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Abstract The analysis of population systems is carried
out on the basis of the spatial and functional classifica-
tion of populations developed by V.N. Beklemishev. The
population system is a functional part of a particular
community. Steady interrelationships between popula-
tion systems of different species within the community
(referred to as “community links") appear to be a prereg-
uisite for the formation of a complex of population sys-
tems. A prominent example of this is the parasitic
system. The parasitic system is the population system of
a parasite with all the connected populations of its hosts.
The complexity of a parasitic system depends on: (1) pe-
culiarities of the life cycle of the parasite, since its popu-
lation system is the organizing component of the parasit-
ic system and (2) subdivision of the environment for the
parasites. The first trait is discussed from the standpoint
of the phase structure of populations, which is clearly
seen in parasites. The second one comprises the organi-
zation of the parasites environment according to the
scale of variability (interspecies, interpopulation or intra-
population) of hosts. These make it possible to recognize
spatial and functional parts in the framework of the para-
sitic system. A critical review of the terminology is pre-
sented together with alist of the pertaining vocabulary.
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Introduction

Considerable advances have been made during recent
decades in the investigation of the ecology of parasitic
organisms and their hosts. Moreover, there are also data
on the genetic structure of parasite populations (Price
1980; Day et al. 1992; Truc and Tibayrenc 1993; Minch-
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ella et a. 1995). At the same time, the general theories
on the populations of parasitic organisms as well as the
terminology used for descriptions are still far from being
exact. This situation in my view reflects first of all alack
of understanding of the populations (both free-living and
parasitic organisms) as holistic supraorganismic systems.
Secondly, complicated spatiotemporal structures disguise
the general features that characterize populations of any
parasitic organisms.

This paper describes general peculiarities of the struc-
ture of populations of parasitic organisms. The main ap-
proaches, which are evolved here, were formulated by
V.N. Beklemishev in his papers (Beklemishev 1956,
1959, 1960, 1964). These notions and the pertaining ter-
minology apparatus are used more and more extensively
by parasitologists and ecologists in Russia, but they are
as yet unknown abroad.

Parasites are considered by Beklemishev as normal
members of communities. Accordingly, a general con-
ceptual apparatus was proposed for the description of the
populations of parasitic as well as free-living organisms.
Thus, we will first dwell briefly on the general concept
of populations as supra-organismic systems and then
more carefully on the peculiarities of parasite popula-
tions.

The analysis of any supra-organismic system is con-
fronted with difficulties owing to the following features
of these systems: the great diversity, slightly developed
integrity, very complicated structure, low degree of orga-
nization and usually a low level of morphogenetic dis-
tinctness (Beklemishev 1964). This results in the weak
morphological separation of the functional units of these
systems. We should say that the most important morpho-
logical criterion for investigations on the organismic and
suborganismic levels is only dlightly acceptable for the
analysis of supra-organismic systems including popula-
tions. It hinders the implication of a typological ap-
proach to the studies of these systems. The use of mor-
phological criteria seems to have low efficiency for the
elaboration of the typology of populations and intrapop-
ulation groups.



10

Morphofunctional structure of the population
systems of free-living and parasitic organisms

The functional approach to the study of field populations
implies that self-reproduction? is the main feature of an
independent population. “ The greater the exchange of in-
dividuals is between two populations, the smaller their
functional separation is’ (Beklemishev 1960, cited after
Beklemishev 1970, p. 233).

The functioning of population groups on different
scales in the communities involves such effects as the
greater or lesser exchange by migrants; the fusing of
groups during an increase in population density, and the
obviously strong isolation during periods of decreased
population density; the formation and disappearance of
temporal populations. These events occur within the lim-
its of the functional complex of populations. The latter
notion is defined by V.N. Beklemishev as a complex of
groups comprised of one or more independent popula-
tions together with various dependent groups supported
by the independent populations, as well as by severa in-
dependent populations connected by extensive migration
(Beklemishev 1960).2

It is worth noting that the functional complex of pop-
ulation has certain spatial features. This is a system of
groups that are “...in particular spatial association” (Be-
klemishev 1960, cited after Beklemishev 1970, p. 237).
Therefore, a recognition of these complexes allows us to
evolve a morphofunctional approach to the analysis of
the field populations. Within the frame of this approach,
intensive case studies have been made on the field popu-
lations of some fish species (Altukhov 1983), insects
(Kreslavsky et al. 1976, 1987), etc. The ecological-ge-
netic analysis of the systems of subpopulation units leads
to the important conclusion: the characteristics of the en-
tire system are much more stable than the respective pa-
rameters of the subpopulation groups in which a great
variability is observed. Thus, the population system is a

1 That is, reproduction of population due to reproduction of its in-
dividuals, but not due to immigration of individuals from neigh-
bouring populations. According to this criterion, several groups of
individuals could be distinguished. They differ in the balance be-
tween self-reproduction and migration rates. If self-reproduction
prevails over immigration rate, the population is independent.
Otherwise, if survival of the population is maintained mainly by
immigration, then, in this case, we are dealing with a pseudopopu-
lation. On the basis of these differences in survival, depending on
the success or failure of self-reproduction, a whole range could be
found, from permanent populations to temporal or periodically ap-
pearing populations, including micropopulations (Beklemishev
1960).

