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RESUMO

A luz é um dos fatores ambientais mais importantes que influenciam muitas reacdes fisiologicas,
bioquimicas e comportamentais dos organismos aquaticos. Neste trabalho, experimentos foram conduzidos
para estudar como a iluminagao influencia no crescimento de juvenis de duas espécies de peixes carpa
(Carassius gibelio e Carassius carassius). Os experimentos foram realizados em aquarios e bandejas de
gradiente de luz foram utilizadas para controlar a luminosidade. Aproximadamente 20 a 25 peixes foram
colocados em cada aquario, 3 a 4 individuos foram colocados em bandejas. Os peixes foram alimentados a
saturagao trés vezes ao dia. Tipos ideais de iluminacdo foram identificados para o crescimento de ambas as
espécies. Entre 200 a 930 Ix é a iluminacao ideal para o juvenil Carassius gibelio. E, 230 a 500 Ixa iluminagao é
ideal para o juvenil Carassius carassius. Alta iluminagdo e escuriddo total influenciaram negativamente o
crescimento de ambas as espécies. Uma iluminacdo muito alta diminuiu consideravelmente a taxa de
crescimento. Sobrevivéncia em todos os casos foi de 100%. A atividade motora do juvenil Carassius gibelio em
gradiente de luz foi maior que na iluminagéo de equilibrio. O nimero de movimentos de vetor, a distancia
média de movimento e o caminho total dos peixes no gradiente de luz excedem os valores correspondentes no
controle na iluminacdo de balanceamento. Quando nao havia comida, as zonas eleitas do juvenil Carassius
Gibelio foram deslocadas para uma iluminagdo mais alta. Quando a comida estava ausente por meia hora, os
juvenis optaram por uma zona com a iluminagéo de 600 lux (o tempo total de permanéncia foi de 15,8 minutos
por 1 h). Quando faltaram duas horas, os juvenis escolheram uma zona com iluminagdo de 1000 lux (17,3
minutos), e quando esta se ausentou por 24 horas, os juvenis escolheram uma zona com a iluminacao de
1000-1200 lux (28,5 minutos). O estudo discutiu o efeito da luz no crescimento, e no comportamento de duas
espécies de peixes.

Palavras-chave: Luz, iluminagdo, Carassius gibelio, Carassius carassius, crescimento, comportamento,
atividade motora.

ABSTRACT

Light is one of the most important environmental factors that influence many physiological, biochemical
and behavioral reactions of aquatic organisms. In this work, experiments were conducted to study how
illumination influences on the growth of juveniles of two carp fish species (Carassius gibelio and Carassius
carassius). In this work, experiments. The experiments were carried out in aquariums and trays with a light
gradient. Twenty-twenty five fish were placed in each aquarium, three-four individuals were placed in trays. Fish
were fed to saturation three times a day. Optimal types of illumination were identified for the growth of both
species. 200-930 Ix is optimal for juvenile Carassius gibelio. 230-500 Ix is optimal for juvenile Carassius
carassius. High illumination and total darkness negatively influenced the growth of both species. Very high
illumination considerably slowed the growth rate. Survival in all cases was at 100%. Motor activity of juvenile
Carassius gibelio in light-gradient conditions was higher than in balancing illumination. The number of vector
movements, the average distance of movement and the total path of fish in the light gradient exceed the
corresponding values in control in balancing illumination. When there was no food, the elected zones of the
juvenile Carassius gibelio were shifted toward higher illumination. When the food was absent for half an hour,
the juveniles chose a zone with the illumination of 600 lux (total time of stay was 15.8 minutes for 1 h). When it
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was absent for two hours, the juveniles chose a zone with the illumination of 1000 lux (17.3 minutes), and when
it was absent for 24 hours, juveniles chose a zone with the illumination of 1000—-1200 lux (28.5 minutes). The
study discusses the effect of light on growth, the behavior of two species of fish.

Key words: light, illumination, Carassius gibelio, Carassius carassius, growth, behavior, motor activity.

