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Eino KRALL
DIFFERENT APPROACHES TO AND RECENT DEVELOPMENTS

IN THE SYSTEMATICS AND CO-EVOLUTION
OF THE FAMILY HETERODERIDAE (NEMATODA : TYLENCHIDA)

WITH HOST PLANTS

Rapid development of the systematics of plant parasitic nematodes
of the family Heteroderidae (Filipjev et Sch. Stekhoven, 1941) Skarbilo-
vich, 1947 (heteroderids, cyst and cystoid nematodes) has obviously been
greatly stimulated by the presence of several major pathogens of agri-
cultural crops in this group. Among them, the yellow and pale potato cyst
nematodes {Globodera rostochiensis, G. pallida ) are regarded as quaran-
tine pests of potato and tomato on all continents. The cereal cyst
nematode ( Bidera avenae) is widespread in many countries as a harmful
pest of wheat, barley and oats. In the USA, Japan, as well as in the Far
East of the USSR, the soybean cyst nematode {Heterodera glycines ) pre-
sents a serious problem to farmers. The sugar beet { H. schachtii) and
cabbage cyst nematodes ( H. cruciferae) have been known for more than
a century in Europe and are also spreading elsewhere. Local problems
arise because crops are attacked by the carrot cyst nematode ( H. carotae),
pea cyst nematode (Я. goettingiana)

, cyst nematode ( H . trifolii ),
lucerne cyst nematode (Я. medicaginis) , sugar cane cyst nematode
(Я. sacchari), rice cyst nematode (Я. oryzae ), corn cyst nematode
(Я. zeae), tobacco cy§t nematode ( Globodera tabacum), and several others.
The ficus and cactus cyst nematodes ( Heterodera fid, Cactodera cacti)
may present a problem in growing ornamentals. Other cyst and cystoid
nematode species are parasitizing roots of many plants, however, the
economic significance of most of them is not yet well recognized.

The number of hitherto known heteroderid species approximates a
hundred. Descriptions of species and even genera new to science are
currently being published each year. Not all species described are com-
monly recognized as valid, and some of them need redescription. Several
species are so closely related that the)r morphological features are over-
lapping. The range of the cyst and cystoid nematode family has remained
a matter of many discussions. Contrasting approaches to classification
and general instability of systematics contribute to difficulties in the
identification of species (Baldwin, 1989).

Our objective is to give a brief review of several approaches to the
heteroderid taxonomy. A comprehensive historical review of taxonomic
changes in the group has been presented by Siddiqi (1986). Further, we
shall try to explain our hypothesis on co-evolution of cyst nematodes with
their host plants (Кралль, Кралль, 1970; 1978; 1979; Кралль, 1989; Krail,
1987; Krail, Krail, 1983) and to compare the results of our studies with
the cladistic analysis of the phylogeny of this group presented by Wouts
(1985).

First steps to classify cyst and cystoid nematodes have been made
using their morphological characteristics only. These investigations were
started using light microscopy, but in the last two decades scanning
electron microscopy has greatly enlarged the possibilities of morphology
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also in studying cyst nematodes. No review of numerous morphological
and taxonomic papers will be given here.

Behrens (1975) and Mulvey and Stone (1976) have divided the
complex group of the genus Heierodera into three separate genera: Hete-
rodera, Globodera and Punctodera. The heteroderid family has been
greatly enlarged by Wouts and Sher (Wouts, 1973a, b, c; Wouts and
Sher, 1971). They have presented the first detailed revision of heteroderids.
Since then the family includes also species lacking the cyst stage.

Numerous authors have contributed to the taxonomy of the group and
different approaches to the matter have appeared. Thus, information on
the heteroderid karyotype has been used to explain relations of sibling
species in which polyploidy occurs. Triantaphyllou (1970) has established
three lines of parthenogenetic evolution in the genus Heterodera. Unfor-
tunately, the basic chromosome number {n =9 in most cases) in the hete-
roderid family is extremely similar and thus the karyotype may not serve
as a basis for establishing a phylogenetic classification of this group
as a whole.

Numerous investigations have been published on chemotaxonomy of
heteroderids. The study of specific proteins might contribute to better
understanding of the relationships between species and pathotypes of
potato cyst nematodes and several others.

The principles of ecological morphology used by Paramonov (Пара-
монов, 1967) in studying phylogenetic relationships in higher taxonomic
groups of plant nematodes and especially in the order Tylenchida, are
considered generally valid also in the case of cyst and cystoid nematodes.
However, a high degree of specialization accompanied by the acquisition
of convergent morphological adaptations for inhabiting root tissues, and
general simplification of the morphology in females due to parasitism
limit the possibilities of establishing phylogenetic relations using Para-
monov’s approach only. Thus, in adult females, the reduction of most
organs except the reproductive ones greatly restricts the phylogenetic
significance of the morphological approach. Because of all that, Tchizhov
and Berezina (Чижов, Березина, 1988) succeeded in differentiating
several heteroderid genera, studying the morphology of the female genital
tract. Thus, the genus Bidera proposed by Krail and Krail (1978) mainly
on the grounds of the phylogenetic conclusions was accepted by them on
the basis of the morphological features of the preuterine gland which
proved to be clearly different in Bidera from those of the closely related
genus Heierodera sensu strictu.

Computer-assisted phylogenetic analysis of heteroderids was started
by Baldwin (1989) using operational taxonomic units (OTUs) that
roughly correspond to the genera. Besides the morphology of adults and
juveniles, the most promising characters for computer-assisted identifica-
tion of the Heteroderinae subfamily are thought to be the locality, host
and habitat of the species as well as host response to the invasion
determined by the hand section of the attacked roots. The cyst and cystoid
nematodes induce in the roots either a single uninucleate giant cell (Meloi-
dodera, Hylonema, Sarisodera, Rhizonema, Bellodera) or multinucleate
syncytium ( Atalodera, Sherodera, Thecavermiculatus, Heierodera , Bidera,
Caciodera, Globodera, Punctodera, Afenestrata) which may be diminutive
in the genus Verutus. This response seems to be determined by the nema-
tode rather than the host (Baldwin, 1989; Luc, 1989). The including of
several readily obtainable geographical, ecological and pathomorpho-
logical data undoubtedly leads to easier identification of species than the
use of morphological features only. However, such an approach to the
phylogenetic analysis of heteroderids suggested by Baldwin and Schouest
(Baldwin, 1989) has not yet become available to us.
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Fig. 1. Phylogenetic tree of the subfamilies and genera of the family Heteroderidae
(after Wouts, 1985).

Ferris (1985) has used the cladistic approach in her studies on phylo-
geny of heteroderid nematodes. Using eight morphological characters,
Ferris presented a cladogram, where Meloidodera was considered the most
primitive genus and Punctodera the most developed within the ten genera
investigated. We cannot agree with Ferris in considering the group of
“Heterodera avenae ” the most primitive one among cyst-forming species
of heteroderids. All species of the “avenae” group ( Bidera spp.) belong
without any exception to the parasites of grasses, i. e. a highly specialized
plant order, and they are thought to be highly specialized, too (see below).
Baldwin has more recently (1986) critically revised this approach and
reviewed the phylogeny of heteroderids.

In his phylogenetic classification of the family Heteroderidae, Wouts
(1985) constructed a. cladogram of the family with six branches, each of
them corresponding to a subfamily ( Verutinae, Meloidoderinae, Crypho-
derinae, Heteroderinae, Ataloderinae, Punctoderinae) which included
17 valid genera (Fig. 1). Some authors, Krail and Krail (Кралль, Кралль,
1978) among them, have treated the subfamilies of heteroderids at the
family level. At present we consider this premature and reject it. Further
investigations are needed to specify the status of the species at subfamily
or family levels. In this paper, the subfamilies presented by Wouts are
accepted, however. According to Wouts, the heteroderid family is con-
sidered in a wide sense and so it includes cyst-forming genera as well
as many closely related groups which, however, lack the cyst stage.

