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Introduction

The building of dams and impoundments could be considered one of the oldest 
branches of engineering. Primarily dams have been constructed for the purposes of 
irrigation, water supply, and control of floods. Remains of water storage dams from the 
Middle East date back to 3000 BCE, but the ruins of irrigation canals are over 8000 
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years old [3] Later people learned to use controlled discharge of impounded water as 
a source of energy. Among other purposes of dams construction is the maintenance 
of a proper river’s water level during all seasons for navigation, and the provision of 
recreation facilities [1] Construction of dams for water supply and irrigation purposes 
became a common practice about 2000 thousand years ago, while their use for power 
generation began only around 1890 [3] A real boom in dam building started in the 20th 
century. Thus, by the end of last century there were over 45 000 large dams all over the 
world.

Together with the benefits provided by construction of dams, there was discovered 
and described a multitude of negative effects leading to riverine ecosystems degradation. 
Dams represent the main physical threat, fragmenting and transforming aquatic and 
terrestrial ecosystems with a spectrum of impacts of various duration, scale, and degree 
of reversibility. According to the classification proposed by the World Commission on 
Dams [3], the numerous environmental impacts of river damming include:

first-order impacts that involve the physical, chemical, and geomorphological •	
consequences of blocking a river and altering the natural distribution and timing of 
streamflow;

second-order impacts that involve changes in primary biological productivity •	
of ecosystems including effects on riverine and riparian plant-life and on downstream 
habitat such as wetlands;

third-order impacts that involve alterations to fauna (such as fish) caused by a •	
first-order effect (such as blocking migration) or a second-order effect (such as decrease 
in the availability of plankton)

One of the drastic effects caused by damming is blocking of migratory routes for 
anadromous (reproduce in rivers, feed in seas) and catadromous (reproduce in seas, feed 
in rivers) fish species. Migratory fish need different environments for different phases 
of their life cycle: reproduction, growth, and sexual maturation. Many populations of 
such anadromous fish as salmon (Columbia River, USA), sturgeon, and herring have 
disappeared because of the blocking of their migratory routes by dams [3].

Another negative effect on freshwater ecosystems, and in particular on downstream 
fisheries, results from the trapping of sediment and nutrients by dams, the re-regulation 
of the streamflow, and the evening out of the natural pulsating floods regime. Data about 
losses by downstream fisheries are reported from all over the world. For example, 11 
250 tonnes of fish per year from the Senegal River system were lost following dam 
construction [3].

If the outlets of the dam are situated deep enough and discharges contribute huge 
masses of cold water downstream, it leads to extinction of warmwater fish species, 
which stop spawning and eggs frequently undergoing resorption. 

In the recent literature, special attention was paid to the decrease in the species 
diversity ratio of large industrial fish species in rivers and the increase in importance 
of fish with a short life history in the calculation of this index [9]. The present process 
is connected with significant increase in the impact of human activity. For example, 
in the Ems river as a result of river-bed straightening, river depth modification, and 
intensive agricultural activities valuable fish species gradually disappeared (pike, eel 
and others) and highly increased the significance of 10 fish species with short life span: 
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e.g. Pungitius pungitius (L.) – 20%, Cobitis taenia L. – 17%, Gobio gobio (L.) – 15% 
etc. [4].

Cumulative impacts (caused by multiple dams on a river and high river 
fragmentation). Nowadays, many rivers all over the world support the cumulative effect 
of multiple dams. The higher the number of dams within a basin of a river, the higher 
the magnitude of river ecosystems fragmentation. According to estimates made by the 
World Commission on Dams, about 60% of the world’s large catchments are highly or 
moderately fragmented by dams [3].

Berkamp and others, in their Thematic Review “Dams, ecosystem functions and 
environmental restoration”, define a cumulative effect as the “incremental effect of an 
impact added to other impacts” [2]. Therefore, even if the individual effects of dams 
are insignificant, being combined they could cause a serious disorder within a river 
ecosystem. In the case of second and third order impacts, the total cumulative effects 
could be greater than the sum of individual ones.

One of the most dramatic cumulative impacts of dams led to the ecologic catastrophe 
of the Aral Sea. Once the forth largest inland water body in the world, it has shrunk 
to about ¼ of its 1960 volume, while its water salinity has increased 4 times. This 
happened as the result of the cumulative impact of dams constructed on the Amu Darya 
and Syr Darya rivers used for the irrigation of the immense territory of cotton-growing 
farmland. Thus, water from the rivers that previously fed the Aral Sea was withdrawn 
for cotton fields irrigation. The estimates of environmental damage caused range from 
1.25 to 2.5 billion US Dollars per year [3].

