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Abstract

This paper presents the results of a study of the reproductive biology of Orpheus dace from the rivers
Stryama and Chepinska of the Maritsa River basin, Bulgaria. The material is collected in the spring and
autumn of 2011. Totally 312 fish were captured by electrofishing. The study found that some male fish
mature sexually in their first year, while females reached sexual maturity in their second year. In the
river Stryama, Orpheus dace fecundity varies from 825 to 120252 eggs; average fecundity is 18438 eggs.
In the Chepinska River, fecundity is between 3552 and 52416 eggs. Average fecundity of fish from the
Chepinska River is 17917 eggs. Absolute fecundity is positively correlated with an increase in fish length
and weight. Orpheus dace fecundity also increases with age. For both rivers, five-year-old fish have the
highest fecundity rates.

Key words: Orpheus dace, reproductive parameters, fecundity

AncrpakT

Bo 0Boj Tpyz, ce mpe3eHTUpPAHK Pe3YIATATHTE Off CTYUjaTa Ha PENpOJIYKTUBHATA OMOMOTHja Ha KIIEHOT
Sqalius orpheus Bo pexute Crpjama 1 YenmHcKa, Bo CIMBOT Ha pekaTa Mapuiia, Byrapuja. MaTepujasor Gele
cobupaH Bo mpojierTa 1 eceHra 2011 roguHa. BrymHo 312 pubu Oea yoBeHHu co efieKTpopudonoB. CTyaujata
TOKaka JleKa HeKOM MallKW e[[MHKY TOJI0BO CO3peBaaT BO HUMBHATA MPBAa TOJUHA, KEHCKHUTE eJUHKH
MOCTUTHYBAAT MOJIOBA 3PEJIOCT BO TEKOT Ha HUBHATa BTopa ropuHa. Bo pekara Crpjama, deKkyHauTeTOT
Ha KiIeHoT Bapupa of 825 mo 120252 jajiie KaeTku; mpoceuHnoT dekyHautet e 18438 jajue Knetku. Bo
YeruHcKa Peka, dekyHauretor Bapupa off 3553 0 52416 jajiie KneTky; npoceyHuoT dekyHauTet e 17917
jajie KeTKU. AncomyTHUOT (DEKYHJUTET e TIO3UTHBHO KOPEJMPaH CO 3rojieMyBalbeTo Ha JO/KUHATA U
Te}KUHATa Ha pruouTe. DeKYHUTETOT HA KIIEHOT UCTO TaKa ce 3roJieMyBa co cTapocTa Ha pubute. Bo iBete
PeKH, MeTrofIUIIHITe PUOU UMAAT HajBUCOKA CTamKa Ha (heKyH/uTeT.

Knyunu 360posu: Sqalius orpheus, penpoiyKTHBHU MapaMeTpu, (DeKYHAUTET

Introduction ia, Greece and Turkey (Kottelat & Freyhof 2007). This

is one of the most numerous fish in the middle zone of

Orpheus dace (Squalius orpheus Kottelat & Econo- Maritsa River tributaries (Kolev 2013). Orpheus dace in-
midis, 2006) is widespread in rivers of the Aegean catch- habits middle and lower reaches of rivers with grav-
ment area-e.g. the Struma and Maritsa Rivers in Bulgar- el and sandy bottoms. The species also inhabits some
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lakes (Mikhailova 1964, Marinov 1989). Orpheus dace is
a rheophilic species that prefers areas with moderate
water flow. The fish prefers areas with alternating rap-
ids with pools and holes. In summer, dace often remains
under the branches of trees overhanging the water. In
spring, the fish seeks small breeding streams. In winter,
the dace hides in deep waters, but remains active for
most of the cold period (Mikhailova 1964).

Orpheus dace is omnivorous. Young fish’s diet con-
sists mainly of phytoplankton and zooplankton (Conju-
gatae, Chlorophyceae, Phaeophyta, Dinoflagellata, Dip-
tera). Three year old fish and older consume algae, plant
seeds, as well as insect and imago larvae (Chironomi-
dae, Ephemeroptera, Simulium, Coleoptera, Trichop-
tera), small benthic animals (Isopoda, Lumbricidae,
Planorbis) and small fish (Mikhailova 1964).

