stuffs per person a day was found. Proceeding from this,the
caloricity of daily food and the content of protein, fat and
carbohydrates were calculated with the help of food composi-
tion tables (7, 15). Data om the nutrition of undergraduates
have been taken from the snalysis of diplome-theses by
R. Vee (1967) and A. Vernik (1968) from 150 etudy-cards
of nutrition. :

For statistical calculations of the data on lipid meta-
bolism variation calculations and Student's t-test were used.
The connexions between nutrition and serum lipids were found
by correlation calculations (8). The probability of differ-
ences and the existence of correlatione was estimated at a
‘proubuny of 958 (p & 0.05).

§

190




Segeopal Differenges dn Lipid Metgbolisw

The average content of serum 1lipids in studied
groups 1s shown in table 1. It became evident that in
fishermen’s families the difference in the content of total
cholesterol and phospholipids in serum during spring and
autumn were of no practical importance (p > 0.05), only the
content of beta-lipoproteins proved to be authentically
higher in spring than in autumn (p,6 £ 0.05).

In the 1ipid metabolism of mental workers several changes
towards impairement appéared in spring.Thus in mental workers
the average confent of total cholesterol in serum was higher
(p <0,01) then in autumn, exceeding the norm (p < 0.05). The
rise\of total cholesterolemia occurred on account of the free
fraction because of which EC dropped by spring (p < 0.01).
The decline of phospholipidemia was not veracious, but at the
same time P/C was lower in spring than in autumn (p < 0.05).
The level of beta-lipoproteins exceeded the norm at both
. study periods (p < 0.05).

Seasonal. changes of serum 1lipids in undergraduates
showed the same tendency, but with =a lower probability
(p > 0.05). But the content of beta-lipoproteins had notably
risen by spring. The content of total and free cholesterol
exceeded the norm in spring (p < 0.05). '

~ Thus in lipid metebolism seasonal changes did @ occur,

which may have been caused by peculiarities of nutrition (10,
16), fluctuations of temperature, intensity of metabolism
(5), neuro-humoral changes (14), physical activity and
other factors. In the present work they are in the first place
associated with the study of nutrition, In the literature
available here data on persons of different occupations were
absent.Ae the indices of lipid metabolism in the mental workers
studied by us were more subject to seasonal influences than
those of physical workers, we came tﬁe conclusion that physi-
cal work pawtly helps to normelize +the impairment of lipid
metabolism in spring that has been caused by other factors.
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Table 1
Seasonal differsnces in lipid metabolism
Group Pishermen's families i Hental workers Undergraduates
Index Season Autunm Spring Antumn Spring Autumn Spring
Month October May=-June Qctcber April-May Hovember May
Hgm Kgm Mzm Mg Mim Mim
Total cholesterol (mg%) 2414k .4 234+43.7 24744 .1 26344 .4 213+46.9 22144,7
p < 0,01
Pree cholesterol (mg®%) - 78+6.1 744365 99+3.6 11335.7 12747.4
" p <0.01
Esterified cholesterol
(megw) - 14847.0 17344.6 16644.7 1004+5.8 95+5.9
Coefficient of cholesterol]
esterification (EC) - 0.6440.025 0.6840.015 0,6240,012 0.,4840.,026  0.4440.029
p £0.,01
Phospholipids (mg®) 274410.6 297411.2 318+10.5 31248.5 301+17.1 275+16.5
Ratio of phospholipids to
cholesterol (P/C) 1.1540,085 = 1.27+0.049 1,3240,041 1.2040,033 1.4630,071  1,27+0.076
: p < 0,05 p < 0.1
Alpha-lipoproteins (%) 34.440,.64 31,04+0,52 27.9+0.65 28.730.59 34.041.29 27.2+0.64
Beta-liporroteins (%) 65.640.64 69.040,52 72.140.65" 71.340.65 66.0;1.29< o'%.azo,a
p <0,01 p < 0,01




Nutrisio

The results of Athe study of nutrition are shown in tables
2 3 and 4.

Table 2
Consumption of foodstuffs ams per pers
rmen’ s Mental Under-
p;:l::lies workers graduates l:::l;
Butumn Spring jAutumn Spring {Autumn Spring .

Cereals (calkud : {
lated on flour)] 328 380 357 336 418 442 | 330
Potatoes 574 506 365 320 453 462 | 265
Veretables 5 | 63 329 165 192 168 | 400
Fruit, berrieq 241 40 254 144 261 78 260
Lugar 84 106 113 125 e 80 | 100
Honey 3 3 6 6 6 3 -
Vegetable oil| 4 1 10 7 § o0
Margarine 4 8 12 10 - - -
Clarified fat 7 7 6 ? 1325 5
Meat and meat
products 119 AN 195 232 260 288 | 205
Fish and fish X ;
products 174 = 212 82 82 29 .43 50
Butter y 32 30 - 28 33 16 26 15
Milk 618 747 518 551 | 490 555 | a450
Milk curd 2 8 51 B4 22 39 20
Cream 8.3 27 38 LT R o
Cheese B 6 21 23 5 7 18
Eggs s 20 32 37 34 29 A1 40

Prom the data of food composition (table 2) & number of
common features in the nutrition of all ptndy—group- became evi-

dent. The consumption of butter, fat and potatoes wes excessive;
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an adequate amount of milk, cereals, sugar, meat and meat
producte was found in the diet. Only in fishermen’s families
less meat was consumed because of a greater consumption of
fish. There was a greater shortage of vegetables, fruit and
berries in the diet. Little vegetable 0il was used.

