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Diadromous fish are those that migrate between 

rivers and the sea during their lifetime (e.g., eels, ayu, 

salmon (chum salmon), and freshwater goby etc.)11). 

The biological mechanisms that support this migration 

have been elucidated, including the involvement of the 

endocrine system (hormones) and the sensory nervous 

system (sense of smell)30). The evolutionary theory of 

conservation of species genes through environmental 

adaptation may provide the answer to why these fish 

have this mechanism. 

The theory of biological evolution was popularized in 

1859 with the writing of The Origin of Species by 

Darwin. Almost a century later, in 1958, Wald43) 

published his work on the evolution of vertebrates in 

terms of visual pigment, a chemical substance that 

controls the mechanisms of vision. 

As organisms have evolved, they have developed 

visual organs to use light efficiently. Vision is a sense of 

light, dark, and color, and plays an important role in the 

perception of space for the survival of organisms. 

Vision begins when visual pigments in visual cells, 

which are photoreceptor cells in the retina, first 

undergo photochemical changes. In this paper, we 

introduce the visual pigments in visual cells in the 

retina, the retinomotor response7) that controls the 

amount of photochemical change, and behavioural 

physiological experiments using the optomotor 

reaction26) and discuss the mechanisms of vision in 

migratory fish and its implications for resource biology.  

 

1. Retinal structure and adaptation to  light 

environment 

The structure of the vertebrate fish eye is basically 

the same as that of humans Homo sapiens sapiens; see, 

for example, Nicol32) for a detailed description of the 

eye and retinal structure of fish. Light from the outside 

that has passed through the cornea is refracted and 

forms an image on the retina. In the retina, there are 

various types of neurons, and further in the retina are 

visual cells called cones and rods, which are light 

receptors. The former (cone) works in bright 

environments and is related to color perception and 

pattern vision, while the latter (rod) works in dark 

environments and is related to light/dark perception. 

Visual cells consist of an outer segment and an inner 

segment. and visual pigments are located on the 

membrane of the outer segment. 

The human pupil opens and closes in bright and dark 

places, a phenomenon called the pupillary reflex, which 

is also observed in the pupils of cephalopods such as 

squid and octopus. How do fish, which do not have this 

function, regulate the amount of light reaching their 

photoreceptors? When fish retinal structures are 

examined under a microscope in bright and dark 

conditions, a phenomenon called the retinomotor 

response can be observed. The inner segment of the 

photoreceptor cell contains myofibrils called myoids, 

which expand and contract in response to light and dark, 

and the pigment granules of the pigment epithelial cells 

also expand and contract and move in response to light 

and dark. In bright light, the rod cells migrate to the 

side of the pigment epithelial cells, and the pigment 

granules wrap around the outer segments of the rod 

cells and play the role of sunglasses to protect them 

from bright light13). At night, this position is reversed: 

the rod cells move toward the outer limiting membrane 

and the cone cells move toward the pigment epithelium. 

The pigment granules of the pigment epithelial cells 

move to the bottom of the pigment epithelial cells, 

which is a regulatory mechanism for the better 

illumination of the rod cells10). 
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2. Estimation of the timing of functional completion 

of retinomotor responses 

Chum salmon hatch at an accumulated water 

temperature of about 480°C after fertilization (60 

days at 8°C water temperature)36). After hatching, the 

hatchlings store egg yolk in their abdomen and feed on 

it during their growth. During this period, juveniles 

exhibit negative phototaxis, preferring the dark and 

avoiding light by sticking their heads into the sand and 

gravel on the bottom of the water. However, by the time 

they absorb the yolk and begin to forage for food, they 

emerge from the river bottom and swim to the surface. 

In other words, it is assumed that the retinomotor 

response, which is a mechanism for adapting to light 

intensity, is not yet developed in the pre-floating 

juvenile fish. 