Since the revision by Wouts, three new genera have been proposed:
Camelodera Krail, Schagalina et Ivanova, 1988 ( Ataloderinae ), Brevi-
cephalodera Kaushal et Swarup, 1988, and Ekphymatodera Baldwin, Ber-
nard et Mundo-Ocampo, 1989 [Heteroderinae). As the object of this paper
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is not a taxonomic revision, we do not refer to numerous replacements
and synonyms in this group differently conducted and proposed by various
authors. For a better understanding of the next text it should be noted
that the genus Afrodera Wouts, 1985 (Fig. 1) has become an objective
junior synonym of Afenestrata Baldwin et Bell, 1985.

A very different approach to the taxonomy of heteroderids is also
available. The genus Hylonema Luc, Taylor et Cadet, 1978, is extremely
remarkable and possesses characters of three generally recognized hetero-
derid subfamilies: Ataloderinae, Meloidoderinae, and Heteroderinae. There-
fore, Luc, Maggenti and Fortuner in their recent revision (1988) drastic-
ally reduced the number of subfamilies in Heteroderidae. Besides Hetero-
derinae s. 1. they also included the subfamilies Meloidogyninae and Nacob-
boderinae into this family. According to such approach, no single unique
character is necessary to define a family. The family is an assemblage of
related genera that have a shared evolution and related, though differing
characters none of which can stand alone (Luc, Maggenti and Fortuner,
1988).

No doubt, this is correct and Luc and his co-authors certainly indicate
one of the possible approaches to the classification of heteroderid genera.
In their investigation of relationships between heteroderine (s. 1.) genera,
these authors also use the term “group”, but they do not intend to give
it any taxonomic value. Nevertheless, it seems to us that too different and
obviously not closely related forms were included in this family.

Our own approach to the possible explanation of the phylogeny of the
genus Heterodera and related groups considers the presence of evolution
in the feeding types of this family. It is beyond doubt that the trophic
adaptation of cyst nematodes has occurred to enable them to survive in
specific conditions prevailing in the roots of their host plants. Since cyst
nematodes are a group of highly specialized parasites, their relationships
with the host plants must be balanced very exactly physiologically (trophic
relations) as well as genetically. Every disturbance of the well-balanced
host-parasite system during the evolutionary development of higher plants
might consequently lead to the manifestation of adaptive radiation in
cyst nematodes.

It seems very unlikely that the presently existing groups of cyst nema-
todes which are characterized by wide ranges of host plants could have
evolved from highly specialized ancestors. Regarding specialization as a
restriction to adaptation potentiality one must consider that preconditions
for further evolution of highly specialized cyst nematodes are apparently
far more limited than those of the less specialized groups.

Krail and Krail (Кралль, Кралль, 1978) have demonstrated that the
comparative ecological approach must be considered of prime importance
in the studies of the evolution of cyst nematodes. Thus, they have proposed
a hypothesis of co-evolution of heteroderids with their host plants. This
hypothesis has been checked and developed by Stone (1979, 1985). In the
present paper more detailed information is presented on trophic speciali-
zation of cyst nematodes. We have used for our analyses the concepts on
the phylogeny of flowering plants as given by Grossgeim (Гроссгейм,
1945) and Takhtadzhyan (Тахтаджян, 1970).

Grossgeim states that the evolution of flowering plants belonging to
Angiospermae can be viewed in three stages of development (Fig. 2). In
their earlier papers, Krail and Krail have demonstrated that species of
cyst nematodes parasitizing on angiosperms which are at lower stages of
their phylogenetic development are characterized by a wider host plant
range, i. e. by a lower degree of trophic specialization than those species
which parasitize on plants at higher stages of their phylogenetic develop-
ment and which are characterized by a more limited host plant range.
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Fig. 2. Host specificity of the species of Heteroderidae with respect to plant groups in
accordance with phylogenetic relations of the orders of angiosperms as outlined

by Grossgeim (1945). After Krail, 1989 (emend.).

Hitherto no cyst-forming heteroderid species have been found on gymno-
sperms as well as on the most primitive groups of angiosperms which
present the first stage of their phylogenetic development. Grossgeim has
designated this primitive stage as Protanihophyta including Magnoliales ,

Ranunculales, a. 0. The second, complicated stage of the development of
angiosperms, designated as Mesanthophyta, includes large orders of
flowering plants (Fig. 2). Only this stage of phylogenetic development is
characterized by parasitism of such cyst nematodes which are capable of
invading plants belonging to various families, sometimes rather distant
from each other taxonomically. The third, most specialized and highest
stage of the phylogenetic development of flowering plants, designated as
Hypsanthophyta, including grasses, sedges, nightshades, thistles, umbelli-
ferae, a. 0., has proved to be characterized by parasitism of cyst nematodes
which have comparatively limited host ranges often within a single plant
genus or family. Hitherto we have not been able to establish any docu-
mented cases of passage of cyst nematodes specialized to parasitism on
hosts at the third stage to any other plants belonging to lower stages of
phylogenetic development.
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Fig. 3. Host specificity of the species of Heteroderidae with respect to plant groups in
accordance with phylogenetic relations of the orders of angiosperms as outlined

by Takhtadzhyan (1970). After Krail, 1989 (emend.).

We have checked our statements using the phylogenetic tree of the
orders of angiosperms as given by Takhtadzhyan (Fig. 3). In this scheme,
more primitive plant groups are situated at the bottom, and the tops of
various phylogenetic branches are also (as in the outer concentric rings
by Grossgeim) presented by specialized plant orders. Except for the
terminology in the designation of plant orders which is somewhat dif-
ferent, no principal discrepancies exist in both schemes (Figs. 2 and 3).
Stone (1979), using the evolutionary system of flowering plants presented
by Cronquist, has come to the same conclusions regarding trophic specia-
lization of heteroderids.

Consequently, the data of all analyses clearly indicate that cyst nema-
todes in general have co-evolved with their host plants. Thus, a direct
correlation has been established between the character of the host ranges,
i. e. the homo- or heteroxenity, and their position in the natural systems
of the angiosperms carefully studied by botanists. According to this state-
ment, the phylogenetic relationships of host plants must similarly reflect
also the phylogeny of cyst nematodes parasitizing on them.

We assume that the phylogenetic classification of heteroderids based
on the cladistic method of analysis recently presented by Wouts (1985)
may be regarded as the most promising morphological approach to explain
relationships within this group (Fig. 1). We shall make an attempt to
comment upon this classification with respect to our hypothesis of co-
evolution of cyst-forming heteroderids with their host plants.

According to Wouts, the hypothetical heteroderid ancestor (as supposed
also by Paramonov and several others) developed from a nematode that
resembled some forms in the family Hoplolaimidae. The genus Verutus
is considered the most primitive form within heteroderids (Fig. 1). The
genus Meloidodera developed by a reduction in vulval size. Later, Wouts
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(1985) suggested four evolutionary lines in the phylogenetic tree of hetero-
derids: 1) a posterior shift of the vulva and the formation of vulval lips
gave rise to the genera Zelandodera and Cryphodera\ 2) changes in the
lip configuration of the second-stage juvenile gave rise to the genera
Hylonema, Afenestrata, Heterodera and Bidera-, 3) changes in the com-
position of the female cuticle resulted in the genera Thecavermiculatus,
Atalodera, Sherodera, Sarisodera and Bellodera-, and 4) a reduction on
vulval slit size led to the development of the genera Dolichodera, Globo-
dera, Cactodera and Punctodera.