Table 3

Caloricity of food, content of protein, fat, cholesterol,
carbohydrates (per person a day)

Pishermen’s | Hental Under-
Index families workers graduates vt
utumn Spring [Autumn SpringjAutumn Spring (12)
Caloricity
(kcal) 3230 3650 | 3680 3645 | 3260 3070 | 3023
Protein (g) 91 106 104 102 91 91 | 97.6
Fat (g) 106 129 134 146 108 111 | 96.5
Carbohydrates
(€3] 457 498 | 488 456 | 460 406 [420.9
Cholesterol (mg) 635 748 737 798 - - -
Protein
(caloricity %) 12 12 13 11 11 12 | 12-14
Fat
(caloricity %) 30 32 34 38 31 34| 30
Carbohydrates
(caloricity %) 58 56 55 51 58 54 | 56-58

It is seen from table 3 that the food of the persons
under observation was of higher calorific value, too rich in
fat, cholesterol and carbohydrates; a relative deficiency of
protein was evident. The total caloricity was covered by 11—
12% of protein, 31-38% by fat and 51-58% by carbohydrates.
Disproportions in the weight relation of nutritive matters ap=-
peared. In the fishermen’s families the ratio of protein, fat,
carbohydrates was 1:1.2:4.9 (recommendable 1 : 1 : 4), in men-
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tal workers 1 : 1.4 : 4.8 (recommendable 1 : 0.8 : 3) and in
undergraduates 1 : 1.2 : 4.8 (recommendable 1 : 0.9 : 4) (12}

As sources of fat and cholesterol the most important in
all groups were meat and meat products, butter and milk; ir
mental workers also cream and cheese played a relatively import-
ant part as a source of fat(table 4). Animal fat formed only
86-91% of the total amount. Although the food contained much
fat, there was a great shortage of vegetable fat; it formed
only 9-14% instead of the recommendable 30% of the total.

y Table 4
Lources of Nutritive Matters (% of the total emount in food)

Fishermen’s Mental Under-
families workers graduates
Foodstuff
fAutunn Epring Wutumn Spring jAutumn Spring
1 2 3 4 S 6 Vi

fources of fat in food (% of the total fat content in food)

Milk 22 22 14 14 14 13
Butter R 19 16 18 35 1725
Cream, cheese, '
milk curd 2 4 14 14 8 10

* Meat and meat
products 27 29 29 31 46 42,5
Fish and fish
products 5 e, 3 2 2 2
Fees 2 3 3 2 3 3.5
Margarine ¥ 9 7 5 4 2
Vegetable. oil 3 0.7 6 5 0.5 2.5
Cereals 8 10 8 10 8 7
Animal fat 89 89 86 86 91 91
Vegetable fat 3 11 14 14 9 9
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Table 4 continued -

o 1 2 3 4 5 6 7

SOurooe of protein in food (% of the total protein content
in food)

Cereals | k7 35 33 a4 2% 35

Meat and meat 8

products I 16 15 22 25 28 26

Milk and milk |

products 20 22 24 &5 18 22

Pish and fish

products 18 18 9 9 3 .

Potatoes, vegetables

end fruil 10 ? 9 7 1 9

Eggs 2 3 3 3 3 4

Animal protein 56 58 58 62 52 56

Vegetable protein e 42 42 38 48 44

Sources of carbohydrates in food (% of the total carbohydrate X
content in food)

Cereals 50 53 51 5L S4 55
Sugar, honey, jam 20 20 24 28 18 225
Potatoes 17 14 33 10 15 12
Vegetables, fruit 7 6 9 S 8 55
Milk and milk
products [3 7 S 6 9 5.5

de tgfa ine

lm

{s‘:.gc:cnridzl 26 27 29 34 23 7 o>
og%astify semtvie- : :
saccharides 74 73 71 66 77 72.5

' The most prominent protein sources were cereals, meat
and milk-products - in the food of fisher families also fish
and fish products. In the food of fisher families and mental
workers the amount of animal protein was sufficient, 1i.e.

' 58-60% of the total. But in the food of undergraduates a
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| shortage of animal protein appesred - it was 52-56% of the

| recommendable 60% of the total protein amount of food. |

' As sources of carbohydrates cereals were prominent. Rela-

tively large was the share of sugar and potatoes, but at

. the same time the share of vegetable and fruit was insuffici-
ent. The ratioof the foodstuffs which contain manly eimpls and

| complex saccharides as a source of carbohydrates was 1:1.9-3.0

| points to too large a share of simple saccharides in the food.

E The composition of food was somewhst varied in the groups

| under observation. The food of mental workers answered least
to the physiological requirements. In the food of undergra-

' duates appeared a shortege of protein, which is upeci.l].y

; :unportant to people doing mental work. In the mental workers'

. group s surplus caloricity in food, excessive comsumptiom of

. fat, the highest rate of simple saccharides and the lowest
rate of polysaccharides in éarbo!vdratea was found., As to tw
choice of foodstuffs the food of mentzl workers wae wvaried
enough, but at the same time it conteined too much fat and
sweet foodstuffs. Although the food of fishermen's families

. proved to be more onssided in the choice, it contained more

. natural products and fewer chemically refined ones.

' The seasonal analysis revealed a number of seasonal dif-
ferences. The most important were: a larger content of fat,
cholesterol and suger,and & shortage of vegetables and fruit
‘in spring. The food was richer in animal products in spring -
mainly meat, clarified fat and milk products. In autumn ani-
mal products covered 36-37% of the total caloricity of food,
in spring 39-40%, Becesuse of the seasonal differences in the
composition of food the proportions of nutritivé matters in
the energy balance changed. <In spring fat comstituted 32-38%

° of the caloricity of food, in autumn 30-34%; cerbohydratee in

spring 51-568, in asutumn 55-58%. The share of proteins did not

vary.

Seasonal changes were somewhat different in the food of
workers of different occupations. In the food of <fisher-
men’e families the amount of fat, protein and carbohydrates
had risen by spring, dus to a larger consumption of cereals,
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sugar, fish and milk products (milk-curd, cream, cheecse). In
the food of mental workers a rise in the amount of fat and
decline in the total amount of carbohydrates was prevalent
by spring. At that only the share of cereals containing poly-
saccharides, potatoes, vegstabels and fruit declined, and the
share of sugar and fatty meat- and milk-products (butter,
cream, cheese) rose.

Seasonal changes in nutrition arise from climato-geo-
graphical peculiarities of thé republic and food habits of
the population. The degree of accordance of food to physio-
logical requirements and seasonal differences in study groups
is associated with the indices of serum lipids as shown further,

Correlation calculations brought forth a number of con-
nexions between the 1lipid metabolism of study groups and the

average data of factual nutrition during the autumn and
spring periods (table 5).

