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Abstract  
Light pollution in urbanized industrial areas disrupts the biological rhythms in animals. 
Artificial light penetrates the coastal zone, even to the bottom. The study of marine 
invertebrates' colour vision expands our understanding of animal perception of signals 
from the environment and is useful in urban landscape planning with artificial lighting. 
Amphipods are common in the seas and fresh waters, as well as on land; some live 
in the surf zone, which has led to the development of specific sensory systems, because air 
transmits light and sound differently than water. We studied colour perception 
in invertebrates living near the water's edge. The amphipods Chaetogammarus olivii 
H. Milne Edwards, 1830 were placed in a long narrow channel, part of which was closed 
from direct sunlight. C. olivii preferred to remain in the shade, where males formed dense 
clusters and females with eggs more often kept apart despite the active movement through 
the channel. Experiments revealed a similarity between the distribution of C. olivii 
in channels with colourful gradient LED lighting and the response to the laser beam. 
Animals avoided intense white, blue, and purple light, to a lesser extent green light, and did 
not respond to red light, while running away from light sources in complete darkness. 
Light pulses with durations and pauses of 1 s each, which may correspond in frequency 
characteristics to a weak surf, had no effect on C. olivii in contrast to random flashes 
of light. Perhaps the coastal inhabitants' ability to swiftly locate themselves in water or air 
is caused by their photoreception of blue and violet light. Modern light pollution is capable 
of disorienting animals in the dark, which may negatively affect the ecological situation of 
the splash zone. 
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Аннотация  
Световое загрязнение урбанизированных промышленных районов приводит к нару- 
шению биологических ритмов у животных. В прибрежной зоне искусственный свет 
проникает даже на дно. Изучение цветового зрения морских беспозвоночных расши- 
ряет наше представление о восприятии животными сигналов из окружающей среды 
и полезно при проектировании городских ландшафтов с искусственным освещением. 
Амфиподы распространены в морях и пресных водоемах, а также частично на суше. 
Некоторые представители обитают в полосе прибоя, что привело к развитию у них 
специфических сенсорных систем, так как воздух иначе пропускает свет и звук, чем 
вода. Мы изучали цветовое восприятие у беспозвоночных, живущих возле уреза 
воды. Бокоплавов Chaetogammarus olivii H. Milne Edwards, 1830 помещали в длинный 
узкий канал, часть которого была закрыта от прямых солнечных лучей. Несмотря 
на активное перемещение по каналу, C. olivii предпочитали оставаться в тени, где 
самцы создавали плотные скопления, а самки с яйцами чаще держались порознь. 
Эксперименты выявили сходную реакцию амфипод на цветные светодиоды и лазер- 
ные источники света. Животные избегали интенсивного белого, синего и фиолето- 
вого света, в меньшей степени зеленого, не реагировали на красный, при этом убегали 
от источников света в полной темноте. Световые импульсы длительностью 1 с и 
с паузой 1 с не оказывали воздействия на C. olivii в отличие от случайных вспышек 
света, что по частотным характеристикам может соответствовать слабому прибою. 
Предполагается, что фоторецепция синего и фиолетового света позволяет обитателям 
прибрежной зоны быстро определять свое местонахождение в воде или на воздухе. 
Современное световое загрязнение способно дезориентировать животных в темноте, 
что может негативно сказаться на экологической ситуации в зоне заплеска. 

Ключевые слова :  Amphipoda, цветовое зрение, опсины, световой смог, 
поведение 
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Light pollution (illumination, light smog) is created by architectural and street 
lighting, lanterns, billboards and greenhouses, which form light domes over cities 
and their suburbs. The effect of sky lightening at night is enhanced by dust and 
aerosol particles floating in the air, which additionally reflect and scatter 
the incident light. Illumination is typical for densely populated areas of advanced 
countries. Excessive lighting can cause increased anxiety, fatigue, stress, headache, 
and other symptoms in a person [1–4]. Therefore, in some countries there are 
legislative restrictions against light smog. Artificial light sources, the light of which 
is scattered in the lower layers of the atmosphere, change the biorhythms of living 
beings [5, 6]. Particularly indicative is environmental light pollution, which 
disrupts the evolutionary established links between organisms and the environment, 
which, for example, makes it difficult for animals to navigate, changes 
the relationships between community members, and can lead to disrupting 
the endocrine system of the wildlife [7, 8]. 