The cumulative effects of the dams affect both water quantity and water quality, 
which in turn leads to habitat fragmentation, loss of biodiversity, and environmental 
sustainability. Different water quality parameters have different rates of recovery 
along the lower reaches. Thus, if oxygen levels may recover within 1 - 2 kilometers 
downstream from the dam, the temperature regime modification still could be felt 100 
km downstream. The WCD Case Studies brings as an example the Orange-Vaal River 
in South Africa, where the cumulative impacts of 24 dams led to 2300 km (63%) of 
river having a modified temperature regime [3].

Dams and impoundments on the Dniester River

The Dniester River rises in the Carpathian Mountains at an elevation of 900 m and 
flows towards the Black Sea through the territories of Ukraine and the Republic of 
Moldova. The total length of the river is 1362 km, and general accumulation surface 
is 72000 km2; included within the territory of the Republic of Moldova – 657 km and 
19200 km2 respectively. According to the peculiarities of the river basin, character of 
the flooding zone and river bed, the Dniester River is divided into 3 sectors: upper, 
middle, and lower. The upper sector is about 700 km long from the source till the 
town of Moghilev-Podolisky; the middle sector spreads from Moghilev-Podolisky to 
the Dubasari dam (218 km), and the lower sector includes part of the river from the 
Dubasari dam until the Dniester Estuary (434 km) [12].

Among the factors that determine the formation of the hydrologic regimen of the 
Dniester River on the territory of Moldova is water discharge from the Dnestrovsk 
impoundment (situated on the border with Ukraine), which deposits about 3 km3 of 
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water (that corresponds to the third part of the Dniester average annual discharge) 
and has the maximal depth over 54 m. Thus, according to the classification of the 
International Commission on Large Dams (ICOLD), it is recognized as a large dam. 
Debits installed by the Dnestrovsk hydroelectric power station built in 1982 are too 
high that has a tremendous effect upon the natural water discharge. From the reservoir 
water is discharged from the depth over 40 m, thus, due to the thermocline phenomenon 
the temperature of the discharged water is about 6 – 10 0C even during summer period.  
Therefore, water of the Dniester River that enters the territory of the Republic of 
Moldova is characterized by low temperatures all year long. In the lower reach of the 
Dnestrovsk reservoir the temperature of the Dniester River’s water is 15 -16 0C during 
the summer that represents one of the most significant factors provoking disorders in 
reproduction of hydrobionts and fish in special.

One of the peculiarities of the hydrologic basin of the Dniester River is the presence 
of 984 tributaries of different size [12]. During big floods the water level in the lower 
sector of the Dniester River rises by 10 – 12 meters, and water debit reaches 8400 
m3/ sec. Upon the water debit of the Dniester River there have influence debits of the 
Dnestrovsk and Dubasari reservoirs, surface and underground discharges, infiltration 
and evaporation of water, and human economic activity. In 1954, in the middle sector 
of the Dniester River, there was built the Dubasari reservoir with a total length of 125 
km, a surface of about 6 750 ha, and a total volume of 485.5 million m3. According to 
the ICOLD classification, the Dubasari Dam is recognized as a large one. The reservoir 
is situated in the deep valley of this sector and extends from the town of Kamenka to the 
town of Dubasari. The reservoir’s width varies from 250 to 2000 meters; the average 
depth is 7.5 meters, while the maximal depth at the barrage is 13.5 meters [5].

Climatic conditions of the reservoir are characterized by instability of the humidity 
regime, the average value of which over many years was 9.5 millibar (9.4 – 9.8). The 
analysis of the atmospheric precipitation during the years 1986 - 1989 has indicated the 
annual sum of 484 mm (431 – 532 mm), 70 – 75% of this occurring during the warm 
period (April - September). The reservoir water turbidity is medium and constitutes 
40.8g/m3 oscillating from 18.6 to 65.0 g/m3. Water transparency, which is inversely 
proportional to turbidity, ranges from 15 to 60 cm. The average water temperature 
over many years was 11.05°C (10.7 – 11.6°C) (according to the data of the Republican 
Direction of Hydrometeorology and Natural Environment Control).

Materials and methods

The study site was situated in the lower sector of the Dniester River downstream 
the Dubasari hydroelectric power station. Dam of the Dubasari hydroelectric power 
plant has been erected in 1954.

In total, 147 specimens of 4 different fish species (Abramis sapa (Pall.), Abramis 
brama (L.), Leuciscus cephalus (L.), Blicca bjoerkna (L.)) were collected and analyzed 
between 2000 – 2008 in the lower reach of the Dubasari hydroelectric power station, 
5 km downstream the dam. Control sampling was carried out on a monthly basis. 
Samples were collected using trammel-nets (length: 40 m, height: 3 m, mesh size 40 
mm). Duration of net deployment was 12 hours, from dusk till dawn. 

