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Abstract. The reservoirs of the K. Satpayev canal are the important fishery water bodies in the Central Kazakhstan.
Some of these reservoirs are inhabited by tench, a fish species relatively widely represented in other water systems of
the region. In the reservoirs of the canal this species is not the main commercial one but it has a fairly high commer-
cial value due to its popularity with consumers. As part of the research, the growth indicators of Tinca tinca from
4 reservoirs were evaluated, and the data on its growth from 3 more reservoirs were also provided. These samples dif-
fer in efficiency and growth rates. It has been found that there is no sexual or generation variability. Growth rates in
successive fish generations strongly correlate with each other, which may indirectly indicate the stability of living
conditions. The R. Lee’s phenomenon was not marked. In this regard, the calculation of variables of the von Ber-
talanffy growth equation was carried out without additional data processing. The highest rates of linear growth were
characteristic of Tinca tinca from the reservoir of HS No. 9. However, the effectiveness of its growth scheme was the
lowest. Population with a longer age range from the reservoir HS No. 3 did not have high linear growth rates, but its
growth efficiency was higher. In this case, it is obvious that any assessment of growth will be relative and depend on
the goals set for it. In the reservoirs of the canal there are more or less similar conditions for tench populations living
due to the specifics of its functioning. The main limiting factor for the growth rate, in our opinion, will be abundance
of the species in the reservoir and related trophic factors with a certain influence of withdrawal (fishing, predators).
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Annomayua. Bogoxpanmnuma kanaita umenn K. CaTmaeBa SBIISIOTCS BaKHBIMH PHIOOIIPOMBICIOBBIMH BOJZOEMaMH
B llentpampHoM Kazaxcrane. Psn 5TUX BOZOXpaHWIUI HAacelaseT JHHb — BHJI OTHOCHUTEIBHO IIMPOKO
NIPEJCTaBICHHBINA B IPYrUX BOAHBIX CUCTEMaX PEerHoHa. B BogoxpaHuIuiax kaHaiaa 9TOT BUJ HE SIBJIETCS OCHOBHBIM
TIPOMBICIIOBBIM, HO IMEET JIOCTaTOYHO BBICOKYIO KOMMEPUYECKYIO IEHHOCTh H3-32 €0 MOIYJISIPHOCTH Y TOTPpEeOUTENeH.
B pamMkax mpoBeIeHHBIX HCCIIENOBAaHHI OBIIM OLCHEHHI ITOKA3aTeNN PoCcTa y JIMHEH M3 4 BOMOXpAHWINII, a TaKXKe
MIPUBEJCHBl JAHHBIC 10 €r0 POCTy emie M3 3 BOZOEMOB KaHAA. JTH BBIOOPKH pa3iHyaloTcs M0 3((EKTUBHOCTH
U TeMIIaM pOcCTa. BbIIo BBIBIEHO, YTO MOJIOBas W T€HEpAIMOHHAs M3MEHYHBOCTH OTCyTCTBYeT. Ilokasaremn pocta
B CMEXHBIX MOKOJIEHHUAX JIOCTATOUYHO CHIBHO KOPPENUPYIOT MEKAY COOOH, YTO KOCBEHHO MOXET CBHUETEIbCTBOBATH
0 crabuabHOCTU ycnoBuid oburtanusa. denomen P. Jlu oTMeueH He ObUI, B CBA3M C 3THM pacdeT NEPEMEHHBIX
ypaBHeHust ¢on Beprananpu ocymecTBisics 6e3 AONONHUTENBHOW IOJATOTOBKM JaHHbBIX. HauGonbliue TemIibt
JIMHEHHOTO pocTa OBUIM XapakTepHs! Juist JuHed n3 Baxp. ['Y Ne 9. Ongnako 3¢)(eKTUBHOCTD €ro cXeMbl pocTa Oblia
camoit Hm3ko#. Iomymsmmst ¢ Gonee UIMHHBIM BO3PAacTHBIM psnoM w3 BOXp. I'Y Ne 3 He oOmamama BBICOKMMU
TEeMIIaMH JIMHEWHOTO pocTa, HO 3((EKTUBHOCTH €e pocra ObLia BhIIle. B maHHOM ciydae OYeBHAHO, YTO JoOas
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OLICHKa pocTa OyJner OTHOCHTeNbHAa M OyJeT 3aBHUCETh OT LieJiel, IOCTAaBJICHHBIX Iepel Hed. B BomoxpaHuiaMiax
KaHaJla, BBHUAY CHEUU(PHUKH ero (YHKIHOHHPOBAHMS, CKJIAJbIBAIOTCA OoJiee-MEeHee OJIMHAKOBBIE YCIOBHS JUIS
CYLIECTBOBAHUS NOMYJIALMiT TMHSA. OCHOBHBIM JIMMUTHPYIOLIUM TEMITbI pocTa (hakTopoM, 110 HallleMy MHEHHIO, OyleT
obunue BHIa B BOJOEGME U CBA3aHHbIE C HUM Tpoduueckue (GakTopbl NMPU ONPEACHCHHOM BIMSHMU HM3bATHA
(TIpOMBICEI, XUIITHUKH).

