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Abstract: 	 We tested a method for studying the species composition and dynamics of 24-hour upstream fish migra-
tion. We analysed a complete footage of 24-hour video recorded in the period April–May 2014–2016 in 
a fish-pass of a small hydroelectric power station constructed on the Tundzha River. Water flow, tem-
perature and water levels were also registered, in order to establish the dependence of the main physical 
water parameters on the migration rate. Recordings from the fish-pass showed that migration occurred 
mainly during the daytime. For the whole period of the study, we registered 9745 fish migrating upstream 
(2380 individuals were identified at the species level). Seven fish species of the family Cyprinidae were 
recorded during the study at the pass. Dominant species were Chondrostoma vardarense (relative abun-
dance 46.93%), Barbus cyclolepis (23.31%), Squalius orpheus (16.59%) and Vimba melanops (10.76%). 
The migration activity of V. melanops was positively affected by water level and water temperature and 
negatively correlated with water flow. For B. cyclolepis, water flow affected the fish numbers. For C. 
vardarense, the role of water temperature was more significant than that of water flow. 
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Introduction
Most fish species are characterised by certain move-
ment and migration behaviours important for vari-
ous stages of their annual life cycles and within their 
natural distribution range (Heape 1931, Northcote 
1978, Benitez et al. 2015). Freshwater fish migrate 
for three main reasons: spawning (Lucas & Baras 
2001), avoidance of predators (Hulthén et al. 
2015) and to escape the harmful effects of their 
physical environment (Gallagher et al. 1999). 
Generally, migrations of potamodromous fish spe-

cies cover short distances. This behaviour is typi-
cal for certain cyprinid species (Lelek 1987, Baras 
1992). Abiotic factors as temperature, light, water 
flow and water level influence the fish reproductive 
migrations (Lilja et al. 2003, Brodersen et al. 2008, 
Taylor & Cooke 2012, Amaral et al. 2016). In ad-
dition, hydro-constructions such as dams and weirs 
lead to habitat fragmentation as well as to migration 
disorders (Hladik et al. 2008, Meixler et al. 2009, 
Lönnerholm 2011, Benitez et al. 2015). Restora-
tion of longitudinal connectivity in an upstream di-
rection through using different fish-pass models is 

Acta Zool. Bulg., 72 (2), June 2020: 289-296

Published online 30 June 2020
http://www.acta-zoologica-bulgarica.eu/002322



290

Angelov M. V., Z. M. Zhelev, G.. Popgeorgiev & A. I. Apostolou

the most frequent remediation measure owing to 
the fact that the re-establishment of upstream repro-
ductive migration is considered a priority (Stuart 
et al. 2008, Roscoe & Hinch 2010, Favrot & Kwak 
2016). Fish-passes and other devices (fish ladders, 
fish elevators and channel bypasses) are built in or-
der to facilitate fish migration (Ovidio & Philippart 
2002, Meixler et al. 2009). At the same time, they 
allow for observing such migrations in large rivers 
(Kotusz et al. 2006, Aparicio et al. 2012, Benitez 
et al. 2015, Mader & Kratzert 2016).

The Tundzha River is the largest tributary of 
the Maritsa (Evros) River and belongs to the Aegean 
Sea catchment area. Most of the fish species in the 
lower course of the Tundzha River are typical for the 
wider water basin of the Maritsa River and include 
potamodromous cyprinids (Stefanov 2007). Re-
cently, 19 species of eight families were recorded in 
the lower Tundzha River (Kolev 2014). In this area, 
dominant rheophilic species are Barbus cyclolepis 
(Heckel, 1840) and Squalius orpheus (Kottelat 
& Economidis 2006, (Cheshmedjiev et al. 2010, 
Apostolou 2017).

There is a plethora of fish-pass case studies 
worldwide, European territory included (Roscoe 
& Hinch 2010). Previously, such scientific surveys 
have not been performed in Bulgaria.

The aim of the present study is to test a method 
for studying the composition and dynamics of 24-hour 
fish migration and its dependence of the main physical 
water parameters in the lower course of the Tundzha 
River on the basis video monitoring of a fish-pass. 

Materials and Methods
The study was conducted in the lower course of the 
Tundzha River, the second longest inner river in 
Bulgaria, national river type R12. Its length is 390 
km, of which 349.5 km are within the Bulgarian 
borders. Its total catchment area is 8429 km² (7884 
km² in Bulgaria). The mean annual water flow of the 
Tundzha River in this section is 18.5 m³.s-1 (1961–
2004). Low water levels ordinarily occur between 
July and October, while high water levels – between 
November and June, with average annual turbidity 
of 1140 g/m3 (Christova 2012). 