In the phylogenetic lines of Heteroderinae as well as Punctoderinae
good fitness of the morphological evolution with the regularities in the
host specificity with respect to plant groups in accordance with their
phylogenetic relations has been established in the systems by Wouts and
ourselves. The genus Hylonema possessing characters of several sub-
families may be placed only tentatively in the heteroderine branch (Fig.
1, И) of the phylogenetic tree, however. It will apparently continue to
be a subject of discussions. But we fully agree with Wouts that the pro-
cess of cyst forming might convergently occur in the evolution of several
not closely related groups. As to the same heteroderine branch we also
fully agree with the placement of the genus Bidera at the top of it. This
genus has been exclusively specialized in parasitism on grasses (Glumi-
florae in Fig. 2, and Poales in Fig. 3). Further, we are of the opinion that
the genus Ephippiodera synonymized with Bidera by Wouts is clearly
distinctive from it and should therefore be re-established as a group,
phylogenetically derived from a common ancestor with Bidera. The mor-
phological adaptations of Ephippiodera are remarkable. This group
apparently has evolved in the extremely dry climate of Asian deserts. The
validity of the genus Ephippiodera (but not Bidera) has also been sup-
ported by Siddiqi (1986). As indicated by Schagalina and Krail (Шага-
лина, Кралль, 1981), after the exclusion of Ephippiodera, the genus
Bidera remained much more homogeneous.

The phylogenetic branches of Ataloderinae and Punctoderinae (Fig. 1,
111, IV) are thought to have evolved from a common ancestor (Fig. 1, C).
The development of an extra basal layer, the so-called D-layer in the
cuticle of the females is characteristic of these branches. This layer is
always absent in the lower groups of heteroderids. In the ataloderine line
of evolution the thickening of the female cuticle also takes place, but the
cuticle always remains elastic and no cyst stage occurs. Krail, Schagalina
and Ivanova (Кралль et ah, 1988) have observed this phenomenon in the
genus Camelodera described by these authors from the Kara-Kum desert
in Soviet Central Asia. This genus should be placed close to Bellodera at
the top of the ataloderine branch (Fig. 1, III). Simultaneously, the finding
of the genus Camelodera is the first record of the subfamily Ataloderinae
outside America, indicating that the ancestors of the subfamily could have
been distributed also in the Old World.

As a discrepancy with Wouts, however, the genus Thecavermiculatus
(Fig. 1, III) parasitizing on grasses may not be considered the most
primitive one in ataloderines from the viewpoint of co-evolutionary rela-
tionships. It is impossible to understand that a genus which has obviously
been evolved with a group of the most specialized hosts gave rise to forms
that attack plants on a lower, viz. second or complicated stage of the
phylogenetic development. On the other hand, we fully agree with placing
exclusively grass-attacking Bidera (Heteroderinae ) as well as Puncto-
dera (Punctoderinae ) at the tops of the respective branches of the phylo-
genetic tree (Fig. 1, 11, IV). As we can see (Figs. 2 and 3), sixteen
species of the genus Heterodera and several representatives of some other
genera also attack grasses. All these species are highly specialized as
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well and no case of their parasitizing on any other plant group has been
recorded so far.

In the phylogenetic branch of Punctoderinae (Fig. 1, IV), the genus
Dolichodera has been thought to be the most primitive one. Unfortunately,
the host plants of this nematode group are unknown and so we cannot
check this postulate from our viewpoint. We do not agree with Wouts in
deriving Cactodera from Globodera. The former genus has been proposed
by Krail and Krail in 1978 considering the lemon-shaped body of females
and some other features. We suppose that the lemon-shaped body in
heteroderids should be regarded as more primitive than the spherical
body shape in females like in Globodera. Thus the loss of vulval cone in
the evolution is regarded by us as a secondary feature. No doubt, both
genera mentioned above are closely related.

As expected, the most primitive phylogenetic lines of heteroderids and
especially the subfamilies Meloidoderinae and Cryphoderinae express a
great variability in their host-parasite relations. Two species of lower
heteroderids, viz. Meloidodera floridensis and Zelandodera podocarpi are
parasitizing on gymnosperms which are not attacked by any species
belonging to the higher groups of this family. We cannot explain the
single exception from this rule the parasitism of Rhizonema (Sariso-
dera) sequoiae of the subfamily Ataloderinae on gymnosperms, either.
It may be caused by secondary passage of rhizonemas from angiosperms
to gymnosperms or may be a result of the paucity of our knowledge on
many genera of heteroderids. We suppose that such unexpected findings
as the establishment of an ataloderine genus ( Carnelodera ) in Asia
clearly demonstrate that more relict forms of some rare groups of hetero-
derids might be established further. In Figs. 2 and 3 data are presented
on host specificity of various heteroderid species with respect to plant
groups in accordance with phylogenetic relations of the orders of angio-
sperms as outlined by Grossgeim and Takhtadzhyan, respectively. The
designations for plant orders are partially different on the schemes
presented by these botanists. The main differences are presented here as
follows, whereas the designations given by Takhtadzhyan are in paren-
theses:

Centrospermae and Cactales (Caryophyllales) , Fagales (Fagales and
Betulales), Glumiflorae ( Poales ), Tubiflorae ( Scrophulariales and Pole-
moniales), Contortae {Gentianales) , Ligustrales ( Oleales), Tricoccae
{Euphorbiales) , Umbelliflorae {Cornales) , Rubiales (Dipsacales) ,

Ana-
cardiales (Rutales), Leguminosales (Fabales ), Rhoedales {Capparales) ,

Campanulales (Asterales) , Ranales [Ranunculales].
In this paper only general trends in the phylogenetic development of

the heteroderid nematodes could be presented. No doubt, more detailed
analysis of various genera using several approaches would lead to a
better understanding of the evolutionary process within this economically
important nematode family.

Thanks are due to Mrs. Heljo Krail for her valuable comments and
co-operation in the field of botany, to Mrs. Lidia Schagalina for kindly
supplying us with literature, to Mrs. Ene Aomets for preparing the illustra-
tions, and to Mrs. Urve Martinson for revising the English text and for
technical assistance.

A list of species of the family Heteroderidae
with abbreviations in Figs. 2 and 3

Subfamily Verutinae Esser, 1981. Genus Verutus Esser, 1981 (F):
FI V, volvingentis Esser, 1981; F 2 F. Californias Baldwin, Ber-
nard et Mundo-Ocampo, 1989; F 3 F. mesoangustus Minagawa, 1986.
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Subfamily Meloidoderinae Golden, 1971. Genus Meloidodera Chitwood,
Hannon et Esser, 1956 (M): M 1 M. floridensis Chitwood, Hannon et
Esser, 1956*; М2 M. armeniaca Pogosyan, 1960; М3 M. belli
Wouts, 1973; M 4 M. charts Hopper, 1960; M 5 M. eurutyla Bernard,
1981; M 6 M. sikhotealiniensis Eroshenko, 1978; M 7 M. tadshikista-

nica Kirjanova et Ivanova, 1966; M 8 M. tianschanica Ivanova et Krail,
1985.

Subfamily Cryphoderinae Coomans, 1978. Genus Cryphodera Colbran,
1966 {CR): CR 1 C. eucalypti Colbran, 1966; CR 2 C. kalesari

Bajaj, Walia, Dabur et Bhatti, 1989. Genus Zelandodera Wouts, 1973 (Z):
Z 1 Z. podocarpi Wouts, 1973*; Z 2 Z. coxi Wouts, 1973; Z 3
Z. nothopagi Wouts, 1973.

