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Abstract. The impact of a small hydropower plant (SHP) on river water quality and macroinvertebrates has been investi-
gated in 5 Lithuanian rivers and involved 17 dams, ten of which are in a sequence in the same river system. The hydro-
static head of SHP dams ranged from 2.75 to 14.50 m and the capacities of their reservoirs varied from 40×103 to 
15,500×103 m3. Physicochemical characteristics, as well as macroinvertebrate communities, were evaluated in sites above 
and below the SHP dams comparing them with reference sites.  

It was established that construction of SHP dams (H<15 m) in Lithuania substantially changed regimes of suspended 
solids, fine particles and nutrients only locally regardless of hydrostatic head of the dam. Compared to reference sites, 
SHP reservoirs and sites below SHP dams had relatively more Chironomidae larvae and Oligochaeta, and less Coleop-

tera larvae as well as the relative abundance of pollution-sensitive Ephemeroptera and EPT. Water quality according to 
biotic indexes (DSFI and HBI) in the sites influenced by SHP dams was recognised to be moderate or poor, but impact 
was only local. This suggests that increment of catchment’s area and intensive land use for agriculture within the river 
basin plays more important role than SHP dams. 

Keywords: SHP dams, environmental impact, macroinvertebrates, nutrients, suspended solids. 

 

Introduction 

The construction of Small Hydropower Plants (SHP) with 
hydrostatic head H<15 m and installed capacity of 0.5 to 
10 MW (ESHA, 2004) as a useful additional source of 
renewable energy is based on modification of stream 
potential energy gradient (Abbasi, T., Abbasi, S.A., 2011; 
Lejeune, Hui, 2012). While hydropower uses water and 
gravity, economical incentive to increase electricity pro-
duction by upgrading hydrostatic head in cross-section 
(and thereby height of the SHP dam) is evident. There-
fore, a spillway dam is the most important structure of the 
SHP. There are a lot of references on dams’ impact on the 
environment and stream ecosystem (Water Framework 
Directive and Hydropower, 2007; Kantoush et al., 2011; 
Kibler, Tullos, 2013; Rimkus et al., 2013). International 
Energy Agency (IEA) notes that SHP tends to have a 
relatively small and localized impact on the environment 
(IEA, 2000). However a conflict between the human 
demand and the ecological water requirement on aquatic 
ecosystems may increase (Baskaya et al., 2011). Results 
of Kibler and Tullos (2013) reveal that biophysical im-
pact of small hydropower may exceed even those of large 
hydropower, particularly with regard to habitat security 
and hydrologic change. 
 The equilibrium of the ecological features in rivers 
and their riparian zones, coherent with both the transport 
and the retention of the suspended sediments and also the 
nutrients after SHP construction can be disturbed (Eisel-

tová, 1995; EEA, 2003; Mourad, van der Perk 2004; Wu 
et al., 2009; SHERPA, 2010; Kantoush et al., 2011). In 
dammed segments, organic mud and silt is not washed 
from the riverbed and are accumulated there. The re-
searchers established that due to accumulation of sedi-
ment in SHP reservoirs with a huge organic load and 
uneven discharges of regularly switched on/off turbines 
re-suspension of fine sediment was possible as well as 
secondary water pollution below the dam (Stanley, 
Doyle, 2002; Ren, Packman, 2002). Deep reservoirs 
(when water depth > 10 m) can also act as bioreactors, i. 
e. they change the temperature and the regime of the wa-
ter flowing through bottom openings of SHP dam and 
even increase the risk of biogenic pollution by retention 
of a considerable amount of organic silt particles (Kan-
toush et al., 2011). Thus, SHP installation changes the 
river hydromorphological characteristics, which also 
affects flora and fauna of the river. Ecological responses 
to dam construction still are poorly understood, especially 
for downstream benthic algal communities (Wu et al., 
2009). It is obvious that SHP dams can significantly af-
fect river’s sediment and nutrient loads as well as the 
natural flow regime that organizes and defines river eco-
systems security (Poff et al., 1997). 

Multiple-dam systems fragment streams and com-
pletely hinder longitudinal movement of aquatic biota, 
which results in aquatic population segmentation. The 
smaller population is between the dams, the lower its 
viability under ambient changes. Some studies indicated 
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that even low-head SHP dams interfered with upstream 
migration of biota (Lopardo, Seoane, 2004; Bellucci et 

al., 2011). A breakdown of the benthic invertebrate bio-
mass (between 40 and 60%) can be observed within the 
few kilometres of river length as well as the reduction of 
the fish fauna within the same order of magnitude and it 
correlates well with the amplitude of the flow fluctuations 
in downstream of SHP (Moog, 1993). Macroinvertebrates 
many of which are sensitive to the changes in water bod-
ies (including water chemistry and flow regime) play the 
important role in stream ecosystem function, providing an 
essential link in the food chain and the source of food for 
higher animals (Gupta, 2010). Therefore the abundance 
of macroinvertebrate communities can be a good indica-
tor of the dam impact on biotic environment (Cortes et 

al., 2002; Maiolini et al., 2007; Katano et al., 2009; 
Tszydel et al., 2009; Alvarez-Cabria et al., 2010; Prin-
cipe, 2010). 
 The potential energy of the Lithuanian rivers was 
rather intensively used in the past. According to the 
sources 10 water-mills on the Virvytė river in 1900-1940 
were built (Jablonskis et al., 2008). These old structures 
were reconstructed and water-turbines were arranged in 
1959-1990. Some reservoirs that were built for purposes 
of irrigation and recreation in 70’ies and 80’ies of the 20 
century had been also restructured for the hydropower 
production. The new SHP in the Venta, the Varduva, the 
Obelis and the Šušvė rivers were installed somewhere 
around the same period. All investigated SHP were oper-
ating without fish-ladder, consequently upstream fauna 
movement is disturbed.  

