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Table 2. Characteristics of stream channels at seventeen sites within the occurrence range of Walecki
barbel, Barbus cyclolepis waleckii Rolik, 1970 (details concerning sites in Table 1 and Fig. 1).

Site Date Length ~ Width Depth Gradient Current velocity
No. (y-m-d) (m) (m) (cm) (%o) (ms™)

Mean Q1 Q3 Max. Mean Q1 Q3 Max.

1 2002-09-21 172.9 11.1 10 8 13 54 026 023 032 0.88

2003-07-17  146.1 11.5 15 6 25 60 2.4 0.20 0.13 0.34 0.54

2 2002-09-21 101.7 16.6 19 17 27 40 0.18 0.10 0.33 0.52

2003-07-17  131.4 16.0 18 13 24 50 2.4 0.16 0.10 0.30 0.80

3 2002-09-23 58.9 19.5 25 16 35 89 032 0.27 0.50 0.66

2003-07-18 78.0 15.1 11 7 15 57 12.3 020 0.10 041 0.88

4 2002-09-21 66.2 8.1 27 16 38 67 031 031 0.62 0.71

2003-07-18 149.3 9.4 29 14 52 72 1.9 0.34 020 0.67 0.94

5 2002-09-23 68.0 12.8 26 21 38 50 0.34 028 0.53 0.60
2003-07-24 71.5 13.3 1.8

6 2002-09-22 51.0 23.0 25 13 33 68 0.30 0.11 046 1.01
2003-07-19 46.5 26.1 10.1

7 2002-09-22 49.6 31.5 40 15 57 100 024 021 040 0.70
2003-07-19 78.5 36.3 45 22 60 101 5.4

12 2002-09-22 47.5 18.9 20 9 32 63 029 020 0.50 0.62

2003-07-19 66.2 21.9 28 14 40 88 14.1 038 025 0.62 0.82

13 2002-10-05 76.7 20.4 25 13 36 62 029 025 046 0.67
2003-07-19 93.9 19.9 7.8

16 2002-10-05 74.3 14.5 30 22 41 77 040 036 0.61 0.96
2003-07-19 87.5 16.6 6.7

18  2002-10-05 50.1 21.4 27 21 41 54 024 0.18 0.38 0.93
2003-07-24 73.3 21.8 8.3

20 2002-10-06 104.2 26.1 18 10 28 76 0.27 020 041 0.74
2003-07-24 1194 26.8 8.7

21  2002-10-06  102.5 37.9 27 19 35 71 023 020 029 0.79

2003-07-18 87.3 39.8 17 10 27 51 2.6 0.18 0.13 0.30 0.40

23 2002-10-06 48.0 7.3 23 11 46 90 0.16 0.05 035 0.76
2003-07-24 41.6 59 9.1

24 2002-10-27  105.4 10.0 34 16 52 83 049 047 079 098
2003-07-23  113.7 11.7 6.2

25 2002-10-26 49.8 18.6 63 56 82 98 0.54 055 0.82 0.87

2003-07-23 96.8 17.9 37 24 45 60 1.4 0.37 034 058 0.71

26 2002-10-26  149.9 19.0 39 25 54 79 056 054 0.84 094

2003-07-23  136.2 11.6 21 12 29 63 10.9 028 0.19 054 0.73

stream size. The distributions of average val-
ues at investigated localities seem to be nor-
mal-like (Fig. 3B). Therefore, an approxima-
tion of depth ranges in possible habitats of
Walecki barbel was obtained by rejecting the
wings (i.e. all values smaller than the first,
and greater than third quartile in a data set)
which may be affected by epizodic droughts
and spates. Such defined zone of medium
depth which covershalf of the channel bottom
extends between 10-21 cm and 27-49 cm.
However, the deep zone of a stream channel is
probably of the same or even greater impor-
tance, as Walecki barbel is a medium-sized
fish attaining the body length of 30-40 cm
(Rolik 1970). On average, places 55-85 cm
deep were available with studied localities.
Weisz and Kux (1966) collected Walecki

barbel in two streams at the depths of 20-30
and 50 cm, however in one of them pools to
2 m deep were found.

