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A Study on the Mauthner Cell in Teleosts in Relation

to the Swimming Behavior
BY

KIYOSHI UCHIHASHI, HATSUTARO SHIMAMURA AND ATSUKO HONDA

Abstract

The state of development of the Mauthner cell in Medulla oblongata was observed
for about 100 forms of Japanese teleosts (Table 1), and its relation to the swimming
behavior was discussed. Our result may be summarised as follows:

I. The development of Mauthner’s cell and the location in Medulla oblongata are
different for each form of the fishes examined (Table 2, Plat 1-6).

2. The Mauthner cell was observed to be well developed, in fishes secking bait by
means of tastic, odour and acoustic sense at night (Table 2).

3. In the fishes not well adapted for swimming or of very sluggish behavior, the
Mauthner cell was not discovered (Table 2).

4. In the fishes of an anguilliform body and swimming by undulating the body
in curves of large amplitude, the Mauthner cell was remarkably developed. Still
more, both in front and in the rear of this cell, there were one or two pairs of large
nerve-cells which resemble to Mauthner’s cell (Table 2, Plate 1; 2-3).
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Table |
o T ) o Sectionn-
Species Japanese name Staining methodT ing thick
- B S S ()
Konosirus punctatus Konoshiro P.-W. 20
Etrumeus micropus Urumeiwashi ” ”
Clupea pallasi Nishin P-W & K ”
Sardinops melanosticta Maiwashi ” ”
Harengula zunasi Sappa P.-W. ”
Engraulis japonica Katakuchiiwashi P-W. & K ”
Oncorhynchus nerka var. nerka Berizake P-W. ”
Oncorhynchus tschawytscha Masunosuke ” ”
Oncorhynchus gorbuscha Karafutomasu P-W. & K 25, 10
Oncorhynchus keta Sake P.-W. ”
Oncorhynchus masou var. ishikawae | Yamame ” ”
Oncorhynchus kisutch Ginzake ” ”
Salmo gairdnerii irideus Nijimasu ” ”
Salvelinus pluvius Iwana ” ”
Saivelinus malma Oshorokoma ” ”
Salvelinus fontinalis fontinalis Kawamasu ” ”
Plecoglossus altivelis Ayu P.-W. & H-E. 20, 10
Hypomesus olidus Wakasagi P-W. & K. ”
Argentina semifasciata Nigisu P.-W. 20
Maurolicus japonicus Kyurieso P-W. & H-E 20, 10
Saurus undosquamis Maeso P.-w. 20
Acheilognathus lanceolata Yaritanago P.-W. & H-E 20, 10
Pseudogobio esocinus Kamatsuka ” ”
Tribolodon hakonensis hakonensis Ugui P.-W. K. & H-E ”
Karassius auratus Funa ” V4
Cyprinus carpio Koi ” ”
Misgurnus anguillicaudatus Dojyo V ”
Parasilurus asotus Namazu ” V
P“ltﬁobagrus und1ceps Gigi P.-W. & H-E. ”
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N “ISectionn-
Species Japanese name Staining method’ ing thick

I o e | e
Anguilla japonica Unagi P-W, K. & H-E. | 20, 10
Astroconger myriaster Maanago P.-W. 20
Muraenesox cinereus Hamo P.-W. & K. 20, 10
Mystriophis porphyreus Murasakiumihebi P.-w. 20
Cololabis saira Sanma ” ”
Hemiramphus sajori Sayori ” 7
Prognichthys agoo Tobiuo ” ”
Zeus japonicus Matodai ” ”
Mugil cephalus Bora ” ”
Sphyraena pinguis Akakamasu ” ”
Channa argus Kamuruchii P-W. & K. 20, 10
Betta splendens Togyo P.-W. 20
Thunnus thynnus Kuromaguro ” 25
Katsuwonus pelamis Katsuo V3 ”
Euthynnus affinis yaito Suma ” 20
Scomber japonicus Masaba P-W. & K. 20, 10
Scomberomourus niphonius Sawara P.-w. 20
Trichirurus lepturus Tachiuo ” ”
Coryphaena hippurus Shiira ” ”
Trachurus japonicus Maaji ” ”
Arctoscopus japonicus Hatahata V ”
Oplegnathus fasciatus Ishidai ” ”
Upeneus bensasi Himeji P.-W. & K. 20, 10
Priacanthus macracanthus Kintokidai P.-w. 20
Doderleinia berycoides Akamutsu ” ”
Lateolabrax japonicus Susuki P.-W. ”
Coreoperca kawamebari Oyanirami ” ”
Argyrosomus argentatus Ishimochi ” ”
Sillago sihama Kisu ” ”
Epinephelus fario Nominokuchi ” ”
Mylio macrocephalus Kurodai ” ”
Chrysophrys major Madai ” ”
Gnathagnus elongatus Aomishima ” ”
Callionymus lunatus Numerigochi ” ”
Ammodytes personatus lkanago ” ”
Stichaeus grigorjewi Nagazuka ” ”
Allolepis hollandi Norogenge K. 10
Mogurnda obscura Donko P.-W. 20
Cryptocentrus filifer Itohikihaze ” ”
Acanthogobius flavimanus Mahaze ” ”
Chaeturichthys hexanema Akahaze P.-W. & K. 20, 10
Odontamblyopus rubicundus Warasubo P.-W. 20
Ditrema temmincki Umitanago ” ”
Taius tumifrons Kidai ” ”
Parapristipoma trilineatum Isaki ” ”
Halichoeres poecilipterus Kyusen