Now there are 90 SHP with a total capacity of 30 
MW, producing up to 66.1×106 kWh/yr of electricity, 
currently operating in Lithuania (Punys, Pelikan, 2007). 
Under the conditions of plain relief generally a low-head 
(with a fall of water H<5 m) and medium head (with H = 
5-15 m) SHP are prevailing, but even they can increase 

segmentation of river channels, which can cause changes 
in the natural flow regime and can disturb ecological 
integrity of free-flowing river systems (Poff et al., 1997; 
Jablonskis et al., 2008). Until now the impact of small 
hydropower plants on ecosystem stability has been stud-
ied insufficiently in Lithuania (Rimkus et al., 2013). This 
study aims to compare sediment and nutrient regimes 
downstream and upstream of the SHP dam and to assess 
their impact on river’s environmental security according 
quantity and composition of macroinvertebrate communi-
ties in sites. 

Materials and methods 

The investigations were carried out in Lithuania and in-
volved 17 SHP dams built on four rivers of the 3rd to 4th 
order (Fig. 1A). The Venta, Varduva and Virvytė rivers 
represented Western Lithuania (the Venta basin), whereas 
the Šušvė and Obelis rivers represented Central Lithuania 
(Nevėžis basin) hydrological regions with their typical 
hydrological regimes and geomorphological conditions 
(Gailiušis et al., 2001). The distribution of daily flow 
rates during the typical moderate year before SHP instal-
lation measured in hydrographical gauging-stations of all 
5 rivers is shown in (Fig. 1B) (Latvian…, 1962; Lithua-
nian…, 1963). About 36-49% of the total annual runoff 
flows during the spring floods, 11-13% in summer and 
the rest part during the autumn and winter. The highest 
flow rates take place in February – March – April, due to 
increasing water levels and decreasing hydrostatic heads 
in this period some low-head SHP are stopped. The mean 
annual specific discharge from the Obelis river catchment 
is 4.6 l/s km2 and is least in comparison with the Šušvė 
(5.7 l/s km2), the Venta (7.0 l/s km2), the Virvytė (10.3 l/s 
km2) and the Varduva (10.4 l/s km2) catchments specific 
discharges. 
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Fig. 1. A) Location map of studied dams, B) The distribution of daily flow rates during the typical moderate year before SHP instal-
lation. 
 
 The hydrostatic head of the SHP dams and the ca-
pacities of their reservoirs ranged from 2.75 to 14.50 m 
and from 40×103 to 15,500×103 m3 respectively. Deriva-
tive quantities – discharge rate (KQ) and reservoir filling 
rate (Krez) characterize the possible impact of installed 
capacity of turbines on the natural flow regime were used 
(Table 1) (Environmental …, 2010). 

Based on the assumption that higher SHP dams due 
to the larger capacity of reservoirs can be more substan-
tial on natural flow regimes they were conditionally clas-
sified as low-head if the hydrostatic head is up to 5 m and 
medium-head if the hydrostatic head ranged from 5 to 15 
m (ESHA, 2004).  

Water samples and riverbed substances were taken 
simultaneously in reservoirs about 50 m upstream of a 
SHP dam (site II) and in a river channel about 50 m 
downstream of a dam (site III). Reaches of the investi-
gated rivers, which were located far enough (4–11 km) 
upstream from the SHP’s has been chosen as a reference 
sites (I). In the Virvytė river with multiple SHP dam sys-
tem there were chosen 3 least impacted reference sites. 
The sampling was conducted annually in spring approxi-
mately at the same time from 2009 to 2011. At each sam-
pling occasion aggregate samples were taken in each 
cross-section of the river site (on the left, the right and the 
middle of the riverside). Water sampling depth was about 
0.3–0.5 m below the water surface. During the investiga-
tions in total 195 water and sediment samples were col-
lected. 

Macroinvertebrate communities were analysed 
along with the physicochemical characteristics of water: 
total suspended solids (by filtration and then drying at 
105°C: LAND 46-2007), total nitrogen (by ISO 11905-
1:1997: LAND 59-2003) and total phosphorus (by mo-
lybdenum with stannous chloride: LAND 58-2003). Riv-
erbed substances were sampled to determine their grain-
size composition and percentage of fine particles (less 
than 0.01 mm). The data were analysed considering the 
hydrostatic head of the SHP dams (either less or more 
than 5 m). Cumulative impact of multiple dam system 

was also investigated in the Virvytė river. The differences 
of investigated parameters subject to river sites and hy-
drostatic head of the SHP dams were tested at the signifi-
cance level p<0.05. Estimation of data variation (F-Test 
for variances) in the sites and t-Test for means was made. 