AHHOTALUA

CBeT SBMSETCS OAHMM U3 BaXKHEWLLNX SKOJOTMYECKMX (PaKTOpPOB, KOTOpblE BO3AENCTBYIOT Ha MHOrve
dusmonornyeckne, BUOXMMMYEcKMe M MOBEAEHYECKUE peakuun rmapoOMoHTOB. [poBenn akcnepuMMeHTbl Mo
M3y4yeHno pocTa Moroau [AByX BMOOB KapnoBbix pblb (Carassius gibelio w Carassius carassius) nog
BO3gencTBMemM ocBelleHHOCTU. OnbITbl NPOBOAUNKM B akBapuymax M CBETOrpagueHTHbIX NoTkax. B kaxabin
akBapuym nomelanu no 20-25 pbl6, B NoTkM — no 3-4 ocobu. Pbi6 kopmunu 3 pasa B CTYKM 4O HACHILLEHNS.
Bbinn BbIBNEHbI ONTMManbHbIE NS pocTa BUAOB Anana3soHbl ocBelleHHocTw. [ng monoam CarassiusgibeliooH
coctaBnan 200-930 nk, ans monoau Carassius carassius — 230-500 nk. O6wum gns obomx BMOoB Obino
OOCTaTOYHO HeraTMBHOE BIUSIHME KaK BbICOKOW OCBELLEHHOCTW, Tak M MOMHOM TEMHOTHI Anst pocTa. [pn atom
O4YeHb BbLICOKasi OCBELLEHHOCTb Takke CUIMbHO CHMXana CKOpOCTb pocTa. BbpkMBaeMoCTb BO BCeX criydasx
6bina Ha ypoBHe 100%. [BuratenbHas akTMBHOCTb Monoan Carassius gibelio B cBeTOrpagneHTHbIX YCIOBUSAX
Bbllle, YeM NpPW pPaBHOMEPHOW OCBELLEHHOCTU. YMCNO BEKTOPHbIX MEPEMELLEHNA, CpefHsist LarnbHOCTb
nepemMeLLeHnin U CyMMapHbI MNyTb pbl® MNpeBbilaeT B CBETOrpagueHTe COOTBETCTBYHOLUME 3HAYEHMS B
KOHTpOne npu paBHOMEPHOM oOcBelleHun. [Mpu oTcyTcTBUM NULM n3bupaemble 30HbI ceronetok Carassius
gibelio cmelanucb B CTOPOHY yBENUYEHUsI OCBELLEHHOCTU. pu oTcyTcTBMM KOpMa B TedeHure 0.5 yaca monogb
n3bupana 30Hy ¢ ocBeLeHHocTbo 600 Nk (cymmapHoe Bpems npebbiBaHusa 15.8 MuH 3a 1 4), B TedeHne 2 4 —
1000 nk (17.3 muH), B TeyeHne 24 4 — 1000—1200 nk (28.5 muH). OBcyxgaeTcs BrMSIHUE OCBELLLEHHOCTM Ha
pocCT, NoBeAeHne ABYX BUAOB pbIb.

KnioueBble cnoBa: ceem, ocesewéHHocmb, Carassius gibelio, Carassius carassius, pocm, nogedeHue,
0suecamersibHasi akKmugHoOCMb
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1. INTRODUCTION

According to researches by Boeuf & Le
Bail (1999), Ruchin (2004, 2019b), Marchesan et
al. (2005), Niven & Laughlin (2008), the light
creates the necessary conditions for the
existence of many aquatic organisms, gives them
the opportunity to navigate the environment.
lllumination among all abiotic factors varies in the
most extensive limits. As Kuznetsov & Ruchin
(2001), Bashinskiy et al. (2019) proved, it varies
depending on the depth, on the qualities of the
aquatic environment, on the location of the sun
above the horizon, and on cloudiness conditions.
This light and photoperiod are the natural
backgrounds for most fish species. If it changes,
behavioral and physiological reactions also
change (Boeuf & Le Bail, 1999; Ruchin et al.,
2005; Ruchin, 2006, 2007; Villamizar et al., 2011;
Vowles & Kemp, 2012; Beier, 2017; Echevarria,
Gonzélez, 2018).