The total length (Lt, cm) and total weight (Wt, g) were recorded. After that the 
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gonads were removed and weighed (Wg, g). The sex and the stage of maturity were 
assessed visually. Maturity was assessed according to the general scale: stage I: 
immature (juvenile); stage II: resting; stage III: developing; stage IV; ripe and running; 
and stage V: spent. The absolute fecundity was estimated by counting the oocytes in the 
1 g of wet sample in a Petri dish and multiplying the result by the Wo [8]. 

Scales were used for age determination. These were taken from above the lateral 
line of the fish, prepared by applying a series of ammonia solutions, and read under 
a binocular microscope (10 x 1.6). Scales were read twice by the same author at an 
interval of a month at random to avoid bias in ages assigning.

Analysis of indications of dynamics in life histories (age of first reproduction, 
fecundity and number of clutches, mortality rate, and gonadosomatic index (G)) The 
gonadosomatic index (G) was calculated as: G = Wo x 100 Wt

-1, where Wt is total body 
wet weight (g) and Wo is the ovary wet weight (g).

Results and discussion

In our research we have focused on third-order impacts caused by the cumulative 
effect of the Dubasari and Dnestrovsk hydroelectric power stations upon fish populations 
of the lower sector of the Dniester River. 

There have been revealed different reproductive adaptations at different levels of 
fish organization such as cellular and tissular, individual and population levels.

At cellular level the reproductive parameters of fish females are determined by the 
variability of such characters as: duration of the previtellogenisis period, duration of 
the vitellogenesis period, and modifications of the definitive oocytes dimensions [11]. 
The duration of the previtellogenesis and vitellogenesis periods defines the age of first 
reproduction of fish females. 

Immature females of Abramis brama (L.) with weights of 300-330 g, being almost 4 
years old (3+) have gonads at the I-II and II stages of maturity. The transition of oocytes 
from the stage of protoplasmic growth to trophoplasmic growth occurs asynchronously. 
Females are found with the gonads on the III stage of maturity, being as 4 years old (3+) 
as well 5 years old (4+) with the body weight 270-290 g and 600-824 g, respectively. 
During the first years of the existence of the Dubasari water accumulation reservoir, 
immature females of common bream had body weight 320-415 g (Zelenin 1960).

The dimensions of oocytes in the vacuolization phase vary between 163-213 mkm. 
Asynchrony in their development is revealed also during the period of vitelline granule 
accumulation in the cytoplasm. The transfer to vitellogenesis takes place in autumn and 
continues until the next year spring. During this period, there occurs a synchronization 
of the sexual cell development and the major mass of gonads is constituted from the 
one generation oocytes. The sexual maturity of bream, according to our data, occurs at 
the age of 5 years with body weights of 810-900 g. According to the data of Zelenin [6], 
during previous years, the majority of common bream females from the tail waters of the 
Dubasari water accumulation reservoir reached sexual maturity at 4 years of age with 
body weights of 700-1000 g. According to the histological research, the mass common 
bream spawning starts in the second decade of May and lasts until the middle of June. 
After the spawning season, in the second part of June, the ovaries transfer to the II-III 
maturity stage.  Together with the oocytes of the protoplasmic growth period, there are 
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present oocytes in the beginning of the cytoplasm vacuolization stage. Simultaneous 
with the development of the new generation oocytes, the follicular membranes and 
unreleased oocytes resorption takes place.

In immature females of Abramis sapa (Pall.), with body length is 18.5-20 cm and 
body weight is 80-128 g. The I stage of maturity lasts up to the beginning of the 3rd-
4th year of life as the gonads transfer to the II maturity stage during the 3rd-4th year of 
life. The main part of the ovary is composed of the single-layered follicle oocytes with 
diameters of 177-248 mkm. In order to make a comparison it should be noted that 
before the construction of the Dnestrovsk hydroelectric power station, the I stage of 
gonad maturity occurred in females being 2-3 years old, but in the 3-4 year old females, 
their gonads transferred to the II maturity stage [7].

Thus, the Abramis sapa females reach sexual maturity at 4-5 years old, and their 
spawning period changed to a later time (first half of May). In previous years, the 
Abramis sapa females from the Dubasari water accumulation reservoir became sexually 
mature at 4 years old, while their spawning began in the first half of April [7].

After spawning, the gonads transfer to the IV-II stage of maturity. In the ovary, 
together with the protoplasmic growth oocytes and follicular membranes undergoing 
resorption, there are present oocytes in the cytoplast vacuolization beginning phase.