2 Such complexes of populations were later designated as meta-
populations. The prefix “meta’ etymologically means sequence
(here — sequence of populations) and was first proposed to de-
scribe the system of local populations (Hanski and Gilpin 1991).
Some of these become extinct and are then re-established by indi-
viduals immigrating from other local populations. At the same
time, a metapopulation as a whole (but not its parts) is considered
to be quite stable in atime system. Thisis why | prefer to use the
more accurate term “functional complex of populations’, an earli-
er proposal, or the term “popul ation system”.

stable unit which is comprised of the smaller groups that
are isolated to a different extent. The specific features of
this stable unit could not be defined by the simple sum-
mation of the features of its separate parts. Population
systems can be considered as the functional complexes
of populations. Population systems may consist of vari-
ous groups. These groups may differ in the ability to
self-reproduce and the degree of spatial isolation. Thisis
one aspect of the morphofunctional structure of the pop-
ulation system.

A morphofunctional approach to the analysis of the
structure of field populations allows us to emphasize an-
other aspect, namely, the existence of certain parts of the
population systems which are “specialized” to different
extents. These parts (phase groups — see below) have
specific functions in the whole population system. These
groups could be recognized in accordance with the struc-
ture of a particular life cycle. As arule, such groups are
spatially separated and have specific ecological features.
The most prominent differences between these groups
are characteristic of the so-called heterotopic species
(Beklemishev 1960).

In general, populations, as elements of communities,
are hierarchical systems with an inherent complicated
functional structure. In order to stress this, the term
“population system” seems to be appropriate. It meansm
on the one hand, that these systems are composed of the
lower hierarchical groups with different degrees of self-
reproduction, and, on the other, that they comprise dif-
ferent functional groups according to the life cycle stag-
es (phase features). These two aspects of the structure of
the population systems reflect the differences between
para- and metagroups. Those elements of the population
systems that are functionally similar, i.e. “parallel”, we
could define as the paragroups (parapopulation groups).
So, despite the different degree of self-reproduction, the
more or less isolated populations, which together enable
the functioning of the population system, form the para-
population row. As far as the second aspect of the struc-
ture of the population systems is concerned, all the “suc-
cessive” groups, with respect to the life cycle, form the
metapopulation row which is a system of metapopulation
groups that regularly interchange during the life cycle.
The difficulties of the morphofunctional analysis of field
population systems appear all the more evident when
populations of parasites are considered. This is due to:
(1) the difficulties in recognizing population boundaries,
(2) the two-faced nature of the environment which is
composed of the external environment (the secondary
environment) and the organism of the host (the primary
environment ) (Pavlovsky 1934). It is necessary to keep
in mind that host populations have, in turn, a complicat-
ed spatiotemporal organization; (3) the specific features
of the life cycles of the parasites covering a sequence of
morphologically distinct stages. The peculiarities of the
parasite populations (in contrast to free-living organ-
isms) may seem so significant that they have resulted in
the creation of a special nomenclature of the subpopula-
tion groups (Macko 1979; Romashov 1990). Thus, a cat-



egory of subpopulation groups (intrapopulations, extra-
populations, different types of phenotes, etc.) was
evolved on the basis of very particular and formal crite-
ria. According to this category, these groups cannot be
related either to groups of similar scale in free-living ani-
mals, or to subpopulation groups in other parasites with
adiffering life cycle. Moreover, in this classification the
functional value of the given subpopulation group for the
entire population system remains unclear.

A consideration of the organization of the parasite
populations as a special case of the population systems
of any organism appears to be the more promising ap-
proach. Moreover, the subdivision of the environment of
the parasites could be a model which makes it possible
to gain a more adequate estimation of the structure of the
population systems of free-living organisms. For in-
stance, a comparison of the population systems of para-
sites and free-living organisms could prove useful if it
reveals elements of equal functional value and, conse-
guently, this should help us to form a general view of the
population systems.

Community connections and parasitic systems

Every population system is part of a certain community.
In a community, the population system interacts with the
population systems of other species. These interactions
can be more or less close and regular. In the case of sta-
ble and regular interactions between individuals of two
species, the stable community connection arises between
the population systems of these species. The most strik-
ing examples of community connections (in other words,
the complexes of the greatest system integrity which
could be easily detected in the community) could be seen
in obligatory mutualistic interactions of individuals. In
this case, the connection of the population systems is
characterized by a high level of integration. The stable
complexes of the population systems are formed also by
other types of connections between individuals, i.e. com-
petition, predator—prey interactions, etc. In general, the
more important the organism of one speciesis for the or-
ganism of another, the greater the entirety of the com-
plex that makes up their population systems.