Animals’ colour vision evolved under the surface of ancient oceans over 
hundreds of millions of years [9, 10]. The ancestors of Pancrustacea probably 
already had four genes of visual opsins (LW2 – Long Wavelength, MW1, MW2 –
Middle Wavelength, and SW – Short Wavelength), which were later duplicated or 
lost to varying degrees during evolution process [11]. It is known that many 
species, such as the sea urchin Strongylocentrotus purpuratus [12] and the brittle 
star Amphiura filiformis [13], are sensitive to light due to non-visual types of opsins 
that function like a huge complicated eye. Such receptors are sensitive to blue-
green light and can be involved in signal transduction into the cytoplasm and cell 
nucleus [14]. 

Of particular interest is the study of the vision of mass species of animals 
living near the water's edge, which is due to a number of reasons. The splash zone 
is one of the most extreme in the World Ocean, since the aquatic organisms living 
here are under the influence of a number of harmful factors such as light and storm 
effects, sharp temperature fluctuations, periodic desiccation, etc. An organism 
needs a quick response to extreme factors to survive in such conditions. 

The purpose of this work is to study the effect of light on the amphipod 
Chaetogammarus olivii (H. Milne Edwards, 1830), which lives in the Black Sea 
in the splash zone. 
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Materials and methods 
Amphipod C. olivii was collected in the water edge zone of the pebble-sand 

beaches of the outer harbour of Sevastopol Bay in August–October 2021 at a water 
temperature of 17–23°C. Amphipods were placed in plastic containers with water 
along with a small amount of macrophytes and stones. To analyze the reaction of 
animals to light, they were separated from macrophytes by shaking, several hundred 
amphipods were selected and placed on fabric filters, which were immersed 
in desiccators with sea water. Animals were identified under a microscope with 
an Olympus C55Z, C5500Z camera. 

The experiments were carried out both under sunlight and artificial lighting 
in a darkened room or in a dark optic box with compartments. Thirty animals were 
placed into channels 1 × 1 × 50 cm in size. Part of the channel was shaded with 
a lid 10 cm long in some experiments. In others, an artificial light source was 
placed on one side of the channel so that approximately half of the channel was 
illuminated, and the other half was in the shadow. The animals were illuminated 
for 5 minutes, after which a partition was installed in the middle of the channel 
to prevent further movement of amphipods from one part of the channel to another, 
and the number of individuals in both parts of the channel was counted. The light 
was turned off, the partition was removed, and the animals were left alone for 
5 min, allowing them to move freely along the channel. After that, a light source 
was installed on the opposite side of the channel and the experiment was repeated. 

When studying the reactions of amphipods to colour, Light-Emitting Diodes 
(LEDs) and channels were placed in an optic box with compartments for two LEDs 
and two channels per compartment for females and males, accordingly, which 
made it possible to conduct experiments in parallel for white, red, green, and blue 
colours. Constant lighting was used, as well as light pulses with a 50 % duty cycle 
and different total durations. The illumination was carried out with lasers of 
different wavelengths, such as red (630–650 nm, 5 mW), green (532 nm, 10 mW), 
violet (405 nm, 5 mW), as well as with ultraviolet and white directional light 
sources (warm LED lamp WOLTA, 6 W, 4 K). To control the light, we used 
an ATmega328 microcontroller on the Arduino Nano platform with 200 Ohm 
resistors connected in series to LEDs with the following characteristics: red is 
620 nm, green is 529 nm, blue is 470 nm and white is 6000 K. The light flux 
angle for all LEDs was 20°, and the intensity of the light flux was in the range of  
1.5–2.5 lm. In general, ten series of experiments were carried out within 
two months. 