Biotic indexes based on benthic macroinvertebrate 
taxa, which are currently used worldwide to measure 
river ecological quality, were used in this study (Damásio 
et al., 2011). The samples of benthic macroinvertebrate 
were collected by the kick-sampling method in three 0.1 
square meter areas at each study site. Additional macro-
invertebrates were taken by multihabitat samples col-
lected over the 10-minutes period with a hydrobiological 
dip net from all possible biotopes at each study site (Ar-
bačiauskas, 2009). A total of 96 samples were collected 
from 24 investigated sites. The samples sieved using a 
500 �m mesh, transferred into plastic flasks and stored in 
a 4% formaldehyde solution. In the laboratory, all ani-
mals were separated and counted and identified under a 
binocular dissecting microscope. Specimens were identi-
fied to the species or genus level (except Oligochaeta). 

The Danish Stream Fauna Index (DSFI) as the offi-
cial bio monitoring method in Lithuania (Arbačiauskas, 
2009) and Hilsenhoff biotic index (HBI) (Hilsenhoff, 
1988) were calculated to assess the ecological status of 
investigated river sites. HBI tolerance values were taken 
from Mandaville (2002). Total macroinvertebrate taxa 
number (TTN), EPT (Ephemeroptera, Plecoptera, 
Trichoptera) taxa number as well as the relative abun-
dance (%) of Ephemeroptera, Plecoptera, Trichoptera, 
Coleoptera, Mollusca, Chironomidae and Oligochaeta 
were calculated. 

Fisher’s LSD test was used to determine differences 
in macroinvertebrate metrics and morphological charac-
teristics among groups of river sites. The relationships 
between macroinvertebrate metrics and water quality 
values were determined using Spearman’s rank correla-
tion. Calculations were done with Statistica for Windows 
6.0 (Sakalauskas, 2003). 
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Table 1. Characteristics of SHP dams and reservoirs (Source: Environmental Protection Agency of Lithuania. Aplinkosauginių reko-

mendacijų hidroelektrinių (HE) neigiamam poveikiui aplinkai sumažinti parengimas [Environmental Recommendations how to Re-
duce Negative Impact of Hydropower Plants (HPP). Final Report] 2010). 
 

River SHP L A H
 

V
 

F Krez Qriv Qturb KQ P 

name km ×106m2
 m ×103 m3

 ha  m3/s m3/s  kW 
Virvytė Gudai 6.6 1129 2.75 150 7.9 2321 11.04 12.0 1.09 264 

Skleipiai 10.8 1069 3.50 50 4.5 6585 10.44 3.6 0.34 264 
Kapėnai 13.4 1045 5.50 230 13.6 1385 10.10 6.5 0.64 288 
Kairiškiai 20.2 980 4.80 70 7.6 4302 9.55 6.0 0.63 110 
Rakiškiai 23.2 975 3.70 50 8.7 6017 9.54 7.9 0.83 270 
Balsiai 27.7 972 2.95 110 11.2 2514 8.77 7.9 0.90 187 
Sukančiai 29.8 971 3.25 130 10.0 2120 8.74 8.0 0.92 320 
Juciai 65.2 435 3.30 40 2.4 3627 4.60 4.0 0.87 120 
Biržuvėnai 72.0 420 3.50 40 8.7 3177 4.03 7.1 1.76 200 
Baltininkai 77.7 392 4.30 60 32.6 - n/a - - 250 

Venta Kuodžiai 189.5 4020 4.45 480 25.3 1951 29.70 16.9 0.57 600 
Jautakiai 199.0 3392 2.92 490 25.5 1461 22.70 10.7 0.47 250 
Viekšniai 221.8 3021 3.00 280 17.0 2489 22.10 4.0 0.18 95 

Obelis Juodkiškis 5.4 660 9.80 4,400 83.4 24 3.31 4.9 1.48 510 
Bubliai 10.5 604 7.40 6,440 152 15 3.10 3.5 1.13 150 

Šušvė Angiriai 24.6 1050 14.5 15,500 248 12 6.00 10.5 1.75 1300 
Varduva Juodeikiai 6.7 580 12.5 10,520 9.6 18 6.15 6.15 1.00 820 
L – distance from mouth; A – river catchment area at the dam; H – hydrostatic head; V – capacity of SHP reservoir; F – area of SHP 
reservoir; Krez = Qriv· t/V – reservoir filing rate, t – reservoir filling time in seconds per year; Qriv – the mean flow rate in the river 
(long-term average), Qturb – the volume of water flowing through the turbine per second; KQ = Qturb/Qriv – discharge rate; P – in-
stalled capacity.  
 

Results 

Physicochemical characteristics of the investigated sites 

Total suspended solids (TSS). It was established that 
concentrations of TSS varied widely (0.4–24.0 mg/l) 
without reference to the sampling sites in which they 
were measured (Table 2). The regimes of suspended sol-
ids were running differently subject to both the hydro-
static head of SHP dam and reservoir capacity. In the case 
of the low-head dams, the mean concentration of TSS 

exhibited some tendency to decline (by about 16%) due 
to water delay in the reservoirs and then followed a more 
noticeable increase (by about 24%) as water drained off 
into the river channel through the SHP turbines and even 
somewhat exceeded the values of TSS concentrations that 
were measured in reference sites. However, these differ-
ences between the TSS concentrations in the reservoirs 
and in the river downstream of the dams were not signifi-
cant at p<0.05. 