Knrwoueswvie cnosa: xanain um. K. CaTHaeBa, BOJOXpaHUJIMIIEC, JIUHb, NOMYJIALHNsA, POCT, BO3pacCT, JINHEWHO-BECOBBIC
COOTHOLIICHUS, BEC, IPUPOCT
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Introduction

Central Kazakhstan region is classified as water-
deficient. For its stable water supply, K. Satpayev canal
was built in the 60s of the last century (formerly Irtysh-
Karaganda). It connected Irtysh basin with drainless
rivers of the region. 13 reservoirs with a total area of
273 km? have been built on the canal route. Since their
construction, they have been used for fishing. Currently,
these reservoirs are of high fishery importance.

Tench is not the ground of fishery on the canal res-
ervoirs. But, due to high demand, these species are
popular object of catching. Recently [1], aspects of
tench biology in the reservoirs of the canal were de-
scribed. Its populations were assessed as stable and
having a tendency to increase the number and expan-
sion of water habitats. Indeed, at present there is in-
formation about tench catching in other reservoirs (in
particular, HS No. 7). The empirical growth was also
evaluated although not in all cases correctly, since for
large tench with thickenings on operculum, this is still
quite a laborious task.

This work shows the data on calculated growth of
tench in the reservoirs of the canal. An attempt is made
to assess both intergroup and intra-group variability of
growth rates.

It is worth noting that these species rarely come to
the attention of researchers studying growth and de-
velopment [2—13]. Nevertheless, with the increase in
both production of aquaculture which also includes
this species, and the intensification of fishing, it poses
the task of a comprehensive assessment of its biology.

Materials and methods of research

The material was collected during field trips in 2012—
2016. Stationary gill nets were used for trapping.
Standard measurements were made (length, body weight,
carcass, etc.) [14]. Gill covers (operculum) were used to
determine the age and back calculation of growth [15].

The calculation was carried out by the Dahl-Lea
method of simple back calculations [16]. According to
the research of L. S. Ivanov (1964) (quoted by: [17]) the
use of direct proportions gives a more correct result. The
growth gain was determined by natural values [18, 19].
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The constants of Bertalanffy equation (hereinafter
referred to as VBGE) were calculated using the varia-
bles a and B of the Ford-Walford equation. The as-
ymptotic length L., the growth constant k and the “ini-
tial age” f, were determined [20]. Based on the ob-
tained indicators, the Poly-Munro growth performance
index (GPI) is determined [21].

As the initial data for the above indicators and to
prevent the influence of the R. Lee phenomenon (we
assume the same growth features for operculum as for
scales), the results of the reverse calculation of growth
by the Vaughan—Burton method or so-called “last
mark” are sometimes used [22]. However, in the
course of work it was revealed that such a methodical
approach leads in some cases to distortion of the re-
sults. In this regard, preliminary values in the age
group of “yearlings” (containing data from several
generations) were subjected to a variance analysis
which showed no differences between generations
within this age.

Weight growth was calculated based on linear-
weight ratios using the Hilborn-Waters method [23]
based on the formulas:

w(t) = wi(1-eO");
we=a- L.,

where: w,, is asymptotic weight of the carcass; e is
exponent (~2.718).

The constants %, t, are determined from the Ber-
talanffy equation, the coefficients a and b are deter-
mined by the linear-weight relationships (LWR).

Linear-weight relationships (LWR) were deter-
mined by R. Frose [24]. The ratio of weight and body
length was analyzed by basic transformed equation of
linear-weight dependence:

b
w=a-L’,

where: w is the weight of the trunk; L is the length of
the body; a and b are the coefficients of equation.

It was the trunk weight that was used, and not the
body weight completely because this indicator forms
a more reliable equation. Accordingly, the weight
growth was determined for the weight of the trunk.
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These statistical calculations, although they cause
skepticism [25], but give some ground for analytical
thinking.

Calculation of the specific growth rate of Schmal-
hausen-Brody was carried out according to generally
accepted formula [18].