Growth processes are one of the main
physiological fish indicators, which are sensitive
to the slightest changes in a particular
environmental factor. For example, a small water
illumination is necessary for incubating caviar
(Bucking et al., 2013; Ruchin, 2016; ProkeSova et
al., 2017), for rearing larvae and juvenile Salmo
salar, Acipenser baerii, Cyprinus carpio, Poecilia
reticulata, Brachymystax lenok (Wallace et al.,
1988; Ruchin, 2001b, 2008, 2019a; Liu et al.,
2012). Wallace et al., (1988), Person-Le Ruyet et
al. (1991), Jirsa et al. (2009), Aragon-Flores et
al., (2017) suppose that an increase in the growth
rate of Cichlasoma beani, Scophthalmus
maximus, Atractoscion nobilis, Salvelinus alpinus
is observed at more significant illumination levels.
The purpose of this study is to determine the
growth and behavior of two crucians species
(Carassius gibelio and Carassius carassius)
under experimental conditions.

2. MATERIALS AND METHODS

We caught fish yearlings in natural waters.
In advance, we had been acclimating the fish to
laboratory conditions for 30 days (round-the-clock
lighting and a constant temperature of 20°C). We
placed 20-25 same size individuals in each
experimental aquarium. At the same time, we
carried out three identical series of experiments
(fig 1A). We did not register the fish death during
the experiment in any experimental aquarium.
During the experiment, the juveniles were kept in
40 | aquariums with a controlled temperature of

20°C. The duration of the experiments was 20-30
days. We measured the fish weight at the end of
the experiments with an accuracy of 1 mg.

Fluorescent lamps illuminated aquariums.
They were placed at 50 cm from the water
surface. They created light. We fed fish with live
food (Chironomus sp. larvae, Tubifex sp.) to
sating three times a day.

Growth parameters were calculated as
Equation 1:
Specific growth rate (SGR, %day-1) = [(In Wf —
INWi)/t] x 100Specific growth rate (SGR, %day-1)
= [(In Wf — InWi)/t] x 100 (Eq. 1)

For experiments on the arbitrary choice of
light intensity (light-reflecting behavior) by the
juvenile C. gibelio, we used organic glass
gradient trays 150*15*15 cm, divided by
transparent semi-partitions into 10
communicating compartments. There was a light
gradient from 300 Ix at the beginning of the tray
to 1200 Ix at the end (fig. 1B). The illumination in
the control group corresponded to the average
value in the experimental tray (750 Ix). We
conducted observations in the morning at a
temperature of 24°C. We placed there 3-4 fed
yearlings weighing 10—-14 g. We watched one fish
for 10-20 min a day. The experiments were re-
peated 10 times. We also conducted research on
well-fed and hungry individuals. We investigated
the options: 1 - well-fed, 2, 3, and 4, respectively,
0.5, 2, and 24 hours after the food’s withdrawal.

Based on statistical data processing, we
calculated the average duration of a single fish
stay in a particular compartment (t, sec), the
swims’ number in each compartment (n) and the
total time of fish stay in each compartment (2.,
min). All values were reduced to one hour
(Ruchin, 2001a). The swimming distance from
the beginning of the movement to the turn in the
opposite direction was called “single-vector” and
was designated as Sy. We calculated the duration
of the continuous single-vector displacement (T,
sec) because the motion in the gradient is discrete.
Moreover, we noted the total number of single-
vector displacements (N). Knowing their average
length (Sv), we calculated the total path traversed
by fish per hour as well as calculated the speed
of movements (Sv/ 1), the total time of
movements and the total time of fish delays in the
compartments. According to Konstantinov &
Zdanovich (1993), the using of these indicators

makes it possible to characterize the fish
behavior in  gradient  conditions  more
differentiated.
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Data between treatments and sampling times
were compared by analysis of variance (ANOVA).

3. RESULTS AND DISCUSSION:

Figure 2 shows that the highest growth
rate of juvenile C. gibelio was observed at a low
ilumination intensity of 200-930 Ix. In the first
experiment, juveniles’ specific growth rate with an
initial mass of 0.42g in the 200Ix illumination was
8.37%. In the variant in 930 Ix illumination, growth
was slightly lower (statistically insignificant).
However, when the illumination intensity
increased to 5400 Ix or decreased to 65 Ix, the
growth decreased (statistically significant (p
<0.05)). The low growth rate was recorded in the
conditions of around the clock darkness (0 Ix).
We obtained similar results on larger specimens
in other experiments. The high growth rate of C.
gibelio was in the 800Ix illumination. The lowest
growth rate was in the absence of light or in very
high light (99% confidence).

