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 PREFACE

In June of 1941 I compiled Ap Illustrated Guide to the Editle Fishes of
the South Seas, which was dedicated to the Imrerial armed forces by the
“ippon Suisan Kabushiki Kaisha as a contridution to the nation by the fish-
ing industry. “ow, with the situation becoming more and more serious, I am
" eonvinced that it cannot be useless to make even a slicht contribution to
the solution of the marine food problem in the South by studying the
poisonous fishes as well as the edible varieties, and, since T kno's that the
military authorities have been urgins preparations alonn the same lines, I
“have not been able to resist the desire to comply with their wishes.

‘tThen we were entrusted with this mvestioation by the naval authorities,
our pride and emotion were inexpressible. “e immediately made all prepara-
tions, obtained the cooperation of the Department of Agriculture of Tokyo
Imperial University and the Fisheries Experiment Station of the South Seas

,0ffice, and despatched Yoshio Hiyama (on leave from his assistant professor-

ship at Tokyo Imperial University), Taned Nishisawa (technician at the

. Fisheries Experiment Station of the South Seas Office), Tomo "urofushi
(temporarily assigned), and Shireru Arita (temporarily assirned) to conduct

the investigation in the field from July to December, 1941, .

Our research team, overcomine unforeseen difficulties and inconveniences,
visited various South Sea Islands insofar as available transportation
facilities permitted, and after in general attalinin~ their objectives all
returned safely on December 4 with the precious material which they had
assembled, Only four days later the war brcke out and the declaration of
war was promulgated, which can only be regarded as a miracle of divino provi-

-dence,

Thereafter we busied ourselves in orsanizins and compilings our data, and
were able to galn a knowledge of the general situation with regard to '
poisonous fishes of the South Seas. In June of the following year (1942)
we compiled an illustrated guide to poisonous fishes to be used as a ready
reference in the South Seas, particularly in the areas in which the Imperial
forces were operating. 'r. Yoshio Hiyama had further advanced the work of
compilation to assemble the present detailed report of the whole picture of
the investimation of poisonous fishes of the South Seas. Feelins that this
report was timely and should have a wide circulation, we have obtained ‘the
[Pm ZaJ ‘permission of the authorities to publish it,

: The work of compilation and editing has been greatly assisted by the
ardent labors-of “essrs. Shigeru Muramatsu, Tadashi Kumada, Takeo Funada,
Fukugo Katano, and 'esdames Kikue Tomita and I!atsue Sasaki.

This report is, of course, not to be considered as final, and we cxpect
to carry on further researches at present and in the future.

-1-
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Pinally, we wish to acknowledge with gratitude the unfailine support and

" guidance of the naval authorities, the South Seas Cffice, the Department of

Apriculture of Tokyo Imperial University, and various persons in the areas
visited, TP this report makes our slight efforts of any value to persons

active in the South, it can only be due to the aforementioned understanding
support and wise guidance.

Feoruary 28, 1943 Toshiro Kumada



| Page 1 CHAPTER I
Introductory

Section 1 Introduction

Hitherto the poisonous fishes of the South Seas have been little
known, probably because those seas are remarkably rich in useful marine
resources which could £ill the need for food without the necessity of
" trying to bring every different species to the table., For this reason
fisheries research orzanigations and researchers both in the South Seas
and in Japan have concentrated on studies of the useful species. As a
result many advances have been made in this field, but on the other hand
there have naturally not been any worthwhile studies made of the so=called
nreef fishes", whose food value is small,

- Furthermore, the poisonous fishes which are the object of this re-
port are not found in great numbers anywhere in the South Seas, and they-
are most plentiful in far places where few Japansese venture, and where
not o are research facilities completely lacking but where heat and
| Page 2 disease make merely existing difficult for those who work with
their brains. This is another reason for the lack of knowledpe about
poisonous fish. ‘

In spite of this, two or three pioneers have already pursued studies
in this field, and, as set forth in a later section, some of their re-
ports are worthy of note, The writer, before sailing, tried to examine
the whole situation regarding poisoncus fishes in the South Seas by con-
sulting these authorities and also by communication with persons in the
various areas, however, in most cases the information about the fish
themselves was inadequate and it proved impossible to grasp the true
situation,

The author, after golng to the islands, made various inquiries of
fishermen, natives, and others. Althoush there were some among them who
rave a true picture of things, most of them supplied stranre stories
which clashed with common sense, or else the information they supplied
had already been recorded in the previous literature. Comine to know
the complexity and strangeness of the problem, the author felt on the
one hand an interest in trving to clarify it, and on the other hand he
lost confidence in bein~ able, with his poor powers, to-accomplish the
task. Fortunately, throusgh the support of many persons, we have finally
arrived at the reporting of our results, but ziven a problem of- such
complexity, in such a short space of time and with preparations, facili-
ties, and personnel far from ideal, we have not been able completely to
solve it. This report is incomplete in many respects and we can enly
trust that it will prove valuable in encouragine later researches,