Table 5

Correlations between indices of lipid metabolism and
caloricity of food and.chemical composition

(correlation coefficients p<0.05 are underlined)’

R Cholesterol (mg%) Phoaphol Betad

: total free esters | lipids lipo~

(mg%) |proteins

(%)

Caloricity (kcal) |+0,601| -0,854 +0,931 | +0,755 |+0,239
Protein (g) -0,623 | =0,856 | +#0,887 | +0,668 |+0,328
Fat (g) +0,741 | -0,560 | +0,914 | +0,757 |+0,474
Carbohydrates: (g) |+0,248 | -0,852 | +0,644 | +0,498 |-0,160
Cholesterol (mg) +0,526 | +0,987 | +0,134 | +0,648 |+0,649

1

0
(o]




The content of total cholesterol in serum had a positive
correlation with the total caloricity and fat content of
food - and a negative one with the protein content. The con=-
tent of total cholesterol in serum bhad an authentic posi~-
tive correlation with the content of butter (r=+0.720),cheese
(r=+0.714) and sugar (r=+0.791) in the food, - and a nega-
tive correlation with the amount of cereals (r=-0.729).

On grounds of the established correlations and similar
data found in the literature(l, 2, 3, 4, 6),there is reason to
conclude that the level of total cholesterol is the higher the
greater the calorific value, and the richer in fat and sugar
and the poorer in protein and polysaccharides the food is.
The different effect of carbohydrates on cholesterolemia is
also confirmed by the found positive correlation with the
percentual part of the total amount of dietary carbohydrates
which mainly contein monosaccharides,and the negative corre-
lation with foodstuffs mainly containing polysaccharides
(r=40.802, p <€0.01).

The content of free cholesterol in serum correlated posi-
tively with the cholesterol content: in food, and negatively
with the amount of proteins and carbohydrates. Meat and meat
products as main sources of food-cholesterol gave a positive
connexion (r=+0.739) with the content of a free cholesterol
fraction in serum.

Between the content of the esterified cholesterol fraction
and phospholipids in serum a positive correlation with the
caloricity, protein and fat amount in food became evident;
in esterified cholesterol also with the content of carbohyd-
rates in food. Some foodstuffs had positive correlations with
serum cholesterol esters, 1like butter (r=+0.718), cheese
(r=+0.804) and the amount of sugar (r=+0.941); but with phos-
pholipids the amount of cream (r=+0.640), cheese (r=+0,780)
and sugar (r=+0.715). Negative correlations became evident
between the esterified fraction of cholesterol in serum and
the amount of cereals in food (r=-0.941), and between the
level of phospholipids in serum and the amount of potatoes
in food (r=-0.731).
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Comnexions between the protein content in food and the cone- r
tent of lipids in serum can be explained by the participation 1
of proteins in the esterification of cholesterol and the synthe-
sis of phospholipids in the fermentation system as well in
the transport of substrata. Dietary fat and carbohydrates
appear to be sources of fatty acids as the substrata in
serum lipid synthesis.

The different levels of beta-lipoproteinemia in study
groupe had no authentic connexion with thé caloricity and com-
position of food. Of the foodstuffs only eggs (r=+0.712) and
cream (r=+0.610) gave a positive correlation with the content
of beta-lipoproteins in serum. In literatuire we find data on
the influence of food -on lipoproteinemia (10, 16). l'e explain
the absence of connexions in our rescarch by the fact that
lipoproteinemia was probably influenced more by other factors,
like nervous tension, physical activity, sex. Tt is partly cx-
p](.n!.md by the emdogenous origin of lipoproteins, in conse=~
quence wich food influenccs them less than other serum lipids.

It is evident from the above that food is one of the
most essential factors to influence lipid metabolism. One of
the reasons for high cholesterolemia, phospholipidemia and
beta-lipoproteinemia in the population of the Estonian SSR is
the composition of food:; high caloricity, excessive amount of
emimal fat, cholesterol and sugar in the food, a relative de-
ficiency of protein and vegetable fat. Seasonal changes of
1lipid metabolism may aleo be comnected with seasonal peculia-
rities of food:in spring s greater content of fat amd chole-
sterol, and a greater shortage of vegetables and fruit, which
are rich in vitamin C. But it is more correct to explain the
differences of 1lipid metabolism in the study-groups by the
result of a joint influsnce of many factors; d@ffor-nt charac-
ter of occupation, degree of mental and physical tension, ade-
quacy of food rations to physiological requirements and other
factors which have not been investigated by us (heredity,
climato~-geographical peculiarities and others).




SUpmery

The seasonal study of lipid metabolism in some population
groups of the Estonian SSR showed that the content of 1lipids
in serum was higher in spring than in autumn, i.e. seasonal
differences appeared. Thereby the metabolism of metal workers
was more influenced by the seasons than that of physical
workers.

Seasonal differences in the indices of lipid metabolism
were connected with the character of work and the pecu~

liarities of nutrition. Correlation analysis brought forth
a number of connexions between the contznt of serum lipids
and the indices of nutrition. High caloricity, disproportions
and seasonal differences in diet are some of the main reasons
for disturbances in 1ipid metabolism in the population of
Estonia. It is therefore necessary to bring the diet
conseciouely into accordance with physiological requirements
of the respective groups of workers and to avoid seasonal
deficiencies in nutrition.
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THE ROLE OF MENTAL STRESS IN THE PATHOGENESIS

OF CARD_% IS%IIA

J. Riiv, K, Val s A, Kuus, M, Moks, M, Saava
Tartu State University and Institute of Experimental
and Clinical Medicine

-

Hyperlipemia as one of the basic factors of atherogenesis
is generally recognized, whereas the origin of the disturb-
ancee of lipid metabolism is still under discussion,The ali-
mentary factor in 1ipid metabolism has been extemsively
studied, at the same time the effect of emotional stress has
been insufficiently elucidated. In this connection <the task
of the present investigation was to explain the effect of
emotional stress of different intensity and duration on the
content of cholesterol,phospho-lipids, beta-lipoproteids and
free fatty acids (FFA) in blood serum, As an indicator of
emotional stress besides FFA an original fluorimetric method
was used to determine the protein-bound catecholamines in
plasma,which gives & possibility of adequately estimating the
state of the sympatho-adrenal system (SAS), According to our
findings an increase of the specific fluorescence of plasma
reflects the intensification of SAS activity,end vice versa,

The ‘spontaneous spectrum of blood lipids was studied in
various age groups of the population who suffured from mental
strein of varying intensity (scientific workers,doctors,stu-
dents and pupils), We investigated also changes in blood
1ipid content in acute and subacute psychic stress; for this
purpose students and patients with cardiac ischaemia were ex-
amined,
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Data on the spontaneous content of blood lipids are giv-
en in the summary table (Table 1), These data are compared
with the corresponding indices of persons who are physically
more active (fishermen and members of their families, pupils
gy tematica . ly going in for sports).

