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ABSTRACT. With cestode Proteocephalus percae, taken as an example, the
populational parameters of the dynamics of fish parasites, which have an annual
cycle: survival, mortality, fertility, net reproductive rate, were determined. The
principal possibility of using the traditional methods for studying the parasite
number for determining the populational parameters was shown.

INTRODUCTION

It is known that many aspects of the populational dynamics can be assessed on
the basis of data on changes of its age structure. The variation of the parasite num-
ber reflects tendencies in the change of the population density, whereas analysis of
ratio between individual age groups allows to determine mortality and survivabil-
ity. The product of the mean individual fertility of the reproductive part of the
population on its number gives an idea of the birthrate, and the sum of the values
of the realized fertility for the entire reproductive period - of the net reproductive
rate of the population (Odum, 1986). The development of these studies by the
conceptual apparatus, traditional for general ecology, becomes of a very common
use in studying the biology of fish parasites (Kennedy, 1975; Bauer, 1980; Pronin,
Khokhlova, 1987; Ieshko, 1988). In addition, the use of the populational approach
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to the interpretation of parasitological data makes them more available for a wide
circle of biologists.

MATERIALS AND METHODS

The present research was conducted on a typical representative of the Boreal
- plain complex cestode Proteocephalus percae (Cestoda: Proteocephalidea). The
material was collected in 1986-1987 on Lake Rindozero, one of the small water bod-
ies of Southern Karelia. The fish population of the lake is represented by 5 species:
roach - Rutilus rutilus, perch - Perca fluviatilis, ruff - Gimnocephalus cernua, pike
- Esoz lucius and burbot - Lota lota; only two first species can be considered to
be dominant. The populational structure of perch is relatively simple, the stock
is dominated by fishes, aged 4+ and 5+ (AD 10-14 sm). As perches from the
dominant age classes were mainly infected by cestode Proteocephalus percae, and
there were no large differences in the distribution and average abundance of par-
asites (Fig. 1), we used the averaged values of infection of all the fishes studied.
In this case the values of the abundance indices (mean intensity) registered are
adequate characteristics of the cestode number with the assumption that the host
number (n) does not change significantly throughout a year. This assumption is
based on studies of P.V.Tyurin, who has shown that natural mortality of perches
sharply decreases after they reach sex maturity, and it does not exceed 20%. In
small water bodies, where perch is dominant in ichthyocoenosis, the mortality is
much lower (Tyurin, 1973). The dates of fish dissection were determined by the
biological characteristics of helminth. In the period of open water, from May to
July, the fish were dissected at weekly intervals, in August - September - twice a
month and in March. 30 fish specimens were examined in each sample, a total of
420 individuals was analyzed.

The helminths found were divided into three developmental stages: imma-
ture, mature, but without eggs, and helminths with eggs. At the last stage the
helminths with mature and immature eggs were distinguished. The group of imma-
ture helminths included plerocercoids, which recently infected the fish and young
helminths. They were clearly differentiated by the sizes of the body, scolex and
suckers. The division of this group allowed to determine the duration of invasion
and rate of immigration. The number of cestodes at each stage was counted.

The length of the helminth was measured. Due to the frequency chosen for field
sampling of fishes determination of the developmental stages and sizes of parasites
we were able to follow the linear growth and maturation of cestodes living in
perch. In this case we did not analyze the mean sizes of helminths found, but
the occurrence frequency of individual values of the length for each of the parasite
developmental stages distinguished. The correctness of the chosen approach is
postulated by the ability of cestodes of the genus Proteocephalus to preserve the
initial strobile during their whole life (Freze, 1965), and by fairly low abundance of
mature helminths at which no competitive relations are observed. The maximum
number of mature cestodes - 15 specimens - was found only in one individual.
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Figure 1. Distribution of Proteocephalus percae in Lake Rindozero depending on the
age and size of fish. June 14, 1987 (a — age; b - size; ¢ — mean intensity).

The rate of immigration was calculated from the difference between the values
of mean intensity of two samples divided on the time interval between them. Spe-
cific mortality was determined by similar method. The survival of the helminths
is given as portions of the initial abundance in March. The individual fertility was
calculated in 22 cestodes with a length of 1-4 cm. On the basis of data obtained
the mean fertility of mature helminths was calculated per 1 cm of their length
which was then used as the constant.
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Figure 2. Seasonal dynamics of perch infection with cestodes Proteocephalus percae
in Lake Rindozero: (- - -) mean intensity; (-) water temperature.

RESULTS

Observations of the occurrence and development of Proteocephalus percae have
shown that in Lake Rindozero the helminth has an annual cycle with the summer -
autumn infection of the host, spring maturation and further elimination (Table 1)
that is consistent with data of numerous investigations (see Roitman, Tsetlin,
1982). The concrete dates of the helminth development are determined by seasonal
changes of water temperature in the lake (Fig. 1,2).

