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The paper presents the following biological characters of
trout (Salmo trutta L.) smolts grown under natural condi-
tions of the river Mo¥stowa: length and weight distribution,
age, sex ratio, and gonad maturity stage.

INTRODUCTION

The present paper is third in a series of studies on trout (Salmo trutta L.) smolts grown
under natural conditions of the river Molstowa, a right-bank tributary of the Rega
(Fig. 1).

The first paper in the series dealt with the survival rate of the fish introduced into the
Motstowa (Chetkowski, Chetkowska, in press), while the second one was concerned with
the smolt descent, a particular attention being paid to water temperatures on descent
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Fig. 1. Localisation of smolt capture sites

(Chetkowski, Chetkowska, in press). In the pre-
sent paper, length, weight, and age distribution as
well as sex ratio and gonad maturity stage are
presented*.

MATERIAL AND METHODS

The study materials were obtained from the
lower part of the river Molstowa, in the vicinity of
the town of Molstowo, upstream of a weir
terminating the adult trout spawning migration
(Chetkowski, 1974). The smolts studied had
grown in the Molstowa catchment area from fry
introduced into that part of the area where no

natural spawning was known to have taken place. The catches were effected with a fyke
net during the smolt descent. A batch of 272 randomly taken individuals (8.5% of the
total 3197 individuals) caught in spring 1979 (Table 1) was examined. The batch
examined is a fair representation of a general sample (Table 1 and 3). The fish length
(longitudo caudalis) was measured to the nearest 1 mm. The lengths obtained were
assigned to 1-cm length classes; for instance, the 10-cm class comprised those individuals
measuring 9.0-9.9 cm, the 11-cm class grouped those measuring 10.0—10.9 cm, and so

Table 1
Characteristics of the materials examined
(no. of individuals)

. iength age

Analysis performed weight age — length

age — weight
females 119 114
males 96 88
sex indetermined 57 48
Total 272 250
Age indetermined 22
Grand total 272 272

* The project was commissioned by the Inland Fisheries Institute in Olsztyn under the cooperation

agreement No. 63(IV) 1977.
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Table 2
Smolt length distribution
Sample
Length class
(cm) general random
n % n %
10 1 0.03 1 0.37
11 9 0.28 4 1.47
12 103 3.22 12 4.41
13 351 10.98 42 15.44
14 811 25.37 72 26.47
15 805 25.18 61 22.43
16 533 16.67 43 15.81
17 234 7.35 19 6.99
18 157 491 6 2.20
19 81 2.53 4 1.47
20 46 1.44 1 0.37
21 45 1.40 “1 0.37
22 14 0.43 3 1.10
23 6 0.18 2 0.75
24 1 0.03 1 0.37
Total 3197 100.00 272 100.00
Table 3
Smolt lergth
(cm)

Sample n Mim ) A Range
general 3197 15.2%0.03 1.88 12.38 9.3-23.9
random 272 14.29%0.12 1.99 13.94 9.3-23.9
females 119 14.8110.21 2.23 15.08 10.4-23.9
males 96 14.23%0.18 1.73 12.13 10.5-19.4

forth. The weights of gutted and non-gutted individuals were recorded to the nearest
0.5 g, while the gonad weight accuracy was 1 mg. All the weight data were collected

several days after the capture; thus they concerned starved fishes.

Sex was determined from gonads observed under low magnification. In some cases,
particularly in specimens that died on catching or in a storage tank, and in which an
advanced autolysis was observed, sex determination proved impossible.

Gonad maturity stage was determined according to the &-stage Maier scale (Meisner,
1948; Chetkowski, 1974).




Length (1) and length increments (t) of smolts

Table 4

(mm)
; |
Marginal increment + t Weight (&) | Ac-
Ag . tual
e .
de.scrlp- range i + ) . 3 . 1 + ) + 3 + a b age
tion (mm) .

1+ P >dk 14-51 142 | 102 | 132 - - - - 1102 30 - - — - 22 21 1+
1+ P<dk 58-98 35 78 | 149 - - - — 78 71 — — - - 31 28 2+
2+ P >dk 10-29 67 73 - 141 | 160 — - 73 - 68 19 - — 40 37 2+
2+ P <dk 45-65 4 70 - 127 | 183 - - 70 -1 57 56 - - 59 54 3+
3+ P >dk 25-26 2 62 — 130 - 174 | 200 62 - 68 - 44 26 81 75 3+

n 250 | 250 73 2 250 73 2 250 | 250

Total —
90 140 174 90 68 44 29 27
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Age was determined from scales taken from a spot directly above the lateral line,
between the adipose fin and the dorsal one. Age determinations proceeded in a manner
suggested by Sych (1971).