The obtained data were statistically processed ac-
cording to N. A. Plokhinsky [26] using MS Excel 2003
program [27]. Variance (ANOVA), correlation and
hierarchical analyses were performed using IBM SPSS
v. 22 program [28]. Significant differences were rec-
ognized for analysis of variance at a confidence level
of a < 0.05. For correlation analysis: at o < 0.01 for
calculated growth and a < 0.05 for increments.

In addition to the standard ones, the following ab-
breviations and designations are used in this work:
vdhr. — reservoir, HS — hydrosystem, ' — value of the
Fisher criterion, o — standard deviation. Designation of
increments was carried out according to the following
scheme: after the symbol G, the age was indicated, G,
— the growth gain in the second year of life, etc. The
index “C” denoted the specific growth rate according
to Schmalhausen-Brody, age was indicated in the same
way as for gains, Q¢ — fatness according to Clark.

Research results
As can be seen from Table 1, the tench inhabits

quite diverse reservoirs of the canal.

Table 1

General characteristics of the canal reservoirs

Reservoirs Area, ha | Length, km. | Width, km - Depth, m - Volur‘ne' of w*}ter’ The samp .le volume,
medium maximum million m specimen

Ekibastuzskoe 720 4.5 2.8 2.4 13.4 17.29 5
HS No.1 1090 16.0 1.6 7.6 25.7 83.70 7
HS No.2 130 1.3 0.5 1.2 7.5 1.73 4
HS No.3 1380 6.8 2.3 3.2 15.5 45.30 21
HS No.4 1210 6.1 2.6 4.6 17.3 56.39 27
HS No.9 740 6.2% 2.0 34 11.5 30.42 82
HS No.10 1790 8.2 3.5 3.9 13.1 70.61 25

*Length along the riverbed.

Among them there are typically “floodplain” with
a small proportion of depths above 4 m. (Eki-
bastuzskoye, HS No. 2), there are typically “channel”
type (HS No. 1) and various intermediate ones.

Tench is hardly caught at depths of more than 4 m.
Which is explained by its attachment to submerged
vegetation such as rdests which rarely grow deeper. In
this regard, the bathymetric characteristics of the res-
ervoir for this species are important. In the thickets of
the Canadian elodea which forms a continuous carpet

along the bottom of the canal reservoirs, it does not
live, at least on a permanent basis.

Hydrochemical regime of the canal reservoirs is
relatively stable and is based on two components:
chemical composition of the water of Irtysh River and
local background including infiltration from the soil.
As we move away from the sources, the latter plays an
increasing role, increasing mineralization and a num-
ber of other indicators.

Table 2 shows the results of growth calculations for
populations from 7 reservoirs of K. Satpayev Canal.

Table 2
Back calculation of linear growth of tench in the canal reservoirs
. Calculated height, cm, by year

Reservoirs 1 2 3 4 5 6 7 8 9 10 11
Ekibastuzskoe 4.8 7.8 10.9 13.8 16.4 18.6 20.3 — — - -
HS No. 1 5.0 8.0 11.8 14.7 15.7 21.0 23.2 — — —
HS No. 2 5.0 8.0 12.0 15.8 18.8 20.9 238 25.8 — - -
HS No. 3 5.1 8.0 11.2 14.1 17.2 20.0 22.2 24.3 26.2 27.9 29.8
HS No. 4 5.2 8.4 11.9 15.2 18.0 20.5 23.2 253 27.4 — —
HS No. 9 5.0 8.5 12.7 16.2 19.3 21.4 23.3 25.2 26.9 28.3 —
HS No. 10 5.1 8.4 11.8 15.2 18.3 20.7 23.0 24.7 26.4 28.7 —

Empirically, it can be seen that the tench from the
Ekibastuz reservoir is characterized by the lowest
growth rates, and the fastest - for individuals from the
reservoir HS No. 2. Although, in fact it is quite difficult
to determine the latter because of “uneven” growth over
the years of life. Unfortunately, there are few materials
for the first three reservoirs. Therefore, further analysis
has to be limited to the four remaining reservoirs.

A pair comparison by methods of variance analysis
(ANOVA) showed accurately (a < 0.05) faster growth of
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the tench from the reservoir HS No. 9 and ranges from
three years to six or nine depending on comparison pair.
Growth of individuals from the reservoirs of hydrosys-
tems No. 4 and No. 10 was approximately the same with
a single case of differentiation at the age of eight years.
The tench from reservoir of HS #3 grew reliably the
worst of all but they had the most stretched age range.