The maximum surface current velocity
measured in this study was 1.26 m s, which
corresponds to the mean stream velocity of
1.01 ms™'. The mean velocities at investigated
stream reaches ranged from 0.16 to 0.56 m s
(Table 2), while their average values were:
Ql - 024 m s}, Q3 - 0.37 m s}, and me-
dian - 0.29 m s in 2002. Assuming that in
a stream all parameters except the slope of
the energy gradient in Manning equation are
constant the current velocity may be approxi-
mated by a power function of the channel
gradient. The gradients measured at seven-
teen localities over the distances of 42-149 m
ranged between 1.4 and 14.1%o (Table 2).
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Fig. 3. Average characteristics of water depth within the occurrence range of Watecki barbel, Barbus cy-
clolepis waleckii Rolik, 1970 according to the data collected at seventeen investigated sites in 2002-2003
(details concerning sites in Fig. 1 and Tables 1 and 2). A - width-depth relationships; B - distribution
of depth characteristics.
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Fig. 4. Average characteristics of stream flow velocity within the occurrence range of Walecki barbel,
Barbus cyclolepis waleckii Rolik, 1970 according to the data collected at seventeen investigated sites in
2002-2003 (details concerning sites in Fig. 1 and Tables 1 and 2). A - gradient-velocity relationships;
B - distributions of velocity characteristics.
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However, despite such wide range of the
channel gradient the correlations between it
and both mean and maximum current veloc-
ity were very weak (Fig. 4A). It is worth of
note that also the correlation between gradi-
ents of stream valleys (G ) which were given
by Rolik (1971b) and the mean stream reach
gradients (G,,) measured in this study was
even weaker (GM =0183 G, + 633 n=9,
R* = 0.0054). The lack of stronger relations
both in the stream reach and valley scales
may evidence the leading effect of microhab-
itat scale (i.e. over a distance of few meters)
channel morphology on the pattern of cur-
rent velocities. The importance of local pat-
tern of current velocities seems to rise along
with the channel size. A characteristic feature
of the middle course of the river San river is
a sequence of “rapids’, i.e. relatively short (ap-
proximately as long as channel width) reaches
with large channel gradient and long (about
ten times as channel width or more) flat
“pools” Such reaches (sites 9, 10, 11) were ex-
cluded from this study. Rolik (1971a) found
Walecki barbel only in rapids at these sites (it
was rather rare; few individuals per site, with
average percent share in total catch of 1.3%).
The distribution of average values of
stream velocities measured in seventeen

streams where the occurrence of Walecki
barbel was reported in the past show a rela-
tively narrow range of the stream current ve-
locity (Fig. 4B). The average zone of moder-
ate current extends from 0.13-0.30 m s™' to
0.34-0.61 m s, while that of fast current
ranges from 0.66 to 0.90 m s, regardless
of the gradient of stream reach. The lack of
arelation between stream valley gradient and
percent contribution of Walecki barbel to to-
tal fish number is evident also from the data
provided by Rolik (1971a). In four ichthyo-
coenoses distinguished by her in four stream
categories in the upper San river basin with
gradient ranges 5.4-8.4, 6.3-8.6, 2.5-7.4, and
3.4-3.9%o the mean percent share of this fish
was very different (0.3, 1.2, 9.8, and 2.1%, re-
spectively). Perhaps this evidences the strong
relation between the microhabitat scale pat-
tern of current velocity and Walecki barbel
occurrence which may depend on the por-
tion of an area with the appropriate flow ve-
locity range in the stream channel.

3.2. Bottom composition
The bottom in studied stream reaches

was composed mainly of gravel, small pebble,
and medium pebble (Table 3). At most sites

Table 3. Approximate composition of the bottom substratum at seventeen sites within the occurrence
range of Walecki barbel, Barbus cyclolepis waleckii Rolik, 1970 investigated in 2002-2003 (details con-
cerning sites in Table 1). Relative shares of particle categories in % of total area, rounded (+ - approxi-
mate share <10%). Owing to rounding the sums in rows do not equal 100% in some cases.

Et; Bottom particles
Sand Gravel Fine Medium Coarse Boulders
pebble pebble pebble
(<2 mm) (2-20mm)  (20-50 mm) (50-100 mm) (100-200 mm) (>200 mm)

1 + 30 40 20 10

2 20 30 20 30 10

3 + 20 30 20 20 10

4 + 40 40 30 +

5 10 40 30 20

6 + 10 20 30 30 20

7 + 20 20 30 30 10
12 20 30 20 10 20
13 10 20 30 20 20
16 + 20 30 20 20 10
18 10 10 20 30 20 +
20 20 20 20 20 20
21 10 20 20 20 20 20
23 20 20 10 30 30 +
24 30 30 30 20 +
25 30 40 30 10
26 20 20 20 30 10
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the coarse pebble, as well as boulders were
present in considerable amounts, while sand
was found only at some of them and as a rule
covered small portions of stream bottom.
Distributions of the results of estimation of
bottom particle size on the collected digital
pictures show a pattern: fine pebble > gravel,
medium pebble, coarse pebble > boulders >
sand. Each of the four dominant size categries
(gravel — coarse pebble; 2-200 mm) covers
about 20% of the bottom on average (Fig. 5).
Such composition of the bottom substratum
should be regarded as an important factor
of the habitat of Watecki barbel because the
structure of the river bed determines quali-
tative and quantitative composition of the
communities of bottom macroinvertebrates,
the exclusive food of this benthivorous fish
(Brylinska 2000).