 
Table 2. Averaged physicochemical parameters in reference sites (I), SHP reservoirs (II) and below SHP dams (III) 
 
Parameters Low-head (H <5 m) Medium-head (H = 5 – 15 m) 
 I II III I II III 
TSS, mg/l 8.3±2.4 6.9±1.7 8.6±2.1 2.9±0.8 4.3±1.6* 2.2±1.1 
FP, % 9.0±4.8 19.5±3.7* 6.5±1.8 8.8±4.7 12.4±2.7* 5.7±2.2 
TN in water, mg/l 1.8±0.2 1.8±0.2 1.8±0.2 5.3±1.5 7.1±1.6 6.0±2.2 
TN in sediment,mg/kg 1503±969 2302±710* 690±283 937±634 831±183 898±380 
TP in water, mg/l 0.042±0.009 0.048±0.005 0.047±0.005 0.042±0.009 0.089±0.044 0.065±0.036 
TP in sediment,mg/kg 314±92 497±118* 262±52 311±64 300±49 297±104 
Mean±confidence interval at significance level α=0.05; *statistically significant difference (t-Test, p < 0.05) 
 

The mean values of TSS concentrations in reser-
voirs of medium-head dams (4.3±1.6 mg/l) were signifi-
cantly higher (by about 50%) than the ones in the river 
channels downstream of the dam (2.2±1.1 mg/l) and in-
creased by about 48% compared to the low-head dams. It 
should be noted that mean TSS concentration in reference 
sites also differed significantly: were threefold higher in 
the hillside rivers the Virvytė and Venta than in the flat-
land rivers the Obelis and the Šušvė (8.3±2.4 and 2.9±0.8 

mg/l respectively). These differences are caused by 
higher wash flow velocities and riverbed gradients, which 
are about 10-times higher than the first ones (1-2 ‰ and 
0.1-0.2 ‰ respectively). 

Fine particles (FP). The data revealed that all SHP 
reservoirs were trapping a certain amount of suspended 
sediments including the finest of them. As a result, the 
percentage of FP in the reservoir bed substrates increased 
about twofold in proportion to the percentage of the 
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analogous particles in the riverbed in reference sites, but 
statistically significant differences at p<0.05 were deter-
mined only in the case of low-head dams. In the sites 
below the dams, because of the increased flow velocity 
and turbulence when water drained off through turbines, 
the finer particles were scoured out from bed substrates 
resulting in both some increase in TSS concentrations and 
the progress of armouring of river channel beds down-
stream from the SHP dams without reference to their 
hydrostatic head. In fact, the mean percentages of FP 

were two and threefold less in the river sites downstream 
the SHP dams compared to the bed substrates in the SHP 
reservoirs. These differences were statistically significant 
(t-Test, p<0.05). 

A moderate linear correlation (r = 0.68) was found 
between the percentage of FP deposited in reservoirs of 
low-head dams and their capacities. In contrast, there was 
a negative correlation (r = -0.66) between the reservoir 
capacities and the percentage of FP in the riverbed sub-
strates below the dams (Fig. 2).  

 
Fig. 2. Dependence of percentage of fine particles in bed substrates (mean values) upon reservoir capacity 
 

In the case of medium-head dams, the dependence 
between reservoir capacity and percentage of FP in reser-
voir bed substrates revealed the inverse trend (r = -0.69). 
The percentage of FP in riverbed below the medium-head 
dams demonstrated no dependence upon their reservoir 
capacity. It was also found that the mean percentage of 
FP in reservoirs of medium-head dams was significantly 
less (t-Test, p<0.05) in comparison with reservoirs of 
low-head dams (12.4 and 19.5% respectively). This may 
be because of the concentration of FP in the wash load is 
normally a function of supply, i. e. its primary source is 
the river catchment including sheet and rill erosion, gully 
erosion and upstream bank erosion (Van Rijn, 1993). 

Although alterations were detected in both the mean 
TSS concentrations and percentage of FP and relation-
ships of those variables with the magnitude of the reser-
voirs, the available data did not demonstrate any interde-
pendent behaviour of TSS concentrations and percentage 
of FP either in the reservoirs or in the river channels 
downstream the dams.  

Nutrients (TN and TP). In hillside rivers (Virvytė 
and Venta) dammed with low-head dams mean values of 
TN and TP concentrations in sampling sites ranged 
slightly: 1.76-1.83 and 0.042-0.048 mg/l respectively. 
Consequently differences between investigated sites con-
sidering TN and TP concentrations in water were statisti-
cally insignificant. In flatland rivers (Obelis and Šušvė) 
with medium-head dams TN concentrations were 3-4-
times higher (5.3-7.1 mg/l). It should be noted that arable 
land prevails here taking up 63% of the basins area, 
whereas in the basins of the Venta and Virvytė rivers 
only about 40% of land is used for crop cultivation. It is 
evident that more intensive agriculture activity in flatland 

river basins, soil’s composition and relief has resulted in 
a higher amount of nutrients here.  