The length growth rate was back-read as in the Dahl-Lea method (Nall, 1930), the
back readings being based on the fish length and the scale oral radius. The latter was
measured to 0.01 mm under a Zeiss measuring microscope.

An annual ring can be detected only after a next annual increment has begun.
Therefore the marginal increment (*’dk’) exists always and the age determined will
always be expressed as A+ (Sych, 1967). The actual age was arrived at by analysing the
marginal increments (Chetkowski, 1978) (Table 4).

RESULTS

Sex was determined in 215 smolts (Table 1); their number was found to consist of 119
(55.3%) females and 96 (44.7%) males. The numerical prevalence of females in the Rega
trout population is thus observable as early as at the smolt stage, this prevalence being,
however, not as high as in the Spawning stock of the same population consisting in 69.3%
of females and in 30.7% of males (Chetkowski, 1974).

Gonads of the smolts examined were compared to the Maier scale and assigned to the
juvenile stage. Further studies on gonads showed the ovaries (n = 55) and testes (n = 19)
to make up, on the average, 0.21 and 0.07% of the gutted body weight, respectively.
Generally speaking, the ovaries and testes do not exceed 0.42 and 0.12% of the body
weight, respectively. Theoretically, variations in gonad maturity indices cover
0.11-0.42% and 0.03—0.12% of the gutted body weight of fmales and males,
respectively.

The data on the smolt length distribution indicate females to have their mean length
slightly (by 0.58 cm) larger than that of males (Table 3). Additionally, females show a
wider length range; the maximum length in males and females is 19.4 and 23.9 cm,
respectively (Table 5). Thus it can be inferred that smolt females in the Mo}stowa attain a
larger body size than males.

The smolt weight was considered an important characteristics as well. The data
obtained show the mean weight of females to be slightly higher than that of males, with
respect to both gutted and whole specimens (Table 6). A general mean body weight of
whole smolts was 29.1g (7—117.6g), the mean for gutted smolts being 26.7 g
(6.4—107 g). The mean weight of whole smolts proved much lower than that of a similar
group of fish from the Rega (M + m = 81.96 g + 2.07 g) (Chetkowski, 1978). The weight
distribution- in length classes, regardless of sex, is presented in Table 7. Mean weights in
each length class were also much lower than the relevant values in the Rega population
(Chetkowski,, 1978).

Age was determined in 250 individuals (91.9% of the total number of individuals); the
remaining 22 specimens with ill-defined annual scale ring: \vere disregarded.
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Table §
Numbers of females and males in length classes
Length class . Females Males Sex Total
(cm) indetermined

10 - - 1 1

11 1 2 1 4

12 1 6 5 12

13 11 12 19 42

14 36 24 12 72

15 30 23 8 61

16 18 16 9 43

17 10 7 2 19

18 4 2 - 6

19 1 3 - 4

20 - 1 - 1

21 1 - 1

22 3 - - 3

23 2 - - 2

24 1 - = 1
Total 11 9 96 57 272

Table 6
Smolt weights
®
Sex n Mtm ) A Range
whole fishes
females 119 33.69%1.627 17.746 | 52.674 12.0-117.5
males 96 27.81%1.089 10.669 | 38.364 12.3— 62.7
sex indeterminet 57
Total 272 29.10%0.878 14.475 | 49.742 7.0-117.5
gutted fishes

females 119 30.83:1.506 16.433 | 53.302 11.0-107.0
males 96 25.58+1.006 9.860 | 38.546 11.0- 55.7
sex indetermined 57
Total 272 26.7210.810 13.363 | 50.011 6.4—107.0
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Table 7
Smolt weight distribution over lengths classes
@
Length class . .

(cm) n Before gutting After gutting
10 1 7.0 6.4
11 4 11.6 10.4
12 12 15.2 13.8

13 42 18.1 16.6
14 72 23.4 21.5
15 61 28.8 26.4
16 43 33.2 30.7
17 19 41.8 38.5
18 6 53.2 48.5
19 4 52.9 T 49.0
20 i 62.7 < 55.7
21 1 79.5 72.8
22 3 84.7 78.3
23 2 103.4 96.4
24 1 117.5 107.0

Total 272 29.1 26.7

Annual rings were found to emerge on scales, with some individuals possessing and
others still lacking the rings.
Smolt age group 1+ comprised members of the 1+ group with'dk <51 mm,;
age group 2+ comprised members of the 1+ group with dk >58 mm and
members of the 2+ group with dk <29 mm,;
age group 3+ comprised members of the 2+ group with dk >45 mm and
members of the 3+ group with dk <26 mm.