Other important factors determin-
ing composition and development of bot-
tom biocoenoses are the productivity of the
stream and the probability of disturbances
caused by changing flow. Assuming that
the development of bottom algae indicates
to some extent the trophic status of a stream
it may be supposed that the most appropri-
ate for Walecki barbel are oligotrophic and
slightly eutrophic conditions where algae
form only very small or small thalli (Table 4).
As the development of aquatic mosses and

especially vascular plants needs more stable
hydrological conditions the abundant occur-
rence of these plants may reflect lower prob-
ability of possible changes in water flow which
are enough to disturb the bottom structure.
Walecki barbel seems to prefer the streams
where clumps of mosses or beds of vascular
plants are not abundant or absent (Table 4).
Therefore, as a riverine fish preferring habitats
of lower trophic status and flow regime with
considerable fluctuations it should be includ-
ed into the category of fish species which at
present are seriously endangered by pollution
and eutrophication of rivers as well as by their
regulation, both being currently the common
kinds of anthropogenic impact on Carpathian
rivers (Kukuta 2003). However, owing to the
present state of existing data on Watecki bar-
bel it must still remain in the NE threat cat-
egory (Not Evaluated species) of the World
Conservation Union (Amirowicz 2001).

3.3. Distribution range

The results presented above allow to de-
fine a stream offering appropriate habitat con-
ditions to Watlecki barbel. Taking the me-
dian stream width of seventeen investigated
reaches (18.2 m), and median values of the
characteristics of their depth (min. - 3 cm,
Q1 - 15 cm, median - 26 cm, Q3 — 37 cm,

Table 4. Aquatic vegetation recorded at seventeen sites within the occurrence range of Watecki barbel,
Barbus cyclolepis waleckii Rolik, 1970 investigated in 2002-2003 (details concerning sites in Table 1).
Algae: 1 - only very small thalli (<1 mm), 2 — small thalli (1-10 mm), 3 - large thalli (>10 mm). Mosses
and vascular plants: 1 — clumps or beds present on <1/4 of the bottom area, 2 — on 1/4-1/2 of total area,

3 — on >1/2 of the bottom.

Site Macroscopic Aquatic Vascular
No. algae mosses plants
1 2
2 3 1 1
3 1 1
4 2 1
5 2 1 1
6 1 1 1
7 2
12 1 1
13 1 1
16 1
18 3 1
20 1
21 3 2 1
23 1
24 1
25 1
26 2 1
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3.5. Conclusions

The results collected during this study
compiled with data from papers concerning
Watecki barbel allow to outline the habitat
conditions appropriate for this fish. They
may be defined as follows:

1. The stream channel should be me-
dium-sized, at least 10-m or better 20-m
wide. In wider rivers the habitat conditions
other than the channel width become more
important.

2. The mean channel depth should ex-
ceed 20 cm, while the maximum depth
should be greater than 50 cm. The channel
morphology with the zone of medium depth
(i.e. that extending over the half of bottom)
in range between at least 15 and 40 cm seems
to be favorable.

3. The mean stream velocity of 0.30 m
s”! or more is desired. The important habitat
feature seems to be the zone of fast current
(0.50-1.00 m s™*) sharing a considerable por-
tion of the channel.

4. Most of the bottom area should be cov-
ered by medium-sized particles (2-200 mm)
with the mode within range of fine pebbles
(20-50 mm).

5.In general, the stream should be rather
oligotrophic than eutrophic, with flow fluc-
tuations periodically disturbing structure
of bottom substratum. Such conditions are
roughly indicated by poorly developed ma-
croscopic algae and the absence of vascular
plants.

6. As a good indicator of the stream habi-
tat appropriate for Walecki barbel may be
regarded the abundant occurrence of spot-
ted barbel, especially within lower part of its
distribution area and in the zone of its co-oc-
currence with common barbel.