The timing of the development of the function of this 

retinomotor response was experimentally 

investigated16). Retinal tissue was examined 

microscopically at 10, 20, 40 and 60 min after the fry 

had been acclimated to a bright environment for 1 h 

and then moved to a dark room. The light adaptation 

rate was defined as the ratio of the distance of cone cells 

and black pigment granules from the bottom of the 

pigment epithelium to the length from the outer 

limiting membrane to the bottom of the pigment 

epithelium, as shown in Figure 1. The longer the time 

after the transfer to the dark room, the lower the light 

adaptation rate, i.e., the more pronounced the 

transition to dark acclimation, which is similar to the 

transition to dark acclimation when the accumulated  

water temperature is above 1330°C. Therefore, the 

accumulated water temperature is used as a criterion 

for the light adaptation rate. Therefore, it is considered 

that the function of the retinomotor response is almost 

complete in fry reared up to this level of water 

temperature. 

In salmon propagation projects, the fry are managed 

by blocking out outside light to keep them at rest until 

they are awake and ready to swim around. But this can 

lead to problems such as aging of the facilities due to 

condensation caused by sealing the facilities to prevent 

light from entering and interference with the fry 

management work29). Therefore, we compared the 

development of retinomotor responses in fry after 

emerging from the fishponds under the conditions of 

complete light shading and a certain amount of 

incident light. Figure 2 shows the results. Retinomotor 

responses were more pronounced in fry that 

experienced some light than in fry that were kept in 

fishponds under complete light shading. The study 

concluded that juvenile fish need to experience light in 

order to develop an adaptation function to ambient 

light intensity called the retinomotor response34). 

 

Figure 1 Variation in light adaptation rate of chum 

salmon fry by growth stage under dark environment. 
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Figure 2 Retinomotor responses of chum salmon fry 

reared in different light environments. 

 

3. Visual pigment 

Boll4) discovered that there is a red substance in the 

outer segment of the rod that turns white when exposed 

to light; this substance was later called rhodopsin. 

Although it has been known that night blindness is 

caused by food since ancient Egyptian times, the idea 

that it is caused by vitamin A deficiency was first 

reported in Denmark during World War I3). Later, it 

was reported that the retinas of rats with vitamin A 

deficiency had less rhodopsin, a visual pigment, than 

normal38). Wald42) found that vitamin A is present in 

rhodopsin solution and in the retina, and that bovine 

retina heals dry eye (Keratoconjunctivitis sicca). He 

also extracted the yellow intermediate produced when 

rhodopsin is photo-decolorized to vitamin A, named it 

retinene (an aldehyde form of vitamin A, now called 

retinal), and proved that rhodopsin is a carotenoid 

protein with retinal as its chromophore, thus 

biochemically clarifying the role of vitamin A in vision.  

Rhodopsin is a chromophore of retinal, an aldehyde 

form of vitamin A1, combined with the protein opsin, 

which is photodegraded to all-trans retinal and opsin, 

and rhodopsin is regenerated in the dark. Wald42) found 

that the visual pigment of freshwater fish has a light 

absorption maximum at longer wavelengths than that 

of seawater fish and he called the paraphrasing, as 

opposed to rhodopsin. Porphyropsin is an aldehyde 

form of vitamin A2. It was later shown that 

porphyropsin is a chromophore of 3-dehydroretinal, an 

aldehyde form of vitamin A2, combined with opsin 

protein, and that, like rhodopsin, it undergoes 

photoisomerization. It was later confirmed that 11-cis-

retinal of the vitamin A1 family is present in the retina 

of most terrestrial vertebrates and marine animals, 

while 11-cis-3dehydroretinal of the vitamin A2 family is 

present in the retina of freshwater animals. From these 

findings, Wald43) further investigated whether the 

visual pigments in the retina of various fish, 

cyclostomata, amphibians, and reptiles are vitamin A1 

or vitamin A2 based, and if a mixture of the two is 

present, what is the ratio of the two in the retina? He 

also investigated how the amount ratios changed 

during environmental changes and metamorphosis, 

and presented his inferences on animal evolution and 

visual pigment. 