In experiments conducted on juvenile C.
carassius, the growth rate was higher in 230-500
Ix illumination. It decreased with decreasing or
increasing light intensity (Fig. 3). The highest
growth rate was registered in the 470-500 Ix
modes. In the 230Ix illumination, the growth rate
decreased, but this decrease was not statistically
significant. A decrease in illumination to 15 Ix and
0 Ix slows the growth rate by 14-17% (p <0.05).
Growth rates slowed down by 30—42% in high
illumination of 2,000 Ix and 8,000 Ix (p <0.05).

Studying the behavior of C. gibelio in
different light conditions, we identified a number
of dependencies (Tables 1, 2). The well-fed
individuals stayed in the =zones with the
illumination of 300—600 Ix (Table 1). However, in
the absence of food, the elected zones shifted
towards increasing illumination. In the absence of
food for 0.5 hours, juveniles chose a zone with an
illumination of 600 Ix (total stay time was 15.8
min), for 2 h — 1000 Ix (17.3 min), for 24 h —
1000—-1200 Ix (swim frequency was 61-63 times
and the total stay duration was 28.5 min per 1 h).

The frequency (108 sec) and stay duration
(11.7 sec) were highest in the compartment with
the 400 Ix illumination. Table 2 shows that in the
control in uniform illumination, the juveniles
moved without a definite pattern, but they were
permanently delayed in the last compartments. In
other words, in the control “edge” effect
appeared. This effect was not registered in light
gradient conditions.

The data were statistically processed using a
standard method  with  Student's  Test.
The motor activity of juveniles in light-
gradient conditions was higher than the motor
activity in control. The number of vector
displacements differed by 23%. The average
range of movement by 7%, the total path by 31%
in the light gradient exceeded the corresponding
values in control in balancing illumination. Thus,
the fish motor activity increased due to the
increase in the range of movement and
swimming speed in a gradient field. Analysis of
juveniles’ behavior in the gradient field shows that
the preferential zones vary depending on the
period of lack of food: the preferential movement
zone shifts towards higher illumination values

4. DISCUSSION

In the literature, there is information about
the effect of light on the goldfish C. auratus
closely related to these species. The juveniles
rapidly grew in the 3—85 Ix illumination (Wei et al.,
2019). However, Baite et al. (2010) conducted a
60-day experiment to study the effect of light
intensity (0, 2000, 4000, and 6000 Ix) on
juveniles’ growth and survival of the same
species. They found that high levels of lighting
had no effect on growth. It was the same in all
three options. At the same time, the complete
absence of light (0 Ix) had an adverse effect on
growth rates. The authors concluded that the
2000 Ix illumination is optimal for the growth and
favorable physiological state of goldfish.

In our experiments, we used typical
representatives of the bottom ichthyofauna from
low-flow reservoirs. According to Holopainen et
al. (1988), Artaev & Ruchin (2016, 2017), they
usually live on the bottom near the thickets of
aquatic vegetation. They eat almost non-stop,
however in the summer they meet mainly in the
morning and evening, so fish are active in the
early morning and late evening (Holopainen et
al., 1997; Kottelat & Freyhof, 2007; Radtke, 2011;
Benito et al, 2015). According to illumination’s
measurements in the fish habitat by Kuznetsov &
Ruchin (2001), the level of light reaches less than
1500 Ix during these hours. Apparently, this
explains the optimal illumination zone for the
species’ growth. This range was 200-930 Ix for
juvenile C. gibelio and it was 230-500 Ix for
juvenile C. carassius. The negative effect of high
light and total darkness for growth was common
to both species. At the same time, very high
illumination also greatly reduced the growth rate.
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The study by Wei et al. (2019) shows that
cortisol, glucose, and lactic acid are significantly
increased in the blood plasma of juvenile goldfish
in the illumination, which had a negative effect on
fish growth. The appearance of cortisol and the
metabolites indicates an organism’s stress
response to excessive light exposure (Mommsen
et al., 1999; Tian et al., 2015).