Population systems of the parasitic organisms in the
community are in contact with the population systems of
other species: firstly, of their hosts, but also of predators,
competitors and so on. The interactions of the individual
hosts and parasites are very close and include a complex
of the topic, trophic interactions allowing us to define a
host organism as the environment for the parasite (Pav-
lovsky 1934). At the population level, these interactions
are reflected in the stable existence of the complex of
several population systems. This complex involves a
population system of the parasite and the population sys-
tems of all the host species connected with this parasite.
A complex of the population systems of hosts united by
the population system of a parasite was designated as a
parasitic system (Beklemishev 1956). Numerous investi-
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Fig. 1 Schematic representation of a trixenic life cycle of trema-
todes, giving an example of a complex cycle that results in estab-
lishing a parasitic system with at least three host populations. 1
Definitive host; 2 first intermediate host; 3 second intermediate
host; E.a. exogeneous accumulation; En.a. endogeneous agglom-
eration

¢ P

Fig. 2 Parasitic system formed by population system of the trema-
tode with atrixenic life cycle. 1 Hemipopulations of parasitic stag-
es; 2 hemipopulations of free-living stages of parasite; 3 popula-
tion systems of different host species. Hemipopulations: Ma ma-
rites; E eggs, Mi miracidiae; P parthenogenetic generations (par-
thenites); C cercariae; Me metacercariae

gations devoted to the field populations of parasites re-
vea a high level of integrity of the parasitic system. In
many cases, the existence of feedback mechanisms has
been shown (Kennedy 1978; Esch and Fernandez 1993).
Moreover, the interactions of individuals (= elements of
the parasitic systems) are very integrated: evidence re-
vedls the importance of molecular and genetic interac-
tions between parasites and their hosts (Wakelin 1978;
Soprunov 1987).

A minimum of two population systemsis required for
a parasitic system — a population system of the parasite
and that of the host. However, this is a rare situation in
nature that appears only in the case of a monoxenic life
cycle and strict specificity of a parasite. As arule, a par-
asitic system consists of more elements (= population
systems): parasites of a single developmental stage may
use several populations of the different host species
which in this case are termed paraxenic hosts. Additional
extension of the number of interacting populations oc-
cursif the parasite has a di-, tri or tetraxenic, etc. life cy-
cle (Figs. 1,2).
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" Infected hosts

® Free-living stages of parasites

Fig. 3 Schematic representation of a part of the parasitic system.
Interactions of the parasite hemipopulation with two population
systems (Al and A2) of the same host species. 1, 2 Parts of the
hemipopulation of a parasite

It is worth noting that the population system of the
parasite in the community not only interacts with the
host population systems; the parasites may form stable
community connections with the population systems of
other animals, for example, of some non-host animals
feeding on the dispersal stages of parasites. These con-
nections are based on predator—prey relationships and
could be important for the community (Shigin 1978).
Thus, we can extend the concept of a parasitic system.
We should consider the whole range of population sys-
tems of al the organisms which form the community
connections of any type with the studied population
system of the parasite. However, in this paper we will
keep to a traditional meaning of the term “parasitic
system” which involves only the host—parasite connec-
tions in the community.

The boundaries of the parasitic systems are believed
to lie within the community (Beklemishev 1956). Actu-
aly, a whole necessary set of population systems is
available, providing the parasite circulation within a sin-
gle community. At the same time, it is obvious that hosts
capable of wide spatial distribution could provide a wid-
er dispersal of parasites. Thus, parasites from the same
parasitic system (single population system of parasites)
may circulate in several, and sometimes spatially sepa-
rated, communities. Thus, it must be taken into account
that the single parasitic system may comprise a number
of independent population systems of the same host spe-
cies. For example, several spatially separated population
systems of the mollusc, which is afirst intermediate host
for trematodes, are united into a parasitic system by the
migration activity of the vertebrate definitive hosts (see
Fig. 3).

It is also necessary to emphasize another feature of
the parasitic system, namely, the role of this system as a
link between different biocoenoses. This role is connect-
ed with the heterotopic character of the life cycle of the

parasites. As a result, the population systems of organ-
isms belonging to different biocoenoses are integrated
into a complex system. For example, populations of
planktonic crustaceans, as first intermediate hosts of
many pseudophyllid cestodes, and population systems of
fishes, as their second intermediate hosts in the trixenic
life cycle, represent biocoenoses of lake or river. They
comprise the same parasitic system as populations of
some vertebrate fish-eating animals as final hosts of
these cestodes. The latter population can belong to an-
other biocoenosis, for example aterrestrial one, such asa
forest.