P-W. & K. 20, 10
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Species

Stephanolepis cirrhifer
Navodon modestus

Fugu niphobles

Fugu rubripes

Fugu vermicularis
Sebastes inermis
Sebastescus marmoratus
Sebastolobus macrochir
Inimicus japonicus
Pleurogrammus azonus
Hexagrammos otakii
Cociella crocodila
Platycephalus indicus
Furcina ishikawai
Podothecus sachi
Chelidonichthys kumu
Lepidotrigla micropiera
Cyclolumpus asperrimum
Crystallias matsushimae
Paralichthys olivaccus
Hippoglossus stenolepis
Hippoglossoides dubius
Limanda herzensteini
Tanakius kitaharai
Glyptocephalus stelleri
Gadus macrocephalus
Theragra chalcogramma
Lophius litulon
Pterophryne histrio

“Sectionn-
Japanese name Staining method! ing thick

()
Kawahagi P.-W. 20
Umazurahagi P.-W. & K. 20, 10
Mafugu P.-W. 20
Torafugu ” ”
Kusafugu ” ”
Mebaru ” ”
Kasago Vi 7
Kichiji P-W. & K 20, 10
Oniokoze P.-W. 20
Hokke ” ”
Ainame P-W. & K 20, 10
Inegochi P.-W. 20
Kochi ” ”
Sarasakajika P.-W & K. 20, 10
Tokubire ” ”
Hobo P.-w. 20
Kanagashira ” ”
Konpeito ” ”
Abachan K. & H-E 10
Hirame P.-wW. 20
Ohyo ” ”
Akagarei ” ”
Magarei ” ”
Yanagimushigarei ” ”
Hireguro ” ”
Tara ” 7
Suketodara P.-W. & K. 20, 10
Kianko P.-w. 20
Hanaokoze P.-W. & K. 20, 10

1, Abbrev1at10ns of staining method as follows:?
P.-W.: Pal-weigert staining method

K.: Kliver staining method

H.-E.: Hematoxylin-eosin staining method
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Table 2.
Species Japanese name Mgghthi_ ls);vﬁxarg?elfgr "

Konosirus punctatus Konoshiro —_— D. G.
Etrumeus micropus Urumeiwashi + D. G.
Clupea pallasi Nishin — D. G.
Sardinops melanosticta Maiwashi - D. G.
Harengula zunsi Sappa + D. G.
Engraulis japonica Katakuchiiwashi + D. G.
Oncorhynchus nerka var. nerka Benizake + G.
Oncorhynchus tschawytscha Masunosuke — G.
Oncorhynchus gorbuscha Karafutomasu + G.
Oncorhynchus keta Sake —— G.
Oncorhynchus masou var. ishikawae | Yamame + D.

Oncorhynchus kisutch Ginzake + G.
Salmo gairdnerii irideus Nijimasu + D. G.
Salvelinus pluvius Iwana —_— D.

Salvelinus malma Oshorokoma — G.
Salvelinus fontinalis fontialis Kawamasu — D. G.