The quantitative values of immigration, survival, mortality and population
structure of P. percae are given in Tables 2-4. The data presented allow to char-
acterize the dynamics of the populational parameters of helminth at the major
stages of its development. The formation of the infection of the final host begins
in July. It is extended in time and poorly expressed in summer. The intensive
immigration is observed in Autumn. In winter the number of helminth increases
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Table 1. Occurence of P. percae in perch of Lake Rindozero.

Date Occurence, % Ranges Mean intensity,
. min.- max. sp.
1986
9.7 30.0 1-1 0.06
28.7 66.6 1-7 1.56
3.8 9.0 1-3 0.17
3.9 33.0 1-3 0.3
15.9 100.0 1-155 18.0
1987

19.3 100.0 2-176 32.2
20.5 91.7 2-60 16.9
27.5 92.6 1-60 13.5
4.6 100.0 1-52 10.5
9.6 93.3 1-73 10.3
16.6 86.7 1-34 6.3
22.6 70.0 1-46 5.6
29.6 424 1-29 1.3
9.7 30.0 1-3 0.53
28.7 70.0 1-2 0.26
3.8 0 0 0

much slower and reaches its maximum values in next March (Table 2). No new
flow of infection was observed in the following period of time. With the beginning
of hydrobiological spring (March 19) the population, which is mainly represented
by immature individuals, begins to develop (Table 3). Initially high abundance
results in differentiated growth of helminths. As a result the individuals of the
same age differ in the state of their reproductive system. During a fortnight (May
20— June 6) the number of mature cestodes increases, whereas that of larvae de-
creases. At water temperature above 10°C the cestodes reach their maturity. The
structure of the population becomes complicated, the ratio between the groups
distinguished changes (Table 3).

Table 2. Indices of immigration of Proteoceaphalus percae in perch of Lake
Rindozero.

Date Time interval, Temperature, Mean inten- " Rate of immig-
days %c sity, sp. ration, sp./day
09.07.86 1 19.0 0.06 =
28.07.86 19 16.6 1.56 +0.08
03.08.86 26 16.0 0.17 -0.09
03.09.86 57 12.0 0.56 +0.009
15.09.86 70 10.5 18.0 +1.45

19.03.87 254 4.0 30.6 +0.06
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Table 3. The structure of population and ratio of the abundance at different
stages of P.percae of Lake Rindozero (1987).

Date Mean intensity, sp./fish % of the initial abundance
immature mature helminths immature mature helminths
with eggs with eggs
19.03 30.6 1.6 0 97.5 2.5 0
20.05 10.2 6.7 0 31.7 20.5 0
27.05 6.8 6.6 0 21.1 20.5 0
04.06 1.9 0.1 1.5 5.9 22.0 4.6
09.06 1.0 2.0 7.3 3.1 6.2 22.7
16.06 0.9 0.1 5.3 2.8 0.3 16.5
22.06 0.4 0.1 5.1 1.2 0.3 15.8
29.06 0.4 0.1 0.7 b2 0.3 2.2
09.07 0.4 0 0.1 1.2 0 0.3
28.07 0.2 0 0 0.6 0 0

Table 4. Survival of P. percae in perch of Lake Rindozero

Date, State of Mean Survival Mortality Specific
population intensity mortality

1987
19.03 immature 32.2 1 - -
20.05 mature 16.9 0.52 0.48 0.25
27.05 mature 13.5 0.42 0.1 0.43
4.06 -7 10.5 0.34 0.12 0.33
9.06 - 10.3 0.32 0.02 0.05
11.06 e 6.3 0.20 0.12 0.6
22.06 -7 5.6 0.17 0.03 0.1
29.06 - 1.3 0.06 0.11 0.6
9.07 -7 0.5 0.02 0.04 0.15
28.07 - 0.2 0.006 0.014 0.01

Analysis of the size structure of the population has shown that mature indi-
viduals developed during winter, eliminate without reaching maturity. The sizes
of mature helminths correlate with water temperature. At water temperature of
11— 15°C (June 9-14) they reach their maximum sizes. The largest of them elim-
inate. A further rise of temperature is accompanied by maturation of cestodes of
smaller sizes. The length of the last mature helminths found on July 9 did not
exceed 0.5 cm (Fig. 3).

Development of the population is accompanied by a decline of its number.
Approximately half of the helminths (48%) die at the initial stages when ma-
ture helminths develop. In the périod of their growth there is another 22%
decrease of the population, and only a quarter of helminths reach maturity
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Figure 3. Changes of the size structure of cestodes P. percae in perch.