Thus, the results of our experiments
coincide with the biological features of the two
species. Their growth is accelerated at low light
levels. It is typical for other near-bottom fish
species (Konstantinov et al., 2003; Trippel & Neil,
2003; Trotter et al., 2003; Han et al, 2005;
Strand et al., 2007; Collett et al., 2008; Wang et
al.,, 2013). Observation of the fish behavior in
different light conditions confirms the results.
Juveniles of goldfish chose such lighting
conditions that were optimal for growth in
aquariums.

5. CONCLUSIONS:

The obtained results confirm the need for
appropriate intensity of illumination while growing
the two carp fish species. The growth of juvenile
C. gibelio improves in the 200—930 Ix illumination.
The growth of juvenile C. carassius is maximum
in the 230-500 Ix illumination. In the absence of
light and at a very high light intensity, the growth
rates of both species decreased significantly. The
behavioral reaction of the juvenile C. gibelio
corresponds to the results obtained in aquariums
and shows the preferred areas of illumination.

6. REFERENCES

1. Aragon-Flores, E.A, L. Martinez-
Cardenas, C. Hernandez-Gonzalez, G.
Barba-Quintero, O. |. Zavala-Leal, J. M.
Ruiz-Velazco, O. U. Hernandez-Almeida
and P. Juarez-Lépez, 2017. Effect of light
intensity and photoperiod on growth and
survival of the Mexican cichlid,
Cichlasoma beani in culture conditions.
Lat. Am. J. Aquat. Res.,45(2): 293-301.
DOI: 10.3856/vol45-issue2-fulltext-5

2. Artaev, O.N. and A.B. Ruchin, 2016.
Prussian and crucian carp: confindness to
various types of waters and co-inhabiting
species in water bodies within the Mid-
Volga Region. Ecology, Environment and
Conservation Paper. 22(3): 1497-1502.

3. Artaev, O.N. and A.B. Ruchin, 2017. The
ichthyofauna of the Moksha River, a

10.

11.

tributary of the Volga river basin, Russia.
Check List. 13(4): 185-202.
https://doi.org/10.15560/13.4.185

Baite, J., A.K. Verma, C. Prakash, M.H.
Chandrakant, and N. Saharan, 2010.
Effect of light intensity on growth, survival
and skin colour of goldfish (Carassius
auratus Linnaeus). Journal of Aquaculture
in the Tropics 25(1-4): 47-59.

Bashinskiy, V., V.A. Senkevich,T.G.
Stoyko, E.A. Katsman, S.A. Korkina, and
V.V. Osipov, 2019. Forest-steppe oxbows
in limnophase — Abiotic features and
biodiversity. Limnologica 74: 14-22.
ttps://doi.org/10.1016/j.imno.2018.10.005

Beier, U., 2017. Temperature- and light-
dependent ratio of energy gain to
metabolic costs explains spatial and
temporal habitat use of zooplanktivorous
fish. Ecology of Freshwater Fish 26(4):
506-516. https://doi.org/10.1111/eff.12290

Benito, J., L. Benejam, L. Zamora and E.
Garcia-Berthou, 2015. Diel cycle and
effects of water flow on activity and use of
depth by common carp. Transactions of
the American Fisheries Society 144: 491—
501. DOI: 10.1080  /00028487.2
015.1017656

Boeuf, G., and P.-Y. Le Bail, 1999. Does
light have an influence on fish growth?
Aquaculture 177(1-4): 129-152. DOI:
10.1016/S0044-8486(99)00074-5

Bucking, C., C.M.R. Lemoine and P.J.
Walsh, 2013. Waste nitrogen metabolism
and excretion in zebrafish embryos:

effects of light, ammonia, and
nicotinamide. Journal of Experimental
Zoology Part A: Ecological and Integrative
Physiology. 319(7): 391-403.

https://doi.org/10.1002/jez.1802

Collett, P.D., N.G. Vine and H. Kaiser,
2008. The effect of light intensity on
growth of juvenile dusky kob Argyrosomus
japonicus (Temminck & Schlegel 1843).
Aquaculture Research 39(5): 526-531.
https://doi.org/10.1111/j.1365-
2109.2008.01910.x

Echevarria, G., Gonzalez N. 2018. Fish
taxonomic and functional diversity in
mesohabitats of the River Kakada, Caura
National Park, Venezuela. Nature
Conservation Research. 3(Suppl. 2): 21—
39.