Linear growth of Orpheus dace is relatively slow. In
rivers, fish reach about 60 mm in standard length annu-
ally. Two-year-olds are between 83-119 mm long, three-
year-olds reach 121-164 mm, four-year-olds: 162-240
mm and five-year-old fish: 192-223 mm (Dikov & Zhivk-
ov 1985, Marinov 1986, Dikov et al. 1994, Stefanova et al.
2008, Kolev & Raikova 2015). The rate of mass growth is
also slow. In its first year, Orpheus dace reaches about 3
g (gutted mass), at three years of age about 30 g and five-
year-old fish exceed 100 g (Kolev & Raikova 2015).

The breeding season of Orpheus dace in the Struma
River basin in Bulgaria lasts from the beginning of
April to the beginning of August. Data about the sexual
maturation and fertility of fish from the Struma River
has also been published (Mikhailova 1964).

The aim of this study was to determine a set of very
important reproductive parameters (sexual structure,
maturation and fertility) of Orpheus dace from the rivers
Stryama and Chepinska of the Maritsa River basin. The
reproductive parameters, which were obtained, were
then compared with corresponding data published by
other scholars, who have studied other streams of the
Aegean catchment area.

Materials and Methods

Study area

The research project studies the rivers Stryama
and Chepinska, both from the Maritsa River basin. The
Stryama River originates in the Sredna Gora Mountains
(Figure 1). It is a left tributary of the Maritsa River.
In its upper reaches, the Stryama flows between the
Stara Planina and the Sredna Gora mountains. Once
it reaches the town of Banya, the river runs to the
south. Near the village of Rajevo Konare, the Stryama
enters the Upper Thracian Valley. The tributary flows
into the Maritsa River near the village of Manole (East
of the city of Plovdiv). The river is 110 km long with a
catchment area of 1789 km?2. The Stryama is a medium-
sized mountain Bulgarian river (Ne H-4 / 14.09.2012
MOSV) with an average altitude of 833 m. Declination
of the river bed is small: 30%, and average flow rate is
also relatively small 8 m®/s! (Stoyanov et al. 1981). In
the summer, water temperature exceeds 20° C (BD-IBR
2015).

The Chepinska River is a right tributary of the
Maritsa River. The river originates in the West Rhodopes
Mountains; its springs are located underneath the peak
Mala Siutkia (2078.7 m a.s.l.) (Figure 1). In its upper
reaches, the river flows to the Northwest and is called
Bistritsa. Once it reaches the town of Velingrad, the
river runs northwards and near the village of Vetren
it enters the Upper Thracian Valley. The Chepinska
River flows into the Maritsa River near the village of
Kovachevo (close to the town of Pazardzhik). The river
is 81.7 km long with a catchment area of 899.6 km2. The
Chepinska River is a medium sized mountain Bulgarian
river (Ne H-4 /14.09.2012 MOSV) with an average altitude
of 1228 m. Declination of the river bed is 68%, and
average flow rate is 18 m’*- s* (Stoyanov et al. 1981). In
summer, water temperature reaches 20 °C (BD-IBR
2015).

Specimens for this study were collected from four
sampling sites (Table 1).

Table 1. Sampling areas along the rivers Stryama and Chepinska.

Geographic coordinates i .
Ne Areas grap Altitude Date of sampling
ma.s.L
N E
. 19.10.2011
| g’agheavtif”:l‘tysffifaﬁﬁ? zrm nexttothe o333 45 24°47°54,11” 302 20.11.2011
vatown, Sty v 16.12.2011
2 Ellil:; vicinity of the Banya town, Stryama 450351 ¢ 1 24°4922,78" 283 17.042011
3 Inthe.vwmlt){ ofthe village of Kovatchevo, 42°12728,79" 24°10754,69" 523 09.04.2011
Chepinska River
In the vicinity of the village of Lozen, 011 . onar . 08.04.2011
4 Chepinska River 42°11'09,62 24°09'45,65 240 18.11.2011
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Figure. 1. Location of the rivers Stryama and Chepinska, Arc Map 10.0 (ArcGIS, ESRI 2013).