97.5% — (48% + 22%) = 27.5%. Later , when the population is mostly repre-
sented by mature individuals, the mortality values decrease. In our opinion, their
dynamics is connected with momentary rises or drops of water temperature re-
sulting in increased or decreased mortality of cestodes (Table 4).
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Figure 4. Dependence of individual fertility of Proteocephalus percae in Lake
Rindozero (a—fertility, X 1000; b - size, cm).

The logarithmic-regressive dependence was found between the length of stro-
biles and the number of eggs in them. It has been found that one group of cestodes
is characterized by reaching the maturity and high fertility with fairly small sizes,
while the other differs in large sizes and has lower values of fertility (Fig. 4). These
differences are more pronounced for the parasites within the 1.5-3 cm range. The
growth and maturation of cestodes seem to begin rapidly, but then an increase of
the linear sizes of helminths occurs against the background of excreting mature
eggs that results in the apparent decrease of fertility. Knowing the individual char-
acteristics of parasite fertility we determined the mean number of eggs per 1 cm
of strobile to be 4900.

Table 5 shows the values characterizing the structure of the mature part of the
population and P. percae fertility in perch. Our calculations (the product of the
mean sizes of mature cestodes with eggs on the average number of eggs in 1 cm
of strobile) allow to determine approximate values of fertility, because its accurate
determination in natural populations is hardly possible. The fertility realized is
the product of the fertility and survival of helminths. Taking into account the fact,
that the mature helminths form only a part of the whole population of cestodes
registered in perch we calculated their portion in the total number. Knowledge of
the population survival at the given time period, the portion of cestodes with eggs,
their mean sizes and the number of eggs allows to estimate the realized fertility
in the concrete period. According to the data obtained the period of intensive
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Table 5. Fertility of P.percae.

Date Mean Survival Portion Mean sizes Number of Realized
intensity of cestodes of cestodes eggs per 1 cm of fertility,
of infection with eggs with eggs,cm strobile,ths ths
04.06 10.5 0.34 0.14 4.0 4.9 0.93
09.06 10.3 0.32 0.7 3.0 4.9 3.29
16.06 6.3 0.20 0.8 2.7 4.9 2.12
22.06 5.6 0.17 0.9 2.0 4.9 1.50
29.06 1.3 0.06 0.5 1.5 4.9 0.22
09.07 0.5 0.02 0.2 0.5 .49 0.01

5°8.07

egg emergence is fairly short. Their maximum number was produced during a
fortnight (June 9-22) (Table 5).

The sum of the values of the fertility realized for the whole period of egg
emergence (R) characterizes the net rate of reproduction of P. percae population,
which makes up 8070. The value of the net reproductive rate (Odum, 1986) shows
that the population of cestodes, living in perch of Lake Rindozero, should have
an 8000-fold increase in every generation, and the growth of its number being
unlimited, if mortality is absent at other phases of development.

According to some ichthyologists’ data (Rask, Arvola, 1985) the density of
perch population in small lakes of the taiga zone is 1950 sp./ha. Then in Rindozero,
whose area is 183 ha, there are 356850 specimens. According to these data, in
March when the infection is maximum (32.2 sp./fish), the number of helminths
is approximately 11500000 sp. 3100000 of thern (27.5% of the initial number)
become mature. At fertility of 8070 they are able to excrete 25000000000 eggs.

Spontaneous infection of plankton in Lake Rindozero at the end of July — Au-
gust was 2.2 sp. per m® (Evseeva, 1991, in press). The total number of procercoids
at the invasion determined was 15700000 sp. (the area of the lake is 1830000 m?,
the average depth 3.9 m).

On the basis of the obtained data we can determine the survival of the parasite
from the egg to procercoid stage and then to plerocercoid. Our calculations enabled
us to determine the total survival of parasite, which made up. 0.00012 (0.00063 x
0.073 x 0.27). On this basis, the true reproductive rate of the cestode population
P. percae in Rindozero or the value of the population increase for one generation
equals to 1.005 (0.00012 x 8070; 8070 - the net rate of reproduction of the cestode
population).

DISCUSSION

The populational approach is a qualitatively new level of understanding thé
regularities of parasite system existence, because biological characteristics of mor-
tality, birth - rate and the age structure of the species have sense only at the
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populational level. The analysis of the dynamics of the population number in P.
percae has shown a principal possibility to use the traditional method for studying
the parasite number for assessing populational parameters. The reliability of the
results is based on the accuracy of determining the boundaries of the population
and the spatial - temporal distribution and structure of the parasite population.

The comparison between our data and those of Peris and Pitelka (Peris, Pitelka,
1962: according to Odum, 1986) has shown that rate of reproduction of the cestode
population in Lake Rindozero (R) has the values similar to those from natural
population (Rjl), at which the abundance is fairly stable and ranges about the
mean.