The structure of parasitic systems is very variable;
there is, however, a common basis of their organization.
The structure of these complicated systems is generally
determined by: (1) the specific life cycle of the parasites,
the population system of which is an organizing compo-
nent of the parasitic system; (2) the subdivision of the
environment of the parasites. The latter is a result of the
mosaic nature of the environment in the case of the free-
living stages, and of the ability to exploit the hosts' het-
erogeneity in the case of the parasitic stages, including
the populations of the different host species, and inter-
and intrapopulation heterogeneity of the host individuals.
Later on, | will concentrate on the general aspects of the
organization of the parasitic systems and the population
systems of parasites.

Phase structure of the population systems:
hemipopulations

With regard to the different structural aspects of the para-
site population systems (and, respectively, the complex
organization of the parasitic system), it is necessary to
stress that the primary subdivision of the populations on
the basis of the life cycle structure is typical for any liv-
ing organisms. An organism which has asimplelife cycle
passes through several developmental stages (=phases) in
its ontogeny. If these stages are clearly morphologically
and physiologically separated and connected by the peri-
ods of the fast morphological rearrangements (e.g. meta-
morphosis or hatching of larvae from the eggs), the dif-
ferent groups of individuals will occur simultaneously or
consecutively in the population. The greater the morpho-
physiological differences between the stages of the life
cycle and the more discrete their characteristics, the
greater the ecological separation of the parts of the popu-
lation system comprising these stages. In this case we can
call this a prominent phase structure; that is, the phase
structure of the population system could be defined as
follows. a composition of the population systems from
the subpopulation groups which consist of organisms
with similar morphophysiological peculiarities typical of
the different stages of the life cycle.

Insofar as the phase structure of the population
system is connected with the peculiarities of the life cy-
cle and with the ontogeny of the organisms, it reflects a
specific age structure. However, we do not mean an “ab-



solute” (astronomic) age, but the physiological stage of
the ontogeny, i.e. “physiological” age. It becomes obvi-
ous when we find organisms of different generations be-
longing to the same phase group, e.g. the phase group of
imago of the May beetle (Melolontha hyppocastani) is
not uniform with respect to age. It includes individuals
that have spent different periods (number of years) at the
larva stage (Yablokov 1987). At the same time, the ima-
go group comprises an entity regarding the morphophys-
iological and ecological features of the individuals. It
provides a good example of a clearly outlined phase
group.

The most pronounced examples of the phase structure
can be found in the population systems of organisms un-
dergoing metamorphosis during the life cycle. In this
case, the separation of the population system into two or
more phase groups means the “speciadization” of these
parts of the population systems. Trophic and reproduc-
tive groups could be distinguished. The group of the
resting stages is a quite unique one.3 In extreme cases,
the specialization of parts of the population system may
be practically complete (e.g. in the orders Ephemerop-
tera and Trichoptera, and in marine invertebrates with
lecitotrophic larvae). This considerable level of special-
ization is connected with the prominent spatial subdivi-
sion in the population system: different phase groups
may belong to different ecosystems. At the same time,
they are parts of a single population system.

A more complicated phase structure of the population
system is observed in the case of altering generations (a
complex life cycle). Individuals of each generation can
form one or several phase groups. By contrast, the least
pronounced phase structure is typical of the population
systems of those organisms which have a simple life cy-
cle, the lack of metamorphosis, and viviparity (ovovivi-
parity) as the only mode of reproduction. In this case, the
phase structure becomes “blurred”. This is expressed in
the relatively weak differences between different age
groups. Phase structure is practically absent in the popu-
lation systems of some amictic organisms.

Therefore, in the case of prominent phase structure,
the subpopulation groups that are more or less specia-
ized could be easily identified. To define such subpopu-
lation groups, the term “hemipopulation” was proposed
by V.N. Beklemishev (Beklemishev 1960). Correspond-
ingly, the subdivision of the population system into sev-
eral hemipopulations reflects the phase structure of this
system. The hemipopulations, in turn, are functional
parts of the population system.