The spectral absorption curve of the visual pigment 

and the twilight visual sensitivity curve of humans were 

perfectly matched44). Even for the same species of fish, 

changes in the composition of rod visual pigments were 

observed depending on the wavelength transparency of 

the environment in which the fish lived5). Suzuki et al. 

37) showed that the rhodopsin-porphyropsin 

photoreceptor system also exists in the invertebrate 

crayfish Procambarus clarkii, and furthermore, that its 

composition changes seasonally and that the primary 

factor is temperature. The absorption maxima of rod 

visual pigments of deep-sea fish are shifted to shorter 

wavelengths than those of fish living in coastal waters, 

and the relationship between the absorption maxima 

and the salinity of the habitat waters is also investigated. 

The adaptation of fish to their environment is 

discussed9),21),40). Loew25) outlines the biophysical and 

biochemical mechanisms at work in the selection of 
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how the spectral sensitivity of visual pigments and 

visual cells is determined or altered. 

 

4. Changes in visual pigment composition of 

diadromous fish 

  Diadromous fish that migrate between freshwater 

and marine environments possess both rhodopsin and 

porphyropsin as visual pigments6). Ayu Plecoglossus 

altivelis, chum salmon and pink salmon Oncorhynchus 

gorbuscha also possess these two visual pigments.31) 

  By measuring changes in λmax using 

microspectrophotometry, Temple et al.39) have 

investigated the relationship between changes in the 

composition of the visual pigment and changes in 

environmental conditions such as season and water 

temperature, as well as age, in Coho salmon 

Oncorhynchus kisutch due to exogenous thyroid 

hormone administration. This paper presents an 

example of a study in which the visual pigment 

composition was examined by HPLC using the retinal 

oxime method37). 

  There are two types of ayu: amphidromous 

populations that spawn in rivers, descend in late fall, 

and return to rivers in early spring, and landlocked 

populations that spend their entire lives in Lake Biwa 

(Shiga Prefecture) and Lake Ikeda (Kagoshima 

Prefecture). Figure 3 shows the results of HPLC 

analysis of rod visual pigments from ocean-collected 

and river-collected ayu among the Amphidromous 

population and from land-locked ayu in Lake Biwa19). 

 

 

 

 

 

 

 

 

 
Figure 3. Examples of HPLC analysis of rod visual 

pigments in marine ayu (A), ayu from Lake Biwa (B), 

and ayu from a river (C) 

 

 Peaks 1 and 5 in the figure are rhodopsin, peaks 2 and 

6 are porphyropsin, peaks 3 and 7, and peaks 4 and 8 

are fading products of rhodopsin and porphyropsin, 

respectively (all-trans type). The average rhodopsin 

ratio of several individuals collected in each water area 

as a percentage of the total amount of visual pigment 

measured was 80% for marine individuals, 21.6% for 

freshwater individuals, and 87.1% for landlocked 

individuals in Lake Biwa. The seasonal variation of the 

landlocked individuals showed a minimum of 78.9% in 

July and a maximum of 99.7% in February, indicating 

that rhodopsin was predominant throughout the year 

and no significant seasonal variation was observed. 

However, all of the ayu used in this analysis were 
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caught by the trap nets (Eri Ami) in the lake. 

Subsequently, ayu caught in the shallows near the 

shoreline in the lake and in the river with a chasing net 

and weir, or in the inflow river (Koise River) of 

Kasumigaura in Ibaraki Prefecture, where landlocked 

type have been confirmed, were similarly examined, 

and the percentage of porphyropsin was higher than 

that of ayu in the lake. In other words, landlocked ayu 

may perceive the lake as a sea, and the inflow river as a 

freshwater area14). 

  Rhodopsin extracted by the sucrose density gradient 

method from ayu (Plecoglossus altivelis altivelis) 

caught in summer by Eri-Ami with a rhodopsin 

composition close to 100% was measured 

spectrophotometrically at a wavelength of 503 nm, 

which exhibited maximum absorption. The maximum 

absorption wavelength of the population with 55% 

rhodopsin composition extracted by the same method 

was 515 nm. Using the Dartnall & Lythgoe8) and 

Harosi12) formulas, the optical absorption maxima of 

rhodopsin and porphyropsin in this species are 

estimated to be 503nm and 528 or 529 nm, respectively. 