Results of the marginal increment analysis are summarised in Table 4. The data show
all the 1-year-old smolts to have had newlyestablished marginal increments. On the other
hand, most 2-yr-old smolts showed new marginal increments, while a number of
individuals displayed previous year’s increments. The first group consisted of 67
individuals (65.7%), while the other of 35 ones (34.3%). Among the 3-yr-old smolts,
those with the previous year’s increments prevailed (4 specimens), 2 individuals having
the current year’s increments.

A similar distribution of individuals with marginal increments over age groups was
found in smolts of the Rega (Chetkowski, 1978). As seen in the report, smolts stay in the
river for 1-to 3 years (Table 8). Most numerous were the 1-yr-old smolts (56.8%), the
2-and 3-yr-old ones ranking next in a decreasing order (40.8% and 2.4%, respectively).
A similar percentage distribution occurred in males and females. The age structure
presented differs from that reported by Chrzan (1959) and Chetkowski (1969, 1974), the
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Table g
Smolt age
Age 1 2 3 Total
no. of individuals
females 59 50 ) 114
males 48 39 1 88
total 107 89 6 202 —I
sex indetermined 35 13 - 48
grand total 142 102 6 250
%
females 51.7 43.9 4.4 100
males 54.6 44.3 1.1 100
grand total 56.8 40.8 2.4 100

latter based on scales of adult fishes occurring in the western Pomeranian rivers, including
the Molstowa ¢Table 9). The populations analysed by the authors mentioned were
dominated by 2-yr-old smolts; among the smolts analysed, the group of 1-yr-old ones was
found to prevail. Assuming, after Carlin (1958, 1959), a low survival rate of ’small”
smolts (1-yr-old) during the post-smolt phase until the “adult” stage, the results obtained
do not contradict the data of Chrzan (1959) and Chetkowski (1969, 1974).

The length and weight distribution over age groups are presented in Table 10. Mean
lengths and weights in age groups are similar in females and males. The table contains also
the length and weight data for the whole period of study, regardless of fish sex. The data
show the 1+ smolts to measure 13.2 cm and weight 22.5 g (before gutting). The 2+ ones
measure 15.6 cm and weight 36.5 g, while 18.9 cm and 66.2 are the values for the 3+
smolts.

Back calculations show the smolts to attain mean lengths of 90, 140, and 174 mm in
their first, second, and third year of life, respectively (Table 4). The obvious conclusions
is that the highest increment is obtained in the first year of life in the river, the second
year ranking next, while the lowest increment is recorded in the third year.
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Table 9
Structure of trout smolt age in the Pomeranian rivers
%)
Age
River Remarks: author
1 2 3
Pomeranian rivers Chrzan (1949); scales of adult
opening to the sea 9.33 84.15 6.52 fishes
Westfrn Pomeranian rivers 3.02 91.63 5.35 Chetkowski (1969); scales of
opening to the sea adult fishes
The Rega 13.19| 78.97| 7.84 | Chetkowski(1974);smolt
scales
The Motstowa 56.8 40.8 2.4 present study

Table 10
Smolt length and weight distribution over age groups
(cm, g)
Length Weight (g)
Sex Age n —
(cm) a* Pk
1 59 13.44 24.85 22.69
Females 2 50 15.84 38.88 35.57
3 5 19.1 68.82 63.36
Total 114 14.74 32.93 30.12
1 48 13.26 22.13 20.27
Males 2 39 15.53 35.13 32.41
3 1 17.70 53.0 49.40
Total 88 14.32 28.24 25.98
Sex inde- 1 35
termined 2 13
3 -
Total 48
Grand 1 142 13.21 22.46 20.56
total 2 102 15.63 36.53 33.57
3 6 18.85 66.18 61.03
Grand total 250 14.33 29.25 26.84

* before gutting ** after gutting
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CONCLUSIONS

The Motstowa smolts have their life span in the river amounting to 1—3 years. The
groups of 1-, 2-, and 3-years-old individuals consisted of 56.8, 40.8 and 2.4% of the total
number of individuals examined, respectively.