Phase structure (meaning the occurrence of easily de-
tectable hemipopulations) is, to a greater or lesser extent,

3 The problems of the functional significance of the phase groups
for the population system are still poorly understood and need a
separate discussion. So, it is obvious that the subpopulation groups
of “resting stages’ may include organisms enduring an active mor-
phogenetic rearrangement. At the same time, we can define those
individuals as “resting” which persist under unfavourable environ-
mental conditions. In this case, the organisms are characterized by
“physiological rest”.
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characteristic of the free-living organisms. At the same
time, this feature is always extremely inherent in the
population systems of parasites. Actually, the strong sub-
division of the environment, combined with the compli-
cated life cycle of parasites, inevitably leads to the for-
mation of different subpopulation groups. Among them,
hemipopulations of free-living stages (hemipopulations
of eggs in the environment, hemipopulations of free-
swimming larvae, etc.) can be recognized. Hemipopula-
tions of the parasitic stages are ecologically contrasted
with the above-mentioned ones. Moreover, parasites fre-
guently have complex life cycles. Hence, this leads to a
further increase in the number of subpopulation groups
and to an even higher complication of the phase structure
of the population system. For example, in the case of the
trixenic life cycle of trematodes we find hemipopulations
of larval stages, those of marites, parthenogenetic gener-
ations, and metacercariae. These are parts (and quite spe-
cialized parts) of the whole population system of the par-
asite. As in the case of free-living animals, we can see
that the most prominent phase structure of the population
system corresponds to the specialization of the parts
(separate hemipopulations) of this system. Hemipopula-
tions of the non-feeding stages are considered to have a
function of spatial and/or temporal dispersal. To be more
precise, they provide integration of the whole system.
Successive hemipopulations accomplish a trophic or re-
productive function or both.

Naturally, the phase structure of the population
system of parasites and the composition of this system of
several hemipopulations is important for the organization
of the parasitic system. The population systems of a cer-
tain host species interact with the hemipopulations of the
parasite. In this case, a functional specialization of the
separate hemipopulations of parasites corresponds to the
functional specialization of the parts (blocks) of the par-
asitic system, each of which is composed of the hemi-
population of a parasite and the population system of a
respective host. (Examination of the structure of the par-
asitic system from the viewpoint of the functional spe-
cialization of its parts appears to be very promising and
important. This question needs further consideration.)

Environmental subdivision and the structure
of the hemipopulation of parasites

Analysis of the structure of the parasitic system (and the
population system of parasites as an organizing compo-
nent) cannot be restricted only to considerations of the
phase structure and the corresponding set of hemipopula-
tions. Firstly, it is necessary to note that the single hemi-
population of the parasite (parasitic phase) is subdivided
into several parts corresponding to the different popula-
tion systems of the same host species (see an example of
the trematodes given above; Fig. 3). Thus, the interpopu-
lation component of the host’s diversity determines the
specific features of the environment for different parts of
the same hemipopulation of the parasite.
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The differences between population systems of the
same host species can be appreciable. Different features
of the host’s population structure (e.g. age structure, sex
ratio, other peculiarities of the reproductive structure as
well as temporal changes of these characteristics), which
are of importance for the parasite, may vary in different
populations of the host (Granovitch and Sergievsky
1990; Sergievsky et a. 1991). It seems important that
different population systems of the same host species are
genetically independent and differentiated. A consistent-
ly growing body of data suggests the existence of genetic
heterogeneity of the host populations, including variation
in traits related to susceptibility or resistance to parasites
(Wakelin 1978; Munger et al. 1986; Wassom et al. 1989).

The estimation of the significance of the above-de-
scribed subdivision for the functioning of the population
system of a parasite and the parasitic system as a whole
isasubject for future investigations. At present, it should
be emphasized that there is no developed term for the
parts of the parasite’s hemipopulation connected with the
different population systems of the same host species.

The second peculiarity of the hemipopulations of the
majority of parasites is the subdivision according to the
population systems of different host species (Fig. 4).
This feature (so-called paraxenia) is connected with the
degree of specificity of the parasite. In fact, the individu-
als of several host species may further the survival,
growth and reproduction of the parasites of the same
phase group. In this case the hemipopulation of the para-
site interacts with the several population systems of par-
axenic hosts.

Thus, the heterogeneity of the parasites’ environment
is determined by the interspecific differences of the hosts.
Each “paraxenic” part of the parasite hemipopulation fac-
es different environments. The specific features of this
environment are dependent on the morphophysiological
and ecological differences of the host individuals of dif-
ferent species, as well as on the interspecific differences
in an organization of the hosts' populations. The investi-
gation of the specificity of the parasites has shown the
prominent interspecific inequality of the host individuals
for parasites. The species-specific characteristics of the
host influence essential traits of the parasites, such as
mortality, reproduction intensity and time of develop-
ment. At the population level of interactions, specificity
is determined, on the one hand, by the specificity of indi-
vidual interaction and, on the other hand, by the peculiar-
ities of the structure and dynamics of the host population.
In general, it is necessary to elaborate a new concept
analogous to the specificity, but at the population level.
Appropriate estimates made on the basis of this concept
must define the parameters of the part of the parasite's
hemipopulation connected with a certain host population
and compare them with the respective parameters of the
analogous parts connected with the populations of other
hosts. From the viewpoint of the parasitic system, this
will mean aobtaining the characteristics of the parts of the
ramified “flow” of parasites which are supported by the
population systems of different host species (see Fig. 4).