Subfamily Hetcroderinae Filipjev et Sch. Stekhoven, 1941. Genus
Hylonema Luc, Taylor et Cadet, 1978 (ЯУ): HY 1 Я, ivoriensis Luc,
Taylor et Cadet, 1978. Genus Ekphymatodera Baldwin, Bernard et Mundo-
Ocampo, 1989 {EK): EK 1 E. thomasoni Baldwin, Bernard et Mundo-
Ocampo, 1989. Genus Afenestrata Baldwin et Bell, 1985 {AF): AF 1
A. africana (Luc, Germani et Netscher, 1973) Baldwin et Bell, 1985;
AF 2 A. sacchari Kaushal et Swarup, 1988. Genus Brevicephalodera
Kaushal et Swarup, 1988 ( BR ): BR 1 B. bamboosi Kaushal et Swarup,
1988. Genus Heterodera Schmidt, 1871 (Я): H 1 H. schachtii Schmidt,
1871; H 2 H. amygdali Kirjanova et Ivanova, 1975; Я 3 Я. cajani

Koshy, 1967; Я 4 Я. canadensis Mulvey, 1979; Я 5 Я. cardiolata
Kirjanova et Ivanova, 1969; Я 6 Я. carotae Jones, 1950; Я 7 Я.
ciceri Vovlas, Greco et di Vito, 1985; Я 8 Я. cruciferae Franklin, 1945;
Я 9 Я. cyperi Golden, Rau et Cobb, 1962; Я 10 Я. daverti Wouts
et Sturhan, 1978; Я 11 Я. delvii Jairajpuri, Khan, Setty et Govindu,
1979; Яl2 Я. elachista Oshima, 1974; Яl3 Я. fid Kirjanova, 1954;
Я 14 Я. galeopsidis Goffart, 1936; El 15 Я. gambiensis Merny et
Netscher, 1976; Я 16 Я. glycines Ichinohe, 1952; Я 17 Я. goettin-
giana Liebscher, 1892; Я 18 Я. graduni Kirjanova, 1971; Я 19 Я.
graminis Stynes, 1971; Я 20 Я. graminophila Golden et Birchfield,
1972; Я2l Я. hamuli Filipjev, 1934; Я22 Я. leuceilyma Di Edwardo

et Perry, 1964; Я 23 Я. limonii Cooper, 1955; Я 24 H. longicolla
Golden et Dickerson, 1973; Я25 Я. medicaginis Kirjanova, 1971;
Я 26 Я. mediterranea Vovlas, Inserra et Stone, 1981; Я 27 Я. men-
thae Kirjanova et Narbaev, 1977; Я2B Я, mothi Khan et Husain, 1965;
Я 29 Я. oryzae Luc et Berdon Brizuela, 1961; Я. 30 Я. oryzicola
Rao et Jayaprakash, 1978; Я 31 Я. oxiana Kirjanova, 1962; Я 32
Я. pakistanensis Maqbool et Shahina, 1986; Я 33 Я. phragmitidis
Kazachenko, 1986; Я 34 Я. polygoni Cooper, 1955; Я 35 Я. raskii
Basnet et Jayaprakash, 1984; Я36 Я. rosii Duggan et Brennan, 1966;
Я 37 Я. rumicis Pogosyan, 1961; Я 38 Я. sacchari Luc et Merny,
1963; Я 39 Я. salixophila Kirjanova, 1969; Я 40 Я. schleranthii
Kaktina, 1957; Я 41 Я. sonchophila Kirjanova, Krail et Krail, 1976;
Я42 Я. sorghi Jain, Sethi, Swarup et Srivastava, 1982; Я43 H.tri-
folii Goffart, 1932; Я44 Я. urticae Cooper, 1955; Я45 Я, uzbekista-
nica Narbaev, 1980; Я 46 Я. uigni Edward et Misra, 1968; Я 47
Я. zeae Koshy, Swarup et Sethi, 1971; Я 48 Я. bergeniae Maqbool et
Shahina, 1988; Я49 Я. kirjanovae Narbaev, 1988; Я5O Я. turangae
Narbaev, 1988; Я 51 Я. plantaginis Narbaev et Sidikov, 1987; Я 52
Я. lespedezae Golden et Cobb, 1963; Я 53 Я. cynodontis Shahina et
Maqbool, 1989. Genus Bidera Krail et Krail, 1978 {В): В 1 В. avenae
(Wollenweber, 1924) Krail et Krail, 1978; В 2 В. arenaria (Cooper,
1955) Krail et Krail, 1978; В 3 В. bifenestra (Cooper, 1955) Krail et
Krail, 1978; В 4 В. filipjevi Madzhidov, 1981; В 5 В. hordecalis
(Andersson, 1975) Krail et Krail, 1978; В 6 В. iri (Mathews, 1971)
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Krail et Krail, 1978; В 7 B. mani (Mathews, 1971) Krail et Krail, 1978;
В 8 В. ustinovi (Kirjanova, 1969) Krail et Krail, 1978. Genus Ephippio-
dera Schagalina et Krail, 1981 {E) \ E 1 E. turcomanica (Kirjanova et
Schagalina, 1965) Schagalina et Krail, 1981; E 2 E. latipons (Frank-
lin, 1969) Schagalina et Krail, 1981.

Subfamily Ataloderinae Wouts, 1973. Genus Thecavermiculatus Rob-
bins, 1978 (Г); T 1 T. graciliancea Robbins, 1978; T 2 T. carolynae
Robbins, 1978; T 3 T. crassicrustata Bernard, 1981. Genus Atalodera
Wouts et Sher, 1971 (Л); A 1 A. ucri Wouts et Sher, 1971; A 2
A. festucae Baldwin, Bernard et Mundo-Ocampo, 1989; Л 3 A. trilineata
Baldwin, Bernard et Mundo-Ocampo, 1989. Genus Sherodera Wouts, 1973
(SH) : SH 1 —S. lonicerae Wouts, 1973. Genus Sarisodera Wouts et
Sher, 1971 (S): Sl S. hydrophila Wouts et Sher, 1971; S 2
S. sequoiae (Cid del Prado Vera, Lownsbery, Magenti, 1983) Wouts,
1985*. Genus Bellodera Wouts, 1985 {BE): BE 1 B. utahensis (Baldwin,
Mundo-Ocampo et Othman, 1983) Wouts, 1985. Genus Camelodera Krail,
Schagalina et Ivanova, 1988 ( CA); CA 1 C. eremophila Krail, Schaga-
lina et Ivanova, 1988.

Subfamily Punctoderinae Krail et Krail, 1978. Genus Dolichodera Mul-
vey et Ebsary, 1978 {D): D 1 D. andinus (Golden, France, Jatala et
Astogaza, 1983) Wouts, 1985. Genus Globodera (Skarbilovich, 1959) Beh-
rens, 1975 (G): G 1 G. rostochiensis (Wollenweber, 1923) Behrens,
1975; G 2 G. achilleae (Golden et Klindic, 1973) Behrens, 1975; G3 —

G. artemisiae (Eroshenko et Kazachenko, 1972) Behrens, 1975; G 4
G. chaubattia (Gupta et Edward, 1973) Wouts, 1984; G 5 G. leptonepia
(Cobb et Taylor, 1953) Behrens, 1975; G 6 G. mail (Kirjanova et Bo-
risenko, 1975) Behrens, 1975; G 7 G. millej'olii (Kirjanova et Krail,
1965) Behrens, 1975; G 8 G. pallida (Stone, 1973) Behrens, 1975;
G 9 G. tabacum (Lownsbery et Lownsbery, 1954) Behrens, 1975;
G 10 G. zelandica Wouts, 1984. Genus Cactodera Krail et Krail, 1978
(С): C 1 C. cacti (Filipjev et Sch. Stekhoven, 1941) Krail et Krail,
1978; C 2 C. acnidae (Schuster et Brezina, 1979) Wouts, 1985; C 3
C. amaranthi (Stoyanov, 1972) Krail et Krail, 1978; C 4 C. betulae
(Hirschmann et Riggs, 1969) Krail et Krail, 1978; C 5 C. eremica
Baldwin et Bell, 1985; C 6 C. estonica (Kirjanova et Krail, 1963) Krail
et Krail, 1978; С 7 C. thornei (Golden et Raski, 1977) Wouts, 1985;
C 8 C. weissi (Steiner, 1942) Krail et Krail, 1978. Genus Punctodera
Mulvey et Stone, 1976 (P); P 1 P. punctata (Thorne, 1928) Mulvey et
Stone, 1976; P 2 P. chalcoensis Stone, Sosa Moss et Mulvey, 1976;
P 3 P. matadorenris Mulvey et Stone, 1976.
Note. Only species with established host plants have been included in
this list. Meloidodera floridensis (M 1), Zelandodera podocarpi (Z 1) and
Sarisodera sequoiae (S 2) are marked with an asterisk (*) because they
are parasitizing on gymnosperms and thus could not be shown in Figs. 2
and 3 which demonstrate trophic relations and supposed co-evolution of
nematodes with angiosperms only.