Studying the dynamics of the number and structure of Dactylogyrus amphi-
bothrium population V.V. Kashkovsky (1982) has shown that not less than 99%
of the initial number of the parasite eliminate at the egg stage. A more detailed
analysis of the population parameters of carp parasite D. vastator made by V.E.
Tomnatik (1988) allowed to reveal that 50.2% of eggs, 48.5% of oncomiracidia,
only 0.94% of postlarval and 0.33% of immature helminths survive of the total
number of Monogenea. According to these data the survival of mature worms
makes up 0.04%. Our results have shown that 99.8% of the Proteocephalus percae
population die at the egg stage and 0.2% continue development.

The comparison with our results has shown that the dynamics of the number of
parasitic species is characterized by some common regularities. First, one should
pay attention to high mortality at the preimagional phases of development. The
regulation of the mortality of immature parasites seems to be of low efficiency,
with the parasite number being limited in a water body. A significant decrease of
the survival of helminth larvae and eggs causes serious damage to fish and other
hydrobionths.

In this connection considerable importance has been attached to the adult phase
of development in stabilizing the parasitising system. In this case studies of the
spatial structure of the parasite population and assessment of the heterogeneity of
the host population are of paramount importance.

It has been found (Ieshko, 1988) that in the process of host infection and
parasite maturation the pattern of their distribution in fish population changes.
According to the type of distribution we can distinguish host groups with different
susceptibility to infection (Ieshko, 1987; Ieshko, Tomnatik, 1988) and with a differ-
ent role of maintaining the number of the parasite population (Ieshko, Golitsyna,
1984).

These studies have shown that the success of the survival of the parasite pop-
ulation is dependent on the survival of mature parasites and their fertility which
is mainly regulated by the structure of the final host population. The level of the
number and distribution of many helminth specics depends on the ratio between
young and adult fish ages in the population.

Therefore, for water bodies where the first ones (plankton-eating young fishes)
are dominant, favourable conditions are created for survival of a large number of
parasites, and if the number of old - age groups is higher the level of the parasite
number is much lower (Ieshko et al., 1989). In this connection to our opinion many
aspects of ecological succession of the parasite fauna are rather with the conditions
of survival of preimagional phases of development.
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Tab6aMnbl BEIXKWBA€MOCTH TFeJIBMAHTOB PLIO M MX aHAJINA3
Ha npuMepe necrousl Proteocephalus percae
(Cestoda, Proteocephalidae) cnemudmanoro

napasura okyHa Perca fluviatilis

E. Il. MUemko u JI. B. Aauknena

[InoTHOCTL MOMyNALMM OKYyHSA B MaJibIX 03epaX 30HBI TalirM cocTaBiAer
1950 ek3./ra; Takum obpa3om, B Punmosepe, ¢ maomazavio 183 ra, obu-
Taer 356850 sk3. Mcxoasa M3 ®TUX JaHHBIX, B MapTe NpPU MaKCUMMAaJbHOM’
3apaXkeHHOCTH (32,2 oK3. Ha phIfy) YMCIEHHOCTH HENOJIOBO3PeJbiX LEeCTO
npubausurensHo paBHa 11,5 MyH. 8k3. V3 HMX [0JI0BO3peILIMU CTAHOBATCSH
3,1 man. ok3.( T.e. 27,5% or mcxommoi umcaennoctu). Ilpu peanmsopan-
Ho#t mmonoBuTocTH - 8070, oHM cnocobunl BeLAeauTs 25000000000 2K3. AMIL.
O6maa UMCIIEHHOCTh NMPOLEPKOMAOB NPU YCTaHOBJIEHHOW MHBAa3MpOBAHHOC-
™ (2,2 ok3./M°) cocrasaser 15700000 sk3. Ilo mosy4eHHHIM 3HauEHMAM
MOKHO OTIpeleJUTh BLDKMBAEMOCTh NaPa3uTa IPH Pa3BUTHM OT AlLA [0 CTa-
Auy npouepkouia, koropasa pasHa 0,00063. BrpkuBaemocTh npouepkouaoB
HamHoro Beuue, M 0,73 ux pocturaer niepouepkouaHod craammu. B npo-
Hecce co3peBaHus BebkMBaeT Jmimb 0, 27 yacTh napasurtos. IlpoBenennbie
pacyeThl MO3BOJIMJIM ONpeAeanuTh 06lIyI0 BEDKMBAEMOCTh NApa3nuTa, KOTOpas
cocrasasana 0,00012. Mcxons u3 sToro, peajbHas CKOPOCTb Pa3MHOMKEHUA
nony aaumu uectol Proteocephalus percae, unu BesMunHa, Ha KOTOPYIO yBeJM-
YMBaeTCA MOMYJALMA NPU OAHOMN reHepamm, paBHsaerca 1.005.



