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Abstract — In the present paper, the relationships between three measurements 
of length (standard length, total length, Smitt's length) were described for the age 
classes 0+ to 3+ in Coregonus peled (Gm el.). Nomograms were constructed for 
particular age groups, facilitating rapid interconversion of these measurements. The 
statistical verification of regression equations revealed that the conversion formulae 
for particular classes differ, hence common equations may be used for only some of 
them.
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1. Introduction

In ichthyology several methods of measuring the length of fish are 
applied. The differences between particular measurements result from 
the choice of different points of reference on the body of the fish, and 
also from the use of various measuring instruments. Three methods of 
measurement are most frequently employed, each specially defined. The 
total length (longitudo totalis), also known as the absolute length, is 
taken from the anterior with jaws closed, along the axis of the fish's 
body, to its intersection with a perpendicular from the longest ray of the 
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caudal fin. For most fish, standard body length (longitudo corporis) 
signifies the length from the anterior end of the body to the base of 
caudal fin, or to where the scale cover ends. For Salmonidae and Corego- 
nidae, Smitt’s length is used, which is a modification of tail length 
(longitudo caudalis). This is the length from the anterior end of the body 
to the end of the medial rays of the caudal fin (in coregonids, measured 
from the beginning of the maxilla).

Routine measurements, frequently taken on abundant material in the 
field, require unification in the way of expressing length, so as to reduce 
manipulation time to a minimum. In practice, however, arbitrary methods 
of measurement are used, this leading to problems in comparing results 
presented by different authors. To date, there is no agreement as to 
which measurement is the best (Carlander, Smith 1945, Hile 
1948, Chugunova 1955, 1963, Lagler 1956). Therefore, wherever 
possible, it is advisable to use conversion coefficients which should 
allow interconversion of different measurements. The aim of the present 
work was to investigate the relationship between three measurements of 
length in the peled (Coregonus peled Gmel.), originating from controll
ed rearing conditions (cages).

2. Material and method

The study material was taken from illuminated cages in Lake Legiń- 
skie, in which the peled were kept in the period 1977—1980 (Mamcarz, 
Szczerbowski 1984). Specimens of various sizes, belonging to suc
cessive age groups from 0+ to 3+, were taken for measurement (Table I). 
In order to obtain a true picture of changes in the length of these fish 
during growth, control samples were taken monthly over the four year 
rearing period. Altogether, 1274 specimens were measured.

Table I. Characteristics of the material

In order to describe the relationships between the three measurements 
(standard length, total length, Smitt’s length), the equations y = a + bx 
and x = a + by of simple regression were computed for these measurements 
in particular age classes. These equations were then verified statistically, 
using the method of comparing several regression lines (E1andt 1964).
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This method consists in testing the hypotheses that the regression lines 
are parallel (H0 : B1 = B2) and identical (H0 ; A1 = A2). The testing was 
carried out at a significance level α = 0.05 with Ftab for d1 = l and for 
d2 = n1 + n2 — 4 for the first hypothesis and with Ftab for d1 = 1 and for 
d2 = n1 + n2 — 1 for the second hypothesis. All the calculations were 
carried out on the Odra 1204 computer at the Centre of Mathematical 
Computation of the Academy of Agriculture and Technology in Olsztyn.

3. Results

Conversion coefficients computed in the form of regression equations 
between particular measurements of peled length are presented in Table 
II. High correlation coefficients (0.91—0.99) were typical of these re
lationships. Nomograms were constructed for successive age groups 
(figs 1,2), in order to permit rapid conversion of one kind of length 
measurement into another.

After conversion formulae had been computed for particular age 
classes, an attempt was made to see whether it might not be possible 
to use a single formula to convert various measures of length in succes
sive years of the fish's life. For this purpose, the statistically computed 
equations of regression lines were tested as to being equal and parallel 
(Table III).

The test results demonstrate that particular conversion formulae 
differ both between years and in dependence on which measurement is 
being calculated from the general equation y = a + bx.

Lines with describe the relationship Lt = a + b • Lc have different angles 
of inclination in different years and cannot be described by a common 
equation. However, the lines given by the equation Lc = a + b • Lt are 
parallel (value of test Fb < Ftab = 3.860), while in the case of the third
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Fig. 1. Nomograms of the relationships between three measurements of length in the 
peled, Coregonus peled Gmel. in the first (A) and second (B) year of life. 1 — rela

tionship of Lt-Lc; 2 — relationship of Lt-Ls; 3 — relationship of Lc-Ls

Fig. 2. Nomograms of the relationship between three measurements of length in the 
peled, Coregonus peled Gm el. in the third (A) and fourth year of life. Symbols 1, 2, 

and 3 as in fig. 1
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and fourth years they may be described by a common equation with the 
form Lc = 1.787 + 0.881 - Lt (value of test Fa < Ftab = 3.860).

In the case of the relationship between total length and Smitt’s length, 
the lines of regression Lt = a + b • Ls were found to be parallel only 
between the second and third and fourth years. Thus, in none of 
these cases is it possible to use a common formula to describe the re
lationships

The greatest similarity of conversion formulae in successive years of 
peled growth was found in the relationship between standard length and 
Smitt’s length. Lines describing the relationship Lc = a + b • Ls are parallel 
in all four years, and in three cases the pairs of lines compared may be 
described by using the common equations A, B, and C (Table III). In the 
case of the relationship Ls = a + b • Lc, the regression lines are parallel 
only for the first and second years.