In reference sites of the investigated rivers, mean TP 
concentrations were the same (0.042 mg/l) but in the 
reservoirs of medium-head dams, TP concentrations were 
about twice higher (0.089 mg/l) in comparison with res-
ervoirs of low-head dams (0.048 mg/l). Although the 
variation of data was very high (V = 94%) these differ-
ences cannot be considered as statistically significant. 
The available data showed some tendencies towards al-
terations of the nutrient concentrations when water was 
being delayed in the reservoirs and then drained off 
downstream. All reservoirs of medium-head dams dem-
onstrated some reducing effect on the TN and TP concen-
trations (by about 15 and 27% respectively) but the same 
cannot be said about reservoirs of low-head dams. Al-
though the concentrations of TN and TP in such reser-
voirs mostly demonstrated some positive correlation to 
their capacities (r = 0.54), their impact on TN in water 
downstream the dams is insignificant. The concentrations 
of TP in water drained off into the river channels via the 
SHP turbines showed a more significant correlation with 
reservoir capacities (r = 0.70; Fig. 3). In the case of me-
dium-head dams, the dependencies of TN and TP concen-
trations in major of SHP reservoirs upon their capacities 
were negative (for TN r = -0.89; for TP r = -0.70). Such 
dependency could be related to the fine sediment accu-
mulation and retention here, and TSS decrease that did an 
impact on the concentrations of nutrients in bed sub-
strates, TP particularly (r = 0.72) due to the sedimenta-
tion. Compared with reservoirs, the increase (25%) of 
TSS concentrations in the river channels downstream of 
the low-head dams can be the result of re-suspension or 
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the scouring of the native rock of the riverbed, which is 
usually poor in nitrogen but some richer in phosphorus. 

There was just one variable – the TSS concentra-
tion, for which mean value always increased in water 
below the dams (Table 2). It is likely the outflow hydro-
graph regime dependent on installed capacity of turbines. 
Although there was found no relationship between the 
TSS concentrations and nutrient concentrations in the 

SHP reservoirs, the analogous relationship existed in 
river channels below the dams (rTP = 0.72). For example, 
Anderson et al. (2006) stated that increases in upstream 
sediment deposition were accompanied by an increase in 
the amount of exposed bedrock immediately downstream 
the dam. Therefore may be predicate that some of the 
suspended solids below the dams are additionally scoured 
from the catchment’s area and riverbed rock. 

 

Fig. 3. Dependences of TN and TP concentrations in water upon reservoir capacities in the case of low-head dams (H < 5 m) 
 

The mean amounts of TN and TP augmented con-
siderably (by about 53-58%) in the reservoirs bed sub-
strate of the low-head dams in comparison with reference 
sites. However, the concentrations of both nutrient spe-
cies ranged widely in all the studied rivers and most sam-
pling sites (coefficients of variation VTN = 32–89%, VTP = 
24–53%). Consequently, the differences between the 
means of the concentrations were found not highly sig-
nificant even if their values were high.  

In bed substrates of SHP reservoirs the conspicuous 
alterations making about 70% for TN and about 47% for 
TP there were found compared to that in river channels 
below the low-head dams. In contrast, the differences of 
TN and TP amounts in reservoirs’ bed substrates of me-
dium-head dams were below 10% because the silt and 
clay particles move along these comparatively large-scale 
reservoirs differently in time (mostly in decelerating – 
depositing turbidity currents) and may be re-entrained 
into the stream flow by turbulence generated by the oper-
ating turbines (where it becomes a part of the suspended 
load and is transported downstream). This indicates that 
reservoir area extent and land use within the river basin 
can play more important role on nitrogen dynamics in bed 
load substrates than hydrostatic head size of SHP. 

Cumulative impact of multiple dam system in the Virvytė 

River 

The results obtained show that when SHP are in opera-
tion, TSS concentration (herewith water turbidity) in SHP 
reservoirs tend to increase when distance of SHP dams 
from the mouth is decreasing. However, the values of 
TSS were practically constant below SHP reservoirs as 
well as in reference sites of the river (Fig. 4). 
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Fig. 4. Trends of TSS concentration in multiple SHP dam sys-
tem on Virvytė river 

TN concentrations in water below SHP dams 
showed a strong negative (r = -0.96-0.97), TP concentra-
tions – moderate (r = -0.54) relationship with location 
distance from the river mouth. However, a weak positive 
relationship of TN (r = 0.43) and TP (r = 0.33) in reser-
voir sediments was detected (Fig. 5). This indicates that 
increase of catchment’s area and cumulative effect from 
intensive land use for agriculture within the river basin 
can play more important role on nutrients inflow and 
accumulation in stream water than retention of fine sedi-
ment with large biogenic load in SHP reservoirs. 