7. The possible most frequent and abun-
dant species accompanying Watecki barbel
are minnow, spotted barbel, stone loach,
chub and schneider. In most cases the spe-
cies composition of fish community approxi-
mates that characteristic of grayling zone.
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APPENDIX 1

Computation of characteristics of the
morphology of stream channel

Measurements

The shape of investigated stream reach
is approximated by a polygon created by »
pairs of points selected on the opposite banks
(Fig. 2). This polygon is decomposed into
2n-2 triangles and all 4n-3 edge lengths of
these triangles are measured to the nearest
0.1 m with measuring tape. Each pair of
points makes a transect approximately trans-
verse to stream channel. Along each transect
the stream depths are measured with measur-
ing rod. At each transect also the elevation of
water level is measured in relation to those at
adjacent transects using a laser level.

Mapping
Every point of the polygon is located on
Euclidean plane. The coordinates are found

following this procedure:

1. The coordinates of the most upstream pair
of points L(x,, y,) and R(x,, y,) are fixed as

xL=—LR/2
y,=0

and x,=LR/2
V=0

where LR is the distance between two points
on left (L) and right bank (R).

2. The height of the first triangle LRP is
h=(LP>- ((LP*- RP*+ LR?) / (2 LR))*)'*

and the coordinates of the point of intersec-
tion between the straights of the triangle
height and the edge LR are

x, = (LR x, + ((LP* - RP* + LR?) / (2 LR))
(x,-x,)) /LR

y,= (LRy, + (LP* - RP* + LR?) / (2 LR))
()’R _yL)) /LR

where: LP - distance between points L and P,
RP - distance between points R and P.

3. The coordinates of point P(x,, y,) are cal-
culated as

x,=x,—h(y,-y)/LR
y,=y,+h(x,-x)/LR

4. The next triangle is considered substituting
appropriately coordinates of its base point on
the left (L) or right bank (R) with x, and y,.
Then the procedure is repeated from step 2
until the coordinates of all points of the poly-
gon are obtained.

5. Orientation of the polygon is adjusted so
that its long axis determined by the mid-
points of the marginal transects become
equation x = 0. It is achieved by rotation of
the rectangular coordinate system by an an-
gle « which tangent is calculated on the basis
of coordinates of the most downstream pair
of points L(x,, y,) and R(x,, y,) as

tga=—(x +x)/(y, +y,)

According to the above the final coordi-
nates of each point of the polygon are

x,=(x+ytga)/ (1 +tga’)"”
Vo=@ -xtga)/(1+tga’)”?

The steps 2 and 3 were taken from
a method of finding the coordinates of
intersection points between two circles
on a plane (Paul Bourke, a Website dat-
ed April 1997 http://astronomy.swin.
edu.au/~pbourke/geometry/2circle/).

Calculations

Length of the polygon is the sum of
lengths of its sectors between transects. The
sector length is the distance between mid-
points of two transects

Sl :g(')f/l%_xOL—l—le_xOR)z—i— (ylL_y0L+
le_yOR) )12

The indexes in the above equation con-

cern first sector between transects T, (L (x,,,

yOL)’ RO(xOR’ yOR)) and Tl (Ll(le’ ylL)’ Rl(le’
¥,)- Transects are numbered downstream.
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Area of the polygon is calculated as the
sum of areas of all sectors. The area of a sec-
tor is

Al = ((XOL_xOR) ()/ oty OR) + (xOR_x lR)
(y0R+y1R) + (le—le) (y1R+y1L) + (le_xOL)
Oty /2

Mean width of the polygon is obtained
dividing its total area by the total length

W, =@ +..+A)/(S+..+S)

Mean channel gradient is calculated di-
viding the difference in water level at mar-
ginal transects by the length of polygon as

G,=E/(S+..+S)

where E is the relative elevation of the most
upstream transect above the most down-
stream one, calculated simply as the sum of
elevations between adjacent transects

E=(E,-E)+..+(E_ -E)
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The mean depth is calculated as weighted
mean. For a transect with n depths (d) mea-
sured at fixed interval (I) it is

D=1Q2(d +..+d_)+d (1-n+T/I)
/12T

where T is transect length.

The mean value for the whole stream
reach is also calculated as the weighted mean
using lengths of n consecutive sectors

D,=(S,(D,+D)+..+S (D _ +D,))/
2(S,+..+S)

Distribution patterns of all depths mea-
sured in the stream reach are characterized
by quartiles. To compute a quartile: 1) the data
set is ranked from the smallest to the largest;
2) the position of the quartile is calculated as
Q (n + 1) where Q is the quartile value (i.e.
1/4 and 3/4) and n is the sample size (Helsel
and Hirsch 1992); and 3) if the obtained
position is not an integer the average of the
adjacent data is calculated.
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