4. Discussion

In most ichthyological studies, measurement of the fish is one of the 
routine procedures. Despite its frequency, only rarely do authors provide 
information which would make it possible to interconvert various 
measurements. Pravdin (1966) and Lowe-McConnell and La
gler (1971) are among those who have expressed the need for conver
sion coefficients in order to unify measurements.

Most often, particular measurements of fish length are converted 
graphically, using plots or regression equations. Some authors also use 
other methods; Ristkok (1970) gave the ratio of total length to stan
dard length for 34 Estonian fish species. He found that the values of 
the calculated coefficient were typical of carnivorous fish, while the
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highest values were obtained for the redfin, bream, and Amur goldfish. 
During studies of Canadian population of Coregonus clupeaformis, 
Healey (1975) used a conversion formula in the form Lx =Ly ± a / b . In

turn, Wtkowski et al. (1984) give the conversion formula Lx = Ly • a. 
As in the case of using various methods of measurement, so too in their 
transformation authors enjoy a certain freedom. Some authors describe 
all the age classes of a given species by equations, while others construct 
them from data derived from only a small number of measurements. The 
statistical verification of conversion equations, computed for various 
age classes of the peled, indicate that their applicability in a unified form 
is limited. The difficulties arise mainly from the fact that as the fish 
grows, the nature of the relationship between total length and standard 
length changes, this resulting from changes in the length of the caudal 
fin. Ristkok (1970) drew attention to the phenomenon, claiming that 
the kind of change observed in the length of the caudal fin may vary 
according to species. In the peled the use of a unified conversion formula 
for several age classes is possible to a certain extent, i.e. in the transfor
mation of standard length into Smitt's length in the age classes 1 and 4, 
2 and 4, and 3 and 4. The ratio of the measurement in this case is more 
nearly constant than for other measurements of this feature.

5. Polish summary

Wzory konwersyjne i nomogramy dla różnych pomiarów długości u pelugi
(Coregonus peled Gme1.)

Określono zależności pozwalające na wzajemne przekształcanie trzech pomiarów 
długości (długość ciała, długość całkowita, długość Smitta) dla roczników 0+ — 3 + 
(tabela II). Sporządzono nomogramy zależności dla kolejnych grup wiekowych (ryc. 1,2). 
Na podstawie weryfikacji statystycznej równań regresji stwierdzono, że wzory kon- 
wersyjne dla poszczególnych roczników różnią się i zastosowanie wspólnych równań 
jest możliwe tylko dla części z nich (tabela III).

6. References

Carlander K. D., L. L. Smith, 1945. Some factors to consider in the choice 
between standard, fork or total lengths in fishery investigations. Copeia, 1, 7—12.

Chugunova N. L, 1955. O vosstanovlenie istorii individualnoj žizni ryb po jejo 
češuje [Reconstruction of the life history of an individual fish from the scales|. 
Zool. Ż., 5, 1099—1118.

Chugunova N. I., 1963. Age and growth studies in fish. Washington, Nat. Sei. 
Found., 132 pp.

Elandt R., 1964. Statystyka matematyczna w zastosowaniu do doświadczalnictwa 

http://rcin.org.pl



481

rolniczego [Mathematical statistics in agricultural experimentation]. PWN, War
szawa, 596 pp.

Healey M. C., 1975. Dynamics of exploited whitefish populations and their mana
gement with special reference to the Northwest Territories. J. Fish. Res. Bd Cana
da, 32, 427—448.

Hile R., 1948. Standardization of methods of expressing lengths and weights of
fish. Trans. Am. Fish. Soc. (1945), 75, 157—164.

Lagler R. F., 1956. Freshwater fishery biology. Dubuque, Iowa, C. Brown Co., 421 pp.
Lagler K. F., 1971. Capture, sampling and examination of fishes. In: W. E. Ricker 

(Ed.): Methods for assessment of fish production in fresh waters. Oxford — Edin
burgh, Blackwell Sci., Publ., 7—44.

Lowe-McConnell R. H., 1971. Identification of freshwater fishes. In: W. E. Ricker 
(Ed.): Methods for assessment of fish production in fresh waters. Oxford — Edin
burgh, Blackwell Sci. Publ., 45—81.

Mamcarz A., J. A. Szczerbowski, 1984. Rearing of coregonid fishes (Core- 
gonidae) in illuminated lake cages. 1. Growth and survival of Coregonus lavarelus 
L. and Coregonus peled Gm el. Aquaculture, 40, 135—145.

Pravdin I. F., 1966. Rukovodstvo po izučeniju ryb. Moskva, Pišč. Promysl., 376 pp. 
Ristkok J., 1970. Andmeid kalade täls — ja kehapikkuse vahekorrast [Data on the 

relationship between total and standard length of fishes]. Ucen. Zap. Tartusk. Univ., 
225, 61—71.

Witkowski A., M. Kowalewski, B. Kokurewicz, 1984. Lipień [Grayling]. 
PWRiL, Warszawa, 214 pp.

http://rcin.org.pl