Materials and methods

Specimens were collected in the spring and autumn
of 2011. A total of 312 Orpheus dace specimens were
caught in the rivers Stryama and Chepinska. The ma-
terial was collected by using the method of electrofish-
ing. A SAMUS 725G converter was used, providing up to
640V direct current (DC), with a frequency of 50 Hz and
output power reaching up to 200 W. The catch was per-
formed according to the EN 14011:2004 instruction (Wa-
ter quality-Sampling of fish with electricity).

Standard length (L) was measured with a 1 mm pre-
cision, while weight (W) was measured with a 1 g preci-
sion.

More than ten scales were collected from each Or-
pheus dace specimen. They were taken from under-
neath the dorsal fin; an equal number of scales was tak-
en from the left and right side of the dorsal fin. Next, the
scales were dried up and stored in small papers bags.
Scales were then examined with a microscope Olympus
(X 31, at 40x magnification. Fish age was determined by
counting the annual rings of a scale. For this purpose, a
diagonal caudal radius of the scales was used.

The gonad, collected from each mature female Or-
pheus dace, was stored in a test tube in a fridge.

The number of fish eggs was determined by using
the weighting method. First, 1 g of gonads was placed
between two microscope slides. Next, caviar was count-
ed by using a counting chamber. This operation was per-
formed with a microscope Olympus CX 31, at 40x mag-

nification. The sex of a specimen was determined by dis-
secting fish, caught in spring and early winter.

The level of gonads’ maturity was determined by a
coefficient b from equation 1, which describes the rela-
tionship between gonads’ mass and the mass of a fish
without its entrails (Morozov 1964; Zhivkov 1985; Yank-
ov 1988).

g=a+bW (1)

where:
g-gonads’ mass
w-mass of a fish without its entrails (g)

Relative fecundity (RF) was assessed directly by a ra-
tio of absolute fertility and fish without intestines (F/W)
(Spanovskaya & Grigorash 1976). Another method to de-
termine relative fertility (RF) was also used. The coef-
ficients a and » were calculated from equation 2 (the
equation reveals the dependence between absolute fer-
tility-F and the mass of fish without intestines-W) (Zotin
1961, Zhivkov 1999).

F=a+bW (2)

where:
F-absolute fertility (n)
W -mass of a fish without its entrails (g)

An analysis of the absolute fertility of Orpheus dace
from different water sources was made by comparing
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absolute fertility calculated for the same fish weight
(Zhivkov 1999).

A degree of association between F and L, as well as
between F and W was determined by a correlation coef-
ficient (r). Pearson’s y* test was also performed to eval-
uate the hypotheses (Lakin 1968, Grancharova & Hris-
tova 2006). All calculations were performed in MS-Ex-
cel 2010.

Results

Age-sex composition, age and length of first
maturity

The age and sexual composition of the Orpheus
dace population from the Stryama River consists of five
age groups. It is presented in Table 2.

The average sex ratio of the Orpheus dace’s
populations from the Stryama River is estimated as:
3.9 = 1.81:1. This difference is statistically significant
(x?=3.858, y’critical=3.8; p<0.05). The age and sexual

composition of the Orpheus dace population from the
Chepinska River is presented in Table 3.

The sex ratio of the Orpheus dace’s population
from the Chepinska River is 38:27 3:%. This difference
is not statistically significant (d=1; y?=1.43, ycritical=3.8;
p<0.05) that is, the sex ratio does not differ from the
normal (£:9Q = 1.1).

The youngest sexually mature specimen is from
the Stryama River. It is a one-year-old male, which is 78
mm long and weighs 5 g. The youngest sexually mature
female is also captured in the Stryama River: a two-
year-old fish, which is 105 mm long and weighs 14 g.

Relations between absolute fertility and
body length, as well as absolute fertility and
body weight. Relative fecundity

Figures 2 and 3 show a relationship between total
fecundity and standard body length (to the end of the
scale cover). In order to study the relationship between
length and fecundity, fish are grouped into size classes

Table 2. Size and sexual composition of the Orpheus dace’s population from the Stryma River