The strong positive trend of abundance of pollution-
sensitive EPT and macroinvertebrates (r = 0.97) and 
strong negative trend of pollution-tolerant chironomides 
(r = 0.93) is likely related to this retention (Fig. 6). Thus, 
the cumulative effect of multiple SHP dam system does 
not exist. 
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Fig. 5. Trends of nutrients (TN and TP) in water and bed sediments along the Virvytė river with multiple SHP dam system 
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Fig. 6. Relative abundance of pollution-tolerant Chironomidae and pollution-sensitive macroinvertebrates (EPT) in the Virvytė river 
 

Impact of SHP on macroinvertebrate communities  

The total number of macroinvertebrate taxa (TTN) and 
the number of EPT taxa were highly variable across the 
investigated rivers’ sites, ranging within 11-38 and 3-16, 
respectively (Fig. 7). The abundance of taxa in the refer-
ence sites was significantly higher (Fisher’s LSD test) 
with regard to the same indices in SHP reservoirs and 
below SHP dams.  

The different compositions of macroinvertebrate 
community (%) in reference sites, in SHP reservoirs, and 
below SHP dams were obtained (Table 3). 
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Fig. 7. The total number of macroinvertebrate taxa (TTN) and 
the number of EPT taxa in studied rivers (mean ± SE) 
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Table 3. Characteristics of macroinvertebrate metrics (mean ± 
SE) 
 

Macroinverte-
brate species 

Reference 
sites 

SHP 
reservoir 

Below  
SHP dam 

Low-head dams 
Oligochaeta 8.4±3.4 10.9±2.6 14.8±3.8 
Mollusca 15.8±3.9 18.4±6.2 10.5±2.5 
Ephemeroptera 24.4±6.2 21.0±4.8 28.5±4.9 
Trichoptera 15.8±3.4 9.5±2.7 11.6±2.2 
Plecoptera 6.1±2.8 - 1.6±0.6 
EPT 46.3±10.5 30.5±5.3 41.6±5.6 
Coleoptera 15.0±2.7* 3.6±1.2* 9.3±1.6* 
Chironomidae 8.0±1.6* 23.0±4.6* 17.5±2.9* 

Medium-head dams 
Oligochaeta 3.0±0.4* 20.4±5.9* 10.5±4.4 
Mollusca 3.9±1.2 37.8±14* 5.3±1.0 
Ephemeroptera 27.9±3.0* 3.4±1.0 9.9±1.5 
Trichoptera 11.8±2.1 6.8±2.0 21.6±3.9 
Plecoptera 5.0±0.9 - - 
EPT 44.7±5.1* 10.2±0.9* 31.5±3.5 
Coleoptera 15.1±3.1* - 0.7±0.3* 
Chironomidae 16.2±1.6* 32.3±10.0 46.2±3.4 

 
 
 

DSFI value was highest in reference sites and relia-
bly differed from the value in SHP reservoirs and below 
SHP dams (Fig. 8, Fisher’s LSD test). Water quality was 
classified as very good in reference sites, good in sites 
below SHP dams, and moderate in SHP reservoirs. Ac-
cording to Hilsenhoff biotic index (HBI), water quality 
was very good in reference sites and fairly poor or poor in 
SHP reservoirs whereas in sites below SHP dams water 
quality was considered fairly poor only below medium-
head dams. 

Total number of macroinvertebrate taxa in low-head 
SHP dams was negatively correlated with total nitrogen 
in the water (Spearmans’ rank correlation, rs = -0.42) 
(Table 4). TTN and the number of EPT taxa at the sites of 
medium-head SHP dams negatively correlated with TN 
and TP in sediments (rs = -0.35 – -0.48). The relative 
abundance of caddisflies negatively correlated with TN in 
water at the sites of low-head SHP dams (rs = -0.75). In 
the case of medium-head dams DSFI was negatively 
correlated with TN and TP in sediments (rs = -0.44 and rs 
= -0.53 respectively). HBI showed a positive trend in 
relation to TN and TP (rs = 0.56 and rs = 0.37 respec-
tively). No reliable correlation was found between nutri-
ents in water and both DSFI and HBI indexes in sites of 
low-head SHP dams. 

 
 
Fig. 8. Water quality according the Danish Stream Fauna Index (DSFI) and the Hilsenhoff Biotic Index (HBI) in investigated rivers 
 
Discussion 
 
SHP dams in Lithuania, typically with shallow reservoirs, 
can modify the progress of natural flood events and the 
wash-product transport cycles as well as annual hydro-
graphs only slightly. It is because the installed capacities 
of turbines are comparatively low and the discharge rates 
(KQ=Qturb/Qriv) are <1. Only in the case of medium-head 

SHP KQ>1 and that determine major flow disturbances. 
For example, the maximal flow disturbance after Angiriai 
SHP operations with the largest discharge rate KQ=1.75 
was found (Table 1, Fig. 9). Notwithstanding, a lot of 
references suggest that even such small structures still 
manage to affect the scouring processes and erosion or 
settling of wash products followed by deposition of ad-
sorbed nutrients, composition and relative abundance of 
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different taxa of macroinvertebrates close to the upstream 
and the downstream of the dam (Lopardo, Seoane, 2004; 

Bustamante et al., 2004; Mander et al., 2000; Baskaya et 

al., 2011; Stanley, Doyle, 2002). 
 

