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The Studies on the Physiology of Phototaxis of Fish

and Marine Animals in China

Daren le
Departmenl of Occanography, Xiamen University,

Xiamen, China

Lightfishing has a tong history ih China, It can be traced back
to the ancient time when our fishermen used pine-torches to lure
cullte fish and squid in the sea and used Llamps to ture crabs and
torches as an aid to catching cormorants. As early as in the 1930s,
the fishermen of Dongshan, Fujian and Nanao, Guangdong already used
gaslamps as gathering lamps Lo lure and catch round scads and
sardines, Wilth the deptetion of demersal fish resources, many
counltries in the world have hegan lo exploit the rich resouices of
pelagic fish since the [950s. Al present, lightfishing is’onc of.jhe
important means in calching petagic fish, With the development of
science and technology -and the improvement of ligh(ing technology,
tightfishing has become and advanced means of production, which
plays an importanl role in marine fishery in many countries. China’s
voaslal walérs abound with both varieties and quanliliés of pelaygic
fish, of which chub mackerels, round scads, horse mackerels, round
herrings, sardines elc, have already become the major objects for
purse seiner Tishing with Light, In the ecarty [960s, we carried out
sucressful experiments in underwater lamp fishing together with the

fishmen of Xiamen, Dongshan and other arcas. Frow the late 1960s to

early [97U0s, the fishermen of Xiamen, Dongshan elc., made tremendous
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strides in motorized junk seine with light in their production. In
the early 1970s, Shanghai Fishery Company and other units began to
develop purse scinér fishing with tight, furthering Lhe exploitation
to the marine pelagic fish resourse of our country, and rasing the
proportion of the pelagic fish yield in the total. But to raise the
tight fishing levet further, we musi solve the problems that arise
in production, For examples, What is the optimum color light sourse
for round scad and chub mackeret? What is their optimum illumina-
tion? Why is the gathering.-effect of (ight under moontight not so
ideal? Why is Uhe phototaxis so bad guring the breeding season? With
these problems in mind, we, togelher.with our colleagues in Shanghai
Institule of Physiology and East China Sea Fisheries Reserch Insti-
tute, made comprehensive studies on the phototactic charaéter of the
main marine pelagic fish such as round scads and chub mackerel with
ethological, electrophysiotogical and visual-pigment-biochemical
methods in the early 1970s. We also tested the new Light sourse such
as thattium indiem tamp on the sea and achieved excellenl resulls,
Our achievements won the China National Science Conference Prize in
1976. Laler we conlinued with our studies on the theory and appli-
calion of the mechanism of phototaxis of fish and marine animals,
vision physiology, and ethology. This paper gives a summary of the
study in this fietd in China.

I. The Studies on Behavioural Physiology,

le Daren, Yu Wentsao and others have studied the phototactic
buhaviuur of round scad (Decapterus maruadsi), chub mackerel (Pneu-
matophorus japonicus), sardine (Sardinella perforala), silverside
(Atherina bteekeri), needtdfishes (Abtleunes anastomelta) Cardinat
fish (Apugon lincalus), Mugil carinatus and squid (Loligo duvaucelii

willh photogradient method; Zheny Meiti, He Daren and others have
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studied the behavioural physiology of cuttlefish (Sepielfa maindroni)
whffc Lue Nluiming and others have studied that of youny eel(Anguilla
japonica) and swimming crab (Porlunus triluberculalus), Their

studies inctuded threshold of reaction to light, optimum illumina-
tion, reaction to color tight and the influence of background tight
on phototactic bhehaviour, The ngpositiou of the ahuve-ﬁentioned
characters of animals can provide scientific basis for the selection
of the optimum arlificial light source in production, the determina-
trow of effective attraclive range and the calculation of gathering
rale,

The major reaulls are, The youngy }ish and adults of round scad
and chub mackeret show positive phototaxis under the horizontal pheo-
togradient of between [0 '-10% 1x ; the phototaxis of young fish was
stronger than that of adults; the oplimum ittuwination of young chub
mackerel was 10 “-14 (x in waler lemperature of 24.5-27°C. In both
single and group experiments, the results of response of chub
mackeret are basically the same and the response of group experiment
is even more slable, »

We also did comparision experiments on needidfishes, cardinal
fish and Mugil carinatus, the resulls are as follows, needlefish
were always distributed in the relatively stronger illumination
region of each series of photogradient; under the same condition,
cardinal fish were constanlly distributed in the retatively weaker
illuminalion region of each series of photogradient; the phototaxis
ol the young [ish aud adults of round scad, chub mackerel, the youngf
fish of Mugil carinatus remained between the former two. .Chub
mackerel aml round scad both hetong to the Llype of fish that show
positive reaction lo tight but de not tend to the strongest Llight,