Table 3 contains information on back calculation of
growth for individual generations.
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Table 3
Back calculation of generation growth
. . Calculated dimensions by years of life, cm
Reservoir Generation 1 2 3 3 5 3 7 3 9 10 T
2005 57 80 | 103 | 126 | 160 | 195 | 21.7 | 240 | 263 | 27.6 | 298
2006 50 79 | 114 | 139 | 17.1 | 200 | 222 | 243 | 259 | 27.8 _
Reservoir HS No. 3 2007 52 80 | 110 | 139 | 170 | 198 | 222 | 244 | 263 7 —
2008 54 84 | 118 | 151 | 178 | 203 | 222 | 245 - — —
2009 50 80 | 113 | 149 | 177 | 201 | 22.0 - - _ _
2011 36 71 102 | 143 | 168 - 7 - - 7 -
2005 6.1 9.1 123 | 158 | 187 | 215 | 237 | 254 | 275 — —
2006 57 84 | 118 | 155 | 18.0 | 21.0 | 234 | 254 | 273 7 —
) 2007 55 89 | 119 | 154 | 182 | 209 | 233 | 251 — — _
Reservoir HS No. 4 2008 438 80 | 120 | 147 | 17.7 | 200 | 23.6 — — — —
2009 54 84 | 124 | 156 | 183 | 200 7 - - 7 -
2010 4.6 8.1 107 | 143 _ _ _ _ _ _ _
2004 51 90 | 129 | 155 | 194 | 217 | 234 | 253 | 269 | 283 -
2006 54 88 | 131 | 168 | 20.1 | 219 | 233 | 245 _ _ _
2007 53 89 | 13.0 | 165 | 194 | 215 7 — — 7 —
) 2008 4.7 77 | 117 | 161 | 192 | 213 | 235 | 254 - 7 -
Reservoir HS No. 9 2009 45 73 114 | 157 | 194 | 211 | 23.0 — — — —
2010 4.7 82 | 125 | 159 | 188 | 21.1 7 - - 7 -
2011 51 87 | 13.0 | 160 | 19.1 — — — — — —
2012 39 66 | 132 | 165 7 — 7 — — 7 —
2003 57 92 | 121 | 155 | 178 | 20.1 | 224 | 241 | 264 | 287 —
2004 57 88 | 11.6 | 150 | 185 | 204 | 230 | 247 _ _ _
2005 4.9 84 | 122 | 150 | 182 | 208 | 23.0 | 247 - 7 -
2006 59 88 | 124 | 156 | 192 | 216 _ _ _ _ _
. 2007 4.7 77 | 115 | 147 | 180 | 209 | 235 - - 7 -
Reservoir HS No. 10 2008 4.9 73 | 104 | 152 | 183 | 207 | 232 _ _ _ _
2009 5.0 86 | 118 | 147 | 17.1 | 203 7 — — 7 —
2010 54 90 | 122 | 158 | 182 - 7 - - 7 -
2011 53 86 | 116 | 153 _ _ _ _ _ _ _
2012 4.8 72 | 108 - 7 - 7 - - 7 -

The analysis of variance shows practically no dif- relatively increased growth rates during the study peri-
ferentiation between the generations. There were only  od. But there was also a picture of a drop in growth
two cases when the reliability of differences was at the  rates on the timeline. However, only at the level of
level of a < 0.05. One is for reservoir of HS No. 4 (at  trends that is not verified by statistical methods.

6 years old) and one for the reservoir of HS No. 9 (in There is no sexual variability of growth (Table 4).
2 years). The group of reservoirs of HS No. 4 showed

Table 4
Sexual variability of tench growth
. Calculated height, cm, by year
Reservoir Sex 1 2 3 3 5 3 7 3 9 10
Females 5.0 7.7 11.0 14.0 17.1 19.8 22.1 244 26.4 28.4
Reservoir HS No. 3 | Males 5.2 8.2 114 14.3 17.3 20.1 22.2 243 25.9 27.8
ANOVA, F 0.33 1.93 1.34 0.34 0.32 0.90 0.25 0.15 2.53 1.07
Females 5.4 8.5 12.0 15.2 18.2 20.8 23.2 25.4 27.5 -
Reservoir HS No. 4 | Males 5.2 8.3 11.9 15.2 18.0 20.4 23.3 25.3 27.2 -
ANOVA, F 0.42 0.25 0.09 0.01 0.38 1.62 0 0.13 0.16 -
Females 5.0 8.4 12.7 16.2 19.3 21.4 23.2 24.8 26.3 28.5
Reservoir HS No. 9 | Males 5.1 8.5 12.6 16.1 19.2 21.3 234 25.7 27.1 28.1
ANOVA, F 0.08 0.07 0.08 0.26 0.14 0.50 0.37 341 1.26 -
Reservoir HS No Females 52 8.3 11.6 15.1 18.4 20.9 23.1 24.4 - -
10 ’ Males 5.3 8.6 12.0 153 18.1 20.6 22.9 24.8 - -
ANOVA, F 0.62 0.39 0.19 0.52 0.60 0.53 0.46 0.12 — —
In general, the difference between the sexes in Analyzing correlations in successive year classes in