Mean lengths and weights (before gutting) of the 1-, 2-, and 3-years-old individuals are
132 cmand 22.5 g, 15.6 cm and 36.6 g, and 18.9 cm and 66.2 g, respectively.

Lengths and weights of females and males are similar in each age group and over the
whole period of study. The general mean length and weight were:
M+m=14.3%20.12cmand M £ m = 29.1 + 0.878 g, respectively.

Females were found to prevail among the descending smolts. The male: female sex
ratio is 0.8.

Gonads of females and males were at the juvenile stage.

REFERENCES

Carlin B., 1955: Tagging of salmon smolts in the River Lagan. Rep. Inst. Freshw. Res. Drottningholm
36: 57-74.

Carlin B., 1959: Results 'of salmon smolt tagging in the Baltic area. Rapp. et Proc. — Verb. 147:
89-96.

Chetkowski Z., 1969' Pogtowie troci (Salmo trutta L.) rzek przymorskich Pomorza. [Trout (Salmo
trutta L.) population in the Pomeranian rivers.]. — Przegl. Zool., XIII, 1! 72-91.

Chetkowski Z., 1974: Studia nad biologia troci (Salmo trutta L.) rzeki Regi. ]Studies on the Rega
trout (Salmo trutta L.) biology]. Rozprawy Akad. Roln.: — Szczecin.

Chetkowski Z., 1978: Studies on Trout Salmo trutta L. wild smolts of the River Rega. — Acta
Ichthyol. et Piscatoria VIII, 2:41-58.

Chetkowski Z., Chetkowska B., 1981: Descent of trout (Salmo trutta L.) smolts grown in river
Motstowa catchment — area. — Acta Ichthyol. et Piscat. XI, 2: (in press).

Chetkowski Z., Chetkowska B., 1981: Juvenile trout (Salmo trutta L.) survival rate from hatched fish
relcase to smolting in river Motstowa basin. — Acta Ichthyol. et Piscat., XI, 2: (in press).
Chrzan F., 1959 — Loso$ i troé¢ w polskich potowach na Battyku w latach 1945-1955. [Salmon and

trout in Polish Baltic catches in the years 1945—-1955). — Prace Morsk. Inst. Ryb. 10/A:153—191.

Meisner W., 1948: Ichtiologia stosowana. [App]ied ichthyology]. Gdynia.

Nall G.H., 1930: The life of the sea trout. London.

Sych R., 1967: Oznaczenie wieku troci (Salmo truttaa L.) w okresie formowania si¢ pierScieni
rocznych. [Trout (Salmo trutta L.) age determination during annual ring formation]. — Roczn.
Nauk Roln., H-90, 2: 305-325.

Sych R., 1971: Elementy teorii oznaczania wieku ryb wedtug tusek. Problemy wiarygodnosci.
[Elements of theory of fish age determination from scales. Reliability problems]. — Roczn.
Nauk Roln., H-95,1:7-73.

Translated: Dr Teresa Radziejewska



Biological characteristics of trout 67

Z. Chetkowski, B. Chetkowska

CHARAKTERYSTYKA BIOLOGICZNA SMOLTOW TROCI
(SALMO TRUTTA L.) WYROSLYCH W ZLEWNI MOLSTOWEJ

Streszczenie

W pracy przedstawiono dtugos¢, cigzar i wiek z uwzglednieniem ptci oraz stan rozwoju gonad
smoltéw troci (Salmo trutta L.) wyrostych w warunkach naturalnych rzeki Motstowej. Smolty
pochodza z zarybien zlewni Motstowej wylegiem troci i to tej czesci zlewni, w ktérej nie odbywa sig
tarto naturalne. Potowu smoltéw dokonywano zakiem skrzydtowym, wykorzystujac okres sptywania
ich do morza. Do badari przeznaczono losowo 272 osobniki tj. 8,5% ogdlnej ilosci (n = 3197) sztuk
pozyskanych wiosng 1979 r. w Motstowej (Tabela 2). Dtugos¢ (I caudalis) smoltéw mierzono z
doktadnoscia do 1 mm, ciezar ryb wypatroszonych i niewypatroszonych badano z doktadnoscig do
0,5 g, a gonad z doktadnoscia do 1 mg.

Wiek smoltéw okreslano na podstawie *tusek. Wiek rzeczywisty smoltéw weryfikowano na
podstawie analizy przyrostéw krawedziowych.

