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Summary. Roach were collected in the spring and autumn 68415, from 3 lakes: Sierakowo,
Btotno, and Wapnickie, differing in morphologicalachcters, exploited only by anglers. Vari-
ations in total length, individual weight and cadiath were described. Age structure and growth
rate were determined. Among the 3 analysed popukatdf roach, the fish from lake Wapnickie
were characterised by the fastest growth rate.enthi roach from lake Btotno exhibited the slow-
est growth rate. The fish from lake Sierakowo vetraracterised by the lowest coefficients of cooliti
(Fulton’s and Le Cren’s factors). It seems thateatonal catches conducted in the lakes influete
only the stocks of fish and their structures, taa affect some biological characters.
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INTRODUCTION

The roach represents one of the most commonly fant most widely
distributed fishes in Europe [Bryiska 2000]. The fish inhabit nearly every type
of water bodies, from large lakes, coastal brackigioons, and rivers, to small
oxbow lakes and clay-pits [Bryiska 2000]. The abundance of roach is reflected
in the composition of commercial catches, sinadtén exceeds 20% of the total
lake fishery production [Wawrzyniak and CzerniejWZ007]. The species also
represents and important component of recreaticatahes carried out by ama-
teur anglers. The issue is crucial due to dynamexelbpment of recreational
fisheries observed over the last 50 years, asagel terms of the management
type, referred to as angling management, appliechiny smaller bodies of water in
which recreational catches prevail. Since 1957, mniRelish Angling Association
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had some 150 thousand members, the number of anfistears increased many
times [Bnnska and Leopold 1987]. Angling, termed by Leopahdl &ninska
[1987] as ,angling pressure”, remains the chiefrfoof exploitation in most
small bodies of water under 30 ha of surface é3aadies by Mastyski [1985]
have demonstrated that a single inquired angletheaton average 16.6 kg of
fish per year, with an average angling catch b&@ kg ha, ranging from 9.9
to 250 kg hadepending on the lake. As a consequence of susisyme densit-
ies of fish populations in the heavily exploiteddies of water may dramatically
decrease, which may even lead to problems suclgasexal over-fishing of the
stocks, selective fishing of certain species oe g&ge) groups, while leaving
other species or groups under-exploited. With armpetent management of
recreational fishing in lakes or rivers, this effetay result in negative changes
in fish stocks [Leopold and Biska 1987], as well as affect the biological char-
acteristics of under-exploited fishes (mainly cypis, such as roach, bream, and
silver bream).

The aim of this study was to determine some biclgbarameters of roach
(including age composition, growth rate, and caaodjt from lakes Btotno, Si-
erakowo, and Wapnickie, which have been exploitetkedy by recreational
fishers for 10 years.

MATERIALS AND METHODS

The roach was collected from night catches cawigdwith gill nets of the
mesh size 40, 50, and 60 mm; the catches took phaitee spring and summer
of 2004-2005 in three lakes differing in morpholo@lab. 1): Sierakowo
(71 fish analysed), Btotno (74 fish), and Wapnici@ fish). Lake Wapnickie
actually consists of two lakes, lake Wapnickie Béhe (Northern) and
Wapnickie Potudniowe (Southern), connected by d mavert of large diamet-
er, which allows the fish of various species tonaig from one lake to the other.
As a result, the fish caught in either lake weralysed together.

The lakes from which the material was collected laoated in the West
Pomeranian Province of Poland, near the town ofzREollowing the catch,
each fish was weighed (using the electronic sogle Axis with precision to
0.1 g) and measured for lengtht() using electronic calipers with precision to
0.1 mm. The condition was expressed in the forfudton’s Kg) and Le Cren’s
condition factorskc):

Ke. _W-100
L3
where:

W —total unit weight (g),
L — total length (mm).
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Keo _W-100
Ln

where:
W —total unit weight (g),
L — total length (mm),
n — exponent from the relationship between totagflerand body weight.

In order to evaluate the condition of the fish, applied both Fulton’s con-
dition factor and Le Cren’s factor, since the vahighe latter depends on the
size of the fish and the exponent of th&V relationship, while the value &
remains constant [Szyputa 2002]. For the speciessesivalue deviates much
from 3, we should apply — besides Fulton’s condifiactor — also the more reli-
able Le Cren’s index.

Table 1. Basic morphometric features of particudies

Morphometric data [Jeczak 1996]
Lake
Water surface | Volume | Max. depth| Mean depth| Shoreline deve-|
area (ha) (1000 m) (m) (m) lopment index
Blotno 21.2 1017.6 10.8 3.8 2.39
Sierakowo 64.8 3559.3 11.7 4.8 1.27
Wapnica Pin. 32.0 2464.0 18.6 7.7 1.89
Wapnica Pid. 28.1 2304.2 19.8 8.2 2.02

Moreover, the condition of the fish was estimatadlgsing the parameters
n andk of theL-W relationship, between length and weight of the hd@olgier
and Connolly 1989].

W = al®

where:
W — unit weight (g),
L — total length (mm),
a, b — parameters characteristic for the given spg@epulation) based
on empirical data.

The age and the growth rate of length and weightewead from scales.
Some 10-20 scales were collected from each spedimmenabove the lateral
line, in about the middle of the body length (beéhehe dorsal fin) and, follow-
ing removing residues of mucus in a solution of amia, the scales were fixed
on slides. Age readings and radii measurements egreed out on the caudal
parts of the scales using the following set: stené&yoscope, video camera, and
computer with the image analysis software ,MultiScémeasuring precision
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0.001 mm). Growth rate was calculated directly fritve measurements of mean
lengths at age, as well as through back-readirggales using the Rosa Lee for-
mula, which — according to Heese [1992] — is cazrgd as standard for cyprin-
ids. The data collected this way were used to mduekheoretical growth rate
of length in the roach according to the followingdels: von Bertalanffy's,
Ford-Walford’'s, Gompertz’'s, and 2nd degree polyradrby means of a modi-
fied power function. Such a number of applied medslowed us to decide
which of them reflects the growth pattern of thedgtd fish best [Szyputat al
2001]. Significance of differences in total lengtimjt weight, and conditiorkg
and K¢) of the roach between the lakes were analysed ANMIOVA and
Duncan’s test applied as a post-hoc analysis. iatibn of the hypothesis
about equality of means was preceded by testindistigbution of the trait for nor-
mality (Shapiro-Wilk test) and homogeneity of vadas (Levene’s test) [Stanisz
1998].

RESULTS
Age composition of the fish is presented in Figlrépplication of various

mesh sizes (40-60 mm) of the gill nets allowed luatg fish of various ages
(4+ to 14+). Lake Sierakowo revealed 10 age grofipsach, with a distinct preva-
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Fig 1. Age structure of roach in particular lakes
Table 2. Total lengths, individual weights, and dition of roach in particular lakes

- . Coefficients
Lake Total length (mm) Individual weight (g) of condition
Mean* Range Mean* Range Fulton Le Cren
Btotno 184.60a 145.0-310.0 95.904 33.8-418.3 1.20a 8.49a

Sierakowo| 191.314 120.0-315.0 93.9%a 29.9-387.5 1.16b  5b0.7

Wapnickie| 254.93b 224.0-371.0 209.94b 133.3—40F..2 1.2bc 7.45t

*Values of particular biological data of roach plgion from 3 different lakes marked with the sdeiers
show no significant differences (p < 0,05). Sigrdfit differences between the values of particuatstin the
analysed roach populations marked with differettéts (a, b, c).

lence of age group 7+. The lowest number of agssels were found in lake
Wapnickie, with the highest frequency of ages (¢ 46+. The largest sample
of fish collected from lake Btotno was dominated fish at age 5+ (27 fish)
and 6+ (17 fish).

The mean lengths and weights of the fish are ptedein Table 2. Both
parameters were characterised by a wide range loévand significant (p <
0.05) differences between populations from eacle.lakhe fish from lake
Wapnickie were characterised by significantly Ieghtotal lengths and unit
weights.
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Fig. 2. Relationship between the total length (Ti)l andividual weight of roach in particular lakes
Table. 3. Mean total length of roach (mm) from Sk@wo Lake by age groups
determined with mathematical models of growth

pge | EmpiTcal | Rosa Lee Back oy von Bt GGl | e
polynomial | function

| 63 34 61 63 58

I 81 64 79 80 79

[ 99 92 97 97 98
\% 115 117 114 114 116
v| 157 131 139 131 130 132

Vi 165 145 160 147 146 148
viI 172 160 179 163 162 164
Vil 181 174 196 178 177 179
X 196 189 211 193 192 193
x| 200 203 225 208 207 208

XI 235 224 237 222 222 222
XII 243 240 249 236 236 235
Xl 281 257 259 250 250 249
XV 283 265 269 263 263 262

Table 4. Mean total length of roach (mm) from Btreke by age groups
determined with mathematical models of growth

Second Modified
Age |Empirical dalaR%z&llCt?aetiEr?d Ford-Walford| von Bertalanffy ~degree fﬁﬁ\é\{?gn
polynomial
| 54.1 32.6 53.6 54.5 53.2
1l 70.1 61.3 69.3 69.7 69.4
1 85.5 86.4 84.8 84.8 85.1
1\ 120 100.7 108.5 100.2 99.9 100.4
\Y 130 114.6 128.0 115.5 115.0 115.6
VI 143 128.7 145.0 130.6 130.0 130.6
VII 150 142.6 160.0 145.5 144.9 145.4
VIl 164 160.4 173.1 160.3 159.8 160.2
1X 180 176.3 184.7 175.0 174.7 174.8
X 210 191.0 194.8 189.5 189.5 189.3
Xl 220 204.4 203.7 203.8 204.2 203.8
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|XII | 233 217.6 2115 218.1 218.9 218.2
Table 5. Mean total length of roach (mm) from Weckiake by age groups
determined with mathematical models of growth

N Rosa Lee Bacl Second Modified
Age |Empirical data calculation Ford-Walford| von Bertalanffy degree_ power
polynomial | function

| 61.8

I 85.6

1 117.2

v 1425

Y, 164.8

\ 187.7
Vil 234.0 203.0 214.7 207.1 209.8 207.1
Vil 243.0 217.3 235.1 226.5 229.2 226.0
IX 240.4 242.6 253.6 2442 246.4 2441
X 262.8 2745 270.4 260.4 261.6 261.4

The condition of the fish was evaluated using FuidKr) and Le Cren’s
(Kc) condition factors as well as the parameters eféhationships between total
length (.t.) and unit weight\(V). Condition parameters presented in Table 2 fer th
fish caught during 2004—-2005 in lakes Wapnickier&iowo, and Btotno differ
significantly and considerably. Lower Fulton’s paeters were found in the fish
from lake Sierakowo. Poorer condition of lake Stemso roach, especially in
the length classes of 170 to 270 mm, is also refteby the pattern of thie-W
relationship curve presented in Figure 2.

Growth rates of roach in each lake, determinednigasi back readings and
mathematical models, are gathered in Tab. 3-5.rdaeh attained the fastest
growth rate at age 1 (the range of the mean caémiby the Rosa-Lee method
in the analysed lakes was 54.1-63.0 mm). At age®dZ3, the length increments
were about twice lower as compared with the previgear's gains. Among the
analysed population, that from lake Wapnickie fesduthe fastest growth, for
which the mean length at age for subsequent yeaset for the first and
second years) was more than 10% higher as compattethe fish from the re-
maining lakes.

The lengths calculated by means of back readinge wsed to determine
the parameters of the mathematical growth moddig;wallowed estimation of
the length at age for the roach (Tab. 3-5). Funtloee, an analysis of least-
squares sums between the results of the equatimhtha empirical data shows
that the 2nd degree polynomial is the best-fittimgdel for roach, whereas the
Ford-Walford method reflects the growth least adegjy.
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DISCUSSION

Roach are caught in Poland by means of a numbédislihg gear and
equipment, mainly passive (gillnets, fyke-nets), &iso active (such as seines).
The previous group of gear are usually used inlsmlahd bodies of water, due
to low cost and ease of manipulation. It shouldstressed, however, that such
nets are quite selective [Pswdy al. 2007], thus various mesh sizes in gill-nets
are used to catch fish for scientific purposes. iag¢erial used in the presented
study was caught by means of gill-nets with megessifrom 40 to 60 mm,
which enabled us to collect a considerable randengjths, weights, and ages of
fish. This diversity of material allowed, in conseqce, minimising the error
arising from selectivity of the fishing gear.

The condition of individual fish is an importanfenmation relating to a
study on a fish population. According to a review Bolgier and Connolly
[1989], an analysis of the variability of this pareter is usually based on the
function derived from the length-weight relationshis well as the formulae pro-
posed by Fulton and Le Cren. The length-weighttigahip is usually de-
scribed with a power function. Its exponent is agged with, among other
factors, body shape-slender fish are characteliged value below 3, whereas
more stocky-build fish will have a higher valuetb& power function exponent
[Wootton 1996]. The roach exhibit a variety of veduof this parameter, and
those studied here were found to have (Fig. 2) f2ob848 (in lake Wapnickie)
to 3.5075 (in lake Btotno). The condition of theotaed roach, as estimated us-
ing Fulton’s and Le Cren’s coefficients, attaindighgly lower values compared
to those reported by Bayaka et al [2002]. Comparing the condition of roach
from the studied lakes with the data published trgrSki [1971] for the Lub-
iszowskie lakes, we observe also distinctly loKevalues for lakes Wapnickie
(1.25), Blotno (1.20) and Sierakowo (1.16), as carag with the roach from
lake Biate (condition factdK = 1.84), lake BiateckieK( = 1.65), or lake Czarne
(K = 1.45). Roach from the Nilzyodrze waters and Pomeranian Bay also ex-
hibited better condition if we compare it to ousukts [Wieski and Zatachowski
2000].