terms of growth rates should be linked either with pe-  the tench from reservoirs of the canal (Table 5), it is
culiarity of species reproductive strategies and/or fea-  worth recognizing that continuity of the growth in the
tures of ethology [29-31] which are not shown in  generations is quite strong.

tench, or with pessimal habitat conditions [32].
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Table 5
Correlation of calculated values of body length in successive year classes
(reliable values are emphasized at a < 0.01)
Water reservoir Pearson correlation indicators

v 12 2/3 3/4 4/5 5/6 6/7 7/8 8/9 9/10
HS No. 3 0.870 0.773 0.755 0.832 0.553 0.679 0.610 0.907 0.913
HS No. 4 0.793 0.441 0.779 0.833 0.628 0.696 0.735 0.621 -
HS No. 9 0.698 0.538 0.617 0.641 0.719 0.667 0.795 0.831 —
HS No. 10 0.702 0.695 0.431 0.670 0.861 0.782 0.164 - —

This is especially evident for the first years of life
up to about 6th year.

Annual increases in physical terms, in general, log-
ically decrease as the age increases (Table 6).

Table 6
Annual natural growth gain (G, cm), their mean-square deviation (6¢) and specific growth rate (C)
Reservoirs Parameters Years of life
2 3 4 5 6 7 8 9 10 11
G 2.9 3.2 2.9 3.0 2.7 2.2 2.2 1.9 2.0 1.2
HS No. 3 oG 0.43 0.56 0.79 0.67 0.87 0.56 0.55 0.28 0.30 -
C 0.457 0.341 0.232 0.196 0.148 0.105 0.095 0.075 0.073 0.041
G 3.2 3.5 3.2 2.8 2.5 2.3 1.9 1.9 — —
HS No. 4 oG 0.63 1.11 0.75 0.65 0.73 0.49 0.36 0.48 — —
C 0.478 0.353 0.241 0.171 0.133 0.107 0.078 0.072 — —
G 34 4.2 3.5 3.1 2.2 1.9 1.8 1.6 2.0 -
HS No. 9 [ 0.84 1.26 1.16 0.93 0.60 0.56 0.45 0.51 0.36 —
C 0.530 0.407 0.248 0.177 0.108 0.084 0.073 0.062 0.071 —
G 3.2 33 34 3.1 2.5 2.4 1.8 2.3 2.3 —
HS No. 10 og 0.61 0.63 0.81 0.84 0.65 0.50 0.41 — — —
C 0.480 0.332 0.250 0.184 0.129 0.112 0.074 0.091 0.084 —

But, they show quite strong deviations from this
vector. The highest gains (if you do not take into ac-
count the first year of life) occur in the third or third and
fourth year. In the reservoirs of the canal, its mass pu-
berty occurs in the 4™h year of life. Thus, in fact, the
highest growth rates are characteristic of the period pre-
ceding the formation of puberty which should probably
be associated with hormonal changes in the body. This,
in part, may explain the lower growth rates in the se-
cond year of life when there is no need for enhanced
metabolism and accumulation of primary metabolites
for production of higher-quality germ cells in the future,
and other nuances of life are prioritized, such as, per-
haps, greater migration mobility, the development and
retention of new habitats, etc. Accordingly, the decrease
in gains is also explained already at reproductive ages

due to the permanent redirection of part of the energy
flows to reproduction. In individuals skipping spawning,
the growth gains increase [33].

The smallest variability of growth gain (by o) oc-
curs at older ages. Specific growth rates decrease
throughout life. The sharpest drop in C indicator is
typical for the tench from the reservoir of HS No. 9.

Analysis of variance showed no differences in the
increments between generations and sexes, with the
exception of a single case: Increments of the 4™ year in
the reservoir of HS No. 9 were differentiated by gener-
ation. However, there were no patterns of decrease or
increase in gains.

Individual gains are not related to each other. The
four significant correlations shown in Table 7 can be
attributed to randomness.