When o oo as me
@ romparison was made belween these two, round scad showed
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stronger photolaxis than chub wackerel, Therefore, both of the iwo
[ishes can be the objects of tight lishing, The oplimum illuminalion
regions of squid and cuttlefish were 10°!-10' (x and 10°2-10!' (x
scparﬁlcly. Both betong to the type Lhat tends to weak Light. The
oplimum illuminalion of swimming crab was 10°%-10 %ix , wilh the
growth devetopment, the optimum illumination of young eels changed
from [0 Y- 10fix to 10 %-ju Yix . This shows that the character of
photblaxis differs in different stages .of development,

Some fish and marine arimals can show seltective response and
cotor vision to color Light, The study-in this field is of great
impuftaucc to light source coler selection in production, Under dark
adaplation, the phototactic rate of young and adeult round scad to
btue-green tight is the highest while that to red tight is the
towesl. After the transition from dark to light adaptation, the pho-
totactic rate lo yellow-green Light is the highest. Chub mackerel.
shows the highns(‘phulularlic rale to violet and red lights under
hoth Jnrk and tight adaptations,while the peak vatue of ils speclral
sensilivily remains to blue and green (ights, The author points out
that the oplimum tight color is differﬁnl from the sensitivity Light
color. The squid shows the greatest phototactic rate to blue light.

Moonlight, functioning as the background light, poses a practical
probtem in production that inftuences gathering effectl, Our lests
showed that background light invariably reduced the phototaxis of
Uhe above mentioned animals; the influence of background tightl could
be restrained by increasing the light intensity of illumination; the
bacdground Light had a slronger inftuence on the animals of weaker
phototaxis than on those of stronger phototaxis, But exceplionally,

wilhin the range of [0'-10%1x , squids showed a higher phototactic

rate with background tight than without it, Such an.unusuatl phe..



mewu Was qésocialed wilh the sexual maturity and moon(ight night
rcbroduclion of squids. Therefore, contrary to the common phototactic
fish, the yield of squids can be raised if we fish with a hook and a
tine al moonlight night during their breeding season with properly
increased Light source intensity, Waler lemperature can influence
the photolaxis of youny round scads and increase their photolaxis
wilhin relalively lower oplimum lemperalure range,

Ne Daren and others have also studied Lhe feeding intensity of
juvenile multetls (Mugil sp.) under different illumination and probed’
into the role of vision during fiskh’s feeding. The resulls show that
the iliuminaliun intensily has a very strong inftuence on the
feeding intensily of mullel juvenile lto daphnia,its feeding inlen-
sity reaches the maximum under the illumination of 102 1x ; the
feeding rale reaches the highest under 102 1x and reaches the
maximum within 20 minutes,

The peak of feeding aclivity ol young mulet appears only under
cerlain itlumination condition and is closely related lo the feeding
aclivily under natural condition and circadian rhythm, Our tests
have confirmed the important role of vision in lheir feeding
activily and provided basis for determining the environmental bright

ness and bail quantity at the time of throwing in the bailt,

Sinve 1984, lUe Daren and olhers have sludied the optomolor re-
action of fish. They studied lhe optomotor reaclion characters of
the youny [ish of grey wultets (Mugil cephalus), Perch (Lateotabrax
japonicus), Porgy (Sparus lalus), -Carp (Cyprinus carpio), grass carp;
(thnuphpryngodon ideltus) etc successively. Liu Lidong, Ile Daren

ete, have also made an overall study on the optomotor reaction of

Nitle tilapia and its inftuencing faclots, Their study included the

influewces of environmental illumination, the screen speed of rola-



lion, water -temperaiure, siructure of visua! field, boby length etc.
on the optomotor reactlion of lilapia. They also describe! the char
rwlers of reaction of individual, vopulation and monor~ lars. It is
shown that the yuung fish of this kind has typical oplomofor rea-
clion under Lhe illuminaiiuu of | 164 tx . Within certain raange,
the optomotor reaction of fish enhances with rising environmental
illumination amd water ltemperature, declines with increasing screen
rotation speed and body tength., The fish reacts most effectively to
btack-and-white vertical stripes, less effectively to eblique
stripes, and none to horizontal stripes, The reaction of optomotor
reaction inlensities with the increasing with and number of vertical
stripes within certain range. There is no obvious difference in the
reaction 0{ individual and poputation, The reaction of monocular '
fish is evidently weaker than of normal-binocular one, and the
former has obvious orientation. He Daren and Zhou Shijie have
studied the sensibility of young prawn (Penaeus orientalis) to
moving object and its retationship with environmentat itlumination.
The liave also studied they optomotor reaction of young porgy under
the condition of colour light,