REFERENCES
Baldwin, J. G. Testing hypothesis of phylogeny in Heteroderinae. In: Cyst nematodes

(eds. F. Lamberti, С. E. Taylor). New York; London, 1986, 75—100.
Baldwin, J. G. Identification of the heteroderids. In: Nematode identification and

expert-system technology. Proc. NATO Adv. Res. Workshop Morphol. Identif.
Plant-parasit. Nematode Genera, Raleigh, N. C., June 6—lo, 1988 (ed. R. For-
tuner). New York, 1989, 111—121.



269

Behrens, E. Globodera Skarbilovich, 1959, eine selbständige Gattung in der Unter-
familie Heteroderinae Skarbilovich, 1947 ( Nematoda: Heteroderidae). Vor-
tragstagung zu aktuellen Problemen der Phytonematologie am 29. Mai 1975 in
Rostock. Manuskriptdruck der Vorträge. Rostock, 1975, 12—26.

Ferris, V. R. Evolution and biogeography of cyst-forming nematodes. Bull. OEPP,
1985, 15, 123—129.

Krail, E. Evolution of cyst nematodes of the family Heteroderidae theoretical and
practical aspects of investigation. In: Parasite Host Environment. First
International Autumn School, October, 4—6, 1987. Varna, 1987, 280 —294.

Krail, E. L., Krail, H. A. Revision of the plant nematodes of the family Heteroderidae
on the basis of the trophic specialization of the parasites and their co-evolution
with their host-plants. In: English Translations of selected papers in Hema-
tology. California Dep. of Food and Agriculture, Publ. N 642, 2 (ed. R. For-
tuner). Sacramento, 1983, 57—76.

Luc, M. Systematics and identification of plant-parasitic nematode genera. In; Nema-
tode identification and expert-system technology: Proc. NATO Adv. Res. Work-
shop Morphol. Identif. Plant-parasit. Nematode Genera, Raleigh, N. C., June
6—lo, 1988 (ed. R. Fortuner). New York, 1989, I—7.1 —7.

Luc, M., Maggenti, A. R., Fortuner, R. A reappraisal of Tylenchina {Nemata). 9. The
family Heteroderidae Filipjev et Schuurmans Stekhoven, 1941. Rev. Nematol,
1988, 11, N 2, 159—176.

Muluey, R. H„ Stone, A. R. Description of Punctodera matadorensis n. gen., n. sp. (Nema-
toda: Heteroderidae) from Saskatchewan, with lists of species and generic diag-
nosis of Globodera (n. rank), Heterodera, and Punctodera. Can. J. Zook,
1976, 54, N 5, 772—785.

Siddiqi, M. R. Tylenchida: parasites of plants and insects. Slough, United Kingdom,
Commonwealth Agricultural Bureaux, 1986.

Stone, A. R. Co-evolution of nematodes and plants. Symbolae Bot. Upsak, 1979, 22,
N 4, 46—61.

Stone, A. R. Co-evolution of potato cyst nematodes and their hosts: implications for
pathotypes and resistance. Bulk OEPP, 1985, 15, 131—137.

Triantaphyllou, A. C. Cytogenetic aspects of evolution of the family Heteroderidae.
J. Nematok, 197Õ, 2, N 1, 26—32.

Wouts, W. M. A revision of the family Heteroderidae ( Nematoda ; Tylenchoidea).
I. The family Heteroderidae and its subfamilies. Nematologica, 1973a, 18,
N 4, 439—446.

Wouts, W. M. A revision of the family Heteroderidae (Nematoda : Tylenchoidea).
11. The subfamily Meloidoderinae. Nematologica, 1973b, 19, N 2, 218—235.

Wouts, W. M. A revision of the family Heteroderidae ( Nematoda ; Tylenchoidea).
111. The subfamily Ataloderinae. Nematologica, 1973c, 19, N 3, 279—284.

Wouts, W. M. Phylogenetic classification of the family Heteroderidae ( Nematoda ; Ty-
lenchida). Systematic Parasitok 1985, 7, 295—328.

Wouts, W. M., Slier, S. A. The genera of the subfamily Heteroderinae (Nematoda:
Tylenchoidea) with a description of two new genera. J. Nematok, 1971, 3,
N 2, 129—144.

Гроссгейм А. А. К вопросу о графическом изображении системы цветковых растений.
Сов. бот., 1945, 13, вып. 3, 3—27.

Кралль Э. Л. О систематике и сопряженной эволюции нематод семейства Heterode-
ridae с растениями-хозяевами. Тр. Зоол. ин-та АН СССР, 1989, 194 (Тилен-
хиды и рабдитиды растений и насекомых под ред. А. Ю. Рысса), 6—29.

Кралль Э., Кралль X. К вопросу об эволюции паразитических взаимоотношений фито-
гельминтов семейства гетеродерид с их растениями-хозяевами. Науч. тр.
ЭСХА, 1979, 70, 152—154.

Кралль Э. Л., Кралль X. А. Перестройка системы фитонематод семейства Heterode-
ridae на основе трофической специализации этих паразитов и сопряженная
эволюция с растениями-хозяевами. Фитогельминтологические исследования.
Москва, 1978, 39—56.

Кралль Э. Л., Кралль X. А. Ревизия фитонематод сем. Fleteroderidae ( Nematoda: Tylen-
chida) применением сравнительно-экологического метода анализа изучения их
филогении. Принципы и методы изучения взаимоотношений между парази-
тическими нематодами и растениями. Тарту, 1979, 16—27.

Кралль Э., Шагалина Л., Иванова Т. Новый род и вид обитающей в пустыне нематоды
Camelodera eremophila gen. n., sp. n. ( Nematoda : Heteroderidae,

Ataloderinae).
Изв. АН ЭстССР. Биол., 1988, 37, № 1, 27—35.

Парамонов А. А. Критический обзор подотряда Tylenchina (Filipjev, 1934) (Nematoda:
Secernentea). Тр. Гельминтологической лаборатории АН СССР, 1967, 18, 78—
101.

Тахтаджян А. Л. Происхождение и расселение цветковых растений. Л., 1970.
Чижов В. Н., Березина Н. В. Строение и эволюция половой системы самок нематод

отряда Tylenchida. 2. дидельфные виды. Зоол. ж., 1988, 67, вып.
4, 485—494.



270

Шагалина Л., Кралль Э. Новый род цистообразующих нематод Ephippiodera gen. п. и
переописание вида Heterodera turcomanica Kirjanova et Schagalina, 1965
{Nematoda: Heteraderidae) . Изв. АН ЭстССР. Биол., 1981, 30, № 3, 182—
192.