Results 
The amphipod C. olivii is found in the Atlantic Ocean, as well as in the Medi- 

terranean and Black seas (works 1), 2) and [15, 16]). Amphipods are distinguished  
 

1) Borges, P.A.V., ed., 2016. A List of the Terrestrial and Marine Biota from the Azores. Princípia, 
Oeiras, 432 p. doi:10.15468/hyvwxi 

2) Grintsov, V. and Sezgin, M., 2011. Manual for Identification of Amphipoda from 
the Black Sea. Sevastopol: Digit Print, 2011. 379 p. Available at: 
http://www.ipdn.ru/periphyton/_private/bibl/Grintsov+manual+12.03.11.pdf [Accessed: 
30 November 2022]. 
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F i g .  1 .  Light photograph of amphipod C. olivii showing a 
male and female during copulation. The arrows point to their 
eyes. The scale size is 1 mm 

 
 
by significant sexual dimorphism: males have larger compound eyes than females. 
An interesting feature is that their compound eyes are localized under a chitin layer 
(Fig. 1). These crustaceans were found in the large swarms on pebble beaches 
directly near the water in the interstitial between stones or, more often, in algae 
washed ashore. 

Experiments using lasers on grids. The amphipods gathered in separate groups 
in shirs of nylon grid and randomly moved from one group to another in daylight 
(Fig. 2, d). The red light had no noticeable effect on the animals (Fig. 2, a); 
they continued to move in the same way as in the control group. The green light 
forced some animals to leave the light spot, but they did not move far to the side 
(Fig. 2, b). However, the violet laser provoked a vigorous reaction and 
the amphipods ran away from the light beam to the opposite edge of the desiccator; 
in fact, the violet laser beam “cleaned” the surface of the nylon grid from 
amphipods (Fig. 2, c). This reaction, but to a lesser extent, was caused 
by ultraviolet light. The animals became more sensitive to light in the dark, and 
even the red laser caused some animals to move away from the light beam. Similar 
results were also obtained in experiments using a set of directional coloured LEDs 
(Table 1). 

Pool experiments. The reaction of animals to light stimuli in a confined space 
was evaluated in these experiments. After the transfer of amphipods to round 
desiccators or Petri dishes, the animals settled mainly along the perimeter near 
the wall, and when settling in an elongated pool, they created clusters in the corners  
 

108                                    Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2022 



   
а  b 

  
c  d 

F i g .  2 .  Experiments with C. olivii in the daylight exposed to red (a), green (b), 
purple (c) lasers; d – control 
 
 

of the end parts of the channels. The animals preferred to gather in groups 
at the ends of the channel in control experiments without artificial illumination, but 
often ran from one part of the channel to another. Amphipod males were more 
mobile than females with eggs; thus, males often gathered in clusters, sometimes 
fought among themselves and attacked females. The ratio between the sexes 
in mixed groups in the "houses" was approximately 1:1. 

The animals began to move after a second delay and then left the illuminated 
area, adjoining their neighbors or forming another group in a more shaded section 
of the channel with white illumination. In general, males ran farther from the light 
than females (more than 30 cm versus 15 cm). However, both did not demonstrate 
a simple negative phototaxis, but, on the contrary, often returned to the illuminated 
zone, exploring the area. Therefore, one can only talk about the preferential stay of 
zooids in one or another area of the channel. 

The results of the experiments revealed differences in daylight avoidance 
behavior between male and female amphipods. A significant part of the animals 
hid in the shade, and a large variability in actions is characteristic of females, 
possibly due to bearing offspring. In the initial experiments, 9 ± 6 % of males 
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and 35 ± 18 % of females 
remained in the illuminated part 
of the channel. It was shown that 
almost all males and females 
accumulated in houses with one 
entrance, "grottoes", and to a lesser 
extent in walk-through houses, 
"tunnels" in experiments with 
direct sunlight. It follows that 
amphipods prefer shady places 
where they gather in groups; 
males clearly avoid light and 
form clusters in the shaded ends 
of the channels, but more often 
than females leave the houses and 
migrate farther from them. 

The greater sensitivity of 
males not only to natural 
daylight, but also to artificial 
lighting, was revealed by 
comparing their distribution under 
the influence of radiation from 
a directional lamp of warm white 
light. Thus, amphipod males and 
females were distributed equally 
on both sides of the channel under 
diffused light, but moved to 
the far shaded end of the channel 
when illuminated by a lamp from 
one side, and males accumulated 
mainly in the dark end of 
the channel, forming dense 

compact clusters, while females were distributed more evenly in shadows along the 
channel. Therefore, it can be concluded that males react more clearly than females. 

Application of coloured LEDs in the dark. The amphipods of both sexes 
showed good light sensitivity and ran away from blue, green, and red LED light, 
but females were more inert and did not avoid white light as clearly as males 
in the experiments with coloured LEDs in complete darkness (Table 2). 

T a b l e  1 .  C. olivii avoidance of illumination 
with colour light sources in daylight and 
in the dark 

Colour  
of the source  

Response 

in daylight in the dark 

White + +++ 
Ultraviolet ++ ++ 
Blue +++ +++ 
Green ± ± 
Red - ± 

Control - - 

Note:  +++ – intensive response; ++ – mild 
response; + – visible response; ± – weak response;  
- – no response. 

T a b l e .  2 .  Response of C. olivii males and 
females to light in the dark when using 
colourful LEDs 

LED colour 
Number of animals in the dark 

part of the channel 

♂♂ ♀♀ 

White 0.92 ± 0.04 0.64 ± 0.16 
Blue 0.89 ± 0.05 0.74 ± 0.12 
Green 0.91 ± 0.06 0.83 ± 0.06 
Red  0.92 ± 0.04 0.74 ± 0.10 

Note:  ± is the confidence interval for the mean 
at the significance level р = 0.95. 
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Experiments with controlled LEDs of different colours in the twilight. Since 
the animals reacted more strongly to moveable lasers and LEDs in the dark than 
in the light (see Fig. 2, Table 1), we assumed that the light-sensitive system of 
amphipods responds to changes in light intensity. To test this assumption, light 
pulses of different frequencies with a 50% duty cycle, emitted by coloured LEDs 
under the control of a microcontroller, were used (Table 3). It was found that males 
are more sensitive to white, blue and green light compared to females under 
constant illumination in shaded channels, but do not react noticeably, like females, 
to red light. At the same time, the use of pulses with a duration of 10 ms led to 
a weakening of the reaction of animals to white, blue, and green pulsating light. 
This was explicit in a decrease in the number of animals moving to a dark shelter. 
Reduction of the duration of light flashes and pauses between them to 1 s caused 
a further weakening of the amphipods' reaction (Table 3). 

Thus, all pulsating LEDs are characterized by a common pattern: amphipods 
almost cease to respond to pulses with a half-cycle of 1 s, which is comparable 
to the typical sea wave frequency of 0.5 Hz. 

Discussion  
Multiple losses of opsin genes in the amphipods of Lake Baikal were 

described previously [17]. They were associated with the lake's ancient glaciation 
and the immersion of all aquatic organisms in darkness for many years. The loss of 
some opsins in the genome of the Mexican amphipod H. azteca was found, which 
may be caused by the characteristics of the habitat, the life history of this species, 
and its survival strategy [18]. Numerous examples of amphipods of different 
genera and families are well known, which not only lost individual genes encoding 
light-sensitive receptors (opsins) but also, having inhabited the depths of the oceans 
 

 
Table 3 .  Influence of light pulse duration on C. olivii escape reaction 

Colour 

Number of animals in the dark part of the channel 

Constant illumination Half-cycle 10 ms Half-cycle 1 s 

♂♂ ♀♀ ♂♂ ♀♀ ♂♂ ♀♀ 

White  0.85 ± 0.06 0.71 ± 0.11 0.80 ± 0.09 0.73 ± 0.12 0.77 ± 0.13 0.58 ± 0.09 
Blue 0.81 ± 0.09 0.70 ± 0.14 0.77 ± 0.09 0.62 ± 0.09 0.62 ± 0.17 0.44 ± 0.11 

Green 0.81 ± 0.04 0.70 ± 0.04 0.72 ± 0.08 0.61 ± 0.05 0.69 ± 0.06 0.49 ± 0.09 

Red 0.59 ± 0.23 0.54 ± 0.10 0.57 ± 0.12 0.56 ± 0.10 0.48 ± 0.12 0.50 ±0.14 

 
Note:  ± is the confidence interval for the mean at the significance level р = 0.95. 
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(work 3) and [19, 20]) or caves [21], lost complex organs – eyes. In general, 
the avoidance by amphipods of the permanent white, blue, and green light, but 
not of the red light, resembles in our experiments a reaction to coloured LEDs 
of blue eulimnogammarus Eulimnogammarus cyaneus Dybowsky, 1874, found 
in the littoral zone of Lake Baikal [22]. 