Size class Age 1 2 3 4 5 | total
(vears)
(L, mm) Sex j 3 i 3 ild e | 1@ [ & ]2 | total
51-60 1 1
61-70 3 3
71-80 701 4 12
8190 1 2 1 4
91-100 9 6| 1 16
101-110 1 70 7] 1 16
11120 0| 7 2 19
121-130 n| 15| 3 4 33
131140 30 7] 113 7] 3 24
141-150 50 5] 202 5] 3 2
151160 1| 1| 5 2] 5] 1 1 16
161170 1) 1)1 2] 9| 1] 1] 1 17
171180 1 6| 3| 1 1
181-190 1 1 5/ 4 2] 2 15
191-200 3 1 1 1 6
201-210 3 2 5
211-220 1 1
221300 3 1 4
flffqllff all size 2| 1| 0] 46| 47| 136 39 27| 7, 4|10 1] 2 225

Legend: j- juvenile specimens
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Table 3. Size and sexual composition of the Orpheus dace’s population from the Chepinska River

Size class @%er) 1 2 3 4 Total
(L, mm) Sex j 3 Q j 3 Q@ 1] a Q1] J Q Total
101-110 3 3
111-120 3 2 5
121-130 3 8 1
131-140 13 4 17
141150 1 8 2 2 13
151-160 6 1 2 1 10
161-170 3 4 2 9
171-180 1 3 4
181-190 1 2 3
191-200 1 3 4
201-210 3 3
211-220 1 1
241-270 1 1 2 4
fish of all size 0] 0 0/ 10 3| 9| o 12 10 o 1, 6 8
classes

Legend: j- juvenile specimens

(Tab. 3). Absolute fecundity is calculated as a weighted high degree of reliability. As length was increasing,
average for each size class. In both cases, the difference absolute fertility was also increasing.
is well-expressed by a linear function with a relatively
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Figure. 2. Relationship between total fecundity (F) and body-length (L) to the end of the scale cover, the Stryama
River

Vol. 23, issue 1 (2021) 29



Kolev, V.

60000
F =386.67L- 50401
.. 50000 R =0.8392 ¢
£ n=25
40000 .y
=] ’1
g 30000
= 20000 o ‘7 °
e J o
10000 P
0
100 200 300
L, mm

Figure. 3. Relationship between total fecundity (F) and body-length (L) to the end of the scale cover, the Chepinska

River
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Figure 4. Relationship between total fecundity (F) and average weight (W) for Orpheus dace from the Stryama River

Average absolute fecundity of Orpheus dace by size
classes (12 size classes) from the rivers Stryama and
Chepinska is presented in Table 4 and, respectively,
Table 5. Average individual fecundity of Orpheus dace
from both rivers increases for the larger size classes, al-
beit unevenly.

A relationship between total fecundity and weight
of the Orpheus dace in the rivers Stryama and Chepins-

ka is shown in Figures 4 and 5. The total number of fish
from each of the studied rivers was grouped into sev-
eral size classes (g), by using an increment of 20 g. Size
classes of fish heavier than 130 g have a wider range due
to the smaller number of fish. A relationship between
absolute fertility and fish weight is described by a line-
ar equation with a high degree of reliahility in both cas-
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Table 4. Change of individual fecundity by length classes of Orpheus dace from the Stryma River.

Length class (L, mm) Average length Range Average absolute fecundity (F) .
(mm) (number of eggs) (number of eggs)
1 71-110 89 5940-10 320 8130 2
2 121-130 125 825-5232 3701 4
3 131-140 139 1656-5770 2821 4
4 141-150 145 4120-12 078 7246 4
5 151-160 155 3300-39 600 15433 9
6 161-170 167 5520-35 630 16362 10
7 171-180 177 475-35 061 25991 3
8 181-190 185 9633-40 579 20696 6
9 191-200 199 16 112-22 876 19494 2
10 201-210 204 14 895-38 720 22897 3
1 211-230 223 25 410-33 880 30921 3
12 261-300 283 62 100-120 252 91176 2
% 52
Table 5. Change of individual fecundity by length classes of Orpheus dace from the Chepinska River.
Length class (L, mm) Average length Range Average absolute fecundity (F) 0
(mm) (number of eggs) (number of eggs)
1 141-150 144 6672-28438 17555 2
2 151-160 158 9264-11285 10303 3
3 161-170 165 3552-14664 7577 5
4 171-180 176 9027-25688 16570 3
5 181-190 188 7888-41208 23407 5
6 191-200 196 4893-25284 15088 2
7 201-210 204 12928-24975 18669 3
8 211-220 215 38665-38665 38665 1
9 241-250 245 52416-52416 52416 1
% 25
60000
. F=209.2W -404.31 .
20 50000 R=0.9511 s
’
5] ’
n=25 ’
= 40000 /’
’
5 %
< 30000 "
=) ’
- ’
= 20000 e’'®
€ Ve
10000 @
o
0
0 100 200 300
W, g

Figure 5. Relationship between total fecundity (F) and average weight (W) for Orpheus dace from the Chepinska

River
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Table 6. Change of individual fecundity by age classes of Orpheus dace from the Stryama River.

