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Fig. 1. Otoliths of 18-days old pike larvae after experimental rearing: a — group TC-3; b — group TC-6;
¢ — group ARS-3; d - group ARS-6; e — control group in the light UV wavelengths from 450 to 490 nm;
f — control group in the light UV wavelengths from 510 to 560 nm. Bar = 100 um

marking was noted in only 38% of individuals, whereas in newly hatched larvae
(< 1 DPH) the efficiency of marking reached 91% and the quality of the marks
was significantly higher. In our study, the marking was conducted using
6 DPH larvae fed live A. salina nauplii stained with a derivative of the same
fluorochrome. Results were very satisfactory as the marking effectiveness
reached 100% when the fish were fed the stained nauplii for both 3 and 6 days.
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The described technique of pike larvae mass marking via feeding with stained
A. salina nauplii is much easier to carry out in hatchery conditions, is less
expensive as it requires significantly smaller amounts of dyes and is signifi-
cantly safer for the fish compared to immersion methods. In the case of
fluorochrome administration to a fish body using immersion, the marking
effectiveness is determined mainly by the physicochemical properties of water.
Most of the marker application procedures significantly lower the pH of the
water, which reduces the rate of fish survival (HETTLER 1984, T'SUKAMOTO
1985). DABROWSKI and T'SUKAMOTO (1986) reported a lower efficiency from the
immersion method and the formation of a narrower daily growth ridge after
using OTC to mark otoliths of peled (Coregonus peled L.) larvae reared in
water with a temperature of 7.5°C as compared to those reared at 16.8°C.
HARRISON and HEIDINGER (1998) concluded that poorly visible marks develop
when fish are starved before and after the marking procedure. Additionally, as
stated by MEYER et al. (2012), the immersion marking method may induce not
only rapid/acute outcomes, but also chronic (sublethal) effects that could result
in growth inhibition or increased mortality of the fish.

Our feeding method transfer of fluorochromes eliminates such physiologi-
cal barriers. The marking of a comparable amount of pike larvae with this
method requires several times less dye. This result is important economically
and also important for the quality of natural environments by minimizing the
effects of water contamination and reducing post-production sludge. In addi-
tion, application of the feeding method for marking ensures that the theoreti-
cally adopted dose of fluorochrome will not be exceeded.

Many reports demonstrate that the quality of marks is affected by fish size,
dye concentration and the length of time to which a fish body is exposed to the
fluorochrome (PARTRIDGE et al. 2009). However, higher concentrations of dyes
may contribute to increased mortality rates of marked fish (UNFER and PINTER
2013). The methods of pike larvae mass marking described in this paper had no
negative impact on the survival or growth of fish (weight/total length).
Similarly positive results were obtained when marking brown trout (Salmo
trutta L.) (BAER and ROSCH 2008) or European glass eel (Anguilla anguilla L.)
(CARAGUEL et al. 2014). Thus, we conclude that mass marking with chemical
substances (fluorochromes) applied in species specific experimentally deter-
mined doses will not have any negative effects on fish growth parameters.

An important aspect of this marking technique is also the retention of
marks. According to POCZYCZYNSKI et al. (2011), the marks obtained for
vendace (Coregonus albula L.) immersed in 200 ppm ARS were detected
without any problems in fish at the age of 3 years or older. In a long-term study
on restoration of the autochthonous population of common whitefish
(Coregonus lavaretus f. lavaretus L.) from Lake L.ebsko (North Poland), the
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fluorochrome marks were identified in fish at the age of 5 years or older
(MARTYNIAK et al. 2013). KRUMME and BINGEL (2016) confirmed that the marks
obtained on cod (Gadus morhua L.) otoliths upon injection of OTC were still
clearly visible after 40 years of dark-storage at room temperature.

The results of the present study reveal a need to not only adjust marking
techniques by species but also to consider the ontogenic development of fish. In
conclusion, feeding 6 DPH pike larvae for 3 days with live nauplii of A. salina
stained in 600 ppm TC solution is recommended for effective and safe mass
marking and this method could become commonly used in fisheries.

Translated by Joanna MoLca
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