QO A[Juninfected hosts
@ A E Infected hosts

® Free-living stages of parasite

Fig. 4 Schematic representation of a part of the parasitic system.
Interaction between the parasite hemipopulation and the popula-
tion systems of three host species (A, B, C). 1, 2, 3 Parahemipopu-
lations of parasite

Fig. 5 Schematic representation of a part of the parasitic system.
Interactions between one part of a parasite hemipopulation (para-
hemipopulation) and the population system of the host. Note the
heterogeneity of host individuals in gender and age which results
in the heterogeneity of the environment for the local hemipopula-
tions of a parasite. Smallest circles represent free-living stages of
parasites

Further investigations into the subdivision of the pop-
ulation system of parasites lead to consideration of even
smaller groups within the hemipopulation and inside the
separate parts of the hemipopulation connected with par-
axenic hosts. These smaller groups consist of the aggre-
gations of conspecific parasite individuals harboured by
a certain host individual. Such groups are traditionally
defined in Russian scientific literature as local hemipop-
ulations (Galaktionov and Dobrovolsky 1984). This term
emphasi zes that these groups are parts of a hemipopula-
tion. Indeed, all the local hemipopulations in assemblage
form the whole hemipopulation.

Loca hemipopulations are characterized by relatively
short persistence which is shorter or equal to the longevi-
ty of the host individual. The environmental heterogene-
ity of local hemipopulations is dependent on the intra-
population inequality of the host individuals (Fig. 5).
There are numerous examples of the age-specific, sex-



specific, etc. differencesin the infection of the hosts (e.g.
Dogiel 1963; Kennedy 1978). They represent an intra-
population level of host heterogeneity and, consequently,
an additional level of the environmental subdivision for
the parasite populations. Moreover, striking intrapopula-
tion differences between the host individuals with re-
spect to susceptibility to parasites could be found.
Hence, the “genetic component” of the heterogeneity of
the parasites environment should be stressed. The local
hemipopulations of several parasites with complex life
cycles acquire peculiar traits. These local hemipopula-
tions are distinguished by their capability of self-repro-
duction within the host individual. Thus, these true local
hemipopulations are at the same time micropopul ations.
The term “micro-hemipopulations’ seems appropriate
for the designation of such groups (Beklemishev 1959).
The local hemipopulations of the parthenogenetic gener-
ations of some trematode species and the local hemipop-
ulations of certain Mastigophora and Sporozoa are ex-
amples of such groups.

Prior to the summary of the analysis of the structure
of the parasite population systems, it is necessary to clar-
ify some terminological questions. In this paper, we do
not intend to develop a special terminology for the de-
scription of the population systems of the parasites.
Moreover, our aim is to show a necessity for a unified
approach to the description of any population system ei-
ther of parasites or free-living organisms. In our opinion,
the terminology proposed by V.N. Beklemishev satisfies
the latter requirement. However, even the superfluous
examination of the population structure of parasites, as
given above, necessitates a more differential approach to
the investigation of intrapopulation groups. An earlier at-
tempt to formalize the complicated relations of such
groups has been made, whereby three “population lev-
els’ were suggested: supra-, meta-, and infrapopulations
(see, for example, Esch and Fernandez 1993). This ter-
minology has become official (Margolis et al. 1982) and
is extensively applied in parasitology literature. So, it
seems important to correlate this terminology with the
terms used in the present paper. It is even more impor-
tant because the problems of terminology frequently re-
flect marked differences in the approaches and the ideol -
ogy of investigations.

The term “suprapopulation” was coined for the desig-
nation of all stages of the parasite present in the commu-
nity (Esch et al. 1975). From the viewpoint of the para-
sitic system, this group should be defined as a population
(more exactly, a population system) of parasite. It is
worth noting that the notions of suprapopulation and
population system are equal if al stages of the life cycle
of the parasite circulate in the same community. The no-
tion of population system is wider. It covers the groups
of parasites belonging to different communities (e.g. in-
tegrated by means of the high mobility of the hosts) but
functioning as an entire system.

In contrast to suprapopulation, the term “infrapopul a-
tion” defines the smallest groups of parasites and means
a group harboured by a single host individual (Esch and
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Fernandez 1993). The definition of infrapopulation com-
pletely coincides with the definition of local hemipopu-
lation, but the term “local hemipopulation” seems to be
much more universal. It could be applied to the groups
of the particular scale of any organisms, both parasites
and free-living organisms.

Among others, a distinction of metapopulationsisim-
portant for the appreciation of the structure of the para-
site population systems. The term “metapopulation” em-
phasizes the sequence of the functional groups in the
population system (metapopulation row). (It is necessary
to stress that “metapopulation” here has another sense
than previously discussed (see above). It has nothing to
do with a system of local populations which are interre-
lated by different levels of migrants.)