The observed fish-pass was built in 2013 at a 
small hydro-power station (HPS) on the Tundzha 
River (520 kWh power) named Ustrem (42.012411 
N, 26.487527 E, 76 m a.s.l.). The power station is 
provided with a vertical slot fish-pass with 21 in-
dividual cascade-linked chambers with 2 m width, 
1.7 m depth, delta h = 0.2 m, 0.3 m slot width, water 
flow Q = 0.8 m3/s-1, with combined length of 114.0 

m. At the operational water level of the small HPS, 
the water pass is the only viable way for the fish to 
migrate upstream (Fig. 1).

Data for fish migration were collected through 
video recording using a specially installed camera 
270 х 300 pixels (Fig. 2) at the 21st basin of the fish-
pass, where a vertical obstacle was placed without 
a “plunging jet“ (Baudoin et al. 2014). Counting 
of upstream migrating fish was conducted and the 
results were grouped in one-hour intervals, consid-
ering the water level (H), water flow (Q) and tem-
perature (T), with data obtained from the Institute 
of Meteorology and Water Management in Plovdiv. 
Full 24-hour records were done in April as follows: 
4 days in 2014; 6 days in 2015 and 3 days in 2016. 
Species identification was according to Kottelat & 
Freyhof (2007). Unidentified species were record-
ed as “unidentified” and were included in the analy-
sis. The results were tested by one-way ANOVA, 
followed by post-hoc LSD test at the significance 
level of α = 0.05. The dependence between physical 
factors and the migration intensity was analysed for 
the most abundant species, using standard models of 
multiple regression (Kotusz et al. 2006). The num-

Fig. 1. Location of the small HPS Ustrem on the Tundzha 
River and the scheme of the fish-pass. 
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ber of specimens per species passed via the fish-pass 
was the dependent variable, with independent vari-
ables being the water physical parameters. Statisti-
cal analyses were performed with Statistica (version 
7.0) statistical package program (Statsoft 2004).

Results
For the whole study period, we registered 12,125 
fish specimens passing upstream through the fish-
pass. Of them, 19.7 % could be identified at the 

species level. Nine species of the family Cyprini-
dae have been identified, with relative abundance 
as shown in Table 1. Single specimens of Cyprinus 
carpio L., 1758 and Rutilus rutilus L., 1758 record-
ed in the fish-pass in 2016 were not included in the 
statistical model. The maximum counted specimens 
(including unidentified) crossing the fish-pass per 
hour were 931.

All recorded cyprinid fishes (excluding Caras-
sius gibelio Bloch, 1782) crossed the fish-pass more 
intensively between 10:00 and 18:00, with a peak 

Fig. 2. Record of the passage of carp fishes through the fish-pass. Legend: a. Chondrostoma vardarense; b. Barbus 
cyclolepis; c. Squalius orpheus; d. Vimba melanops; e. Aspius aspius; f. Cyprinus carpio.
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number of crossings as follows (Table 1, Figs. 3, 
4): Squalius orpheus and Vimba melanops Heckel, 
1840 without identified significant clusters of cross-
ings – between 16:00 and 18:00 (p < 0.001), Chon-
drostoma vardarense Karaman, 1928 with a migra-
tion peak at 12:00 (p < 0.001), Alburnus alburnus 

L., 1758 at 14:00 (p < 0.01), Aspius aspius L., 1758 
at 16:00 (p < 0.001). Barbus cyclolepis was spread 
relatively even but primarily during the daylight 
hours without the detection of concentrated cross-
ings during a particular hour (р > 0.05). Concerning 
the small number of C. gibelio specimens crossing 

Fig. 3. 24-hour intensity of potamodromous fish migration via the fish-pass on the Tundzha River during the whole 
study period (April–May 2014–2016) registered by video monitoring. Legend: a. Unidentified; b. Chondrostoma 
vardarense; c. Barbus cyclolepis; d. Squalius orpheus.

Table 1. Analysis of variance of the migration intensity of potamodromous fish migration via the fish-pass on the 
Tundzha River during the whole study period (April–May 2014–2016), registered by video monitoring (SS – sum of 
squares, Df – Degree of freedom).