  Based on the results of the compositional change of 

visual pigment by habitat, it is considered that the short 

wavelength sensitivity of this species increases as it 

migrates from freshwater to seawater, and conversely, 

the long wavelength sensitivity of this species increases 

as it migrates from seawater to freshwater. On the other 

hand, the land-locked species, which live in freshwater 

all their lives, are considered to be more sensitive to 

shorter wavelengths when they live in the lake, and 

more sensitive to longer wavelengths when they 

migrate upstream to rivers for spawning. This 

phenomenon is schematically illustrated in Figure 4. 

 

 

 

 
Figure 4. Variation in visual pigment composition of 

Amphidromous Ayu and landlocked Ayu. 

 

  We will present a study on the variation of visual 

pigment composition of chum salmon and pink salmon, 

which, like ayu, spawn and hatch in rivers, grow up in 

the ocean, and migrate back to rivers to spawn 

again17),20). 

 We investigated the variation in visual pigment 

composition of both species by following their life 

stages, including the period from the time of eyed egg 

development to just before release, the period of coastal 

residence after release, the subsequent juvenile period 

in the Sea of Okhotsk, and the period of spawning 

return and river run-up. In particular, geographical 

variation in the set-net caught populations along the 

Hokkaido coast during the period of coastal return was 

examined. The sampling locations for each sample 

population are shown in Figure 5. 

  The variation in visual pigment composition of both 

species between the stage of the eyed egg and the stage 

before it was released is shown in Figure 6. The 
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rhodopsin ratio was over 50% at the time of eyed egg 

development, but decreased to 30% at the time of 

hatching (about 480℃ at acumulative water 

temperature). Later, during the surfacing period 

(about 960°C at acumulative water temperature), the 

rhodopsin level recovered to nearly 40%. Then, 

rhodopsin levels increased to 70-80% just prior to 

release (at about 1500°C at acumulative water 

temperature), as if to prepare for adaptation to 

seawater. These changes were similar for both chum 

salmon and pink salmon, but the rhodopsin ratio was 

always higher in pink salmon than in chum salmon 

during the freshwater life stage up to the time 

immediately before release. 

 
Figure 5. Collection locations of salmon sampled for 

visual pigment composition variation.  

A;.offshore Shibetsu, B; offshore Shiraoi, C; Sea of 

Okhotsk, D; North Pacific Ocean, E; Tokoro River, F; 

Shari River, G; offshore Atsuta, H; Chitose Branch 

Office, I; Kitami Branch Office, α; Esashi Set Net, β; 

Shari Set Net, γ; Shibetsu Set Net, δ; Kombumori Set 

Net, ε; Shiraoi Set Net, φ; Atsuta Set Net 

 

 

 

 

 

 

 

Figure 6. Trends in visual pigment composition of 

chum salmon and pink salmon examined at each 

accumulated water temperature after fertilization. 

Rhodopsin ratio was defined as the ratio of rhodopsin 

to  the total amount of visual pigments. 

 

  Results for both species during the period when they 

remained in the coast after release were 88.6% 

rhodopsin ratio for chum salmon and 80.7% for pink 

salmon in the coastal area of Shibetsu, and more than 

90% for relatively large populations of salmon caught 

by single towing net and set net in the Shiraoi coast, 

which are considered to have been released in Honshu. 

The rhodopsin ratio of the chum salmon population 

caught in the Shikiu River estuary in Shiraoi using a 

single towing net was 68.1%. The rhodopsin ratios of 

chum salmon and pink salmon caught by trawl nets in 

the Sea of Okhotsk during the fall season were 97.2% 

and 97%, respectively. 

  The returning spawning population was caught in 

drift nets in offshore waters. The rhodopsin ratios were 

96.5% for chum salmon (4-year-old fish) and 89% for 

pink salmon (1-year-old fish). The rhodopsin ratio of 

the population caught in set nets laid along the Shari 

coast was 61.3% for chum salmon and 60.4% for pink 

salmon. Furthermore, for chum salmon caught in set 

nets in Atsuta, the results were 67.4% (FY 2001) and 

69.4% (FY 2002). Rhodopsin ratios measured in the 

river-run populations were 7.2% for chum salmon 
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collected in the Shari River, 14.0% for pink salmon 

collected in the Tokoro River, and 7.3% for chum 

salmon collected in the Chitose River. Figure 7 shows 

the changes in the composition of the visual pigment 

during the period from the time of coastal residence 

after release to the time of spawning migration and 

river run-up. 

  Figure 8 shows the results of the comparison of visual 

pigment composition among the regions for chum 

salmon caught in the fixed nets in Esashi, Shari, 

Notsuke, Kombumori, Shiraoi, and Atsuta. The 

rhodopsin ratios were 92.4%, 85.8%, 70.4%, 62.4%, 

82.1%, and 77.1% in the order of the set nets 

mentioned above. 

  Based on the above results, we will discuss various 

items related to resource biology, such as the optimal 

timing of release, habitat transition indices, the 

proportion of local populations, and interspecific 

differences in swimming depths. 

  During the post-hatching period before release, both 

chum and pink salmon showed similar compositional 

changes, and the amount of rhodopsin gradually 

increased, followed by a further increase after release. 

Increased rhodopsin levels are thought to signify 

adaptation to saltwater life. Alexander et al.2) discussed 

the relationship between smoltification and rhodopsin 

levels in the chum salmon, and observed that 

smoltification, the silvery coloration that precedes the 

descent of salmonids, occurs when rhodopsin levels are 

at 50%, and that the descent behavior occurs at 80%. 

The chum salmon coastal resident fish in this paper 

showed rhodopsin levels ranging from 68.1 to 97%. 

Alexander et al.2) hypothesized that rhodopsin levels 

are regulated by thyroid hormones and that changes in 

rhodopsin levels correspond to smoltification. 

Assuming that rhodopsin levels appropriate for the 

transition from freshwater to marine life exist in 

salmonids, this ratio may serve as an indicator to 

determine the optimal timing of release based on the 

physiological condition of the salmonids. This is 

because the post-release survival of salmon needs to be 

improved in order to increase the abundance of salmon, 

and the assessment of the coastal environment and the 

improvement of the initial survival rate are considered 

essentially important issues in the management of 

salmon stocks. 

  Figure 7 shows that the change in the composition of 

visual pigment from the seawater transition stage to the 

river run-up stage is very pronounced, and that there 

are significant differences in the rhodopsin ratio among 

the stages. In other words, the composition of this 

visual pigment may serve as an indicator that heralds 

the transition from one life stage to the next39). 

 

Figure 7 Visual pigment composition of chum salmon 

and pink salmon by life stage. 

 

 



 

8 

 

  
Figure 8 Rhodopsin ratios of chum salmon caught in set 

nets in Hokkaido. 

  

Figure 8 shows that rhodopsin ratios in the case of 

fish caught in set-net are more dispersed among 

individuals than in other life stages. Significant 

differences were observed between the results from 

Esashi and Notsuke and Kombumori, indicating that 

the composition of visual pigments differs among the 

regions. The homing migration salmon tends to shift 

from the north to the south33),41), and more than 90% of 

the salmon caught in Japan are caught in set nets along 

the coast15). Therefore, there is a possibility that the 

southern population may not return to their home river 

and be caught in more northerly set nets. In riverine 

populations, it markedly changes its composition from 

rhodopsin to porphyropsin. This suggests that the 

individuals with increased porphyropsin in the coastal 

set-net catch are the ones that migrate back to the 

neighboring mother river. In other words, the 

composition of the visual pigment may be useful as an 

indicator to estimate the proportion of the population 

of regional origin by classifying the group into those 

that contain a large amount of such populations, those 

that still contain a large amount of rhodopsin and those 

that are likely to continue their southward migration, 

and those that contain a mixture of these populations 

and have a large variance in values (Figure 9). 