Estonian Academy of Sciences,
Institute of Zoology and Botany

Received
May 16, 1990

Eino KRAEL
ERINEVAD LÄHENEMISVIISID JA UUEMAD SEISUKOHAD

SUGUKONNA HETERODERIDAE (NEMATODA : TYLENCHIDA) SÜSTEMAATIKA
NING PEREMEESTAIMEDEGA KOEVOLUTSIOONI UURIMISEL

On antud lühiülevaade taimedel parasiteerivate nematoodide sugukonna Heteroderidae
süstemaatika arenemisest viimasel aastakümnel. Põhjalikumalt on käsitletud hetero-
deriidide koevolutsiooni peremeestaimedega ning kriitiliselt analüüsitud tulemusi, mis on
saadud nematoodide fülogeneesi selgitamisel erinevate meetoditega.

Эйно КРАЛЛЬ
РАЗЛИЧНЫЕ ПОДХОДЫ И НОВЕЙШИЕ ДОСТИЖЕНИЯ В ОБЛАСТИ

ИЗУЧЕНИЯ СИСТЕМАТИКИ И СОПРЯЖЕННОЙ ЭВОЛЮЦИИ СЕМЕЙСТВА
HETERODERIDAE (NЕМАТ ODA : TYLENCHIDA)

С РАСТЕНИЯМИ-ХОЗЯЕВАМИ
Приведен краткий обзор развития систематики семейства фитопаразитических нема-

тод Heteroderidae за последнее десятилетие. Более подробно рассматриваются вопросы
сопряженной эволюции гетеродерид с их растениями-хозяевами и критическому анализу
подвергаются результаты исследований, полученные при выяснении филогении нематод
с применением различных методов.
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	Влияние стрессорных воздействий на нормотензивных и гипертензивных крыс. 1 Исходный уровень в покое; 2 иммобилизация в пенале; 3 электрокожное раздражение; 4 растяжка на спине.
	Untitled

	ЖУКИ-БЛЕСТЯНКИ РОДА EPU RAE A ER. (COLEOPTERA, NITIDULIDAE) ЭСТОНИИ
	Untitled
	Untitled
	Рис. 5. ▲ -E.casianea, 0-Е. danlca, ш – Е. deleta. Рис, 7. А Е. deubeli, • – Е. fuss/, и-Е. [aeviuscula.
	Untitled
	Рис.2. А.-Е. adumbrate, 0-Е. angustula. Рис.l. ▲ -E.melanocephala, 9-E.limbata, ■ -Е.guttata.
	Pug. 4. А-£ biguttata, • -Е. binot ata, т-Е. bore olla. Рис.З. • -£► ЫскЬагсШ.
	Рис. 6.0 – E.depressa,
	Рис. B.# – Е. melina, А – Е. muehli.
	Рис, 9.0 —Е. negtecta, А-Е. oblonga, в – E.opallzans.
	Рис. 11. А-Е. placida, ®-Е.рудтаеа,
	Рис. 13 .e-E.silacQa, A- E.silesiaca. Puc.15.8-E. unicolor.
	Untitled
	Рис. 10.* – E.pallescens.
	Рис. 12.# -Е. rufomarginata.
	Рис, 14. в – Е. torminalis, ' А -Е. thoracica.
	Рис. 16. в- Е. vari egota.
	Untitled
	Рис. 29. Видовое обилие Еригаеа по месяцам.
	Рис. 30. Численность Еригаеа по месяцам.
	Untitled

	ВЛИЯНИЕ МИНЕРАЛЬНОГО ПИТАНИЯ РАСТЕНИЯ-ХОЗЯИНА НА РАЗВИТИЕ КАРТОФЕЛЬНОЙ НЕМАТОДЫ
	Численность адультных самок картофельной нематоды в корнях картофеля 'Сулев' (в процентах от контроля) при различной обеспеченности растений питательными элементами (минус недостаток, плюс избыток).
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	ABOUT RESPIRATION RHYTHMS OF INSECTS
	Fig. 1. Microrhythms, Pterostichus coerulescens, t=2o °C, respiration level 1.30 mm3 02/mg/h.
	Fig. 2. Micromacrorhythms, Tenthredinidae gen. sp., /=25 °C, respiration level 0.70 mm3 02/mg/h.
	Fig. 3. Microrhythms with micromacrorhythms, Galleria mellonella. A on the left a group of microrhythms can be seen. В magnified microrhythms, t—2B°C, respiration level 0.60 mm3 02/mg/h.
	Fig. 4. Microrhythms with C02 macrorhythms, Coccinella septempunctata pupae, /=25 °C, respiration level 1.96 mm3 02/mg/h.
	Fig. 5. Carbon dioxide macrorhythms, Dermestes lardarius, t—2o °C, respiration level 0.45 mm3 02/mg/h.
	Untitled
	Fig. 6. Life-time changes in rhythms, Dermestes lardarius. A 2 days before adult molting; В 1 day before adult molting; C 1 day after adult molting; D 2 days after molting; E 6 days after molting; F 12 days after molting.
	Untitled
	Untitled

	HIBERNATION PECULIARITIES AND COLD-HARDINESS OF THE GREAT SPRUCE BARK BEETLE, DENDROCTONUS MICANS KUG.
	PROTEIN DEGRADATION AS A SOURCE OF PRECURSORS FOR FLAVONOID BIOSYNTHESIS IN BUCKWHEAT COTYLEDONS
	Fig. 1. Changes in the content and radioactivity of proteins in' buckwheat cotyledons fed with 14C-,L-p(henylalanine during the first 16 hr of the experiment and incubated thereafter in cold phenylalanine. A insoluble proteins, В soluble proteins; solid lines content, broken lines radioactivity.
	Fig. 2. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids (sum of rutin, orientin, isoorientin, vitexin, and isovitexin); 2 insoluble proteins; 3 soluble proteins.
	Fig. 3. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 4. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 5. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.

	МИКОБИОТА ГУМИНОВЫХ ОЗЕР ЭСТОНИИ
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	A CYTOCHEMICAL STUDY OF SOME PHOSPHATASES IN THE TISSUE CYSTS OF SARCOCYSTIS BOVICANIS FROM BOVINE HEART
	Fig. 1. Reaction to APase after Gomori in tissue cysts of 5. bovicams. A weak reaction can be seen in the cyst wall (cw) and septa (s). The staining of the host tissue (HI) and cyst stages (CS) is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 2. Same as Fig. 1. Magnification 100x3.2x2.5. Fig. 3. Reaction to ATPase in cyst stages (CS), septa (s) and cyst wall (cw) is comparable to that in the host tissue (FIT). Magnification 100x3.2x2.5. Fig. 4. Reaction to GOPase is seen in the cyst stages (CS), septa (s) and cyst wall (cw). Reaction in the host tissue (FIT) is extremely weak. Magnification 100x3.2x2.5. Fig. 5. The Gomori reaction to AcPase can be seen in septa (s) and cyst wall (cw). The staining of cyst stages and host tissue is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 6. Reaction to AcPase is seen in the outer membrane of the cyst wall (me), in the cyst wall (cw) and septa (s). In cyst stages the reaction is seen on the membranes of the inner membrane complex (i). In the metrocyte (MC) the reaction is seen also in the vacuolar structures (V). The reaction is also seen in the places of degenerative processes (DP). Magnification 7500 –
	Fig. 7. The reaction product of AcPase is seen in the cyst wall protrusions (cp), on the membrane of the cyst wall (me), in the cyst wall (cw), and in the cyst stages around the micronemes (mn). Magnification bOOOX. Fig. 8. A reaction on the inner membrane complex (i) of the apical part of a mcrozoile, in the ducts of the rhoptries (rd), on the rhoptry (ro) surface and around micronemes. Magnification 7000 X. Fig. 9. Reaction in the mitochondrion cristae (M). Magnification 13000 X.
	Untitled
	Рис. 2. Р. argent ea. Рис. 4. Р. argenteo.
	Рис, 1, Р. subarenar/a.
	Untitled
	Рис. 3. Р. supina. Рис. 5. Р. fruiicosa.
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	Рис. 6. Р. leucQOöU tana.
	Рис. 8. Я arenaria.
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	Рис.7. Р. erecta,
	Рис. 9. Я subarenarla, Рис. 11. Я bit иг со. Рис. 10, Я crafttziL
	Puc.l2. P. anserina.
	Untitled
	Рис. 16. Сотагит palus tre,
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	Рис. 15. Fragariq vesca. .Рус,,]%subUs 'chamaemorus
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	Рис. 18,'AlchemiHa wichurae.
	Рис.2o.Rosa mojalis. – POc. 22. Sanouisorba officinalis,
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	Рис. 19 .FKJpendula и (maria. Рис. 21. Agriroonia eupaforia.'
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	Fuc, 25. Р. argentea.
	Рис. 24. Р. доШЬасЫК
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	Рис. 26. Р. arenaria. Pup, ZZ Р argentea. Рис, 28. R arg&nt&a.
	Рис. 23. Р. goidbachil.
	Рис. 31, R taöernaemontani.
	■Рис. 33. Р. anserine. ■■
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	Рис.32.R erecta.
	Рис. 30. P. crantzii. Рис. 34- Я fru'tJcosa.
	THE RELATIONSHIPS BETWEEN PROTOZOA AND VIRUSES 4. PROTOZOA AS HOSTS OF MAMMALIAN VIRUSES
	Untitled
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	DIFFERENT APPROACHES TO AND RECENT DEVELOPMENTS IN THE SYSTEMATICS AND CO-EVOLUTION OF THE FAMILY HETERO DERI DAE (NEMATODA : TYLENCHIDA) WITH HOST PLANTS
	Fig. 1. Phylogenetic tree of the subfamilies and genera of the family Heteroderidae (after Wouts, 1985).
	Fig. 2. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Grossgeim (1945). After Krail, 1989 (emend.).
	Fig. 3. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Takhtadzhyan (1970). After Krail, 1989 (emend.).