It is worth mentioning that scientific workers and doc-
tors have the highest serum 1ipid content,exceeding the cor-
res onding figures of all the other groups under examination.
It is a serious consideration that pupils have a high content
of blood lipids, although the average age of this group is
only 13, The last-named group may be contrasted with young
apoitsmon of the same age whose blood 1lipid content is re-
markably lower,It may be presumed that systematical physical
training normalizes the content of blood lipids,In this con-
nection it should be mentiorned that the high blood 1ipid com
tent of scientific workers may be the result of their insuf-
ficient phycical activity and food of high calorific value.
On the average the caloric content of a scientific worker's
food during a day is 3,660 Kcal, in which fats make up 36%
(in a fisherman's family the corresponding figures are 3,440
Kcal and 31%),

Our second task was to elucidate the effect of acute and
subacute psychic stress on the content of blood lipids,while
all the groups under excmination had the same diet and phys-
ical activity,

The subjects examined were: 1)third-year students of the
Medical Paculty (n= 61), in whom emotional stress was caused
by continuous mental burden during the preperation and exam-
ination period (subacute emotional stress); 2) patients with
ischaemic heart disease (n = 47) in whom psychic excitement
was called forth by questioning them about details of their
biogrephics and diseases, and who underwent medical proce-
dures (vein puncture) and psychologicel tests in order to
find out their reaction period and differentiation ability,
the venous blood of the students for analysis was taken be-
tween examination sessions, during a comparatively trenquil
period, and just before entering the examination room (the
¢:techelamine content of plasma was also determined one houwr
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Table 1

Blood serum lipid content in certain groups of population

Average Cholesterol Phospholipids Beta~lipoproteins
it age (mg %) (mg %) )
EEsESSESIszs=s E + &+ & 3 33 = TSSO SSSSSSoSESESISESSsIzISRSm = m-
n M = n n M/ m n M S m
Pishermen's families 43 217 237 % 2,9 188 285 .81 211 67.5 & 0.40
Pupils-sportsmen 15 83 207 £ 3,6 | 81 294 Z9,9| 83 65.8 & 0,54
Scientific workers and
doctors 38 |199 255 = 3,0 | 187 315 & 6.7 | 197 Tl.l = 0.44
Students 21 91 217 = 3.9 89 286 £11,9 88 69.8 £ 0,73
Pupils 13 63 231 % 5,9 61 273 311.1 | 53 69.9 = 1.43
Normal values: 150-200 (18-30)

150-250 (30~60) 150-250 67=70



after the examination). Blood tests of the ischaemic heart
disease patiente were mede before and after the experimental-
ly induced psychic stress, .

In all the students examination stress caused a consider-
able activation of SAS,which,compared with a tranquil period,
was expressed by a higher adrenaline and noredrenaline con-
tent in blood plasma by 13% and 26% accordingly.One hour af-
ter an examination in 52% of the students the catecholamine
content in plasma became lower,but it did not reach the aver-
age level of the period without stress. After an examination
plasma catecholamine content did not decrease, or was even
higher in 48% of the students, SAS activity did not become
duly normal chiefly in these students who were not satisfied
with examination results, who had a labile nervous system,
or who, before their examination, had used drugs stimulating
the central nervous system,

In the examination situation a higher content of blood
lipide was also abserved(statistically significent),The cor-
responding data are given in Table 2, In the control group
were 18 subjects of the same age who were not engaged in men-
tal work, As a contrast to the content of other blood 1lipid
fractions the FFA ocontent in the students' blood serum was
lower than in that of the control group and decreased even
more during the preparetion and examination period, This is
in contrast to the previous investigation data confirming a
perallel increase of SAS activity and FPA content in dlood
serum, This obviously holds true of cases of acute stress,In
our experiments,however,we deal with prolonged psychic stress
which may exhaust the mechanisms regulating FFA content,

Acute psychic stress in patients with ischaemic heart dis-
ease caused an increase of catecholamine conditioned specific
fluorescence (11,4 £ 0,6 fluorimetric units — 13,1 £ 0,6
fluorimetric units, p 0.05),and also FPA content was higher
(0.52 £ 0,05 mBq/L —= 0,58 £ 0,05 mEq/L,p 0.05).,It is to be
mentioned that in six patients the mode of emotional stress
used in the investigation did not cause am increase of SAS
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Table 2

Serum 1ipid content in students undexr the influence of

‘subacute emotional stress caused by examination situation

Indices

EET e S R it it bt

Cholesterol (mg %)

Phospholipids (mg %)

Beta~lipoproteins (FU)

FPA (mEqQ/L)

Control group

Between exami-
| nation sessions

Immediately before
an examination

Eszsosasss

179 % 26.5
192,2 = 14,6

0,27 & 0,05

0,51 &£ 0,04

192,7 & 8.08
205 £11.6
0,34 £ 0,02

0.49 = 0,04

210 X 8,8
P 0.05
226 * 2,6
P 0.05
0,40 = 0,03
P 0,05
0,38 & 0,03

4 0,05



activity and the FFA content in blood serum.In patients with
ischaemic heart disease, due to emotional stress,the average
content of cholesterol, phospholipids and beta-lipoproteids
in blood increased (statistically insignificant), A statis-
tically significant increase of all the determined blood
1lipid fractions was observed in the group of patients (n=16)
whose ischaemic heart disease had been caused by at least
eight risk factors,

Undexr the influence of tranquilizers (meprobamat and ti-
sercin) blood lipid contemt decreased in cardiac ischaemia
patients,in certain cases it even normaliged.,When the adren-
ergic beta~receptorblocking agent inderal was applied, acute
emotional stress did not cause essential changes in 1lipid
metabolism,

The majority of researchers are of the opinion that hy-
perlipemia is one of the chief pathogenetic mechanisms of
ischaemic heart disease, Our investigations, in their turn,
prove the fact that disturbances in lipid metabolism are
caused, besides the alimentary factor, also by overstrain of
the nervous system,
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OCCURRENCE OF CURONARY RISK FACTORS IN MIDDLE~AGED
AND KIDERLY ESTUNLAN

J .Maaroos
‘artu State University

Coronary heart disease is one of the most frequent dis-
eases of advanced age in the majority of developed countries
Therefore it is essential to explain the factors which have
a bearing on the development of the coronary heart disease
orso-called coronary risk facvors (3,4,12). To date there
are no effective methods for the treatment of the coronary
heart disease. Establishment of the risk factors and gaining
control over them can be the most important stage in the
prevention and treatment of the disease (6). The association
of the risk factors end the coronary heart disease is based
upon results of extensive epidemiologic studies, but the
data about the pathogenic role of single risk factors are
contradictory (1,7). .