 

Figure 9. The proportion of the population originating 

from the region is estimated from the rhodopsin ratios 

and their dispersion values. 

Population originating from the N region; ● , 

Population originating from the M region; ▲ ,  

Population originating from the S region; ■  

 

  The composition of visual pigments in chum and 

pink salmon after migration to seawater differed from 

that during their freshwater life before release, and 

rhodopsin levels were significantly higher in chum 

salmon than in pink salmon at all stages. (Fig.6 & 7) 

Both species have a peak optical absorption wavelength 

at 503 nm for rhodopsin and 527 nm for porphyropsin. 

The shorter wavelengths of sunlight entering the ocean 

are weakened by scattering and become 

monochromatic light of around 480 nm, while longer 

wavelengths are absorbed by the surface layer, resulting 

in relatively more short-wavelength light remaining at 
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deeper depths. Therefore, as a phenomenon of 

adaptation to the light environment, shallow water fish 

are more sensitive to long wavelengths, while deep 

water fish are more sensitive to short wavelengths27). In 

other words, based on the above-mentioned 

relationship between the oceanic light environment 

and the swimming depth of fish, it can be inferred that 

chum salmon and pink salmon caught in the same area 

during their oceanic life period always possessed more 

rhodopsin, which is more sensitive to the short 

wavelength side of the visual pigment composition, in 

the case of chum salmon, suggesting that the swimming 

depth of both species may have selected deeper depths 

in the case of chum salmon. For example, when 

investigating the abundance density in trawling 

operations, it is necessary to take into account the 

differences in swimming depth between the two species 

(Figure 10).  

 

Figure 10. Estimated swimming depths based on 

differences in visual pigment composition in the sea 

area of chum salmon and pink salmon. 

 

Machidori28) studied the vertical distribution of 

chum and pink salmon in the Northwest Pacific Ocean 

using fishing gears similar to commercial drift nets, and 

found that chum salmon were caught at deeper depths 

than pink salmon. As described above, the author has 

been conducting research from the standpoint that 

basic mechanisms of visual physiology are effective for 

resource management of fisheries-important species. 

 

5. Behavioural physiological measurement of visual 

sensitivity characteristics 

 The optomotor reaction is defined as the response of 

the eye or the entire body that occurs when a moving 

external object is held at a point on the retina. For 

example, when a stripe pattern swings around a fish, 

the fish swims to follow the scenery. This reaction has 

been observed in many organisms, not only fish, and 

has been applied to the study of many functions related 

to vision23). 

  Using this optomotor reaction, the visual sensitivity 

characteristics of chum, pink, and cherry salmon were 

measured behaviourally18). Especially for cherry salmon, 

this response was used to examine the presence or 

absence of polarized light sensation. 

  The optomotor reaction apparatus usually consists of 

a black-and-white striped tape screen is swirled around 

the periphery of a transparent cylindrical water tank 

(Figure 11 (a)). The device shown in Fig. 11(b) was 

devised to form a band of light in a cylindrical tank 

instead of a tape screen as a visual stimulus, and to 

make the band of colored light itself swirl. Various 

colored light stimuli can be provided by inserting 

interference filters with various transmittance maxima 

in the light source section. The opmotor reaction rates 

for each wavelength were measured at appropriate 

intervals from 400 nm, the shortest wavelength, to 620 

nm, the longest wavelength, with the same intensity of 

photon energy, as shown in Figure 1218). The 

wavelengths with the maximum reaction rates were 

observed at 520 nm for chum salmon and at 560 nm for 

pink salmon and cherry salmon. This means that each 

fish species perceives these wavelengths of color light 

most strongly in the visible light range. 

  In the case of cherry salmon, the maximal response 

was also measured at 400 nm. This suggests that this 

species' visual sensitivity also exists in the ultraviolet 

region (light with wavelengths shorter than the 
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wavelength range of human visible light). This means 

that the photoreceptor cells (cones) are capable of 

receiving and sensing ultraviolet light, and we took 

ultraviolet images of this species to investigate the 

biological significance of this phenomenon (Figure 13).  