	NEW RECORDS OF MYXOMYCETES IN ESTONIA
	Untitled
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	A LIGHT AND ELECTRON MICROSCOPIC STUDY OF DEGENERATING SARCOCYSTIS BOVICANIS TISSUE CYST FROM BOVINE HEART
	Fig. 1. A degenerating tissue cyst of Sarcocystis bovicanis. On the poles of the cyst (C) the infiltration of host cells (ih) into the muscle tissue (HT) is seen. Magnification 10x3.2x2.5. Fig. 2. A fragment of a tissue cyst divided by septa (s) to chambers where some cyst stages (CS) can be seen including the mctrocytes (me). The cyst is surrounded by a layer of dense material (DM). Magnification 100x3.2x2.5. Fig. 3. The cyst wall (cw) is covered by a layer of dense material. The material of the cyst wall and the septa (s) have become diffuse. A group of degenerating metrocytes (me) can be seen. Magnification 2000 X. Fig. 4. Around the cyst the remainders of degenerating myofibers (HT) can be seen with the proposed Z-discs (Z) and the covers of the host cell (he). A lot of collagen fibers (F) are seen in the host tissue. Magnification 3500 –
	Untitled
	Untitled


	Illustrations
	Untitled
	Динамика численности гетеротрофных микроорганизмов в микроэкосистеме (/ и 2 номера вариантов, N количество клеток в мл).
	Среднесуточные температуры в вегетационных сосудах на протяжении опыта. 1 23 25 °С; 2 12—15,5 °С; 3 10,3—12,7 °С.
	Рис. 1. Расположение биостратиграфически изученных озер и болот на о-ве Сааремаа. А граница Анцилового озера; L Литоринового моря, him Лимниевого моря (по X. Кессел), озера: 1 Каруярв; 2 Мудаярв; болота: 3 Пелисоо; 4 Ярвесоо; 5 Охтья; 6 Питкасоо.
	Рис. 2. Расположение геологического разреза и биостратиграфическн изученных скважин на озере Каруярв. 1 береговой уступ; 2 береговой вал, 3 скважины; 4 биостратиграфически изученные скважины.
	Untitled
	Рис. 3. Геологический разрез донных отложений оз. Каруярв (местоположение см. рис. 1). ,1 сапропель; 2 сапропель с субфоссильными моллюсками; 3 тонкие прослои сапропеля и озерной извести; 4 алеврит; 5 гравий; 6 морена. Рис. 4. Геологический разрез болота Пелисоо. 1 заторфованная почва; 2 верхо-РЫЙ торф; 3 низинный торф; 4 сапропель; 5 озерная известь; 6 песок; 7 куски древесины; 8 песок с крупным детритом.
	Рис. 5. Спорово-пыльцевая диаграмма болота Пелисоо. Анализы А. Сарв. 1 сфагново-пушицевый торф; 2 гипново-тростниковый торф; 3 тростниковый торф; 4 сапропель; 5 озерная известь; 6 глинистый песок; 7 пыльца сосны; 8 березы; 9 ели 10 ольхи; ,11 широколиственных пород; 12 древесных пород; 13 травянистых растений; 14 споры.
	Рис. 7. Спорово-пыльцевая диаграмма донных отложений оз. Каруярв (Анализы А. Сарв). 1 вода; 2 сапропель; 3 известковистый сапропель; 4 песчанистый сапропель; 5 песок; 6 пыльца сосны; 7 березы, 8 ели, 9 ольхи, 10 широколиственных пород; 11 древесных пород; 12 травянистых растений; 13 споры
	Рис. 8. Диатомовая диаграмма профундальной колонки оз. Каруярв (Анализы Е. Вишневской). Вместо количества створок должно быть количество видов.
	Рис. 9. Диатомовая диаграмма литоральной колонки оз. Каруярв (Анализы Е. Вишневской). Вместо количества створок должно быть количество видов.
	Joon. 1. Peipsi järve suurte karpide keskmine arvukus ja biomass (esimesed kolm tulbarühma on arvutatud põhjaammutiproovide põhjal, viimased raamiproovide põhjal). Рис. 1. Средняя численность и биомасса крупных двустворчатых в Псковско-Чудском озере. (Первые три группы столбиков на основе дночерпательных проб, последние три на основе рамочных проб.) Fig. 1. The average abundance and biomass of big clams of L. Peipsi (the first three groups of columns calculated on the basis of grab samples, the remaining on frame samples).
	Joon. 2. Peipsi järve bioressursse suvel (toorkaalus, tuhat tonni). 1 fütoplankton, 2 rändkarp, 3 bakterplankton, 4 zooplankton, 5 suurtaimed, 6 põhjaloomad, 7 kalad. Рис. 2. Биологические ресурсы Псковско-Чудского озера летом (сырой вес, тыс. т): / фитопланктон; 2 дрейссена; 3 бактериопланктон; 4 зоопланктон; 5 макрофиты; 6 зообентос; 7 рыбы. Fig. 2. Biological resources of L. Peipsi in summer (wet weight, thous. t.). 1 phytoplankton, 2 Dreissena, 3 bacterioplankton, 4 zooplankton, 5 macrophytes, 6 zoobenthos, 7 fishes.
	Untitled
	Untitled
	Fig. 3. I—s: Embolocephalus nikolskyi, Popov Island (/ anterior end; 2 pectinate and hair seta; 3 ventral setae of II; 4 ventral seta of V; 5 posterior ventral seta). 6—B: Tubificidae gen. sp. N 1, Komarovka (6 pectinate seta; 7 posterior dorsal bifid seta; 8 anterior ventral seta). 9—10: Tubificidae gen. sp. N 2, Popov Island (9 dorsal setae; 10 ventral seta). 11—12: Tubificidae gen. sp. N 3, Komarovka {ll anterior end; 12 seta).
	Untitled
	Fig. J. C-banded karyotype of the Estonian breed of the Japanese quail ПОО'-"! 5v ХI2.SХЮ). v -•-
	Fig. 2, Idiugram of macrochromosoines of ths Estonian quail (C-bandin<o HOOxlGv X 12.5x10). °; 1 '
	Fig. 3. The Ist pair of autosomes of the Estonian quail. C-polymorphism of the centromeric region.
	Fig. 4. Conjugation of the 3rd autosome with a microchromosome (indicated by arrows) (100X1.5X12.5X10).
	Pig. 5. Conjugation of the 2nd and Ills 3rd autosomes (indicated by arrows) (IOOxI.SX X12.5X10).
	Growth of recombinant Escherichia coli Kl 2 KBO2 in continuous culture on Luria-Bertani medium without antibiotics. At the moment time = 0, flow (dilution rate D = 0.5h-1) was started. The inoculum was grown under antibiotic pressure.
	Денситограмма сывороток венозной крови (А), грудной лимфы (В) и шейной лимфы (С) овец. 1 А; 2 ПА-1; 3 ПА-2; 4 Т; 5 ПТ-1; 6 ПТ-2; 7 ИГ; <9 МГ.
	Влияние линолевой (Л) и олеиновой (Б) кислот на экто-АТФазную активность клеток бурсы Фабриция (I), тимоцитов (2) и эритроцитов (3) цыплят.