R.OLSON (5) divides the risk factors into endogenous
and exogenous factors. The endogenous risk factors ares (1)
advanced age and male sex; (2) family or genetic predisposi-~
tion; (3) raised serum cholesterol levelj; (4) peculiarities
of the nervous system; (5) overweight and constitutional
peculiarities; (6) related diseases (hypertension, diabetes,
ete.). The exogenous factors which have a bearing on the
development of the coronary heart disease includes 1)
continuous psycho-emotional overstraing (2) food rich in
animal fats and refined carbohydrates; (3) smoking and
alcohol intake; (4) physical inactivity.
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The present paper deals with the investigation of the
coronary risk factors in 105 men aged 31 to 64 years(average
age 44,5 years). Group I was made up of 45 men with angina
pectoris, examined and treated in the surgical department of
the Tartu Municipal Clinical Hospital. Group II consisted of
30 healthy men and group III of 30 men in good health who
had had regular physical training from 6 to 10 years.

A standardized questionnaire was used for the establishment
of the risk factors. The serum cholesterol level was estimat-
ed by BLOOR's method and the beta-lipoproteids in the blood
serum by BURSTEIN and SAMAILIE's method. The cholesterol
level 200850 mg % and the beta-lipoproteid level between 350
to 580 mg % were cunsidered as normal. The peculiarities of
the nervous system evoking coronary disease were determined
by using the questionnaire of M.FRIEDMAN et al, (9).Arterial
biood pressure above 150/90 umHg was considcred as hyper-
tension. Overweight was calculatea according tu BROCA's

index (11).

The results were calculated statisticully at the
Computing Centre of Tartu Svate University.

The most frequent risk factors in group I were:
intensive cigarette smoking (84.4%), hypercholesterolemia
(76.7%), conlinuos psycho-emotional overstrain (60.0%),hnyper
-pbetalipoproteidemia (55.6%), overweight (55.5%) and food
rich in animal fat (46.6%). The role of the other risk fac—
tors was smaller. The main coronary risk factors in group Il
were hyper-beta-lipoproteidemia (60.0%), overweight (56.5%),
cigarette smoking (50.0%) and in group III only samoking
(53.3%) and overweight (46.5%).

Lhe average number of risk factors for a patient with
angina pectoris in group L was 5.4, in group II 4,2,and in
group III 2.3 risk tfactors per person.

The most <frequent combination of risk factors in
coronary heart disease patients wass hypercholesterolemia
+ hyper - beta-lipoproteidemia + intemsive cigarette smoking
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(35.5 %). In group 1. the combination hyper-beta-lipopro-
teidemia + physical inactivity + smoking was highest (30.0%).
In group I1I the most frequent combination of coronary risk
factors was: hypercholesterolemia + cigarette  smoking+
overweight (13.3%).

By comparing the occurrence of the risk factors in
groups I and II, it appeared that among the angina pectoris
patients there were more psycho-emotional overstrains
(p< 0,001), raised serum cholesterol level (p< 0.05),inten~
sive smoking (p< 0.05) and alcohol intake (p< 0.05). The
difference between groups I and III was more expressed.Among
the patients with coronary heart disease there were more in-
tensive smokers (p< 0.001) and drinkers (p< 0.001), persons
with psycho-emotional overstrain (p< 0.001), hypercholeste-
rolemia and hyper-beta-lipoproteidemia (p< 0.01). The pa-
tients had also a higher systolic and mean blood pressyre
level (p<0.05) and more peculiarities of the nervous system
(type A behaviour pattern according to Friedman) (p< 0.05).
Statistical differences between groups II and III consisted
of a more frequent occurrence of hyper-beta-lipoproteidemia
(p< 0.01), physical inactivity (p<0.001) and psycho-emo-
tional overstrain (p<0.05) in group Il. Statistical differ-
ences between angina pectoris patients and healthy men did
not exist in the following coronary risk tacvorss overweight
and constitutional peculiarities, family predisposition,food
rich in refinea carbohydrates, and diastolic blood pressure.

correlations between vhe ractors which have a bearing
on the development of the coronary heart aisease were as
foliows:s hypercholesterolemia and A type behaviour pattern
(r = 0.491), continuous psycho-emotional oversirain and hy=-
pes-beta-lipoproteidemia (r = 0.431), hypercholesterolemia
and hyper-beta-lipoproteidemia (r = 0.427), peculiarities of
vhe nervous system ana hyper-beta-lipoproteidemia (r= 0.405),
and food rich in animal fat and overweight (r=0.303 ).
A negative correlation exisved between overweight and physi-
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cal activity (r = - 0,396), (p< 0.05 when r) 0.273, p< 0.01
when r) 0,354 and p< 0.001 when r2 0.443),

Analogical results have been obiained by several
authors (2,3,8,10).

The present investigation indicates that intensive smok-
ing and psycho-emotional overstrain have, besides the me-
tabolic disturbances of lipids, an important role in the
etio-pathogenesis of the coronary heart disease.
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Hylemyia brassicae Bouché and Hylemyia floralis Fall.
are the most dangeruos pests of cruciferous crops in the
Estonian SSR. The damage caused by the cabbage root flies
may be particularly great and mey in economical significance
well exceed the damage inflicted by any other insect pest
to the above-mentioned crops.

Of the chemical control methods recommended for use in
the conditions prevailing in the Estonian SSR and the other
Baltic Republics, the most efficient one is the spraying of
pest imagos during the peak flight period with 0.1% Bi-58,
0.1% antio, 0.2% chlorofoss (80.5% technical product) or
0.3% trichlorometafoss-3.The use of the two last-named poi-
sonous chemicals kills 70-90% of the maggots of H.brassicae
(1,2).