One-way ANOVA

Species N
Relative 

abundance 
%

SS effect Df effect MS effect SS error Df error MS error F value

Unidentified 9745 N.A. 354021.9 23 15392.26 3155887 160 19724.29 0.780
C. vardarense 1117 46.93 4798.0 23 208.61 21196 160 132.48 1.574
B. cyclolepis 555 23.32 771.2 23 33.53 6442 160 40.26 0.832
S. orpheus 395 16.60 734.4 23 31.93 2677 160 16.73 1.908ν

V. melanops 256 10.76 287.9 23 12.52 1098 160 6.86 1.824ν

A. aspius 42 1.76 10.3 23 0.45 58 160 0.36 1.234
A. alburnus 9 0.38 0.7 23 33.53 6442 160 40.26 0.646
C. gibelio 6 0.25 5.5 23 0.24 14 160 0.09 0.832 ν
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the fish-pass primarily around 20:00, no specific mi-
gration peak could be identified. The same applied 
for the registered in 2016 single specimens of C. 
carpio and R. rutilus.

Migration of 9745 unidentified specimens oc-
curred between 11:00 и 16:00, with a peak at 14:00. 

For the studied period (April-May 2014–2016), 
mean water flow was 17.3 m3.s-1 (10.6–32.4 m3.s-1), 
mean water level was 139 cm (92–215 cm) and mean 
water temperature was 14.5 C° (11.2–20.1 C°). The 
results of the multiple regression analysis for the pe-
riod of this study indicated low values of the coeffi-
cient of determination (Table 2). For three species (C. 
vardarense, B. cyclolepis and V. melanops) from the 
primary migrants potamodromous species, the val-
ues of R2 were in the range of 0.16–0.29. Concerning 
the other two species, A. aspius and S. orpheus, the 
values of R2 (0.03–0.04) were minimal and, in prac-
tice, indicated that the intensity of the migration was 
not affected by the physical factors that have been 
included in the model. Regardless of the low values 
of R2, however, in C. vardarense, B. cyclolepis and V. 

melanops, statistically significant standardised cor-
relation coefficients (beta*) was found.

The results showed a statistically reliable con-
nection between the number of fishes crossing the 
fish-pass for C. vardarense, B. cyclolepis and V. 
melanops. For V. melanops, the three physical pa-
rameters (H, Q and T) affected the intensity of the 
migration (F = 125.02, р = 0.000); however, water 
flow (t = -10.93, p = 0.000) and temperature (t = 
18.97, p = 0.000) played a bigger role than water 
level (t = 2.51, p = 0.001). For B. cyclolepis, water 
flow affected the fish numbers (t = 10.39, p = 0.000). 
For C. vardarense, the role of water temperature (t = 
-10.12, p = 0.000) was more significant than that of 
water flow (t = 3.07, p = 0.002). 

Discussion
Juxtaposing the data regarding the numbers of the 
registered passing species with those recorded in 
the region by a recent survey (Cheshmedjiev et al. 
2010), there is a coincidence of dominating species, 

Fig. 4. 24-hour intensity of potamodromous fish migration via the fish-pass on the Tundzha River during the whole 
study period (April–May 2014–2016) registered using video monitoring. Legend: a. Vimba melanops; b. Aspius aspius; 
c. Alburnus alburnus; d. Carassius gibelio.
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which are the most abundant rheophilic species. The 
only exception is C. vardarense; this could be poten-
tially explained by its migratory behaviour, similar 
to that of Chondrostoma nasus L., 1758, which en-
gages massive migratory aggregations over distanc-
es of 100 km and in schools of more than a thousand 
individuals (Lucas & Baras 2001). Studies targeting 
a number of rivers in Southern, Eastern and Central 
Europe show that the majority of potamodromous 
cyprinid fishes migrate to reproduce mostly during 
spring and early summer (Lucas & Baras 2001, 
Santos et al. 2002, Kotusz et al. 2006, Benitez et 
al. 2015). The present data are consistent with the 
above-mentioned, indicating that the species iden-
tified to cross through fish-pass during April–May 
are performing upstream spawning migration. Such 
spawning migration of the endemic C. vardarense 
and V. melanops during this period has been estab-
lished before (Zhelev et al. 2018). In unstable envi-
ronments with varying temperature, light is impor-
tant for migration. During spring, the photoperiod 
becomes longer, representing a key trigger factor 
for upstream spawning migrations in some cyprinid 

fish аs R. rutilus (Vøllestad & L’Abée-Lund 1987, 
Baade & Fredrich 1998). However, the modali-
ties of migration connected to the variation in the 
photoperiod in most potamodromous fishes are not 
sufficiently understood. Potamodromous cyprinid 
species conduct primarily daily upstream migra-
tions (Kotusz et al. 2006, Brodersen et al. 2008, 
Benitez et al. 2015, Amaral et al. 2016), as estab-
lished by this survey; however, there is no reliable 
data about their hourly intensiveness. At the same 
time, there is also evidence for upstream migrations 
during the night (Lucas & Baras 2001). 