Age groups Range (number of eggs) Average absolute fecundity F (number of eggs) n
1 10320-10320 10320 1
2 825-39600 9800 12
3 1656-40579 14939 27
4 14985-62100 29114 10
5 16112-120252 68182 2

Table 7. Change of individual fecundity by age classes of the Orpheus dace from the Chepinska River.

Age groups Range (number of eggs) Average absolute fecundity F (number of eggs) n
2 3552-28438 11891 10
3 4893-24975 13802 10
4 25284-52416 38198 5

Table 8. Relative fecundity (RF, eggs) of Orpheus dace from the Stryama River

Size classes (W, g) Weight (g) Relative fecundity (number of eggs) n

11-30 23 166 4

31-50 | 184 12

51-70 61 263 14

71-90 80 253 9

91-110 100 218 3

111-130 124 139 4
131-170 155 228 3
171-430 316 219 3

Average and sum 209 %52

Table 9. Relative fecundity (RF, eggs) of Orpheus dace from the Chepinska River

Size classes (W, g) Weight (g) Relative fecundity (number of eggs) n
31-50 46 385 2
51-70 6l 127 7
71-90 79 147 4
91-110 91 21 3
111-130 121 177 5
131-150 139 194 2
151-250 209 219 2
Average and sum 210 %25
es. This clearly shows that fish with greater mass pro- Discussion

duce more caviar.

Fecundity naturally increases for older fish in
both rivers (Tables 6 and 7). Our sample did not include
enough adult specimens for which fertility decreased.

In this study, a parameter frequently used in fish-
ing analyses was calculated: relative fertility of the fish

(Tables 8 and 9).

The sample of Orpheus dace from the Stryama River
consists of five age groups. The first age group includes
mainly young specimens; only one mature male is found.
The second age group is the most numerous and includes
more sexually mature individuals. The number of young
fish in this group is still considerable. The number of
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juveniles in the other age groups is decreasing. Five-
year-old fish are very few. The population age-sex
structure is simplified: there are only two periods. The
firstis dominated by male fish. Fish at the age of one, two
and three years fall into this period. The second period
is characterized by female dominance and includes fish
from the fourth and fifth age groups. The sample from
the Chepinska River includes four age groups. One-year-
old fish have not been caught. In the second age group,
there are juvenile specimens. This is the most numerous
groups. Age groups, consisting only of females were
not found. The fourth age group is less numerous. The
age-sex structure of the Chepinska River population is
similar to that from the Stryama River. The first period,
characterized by predominantly male specimens of two
and three-year-old fish. Females dominate in the second
period, which includes four- and five-year-old fish.

Orpheus dace populations from the rivers Stryama
and Chepinska are characterized by the predomination
of young fish. The fifth age group in the sample from the
Stryama River includes only three specimens; this age
group is absent from the sample from the Chepinska
River. For both rivers, two year old fish are the most
numerous, 67% of the catch in the Stryama River and
respectively 47% in Chepinska River. This data shows
that the populations are under a strong pressure from
sport fishing and predators and probably influenced
by water pollution. This fact is confirmed by the early
maturation of males and their predominance in the
Stryama River population. The oldest and largest fish
are mostly females and they are not abundant in the
populations from both rivers. Individual fecundity
increases with an increase of body length. This trend
is better expressed in the Stryama River. The data about
the fecundity of Orpheus dace from the Stryama River
makes it clear that fertility increases about two times
for fish longer than 150 mm and about four times for
fish longer than 210 mm.

An increase in absolute fecundity as mass increases
is very well represented by the study. This finding
confirms a claim by many authors (Nikolsky 1974, Zhivkov
1999) that individual fecundity is directly dependent on

the weight of female fish. Fish increase their length and
weight with age. Quite naturally, with increasing age,
fecundity of Orpheus dace from the rivers Stryama and
Chepinska also increases.