Thus the present-day chemical control methods do not
ensure the complete prevention of the damage produced by
the cabbage root flies. Due to this circumstance the ascer-
tainment .of the natural enemies of these pests and the estab-
lishment of the possibilities of their use within the frame-
work of an integrated control (chiefly in combination with
the chemical control method ) in the conditions prevailing
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in the Estonian SSR are of interest.Since the residues of
the insecticides chlorofoss and trichlorometafoss-3 comple-
tely fade away from the plants sprayed with them within
9 =13 days (2) and after that they are no loag-
er dangerous to parasitic insects,there exist precondi-
tionsforthe use of such an integrated control.

Below will be presented the results obtained during
the study of the natural enemies of cabbage root flies
chiefly in the districts of Tartu,Jogeva,Pélva and Véru on
the basis of materials collected on collective farms as’
well as in private gardens.

It was established that the chief natural eneuies of
the cabbage root flies are the parasitic insects Tryblio -
grapha rapae Westw, of the CZEipidae,and Aleochara bilinea-
25 Gyll. and éisgghara bipustulata L. of the Staphylinidae.
The two (irst-named species occurred most frequently.

T.rggae is characterized by being proovogenic. The egg
production of this parasite does not depend on the <feeding
of the imagos. At the emergence an imago is immediately ab=-
le to set out in search of hosts and is capable of infect-
ing them.With its eggs T.rapae infects all the threedevel-
opuental stages of the larvae of the cabbage root flies,
The infected larvae still produce a puparium but from ‘it
emerges an imago of the parasite. Hibernation occurs in the
puparium of the host.The number of the parasite’s genera-
tionsdependson the rate of development of the host; in our
climatic conditions it usually produces two generations a
Yyear.

The short-winged A.bilineata is characterized by being
synovigenic.PThe maturation of the egg-production of beetles
depends on the feeding of 1nagos.'These,however,feed on .the
eggs of cabbage root flies and their maggote,hence they are -
predaceous. The larvae of A.bilineata have a parasitic way
of tife and they develop in the puparia of cabbage root
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flies by devouring their content. Thus A.bilinegta is cha-
racterized by the alternation of a parasitic way of 1life
with the stage of a predaceous insect during the life-cycle
of one individual in the course of which this entomophage
is able to kill a large number of eggs, larvae and puparia
of the cabbage root flies.

It appesred in the course of field werk that the num-
ber of puparia.of the cabbage root flies that were killed
by T.rapae and A.bilineata in the fields of cruciferous

AANNA A AANASNA

crops varied greatly on different field plots, ranging from
a few per cent to 54% of the hibernating pest population.
In connection with that circumstance it was necessary to
clear up the factors on which the degreé of activity of
their entomophages depended and the manner in which the
said parasites might be utilized under the présent condi-
tionsofagronomical practices.

According to our three-year observations, the mass
spring emergence of T.rapae and A.bilineata takes place at
least two weeks aftm“ws 'M:me cabbage root
flies themselves.Since the period of activity of parasites
occurs still later, it is conceivable that their activity
should be integrated in time with chemical control,the lat-
ter being carried out by spraying the pests during the peak
flight period (in the Estoniasn SSR usually during the se-
cond and third decades of May ) with chlorofoss and tri-
chlorometafoss—3.The comparatively rapid fading away of the
residues of the above-mentioned insecticides from the sur-
faces of plants would make it possible to save the main lot
of the parasites of the cabbage root flies and to use
them after the carrying out of the chemical control to re-
duce the numbers of the pest populations that had survived.

When studying the degree of activity of parasites sAn
nature;it proved to be essential to ascerteih the efficescy
of the entomophages under different growing conditiens of
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cruciferous crops. The evaluation of the efficacy of entomo-
phages was performed on the basis of the following criterias
1) the percentage of killed pest insects in the hibernating
populations by parasites and diseases, 2) the rate of the
spring death of seedlings induced by the cabbage root flies,
which was determined by means of a four-point scale ( 1
point - loss of plants up to 10%, 2 points - loss of plunts
within the range of 10-25%, 3 points - death-rate ranging
between 25-50%, 4 points - loss of plants over 50% ). When
investigating the activity of parasites,chiefly those mate-
rials were used which had been obtained from areas where no
chemical control measures had been carried out; this was do-
ne with the aim of avoiding side-effects, The hibernating
puparia of cabbage root flies were apalyzed and the results
of three yeu‘s"ork were statistically processed altogether
in 8.000 individuals.

As a result of the studies performed,it appeared that
the degree of activity of entomophages of the cabbage root
flies was related to the growing conditions of plants. The
activity of parasites was essentially affected by the expo-
sure of fields,the structure of soils,as well as the presen-
ce of organic matter and other decomposing substances in the
soil, The death rate of the puparia of Lhe cabbage root
flies always varied between 30-6§% and the spring loss of
young plants did not exceed 1 point in these fields where
organic fertilizers were used or where there existed other
decomposing substances in the soil and where soil structure
enabled the parasite imagos to have begter facilities of
movement in search of hosts and in infecting them.The signi-
ficance of organic ‘substences can be explained by the fact
that im the absence ef insect hosts A.bilineata can feed on
organic substances,

The death rate of the puparia of the cabbage root flies
did not exceed 3-10% and the loss of young plants in spring
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Table 1

Death rate of the hibernating puparia of the cabbage root
flies in 1966.In fields 6,8,10 no organic fertilizers were

used and the soil structure was negligible

Fields Death rate of puparia (%)
1 60,7 % 3,2
2 68,4 * 4,1
3 34,3 %9,9
4 34,3 26,5
5 50,7 % 6,6
6 6,3 1,9
7 36,6 % 5,9
8 8731510
9 Aie X BLs

10 U 110,3 2,9

1 29,7 %5,

12 34,6 I 4,4

generally varied within the range of 2 points and more in
fields where the above-mentioned peculiarities were either
completely or partly lacking.