	Гениталии самца Eupithecia persuastrix Mironov, sp. n. a общий вид; б эдеагус; в VIII стернит.
	Lake Peipsi-Pihkva * Озеро Псковско-Чудское
	Untitled
	Joon. 1. Hapniku kontsentratsioon, vee küllastumus hapnikuga ja vee keskmine tempe ratuur kuus aastail 1974—1983 eri sügavustes. Joon. 2. Lahustunud hapniku keskmise kontsentratsiooni ja keskmise temperatuuri vertikaalne jaotumus.
	Рис. 1. Места отбора проб в пределах Матсалуского государственного заповедника
	Рис. 2. Содержание БаП в донных отложениях Матсалуского залива
	Untitled
	Рис. 4. Содержание БаП в некоторых видах рыб Матсалуского и Пярнуского залива (цифрой отмечено количество проб).
	Fig. 1. Trace metal concentrations in different size groups of Mesidotea entomon
	Fig, 2. Trace metals in Mesidotena entomon sampled at different time,
	Fig. 3. Trace metal concentrations in Mesidotea entomon sampled in different areas.
	Untitled
	Untitled
	Untitled
	Fig. 1. Mctaphasc of Donaldson strain rainbow trout (2n = 60). Fig. 2. Metaphase of local strain rainbow trout (2n = 58).
	Untitled
	Рис. 1. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6°С: / ЕСК 100-5 (гес+), 2 ЕСК 086-5 (гесАбб), 3 ЕСК 107-5 (Ш). Рис. 2. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6 °С; 1 ЕСК 100-10 (гес+), 2 ЕСК 086-10 (гесАбб), 3 ЕСК 107-10 (Ш).
	Рис. 3. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6°С: 1 ЕСК-ЮО-9 (гес+), 2 ЕСК 086-9 (гесАбб), 3 ЕСК 107-9 (Ш).
	Влияние стрессорных воздействий на нормотензивных и гипертензивных крыс. 1 Исходный уровень в покое; 2 иммобилизация в пенале; 3 электрокожное раздражение; 4 растяжка на спине.
	Untitled
	Untitled
	Рис. 5. ▲ -E.casianea, 0-Е. danlca, ш – Е. deleta. Рис, 7. А Е. deubeli, • – Е. fuss/, и-Е. [aeviuscula.
	Untitled
	Рис.2. А.-Е. adumbrate, 0-Е. angustula. Рис.l. ▲ -E.melanocephala, 9-E.limbata, ■ -Е.guttata.
	Pug. 4. А-£ biguttata, • -Е. binot ata, т-Е. bore olla. Рис.З. • -£► ЫскЬагсШ.
	Рис. 6.0 – E.depressa,
	Рис. B.# – Е. melina, А – Е. muehli.
	Рис, 9.0 —Е. negtecta, А-Е. oblonga, в – E.opallzans.
	Рис. 11. А-Е. placida, ®-Е.рудтаеа,
	Рис. 13 .e-E.silacQa, A- E.silesiaca. Puc.15.8-E. unicolor.
	Untitled
	Рис. 10.* – E.pallescens.
	Рис. 12.# -Е. rufomarginata.
	Рис, 14. в – Е. torminalis, ' А -Е. thoracica.
	Рис. 16. в- Е. vari egota.
	Untitled
	Рис. 29. Видовое обилие Еригаеа по месяцам.
	Рис. 30. Численность Еригаеа по месяцам.
	Численность адультных самок картофельной нематоды в корнях картофеля 'Сулев' (в процентах от контроля) при различной обеспеченности растений питательными элементами (минус недостаток, плюс избыток).
	Fig. 1. Microrhythms, Pterostichus coerulescens, t=2o °C, respiration level 1.30 mm3 02/mg/h.
	Fig. 2. Micromacrorhythms, Tenthredinidae gen. sp., /=25 °C, respiration level 0.70 mm3 02/mg/h.
	Fig. 3. Microrhythms with micromacrorhythms, Galleria mellonella. A on the left a group of microrhythms can be seen. В magnified microrhythms, t—2B°C, respiration level 0.60 mm3 02/mg/h.
	Fig. 4. Microrhythms with C02 macrorhythms, Coccinella septempunctata pupae, /=25 °C, respiration level 1.96 mm3 02/mg/h.
	Fig. 5. Carbon dioxide macrorhythms, Dermestes lardarius, t—2o °C, respiration level 0.45 mm3 02/mg/h.
	Untitled
	Fig. 6. Life-time changes in rhythms, Dermestes lardarius. A 2 days before adult molting; В 1 day before adult molting; C 1 day after adult molting; D 2 days after molting; E 6 days after molting; F 12 days after molting.
	Fig. 1. Changes in the content and radioactivity of proteins in' buckwheat cotyledons fed with 14C-,L-p(henylalanine during the first 16 hr of the experiment and incubated thereafter in cold phenylalanine. A insoluble proteins, В soluble proteins; solid lines content, broken lines radioactivity.
	Fig. 2. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids (sum of rutin, orientin, isoorientin, vitexin, and isovitexin); 2 insoluble proteins; 3 soluble proteins.
	Fig. 3. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 4. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 5. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Untitled
	Fig. 1. Reaction to APase after Gomori in tissue cysts of 5. bovicams. A weak reaction can be seen in the cyst wall (cw) and septa (s). The staining of the host tissue (HI) and cyst stages (CS) is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 2. Same as Fig. 1. Magnification 100x3.2x2.5. Fig. 3. Reaction to ATPase in cyst stages (CS), septa (s) and cyst wall (cw) is comparable to that in the host tissue (FIT). Magnification 100x3.2x2.5. Fig. 4. Reaction to GOPase is seen in the cyst stages (CS), septa (s) and cyst wall (cw). Reaction in the host tissue (FIT) is extremely weak. Magnification 100x3.2x2.5. Fig. 5. The Gomori reaction to AcPase can be seen in septa (s) and cyst wall (cw). The staining of cyst stages and host tissue is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 6. Reaction to AcPase is seen in the outer membrane of the cyst wall (me), in the cyst wall (cw) and septa (s). In cyst stages the reaction is seen on the membranes of the inner membrane complex (i). In the metrocyte (MC) the reaction is seen also in the vacuolar structures (V). The reaction is also seen in the places of degenerative processes (DP). Magnification 7500 –
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	Untitled
	Untitled

	Tables
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Рис. 13. P. canesc&ns.
	Рис. 3. Содержание БаП в донных отложениях и водорослях Chara (цифрой отмечено количество проб). Püc.l4. Oeum rivale.
	Рис, 23. Pot eri pm sangu is orba.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled




