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Age and growth rate of asp (Aspius aspius) from the
Pierzchaly Reservoir were estimated by backcalculations
based on scale readings (annual rings identification). The
scale reading procedure was complicated by presence of
additional rings, called "juvenile" (these appearing within the
first year's increment) and "spawning” (present on scales taken
from individuals older than 3 ¥ears). These additional
structures were not characteristic ‘for all the examined
individuals. Localisation of the first annual ting was
complicated by fairly fast growth rate during winter, so the
typical zones of narrow sclerites, indicating slow—growth
season did not occur, affecting the scale readability. The
quantitative share of asp in control catches amounted to 9%.
Most of these individuals (70%) were to 4 to 7 years old. The
oldest asps were aged 12, at body length of 66 cm and body
weight of 4500 g. The Pierzchaty reservoir is merely exploited
by fishermen.

INTRODUCTION

Ichthyological research works on water bodies, included in national nature
preservation areas, are carried out sporadically, as they are restricted by nature preserving
legal regulations. Although these limitations, such reservoirs play an important role in
experiments dealing with fish growth and age composition, due to limited human impact,
imposed on such water bodies. The Pierzchaty Reservoir as well as adjacent area were
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established as a sanctuary mainly because they are a habitat of beaver. This reservoir was a
place of mumerous ecological studies.

Commercial catches usuvally destroy natural trophic relationships of ecosystem, as
professional fishermen's attention is usually focused on high—market—value fish species,
mainly predatory ones. However, fishermen are marely interested in catching asp, while
anglers find this species valuable.

Theé ‘number of researches dealing with asp in Poland is very limited, and these works
concern populations inhabiting Vistula River (Backiel. 1964; Kopiejewska, 1986). Other
data related to this topic are presented in papers by Cihara (1960), Fortunatova and Popova
(1973), and Kazanceev (1981). Hence, researches concerning growth of asp are strongly
required, especially those focused on the role of asp as a f:redatry species. It's main food in
Vistula River are bleak, gudgeon, roach, dace and periodically undermouth (Horoszewicz,
1964) and in the Pierzchaty reservoir — roach (Martyniak and Terlecki, 1994). Hence, asp
can be used as a tool in reconstruction of natural predator—prey relationshipé in degradated
dam reservoirs and rivers.

The aim of this study was threefold: evaluation of possibility to use scales in ageing,
specification of age composition and estimation of growih rate of asps from the Pierzchaty
Reservoir.

STUDY AREA

The Pierzchaty Reservoir is situated in northern Poland, south from Braniewo town.
Its total area is 240 ha, and volume amounts to 11 450 000 m3. Construction of the
reservoir has been completed in 1917 on the river Pastgka. Spring of the Pasi¢ka River is
situated near GryZliny viilage, north of Olsztyn town. In its upper part the rivers flows
through several lakes and, in its lower part, through the Pierzchaty Reservoir, where its
bed's width is around 20 m, and the maximum depth is 5 m. The Past¢ka River is 211 km
long and the area of its drainage—basin amounts to 2 330 km2,

Bathymetric as well as phytosociological studies revealed that the Pierzchaty
Reservoir resembles "gutter—type" lakes. The reservoir does not have continuous and dense
bulrushk zone. The bulrush communities are formed by: Phragmites communis, Gliceria
aquatica, Schaenoplectus lacustris, Carex flava, Typha latifolia, Carex rostrata and Irys
pseudoacorus. The nympheid zone is formed by: Nuphar luteurm, Myriophyllum spicatum,
Potamogeton lucens, Potamogeton crispus, Potamogeton demersum and Elodea cana-—
densis (Scieuntific Club of Hydrobiologists and Fishermen, 1977).

On the ground of control catches the presence of 20 fish species was stated in the
Pierzchaty Reservoir: carp (Cyprinus carpio), tench (Tinca tinca), bream (Abramis
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brama), white bream (Blicca bjoerkna), crucian carp (Carassius carassius), golden carp
(Carassius auratus gibelio), chub (Leuciscus cephalus), orfe (Leuciscus idus), roach
(Rutilus rutilus), rudd (Scardinus erytrophtalimus), bleak (Alburnus alburnus), gudgeon
(Gobio gobio), asp (Aspius aspius), undermouth (Chondrostoma nasus), spiny loach
(Cobitis taenia), perch (Perca fluviatilis), pike—perch (Stizostedion lucioperca), ruffe
(Gymnocephalus cernuus), eel (Anguilla anguilla), pike (Esox [ucius) and burbot (Lota
lota). The experimental catches were dominated by roach, bream, asp, tench and perch.

MATERIALS AND METHODS

Samples of asps were catched with gillnets (35-100 mm mesh size). In total 224
individuals were collected from 1975 till 1979. Catched fishes were weighed with
accuracy up to 10 g. Body length (l.c.) as well as total length (l.t.) were measured with
accuracy up to 0,5 cm. Total length corresponds with that defined by Ricker (1979) as
natural length. From 5 to 10 scales from the first row over lateral line at altitude of first
rays of dorsal fin were collected from each individual. Scale caudal radius measurements
for backcalculations purposes were performed under a low—power stereo—microscope,
equipped i?‘vith special messuring table. Detailed observations of scales were performed
under a microfilm reader (magnification 17,5 x). Validation of age estimation based on
scale readi‘hgs was made according to the procedure given by Sych (1971, 1974).

Giowth rate was calculated on the ground of scale readings, performed for each
individual -and every consecutive annual increment.~The dependence of scale caudal
radius's growth (S) upon body length (L) was described by, polinomial of the third degree
(Fig. 1). In the case of asp, the first scales form at the fish length of around 2 cm
(Koblickaja, 1‘981). By implementation of the above mentioned value, of coordinates S=0
and L=2 cm, into the L — S relationships analysis, better adjustment of estimated model to
empiric data has been achieved (Heese, 1992).

The growth rate calculations are based on two function of L — § dependence and its
revérse form S —L (Heese, 1992). The reverse function was calculated by change of data
in the set of coordinates.

Ly=a+bSy+cS,2 +dSy3 (1)
S¢=ay+biLe+c L2 +dL3 2)
where: ' L, — fish length in age n,

L¢ — fish length at the time of sampling,
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Sh — length of scale's caudal radius, corresponding to certain annual
rings,
S¢ — theoretical length of scale’s caudal radius at given fish length L,

a,b,c,d,ay, by, ¢y, dy — polynomial parameters.
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" Fig!"1. Relationship between lenpth of scale’s caudal radius and asp's body length

Procedure:

a. function S, (2) was used to calculate theoretical length of scale's caudal radius, with
L. = fish length at the time of sampling,

b. corrective aiteration was calculated: f = S¢S, (S, = total length of scale's candal
radius),

c. for values red from scale Sy, Sp, . . . ., S;, following products were calculated
£51, 1Sy, ... ., 1S,

d. values of these products £S5y, £S,, . . . ., £S;,, were then used in function (1), to
calculate Ly, Lo, . .. ., Ly, for instance:

Li=a+bfS;+cfS2+dfS3
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Below the formulas used for asp growth rate calculations are presented:

L=2.15+7.58S-0.198 $2 + 0.0167 S3 “(3)
S =-0.29 + 0.1366 L + 0.000288 L2 — 0.000004 L3 4

The calculations were performed using computer technique. Application of the above
presented procedure should reduce influence of non—proportional growth of scale, during
'body length growth, on growth rate calculations.

The growth rate was estimated with application of von Bertalanffy's equation
(Beverton and Holt, 1957):

Le=Lg [1 —eKt-1)] Q)

where: . Ly — length of fish in age t,’
L., K.t, — parameters calculated on the ground of empirical data.

The dependence of body weight upon body length was estimated by the method of
smallest squates, using the below presented functien:

W=all 6)
or logW =1loga+nlogL @)
where: L — fish body length,
W — fish body weight,
a,n — proportionally coefficients.

On the ground of calculations based on formulas (5) and (7) modified von
Bertalanffy's equation, concerning growth of fish body weight, was estimated:

Wi =W, [1 - eKt-tp]n (8)
where: Wi — fish body weightin age t,
Weo — asymptotic body weight, calculated according to equation (7),
where L is substituted with L,
K, t, — parameters from eguation (5),
n — proportionally coefficient taken from equation (6).
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‘ RESULTS AND DISCUSSION

Evaluation of possibility to use asp scales for age validation purposes

Scales of asp, at the place from which they are taken for age validation purposes, are
relatively big and of proportional shape. Detailed examination of the scales, using high
magnifications, assure the previous reports.(Backiel, 1964), that scales can be used for age
validation of asps (Fig. 2). Scales collected from around 30% of the investigated
individuals were very readable. Annual rings were very distinct and the scale's increments
enclosed between them consisted of two groups of sclerites: widely and tightly packed.
The latter part was usually much narrowes. This occured only on oral and lateral parts of
scale, as within caudal part of scale sclerites are dispersed rather evenly. In the case of asp,
the number of sclerites on caudal patt of scale is also smaller than on other parts of the
same scale (Fig. 3). Group of 2 — 3 sclerites from lateral part of the scale is represented by
only one sclerite on caudal part of the same scale.

Fig. 2. Scale collected from asp of 44 cm body length (1.c.). The fish age was estimated as 5+.
Annual rings (O) as well as juvenile ring (juv.) are indicated
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Fig. 3. Diference in image of sclerites between caudél (c) and lateral (1) parts of scale.
The scale was collected from fish of body length (1.c.) equal to 34 cm. The fish
age was estimated as 4+, The fitst two anmual tings poorly visible

However, despite high scales readability (big, proportional and easy to observe), some
additional structures occur, affecting correctness of age validation. Among these structures
the most important ofies are two kinds of additional rings: so called "juvenile" and
"spawning".

The first one (juvenile) is always the closets to the scale center and if it occurs, it is
usually easiest to find in on the lateral part of the scale. The juvenile ring was
distinguished on the ground. of the fact that the width of scale's increment between that
ring and the ring marked as the first year's annual ring was very narrow. the backcalculated
fish length at the time of the juvenile ring formation was about 9 cm, while the length
at the time of first=year ring formation averaged 13.5 cm. Asps from delta of Volga
River reached 9 cm of body length in August, after the first 3 — 4 months of their life
{(KazancCeev, 1981).

Additional rings, recognized as spawning, also called "double rings”, occur after third
year of asp,s life and are especially distinct on caudal part of scale (Fig. 4). They are
situated close before the true annual ring. Asp spawns in April/May (Kopiejewska, 1986) —
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at the same time when the annual ring is being formed (Backiel, 1962). The
aforementioned author claims that annual rings form during the period lasting from May to
beginning of July. On the ground of analysis of scales collected from the investigated asp
population, inhabiting the Pierzchaty Reservoir, this period should be even prolonged to
beginning of August.

Fig. 4. Additional ring (add.) called "spawning" or “double ring" visible before thie fifth
anmual ring. The scale was collected from fish of body length (1.c.) equalito
49 cm. The {ish age was estimated as 5+

~ Another difficulty, disturbing correct interpretation of asp age, is poor clarity of scales
within the first two years of its iife. Both first and second annual rings can be identified
only by careful examination of patierns, created by zones of narrow and wide sclerites,
under high magnifications. Kohija (1978) stated that juvéﬁile asps fed intensively also
during winter. The fact of intensive feeding of asps in winter may be the main reason of
the indistinct picture of annual ring on scales.
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Age composition

The catched individuals age from 2 to 12. During the first two years of the study
(1975, 1976) about 1/3 of asps were 6 years old (Tabie 1). During the next consecutive
years (1977, 1978) the tendency was similar, although 7 and 8 years old individuals
dominated. In the last year of the study {1979) catches were dominated by asps aged
3 (42%). That was most probably caused by change of sampling sites as well as by
application of different fishing techniques. Taking into account the whole study period
70% of collected asps were aged as 4 to 7 years old.

In the case of Vistula River, where between 1955 and 1957 asp was one of intensively
exploited fish species (Backiel, 1964), most of catched individuals were 3 to 6 year old.

Table 1

Age composition of asps from the Pierzchaty reservoir
collected during conswecutive years of experiment
Year } Share Age classes Total
2 3 4 5 6 7 8 9 10 § 11 § 12
1975 n 1 7 11 10 17 6 4 56
%o 18112541963 17943041 107} 7.1 100
1976 n 1 7 3 11 9 2 31 1 37
To 27}1189] 8112981243 541 811 2.7 100
1977 n 2 9 9 9 12 9 2 1 1 54
K 374167§167}116.7§222¢{16.7f 3.7 181 1.81 100
1978 n 1 2 7 4 7 5 8 4 2 40
% 25] 50}175}110.0)17.54125120.0110.0] 5.0 -4 100
1979 n 1 13 4 5 3 1 2 2 31
% 3234191129 116.1§ 971 32} 65} 6.5 100
Total n 3 25 38 31 47 33 25 11 3 1 11 218
% 14111571174 11422151151 34115] 504 141 0.5 0.5 100

The growth rate

Natural length of investigated fishes remained within the range of 33 +78 cm; the
respective values for body length were 27.5 + 66.0 cm. Weight of these individuals ranged
from 240 to 4530 g.

Intensive growth of asp takes place, beside the first year, during the first 5 years, when
the average annual length increments are higher than 6 cm (Table 2). In comparison to
asp's population from Vistula River (Table 3), asps from the Pierzchaty Reservoir grow



64

Andrzej Martyniak, Tomasz Heese

faster during the first few years of their life. Later — e.g. in 6 to 9 years their growth rate is
similar. Among the comparable data, characteristic of asp's population from the delta of

. 'Volga River (Fortunatova and Popova, 1973) was given — they grew much faster than asp's
populations, inhabiting Polish inland waters..

Table 2

Growth rate of investigated asp population from the Pierzchaty reservoir
Method Body length (1.c.) in consecutive years, expressed in édntimeters

1) 2 3 4 5 6 7 8 9 10 | 11 12
Back
calcu— 13,51 20.8427.5] 3414021448487 ]522]552]583]61.2]| 64.1
lations
SD 6| 22| 26| 33| 29| 24| 22| 18] 27| 25
N 218 | 218 | 213 | 186 | 148 | 111 681 32 15 5 3 1
‘Mean
annual 135 731 67| 66 6.1 46| 39| 35| 3.0 3.1{ 29| 29
growth
Theore— | 9.3 |20.0|27.2 3424014521494 |53.1]56.1158.7]61.0]62.8
tical*

Body weight in consecutive years, expressed in grams

g‘g;?f‘ 14 | 107 | 310 | 608 | 975 [1381 |1803 2220 [2621 |2996 {3341 |3653

*  —based on equation (5)
**  — based on equation (8)

The model of growth rate of body length (parameters — L, = 73.3, K = 0.1646

and t,= 0.18) is presented by the formula:

Lt =733[1- e—0.1646(t — 0.18)]
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Table 3
Comparison of growth rate of asp's populations inhabiting different sites
Water body Body length (1.c.) in consecutive years, expressed in centimeters
{Author) 1 2 3 4 5 6 7 8 9 10 § 11 | 12

Slapskie Reservoir

10.7 {16.5 [ 21.2 | 28.1 | 36.2 | 43. i
(Cihat, 1960) 0.7116.5 8.1136.2|43.350.6

Delta of Volga River
(Fortunatova and 15.8 127.7 | 35.5 1 39.8 146.0 | 50.0 | 53.2 } 56.0
Popova, 1973)

[Vistula River

(Backiel, 1964) 8.3114.8123.3129.0136.3|42.4}46.6]|51.0]56.3

Pierzchaty Réservoir

- 13.5120.8 |27.5|34.1140.2 {44.8 | 48.7]52.2 |55.2 {58.3 | 61.2 | 64.1
original)

Growth rate of body weight is presented by means of multiplicative as well as loga—
rythmic functions:

W =0.0185 L.2.9452
or:
log W =2.9452log L - 1.7328
where: W —body weight in grams,

L = —body length in centimeters.

The model of body weight growth, expressed by modified von Bertalanffy's equation
(parameters — W, = 5758, K = 0.1646 and t, = 0.18} is presented below:

W =5758 [1 — e-0.1646 (t - 0.18)]2-95

In this study asp's growth rate calculations were performed according to the procedure
based on polynomial of the third degree. The aim of such solution was to achieve high
precision in estimation of growth rate. It was assumed, that non—proportional growth of
scales (see: Fig. 1) would have influence the results of backcalculations.
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Results, obtained in this study, were compared to calculations of growth rate,
performed according to Fraser-Lee equation (9) with "C" constant value. These
calculations brought very similar resuits, and the differences were statistically
insignificant. (Heese, 1992). The "C" constant value used in these calculations was equal
to the body length of asp at the time when the first scales were being formed — i.e. 2 cm.
This equation is presented below:

Lo=C+(S;/ _Sc) L.-C) ®
where: L, — fishlength at the age of n years,
C - 2cm,
L. - fishlength at the time of sampling,
Sc '~ total length of scale's candal radius,
S, — length of scale's caudal radius from the scale center to the annual

ring.
So, the practical conclusions arises, that asp growth rate backcalculations can be
made, applying easy—to—use Fraser—Lee equation, with constant value "C" = 2.0 cm.
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SZYBKOSC WZROSTU I SKEAD WIEKOWY BOLENIA, ASPIUS ASPIUS (L., 1758)
W ZBIORNIKU PIERZCHAEY

STRESZCZENIE

Ryby do badari pozyskano w zbiorniku zaporowym Pierzchaty utworzonym na rzece Pastece.
Zbiornik oddano do uzytku w 1917 r. Dominujacymi gatunkami w potowach kontrolnych byty,
kolejno: ptoé, leszcez, bolefi, lin i okori. Ogétem w zbiorniku stwierdzono obecnos$¢ 20 gatunkow
ryb. Badania szybkoSci wzrostu wykonano metodg odczytOw wstecznych prowadzonych z fusek
dla 224 sztuk boleni. Ryby towiono przy uzyciu wontonéw o rozmiarach oczek od 35 do 100 mm.
Materiat badawczy pochodzi z kolekcji z 1at 1975-1979.

Luski boleni okazaty si¢ stosunkowo dobrze czytelne, a ze wzgledu na duze rozmiary i
proporcjonalne ksztatty sg dogodnym obiektem do pomiaréw i okre§lania liczby pierScieni
rocznych. OkreSlanie wieku z tusek boleni jest utrudnione przez pierScienie dodatkowe typu
miodocianego i tartowego. Wzrost bolenia w zbiorniku Pierzchaty jest zblizony do boleni z Wisty,
cho¢ w pierwszych czterech latach ro§nie zdecydowanie szybciej.

Podstawa do zastosowanej w tej pracy procedury obliczedi tempa wzrostu byt charakter
zaleznoSci L — S, ktOrg opisano wielomianem trzeciego stopnia. Szczeg6towe badania poréw—
nawcze sugeruja mozliwos$¢ obliczania tempa wzrostu bolenia metoda odczytéw wstecznych wy-—
korzystujac prosty w zastosowaniu wz0r Frasera—Lee ze stata "C" réwna 2 cm.
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