Table 7
Correlation of individual natural annual increments of adjacent life spans
(reliable values at o < 0.05 are emphasized)

Water reservoir Indicators of Pearson correlation of gains

G/ Gos Go3/Gos Gos/ Gos Gos/Gos Goo/ Gor Go7/Gos Gos/ Gy
HS No. 3 —0.238 0.353 —0.217 0.005 —0.365 —0.257 0.157
HS No. 4 —0.388 0.267 0.539 0.212 0.196 0.518 —0.058
HS No. 9 —0.065 —0.320 —0.227 —0.151 0.175 0.161 0.499
HS No. 10 0.217 0.073 0.027 0.571 0.477 0.945 —

In any case, there is no rational explanation for them.
It follows from the above that in these 4 groupings there

are no divisions into clusters according to growth rates,
i.e. intra-group variability is not clearly expressed.
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Tables 5 and 7 contain, at first glance, contradicto-
ry data. But, in fact, these are multi-level indicators. In
the presence of statistically manipulating body size
indicators in a certain period and growth rate, the rela-
tionship between them is not mandatory.

Individuals with high growth rates manifest them
during the main life time. Those individuals who are
lagging behind in growth rates will make attempts to
catch up with them, but they will not be able to do it in
full. The next increments of all groups may already be
approximately equal but the digital growth indicators
will still be different. It is quite logical that larger indi-
viduals have advantages in competition for resources.

This leads again to their increased growth rates. And
that's why most of the laggards fail to break this circle
and align with the leaders. Something similar has been
described for perches using ethological data [34].
Large sizes give an advantage not only in trophic
competition, but also in the “genetic footprint” left
[35], and ensure its stability for population [32].

Presence or absence of a significant difference be-
tween the sizes of different generations at the same age
including the phenomenon of R. Lee can be assessed
by comparing them by methods of variance analysis
(Table 8).

Table 8

One-factor intergroup variance analysis of calculated lengths for individuals
with different life spans at the age of 1 year

Reservoirs

Age HS No. 3 HS No. 4

HS No. 9 HS No. 10

F a F o

F a F o

1 0.790 0.573 1.417

0.259

1.107 0.366 0.510 0.793

Here, as we can see, there are no significant differ-
ences in the values of linear dimensions in the first
year between generations. In this connection, in the

von Bertalanffy equation, it is possible to use the data
of back calculation without additional processing by
the Vaughan-Burton method (Table 9).

Table 9

Indicators of von Bertalanffy equation, Poly-Munro growth efficiency index and Clark fatness

Variables of equations
Reservoir VBGE LWR F' Oc
L, k ty a b
Reservoir HS No. 3 56.0 0.066 -0.46 0.040 2.90 2.32 2.82
Reservoir HS No. 4 57.0 0.070 -0.38 0.024 3.05 2.36 2.81
Reservoir HS No. 9 39.2 0.128 —-0.09 0.034 291 2.29 2.54
Reservoir HS No. 10 51.4 0.079 —-0.39 0.016 3.12 2.32 2.36

According to indicators of the von Bertalanffy
equation, only the grouping from the reservoir of HS
No. 9 is distinguished (Table 9). It also has the lowest
growth efficiency index. The highest index F"' is typi-
cal for the sample from the reservoir of HS No. 4.

Poly-Munro index and power exponent of LWR equa-
tion change independently of the Clark fatness coeffi-
cient which has a pronounced seasonality.

Calculated weight of the trunk, although it seems
large (Table 10), is not unattainable for tench.

Table 10

Calculated (theoretical) weight growth of a tench

X Calculated trunk weight, g
Reservoirs W
1 2 3 4 5 6 7 8 9 10 11
HSNo. 3 2425 5 19 46 88 144 214 297 392 497 610 731
HS No. 4 3251 4 18 47 94 159 242 341 457 585 725 874
HS No. 9 1034 4 21 56 107 170 244 323 405 488 569 648
HS No. 10 3521 3 14 38 76 128 195 274 365 465 573 687

At the same time, it is not necessary to consider
such sizes in conjunction with a real chance to achieve
them. These “numbers” serve only as a certain indica-

tor of the weight growth potential of a group of indi-
viduals, the same as L, in linear growth.
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This calculation method shows a greater potential
(in terms of w,,) for the tench from the reservoirs of
HS No. 4 and 10 but the increased rates are only for
the grouping from the reservoir of HS No. 4. Logical-
ly, it follows from this that the life cycle of the tench
from the tenth hydrosystem is longer, and from the
third — shorter. But, it will be even shorter for the
tench from the reservoir of HS No. 9 with their low w,,
and comparable weight growth.