 
Table 4. Spearman’ rank correlation coefficient between macroinvertebrate metrics and chemical parameters in the river (signifi-
cance: p < 0.05) 
 

Macroinvertebrate 
metrics 

TN in water, 
mg/l 

TP in water, 
mg/l 

TN in sediment, 
mg/kg 

TP in sediment, 
mg/kg 

 
Low-head dams Medium-head dams 

TTN -0.42* ns -0.48 -0.35 
EPT ns ns -0.39 -0.41 

Percentage of individuals (%) 
Trichoptera -0.75** ns ns ns 
Coleoptera ns ns -0.68 ns 
Chironomidae ns ns 0.85 ns 

Biotic index 
DSFI ns ns -0.44 -0.53 
HBI ns ns 0.56* 0.37 
     

The increased water depths and decreased flow ve-
locities in the reservoirs resulted in the deposition of sus-
pended particles in a particular order: the coarse sand 
particles were accumulated at the beginning of the reser-
voir, smaller ones travelled along the reservoir and settled 
below, silt particles reached the dam, and only the small-
est clay particles managed to be transferred downstream 
via the dam (Zdankus et al., 2008; van Rijn, 2013). How-
ever, if the SHP reservoir is large enough, the settling of 
suspended clay particles associated with various pollut-
ants is possible here as well (Kantoush et al., 2011). The 
positive dependence of the percentage of fine particles in 
bed substrates in low-head SHP reservoirs upon their 
capacities and the negative one in the case of medium-
head SHP reservoirs (Fig. 2) agree with the results of the 
above-mentioned authors.  

From an ecological standpoint, the placement of 
SHP’s in a river network, and its position relative to one 
another, may be more important than the size or total 
number of dams (Anderson et al., 2006; Wu et al., 2012). 
The cumulative impacts of multiple small dams resulting 
from consecutive construction may be greater than that of 

a single large dam (March et al., 2003; Odom, 2010). The 
sequence of small dams could pose a greater threat to 
ecosystems and natural landscapes over the large ones 
(Kibler, Tullos, 2013). However some researchers sug-
gested that construction of such SHP had no significant 
impact on water chemistry, but physical variables (such 
as current velocity and water depth) could vary signifi-
cantly among the sites (Zhou Sh. et al., 2009). The results 
of our investigation show no evident cumulative SHP 
impact on biogenic substances (TN and TP) in water of 
the Virvytė river (Fig. 5). Maybe, it is due to the fact that 
these SHP are constructed with comparatively long (2.1-
35.2 km) distances in-between, and TN, TP or TSS ac-
cumulation in water is originated from the cumulative 
non-point sources pollution in the river catchment 
(Sileika et al., 2006). This indicates that increment of 
catchment’s area and increased flow paths through the 
upper soil horizons and surface runoff within the Lithua-
nian agricultural river basins can play a more important 
role on cumulative nutrients regime in rivers than their 
retention in SHP reservoirs. 
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Fig. 9. A comparison of the pre- and post-dam hydrographs for the Šušvė river at Angiriai SHP 
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Trends of average values of TN and TP amounts in 
bed sediments of the Virvytė show a local comparatively 
week sediment retention capacity in such SHP reservoirs. 

However, increased nutrient content in impounded 
river reaches can have a very significant effect on the 
water quality and ecological state of the river. SHP reser-
voirs located further downstream, as mentioned by Jung-
wirth et al. (2005), “are heavily degraded due to the loss 
of fluvial dynamics and intensive sedimentation of sus-
pended materials”. Any change of the flow hydraulic 
characteristic and regime leads to distortion of the natural 
hydrodynamic equilibrium and results in long-lasting 
adjustment of this regime to the new environment system 
(SHERPA, 2010). Loss of in-stream natural sand/gravel 
bars due to the bed silting, and raised water level both 
radically altered habitat quality for various original spe-
cies. Fu et al. (2008) concluded that direct impact of SHP 
dams on aquatic macroinvertebrate communities may be 
principally due to alteration of habitat. The findings of 
Kemp et al. (2000) showed that each functional habitat 
tend to occur in fairly distinct depth and velocity condi-
tions. River flow in the downstream reach of SHP re-
mains in the initial depth and there will be no evident 
changes, but dams and reservoirs may impart changes in 
the environment through disruption of sediment equilib-
rium regimes in impounded reaches. Each switching 
off/on of SHP turbines can cause rapid or even daily fluc-
tuations in river flow, Fr number and energy (Jowett, 
1993). For example, in impounded reaches above SHP 
dams of the Virvytė river, low Fr number habitats (0.04 > 
Fr > 0.0007) were created and the negative dam impact 
on the local biotic communities was observed (Vaikasas, 
Poškus, 2006). 