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

12



12.

13.

14.

15.

16.

17.

18.

19.

20.

http://dx.doi.org/10.24189/ncr.2018.048

Jirsa, D, M. Drawbridge and K. Stuart,
2009. The effects of tank color and light
intensity on growth, survival, and stress
tolerance of white seabass, Atractoscion
nobilis, larvae. Journal of the World
Aquaculture Society 40(5): 702-709.
https://doi.org/10.1111/j.1749-
7345.2009.00290.x

Han, D., S. Xie, W. Lei, X. Zhu, and Y.
Yang, 2005. Effect of light intensity on
growth, survival and skin color of juvenile
Chinese longsnout catfish (Leiocassis
longirostris Gunther). Aquaculture 248:
299-306.

Holopainen, I.J., W.M. Tonn and C.A.
Paszkowski, 1997. Tales of two fish: the
dichotomous biology of crucian carp
(Carassius carassius (L.)) in northern
Europe. Ann. Zool. Fennici 34: 1-22.

Holopainen, 1.J., W.M. Tonn, C.A.
Paszkowski and A.K. Pitkdnen, 1988.
Habitat use, diel activity, and growth of
crucian carp in a manipulated pond.
Proceedings of the International
Association of Theoretical and Applied
Limnology 23: 1743—-1750.

Konstantinov, A.S., V.S. Vechkanov, V.A.
Kuznetsov and A.B. Ruchin, 2003. Effect
of fluctuation of intensity and spectral
structure of light on the growth and
energetics of young fish. Hydrobiological
Journal. 39 (2): 95-106 doi:
10.1615/Hydrobd.v39.i2.110

Konstantinov, A.S. and V.V. Zdanovich,
1993. Some characteristics of the
behavior  of  juvenile fishes in

thermogradient field. Moscow University
Biological Sciences Bulletin. 1: 32-38.

Kottelat, M. and J. Freyhof, 2007.
Handbook of European freshwater fishes.
Publications Kottelat, Cornol, Switzerland.
646 p.

Kuznetsov, V.A. and A.B. Ruchin, 2001.
Effect of pH and illumination oscillations
on growth rate and development of Rana
ridibunda larvae. Zoologicheskii Zhurnal
80 (10): 1246—1251. (in Russian)

Liu, Y., Z. Mou, G. Xu, Y. Li and C. Wang,
2012. The effect of light intensity on the
growth of Brachymystax lenok (Pallas,
1773). Aquaculture Research 43(12):
1838-1844. https://doi.org/10.1111/j.1365-

21.

22.

23.

24.

25.

26.

27.

28.

29.

2109.2011.02993.x

Marchesan, M., M. Spoto, L. Verginella
and E.A. Ferrero, 2005. Behavioural
effects of artificial light on fish species of
commercial interest. Fish Res. 73: 171—
185 doi: 10.1016/j.fishres.2004.12.009

Mommsen, T.P., M.M. Vijayan and T.W.
Moon, 1999. Cortisol in teleosts:
dynamics, mechanisms of action, and
metabolic regulation. Reviews in Fish
Biology and Fisheries. 9: 211-268.

Niven, J.E. and S.B. Laughlin, 2008.
Energy limitation as a selective pressure
on the evolution of sensory systems.
Journal of Experimental Biology 211,
1792-1804.

Person-Le Ruyet, J., F. Baudin-Laurencin,
N. Devauchelle, R. Métailler, J.L. Nicolas,
J. Robin and J. Guillaume, 1991. Culture
of turbot Scophthalmus maximus. In:
Handbook  of  Mariculture: Finfish
Aquaculture, ed. J.P. McVey. CRC Press
Inc., Boca Raton, 21-42.