Another important issue in terms of adequate fislsemanagement is
knowledge on the age structure and growth raté@fpbpulation. The roach is
characterised by a varied growth rate dependingheriake [Brylhska 2000].
Most authors share the opinion that this resulbenfa combination of three
factors — duration of the growing season, watepenature, and food availabil-
ity [Karpinska-Wald 1961, Kampe 1962]. The first of these factorsedéhti-
ates growth rate according to geographical locdtioa farther north, the slower
the growth) and depth of the water body [Bigka 2000]. Wilkéska [1975],
who studied growth rate of roach on the backgraafra number of limnological
and exploitational factors, observed that it alepends on the duration of the



AGE AND GROWTH RATE OF ROACH Rutilus rutilusL.)... 114

growing season, population size and — to a lesgene— on the depth and sur-
face area. As a regularity characteristic for roashikonska [1975] observed

the highest and also the least varied gains irttedigring the first year of age in
fish from various bodies of water. The similarity growth, according to the

cited author, should be attributed to a high natmartality rate observed during
the first wintering.

Table 6 presents the results of back readingseofitbwth rate of the roach
from the analysed lakes in relation to literatuadad As compared with roach of
lakes Charzykowo, Wigry, and Tajty, the fish fromkés Sierakowo, Wapnickie,
and Blotno is characterised by a slightly slowevgh, similar, however, to that
presented by Karpska-Walyg [1961] and Wilkaska [1975]. It probably results
from differences in limnological parameters ofldiees and their feeding conditions.

Table 6. Length growth rate of roach from differlakes (SL and TL in cm) in Poland

Age groups of roach
Lake Author g° droup

|1 |2 |3 |4 |5 |5 |7 Is Ig |1D Ill |12
IAverage for |Wilkonska 44| 69| 90| 109 126 14p 157 144 193 211
705 lakes 1975
of northern
Poland

IAverage for 22Karpinska--W| 44 | 68| 9.0| 108 127 14 158 118 + -
egorzew-  falus
skie lakes 1961
Pomeranian [Zatachowski | 56 [ 79| 103 129 148 170 193 214 229 24.7

Bay et al.1997
Charzykowo | Stangenberg 6.6 | 9.9 152 193 244 269 293
1950
\Wigry Stangenberg| 6.4 | 89 116 149 17% 20{1
1953
Tajty Zawisza 51| 82| 112] 145 169 19 220 243
1953
Btotno This study 54| 70 86 108 1145 129 143 160 1752 1205| 21.8

Wapnickie | This study 6.2 86 117 142 165 18
Sierakowo | This study 63 81 99 115 131 14

1
403 2173 pR75| - -
16.0 17.49 [120.3| 22.4| 24(

Another important factor affecting the growth ratiethe roach from the
discussed lakes, although difficult to verify, i tangling pressure. All the lakes
have been used exclusively as angling fishing gtedar 10 years (no commer-
cial catches are carried out, and those applig¢bisnstudy to collect the material
consisted in single, controlled catches). The lighembers of anglers visit lake
Wapnickie, due to the lake’s attractive locatiod aharacter (a pike-perch type of
lake). Most probably, anglers catch the most raachis particular lake; this results
in lower population density and, in consequenagghdri individual growth rate.
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CONCLUSION

The results presented in this study indicate thgtimg pressure affects not
only the biomass of the fish caught from the gibedy of water, but also some
biological characters. In many bodies of water uasdrecreational fisheries,
commercial fishing gear should be applied for culied catches treated as a
component of appropriate lake or river managentansugh the control of pop-
ulations and species composition of fishes andrently, to regulate their biolo-
gical characters. Should such catches be negleatéake under low angling
pressure will develop too dense populations of kayalrinid fishes, which may
lead to inhibition of individual growth rate andgagive changes in the fish con-
dition; this is actually the case in lakes Blotmal &ierakowo.
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WIEK | TEMPO WZROSTU PLOCI Rutilus rutilusL.) W 3 JEZIORACH
UZYTKOWANYCH WEDKARSKO

Streszczenie Materiat do bada stanowita pté pozyskana w okresie wiosennym i letnim 2004/05
z trzech jezior: Sierakowo, Btotno i Wapnickiegozmiacych s¢ pod wzgédem morfometrycz-
nym, a uytkowanych wyfcznie wedkarsko. Okréono zr&nicowanie dtugéci catkowitej, masy
jednostkowej oraz kondycji ryb. Przedstawiono dinikwieku oraz tempo wzrostu ryb. Najlep-
szym wzrostem charakteryzowatg piopulacja ptoci z jeziora Wapnickiego, natomiaajnitsze
przyrosty roczne stwierdzono u populacji z jeziBtatno. Pl@ z jeziora Sierakowo w poréwnaniu
z pozostalymi charakteryzowata; siajnizszymi wartgciami wspotczynnikdw kondycji Fultona

i Le Crena. Wydaje gj ze eksploatacja ydkarska jezior ma wptyw nie tylko na zasoby rylhi i
struktue, ale réwnig na ksztattowanie siniektorych cech biologicznych.

Stowa kluczowe pto¢, tempo wzrostu, wiek, kondycja



