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ABSTRACT. Light pollution is currently becoming widespread throughout the world and affects both
individual organisms and ecosystems. It was shown that light with different spectral characteristics
affects organisms differently. Lake Baikal is also subject to light pollution. Light pollution on the lake
tends to increase due to the growth of tourist flow and infrastructure development. Therefore, in this
work we decided to evaluate the reaction of the amphipod Eulimnogammarus cyaneus, which is wide-
spread in the littoral of Lake Baikal, to artificial light of different spectral characteristics and intensities.
In a series of experiments, individuals were given a choice between warm (with a color temperature of
3200 K) and cold (5600 K) lighting or darkness. In the experiments, the illumination level was set at 2
Ix or 10 Ix. As a result, we found that warm and cold light had an effect on the behavior of individuals
compared to the control. However, we did not find any difference in the behavior of amphipods when
comparing warm and cold lighting. Furthermore, no differences were found between the response of
individuals under cold light with 2 Ix and 10 Ix. However, the intensity of warm light is important for
amphipods. A weak light avoidance response (demonstrated by E. cyaneus) may increase the frequency
of detection of individuals of this species by predators in areas of the littoral of Lake Baikal subject to
light pollution.
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1. Introduction that the effects of light pollution may differ between

marine and freshwater ecosystems since the propaga-
tion of light in water depends on its optical properties.
However, various studies have demonstrated the effects

Light pollution is a widespread and rapidly
expanding type of pollution. It has been identified as

a major global change problem in the 21st century
(Marangoni et al., 2022). This pollution occurs due to
excessive use of artificial light sources at night. In turn,
this affects the circadian rhythms of organisms (Falcén
et al., 2020). Researches conducted to date have focused
primarily on terrestrial ecosystems and, to some extent,
marine ecosystems. However, the impact of light pol-
lution on inland water ecosystems has received very
little attention (Holker et al., 2023). It is worth noting
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of light pollution on the migratory activity of zooplank-
ton (Moore et al., 2000; Ludvigsen et al., 2018), zoo-
benthos (Navarro-Barranco and Hughes, 2015), and
invertebrate drift in rivers and streams(Perkin et al.,
2014). In addition, artificial light at night affects pred-
ator-prey relationships (Bolton et al., 2017; Tatanda et
al., 2018; Nunez et al., 2021; Harrison and Gray, 2024,
Hassan et al., 2024). This is mainly in favor of preda-
tors. Light makes aquatic organisms visible to their nat-
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ural predators. Therefore, elucidation of behavioral, in
particular phototactic, reactions of aquatic organisms
is of great importance. Some species avoid artificial
light (Abeel et al., 2016, Duarte et al., 2019; Fischer
et al., 2020), while other species are attracted to it
(Fernandez-Gonzalez et al., 2014;, Navarro-Barranco
and Hughes, 2015). In general, the response of organ-
isms to artificial light is species-specific and can vary
depending on the spectral characteristics of the light
(Abeel et al., 2016; Briining et al., 2016; Tatanda et al.,
2018; Fischer et al., 2020; Czarnecka et al., 2021; 2022;
Drozdova et al., 2021; Kiihne et al., 2021; Li et al.,
2022; Karnaukhov et al., 2025a). To assess the spectral
characteristics of light, the color temperature indicator
is widely used, indicating how energy is distributed in
the visible spectrum of radiation. The higher the pro-
portion of long-wave radiation (red, orange waves) in
the light spectrum, the lower its color temperature and
the warmer its color. Conversely, the higher the pro-
portion of short-wave radiation (blue, violet waves),
the higher the color temperature of the light and its
color appears colder. Although interest in using more
energy-efficient LED lighting is growing worldwide
every year (Holker et al., 2023), the impact of different
color temperatures of LED light on aquatic organisms
remains poorly understood.

Lake Baikal is a unique natural ecosystem with
a high level of biodiversity. The level of light pollution
on Lake Baikal tends to increase, which is largely due to
the growth of tourist flow. According to remote sensing
data, about 10% of the lake’s coastline is affected by
light pollution. The high transparency of the lake water
allows different light spectra to penetrate up to 400 m
into the water (Hunt et al., 1996). This may contribute
to the occurrence of negative changes in certain areas
of the lake’s littoral zone that are subject to light pol-
lution. Amphipods are the dominant representatives of
zoobenthos in Lake Baikal. They account for 61% of
all freshwater amphipods living in the inland waters
of Russia (Takhteev et al., 2015). In the littoral zone
of the lake, one of the most successful species in terms
of distribution is Eulimnogammarus cyaneus (Dybowsky
1874). The distribution area of this species covers
approximately 1/2-2/3 of the coastline of Lake Baikal
(Mekhanikova, 2015).

Given the widespread increase in light pollution
(including on Lake Baikal), as well as the available
data on the species-specific effects of light with differ-
ent spectral characteristics on organisms, we decided
to evaluate the effects of 2 and 10 1x of warm and
cold light on the behavior of E. cyaneus. In this study,
we also set out to test the following hypotheses: the
response of E. cyaneus to artificial light would differ
depending on (1) the spectral composition of the light
and (2) the intensity of the light.

2. Materials and methods
2.1. Capture and acclimation of
amphipods

All  experiments were approved by the
Commission for Experimental Research Using Animals
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of Research Institute of Biology of Irkutsk State
University (Protocol no. 14, dated 22 August 2024).
All experiments were conducted in accordance with
international ethical standards documented in the reg-
ulations of the Russian Federation, the Declaration of
Helsinki, and the European Union Directive 2010/63/
EU on the treatment of animals in scientific research.

E. cyaneus specimens were caught in the littoral
zone of Lake Baikal near the village of Bol’shiye Koty
using a hydrobiological net. As a result, more than 500
specimens were caught. On the same day, all specimens
were transported to the Irkutsk State University Institute
of Biology for further acclimation and experiments.

During the acclimation and experimental peri-
ods, the amphipods were kept in 18 x 11.5 x 12 cm
aquariums with constant aeration and a temperature of
12 °C. The number of individuals in one aquarium did
not exceed 30. The acclimation period was 3 days. All
experiments were conducted on the fourth and eighth
days of amphipod maintenance. To keep the amphi-
pods, we used settled tap water, which was completely
changed in the aquariums every 3 days. After chang-
ing the water in the aquariums, the amphipods were
fed dried Gammarus sp. During the keeping of amphi-
pods, the light regime was not established. During
the daytime, from approximately 10:00 to 18:00, the
amphipods were illuminated by indirect light from the
window and indirect light from the lamps in the labo-
ratory (illumination during the day was more than 70
Ix). During the nighttime, there was no light (0 Ix). On
the evening before the experiments, the room was com-
pletely darkened, providing illumination equal to 0 Ix
on the day of the experiments.

2.2. Experimental installation

The experiments were conducted during the
daytime in a room with O Ix illumination. A special
aquarium measuring 19 X 52 X 10 cm was used
for the experiments (Fig. 1). The CN-20FC LED video
light (NanGuang, China) was located at the end of the
aquarium as a light source. This video light is capable
of emitting both warm (3200 K) light and cold (5600
K) light simultaneously and separately. The end of the
aquarium on the side of the light source (Fig. 1 point
A) was divided by a 30 cm central partition (Fig. 1 dis-
tance AB). Thanks to this, one half of the aquarium was
illuminated with warm light, and the other half with
cold light. Either one half of the aquarium was illumi-
nated with (warm or cold) light, while the other half
remained dark. However, we could not completely pre-
vent the reflected light from the walls of the aquarium
from reaching the dark half, so a mixed light zone was
created with more and less illuminated halves at the
beginning of the aquarium (Fig. 1 distance BC). At the
end of the aquarium (Fig. 1 distance AB) the illumina-
tion in the darkened half was 0 Ix. If warm and cold
light were burning simultaneously, then in the mixed
light zone a clear boundary between the two lights was
visible. The required illumination level (used in the
experiments) was set and controlled at the beginning
of the aquarium (Fig. 1 point C) using a DT-8809A lux
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A — end of the aquarium with light source; B — end of central partition; C — start of
the aquarium where the amphipods being placed; D — movable transparent cylinder.

Fig.1. Scheme of the experimental aquarium (top view).

meter (CEM, Macao, China). The color temperatures of
warm and cold light measured with a spectrum analyzer
OPPLE Light-master-II (OPPLE, China) corresponded
to the values declared by the manufacturer (3200 and
5600 K, respectively).

2.3. Conducting experiments and data
analysis

At the beginning of the aquarium (Fig. 1 point C)
in the mixed light zone a transparent plastic cylinder
was placed (Fig. 1 point D). Five individuals of E. cya-
neus were placed in this cylinder at a time. Amphipods
in the cylinder were free to move between warm and
cold light, or between the light and dark half, for 3
minutes. After this time, the cylinder was removed and
the amphipods were given a choice of one side of the
aquarium or another for 1 minute. If the amphipod
swam behind the central partition of the aquarium into
one of its halves (Fig. 1 distance AB), then this was
counted as movement towards warm light, or move-
ment towards cold light, or movement into darkness,
depending on the chosen side of the aquarium. If the
amphipod remained in the mixed light zone (Fig. 1
distance BC), it was counted as remaining in place. A
total of 7 types of experiments were conducted, where
amphipods chose between: (1) warm 10 Ix and cold 10
Ix light - W10/C10, (2) warm 10 Ix and darkness —
W10/D, (3) cold 10 Ix and darkness — C10/D, (4) warm
2 Ix and cold 2 1x — W2/C2, (5) warm 2 1x and dark-
ness — W2/D, (6) cold 2 1x and darkness — C2/D, (7)
two sides of the aquarium in utter darkness (control)
— D/D. Moreover, experiments 1, 2 and 3 were carried
out on the fourth day of keeping amphipods, and the
rest — on the eighth. For each type of experiment, 24
replicates were conducted, i.e., each experiment took
into account the selection of 120 individuals of E. cya-
neus (5 individuals X 24 replicates = 120 individuals).

Data processing and analysis were carried out
using the R programming language (V 4.4.2; https://
www.R-project.org/) in the RStudio software environ-
ment. Pearson’s chi-square test with FDR correction
(Benjamini and Hochberg, 1995) for multiple compar-
isons was used to compare the frequencies of amphi-
pod tank zone selection between different experimental
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types. Differences were considered statistically signifi-
cant at p-value < 0.05.

3. Resulits

Comparison of samples using Pearson’s chi-
square test showed that lighting conditions affect the
locomotor activity of E. cyaneus (X-squared = 87.638,
df = 12, p-value = 1.413e-13). In general, low locomo-
tor activity was observed for E. cyaneus in the experi-
ments. Most individuals preferred to remain in the ini-
tial zone of the aquarium regardless of the presence or
absence of artificial lighting (Fig. 2).

‘W10/C10 W10/D C10/D
W2/C2 W2/D C2/D
D/D

Movement to the warm light
Movement to the cold light
. Movement to the dark

Stayed in place

Fig.2. Choice of lighting conditions by E. cyaneus
individuals.


https://www.R-project.org/
https://www.R-project.org/

Ermolaeva Ya.K. et al. / Limnology and Freshwater Biology 2025 (4): 983-994

SI: “The VIII-th Vereshchagin Baikal Conference”

Pairwise comparison of the results obtained
under different lighting conditions showed that statis-
tically significant differences were found in 13 out of
21 cases (Table 1). Comparison with control conditions
(D/D) showed that no differences were found only for
experiments W2/D and C2/D. Furthermore, no differ-
ence was found between intensities when comparing
the W10/C10 and W2/C2 experiments. Also, no differ-
ences were found between warm and cold light either
for 10 Ix (comparing W10/D and C10/D) or for 2 Ix
(comparing W2/D and C2/D). However, statistically
significant differences were found between the intensi-
ties for warm light when compared W10/D and W2/D,
whereas no such differences were found for cold light
when compared C10/D and C2/D.

4. Discussion

Our results show that artificial light of both dif-
ferent spectral composition and intensity influences
the behavior of E. cyaneus. In general, the results of
experiments for this species show its low activity both
without lighting and with lighting. This conclusion is
based on the fact that the majority of individuals in all
experiments (both in control conditions and in experi-
ments with light and the possibility of going into dark-
ness) remained at the beginning of the aquarium in its
mixed light zone. On the one hand, the low activity
of individuals could be associated with stress caused
by a short period of acclimation in laboratory condi-
tions. However, individuals of this species demon-
strated similar activity in another previous study by
us (Karnaukhov et al., 2025a), where the acclimation
period was at least a week. On the other hand, low
activity may be a characteristic of this species, whose
individuals prefer to live under stones during the day
(Mekhanikova, 2015). It should be repeated that the
experiments are carried out in a room without light-
ing, but during the daytime. In experiments where only
one half of the aquarium was illuminated, amphipods
apparently found it sufficient to hide from direct light
exposure and remain in the darker half of the aquarium
to prevent discomfort, especially in experiments with a
light intensity of 2 Ix. We conclude that both warm and
cold light cause discomfort and a corresponding avoid-
ance response in individuals. This is confirmed by the
fact that statistically significant differences were found

when comparing the control and experiments with
simultaneous illumination of warm and cold light of
both presented intensities, as well as experiments when
only one half of the aquarium was illuminated with one
or another type of light with an intensity of 10 1x.

Our results refute our hypothesis that amphi-
pods respond differently to warm and cold light of
equal intensities. We found no statistically significant
differences between warm and cold light in the light
and dark experiments in both cases (10 1x and 2 Ix).
Earlier studies of amphipods have demonstrated dif-
ferent responses of individuals of the same species to
light of different spectral compositions (e.g. light from
LED lamps, light from halogen lamps or high-pressure
sodium lamps) (Navarro-Barranco and Hughes, 2015;
Czarnecka et al., 2021; 2022; Hassan et al., 2024).
Although both warm and cold light in our study are
LED, their spectral composition differs in the distribu-
tion of light energy across wavelengths. The emerging
contradiction with earlier studies can be explained by
the species-specificity of the reactions of different spe-
cies to light.

Regarding the hypothesis about the different
response of amphipods to the same light of different
intensities, our results confirm it for warm light and do
not confirm it for cold light. Amphipods were statisti-
cally significantly more likely to avoid 10 Ix light than
2 Ix light in warm light and dark experiments. Studies
conducted to date have either considered the effects of
high light intensities on amphipod behavior (Kohler et
al., 2018) or have not considered this parameter at all.
In a previous study, we did not confirm the hypothesis
about the importance of light intensity in the amphi-
pod response, but we obtained borderline results for
warm (3000 K) light in one of the studied species
(Karnaukhov et al., 2025a). Overall, the light response
demonstrated by E. cyaneus in the previous and cur-
rent studies is similar: in both studies, one group of
individuals was attracted and the other group avoided
the warm light. In the present study, we used lower
intensities for comparison than in the previous study.
It is possible that low light intensities have a greater
impact on amphipod behavioural variability than high
intensities. Therefore, in future studies it makes sense
to evaluate changes in amphipod behavior at different
low intensities, starting from 0 Ix, with a step between
them up to 1 Ix.

Table 1. Results of pairwise comparison (p-values) of the frequencies of aquarium zone selection by E. cyaneus individuals
under different lighting conditions using the Pearson chi-square test with FDR correction.

D/D W10/C10 W10/D C10/D W2/C2 W2/D
W10/C10 0.0004* - - - -
W10/D 0.0004* 0.0004* - - -
C10/D 0.01* 0.0004* 0.5 - -
W2/C2 0.01* 0.4 0.0004* 0.0004* - -
W2/D 0.3 0.0004* 0.02* 0.2 0.001* -
C2/D 0.1 0.0004* 0.1 0.6 0.0004* 0.7
Note: * — statistically significant differences
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Overall, we can assume that warm 10 Ix light
has the greatest effect on the locomotor activity of E.
cyaneus individuals compared to other lighting condi-
tions presented in this study. However, it is also worth
noting that most of the individuals in the experiments
with any light and darkness remained in the mixed
light zone. In this zone, the light fell a little even on
the darker half, and some individuals moved directly
towards the light. This behavior may be dangerous
from the point of view of survival for some individuals
in the natural conditions of Lake Baikal. This is due to
the fact that even weak light makes the organisms vis-
ible to predators, in particular, to cottoid fish. Several
studies have demonstrated the ability of fish to hunt
successfully in illumination levels below 10 1x (Talanda
et al., 2018; Harrison and Gray, 2024) and even at 0.5
Ix (Ohlberger et al., 2008). Therefore, the absence of a
clear light avoidance response in E. cyaneus may lead to
changes in the predator-prey relationship (Bolton et al.,
2017; Tatanda et al., 2018; Harrison and Gray, 2024;
Hassan et al., 2024) in certain areas of the lake’s littoral
exposed to light pollution.

It is worth noting that in the experiments we used
groups of 5 amphipods, although we allow for possi-
ble differences in solitary and group behavior for this
species. Thus, in studies with fish, more active behav-
ior of individuals in a group was noted (Bartosiewicz
and Gliwicz, 2011; Talanda et al., 2018). We also
found differences in solitary and group behavior in the
Baikal amphipod Gmelinoides fasciatus (Stebbing, 1899)
(Karnaukhov et al., 2025b). However, the choice of
the number of individuals in this study was primarily
determined by the need to speed up the process of con-
ducting experiments while ensuring a sufficient sample
size. However, the question remains open not only of
the solitary and group behavior of E. cyaneus, but also
of the behavior of individuals of this species during the
night period, when light pollution is observed. Both
questions can form the basis for further research both
in the context of studying the behavioral characteristics
of this species and in the context of the problem of light
pollution.

5. Conclusion

Both warm and cold light 2 and 10 Ix intensi-
ties influence the behavior of E. cyaneus. Moreover, the
spectral composition of light does not play a role in
the reaction of individuals of this species to light, since
individuals reacted equally to warm and cold light. In
addition, we did not find a significant effect of intensity
for cold light on the formation of amphipod behavior,
but confirmed the importance of intensity in this regard
for warm light. The warm 10 Ix light had the greatest
effect on E. cyaneus. This light was avoided by individ-
uals to a greater extent than other lighting conditions.
Although individuals exhibited avoidance responses to
both warm and cold light, most individuals remained in
the illuminated zone under all lighting conditions. The
inability of this species to actively avoid light and the
development of infrastructure on Lake Baikal may lead
to excessive detection of individuals by natural preda-

987

tors. In addition, this will lead to changes in the preda-
tor-prey relationship in light-polluted littoral areas.
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KpaTtkoe coobuienune

Peakuun 6auKa_Achou AUTOPaAAbHOM [ IMNOLOGY
amounoabl Eulimnogammarus FRESHWATER
cyaneus (Dybowsky, 1874) Ha TenAbIM K BIOLOGY
XONOAHBbIM CBETOAMOAHDbIN CBET HU3KOMH - —
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AHHOTAIIHUS. CBeToBOe 3arps3HeHUEe B HaCTOsIllee BpeMs IpHUOOpeTaeT MUPOKOe paclpocTpaHeHue
10 BCeMy MUPY, OKa3biBas BJMAHNE KaK Ha OTHeJIbHble OpraHW3MBI, TaK 1 Ha 9KOCHCTEMEI B IeioM. IIpu
3TOM OBLJIO IOKA3aHO, YTO CBET C pa3HbIMU CIEeKTPaJIbHBIMU XapaKTepHCTUKaMU II0-pa3HOMY BJIMAET Ha
opranusmel. O3epo balikan Takxe MOABEPXKEHO CBETOBOMY 3arpsA3HEHMI0, KOTOpOe, B CBA3U C POCTOM
TYPUCTUYECKOIO NIOTOKA M pa3BUTHEM UHOPACTPYKTYpH, MMeeT TeHAEHIMIO K yBeJndeHuio. [loaromy
B IaHHOM paboTe MBI peNInJii OLIEeHUTh PeakKI[hi0 paclpoCTpaHeHHOU B JIUTOpasiu o3epa baiikan ampu-
nonel Eulimnogammarus cyaneus Ha WCKYCCTBEHHBI CBET Pa3HBIX CIEKTPAJIbHBIX XapaKTEPUCTUK U
WHTEeHCUBHOCTeN. B psijie aKcriepuMeHTOB 0c00sM AaBaJicsi BbIoop Mexay TemasiM 3200 K 1 xo104HBIM
5600 K ocBemnieHreM WM TEMHOTOH. [Ipu 3TOM B 3KCllepHUMeEHTaX yCTaHABJIMBAJICA YPOBEHb OCBeEIEH-
HOCTH 2 JIK, JIubo 10 K. B pe3yyibTaTe Mbl 0OHAPYXWUJIU, YTO 1 TEIUJIbII, U XOJIOJHBI CBET OKA3bIBAIOT
BJINSIHME Ha [OBeJileHre 0co0ell II0 CpPaBHEHMIO ¢ KOHTPOJIEM, OJHAKO, Mbl He OOHApPYXXKWJIM pPa3HULLI B
noBefleHn aM(UIIO IIPU TEeIJIOM U XOJIOAHOM OCBellleHWH. MBI Takke He OOHApyXWJIW pas3jInduil B
peakiuy ocobeli Ha 2 K U 10 JIK B XOJIOHHOM CBeTe, HO MOATBEpAWIN 3HAYMMOCTh MHTEHCHBHOCTU
TeIJIOro CBeTa [JIA hccjlelyeMbIX opraHu3MoB. IIpogeMoHcTprupoBaHHas E. cyaneus moctatoyHo ciaabas
peakiysa n3beraHus cBeTa MOXeT yBeJIMUUTh YaCTOTy 0OHapyxeHusA ocobeli 3Toro BuAa XUIMHUKaMU Ha
ydacTKax JIMTopaau o3epa balikas, noaBep>keHHBIX CBETOBOMY 3arpsA3HEHHUIO.

Kitiouegsie ctoga: cBeTOBOE 3arpsA3HeHNe, I[BeTOBas TeMIlepaTrypa, CBeTOAMOHBIN CBeT, 03epo Barikai,
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1. Beepenne al., 2020). IlpoBeneHHBIE HA JAHHBI MOMEHT HCCJIE-

JIOBaHUS B OCHOBHOM 3aTparuBalT Ha3eMHble 5KOCH-
CTEMBI 1, B HEKOTOPO#1 CTEEeH!, MOPCKHE SKOCHUCTEMBI,
TOr[la KaK BJIMAHUIO CBETOBOI'O 3arpsA3HEHHUs Ha BHY-
TpeHHUEe BOJbl yJeJisieTCs KpaliHe MaJi0 BHUMAaHUS
(Holker et al., 2023). IIpy 3TOM CTOUT OTMETUTH, UYTO
[IOCJIE/ICTBYsI BJIMAHUS CBETOBOI'O 3arpsi3HEHUS MOIYT
pas3IMYaThCs MEXIY MOPCKAMH U ITPECHOBOIHBIMU KO-
cHCTeMaMH, TIOCKOJIbKY paclpoCcTpaHeHre CBETa B BOAE

CBeTOBOe 3arpsi3HEHUe fBJIAETCS IIUPOKO pac-
MIPOCTPAaHEHHBIM U MpPHU3HAETCS B KadecTBe OJHOM
U3 OCHOBHBIX mpobyiem 21-ro Beka (Marangoni et al.,
2022). JlaHHOe 3arpsA3HeHUe BO3HHKaeT K3-3a 4pes3-
MEepHOTO HMCIOJIb30BAHUSA UCKYCCTBEHHBIX MCTOYHHKOB
OCBellleH!sA B HOYHOH Nepro[d, YTO, B CBOIO OYepe[b,
BJIMSIET Ha I[UpKaJHbie pUTMBI opranu3moB (Falcén et
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3aBHCUT OT ONTHYECKUX CBOMCTB cpefnl. TeM He MeHee,
B pa3JIMYHBIX HCCJIeJOBAHUAX OBLIO MPOAEMOHCTPUPO-
BaHO BJIMAHNE CBETOBOr'O 3arpsA3HeHus Ha MUrPAIOH-
HYI0 aKTHUBHOCTBH 300IUIaHKTOHa (Moore et al., 2000;
Ludvigsen et al., 2018), 30o06eHToca (Navarro-Barranco
and Hughes, 2015) u Ha gpelip 6Gecro3BOHOYHBIX B
npoTouHbix cuctemax (Perkin et al., 2014). Kpome
TOTO, UCKYCCTBEHHBIN CBeT B HOYHOI IEepHOA BMAET
Ha B3aMMOOTHOIIEHUs XUIIHUK-XepTBa (Bolton et al.,
2017; Talanda et al., 2018; Nunez et al., 2021; Harrison
and Gray, 2024; Hassan et al., 2024), u, B OCHOBHOM, B
[I0JIb3y XUIIHUKOB. CBeT AesiaeT rMApPOOHOHTOB BUAU-
MBIMHU JJI UX €CTeCTBEHHBIX XUITHUKOB, I03TOMY AJIA
OLIeHKU BJIMAHUSA CBETOBOIO 3arps3HeHus Ha opra-
HU3MBl HeoOXOAMMO BBIACHUTh HX IIOBeleHYecKue,
B 4YacTHOCTH, (OTOTaKCHMYecKHe peaklUu Ha HCKYyC-
CTBEeHHBI! cBeT. OAHU BUIbI N30eraiT UCKYCCTBEHHOTO
cBeta (Abeel et al., 2016; Duarte et al., 2019; Fischer et
al., 2020), gpyrue npuBJekaioTcs Ha Hero (Fernandez-
Gonzalez et al., 2014; Navarro-Barranco and Hughes,
2015). B 1jesiom, peakuusa OpraHM3MOB Ha UCKYCCTBEH-
HBIM cBeT BuAocnennduUyHa U MOXeT BapbHpOBAaTh B
3aBHCUMOCTH OT CIEeKTpaJIbHBIX XapaKTepUCTUK CBeTa
(Abeel et al., 2016; Briining et al., 2016; Tatanda et
al., 2018; Fischer et al., 2020; Czarnecka et al., 2021;
2022; Drozdova et al., 2021; Kiihne et al., 2021; Li et
al., 2022; Karnaukhov et al., 2025a). 111 oIjeHKHU CITIeK-
TPaJIbHBIX XapaKTepUCTHUK CBeTa MHUPOKO IIPUMeHAeTCA
IoKasaTesib LIBETOBOI TeMIlepaTypbl, YKa3bIBalOLIUI
Ha TO, KaK paclpejesiseTcsa SHeprus B BUJAUMOM CIIeK-
Tpe W3JIyyeHHA. YeM BbIllle A0JIA AJIMHHOBOJIHOBOI'O
u3siyueHusa (KpacHble, OpaH)XeBble BOJIHBI) B CIIEKTpe
CBeTa, TeM HIDKe ero LBeToBas TeMIlepaTypa U TeIliee
ero 1seT. 1 Hao6OpOT, YeM BBhIIIe A0JII KOPOTKOBOJI-
HOBOTO u3jydyeHus (cuHue, GpuoseToBble BOJIHBI), TEM
BhIIIIE [IBETOBasA TeMIlepaTypa CBeTa U ero IBeT BBIIJIA-
AuT xoJsiogHee. U XOTA BO BceM MHpe eXerogHo pac-
TeT MHTepec K MCIOJIb30BaHUIO OoJiee dHeprosddex-
THUBHOI'O cBeToguoaHoro ocmemeHus (Holker et al.,
2023), ocraercsi MaJIOM3yYeHHBIM BOIIPOC BJIUSAHUA
Pa3HBIX IIBETOBBIX TeMIlepaTyp CBETOAMOJHOIO CBeTa
Ha r'UIpoOMOHTOB.

Osepo baiikan — yHuUKajbHasA NpUPOAHAA 3KO-
cucTeMa C BBHICOKMM YypoBHeM OuopasHooOpasus.
YpoBeHb CBETOBOro 3arpsA3HeHHA Ha o3epe bBaiikain
“MeeT TeHJIeHIIUIO K YBeJIMYeHUI0, KoTopasd, B 6oJibliIei
CTelleHY, CBA3aHa C POCTOM TYPHCTHYECKOIO IOTOKa.
[lo maBHBIM AMCTAHIMOHHOIO 30HAMPOBAHUA 3eMJId
okoJyio 10% OeperoBoil JIUHUKU O3epa HAXOJUTCA IMOJ
BO3elCTBUEM CBETOBOI'O 3arpsA3HeHUA. Bricokas mpo-
3pavyHOCTh O3epa MO03BOJIAET OTAEeJIbHBEIM CIeKTpam
cBeTa MPOHUKATh BILJIOTh A0 400 M B riy6uny (Hunt
et al., 1996), 4ToO MOXeT crocoOCTBOBAaTh BO3ZHUKHOBE-
HUIO HeraTUBHBIX M3MeHeHUl Ha OT/JeJIbHBIX y4acTKax
JIMTOpai 03epa, MOABEepPXEeHHBIX CBETOBOMY 3arpss-
HeHU0. JJOMUHUPYIOIINMY [IpefICTaBUTeIIAMHU 3000eH-
Toca B o3epe Baiikas ABjAOTCA aMPUIOAB], Ha KOTO-
pbix nmpuxoautes 61% Bcex NpPeCHOBOAHBIX aM(pUIIOL,
XUBYIIMX BO BHYTpeHHUX Bojax Poccuu (Takhteev et
al., 2015). B siuTopasbHOM 30HE O3€epa OJHUM U3 Hau-
OoJiee yCHEMHBIX BUJOB B IIJIaHE paclpoCTpaHeHU:A
saBisetcs Eulimnogammarus cyaneus (Dybowsky 1874),
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apeaJjl KOTOPOTO OXBaThIBaeT OKoJio 1/2-2/3 Gepero-
Bol iuHuM baiikana (MexaHukoBa, 2015).

B cBA3U c MOBceMeCTHBIM yBeJINUeHNEeM YPOBHA
CBETOBOTO 3arps3HeHuUs, B TOM YUce, Ha o3epe batikai,
a TakXe OCHOBBIBAsICh HA MMEIOIIUXCA JaHHBIX O BUJIO-
crieniidUYHOM BJIMSHUM CBeTa C Pa3HBIMU CIIeKTpaJlb-
HBIMM XapaKTepUCTUKaMU Ha OPraHU3Mbl, Mbl DeIINIIN
oIleHUuTh BiuAHMe 2 U 10 JK Temjaoro u Xo0JIOJHOIro
cBeTa Ha moBefeHue E. cyaneus. B faHHOM uccjeioBa-
HHUU MBI IPOBEPUJIN CJIeAYIOIINEe TUNOTe3bl: peakius E.
cyaneus Ha MCKYCCTBEHHBII CBeT OyJleT pa3jihnyaThCA B
3aBUCHUMOCTU OT (1) cHeKTpaJIbHOTO COCTaBa CBeTa U
(2) MHTEHCUBHOCTH CBeTa.

2. MaTtepuanbl 1 MEeTOADI
2.1. OTroB M akknMmauua ambunoa

Bce skcnepuMeHTH 6b11H 0106peHsl KoMuccuert
[I0 3KCIIepUMEHTaJIbHBIM HCCJIEJOBAHUAM C MCIOJIb-
3o0BaHueM XuUBOTHbhIXx HWW Ouosoruu HVpKyTcKoro
rocyiapcTBeHHoOro yHuBepcutera (mporokoa Ne 14
oT 22 aprycra 2024 roga). Bce skcnepuMeHTHI ITPOBO-
JWINCh B COOTBETCTBUU C MeXOyHapOAHBIMU 3THYe-
CKMMH CTaHJapTaMu, KOTOpble 3aKpeIljieHbl JOKyMeH-
TaJIbHO B HOPMAaTHUBHO-IIPABOBHIX akTax Poccuiickoi
®epnepanuu, XeJbCUHKCKON AeKJIapaluy U AUpeKTUBe
EBpomnelickoro mapsaMmenTta u CoBera EBpomnerickoro
coro3a 2010/63/EC ot 22 centsa6pa 2010 r. o 3amure
XVBOTHBIX, CIIOJIb3YIOLIMXCA AJIA HAyYHBIX LieJIel.

Ocobeil E. cyaneus OTJIaBIMBaJId B MPUOpPEXHOMN
30He o3epa baiikan y nocesika Bosbmire KoTsl ¢ momo-
b0 THAPOOMOJIOTUYECKOro cauka. B pesysbrare ObLIO
oTJioByieHO Oosiee 500 ocobeli, KOTOpBIE B TOT Xe AeHb
TpaHcnopTuposaiuck B HUU 6uosnoruu UI'Y ansa ganb-
HeMIlell akKJIMMaluy U [IpoBefieHNs 3KCIIepUMEHTOB.

B mepuonpl akkJuMalUM U NpOBeeHUA dKCIle-
PHUMeHTOB aM(UIIOALl COepXanucCh IPU MOCTOSHHON
aspauuu u temneparype 12 °C B 18 X 11.5 X 12 cm
akBapuyMax, KOJIMYecTBO 0co0Oeil B OAHOM aKBapuyMe
He mnpesbimasio 30. Ilepuoa akkJIMMaUUM COCTABJIAJ
3 [HA, 9KCIepUMEHTH! NIPOBOAWJIMCh Ha YeTBEPTHIN U
BOCBMOH JHU coAepkaHusa ambumnof. Jiid cogepxaHus
amMbuno[ MHCMNOJIb30BaJlaCh OTCTOSAHHAs BOAOIPOBO-
JIHasA BoAa, KOTOpasA IOJIHOCThI0O MEHAJIAach B aKBapuy-
Max kaxasle 3 auA. [Tocsie cMeHB! BOABI B akBapuyMax
amMuno KOpMUIN cyllleHHBIM Gammarus sp. Bo Bpemsa
cojepaHusa aM(PUIOA CBETOBOI peXXUM He yCTaHaBJIU-
BaJics. B qHeBHOI nepuof, npuMepHo, ¢ 10:00 mo 18:00
aMuno sl OCBelaJICh HENPAMBIM CBETOM, IoNaAalo-
UM M3 OKHA W HeNpsAMBIM CBETOM OT JlaMI B J1a0o-
paropun (OCBelleHHOCTh B TedyeHHe [OHA COCTaBJiAsa
6osee 70 k). B HOuHOI1 epuof cBeT oTcyTcTBOBaJ (0O
JIK). BeuepoM, HakaHyHe IIpOBeJeHNs dKCIIepUMEHTOB,
KOMHAarTa IOJIHOCTBIO 3aTeMH:AJIach, obecreynBas OcBe-
IMeHHOCTh paBHyl0 O JIK, Ha cJeayloliee yTpo, B AeHb
IIpoBeieHNs SKCIIePUMEHTOB.

2.2. IKkcnepuMeHTaAbHaA YCTaHOBKa

OKCIepUMEHTHI POBOAUJIUCH B JHEBHOM MIEPUO/
B KOMHATe ¢ OCBelleHHOCTHIO 0 JIK. J[JIs1 SKCIIepUMEHTOB
ucnoJib3oBasicsa akBapuyM 19 X 52 X 10 cm (Puc. 1),
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1
A
A — KOHEI| aKBAPHYMa ¢ HCTOYHHKOM OCBEIIeHHsA; b — KOHell eHTpaIbHOH

neperopoaku; B

HaA4YaJI0 aKkBapuymMa, K

TIOJIBIDKHEIH [IPO3PAYHBIN HMIUHIP.

Puc.1. Cxema 3KCIIEpUMEHTAJIBHOM YCTAaHOBKU (BUJ CBEPXY).

Ha KOHIle KOTOPOT'o pacioJiarajcsa CBeTOAUOAHBIN JINH-
30BbII HakaMmepHBIN cBeTHUJIBHUK CN-20FC (NanGuang,
Kuraii). JJaHHBIN CBeTUIBHUK CIOcOOeH U3JIydaTh Kak
OOHOBPEMEHHO, TaK M He3aBHUCHUMO TeIUIBIl (LBEeTO-
Bas temmeparypa 3200 K) u xononnsiii cset (5600 K).
Komnery akBapuyMa co CTOpOHHI cBeTwsbHUKa (Puc. 1
Touka A) pazzesissica ¢ noMoinbso 30 ¢cM Ieperopoaxku
(Puc. 1 paccrosiume AB). Biarogapsi et OTHOBpEMEHHO
oHa IOJIOBMHA aKBapuyMa OcBelllajiach TeIIBIM CBe-
TOM, a Apyras — XoJoAHbIM. JIn6o ojHa IOJIOBUHA
akBapuyMa OCBelllajlach TeM HJIU UHBIM CBETOM, a BTO-
pas MOJIOBHMHA IIPU 3TOM OcTaBajiach TeMHON. OHaKO
MBI He MOIJIM IOJIHOCTBIO NPeOTBPAaTUTh MOIajiaHue
OTpPakeHHOI'0 OT CTeH akBapuyMa CBeTa Ha TeMHYI0
[I0JIOBUHY, [TIO3TOMY B HavaJjle akBapuyma (Puc. 1 pac-
crosiHue bB) co3gaBasach «cMellaHHas» 30HA ¢ Oojiee
U MeHee OCBellleHHbIMU NoJioBUHaMu. [Ipu aToMm Giirke
K KoHIly akBapuyMa (Puc. 1 paccrosnue ADB) ocBerieH-
HOCTh B 3aTeMHEHHO! IOJIOBUHe cocTaBjaaa 0 JiK.
Korpa xe TeluIblil U XOJIOAHBIN CBET ropejiki OgHOBpe-
MEHHO, TO B «CMeIIaHHOI» 30He ObIa BUJHA YeTKasd
rpaHunia Mexay HuMu. HeoOXoOuMEIll ypOBeHb OCBe-
[IeHHOCTH, UCIOJIb30BaHHEBIN B 3KCIIepHMEHTaX, ycTa-
HaBJINBAJICA ¥ KOHTPOJIMPOBAJICA B Havyajle akBapuyma
(Puc. 1 touka B) c momomrsio Jrokecmerpa DT-8809A
(CEM, Makao, Kuraii). i3amepeHHbIE C TTOMOIIBIO aHa-
musatopa cmektpa OPPLE Light-master-II (OPPLE,
China) 11BeTOBBIE TeMIEpPATYpPHI TEILIOTO M XOJIOJHOTO
cBeTa COOTBETCTBOBAJIU 3HAUEHUAM, 3asBJIEHHBIM IIPO-
usBoguteseMm (3200 u 5600 K, cOOTBETCTBEHHO).

2.3. MNMpoBeaeHne 3KCNEPUMEHTOB U
aHaAU3 pe3yAbLTaToB

B nauasie akBapuyma (Puc. 1 Touka B) B «cme-
IIaHHON» 30He pasMeIlasIcsa IPO3pavYHbI NIJTACTUKOBBIN
nuHAp (Puc. 1 Touka I'), KyZja 0fHOBpeMeHHO IIoMe-
maauck 5 ocobeil E. cyaneus. AMGUNIOAL B IIUJINHJPE
MOTJIM CBOOOAHO MepeMelaTbCsa MeXAy TeIJIbIM U
XOJIOAHBIM CBETOM, JINOO MeXAy CBETOM M 3aTeHEeH-
HOU IOJIOBUHON B TedeHHe 3 MUHYT. [lo mcredeHun
JAHHOTO BpeMeHU LWIMHApP yOupasica u ampunomam
JaBajicd BBIOOpD TOM WJIM MHOW CTOPOHBI aKBaphyMa
B TeueHue 1 MuHyTH. Ecin ambunona saxomguia 3a
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LIeHTPaJIbHYI0 IeperopoKy akBapruyMa B OJHYy U3 €ro
nmosioBuH (Puc. 1 paccrosiume AB), TO 3TO 3aCUUTHIBA-
JIOCh KaK «JIBMXXeHHEe K TelJIOMY CBeTy», UJIU «IBUXe-
HUe K XOJIOAHOMY CBETY», UJIU «IBUXeHNEe B TEMHOTY»
B 3aBHCHMMOCTU OT BBIOpAHHOI CTOPOHBI akBapuyma.
Ecnmu amdumnoma ocraBajach B «CMeENIaHHOI» 30He
(Puc. 1 paccrossHue BB), TO 3TO 3aCUMTHIBAJIOCh KaK
«0CTaBajiach Ha MecTe». Bcero 6b1JI0 MpoBeJeHO 7 TUTIOB
JKCIepUMEHTa, rae aMm¢umnoas Beidupanmm Mexay: (1)
TetibiM 10 sk 1 xosiogHbeiM 10 1k cBetoM — W10/C10,
(2) terteim 10 1k u TemHoTol — W10/D, (3) xoJ07-
HBIM 10 jK U TeMHOTOM — C10/D, (4) TemasM 2 JIK U
XOJIOOHBIM 2 JIK — W2/C2, (5) TelisiM 2 JIK U TEMHO-
Toil — W2/D, (6) X00qHBIM 2 JIK 1 TeMHOTOI — C2/D,
(7) nByms cTOpoHaMHu akBapuyma B TOJIHON TEMHOTE
(koHTpOJIB) — D/D. IlpM 3TOM 3KCIEpUMeHTH 1, 2 u
3 ObUIHM MpPOBeEHH Ha YeTBEPTHIN AeHb COAepXaHU:A
aM(uNIof, a ocTtajbHble — Ha BOCBMOM. JIJIA KaxIoro
TUIIA SKCIepUMeHTa MPOBOAUIOCH 24 TOBTOPHOCTU, TO
€CTh B KaXJOM 3KCIepruMeHTe yUuThiBasICsa BeIOOp 120
ocobeti E. cyaneus (5 ocobeil X 24 noBTopHOCTH = 120
ocoberi).

O6paboTKy U aHajau3 [aHHBIX OPOBOAWIN C
MOMOIIbIO sI3bIKa mporpamMupoBanus R (V 4.4.2;
https://www.R-project.org/) B HpOrpaMMHOI cpeJe
RStudio. [{;is cpaBHeHHMA 4YacTOT BBHIOOpa 30H aKBa-
puyma aMmbunogaMy MeXOy Pa3HBIMH THUIAMHU JKC-
IepuMeHTa WCIOJib3oBajicA Xu-kBagpaT IlupcoHa c
nomnpaskoii FDR (Benjamini and Hochberg, 1995) Ha
MHO>eCTBeHHbIe cpaBHeHMA. Pa3inunsa cunuTaauch cra-
TUCTUUECK! 3HAYMMbIMU Tipu p-value < 0.05.

3. Pe3yAabTarthl

CpaBHeHME BBIOOPOK C IMOMOIIBI0 XU-KBajipaTa
[MupcoHa MokKasaJio, YTO YCJIOBUS OCBEN[eHUs BJIVAIOT
Ha JIBUTaTeJIbHYI0 akTUBHOCTS E. cyaneus (X-squared =
87.638, df = 12, p-value = 1.413e-13). B 1jesiom, Ay
E. cyaneus B skcniepuMeHTax OTMeuayiach HU3Kas OBU-
raTejibHasg aKTUBHOCTh, OOJibIIasg YacTh ocobell mpen-
MOYMTAJIa OCTAaBaThCS B HAYAJILHOU 30HE aKBapuyMa
HE3aBUCHMO OT HAJIMYUSA UJIU OTCYTCTBUS UCKYCCTBEH-
Horo ocBemenus (Puc. 2).


https://www.R-project.org/
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[Ipu nmonmapHOM CpaBHEHWUU pe3yJIbTaTOB, IOJIy-
YeHHBIX IIPY Pa3HBIX YCJIOBUAX OCBEl[eHUs, CTaTUCTH-
YecKU 3HaUYMMble pa3jinuus OblIN OOHapyXeHH B 13 u3
21 cnyuaes (Ta6muua 1). [Ipu cpaBHEHUM C KOHTPOJIb-
HeiIMU ycsioBusimMu (D/D) pasznmuuuss He Obuin oGHa-
PYyXeHBl TOJbKO AjA 3kcnepuMeHToB W2/D mn C2/D.
Kpome Toro, He GbLIIO OOHApPYXEHO Pa3IMYUN MeXITy
WHTEHCUBHOCTAMU IIPU CpPaBHEHWM 3KCIIEpUMEHTOB
W10/C10 u W2/C2. Takxe He OblJI0O OOHapyXeHO pas-
JIMYUI MeXAy TeIUIBIM U XOJIOAHBIM CBeTOM Hu 1A 10
7k nipu cpaHeHuu W10/D u C10/D), Hu ajid 2 JK npu
cpaBHeHuu W2/D u C2/D. OgHako GbUIN 0OHApyKeHb
CTaTUCTUYECKU 3HAaYMMBbIe pa3jInuus MeXy UHTEeHCHUB-
HOCTAMM [1J1A TelJsIoro ceera npu cpasHeHuu W10/D u
W2/D, Torma xak AJis XOJIOAHOI'O CBeTa IpU CpaBHe-
Huu C10/D u C2/D nogo6HBIX pas3nnuuil 06HapyxeHo
He ObLIIO.

