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In the natural environment, the life activity of organisms takes place under conditions of
stable daily, lunar and annual light  cycles. However, human activities aimed at creating
comfortable  conditions  for  people  have resulted in  light  becoming one of  the  factors  of
anthropogenic environmental pollution. Artificial lighting at night can cause physiological and
behavioural changes and disturbances in aquatic organisms, affecting their vital functions. Fish
are one of the groups of aquatic organisms that are most susceptible to the influence of light at
night, largely due to the anatomical structure of their eyes. The aim of this work was to test
whether keeping Phoxinus phoxinus (Linnaeus, 1758) under constant light exposure promotes
the growth of inflammatory processes in them, and also to study whether lighting at night affects
oxygen  consumption.  Experiments  showed  that  the  oxygen  consumption  of  P.  phoxinus
increased statistically significantly (p = 0.04303) at night with light compared to night without
light.  In  an  experiment  in  which  blood  cell  counts  were  performed,  the  results  showed  a
statistically significant increase in leukocytes (p = 0.01506) in the third experimental group of
four kept under constant artificial light for 17 days. Based on the results of our study, it has been
confirmed  that  keeping  fish  under  abnormal  light  conditions,  i.e.  using  different  sources  of
artificial light at night near water bodies, can lead to physiological changes that can have a
negative impact on the life of organisms. In fish, the level of oxygen consumption increases,
indicating an increase in the level of metabolism, which in turn affects the growth and formation
of organisms, causing a decrease in the intensity of various physiological processes such as
feeding and reproduction. There is also an increase in the level of leukocytes, which indicates
an increase in  inflammatory  processes  in  the organisms,  which can  lead  to  a  decrease  in
immune function and, as a result, the susceptibility of fish to various diseases.
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Light is one of the most important factors influencing

the development and growth of organisms (Wang Tao et

al., 2013). Organisms are sensitive to even small amounts

of  light,  as  the  deep  connection  between  "light  and

biological matter" is predetermined by a long evolutionary

process  (Karandashov  et  al.,  2013).  Throughout  the

existence of life, organisms have evolved under conditions

of stable daily, lunar and annual light cycles. As a result,

organisms  have  adapted  to  these  cycles  at  both  the

physiological and behavioural levels. 

Over  the  years,  however,  human  activities  have

increasingly  altered  natural  light  patterns,  with  negative

effects  on  the  environment.  Today,  artificial  lighting  at

night  is  considered  one of  the  factors  of  anthropogenic

pollution that can affect all levels of biological organisation

of both terrestrial and aquatic ecosystems (Hölker  et al.,

2010; Jermacz et al., 2020; Gaston et al., 2014; Zapata et

al.,  2019).  Studies  investigating  the  effects  of  light

pollution  on  aquatic  organisms  in  coastal  marine

ecosystems (Navarro-Barranco, Hughes 2015;  Bolton  et

al.,  2017;  Longcore,  Rich,  2004)  show that  current  and

projected future use of artificial lighting at night can lead to

disruption  of  natural  cycles  with  significant  global

consequences.

Under natural conditions, the presence of uncontrolled

sources  of  artificial  light  near  water,  particularly  in

recreational  areas  and  along  coastlines  frequented  by

tourists, can have a negative impact not only on the vital

activities  of  individual  aquatic  organisms,  but  also  on

ecosystems as a whole. For example, artificial lighting has

been  shown  to  have  a  species-specific  effect  on  the

behaviour  of  aquatic  organisms.  Gammarids  of  the

species  Dikerogammarus  villosus (Sowinsky,  1894)

actively avoid all types of light, so in a natural environment

exposed  to  light  pollution,  individuals  of  D.  villosus will

remain  permanently  in  shelter,  which  may  reduce

opportunities  for  foraging  and/or  mating.  However,

Gammarus  jazdzewskii Rudolph,  Coleman,  Mamos  &

Grabowski, 2018 does not respond to light from HPS (high

pressure  sodium  lamps)  and  LED  (broad  spectrum)

lighting. Thus, the lack of avoidance behaviour may lead

to  increased  vulnerability  of  this  species  to  predation

(Czarnecka et al., 2022). 

It  is  worth noting that  natural  changes in lighting,  or

photoperiod, also affect the circadian rhythms of all living

organisms.  Thus,  when  the  cycle  of  day  and  night  is

disrupted  and  light  sources  continue  to  shine  at  night,

circadian mechanisms are also disrupted, in particular the

production  of  a  hormone  such  as  melatonin.  An

experiment has been conducted in which it was found that

artificial lighting (even at minimal intensity) at night leads

to a significant decrease in melatonin secretion in  Perca

fluviatilis Linnaeus, 1758 (Brüning  et al., 2015). It is also

noted that when exposed to brighter artificial light (20, 200

and 400 lux) at night, Salmo salar Linnaeus, 1758 showed

reduced  melatonin  production  compared  to  salmon

exposed to lower light intensities (0 and 1 lux) (Porter  et

al., 2001). In addition to melatonin production, photoperiod

affects  the  production  of  other  hormones  necessary  for

survival  and  reproduction.  A  study  on  Oncorhynchus

mykiss (Walbaum, 1792) showed that in daily-fed fish, the

diurnal  dynamics  of  plasma  thyroxine  (T4)  and  cortisol

depend on the light regime (light:dark, 6:18, 12:12, 18:6).

Under the latter two regimes, cortisol levels were elevated

in the morning and the maximum level of T4 consistently

shifted  from  evening  to  morning  as  light  conditions

increased (Reddy, Leatherland,  2003).  Light  also affects

the production of sex hormones, which are responsible for

the maturation and reproduction of organisms. When kept

under constant light conditions, sexual maturation of many

fish species is inhibited (Davie et al., 2007, García-López,

2006, Rodríguez et al., 2005, Porter et al., 1999).  Migaud

et  al. (2006)  found  that  gonadogenesis  in  P.  fluviatilis

ceased  completely  when  kept  under  constant  lighting

conditions of 500 lux. As a result, animals exposed to light

pollution have reduced locomotor activity and growth rate

(Luarte  et  al.,  2016),  as  well  as  reduced  reproductive

capacity (Touzot et al., 2019; 2020), due to the disruption

of biological processes. 

In addition to the processes described above, there are

others that can potentially be affected by lighting. These

include  parameters  such  as  the  rate  of  oxygen

consumption and haematological indicators (haemoglobin

levels,  erythrocyte  and  leukocyte  counts,  haematocrit)

(Islam  et  al.,  2022).  It  is  believed  that  fish  blood

parameters  can  be  used  as  an  effective  and  sensitive
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indicator  to  monitor  physiological  and  pathological

changes. This is because they provide sufficient statistics

on  the  various  physiological  responses  of  fish  to

environmental  changes  that  affect  their  normal  state

(Cazenave  et  al.,  2005;  Elahee  and  Bhagwant,  2007;

Sharmin  et  al.,  2016;  Islam  et  al.,  2019).  In  turn,

assessment  of  oxygen consumption can contribute  to  a

more complete understanding of the changes that occur in

the body under the influence of light.

The  aim  of  this  work  was  to  analyse  the  effect  of

artificial  lighting  on  oxygen  consumption  in  fish  of  the

species  Phoxinus phoxinus (Linnaeus, 1758) and also to

investigate whether keeping this species under conditions

of  constant  light  contributes  to  the  occurrence  of

inflammatory processes in the organism.

MATERIAL AND METHODS

Experimental animals and housing 

P. phoxinus is a ubiquitous species, dwelling in both

expansive  and compact  bodies  of  water,  with  particular

susceptibility of the latter to light pollution. The research

conducted employed a circular net to handpick minnows

from Lake No. 15 located near Bolshie Koty village in the

Southern  Baikal  area  between  2021-2022.  The  fish's

dimensions spanned from 8-9 cm, however, their gender

was  not  determined  before  experimentation.  Prior  to

conducting the tests, the specimens underwent a month of

acclimation  under  laboratory  conditions.  To  conduct  the

experiments,  three individuals  of  P. phoxinus were kept

per aquarium in constant conditions. The temperature was

maintained at 12°Ϲ, and Baikal bottled water was used for

aeration  and  water  parameters.  Technical  term

abbreviations such as P. phoxinus were explained upon

their  first  use.  Only  the  lighting  was  altered  during  the

experiments,  while a 12:12 period of  light  and darkness

was used for the control groups.

Experimental procedures 

All studies comply with international ethical standards

and in agreement  with the commission for experimental

research of  the Research Institute of  Biology of  ISU. In

2021, an experiment was carried out in which the oxygen

consumption of minnows was measured when kept under

certain light conditions. Oxygen consumption was defined

as the  difference in  dissolved oxygen measurements  in

the aquarium before and after  exposure to light.  Before

each  measurement  (30  minutes),  the  oximeter  «PME

miniDO2T Logger» (USA) was placed in a container with

water,  the  temperature  of  which  was  the  same  as  in

aquariums.  In  addition,  aeration  was  turned  off  in  the

aquariums  themselves  to  avoid  large  errors  in  the

measurement of  dissolved oxygen.  After this,  the fishes

spent  an hour  under  illumination of  70-80 Lx.  Then the

oxygen consumed by the fishes was measured again. A

total  of  16  measurements  were  taken  in  the  daytime

(14:00),  16  measurements  in  the  dark  (19:00,  the

experiment  was carried  out  in  December  2021)  and 16

measurements in the dark (19:00) under illumination. 

In 2022, the leukocyte formula of the peripheral blood

of the usual minnow was determined using the differential

counting  method  during  the  experiment.  For  the

experiment,  4 groups were formed: in each group there

were  3  control  and  3  experimental  individuals.

Experimental individuals from the first group were exposed

to  round-the-clock  LED lighting  (70-80  Lx)  for  10  days,

from the second for 14 days, from the third - 17, fishes

from the fourth group were exposed to constant artificial

lighting for 21 days. Blood was collected from the tail vein

by  cutting  off  the  tail  (caudotomy)  immediately  after

catching the fishes from the aquariums (before this,  the

fishes were exposed to clove oil). After this, smears were

made. Smears were stained according to Pappenheim. A

total of 30 smears were made, and it should be noted that

6 smears were made immediately after acclimation of the

fishes. Next, 50 photographs were taken from each smear

using a Leica DMLB light  microscope with  a connected

camera.  Using  these  photographs,  blood  cells  were

counted and identified in the ImageJ program (using the

Cell  Counter  plugin).  4  main  groups  of  cells  were

identified:  erythrocytes  and  leukocyte  cells  were

represented  by:  lymphocytes,  neutrophils,  monocytes

(Ivanova, 1982). 

Statistical analysis

All  statistical  analyses  were  conducted  using  the

Kruskal-Wallis and Dunn's post hoc tests in RStudio. The

data collected from light-exposed fish were compared to

that of control fish, and any significant differences between

pairwise comparisons were considered at a p-value of less

than 0.05.
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RESULTS AND DISCUSSION

The results  of  an  experiment  that  examined oxygen

consumption  showed  that  fishes  are  sensitive  to  the

effects  of  artificial  light.  It  was  found  that  the  level  of

oxygen consumption in fishes of the species P. phoxinus

increases  statistically  significantly  (at  p<0.05)  at  night

when using LED artificial lighting sources in comparison

with  the  night  without  light,  as  shown  in  Table  1.  The

results of this experiment are also confirmed by literature

data. For example, a study on the effect of photoperiod on

the  energy  parameters  of  cyprinids  found  that  oxygen

consumption  in  fishes  decreased  in  the  dark,  but

increased with 24-hour lighting, which in turn affected the

total  food  consumption (Ruchin,  2012).  It  is  also  worth

noting  that  an  increase  in  oxygen  consumption  will

indicate  an  increase  in  metabolic  rate.  However,  this

process  cannot  continue  continuously,  and  ultimately,

maximizing  oxygen  uptake  can  lead  to  an  internal

imbalance that will affect the growth and forming of fishes,

causing  a  decrease  in  various  physiological  processes

such as feeding and reproduction (Nelson, 2016).

The growth of  inflammatory processes in fishes was

determined by the ratio of the total number of leukocytes

to  the  total  number  of  blood  cells.  An  increase  in  the

indicator indicated a growing inflammatory process in the

fish’s  organism.  The  results  of  our  study  showed  a

statistically significant (at p<0.05) increase in the level of

leukocytes in the third experimental group (as can be seen

in Table 2),  which was kept under constant  light  for  17

days.  The  result  obtained  can  be  assessed  as  a

demonstration  of  the  reaction  to  exposure  to  LED light

sources. To a certain extent, the results of our experiment

are consistent  with  published literature data,  which also

confirm that when fish are kept in light conditions that are

unusual  for  them,  clearly  defined  lymphopenia,  mono-,

neutro- and basophilia are manifested, and with excessive

exposure to the light factor, excess cortisol can cause the

destruction of lymphocytes and an increase in neutrophils

(Ruchin, 2009). It should be noted that an increase in the

level of white blood cells in the blood indicates a stress

response. This happens because during times of stress, a

large number of antibodies are produced, which can lead

to an increase in the number of white blood cells (Raphael

and Kuttan, 2003; Begg and Pankhurst, 2004; Beyea  et

al.,  2005). At  the  same  time,  constant  exposure  to  an

irritating factor leads to chronic stress, which results in an

increase in  level  of  cortisol,  which affects the metabolic

processes in fishes. In addition, there is a chronic increase

in  level  of  circulating  glucose  (Barton  et  al.,  1987),

changes  in  food  conversion  efficiency  (Barton  et  al.,

1987),  and accumulation  of  lipids  in  liver  tissue (Jerez-

Cepa et al., 2019). All this along affects the functioning of

the organism. 

Figure 1.  The level of oxygen consumption of P. phoxinus under different lighting conditions

Table 1  Levels of statistical significance (p) in pairwise comparisons of data on the level of oxygen consumption by fish
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using Dunn's post hoc test

Day
Night without

light
Night with light

Day 0,01828 0,5564

Night without light 0,01828 0,04303

Night with light 0,5564 0,04303

Table 2  Levels of statistical significance (p) for pairwise comparisons of the percentage of leukocytes to total blood cells
in P. phoxinus using Dunn's post hoc test

Control 1 group 2 group 3 group 4 group

Control 0,2327 0,09306 0,01506 0,06342

1 group 0,2327 0,6737 0,2838 0,5659

2 group 0,09306 0,6737 0,5153 0,8783

3 group 0,01506 0,2838 0,5153 0,6188

4 group 0,06342 0,5659 0,8783 0,6188

Figure 2  Comparison  of  the  percentage  of  leukocyte  group  cells  to  the  total  number  of  blood  cells  in  different
experimental groups

CONCLUSION 

The  results  of  our  experiment  confirm  that  artificial

lighting affects physiological indicators and can also cause

disturbances  in  the  immune  system,  which  can

subsequently  affect  the  general  condition  of  organisms

and  their  adaptation  to  the  environment.  However,  the

experiments  are  conducted  in  controlled  laboratory

conditions, without the influence of environmental factors

such as predators, prey, shelter, which are usually present

in natural conditions, and without other factors associated

with anthropogenic pollution (pollution of water bodies with

household and industrial waste, sewage, noise pollution).

In  future  work,  in  our  opinion,  it  is  worth  taking  these

parameters into account.

This  study shows that  the natural  cycle  of  light  and

dark is important for the normal functioning of fishes, for

this  reason  it  is  necessary  to  select  suitable  light

conditions for organisms in aquaculture.  We understand

that  the  species  of  fishes  used  in  this  study  is  of  low

economic  importance  and  is  unpretentious  to  living
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conditions; however, even this species can be affected by

artificial lighting.
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