ProkeSova, M., V. Stejskal, J. Matou$ek,
J. Kouril, and E. Baras, 2017. Effect of
light intensity on early ontogeny of African
sharptooth catfish, Clarias gariepinus
(Burchell). Aquaculture Research 48(1):
347-355.
https://doi.org/10.1111/are.13116

Radtke, G., 2011. Comparison of
seasonal activity of the lake minnow,
Eupallasella percnurus (Pall.), and crucian
carp, Carassius carassius (L.), in small
water bodies in northern Poland. Arch.
Pol. Fish. 19: 175-182. DOI
10.2478/v10086-011-0022-7

Ruchin, A. B., 2001a. Some peculiarities
of the fish young growth under light-
gradient conditions. Journal Evolutionary
Biochemistry and Physiology 37 (3): 233—
234. DOI: 10.1023/A:1012635827380

Ruchin, A. B., 2001b. Some specific
features of growth and energetic in young
carp (Cyprinus carpio) under various
illumination. Zoologicheskii Zhurnal 80:
433—-437. (in Russian)

Ruchin, A. B., 2004. Influence of colored
light on the growth rate of juveniles of fish.
Fish Physiology and Biochemistry 30(2):
175-178. DOI:  10.1007/s10695-005-
1263-4

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

13



30.

31.

32.

33.

34.

35.

36.

37.

38.

Ruchin, A. B., 2006. Effect of light on
white blood cell count in carp Cyprinus
carpio L. Biology Bulletin 33(5): 517-520.
DOI: 10.1134/S1062359006050153

Ruchin, A. B., 2007. Effect of photoperiod
on growth, physiological and
hematological indices of juvenile Siberian
sturgeon  Acipenser baerii.  Biology
Bulletin. 34(6): 583-589. DOI:
10.1134/S1062359007060088

Ruchin, A. B., 2008. The effects of
permanent and variable illumination on
the growth, physiological and
hematological parameters of the Siberian
sturgeon (Acipenser baerii) juveniles.
Zoologicheskii Zhurnal 87(8): 964—972. (in
Russian)

Ruchin, A. B., 2016. Effect of light on the
development of the hard roe of Acipenser
baerii Brandt, 1869. Indian Journal of
Science and Technology. 9(29), DOI:
10.17485/ijst/2016/v9i29/89110

Ruchin, A. B., 2019a. Effect of illumination
on growth and behavior of guppy, Poecilia
reticulata. Chilean Journal of Agricultural
& Animal Sciences (in press)

Ruchin, A. B., 2019b. Environmental
colour impact on the life of lower aquatic
vertebrates: development, growth,
physiological and biochemical processes.
Reviews in Aquaculture. v. 11, DOL:
10.1111/raq.12319 (in press)

Ruchin, A. B., V. S. Vechkanov, and V. A.
Kuznetsov, 2005. Influence of photoperiod
on growth and intensity of feeding of fry of
some fish species. Hydrobiological
Journal 41(2): 103-109. DOI:
10.1615/HydrobdJ.v41.i2.80

Strand, A., A. Alanara, F. Staffan and C.
Magnhagen, 2007. Effects of tank colour
and light intensity on feed intake, growth
rate and energy expenditure of juvenile
Eurasian perch, Perca fluviatilis L.
Aquaculture 272 (1-4): 312-318. doi:
10.1016/j.aquaculture.2007.08.052

Tian, H.Y., D.D. Zhang, C. Xu, F. Wang,
and W.B. Liu, 2015. Effects of light
intensity on growth, immune responses,
antioxidant  capability and disease
resistance of juvenile blunt snout bream
Megalobrama amblycephala. Fish &
Shellfish  Immunology 47(2): 674-680.

39.

40.

41

42.

43.

44,

45.

. Villamizar, N., B.

https://doi.org/10.1016/j.fsi.2015.08.022

Trippel, E.A. and S.R.E. Neil, 2003.
Effects of photoperiod and light intensity
on growth and activity of juvenile haddock
(Melanogrammus aeglefinus).
Aquaculture 217: 633-645.