Species Japanese name N([)auth. Swimming
ell behavier tt

Plecoglossus altivelis Ayu —— D.
Hypomesus olidus Wakasagi + 4+ D.
Argentina semifasciata Nigisu + -+
Maurolicus japonicus Kyurieso ++ D. N.
Saurus undoquamis Maeso 4+ D.
Acheilognathus lanceolata Yaritanago ++
Pseudogobio esocinus Kamatsuka + 2 D. T.
Tribolodon hakonensis hakonensis Ugui — D.
Karassius auratus Funa —— D.
Cyprinus carpio Koi + D. N.
Misgurnus anguillicaudatus Dojyo +++0 N. T.
Parasilurus asotus Namazu +++0 N. A.
Pelteobagrus undiceps Gigi ++ N. A
Anguilla japonica Unagi +++0 N.
Astroconger myriaster Maanago ++ O N.
Muraenesox cinereus Hamo ++ O N.
Mystriophis porphyreus Murasakiumihebi ++4+0 N.
Cololabis saira Sanma — G.
Hemiramphus sajori Sayori +++0
Prognichthys agoo Tobiuo ———92 | D. G.
Zeus japonicus Matodai +
Mugil cephalus Bora — D. G.
Sphyraena pinguis Akakamasu N—— D. G.
Channa argus Kamuruchii + 44+ N.
Betta splendens Togyo — D.
Thunnus thynnus Kuromaguro — D.
Katsuwonus pelamis Katsuo — D. G.
Euthynnus affinis yaito Suma —_—
Scomber japonicus Masaba _— D. G.
Scomberomourus niphonius Sawara _—
Trichiurus lepturus Tachiuo +++0 N.
Coryphaena hippurus Shiira + G.
Trachurus japonicus Maaji + -+ G.
Arctoscopus japonicus Hatahata — D. N.
Oplegnathus fasciatus Ishidai +++ D. N. T
Upeneus bensasi Himeji ++
Priacanthus macracanthus Kintokidai _— N.
Doderleinia berycoides Akamutsu, ++
Lateolabrax japonicus Susuki + N.
Coreoperca kawamebari Oyanirami — D.
Argyrosomus argentatus Ishimochi —— N.
Sillago sihama Kisu 4 N.
Epinephelus fario Nominokuchi JR— N.
Mylio macrocephalus Kurodai —— N.
Chrysophrys major Madai 4 N.
Gnathagnus elongatus ~Aomishima ——




‘ Mauth. Swimming

Species Japanese name cell 1 behavier Tt
Callionmus lunatus Numerigochi _—
Ammodytes personatus Ikanago R
Stichaeus grigorjewi Nagazuka + 4+ N.
Allolepis hollandi Norogenge X
Mogurnda obscura Donko —_—
Cryptocentrus filifer Itohikihaze —
Acanthogobius flavimanus Mahaze + 4+
Chaeturichthys hexanema Akahaze + N.
Odontamblyopus rubicundus Warasubo +4+ O N.
Ditrema temmincki Umitanago + N.
Taius tumifrons Kidai ——
Parapristipoma trilineatum Isaki —— N.
Halichoeres poecilipterus Kyusen —_— D.
Stephanolepis cirrhifer Kawahagi ++
Navodon modestus Umazurahagi ++
Fugu niphobles Mafugu _
Fugu rubripes Torafugu —
Fugu vermicularis Kusafugu _—
Sebastes inermis Mebaru —
Sebastesus marmoratus Kasago —_—
Sebastolobus macrochir Kichiji E—
Inimicus japonicus Oniokoze —_——— N.
Pleurogrammus azonus Hokke . — N.
Hexagrammos otakii Ainame +
Cociella crocodila Inegochi + N. T.
Platycephalus indicus Kochi — N. T.
Furcina ishikawai Sarasakajika —
Podothecus sachi Tokubire —
Chelidonichthys kumu Hobo J—
Lepidotrigla micropiera Kanagashira ——
Cyclolumpus asperrimum Konpeito %
Crystallias matsushimae Abachan X
Paralichthys olivaccus Hirame —_—
Hippoglossus stenolepis Ohyo —_—
Hippoglossoides dubius Akagarei —_
Limanda herzensteini Magarei —
Tanakius kitaharai Yanagimushigarei —_——— N.
Glyptocephalus stelleri Hireguro + N.
Gadus macrocephalus Tara +++ N.
Theragra chalcogramma Suketodara +++ N.
Lophius litulon Kianko +
Pterophryne histrio Hanaokoze | %
’r, Mark of Mauth. cell as follows: 1, Abbreviation of swimming behavier N
Not discovered. as follows:?
U\ : Very well develop. D.: Daytime swimming fishes.
H: Well develop. N.: Noctanal fishes.
+: Moderate. G.: Group-swimming fishes.
—: Not well develop. T.: Taste feeling fishes.
——: Small in shape. A.: Acaustic feeling fishes.

———: Very small in shape.
(O: Large nerve-cells discovered.
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Plate I

Transverse section through the region of entrance of the VII motor nerve.
2. Transverse section through the region of Mauthner’s cell.
3. Transverse section through the region of large nerve-cell resembled to the
Mauthner cell.
4. 5. Transverse section through the region of Mauthner’s cell.

Plate II-VL

6.-45. Transverse section through the region of Mauthner’s cell.

Abbreviations used in the explanation of figures:

corp. cerveb. corpus cerebelli

emin. gran. eminentia granularis

folL L fasciculus longitudinalis lateralis
fo L om. fasciculus longitudinalis medialis
gr. cell . granule cell layer

Mauth. cell Mauthner’s cell

Mauth. com. Mauthner’s commissura

Mauth. fib. Mauthner’s fibre

mol. cell 1. molecular cell layer

N. VII m. nerve VII motor

N. VII s. nerve VII sensory

N. VIII. nerve VIII

n. mot. teg. nucleus motorius tegmenti

tr. V. sp. tractus V-spinalis

tr. ceveb. mot.

tr. tect. bulb. cruc.

vent. quart.

tractus cerebello motorius
tractus tecto-bulbalis cruciatus
ventriculus quartus
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corp. cereb.
mol. cell lay.
gran. cell lay.
vent. quart.
tr. cereb. mot.
£..1, 1

emin. gran.
Mauth. cell
Mauth. fib.

tr. V. sp.

tr. cereb. mot.
N. VIL s.

N. VIIL

N. VIIL. mot.
f. 1 L

Mauth. com.
n. mot. teg.
tr. tect. bulb. cruc.

1. Tachiuo P-w. x15
(Tvichiurus lepturus).

2. Unagi P-W. x140 3. Unagi P.-W.x 1405
(Anguilla japonica) (Anguilla japonica)

4. Urumeiwashi P.-W. x40 5. Maiwashi P.-W. x70
(Etrumeus micropus) (Sardinops melanosticta)
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6. Yamame P.-W. %100 7. Nijimasu P.-W. %85
(Oncorhynchus masou var. ishikawae) (Salmo gairdnerii ivideus)

. * 4 : -
8. Ayu P.-W.x360 9. Nigisu P.-W. x60
( Plecoglossus altivelis) (Argentina semifasciata)

10. Kiyurieso P.-W. x250 11. Maeso P.-W.x80
(Maurolicsu japonicus) (Saurus undosquamis)

12. Ugui K. x500 13. Funa K. %500
(Twibolodon hakonensis hakonensis) (Carassius auratus)
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14. Koi K. x500 15. Namazu P.-W. x50
(Cyprinus carpio) (Parasilurus asotus)

6. Hamo P.-W- x100 17. Murasakiumihebi P.-W. x80
(Mwuraenesox cineveus) (Mystriophis porphyreus)

18, Sayori P-W. x70 19. Matodai P.-W. x70
(Hemiramphus sajori) (Zeus japonicus)

20. Akakamasu P.-W. 100 ‘ 21. Kuromaguro P.-W. x250
(Sphyraena pinguis) (Thunnus thynnus)
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24. Maaji P.-W. x70 25. Ishidai P.-W. x60
(Trachurus japonicus) (Oplegnathus fasciatus)

g

26. Himeji P.-W. x50 27. Kintokidai P.-W. x80
(U peneus bensast) (Priacanthus mauracanthus )

28. Akamutsu P.-W %80 29. Oyanirami P.-W. x130
(Dodorleinia berycoides) (Coreoperca kawamebari)
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30. Nominokuchi P.-W. x 150 {. Mahaze P.-W. x200
( E pinephelus fario) (Acanthgobius flavimanus)

33. Umitanago P.-W. x80
( Ditrema temmincki)

Sy U T
34, Kiyusen P.-W. x400 35. Kawahagi P.-W. x40
(Halichoeres poeciliptevus’) ( Stephanolepis civrhifer)

36. Umazurahagi P.-W. x50 37. Mebaru P.-W. x90
(Navodon modestus) (Sebastes inermis)
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38. Kasago P.-W. x200 39. Hokke P.-W. x40
(Sebastescus marmoratus) ( Pleurogrammus azonus)

40. Ainame P.-W. x70 4]1. Hirame P.-W. x50
(Hexagrammos otakii) (Paralichthys olivaccus)

42. Akagarei P.-W. x100 43, Magarei P-W. x550
(Hippoglossoides dubius) (Limanda herzensteini)

44, Hireguro P.-W. x300 45. Tara P.-W. x60
(Glyptocephaius stelleri) (Gadus macrocephalus)