Available data on number and biomass of the har-
vestable stock in 2011-2016 show its high abundance
in the reservoir of HS No. 9-2.9 kg/ha of the commer-
cial part of the population. Groups from the reservoirs
of HS No. 3 and 4 are characterized by indicators that
are less than 1 kg/ha, and the tench from the reservoir
of HS No. 10 is characterized as less than 0.5 kg/ha.

These data, to some extent, can explain the characteris-
tics of the growth of tench in reservoirs.

Results discussion

In general, based on the above, a very ambiguous
picture emerges. Difference in the theses made based on
the results of the back calculation and calculation of the
von Bertalanffy equation suggests that these methods
reveal processes occurring in groups that are different in
nature. If in relation to the back calculation we can talk
about the growth rates, then in relation to von Ber-
talanffy equation — about some kind of conditional
“productivity” or conditional “success”. Difference in
the evaluation of appearance of the similarity analysis of
samples by hierarchical clustering (Table 11).

Table 11
Matrix of sample closeness (square of Euclidean distance)
Groups of parameters
Reservoirs Von Bertalanffy Growth Equation (without L..), LWR, F’' Calculated lengths from 1 to 9 years
Hydrosystem No.3 | HS No. 4 HS No.9 | HS No. 10 | Hydrosystem No.3 | HS No.4 (HS No. 9| HS No. 10

HS No. 3 - 0.031 0.142 0.054 - 6.200 15.800 4270

HS No. 4 0.031 - 0.112 0.007 6.200 - 4.460 1.550

HS No. 9 0.142 0.112 - 0.138 15.800 4.460 - 3.910

HS No. 10 0.054 0.007 0.138 - 4270 1.550 3.910 -

The central group represented by individuals from
the reservoirs of HS No. 4 and 10 shows greater simi-
larity in one case — with a sample from the reservoir
HS No. 3, in the other — with a sample from the reser-
voir of HS. No. 9. Hence, in general, the dualism of
evaluation and the problem of making a decision arise.

Question of the ratio of high growth rates and its
effectiveness becomes relevant. In any case, in natu-
ral populations, growth will have adaptive functions
and will be the most acceptable in this situation. Of
course, based on different approaches, it is possible
to compare in which reservoir the growth rate is
higher, for example, to assess the ecological state of
populations or habitat.

The question of effectiveness of growth arises al-
ready in the context of use of populations in fisheries,
and it will be most acute in artificial systems and “sys-
tems under influence” where energy flows are more or
less controlled directly or through certain efforts. Tak-
ing into account the fact that all fishery reservoirs are
similar “systems under the influence” to one degree or
another (mainly through fishing), it is necessary to
take into account factors and create conditions for
more efficient use of energy flows in cenoses. In par-
ticular, it is necessary to solve such a private issue:
Which is more effective: high growth rates or pro-
longed age range? It seems that rapid growth is more
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acceptable for the fishery. But if, for example, we are
not dealing with the main commercial species, as in
the case of a tench, is it not more effective to have
a population with less rapid growth, but a more ex-
tended age range? Its individuals reach the same size
albeit for a longer time but have less impact on the
annually self-reproducing food base leaving resources
for the main commercial species. In this regard, ques-
tions will already arise about the use of fishing gear of
certain characteristics, the intensity and timing of this
fishing, and a number of others. It is obvious that it is
necessary to solve this dilemma of growth efficiency
in each specific case separately.

In the described case, the tench from the reservoir
of HS No. 9 exhibit the highest rates of linear growth
over a sufficiently long time range. At the same time,
their growth efficiency indices are the lowest. The
latter is determined by a faster drop in increments
which lowers the calculated asymptotic length L., and
then the Poly-Munro coefficient. The rates of theoreti-
cal weight growth are also low which is determined by
the worst growth allometry system (the ratio of varia-
bles in LWR equation). Individuals from this reservoir
in younger and middle age quite often reliably outper-
form their peers from HS No. 3 in natural increments,
for example (Figure)
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But then, they begin to give way strongly often al-
so at a statistically reliable level. In this comparison
pair, high growth rates in the early stages (by the age
of puberty and 1-2 years older) are accompanied by
a shorter age range.

In general, it is worth recognizing that the most
successful growth pattern has individuals from the
reservoir of HS No. 3. The tench grows worse in the
reservoir of HS No. 9. Such a short age range is not
beneficial for fishery and for the group as a whole. In
the latter case, an undeveloped age range ensures in-
tensity of reproduction due to the lower fertility of
small fractions, compared with large individuals [1].
The relatively low “productivity” of growth is also
characteristic of the tench from the reservoir of HS No.
10. In principle, for such an assessment at the primary
stage, we can focus on Poly-Munro index.