Increase of turbulence up to a certain limit may be 
favourable for benthos and juvenile fish, because turbu-
lent oscillations of flow velocity are the only source of 
oxygen in the bottom layer. But a simultaneous increase 
in both fluctuations of velocity and pressure as well as 
turbidity results in stress and negative impact on habitat 
conditions (Debolsky, Dolgopolova, 2002). The hydro-
power release had a consistent “washing effect”, continu-
ously dislodging organic matter and most part of the 
macroinvertebrate community (Maiolini et al., 2007; 
Jesus et al., 2004). According to our findings, water re-
gime fluctuations when SHP is operating have a signifi-
cant impact on the composition of macroinvertebrates: 
both of the disturbed sites (in SHP reservoirs and below 
SHP dams) had lower taxa number of macroinvertebrates 
(both total and EPT taxa) than the undisturbed reaches of 
the investigated rivers (reference sites). Dam building has 
a significant but local impact on the composition of the 
macroinvertebrate community just above the dam site, 
probably as a result of deposition of fine particles and 
inorganic material within a SHP reservoir and changes in 
water velocity (Doyle et al., 2005; Pedersen, Friberg, 
2009). Stoneflies were absent in SHP reservoirs and be-
low medium-head dams, and constituted only 1.6% of 
total abundance below low-head dams. According to 
Bahuguna et al. (2004), stoneflies were absent in the 
regulated reaches. We found that mayflies Baetis rho-

dani, Siphlonurus alternatus and Caenis macrura were 
more abundant in SHP reservoirs and at the sites below 
SHP dams. The mayfly Heptagenia sulphurea was absent 
in SHP reservoirs. Other studies revealed an increase of 
Baetidae and Caenidae and a decrease of Heptageniidae 

due to the flow reduction (Mantel et al., 2010). The val-
ues of relative abundance of Chironomidae in the sites of 
rivers of low-head and medium-head dams, Oligochaeta 
and molluscs in the reference sites of medium-head SHP 
dams were significantly lower in comparison with SHP 
reservoirs and below SHP dams. Other investigations 
showed that the proportion of pollution tolerant chi-
ronomids and non-insect individuals (oligochaetes) in-
creased at degraded sites and were dominating in organi-
cally polluted sites (Masese et al., 2009). According to 
the obtained results, the relative abundance of Ephemer-

optera and EPT was significantly higher in the reference 
sites of medium-head dams in comparison with the sites 
in SHP reservoirs and below SHP dams. S. Nichols et al. 
(2006) also state that macroinvertebrate samples from 
sites below dams had relatively more Chironomidae lar-
vae and Oligochaeta and fewer of only the more sensitive 
taxa, Plecoptera, Ephemeroptera and Trichoptera.  

According to HBI, water quality was very good in 
the reference sites and fairly poor or poor in SHP reser-
voirs. The results of other investigations (Thomson et al., 
2005) also showed that sites downstream of the dam had 
poorer HBI scores than upstream (control) sites. 

Conclusions 

1. It was established that SHP dams changed regimes of 
suspended solids, fine particles and nutrients in 
Lithuanian rivers water and sediment. However SHP 
dams (both low-head and medium-head) has only a 
local impact on water hydrochemical parameters, 
which are determined by geomorpfic conditions. 
About 3 times fewer amounts of total suspended 
solids were found due to relatively less flow 
turbulence in natural canals of larger rivers. The flow 
of small rivers transports more fine particles which 
are able to accumulate and retain more total nitrogen, 
deposited in reservoirs of low-head dams. Although 
the total nitrogen concentration in the water in all the 
studied sites was significantly higher (3 to 3.9 times) 
near medium-head SHP dams, reservoirs of low-head 
dams retained 1.6 times more fine particles, 3.9 times 
more total suspended sediments and respectively 
more (2.8 times) total nitrogen in sediments. 
Comparing the low and medium-head dams 
phosphorus concentrations in water and in sediments 
were not significantly different in all studied sites. 

2. SHP dams have a significant but local impact on 
macroinvertebrate composition in the investigated 
rivers. Both of the disturbed reaches (in SHP reser-
voirs and below SHP dams) have significantly lower 
taxa number of macroinvertebrates (both total and 
EPT taxa) compared to the reference sites of the riv-
ers. In reference sites above the medium-head dams, 
pollution-sensitive EPT (45.2% of total abundance) 
dominated while in SHP reservoirs and below SHP 
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dams, the most part of pollution-tolerant chironomids 
(32.3% and 46.2% of total abundance) was found. 
The relative abundance of pollution-tolerant and 
scour-protected Chironomidae in reservoirs and 
downstream below the medium-head SHP dams was 
significantly higher in comparison with reservoirs 
and sites below the low-head ones. 

3 According to DSFI and HBI indexes, ecological 
water quality in the reference sites was higher in 
comparison with river sites influenced by SHP dams. 
In the case of medium-head SHP dams DSFI was 
negatively correlated with TN and TP in sediments 
(rs = -0.44 and rs = -0.53 respectively). HBI showed 
a positive trend in relation to TN and TP (rs = 0.56 
and rs = 0.37 respectively). No reliable correlation 
was found between nutrients in water and both DSFI 
and HBI indexes in sites of the low-head SHP dams. 

4 Based on studies carried out in Lithuania no evident 
cumulative impact of multiple SHP dam system (10 
SHP in sequence) on water quality in the Virvytė 
River was detected because the SHPs were arranged 
with comparatively long (2.1-35.2 km) distances in- 
between. This suggests that increment of catchment’s 
area and intensive agriculture practices in the river 
basin may lead to a higher amount of nutrients in-
flow and accumulation in rivers rather than retention 
of fine sediment with large biogenic load in SHP res-
ervoirs studied. 
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