 

Figure 11. Various optomotor reaction devices. 

(a) Normal device using a black-and-white vertically 

striped tape screen as a visual target 

(b) Apparatus using a light stripe pattern as a visual 

target 

(c) Apparatus with strips of polarizing plates 

 

The pectoral fins of rainbow trout, which are said to be 

genetically related to this species, and this species are 

photographed in black. This indicates that the pectoral 

fin is a UV absorbing region. It is possible that the color 

vision characteristics of this region are used to 

recognize mates when viewed with UV-sensitive eyes.  

 

Figure 12 Visual sensitivity characteristics of three 

salmon species measured using the optomotor reaction 

device (Figure 11(b)). 

 

In addition, it has been reported that rainbow trout 

have a higher frequency of attacks on the pectoral-fin 

region based on experiments of mutual interference 

between individuals1), and that cherry salmon have a 

higher percentage of damage to the pectoral-fin region 

based on observations of damage to fish bodies in 

rearing ponds24). Siebeck et al.36) discuss 

communication using ultraviolet light in fish. They 
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argue that the ability to sense ultraviolet light is useful 

for predators to communicate with each other because 

many predators lack the ability to sense ultraviolet light, 

and their use of light rather camouflages them from 

predators.  

 

Figure 13. Pictures of salmonid fishes. Left side; under 

sunlight, Right side; under ultraviolet l ight. 

(a), (b); rainbow trout, (c), (d); cherry salmon, (e), (f); 

chum salmon, (g),(h); pink salmon 

 

  The apparatus shown in Figure 11(c) was created to 

examine the presence or absence of polarization 

sensation in the cherry salmon. Sunlight is a wave with 

various directions of oscillation, but light with only a 

specific direction of oscillation is called polarized light. 

This is a optomotor reaction device that uses polarizing 

plates cut into strips and arranged so that their 

oscillating planes alternate, and uses them as visual 

targets. If cherry salmon can sense polarized light, they 

should detect the alternating light phases and produce 

a optomotor reaction. When compared to a visual target 

with alternating polarizers with only the same 

oscillating surfaces as a control experiment, optokinetic 

responses were observed in the case of polarizers with 

alternating oscillating surfaces, demonstrating the 

polarization sense of the cherry salmon (Figure 14)16). 

   

 

 

Figure 14. Polarized light sensory test for cherry 

salmon using optomotor reaction. 

 

As for the home-river returnability of salmonids, it 

has been proven that olfaction plays a role in the stage 

of return to the vicinity of the home river. However, 

some sort of navigation system must be activated at the 

stage of getting there. The mechanism by which 

honeybees communicate with the position of sunlight 

as a means of informing their companions of the 

location of nectar they have found has been 

investigated (the famous work of von Frisch, who 

together with Konrad Lorenz and Nico Tinbergen won 

the first Nobel Prize in the field of behavioural 

physiology for this work). Even if the sun is hidden by 

clouds, bees can determine the position of the sun 

using their polarized light sense. The bee's sense of 

polarized light and its clock sense (internal clock) 

enable it to recognize east, west, south, north, and 

south by the ever-changing position of the sun. 

Polarized light perception, celestial location 

recognition, and internal body clocks may help salmon 

to return to their home rivers. 

 

  Salmon have a very interesting way of life, moving 

between the river and the sea. The author has 
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presented just a few of the visual functions that have 

developed because of this unique ecological feature of 

the salmon.  

The hatching and stocking of salmon and trout has 

been promoted based on the recognition that they are 

important industrial fish species in northern Japan, and 

even today, when this project is on track and the return 

rate is higher than in the past, the problems of 

conservation and management of these resources still 

abound. The application and clarification of the 

behavioral and physiological fields as a way of 

approaching target species with the aim of finding 

indicators to understand the actual status of resources 

will become increasingly important in the future. At the 

same time, this profound fish behaviour will never 

cease to be of interest to behavioral physiologists. 
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