Aggregate of individuals from the reservoir of HS
No. 4 probably did not receive a full assessment which
follows from characteristics of the gains and is con-
firmed by VBGE indicators and growth efficiency in-
dex. The growth of this grouping is most likely adequate
for individuals from the reservoir of HS No. 3.

The question of initial prerequisites for growth and
influence of factors of various nature on it has already
been touched upon above. It is worth mentioning that
the four more fully considered groupings live in reser-
voirs that are more or less similar in their conditions.
As noted above, the hydrochemical regime in these
reservoirs is relatively similar. Hydromorphological
parameters and temperature regime of reservoirs are
also approximately the same. The biotic environment
in ichthyocenosis is composed of approximately the
same species. The state of food base by main compo-
nents (zoobenthos, soft underwater vegetation) also
rated as approximately equal.

At the same time, fishing cannot be regarded as the
same. There is no fishing in the reservoirs of Pavlodar
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part (HS No. 3 and 4) although poaching is probably
present. In the reservoirs of Karaganda part (HS No.
9 and 10), there is quite active fishing including this
species. In the reservoir of HS No. 9, the main concen-
trations of tench are located between the outlet of main
canal and the mouth of Muzdybulak River. In fact, the
tench in this reservoir, as already noted above, is the
most commercially profitable fish. Accordingly, it is
under constant commercial pressure here throughout
the growing season. Stationary nets with an average
mesh pitch (40-60 mm) are used. In the reservoir of
HS No. 10, the production of tench goes more season-
ally for a short period in June-July, in other months of
the year it is withdrawn at the level of by-catch. For
this case, nets with 60 mm mesh and higher are used
for its catching.

As a result we have a picture of some influence of
the presence and selectivity of fishing on the growth
rates of tench in these reservoirs. At the same time it is
worth remembering that the “launch of fishing” has
a certain negative impact including on the growth rates
of fish [36]. In the case of Pavlodar hydrosystem, there
is no “launch” in the full sense of this phenomenon
since fishing was stopped relatively recently and at
that time the species did not reach the limit in develop-
ing its niche in the hydrobiocenosis.

For the reservoir of HS No. 9, where the tench is the
most valuable object of fishing, this situation is not op-
timal. It is quite possible that it is necessary to intensify
the fishing load for a period approximately equal to one
generation (3 years) with subsequent fixation of fishing
mortality at a level much lower than during the period of
increased withdrawal. In the reservoir of HS No. 10,
where the main objects of catching are completely dif-
ferent species and the relative number of tench is ex-
tremely low, the tench fishing will always be no more
than the level of by-catch.
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At the same time, the number (biomass) of the spe-
cies should still be regarded as a basic indicator (of
a higher level and more general) for the formation of
growth rates. It is associated both with the food supply,
catching, fishing and higher-order experiments, as well
as with a large number of other factors.

Conclusion

The tench in the canal reservoirs forms populations
that differ in their productivity and growth rates. Sexu-
al and generational variability is virtually absent. The
tench growth in the reservoirs of K. Satpayev canal is
sufficiently channeled — the continuity of its pace is
clearly visible over the years of its life. At the same
time, such a relationship is weak enough for natural
gains. R. Lee phenomenon was not noted in the course
of research. Variables of the von Bertalanffy equation
show a high asymptotic length for three samples out of
four studied. This was also reflected in Poly-Munro
growth efficiency coefficient. Theoretically calculated
weight growth using Hilborn-Waters method showed

the need to include both asymptotic value and rate of
mass gain in the estimate.

Formally, the tench from the reservoir of HS No.
9 differs in the highest rates of linear growth. At the
same time, the productivity of their growth scheme is
quite low which is estimated by many related indica-
tors: variables of the von Bertalanffy equation, effi-
ciency index, calculated weight growth, fatness coeffi-
cient and length of the age. The most productive
growth is shown by individuals from the reservoir of
HS No. 3 that have the longest life expectancy. At the
same time, it is worth noting that any assessment of
growth is quite dualistic and cannot be definitive.

In the reservoirs of the canal, due to the specifics of
its functioning, there are more or less the same condi-
tions for the existence of tench populations. The main
limiting factor for the growth rate, in our opinion, will
be the abundance of species in the reservoir and the
trophic factors associated with it, with a certain influ-
ence of natural and commercial mortality.
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