According to literature, there is a connection 
between the dynamics of upstream migrations and 
different abiotic factors. Changes of the migratory 
rates can occur with fluctuations of the water pa-
rameters such as water level, water flow and tem-
perature (Santos et al. 2002, Lilja et al. 2003, Ko-
tusz et al. 2006, Brodersen et al. 2008, Taylor & 
Cooke 2012, Benitez et al. 2015, Amaral et al. 
2016). Water temperature is an important regulator 
for reproductive migrations, especially for A. as-
pius, A. alburnus and Abramis brama L., 1758. It 

Table 2. Multiple regression analysis of the effect of water level H (cm), water flow Q (m³/s-1) and temperature T (C°) 
on the intensity of potamodromous fish migration via the fish-pass on the Tundzha River during the whole study period 
(April-May 2014-2016), registered by video monitoring. Legend: R2  – coefficient of the multiple determination, F – 
Fisher’s test, beta* – Standardised coefficients, SE beta* – Standard errors of beta*, b – Unstandardized coefficients, 
SE b – Standard errors of beta, t – Student’s test.

Species/ physical water 
parameters R2 F p beta* SE beta* b SE b t p

C
. v

ar
da

re
ns

e Intercept

0.16 34.95 2.761

0.05 0.80 13.49 0.000
H 0.06 0.04 0.00 0.00 1.29 0.194
Q 0.16 0.05 0.00 0.00 3.07 0.002

T -0.27 0.02 0.00 -0.06 -10.12 0.000

B.
 c

yc
lo

le
pi

s Intercept

0.21 61.57 6.816

0.03 -0.12 -3.24 0.001
H -0.42 0.04 0.00 0.02 -8.83 0.000
Q 0.55 0.05 0.00 0.00 10.39 0.000

T 0.00 0.02 0.00 0.00 0.38 0.727

S.
 o

rp
he

us Intercept

0.04 2.95 0.031

0.03 0.05 1.73 0.082
H 0.11 0.04 0.00 -0.00 2.32 0.021
Q -0.13 0.05 0.00 0.00 -2.48 0.012
T 0.04 0.02 0.00 0.00 1.75 0.079

V.
 m

el
an

op
s Intercept

0.29 125.02 0.000

0.02 -0.26 -11.07 0.000
H 0.11 0.04 0.00 -0.00 2.51 0.001
Q -0.57 0.05 0.00 -0.00 -10.93 0.000

T 0.50* 0.02 0.00 0.04 18.97 0.000

A.
 a

sp
iu

s Intercept

0.03 1.65 0.178

0.00 0.01 1.79 0.071
H 0.10 0.04 0.00 0.00 2.06 0.039
Q -0.11 0.05 -0.00 -0.00 -2.02 0.042
T 0.00 0.02 0.00 0.00 0.07 0.941
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also influences the length and intensity of spawning 
(Hladik & Kubečka 2003). Most data from Central 
and Western Europe indicate temperature range of 
8–12 C° for an “explosive” migration with a sub-
sequently falling intensity (Lelek & Libosvárský 
1960, Prignon et al. 1998, Travade et al. 1998, 
Kotusz et al. 2006, Benitez et al. 2015), regard-
less the fact that the temperature optimum for each 
species is different. In the current study, the most 
intensive migration was recorded for temperatures 
between 11 and 14 C°. Changes in water levels may 
also function as an initiating factor for migration, 
especially during the period of high spring waters, 
following the ice-melting (Jonsson 1991). High wa-
ter flow may help the fish to find the entrance to the 
stream but if flows are very high, they can instead 
hinder fish migration (Hohausová et al. 2003). Most 
species of the genera Chondrostoma and Vimba re-
produce in early spring in low water temperatures 
(Kotusz et al. 2006, Benitez et al. 2015). As a re-
sult, it is not surprising that their migration activity 
through this particular fish-pass is linked to water 
flow and temperature. Our data demonstrate that the 
two species migrate intensively when the water lev-
el is in the range 158–186 cm and the temperature is 
between 11 C° and 13 C°.

The proposed method could also be used in 
other cases of fish-passes. Regardless, in order to es-
tablish clearer connections between the impacts of 
environmental factors on the upstream migration of 
potamodromous fishes, a more precise study over a 
longer period of time is needed. However, it must 
be also kept into consideration that different parts 
of Europe are characterised by different climate and 
environmental peculiarities, which could represent 
obstacles to the inference of generalised correlations. 
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