The metapopulation is defined as including al the
parasites of a similar developmental stage connected
with the individuals of a certain host species (Riggs et al.
1987). From this term it is clear that the authors mean
the total of the infrapopulations made up by the same
stage of the life cycle. It is important to notice that from
the viewpoint of the parasitic system, this definitionisin
complete agreement with the earlier proposed term
“hemipopulation”.

At the same time, there is a profound inexactitude in
the definition of a metapopulation. All the parasite indi-
viduals of the same stage but only a certain host species
are mentioned. Accordingly, the groups of the parasite in
other (paraxenic) host species are outside the consider-
ation, although a paraxeniais arule rather than an excep-
tion for the parasitic systems.

The groups of parasites in the paraxenic hosts mark
the certain level of the environmental subdivision. This
heterogeneity is connected with the interspecific differ-
ences of the host (see above for details). We are dealing
with groups of parasites at the same life cycle stage
maintained by different host species. For the population
system of the parasite as a whole, this means a separa-
tion within the phase groups (hemipopulations). In this
case, we must deal inevitably with the parts of the hemi-
populations. It seems appropriate to give a more exact
name for these parts. We suggest the term “ parahemipop-
ulation” in order to emphasize their place in the popula-
tion system.

In general, the population system of parasites is com-
prised of groups of different scales and unequal function-
al significance. The smallest subpopulation groups — lo-
cal hemipopulation — are connected with single host in-
dividuals. These are formed by an accumulation or an
endogenous agglomeration (Dogiel 1963; Galaktionov
and Dobrovolsky 1984). In most cases, these groups are
not capable of self-reproduction. Local hemipopulations
are combined to form parahemipopulations. The pecu-
liarities of the environment for every parahemipopula-
tion reflect the features of the different host species
which support certain stages of the parasites. Moreover,
different parahemipopulations of a parasite are connect-
ed with the different population systems of the same host
species. The system of parahemipopulations, like the
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paralel “channels’ of the united though ramified stream
of parasites, is merged to form a hemipopulation. It is
comprised of al the parasite individuals at a certain life
cycle stage in whatever host is maintaining the parasite.
In turn, a total of hemipopulations gives rise to a whole
population system of the parasite. The number of hemi-
populations is dependent on the structure of the life cycle
of a parasite and reflects the phase structure of its popu-
lation system.

Among hierarchically organized hemipopulations of
the parasitic stages, the parasite usually has hemipopula-
tions of free-living stages. The structure of the latter, in
turn, may be considered from the viewpoint of its spatial
differentiation and environmental heterogeneity. As is
the case for any free-living organism, the extent of de-
velopment of these structures depends on the patchiness
of the environment and the local conditions in the differ-
ent patches inhabited by the local hemipopulations. In
general, we should emphasize that the hemipopulation
structure of free-living organisms is in most cases not as
easily discernible as in parasites. The identification of
the subpopulation groups within the hemipopulation and
the comparisons of these groups is dependent on the pe-
culiarities of their microbiotopes. It is the discrete nature
of the environment of the parasites and the organization
of this environment with respect to the interspecific, in-
terpopulation and intrapopulation variability of hosts
which enable us to distinguish the spatially and function-
aly discrete parts of the hemipopulations in the parasitic
system.

Vocabulary
The structure of the population systems

Population system — a complex of groups of conspecific
individuals comprising one or more independent popula-
tions together with various dependent groups, supported
by independent populations, as well as by severa inde-
pendent populations connected by extensive migration.
Population system is a functiona system of parapopula-
tion and metapopulation groups (after Beklemishev 1960).
Independent population — group of conspecific individ-
uals, which multiply by local recruitment. Immigration is
not necessary for the reproduction of this group (Be-
klemishev 1960).

Dependent population — group of conspecific individu-
als which partly reproduce by local recruitment. The lev-
el of recruitment here is not enough to compensate for
mortality. The immigration of individuals from other
populations is a necessary prerequisite for the survival of
dependent populations (Beklemishev 1960).

Temporal population — group of conspecific individuals
which occupy a suboptimal environment over a period of
time (whereby the environmental conditions usually im-
prove during this period). Temporal populations are ca-
pable of reproducing themselves by local recruitment
during this period of time (Beklemishev 1960).

Pseudopopulation — group of conspecific individuals
which are unable to replace themselves due to the fact
that reproduction of individuals is absent or al individu-
as of the reproductive stage have been removed from
the locality (for example by water currents) (Beklemi-
shev 1960).

Micropopulation — independent populations in micro-
biotopes (live animals, dead animals, excrements of ani-
mals, burrows and nests of animals, live plants, dead
trunks, small pools of water, epiphytic species, etc.). Mi-
cropopulations are able to replace themselves as long as
their microbiotope exists (Beklemishev 1959).
Hemipopulation — group of conspecific individuals of
one phase of life cycle, i.e. agroup of individuals of sim-
ilar morpho-physiological and ecological features. In the
case of the prominent phase structure of population, dif-
ferent hemipopulations inhabit different biotopes (Be-
klemishev 1960).