4. 06cyxpeHue

Haru pe3ysibTaThl NOKa3bIBAIOT, YTO UCKYCCTBEH-
HBIN CBeT KakK C pa3HbIM CIIEKTPaJIbHBIM COCTaBOM, TakK
U UHTEHCUBHOCTHIO BJIMsAET Ha nosefieHue E. cyaneus. B
11eJIOM, IO pe3yJibTaTaM 3KCIEPUMEHTOB AJIA JaHHOIO
BHUJIa MOXXKHO OTMETUTD ero MaJjiylo akTUBHOCTb Kak 6e3
OCBellleHNsA, TaK U ¢ ocBellleHreM. JIaHHBIN BBIBO MBI
JejaeM, MCXOJIS1 U3 TOr0, YTO OOJIBIIMHCTBO 0COOeH BO
BCeX 3KCIIepUMeHTaX OCTaBaJIOCh B Hauajle akBapuyMa
B €ro «CMeIlIaHHOHN» 30He KaK B KOHTPOJIbHBIX YCJIO-
BUAX, TaK U B JKCIIEPHMMEHTAX CO CBETOM U BO3MOX-
HOCTBIO yXofa B TeMHOTYy. C OQHOI CTOPOHBI, HU3Kas
aKTUBHOCTb 0c00ell MorJia ObITh CBsI3aHa CO CTPECCOM,
BBI3BAHHBIM KOPOTKHM I1epUOAOM aKKJIMMaluu B j1abo-
paTopHbIX ycijioBusax. OaHako ocobu JaHHOTO BHIA
JEMOHCTPUPOBAIA CXOAHYI AaKTHMBHOCTb B JIPyroM
paHee mpoBeZieHHOM HaMu ucciteoBannu (Karnaukhov
et al., 2025a), rae mepuo]] aKKJIMMALUKU COCTABJIA He
MeHbllle Hefleau. C Ipyroil CTOPOHBI, HU3Kasg aKTUB-
HOCTh MOXET SIBJIAThCS OCOOEHHOCTBHIO JJAaHHOrO BMJA,
0cobOU KOTOPOT0 B JHEBHOE BpeMs NPeAIOUYUTAIOT XKUTh
nox kamHAMU (MexanukoBa, 2015). Cienyer Hanmom-
HUTb, YTO 3KCIIEpUMEHTHI MPOBOAUJIUCH B KOMHaTe 6e3
ocBellleHNsA, HO B JHEBHOH Iepuoj. B skcnepumeHTax,
KOT/1a ocBelllajiach TOJIbKO Of[HA IOJIOBMHA aKBapuyMma,
amdumnonam, nMo-BUAUMOMY, UHOTAA OBLIIO JOCTATOYHO
CKPBITBCS OT MPSIMOTO BO3JEMCTBUA CBETA U OCTAThCA
B OoJlee 3aTeMHEHHOI NOJIOBHHE aKBapuyma [Jis Ipe-
JoTBpaleHnsa quckoMdopra, 0co6eHHO B dKCIIepHUMeH-
Tax ¢ UHTEHCHBHOCTBIO cBeTa 2 JIK. MBI 3aKjIi04aeM, 4YTO

MRS R

‘W10/C10 W10/D C10/D

W2/C2 W2/'D C2/D

2 B =k

25223 =28E8G:¢

D/D

JIBHAKSHHE K TEILIOMY CBETY
JIBH:KeHHE K XOIOHOMY CBETY
. JIBHKEHHE B TeMHOTY

OCTaBalHCEL HA MecTe

Puc.2. Beibop ycnoBuii ocBenjeHus ocoosamu E. cyaneus.

U TeIIBIN, U XOJIOAHBIN CBeT BHI3BIBAIOT y 0cobell auc-
KOMQOPT U COOTBETCTBYIOIIYIO peaklvio u3beraHus,
MOCKOJIBKY OBLTH HaWeHbl CTAaTUCTUYECKU 3HauylMble
pasauuusa Ipyu CpaBHEHUU C KOHTPOJIEM 3KCIepHUMeH-
TOB C OJTHOBPEMEHHHIM CBeueHHEeM TeIJIOTO U XOJIOM-
HOro ceta ob6eux IpefCcTaBJIEHHbIX UHTEHCHUBHOCTEN,
a TakXxe 3KCIIEPHMMEHTOB, KOTJa OCBellasiach TOJIBKO
OfHa TMOJIOBUHA aKBapuyMa TeM WU WUHBIM THUIIOM
CBeTa C MHTEHCUBHOCTHIO 10 JIK.

[TonyyeHHble HaMM pe3yJIbTaThl ONpPOBEPrawT
Hally TUIOTe3y O TOM, YTO peakuus am@uioj pas-
JUYaeTcss Ha TeIJIBIA M XOJIOAHBIM CBET OJMHAKOBBIX
WHTeHCUBHOCTe!. B skcnepruMeHTax cO CBETOM U TeM-
HOTOM Kak A 10 JK, Tak U 1A 2 JK MBI He oOHa-
PYXWIA CTAaTUCTUYECKU 3HAUUMBIX Pa3IN4YUi MeXIy
TeIJIBIM U XOJIOAHBIM cBeToM. B GoJiee paHHUX HccIle-
JoBaHUAX AJA amdunon Oblia MPOAeMOHCTPHPOBaHA

Ta6smmmna 1. PesynbTaThl MonapHOro cpaBHeHus (p-values) yacToT BeIOOpa 30H akBapuyMa ocobamu E. cyaneus npy pasHBIX
YCJIOBUAX OCBeIlleHHsA ¢ IOMOIbI0 KpuTepusa Xu-ksagpat [lnpcona ¢ nonpaskoii FDR.

D/D W10/C10 W10/D C10/D W2/C2 W2/D
W10/C10 0.0004* - - - - -
W10/D 0.0004* 0.0004* - - - -
C10/D 0.01* 0.0004* 0.5 - - -
W2/C2 0.01* 0.4 0.0004* 0.0004* - -
W2/D 0.3 0.0004* 0.02* 0.2 0.001* -
C2/D 0.1 0.0004* 0.1 0.6 0.0004* 0.7

IIpuMeuaHue: * — CTATUCTUYECKU 3HAYMMBIE PA3JINYNA
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pasHas peakuus ocoOell BHYTPHU OJJHOTO BHAA Ha CBET
PAa3HOTO CIEKTPAJIBHOTO COCTaBa, a UMEHHO Ha CBET OT
CBETOAMOHBIX JIAMII X Ha CBET OT I'aJIOreHOBBIX JIAMIT
VTN HaTPUEBBIX JIaMIT BbICOKOTO JapjeHus (Navarro-
Barranco and Hughes, 2015; Czarnecka et al., 2021;
2022; Hassan et al., 2024). U XoTs B HallleM HCCJIeI0-
BaHWM U TEIUIbIA, M XOJIOOHBIN CBET SIBJIIETCS CBETO-
JVOIHBIM, CHEKTPAJIBHBIA COCTaB y HUX Pa3INvaeTcs
pacrpejieJieHEM SHEpPrUy CBeTa IO JMHAM BOJIH.
CrnoxwuBIeecs IpoTUBopeure ¢ 60Jjiee paHHUMU KCCJIe-
JIOBaHUAMU MOXeT OBITh 00BACHEHO BUIOCTETUPUIHO-
CTBHIO PeaKIUil pa3HbIX BUJIOB HA CBET.

YTto Kacaetcs TUIMOTE3B O PA3JIMYHON peaKIuu
amMuUIIo[] Ha OJAWH M TOT XK€ CBET Pa3HOM WHTEHCHB-
HOCTU, TO HAIU Pe3yJIbTAThl MOATBEPXOAIOT ee IJiA
TEIUIOTO CBETA W He MOATBEPXOAIOT AJIA XOJIOJHOTO.
Ambunonapl cTaTUCTMYECKH 3HAYMMO daile u3berasu
CBeTa C MHTEHCUBHOCTHIO 10 JIK, YeM C MTHTEHCUBHOCTbIO
2 JIK B DKCIIEPUMEHTAX C TEIJIBIM CBETOM U TEMHOTOM.
ITpoBeieHHbIE HA JaHHBINI MOMEHT MCCJIeJOBAHUA JTUOO
paccMaTpUBaJIM BJIMSHUE BBICOKUX HWHTEHCHUBHOCTEN
cBeta Ha moBefieHue ampumnon (Kohler et al., 2018),
b0 He YYUTHIBAJIM JAHHBIN MapaMeTp BoBce. B mpo-
BeJIeHHO HaMU paHee IPYyro paboTe MBI HE CMOTJIA
MOATBEPAUTDh TUMOTE3y O 3HAYEHWU WHTEHCUBHOCTU
cBeTa B peakiuu amOUnoi, HO MOJIYYMUJIU MOTPAHNY-
Hble pesyJsbTaThl AjiA Temoro 3000 K ceera y ogHOro
u3 uccyegosadubix BuoB (Karnaukhov et al., 2025a).
B mesom, peaknusa Ha CBeT, NMPOAEMOHCTPHUPOBAaHHAA
E. cyaneus B mpeJpiayIIeM U TEKYIIEM HCCJIETOBAHUAX
cxoxa: B 00oux ciiyyasx 4acTb ocobell Kak MpUBJIeKa-
Jach, TaKk ¥ u3beraja TEIUIOrO cBeTa. B HacTosiiem
VICCJIEJOBAaHUY MBI OpaJii IJisl CPAaBHEHUS MHTEHCUBHO-
CTH ellle MEHBIIIE, YeM B MpeblayiieM. Bo3MOXHO, 4TO
HU3KHE WHTEHCHBHOCTH CBEeTa OKAa3bIBAIOT OOJIbIllee
BJISIHME HA BaPUATUBHOCTH MOBeAEHUA aMPUIIO, yeM
BBICOKHE MHTEHCUBHOCTHU. [103TOMY B OyAYIIUX HCCIE-
JOBaHUAX MMEET CMBICJI OI[eHUTh M3MeHEHUs B IOBe-
JeHnU aMPUNO MPU Pa3JIMYHBIX HU3KUX UHTEHCHUBHO-
CTAX, HaunHasA ¢ 0 JIK, ¢ maroM Mexay HUMU 110 1 Jik.

B 1es10M, MOXeEM NPEANOJIOKUTh, YTO TEILIBINA
10 sk cBeT oka3biBaeT HauOOJIbIllee BJIHSHUE Ha JBH-
raTeJIbHyl0 aKTUBHOCTHh ocobell E. cyaneus mo cpaBHe-
HUIO C JIPYTUMHU YCJIOBUSMU OCBEIEHMsA, MPEICTaB-
JIEHHBIMM B JaHHOU pabore. OAHAKO TaKXe CTOUT
OTMETHUTH, UTO OOJIbIIAs 4acTb 0cobell B sKCIlepUMeH-
TaXx ¢ KakKMM-JIM60 CBETOM M TEMHOTOM OcCTaBajlach B
«CMEIIaHHON 30He», re Aaxe Ha 0oJjiee 3aTEMHEHHYIO
MMOJIOBMHY HEMHOTO TOMAaJajl CBET, a 4YacTh OcoOei
JBUTAJIach MpsAMO K CBeTy. JJaHHOe MOBeJleHrE MOXET
OKAa3aThCS OMACHBIM C TOYKU 3PEeHUsA BBDKUBAHUA OJIA
OTAEJIBHBIX 0OCO0ell B eCTECTBEHHBIX YCJIOBHUAX O3epa
Batikan, nmockosibky Aaxe cjabblii CBeT [eJjiaeT opra-
HU3MbI BUIUMBIMU IJIs XUIIHUKOB, B YaCTHOCTU, IJIS
KOTTOUAHBIX Pbi0. B HECKOJIBKUX KCCJIEAOBAaHUAX ObLIa
MPOJAEMOHCTPHUPOBAHA CIIOCOOHOCTH PHIO YCIENTHO 0XO0-
TUTHCA MPU OcBeleHHOCTH MeHbine 10 ik (Talanda et
al., 2018; Harrison and Gray, 2024) u naxe npu 0,5 ik
(Ohlberger et al., 2008). [To3TOMy OTCyTCTBUE SBHOM
peakiuu u3beranus ceera y E. cyaneus NOTEHIIUATBHO
MOXET MPUBECTHU K U3MEHEHUAM BO B3aMOOTHOIIIEHUU
XUIHUK-kepTBa (Bolton et al., 2017; Talanda et al.,
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2018; Harrison and Gray, 2024; Hassan et al., 2024) Ha
OTAEJIbHBIX yYacTKax JUTOPAJIA 03epa, MOABEPKEHHBIX
CBETOBOMY 3arps3HEHMUIO.

CTOUT OTMETUTh, YTO B ISKCIIEPUMEHTAX MBEI
HCITOJIb30BAJIM TPyHNbl U3 5 ocobeil amMUIOf, XOTA
MBI [OIMyCKAaeM BO3MOXHBIE PAa3JIHUYUA B OAMHOYHOM
Y TPYIIOBOM IMOBEJEHWHU Ui JaHHOro Buja. Tak, B
HCCJIEIOBAHUAX C phibaMH OTMeyasioch 6ojiee aKTUB-
HOe moBeJleHHe ocobeil B rpymme (Bartosiewicz and
Gliwicz, 2011; Tatanda et al., 2018), MBI Takxe obHa-
PYXWIN pa3inuvs B OAMHOYHOM U IPYIIIIOBOM MOBEE-
HUU y Gakikaiasckoi ambunoas Gmelinoides fasciatus
(Stebbing, 1899) (Karnaukhov et al., 2025b). OnHako,
BHIOOp KoJsiyecTBa ocobell B JaHHOM HcCCJIeJOBaHUU,
B IMEpBYI0 ouepenb, OOYCJIOBJMBAJICA HEOOXOIUMO-
CTBIO YCKODUTH TPOIeCC TPOBeAEeHUs 3SKCIEpPUMEH-
TOB c ofecrieueHreM [JOCTAaTOYHOTO 0ObeMa BBHIOOPOK.
TeMm He MeHee, OCTAeTCA OTKPBHITBIM BOIPOC HE TOJIBKO
OAWMHOYHOI'0 U TpymmoBoro noeedeHus E. cyaneus, HO
U BOTPOC NMOBeAeHUsa ocobell JaHHOTO BU/la B HOYHOMU
nmepuof, Korja HaOJIogaeTcs CBETOBOE 3arps3HeHHeE.
O6a Bompoca MOTYT CTaTh OCHOBOH JJiA MPOBEEeHUA
JaJbHENIINX UCCIEAOBAaHUM KaK B KOHTEKCTE H3yue-
HHsA TOBeIeHYeCKUX 0COOEHHOCTEl JaHHOIO BHAa, TaKk
U B KOHTEKCTe MPO6JIEMBI CBETOBOTO 3arps3HEHUA.

5. 3akniouenue

W Temnibiil, 1 XOJOAHHIH cBeT 2 U 10 JIK MHTEH-
CHUBHOCTEHl OKasblBaeT BJMSAHHE Ha I[OBeleHUe
E. cyaneus. IIpu 3TOM CIIEKTPaJIbHBIE COCTaB CBeTa He
WrpaeT poJjiv B peaKklUy Ha cBeT ocobell JaHHOTO BUAA,
IIOCKOJIBKY OCOOM pearvpoBajii Ha TeIUIbIH U XOJIOJ-
HBII cBeT O[IMHAKOBO. Kpome TOro, MBI He 06HAPYXUIIN
3HAQYKMMOTI'O BJIUSHUA NHTEHCHBHOCTH XOJIOJHOTO CBeTa
Ha popMupoBaHue NnoBefieHNs1 aMUIO/, HO IOATBEp-
[WIN 3HaUYeHUe MHTEeHCHBHOCTU B 3TOM [JIA TEIUIOrO
cBera. Haubosbpiiee Bo3felicTBre Ha E. cyaneus okasan
teribiil 10 JIK cBeT, KOTOpOro ocobu usberanau B 60JIb-
meii cTeleHH, [0 CPAaBHEHUI C JIPYTUMU YCJIOBUAMU
ocBemeHuA. Y xoTs ocobu JeMOHCTPUPOBAJIA peak-
U0 n3beraHus Kak TEIUIOro, TaK M XOJIOAHOIO CBETA,
GOJIBIIMHCTBO OCco0ell MpU BCeX YCJIOBUAX OCBeleHUsA
ocTaBajuch B cy1aboocBelleHHO! 30He. Hecrtoco6HOCTD
JIAaHHOTO BUJA K aKTUBHOMY U30eraHuio cBeTa M pas-
BUTHe MHOPACTPYKTYPH Ha o3epe Barikan MoxeT npu-
BECTH K U3JIMIITHEeMY OOHapyXeHUIo ocobell ecTeCcTBeH-
HBIMM XUITHUKAMH U, COOTBETCTBEHHO, K N3MeHEeHUAM
BO B3aMMOOTHOIIEHUN XUIIHUK-XepTBa B IIOJIBepXeH-
HBIX CBETOBOMY 3arps3HEHUI0 YYacTKax JIUTOPAJIU.
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