Thus the encouragement of the activity of the parasites
of the cabbage root flies may be feasible within the requi-
rements of agronomic practices. Improvement of soil structu-
re, use ‘of organic fertilizers and choice of fields with a
better exposition for cruciferous crops (slopes should be
orientated "towards the south,fields should be protected
from northerly winds,etc.) - the improvement of the growing
conditions of plants would at the same time be conducive to
the parasites of the cabbage root flies. The carrying out of
chemical control at an optimum time,i.e. at the peak period
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of the spring flight of the hag?a of +the cabbage root:
flies,use of chlorofoss or trichlorometafoss-3 for spraying
would help to save the natural enemies of these pests
and’ create preconditions for their useful activity in sum-
mer,

(1) Tammaru,I. 1969. Bestis esinevate ristoieliste kodgivil-
jekultuuride kshjurite prognoosi aluseid ja térje.
Tartu.
(2) Pasayena,3. 1969. Tokcukonersueckee oGOCHOBRHME K Da3—
* paboTKA CHETeMH XNMNUOCKNX MODONDHUATME  HpOTHB
- Bpenureneil mamycTH mns ycnemuil Jlarsmiickoit COP.JL.
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ON THE EFFECT OF MICRO 10SIS ON
EUROPEAN CABBAGE-WORM PIERTS BRASSICAE L.

K Hiiesaar
Institute of Zoology and Botany

are often spreading diseases in the pest population.

Blunck (Protozoa, Microsporidia).

themselves (1),
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In the natural control of the Luropean cabbage-worm, Rie-
ris brassicae L. various kinds of diseases and parasitic in-
sects play an important role, The parasitic insects also

A rather widespread disease affecting P.brassicae is
microsporidiosis whose causative agent is HNosema polyvora

The spores of N.polyvora may get into the organisa of
a butterfly in several ways. Caterpillars may become infect-
ed by eating the leaves oh which spores of N.polyvors are
found. A source of spores may be +the excrements of diseased
individuals, integuments or dead individuals. The disease
may be transmitted to the offspring by eggs, and it may be
disseminated by the parasite Apanteles glomeratus L. either
by the ovipositor contaminated by spores or by the eggs

ora is an intracellular parasite. When multiply-

ing in the cells, the cell walls are broken, the spores get
into the hemolymph and are carried by the hemolymph all over
the organism,Of the parts of the organism, the midgut is in-
fected first of all, then graduslly all the rest of the
tissues, The disease is chronic by nature., Spores can be
found in all the developmentsl stages of P.brassicae (4 )
In the case of a weaker infection, the disease has no



acute external signs. For this reason microsporidiosis may'
often remain undetected in nature,

In the experiments carried out by us with the aim of
studying microsporidiosis, three different concentrations of
spores were used (3.6'105, 3.6-104' and 3.6-105 spores per
caterpillar).

Caterpillars were infected immediately on entering the
third instar. Rearing proceeded at a temperature of +21°0C#
1°C and under illumination of 12 hours per day in batches of
ten per one-litre glas jar.

Table 1
Weights of the pupae of P, brassicae
Treatment Weight | m(mg) | s | Variability Number
(mg) of pupae
Controls 397.6 | 5.9 | 48 | 326.4...40.4 66
g N.polyvora ¥
3.6+10° 329.0 | #12.2 | 70 | 196.2...425.0 33
N.polyvora
3.6°10% 290.0 | #11.3 |50 | 181.5...359.7 20
N.polyvora
3.6¢10° , | 295.2 | %9.55 |53 | 208.5...381.9 31

The diseased larvae lost their appetite, their movements
were slow, and they developed diarrhoea. A characteristic
feature of the disease was the uneven growth and the non-
simultaneous moultingof the caterpillars that had been deriv-
el from the ssme egg~cluster. The duration of the larval
stage was delayed compared with the controls, being 23-38
and 21-25 days respectively. Several caterpillars underwent
additional moulting, which was due to the circumstance simi-
lar to a juvenile hormone (2).
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Infected caterpillars began to die already 4-5 days af-
ter being infected. Mortality was particularly high during
moulting and pupation. Due to a decrease in reserve substan-
ces caterpillars could not undergo metamorphosis and there
often occurred only partial pupation, 4s it is evident from
the data presented in table 3, the best results could be ob-
tained at a concentration of 3.6-104 spores per caterpillar.
lowever, a ten times weaker concentration was strong enough
to kill caterpillars and the mortality in this treatment was
high,

Microsporidiosis produced an unstable diapause. Part of
the pupae did not enter any diapause at all (Teble 3). The
butterflies that had emerged in autumn were killed by frost
without producing any offspring.’he butterflies at emergence
had degenerated wings and were unable to fly.

Table 2
Supercoo oints of

of Pieris brassicae L, November, 1970,

Treatment u% z n Limits of s N
variability

Controls ~25.43%0.1 28, 5000=26.6 | 0.4 | 15
N.polyvora

3.610° -23.740,38 “20.0..0-25.2 | 1.48 | 15
N.polyvora : :

3.6.10% ~22,0040.28 =22,0,0.-26.0 | 1.08 | 15
N.polyvora

3.6°10° | =23.7410.43 | -19.9...-25.2 | 1.66 | 15

Microsporidiosis was frequently accompanied by other dis-
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Table 3

of P, brassic result of ()

Treatment | Number of | Died as Died as| Non-dia=- ergense
caterpil- % caterpil-| % pupae pausing | % f butter- | %
lars lars pupae lies

Controls 20 100 10 14,3 12 1743 - - 47 67 .1
K.polyvora
3.‘6'10 127 100 61 48.0 30 23.6 18 14,2 18 14,2
. N.polyvora
3.6.10% 145 100 | 113 7ol " s} s 21 2 4.8
N.polyvora
3.6+107 148 100 70 47.3 | 37 25.0 | 16 10,8 25 6.9 -
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eases since the resistance of the organism to diseases had
diminished., Due to an injury to the gut walls saprophytie -
bacteria of the gut flora got into interior of the body giv=
ing rise to an additional infection and in this way accome~
panying diseases, and not microsporidiosis itself, were the
direct cause of death.

The pupae which had been infected with microsporidiosis
were considerably smaller in size than the healthy ones (Tab-
le 1).Cold-hardiness in the diseased pupae was reduced (Tabe
le 2), which caused their death during hibernation. One of
the causes of a reduced cold-hardiness could be the lability.
of the diapause, which was directly indicated by an incress-
ed i:ntensit:y of breathing in the diseased pupge. According
to SALT (3) the corpuscles (grain of dust etc.) that have
got in the organism, may call forth a drop in the coldhardi-
ness of the organism, being cristallization nuclei. It may
be assumed that the spores of protozoa may be cristallisa-
tion nuclei due to which the supercooling temperature of dis-
eased pupae is higher than that of the healthy ones.