Thus, after construction of the Dnestrovsk hydroelectric power station, with all 
females of the investigated fish species, there occurred an increase in the age of sexual 
maturity and spawning shift to later times, leading to the reduction of the vegetative 
period of the fish young. The sexual maturity in all investigated females occurred at 
smaller body weight. This leads to a decrease in oocyte dimensions and consequently 
to a lower level of nutritive substances accumulation in them, which is significant for 
embryo development.

At the level of organism or individual level of organization reproductive adaptations 
refer to the variability of the first reproduction age, modifications in the period of 
spawning and number of spawning during the reproductive period (number of clutches), 
modifications of the gonadosomatic index, and modifications of fecundity [11]. 

There has been demonstrated that for species with conditionally short life span like 
Blicca bjoerkna is characteristic earlier sexual maturity – 2 years old for females, 1-2 
years old for males and increase in number of clutches up to 3-4 during the reproductive 
period.

The cumulative impact of hydroelectric power stations on the Dniester River had an 
effect on the gonadosomatic index of Abramis sapa females. If before 1980s its values 
ranged between 6,87 – 14,09, then after the construction of the second dam in 1981 
gonadosomatic index values significantly decreased reaching 4,33 – 7,01 (Fig. 1). 

The cumulative imapct of the Dniester River impoundment by 2 dams and operation 
of 2 hydroelectric power plants also has resulted in decrease of allocations for growth 
at fish populations of the lower flow. The indicator of growth is condition factor of 
Fulton’s coefficient that has dramatically decreased after construction of the Dnestrovsk 
dam from 2,78 in 1975 to 1,75 in 1986 and 1,51 in 2001 (Fig. 2). The similar picture 
was demonstrated for Abramis sapa populations from the Dubasari reservoir where 
condition factor has decreased from 1,94 before the second dam construction to 1,62 
in 1998 [10].
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Figure 1.

Figure 2.

There have been revealed different reproductive adapatations at different levels 
of fish organization as the result of cumulative third-order impacts of the Dubasari 
and Dnestrovsk hydroelectric power stations on the Dniester River. These adaptations 
included modification of the age of first reproduction – some species start to reproduce 
earli and transfer to the short life span (Blicca bjoerkna), while others reach sexual 
maturity later in their life (Abramis brama and Abramis sapa); decrease of gonadosomatic 
index and condition factor that could be explained by the diminuation of allocations 
for growth, increase of number of clutches for some fiish species that facilitates the 
survival of offspring under the changeble environmental conditions.

Conclusions
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НЕМАТОДЫ ОТРЯДА DORYLAIMIDA В МОЛДОВЕ: ВИДОВОЕ 
РАЗНООбРАЗИЕ, СИСТЕМАТИчЕСКОЕ пОЛОжЕНИЕ И 

эКОЛОгИЯ
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Дорилаймиды – одна из крупнейших таксономических групп свободножи-
вущих и фитопаразитических нематод, имеющих всесветное распространение. 
Отряд Dorylaimida включает около 2000 видов из 250 родов [28]. Размеры тела 
могут варьировать от 0,5 мм и меньше почти до 1 см в длину, большинство из них 
около 1 – 3 мм. Среди них имеются фитогельминты и хищники. Ротовой аппарат 
дорилаймид снабжен колющим органом – копьем, который в пределах отряда от-
личается большим структурным разнообразием [1,15,28].

В своем происхождении отряд Dorylaimida связан с низшими  эноплидами. 
Обитают дорилаймиды в пресных водоемах, мхе и почве. Они образуют весьма 
разнообразную не только в таксономическом, но и в экологическом отношении 
группу, так как почти нет таких биотопов, в которых не были обнаружены нема-
тоды этого отряда, благодаря разнообразию трофики, они способны использовать 
в качестве пищи как растительный, так и животный материал. Большинство из 
них хищники, питаются простейшими, мелкими беспозвоночными или их яйца-
ми, прокалывая покровы своих жертв, специальным ротовым аппаратом – копьем 
и высасывая содержимое. Часть дорилаймид употребляют в пищу мицелий гри-
бов, водоросли или поражают ткани здоровых растений, при этом некоторые из 
них семейства Longidoridae способны переносить также вирусные заболевания 
растений. Вероятнее всего, древние дорилаймиды сформировались в наземных 
условиях, среди мхов и лишайников. И в настоящее время большинство свободно 
живущих рецентных форм обитает в этих биоценозах [1, 15]. 

Отряд Dorylaimida резко обособлен от остальных Enoplea некоторыми 
особенностями строения. Кутикула гладкая лишена щетинок; головные 
тангорецепторы всегда в форме папилл; отверстия амфидов карманообразные; 
ротовая полость редуцирована, всегда вооружена кутикулизированным 
трубчатым образованием (копьем); пищевод равноутолщенный по всей длине, 