Generally, absolute fecundity of Orpheus dace
from the Stryama River is between 475 and 120252 eggs
and weighted average individual fecundity is 18438
eggs. In the Chepinska River, absolute fecundity of
varies from 7577 to 52416 eggs, and weighted average
individual fecundity is 17917 eggs. The study finds that
the maximum fecundity of Orpheus dace is similar to
the results obtained by Mikhailova (1964), who indicates
about 145000 eggs maximum fecundity of this species of
fish in the Struma River.

Table 10 presents the total fecundity data. Using
the method recommended by Zhivkov (1999), fecundity
of Orpheus dace from the rivers Struma, Chepinska,
Stryama and the Batak Dam are calculated, at weights
of 100, 150, 200 and 250 grams. Data for chub (Squalius
cephalus Linnaeus 1758) from the Iskar River is also
shown in the Table 10.

Fecundity values of Orpheus dace from the rivers
Struma, Stryama, Chepinska and the Batak dam
(from the Aegean watershed) are close. The observed
differences in species fecundity are a result of
differences in the living conditions in different water
bodies. The Batak Dam is located at the highest altitude
(1108 m) and vegetation period there is the shortest.
In addition, standing water bodies are not the most
preferred place for an Orpheus dace. As a result, species
fertility there is the lowest, despite a rich nutritional
base.

Of the three mentioned rivers, the Struma flows in
the southernmost part of the Bulgarian territory and
the warmest period of the year is the longest there. This
river is one of the longest Bulgarian rivers and is also
characterized by greater water quantities compared to
the Stryama and the Chepinska rivers (Hristova 2012)
and probably better living conditions for Orpheus dace.
The highest fish fecundity is found in the Struma River.
Usually fish weighing 200 g, which are mostly 5 year olds,
have an absolute fertility of approximately 41000-43000

Table 10. Absolute fecundity (F, eggs) of Orpheus dace, calculated at the same weight (W, g).

Author Height W (g).
(River) F/W Relationship Absolute fecundity (number of eggs)
100 150 200 250

Mikhailova 1964 (Struma River) E:OBg Vr\ll ;3405; 16795 31195 50995 68095
Zhivkov. & Raikova-Petrova 1983 (Batak F=133W +7380; 20680 27330 33080 140630
Rezervoir) r=0.98, n=57
Hamwi et al. 2009 F = 78W-5868;
(Squalius cephalus, Iskar River) r=098,n=64 1932 5832 9732 13632

. F = 218W-588;
Present data (Stryama River) =098 1 -5 21212 32112 43012 53912
Present data, (Chepinska River) F_: 209W__404; 20496 30946 41396 51846

r=0.95n=25
Vol. 23, issue 1 (2021) 33
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eggs (the rivers Chepinska and Stryama), approximately
34000 eggs (the Batak dam) and approximately 51000
eggs (the Struma River).

In Table 10 there is data about chub from the Iskar
River. This is a different fish species, inhabiting another
watershed and living in different conditions. Therefore,
there is a clearly visible difference in its fertility
compared to that of Orpheus dace from the other water
bodies, discussed so far.

For many fish, relative fecundity decreases with
an increase of weight (Raikova-Petrova 1992, Hamwi
et al. 2009, Raikova-Petrova and Rozdina 2012) but
such a strict tendency has not been established for
Orpheus dace populations from the rivers Stryama and
Chepinska. The weighted average relative fecundity of
fish from the studied rivers is 208 eggs per gram.

Fecundity data for Orpheus dace from the rivers
Stryama and Chepinska leads to a following conclusions:
male fish become sexually mature during their first
and second year. Females reach sexual maturity after
their second year. The maximum fecundity of Orpheus
dace from middle zone tributaries of the Maritsa River
reaches approximately 120000 eggs and the average
fecundity value is approximately 18000 eggs.

The set of reproductive parameter estimates,
determined by this study, provides the first quantitative
estimates of Orpheus dace populations from the rivers
Stryama and Chepinska and will substantially improve
scientific knowledge about the reproductive potential of
the fish. A better understanding of the population status
will also hopefully enhance the monitoring capabilities
of relevant authorities, and thus improve the prospects
for a sustainable management of this species.
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