As the miocroscopical analyses of the caterpillars cole
lected in the nature show, microsporidiosis is very wide-
spread in Bstonia. Thus 54% of the total caterpillars col-
lected in the field near Tartu in 1970, were diseased.
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Very little is known as yet about the diseases of night-,
moths. According to NILOVA ( 7 ) the protozosn Plistophors
gehubergi Zwilfer is knmown to be able to infect night-moths
under natural conditions.

The diseases cans'od by protozoa in the conditioms pre-
valent in the Bstonian SSR have not been studied at sll. For
this reason the aunthor of the present paper set herself the
aim of investigating possibilities for infecting some
species of the Noctuidae with P, sghubergi under laboratory
conditions. In the oourse of the experiments the author
studied the effect of the induced disease on the mortality
of these species of night - moths.The investigation was car-
ried out at the Institute of Zoology and Botany, Tartu, BEs-
tonian SSR, in the years 1968-1969.8cme of the data obtained
will briefly be discussed in the preseat article.

The initial material.of the microsporidian
used in our experiments was obtained from the Laboratory of
Microbiology of the All - Union Institute of Plant Protec-
tion. The material was multiplied on Agrotis exclamstionis,
which proved to be very susceptible to infestion. The infect-
ed tissues were separated from the dead larvae, crushed
and mixed with distilled water. The resulting suspension
was filtrated and the filtrate was centrifuged 2 - 3 times
for the cleaning of the spores

The concentration of the spore suspension was f.irat de—
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termined by means of the Goryayev counting —chamber and then
diluted with distilled water down to the required congen-
tration, The following spore concentrations were used:1x107,
4#80°, 1x10%, and 14107 spores per ml of water. The neces—
sary amount of spores was smeared on the leaves of food -
plants and was fed to the larvae of night - moths which had
been previously starved for 6 - 8 hours, To obtain a homo=-
geneous oiper:l.mental material, third - instar larvae were
used that had moulted on the ssme day. The controls were fed
leaves that had been smeared with distilled water. Experi-
ments were carried out with the following species of Noctuj-
dae:Agrotis exclamayionis L., Barathra brassicae L., Mamest-
xa persicariae L., Msmestra pisi L., Mamestra dissimilis Kn.

and Mamestra gleraceae L. Caterpillars were brought up at a
temperature of +22° #1° and at the day length of 12,5 hours.

All the dead larvae were analyzed microscopically with the
aim of identifying the cause of death. As is known, bacteria
develop very quickly on dead larvae and so the real cause of
death may often be disguised by the bacteria.To obviate this
we analyzed the dead larvae as quickly as possible.

The disease induced by protozoa often has no external
symptoms. For this reason microsporidiosis, in spite of
being widespread in nature, may often go unnoticed and the
death may be attributed to some other causes ( 1, 2, 6 ).

Nevertheless, a significant characteristic of the lar-
vae that have molted from the same egg - cluster is the
fact that they differ in size., This could often be
noticed at the larvae infected by us. Dark spots appeared
on the integument, and the hind legs of some larvae became
blacks The feet and the wings of the imagos that had devel-
%ped’ from infected larvae were deformed. Diseased larvae
Became sluggish and their appetite diminished and before
their death they ceased eating. Due to a decreased turgor of
the hemelymph, the skin of these larvae became wrinkled and
the abdemen turned imwsrds in the shape of a telescope. At
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the final stage of the disease their excrements became fluid,
. Several authors have reported that the efficiency of in-
fections depends greatly on the number of ingested spores,
the particular instar and the place of infection, According
to NILOVA ( 7 ) and ISSI ( 5), the second and third in~-
star have turned out to be the most suitable times for in-
fection. Bearing that in mind, the larvae of the night-moths
under study were infected in their third instar. It is also
lnown that P, gchubergi infects only the epithelium of the '
midgut of its hosts.Que to that circumstance,the said micre-
sporidian has proved $o be rather pathogenic and the larvae
die after 6 to 7 days after infection.

The comparison of the doses of spores used according to
different species (Table 1)points to the fact that 1x1o7spo-
res per larva proved te be lethal to the majority of the sp.
studied. MNgmestre perglcarise and Msmestra pisi turned out
to be most resistant to that dose, The individuals of
Msmestra persicariae passed through uhe larval stage but
died mostly in the pupal stage. In a few cases the imagos
that had developed either proved to be sterile or the larvae
that hatched from their eggs laid by them died at their
first instars. We did not succeed in infecting Mamestra ole-
. Raceae with P, pohubergi. \Weaker doses of spores proved to
be of little efficacy in'nearly all the species. However, :
" they increased the mortality of the offspring next year, Ag=
Petils explamationis turned out to be the most susceptible to
Py _schubergi and even smaller doses of spores exercised a
strong effect. The mortality of the infected larvae also in-
oreased due to bacterial and virus diseases.It has also been
reported that microsporidia may cause the transition of la-
tent bacterial and virus diseases into acute ones (3, 4).
We could often see cases when all these diseases had
affected an individual, In such cases the larvae died
in a much shorter period of time than otherwise, In
the case of a mixed infection the death of the host in-
sect results much sooner compared with the cases when these
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diseases. occur separetely. As can be seen from Table 1,
a certain number of controls also died from bacterial and v~
rus diseases. We tried to prevent the spread of these dis-
eases by sterilizing the jars in which the infected larvae
and the controls were reared. When avarsge doses of spores

. were used, mortality from bacterial and virus ' disesases in~-

creesed.In the case of strong doses mortality from microspo-
ridiosis increased.

Conclusions

The following oconclusions can be drewn from the data
obtaineds

(1) Under laboratory conditions it was possible to infect
the following species of night - moths with the protozoan P.
achubergi: Agrotis explamationis, Barathra brassicse,Msmestra
dissinilis, Mamestrs pisi and Mamestra persicgrise. Attempt
at infecting the larvae of Mamestra gleraceae failed.

(2) Prom the point of view of mortality, the doses of
"h:‘lO6 and 1x10‘ spores proved to be more efficient in the
species studied. In other variants the precentage of survi-
vals was higher,

(3) Psschubergi contributed to the outbreak of bacterial
and virus diseases that had been latent before.

(4) The protozoan P, schubergj reduced the number of the
host also in the succeeding generations,

(5) Considering the above mentioned 'characteristics, 2,
schubergi can be regarded as a promising microbiological

agent when establishing the possibilitles of biological con~-
trol.
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