It should be noted that the water line in the surf zone at the water – air phase 
boundary is a complex habitat. The animals inhabiting this zone must be adapted 
not only to rapid changes in the situation during the surf, but also to long-time 
drifts (daily and seasonal cycles). The colour vision of such species may be 
the most important functional system that ensures the survival of animals, since, 
unlike other sensory systems, vision, perhaps, ensures the quick reaction of 
the inhabitants to a change of scenery during the surf, signaling to the animal 
where it is at the moment: in the air or the water phase. 

The experimental aquatic organisms reacted to violet light by actively 
avoiding it, since the light of this wavelength can be a signal that the animal was on 
land. On the one hand, violet light spreads to a depth of up to 100 m and is 
spectrally close to blue light, which penetrates into the water column up to 300 m 
and is perceived by many marine animals, including the simplest multicellular 
organism, Trichoplax [23]. On the other hand, violet light spectrally borders 
on lethal UV radiation, but is not dangerous in itself, and therefore can be a proper 
indicator of the ultraviolet present in the sun's rays. 

It should be added that the experiments were carried out for two months, 
and during this time, amphipod females managed to partially lay eggs, and 
the proportion of males in the natural population decreased markedly. Male 
amphipods have a more signified response to light exposure than females, which 
is in good agreement with the larger eye size in males compared to females. 
In addition, females sometimes showed green blindness, while males, 
on the contrary, gathered near the red colour source, which may correlate with 
the phase of the animal's reproductive cycle or unknown factors. 

The obtained results are consistent with fragmentary data on opsin proteins 
in invertebrates such as H. azteca [18], P. hawaiensis [24], H. americanus [25], 
M. leidyi [12, 26], and Trichoplax sp. H2 [27, 28]. In one part of these animals, 
opsins are found that are sensitive to red and green light, while in the other part, 
to green and blue light, which depends both on the taxonomic status of 
the amphipod and on its habitat. The absence of a noticeable reaction of C. olivii 
to light pulses with a duration of 1 s and a pause of 1 s, which corresponds to 
a frequency of 0.5 Hz, an approximate frequency of wave impacts on the sea coast, was 
notable. Instead, the amphipods responded to random pulses of white and blue light.  
 

3) Al-Yamani, F.Y., Al-Kandari, M., Polikarpov, I. And Grintsov, V., 2019. Field Guide of Order 
Amphipoda (Malacostraca, Crustacea) of Kuwait. Kuwait: Kuwait Institute for Scientific Research, 
390 р. Available at: https://repository.marine-research.org/handle/299011/7092 [Accessed: 
30 November 2022]. 
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Consequently, the animals in the channels respond to artificial influences, but 
do not respond to typical influences that they are accustomed to encountering 
in their natural habitat and which do not pose a danger to them. 

It is important that the eyes of C. olivii are localized under a thin layer of 
chitin, which does not imply a developed vision [24], and colour recognition may 
not serve to analyze scenes [29], but only to determine the position of an animal 
on land or in water. Thus, using the example of sharks and rays, it was shown that 
chromatic vision may be of little use for mobile marine organisms [30]. Our studies 
demonstrate that amphipods have developed colour vision and may probably have 
opsin genes that are sensitive to blue and violet light sources in addition to green, 
as animals clearly avoid the corresponding light spot. It turns out that visual 
receptors correspond to the habitat and survival strategy of an organism, and 
illumination can frighten and disorientate animals. The search and sequencing of 
suitable genes, their subsequent annotation, as well as analysis of products and 
the network of their interaction can help to answer the questions raised in this study 
[14, 31]. The proposed experimental approach to the study of behavioral reactions 
of amphipods using multi-coloured lasers, channels, houses, and controlled 
coloured LEDs makes it possible to study the colour vision features of 
invertebrates depending on their adaptation to the environment. 

Conclusions 
In general, unlike amphipods that live in the dark and are partially or 

completely blind, the studied C. olivii, which live near the water's edge, 
demonstrated a variety of behavioral responses to light and colour stimuli, namely: 

I) sustained avoidance of blue and violet light; 
II) insensitivity to red light in daylight, but avoidance of red light in complete 

darkness; 
III) different light and colour perception in females and males; 
IV) lack of response to low-frequency periodic light pulses; 
V) noticeable response to random flashes of white and blue light. 
All this points to the complexity of light perception in the amphipods 

Chaetogammarus olivii, which plays an important role in the life of the animal. 
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