Okres zycia rzecznego smoltéw Motstowej obejmuje 1 do 3 lat. Na jednoroczne przypada 56,8%,
na dwuletnie 40,8% i na trzyletnie 2,4% badanych ryb. Jednoroczne smolty osiagaja $rednig dtugosé
13,2 cm i éredni ciezar przed wypatroszeniem 22,5 g, dwuletnie dtugosé 15,6 cm i cigzar 26,6 g oraz
trzyletnie dtugosc¢ 18,9 i ciezar 66,2 g. Dtugosci i ciezary samic i samcéw w grupach wieku i za caty
okres badai sa bardzo podobne. Srednia ogélna diugo$é¢ badanych ryb wyniosta
M* m=14,310,12cm, a S§redni cigzar ogélny M tm =29,11+0,878 g. Wiréd zstepujacych
smoltéow stwierdzono przewage ilosciowa samic. Ogdlnie rzecz biorgc na jedna samicg przypada 0,8
samca. Gonady smoltéw zaréwno samic jak i samcéw znajdowaty si¢ w stadium mtodocianym.

3. XenxoBcku, B. XenxoBCKa

BUIOJIOTNYECKAA XAPAKTEPNCTUKA CMOJNTOB KYMEW (SALMO TRUTTA L.)
BHPOCIIMX B BACCEAHE p. MOJCTOBOM

Peswnme

B paGote npezcTaBunm AJNuHY, BEC U BO3pacT, [0 a TaK¥e CTaAuyl pa3BUTUSA
TOHaZ cMOITOB KyMEM ( Salmo trutta L. ) BHpPOCHMX B OacceiiHe p. MomcTo-
BOii .

CMONTH BHpPOCAM 43 AMYMHOK KYMEM BHIOYCHaeMux B GacceilHe p. Mo0JucCTOBOii.
BucaZKy MOJOZW KYMXM [POM3BOZMIM B Toff yacTy GacCeilHa DeKU TZe HE Mpo-
HCXOZMT HATypajbHH{i HEpecT. BHIOB CMONTOB MPOU3BOZWIM CTABHONM IOBYUWKOI
HICCIIONB3YA NEPUOZ UX CKATHBAHUS K MOPK. [JiA UCCHEZOBaHUil CIyuailHO  OTO-
Gpaiu 272 3K3., T.€. 8,5% 0T 00uero koimuuecrsa (n = 3197) puo BHIINIOB-
JIEHHHX BECHO# 1979 r. B p. MoncToBO# (TaG.2). [NMHA CMOJNTOB M3MEPAJNACH C
TOYHOCTBI0 ZO MM, BEC DHO LEJBX ¥ BHIOTDOUEHHX M3MEPSNN C TOYHOCTHH L0
0,51, a roHaz ZO 1 MT.

BospacT CMONTOB OMpezelifAjl Ha OCHOBAHUM aHANU3a Yellyil. uelCTBUTEIBHLI
BO3pPACT CMONTOB NMOZBEpIajCA NMPOBEPKEe HA OCHOBE 3HaNN3a KpaliHUX MPUPOCTOB.
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[lepnos peyHO#t %U3HK CMOATOB p. MOJCTOBOJ# OXBaTHBAET 1-3 Toza. CMOATH
B B03pacTe OJHOTO I'0ja COCTaBAAWT 56,89%, B Bo3pacTe 2 neT- 40,8% m 3
neT - 24% uccnezyemux pu6., CMOJNTH B BO3pacTe 4 roja ZOCTUIANT IIVIHH
cpemHelt 13,2 CM U CpeZHEr0 Beca LEnoil pHOH 22,5T': B Bo3pacTe 2 IeT =15,6
CM U 26,6T Beca, B BO3pacTe 3 jeT - 18,9 cM ZuMHH U 66,2T Beca., LIuHA U
BEC CaMOK ¥ CaMI0OB B BO3DACTHHX IpyOlax U 3a Bech Nepuoz ucclezoBaHumii
OUEHb CXOZEH.

Cpeznnsd o6uas IJaMHA MCCIEZOBAaHHHX PHO cocTaBusa M + M = 14,3 + 0,12cM,
a cperHmit o6uuit Bec M + 29,1 + 0,878r. Cpezn CKaTHBYOUNXCA GCMOATOB OG-
Hapy#uUau KOJNWYECTBEHHHII NnepeBec CaMOK. B oOmeM Ha 41 camkry mnpuxozutcg 0,8
camua. I'OHaZH CMOJTOB CaMOK 1 CaMIOB HAXOZMIUCH HA paHHell cTazuu pas3BU-
THH,
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