I, Etectrophysiological stadies,

For the pasi dozen years and more, much has been done in the
fietd of electirophysiology of fish and other marine animal vision,
As the phototactic character of fish is directly related to its vi-
sion function, the determination of the electro-aclivity of differ-
ent levels of peripheral and central neurons is one of the ideal
indexes in the study ol physiology of phololaxis; The wain work in
Uhiina is lo study the ERG characler with rough elecirodes. Aller an

overatl study on the ERG of round scad and chub mackerel, Young



Xiohgti aml others have found that their G had the character of
the retina of mixed type, and had obvious off-response, and that jts
h-wave was highty sensitive to the oxye deficiency. Background
Light vould notiveably raise the thef hold of seusilivity of retina,
This just corresponded to the result ethologival study., Zheng
Weiyun and others have found throueh their study on red grouper
(Epinephelus akaara) thal ils retina has two photoreceplor system of
rod and cone, bul they have not found any typical character of mixed
retina in the ERG. They betive that the cone of such fish has dege-
nerated in certain degree and is adapted to weaklight vision without
the ability of cotor discrimination., Yang Xiongli and others have
determined the speclral sensitivily of the ERG b-waves of round
scads and chah ;ackerel, and found that the peaks of spectral sensi-
tivily curves of the two fishes under dark vision are 490 and 480nm
respeclively, the peaks uf.spoctral sensilivity curves under Light
vision shifl to 520 and 525nm respectively, They have also studicd
the induce polential of the tectum of chub mackerel. With the latent
period of induce potential as Lhe index, the spectral sensitivity
cucves thys oblained basicatly correspond with those under KRG dark
vision, Therefore it is believed that the spectral sensitivity
remains unchanged in the visual cenler, Zbheng Weiyun, Chai Minjuan,
Chen Zhonyg, Liu Lidong etc. have made studies on thg ERG charafter
ot Euttle fish, swimming crab and prawn (Penaeuspenicillatus)respec-
tively, aud shouwed that the ERG of these inverlebrates are cornea
neyalive wave cne positive off-response. This is identical with the
structure aml arrangement of lheir retina, Through analysihg the ERG
spectral sensitivity of mud crab (Scytla serrata) under different
.aduptaliou, Yang Xiongli and others have suggested. that its com-

pound eve has only a singte receptive system, and revealed the cir-
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cadian rhythmns of its ERG sensibitity. They have also drawn an
Aschematic diagram for control of circadian rhythmicity in the ERG
of the crab. Chai Minjuan and others have made some comparative
studies on the ERG cireadian rhythms of :everal kinds of crustaceans
(wud crab, liger head crab ¢ Orilhyia wammitlaris), swimming crabh
and prawn), In recent years, scien.ists of our country have also
begun to study micvroelectirode, Yang Xiougli wund olhers have

recorded the horizontal cetl potential of retina o the body of
fresh walter [ish,

T, Studies on Biochemistry of Visual Pigment and Histology of
retina,

As visual pigmenl forms the malerial basis of photoreception of
retina, great importance has been attached to the study of it in the
wortd, However, no! much work has been done in the field of bio-
chemistry of visual pigment,

Chen Ming and others. have determined the rod visual pigment of
round scad, chub mackeret, btack carp (Mytopharyngodon piceus) grass
carp  citver carp Cllypophthatmichihys malitrix), bighead CAristich-
thys lobitis), titapia and so on. Il is disvovered that black carp,
grass carp, silver carp and bighead are pigment of simple retinene;
the peak values of their spectrat absorplion are 530, 528, 525 aul
527nm respectively; chub mackeret shows the pigment of retinenel and
the peak value of ils absorption is 500nm; round scad containing two
kind of rhodopsin and their peak values of absorption are 488,
Slonm respeclively; tilapia contains the mixed pigment of retinenel
and retinene? and their peak values of absorplion are 00 and 522nm
respectlively,

Zheny Meiti, Xiao Jinhwa cte, have studied the histologicat

structure vl the retina of cultitefish. Xu Yonggan, lle Daren etc
~14~