Trotter, AJ., S.C. Battaglene and P.M.
Pankhurst, 2003. Effects of photoperiod
and light intensity on initial swim bladder
inflation, growth, and post-inflation viability
in cultured striped trumpeter (Latris
lineata) larvae. Aquaculture 224(1-4):
141-158. https://doi.org/10.1016/S0044-
8486(03)00212-6

Blanco-Vives, H.
Migaud, A. Davie, S. Carboni, and F.J.
Séanchez-Vazquez, 2011. Effects of light
during early larval development of some
aquacultured  teleosts: a review.
Aquaculture 315: 86—94. doi:
10.1016/j.aquaculture.2010.10.03

Vowles, A.S. and P.S. Kemp, 2012.
Effects of light on the behaviour of brown

trout  (Salmo  trutta)  encountering
accelerating  flow:  Application  to
downstream fish passage. Ecological
Engineering 47: 247-253.

https://doi.org/10.1016/j.ecoleng.2012.06.
021

Wallace, J.C., A. Kolbeinshavn and D.
Aasjord, 1988. Observation on the effect
of light intensity on the growth of arctic
charr fingerlings (Salvelinus alpinus) and
salmon fry (Salmo salar). Aquaculture 72:
81-84.

Wang, T., Y. Cheng, Z. Liu, S. Yan S. and
X. Long, 2013. Effects of light intensity on
growth, immune response, plasma cortisol
and fatty acid composition of juvenile
Epinephelus coioides reared in artificial
seawater. Aquaculture 414-415: 135-
139.
http://dx.doi.org/10.1016/j.aquaculture.201
3.08.004

Wei, H., H. Li, Y. Xia, H. Liu, D. Han, X.
Zhu, Y. Yang, J. Jin, and S. Xie, 2019.
Effects of light intensity on phototaxis,
growth, antioxidant and stress of juvenile
gibel carp (Carassius auratus gibelio).
Aquaculture 501: 39-47.
https://doi.org/10.1016/j.aquaculture.2018.
10.055

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

14



Lid with a lamp

—> Fluorescent lamp

darkened filter
reducing light exposure

B —

Aquarium with experimental fish

Lid with compartments and
lamps of different power

e
B

O
el
O
&
s
S
O

\ﬁk Transparent

/ semi-partitions

Figure 1. The scheme of the experiments: A — the first experiment (there is an aquarium with
experimental fish, covered with a lid with a lamp that creates a certain illumination); B — the second
experience (Side view and top view; it was described in the text).
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Figure 2. The specific growth rate of C. gibelio of different initial mass in different illuminations (in the
legend, the figure shows the initial mass of fish before the experiments, (mean SGR + S.E.).
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Figure 3. The specific growth rate of C. carassius of different initial mass in different illuminations (in
the legend, the figure shows the initial mass of fish before the experiments, (mean SGR + S.E.).
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Table 1. The frequency of occurrence and the stay duration of the juvenile C. gibelio in various light

zones
Control Experiment
lllumination, Ix n T, sec >t [llumination, Ix n T, Sec >t
750 12 42.0 8.4 300 75 10.6 13.2
750 32 9.9 5.3 400 108 11.7 21.1
750 31 12.6 6.5 500 85 10.3 14.6
750 33 9.4 5.2 600 55 6.9 6.3
750 53 10.2 9.0 700 25 4.8 2.0
750 50 9.1 7.6 800 18 4.0 1.2
750 30 8.6 4.3 900 9 4.7 0.7
750 21 10.9 3.8 1000 8 3.8 0.5
750 20 14.1 4.7 1100 5 3.6 0.3
750 10 31.2 5.2 1200 2 3.0 0.1

n — the number of swims in the zone per hour; 7- the average duration of a one-time stay in the zone,

sec; 2T - the total duration of stay in the zone per hour.

Table 2. Indicators of the motor activity of young fish in light-gradient conditions (experiment) and

under uniform illumination (control) *

Indicator Control Experiment

The number of vector displacements, (N) 183 225
Average distance vector displacement, cm (Sv) 22.8 24.3
Total path, m 41.7 54.6
(2Sv=N)

Average duration of vector displacement, sec (T+) 7.9 8.3
Travel speed, cm / sec (Sv/ Tv) 2.9 2.9
Total travel time, min 24 31.1
Total time of delays in the compartments, min 36 28.9

* - All values were equalized to one hour.
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