Local hemipopulation — spatially isolated part of hemi-
population. Local hemipopulations are restricted to fa-
vourable patches of environment. A local hemipopula-
tion of parasitesis a group of conspecific parasites at the
same stage of the life cycle within/on the host individual.
As local hemipopulations comprise individuals of only
one stage of the life cycle, they are not able to reproduce.
All local hemipopulations together form a hemipopula-
tion (Galaktionov and Dobrovolsky 1984).
Microhemipopulation — a specia type of the local
hemipopulation of some parasites with a complex life
cycle. These local hemipopulations are distinguished by
their capability of self-reproduction within/on the host
individual (Beklemishev 1959).

Parahemipopulations — set of local hemipopulations
connected with different types of habitat. For the parasites
— a set of local hemipopulations which inhabit hosts of
different species. Parahemipopulations play a similar role
in the functioning of the population system as awhole.
Parapopulation groups — functionaly similar parts of
the population system.

Parapopulations — more or less isolated independent
and dependent populations which jointly provide the
functioning of the population system.
Parahemipopulations — see above.

M etapopulation groups — “successive’ groups with re-
spect to the life cycle, i.e. metapopulation groups com-
prise individuals at different stages of the life cycle. Dif-
ferent hemipopulations of the same population system
are metapopulation groups. Metapopulation groups are
significantly different with regard to function (for the
population system as a whole) in the population systems
with prominent phase structure.

Phase groups — set of conspecific individuals at the
same stage of their life cycle. A phase group comprises
individuals which are characterized by similar morpho-
physiological and ecological peculiarities. Phase groups
are clearly visible if organisms pass through several mor-
phologically and physiologically separated developmen-
tal stages connected by periods of fast morphophysiolog-
ical rearrangements during their life cycle.



Phase structure of population — composition of the
population system which comprises phase groups (Gala-
ktionov and Dobrovolsky 1984).

Life cycle, environment and community connections

Community connection — interrelations of population
systems of two species in the community that are stable-
in-time due to stable and regular interactions between in-
dividuals of these two species (predator—prey, para-
site-host, mutualistic, competition and other types of in-
terindividual interactions) (Beklemishev 1956).
Parasitic system — complex of population systems of
hosts, united by the population system of their parasite
on the basis of stable parasite-host community connec-
tions (Beklemishev 1956).

Primary environment for the parasite — organism of
the host (Pavlovsky 1934).

Secondary environment for the parasite — the external
environment of the host (Pavlovsky 1934).

Complex life cycle —type of life cycle with two or more
distinct, regularly alternating generations. These genera-
tions are usualy characterized by different modes of re-
production.

Heterotopic species — species that inhabit different bio-
topes according to individuals at different stages and
generations of their life cycle (for example terrestrial
species with the water larvae, parasites and so on) (Be-
klemishev 1960).

Monoxenic life cycle — for the parasites — ability of the
parasite to complete its full life cycle infon the organism
of only one host species.

Di-, tri-, tetraxenic life cycle — for the parasites — neces-
sity of more than one host for the full completion of their
life cycle; i.e. necessity of two metaxenic hosts for a di-
xenic life cycle, three metaxenic hosts for a trixenic life
cycle and so on.

Homoxenic life cycle — for the parasites — ahility of the
parasite to use only one host species for every stage of
itslife cycle. Thisisthe case of extremely strict specific-
ity of parasite.

Heteroxenic life cycle — for the parasites — ability of the
parasite to use more than one host species for some or all
stages of its life cycle. A heteroxenic life cycle compris-
es several paraxenic hosts.

Par axenia — ability of the parasite to use several species
of hosts for the development of the same stage of its life
cycle.

Paraxenic host — different species of hosts which are
used by the parasite at the same stages of itslife cycle. In
this case strict specificity is absent.

M etaxenic host — different species of hosts, which are
used by successive stages of the life cycle of the parasite.
Accumulation — formation of the local hemipopulation
through the repeated invasion of individuals into the mi-
crobiotope (for the parasites — into/on the host individu-
al) (Dogiel 1963).

Endogenous agglomeration — formation of a local
hemipopulation by the ingress of one individual into the
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microbiotope and the following reproduction of thisindi-
vidual (for the parasites — by penetration of the invasion
stage into/on the host individual and severa cycles of re-
production of thisindividual) (Dogiel 1963).
Parthenogenetic generations of trematodes — genera-
tions of sporocysts and rediae (Ginetsinskaya 1968).
Marites — individuals of hermaphroditic generations of
trematodes, which parasitize the definitive host (Ginet-
sinskaya 1968).
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