The main objective of this investigaticn has been to carry out the
most practical kinds of stulies and experiments to ascertain what kinds
of fish are poisonous, how ordinary methods of preparation for the table
affect their toxicity, and, if possible, how to eliminate the poison and

-3-
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treat cases of poisoning. The author had hoped to attempt mecre detailed
studies, but these were of secondary importance and the pressure of time has
made it impossible to get around to them,

However, if the work reported herein has in seneral attained the hoped-
for goal of a practical experimental study, if it can be said to have
attained results which can be used without serious error in the areas ‘
studied and in other neighboring areas of the South Seas, and if this report
is of any benefit to the world, it is due to all those who conferred their
support and assistance, and we here express our deep thanks to them,

[Page 3] Section 2 Past Studies of Polsonous Fish™

First we will consider the term "polisonous fish", The species of fish
which harm man are not few, Amonc them those whose bodies contain poisons
which are transferred to the human body should be called poisonous fish,

- owever, there are various methods of accomplishine this. One is to trans-
mit the poison by biting, another is by sticking with spines, and a thind

is by being eaten by humans. The first should be called "venomous fish",

and the second "poison-spined fish", Although the third type could be unul
nfish which are poisonous when eaten", in this report they will be referred
to simply as "poisonous fish", using thc term in this restricted sense,

This study has been mainly concerned with the species which cause
polisoning when eaten by human beings, but because of practical considerstims
1t also touches upon some of the "poison-spined ﬁ.sh"

The most comprehensive repg:t upon poisonous fish in the broad sense
is that of the ferman Pawlowsky
all references to poison in the literature and classified them as venomous,
poison=epined, and poisonous when eaten. As many as 61 species are listed
as poisonous when eaten, but among them are mixed some which are clearly
of the type which poison bv plercing and it is believed that the number of
those which are truly poisohous to eat should be somewhet reduced.

These are here classified and listed, The hab:liat is in parentheses;
the scientific name is reproducgd as given,

*After completing the mnuacript of this report the author learned of
the publication by Lt. Kawakubo (M.C. ) LIV and Lt. (J.p.) K:I.kuohi (l! c)
IJW of a p.pcr ontitlod Animal apdime y ojsonin DO
~oo y ouma ol, B, August 19l -
animal oxperimnt. using the ,he and of Jalnit(aee ppe 43, 45 of this
report) and reported approximately the same results as this report.

*pawlowsky, Z. N.: 0ifttiere 1927, Jona.

-l -
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Cyclostomata (Petromyzontia, Myxinoidea)

Pet,

marinus Linné (Baltic Sea)

QL'M%% wagneri Kessler (Caspian Sea and its rivers)
uyigtilis Linne (Central Europe
%mgeri Bloch) (Raltic, Dnieper, Don)

saecreted by the skin said to be poisonous.

Caused poisoning in soup at Petrograd.

Zlasmobranchs (sharks and rays)

Linne  liver
. canls Bonapart liver
[Page
E uﬁ%w
L
Lmollibranohs
‘ Serranidae
: stri
.ﬂﬂ__ Pomotous .sie 1s.)
g ﬁ\ Antillen
rvm cypedon C. & V. (Antillen)
Yesoprion jocu C. & V. (Havenna)
Chaetodontidae
Chpetodon sp. (Red Sea to Polynosia)
Sparidae

P sglamus (Jamaica)
Pﬁﬁ %ﬁo&u de fonnes)

Spgrus pgarug (case of poisoning aboard the "Resolution® at

¥allicola)

% magbo. Cases of poisoning aboard the "Infoml" at

Tle des Pins, Lamotte-Piquet (New Caledonia). -
Small fish (13-1, em.) did not cause poison-
ing, large fish (80 cm.) did,

5

(Havanna

0 e | .
d J -
Geties doale Tpmice)



Cybiam acervum
Halte vespertilio

GCobiidae
Gobius criniger C. & V. (Pondischeri)
Sphyraenidae
ena picudg
ena becung (American tropics and subtropics)
Sphyraena barracuds

Tet urus cuvieri
Scarus sp. ,

Pseudoscarus sp.

Amcanigni :

s
Hichiue faerts
Siluridae

Silurus
S 8 taris
E_%_. J_gm_nggg!m (Japanese catfish called poisonous by Sisbold;
perhaps referred to poison spines)
Cvorinidae and others ‘

Barbug barbus (Central and Southern Europe, Dnieper, Volga
(ovaries poisonous in the Kl’xban, cau::am, and in

Turkistan)
Schizoth intermedius ovaries
ovaries
br, ovaries
Leb tg (Sumatra)
[Page 6] tus C. & V.  flesh
Belonidae | |
$ acus (mt:elmer)
-]
ne -
Esocidae
Esox luciug ovaries
Clupeidae

%& %‘ poisonous only in spawning season

ssa (Tahiti)
% venenosa (Indian Ocean)
: *

(Valabar)



Apodes
Mureena helena
ille spp. blood, poison called Ichthyotoxine

Conger spp.

In saddition a large number of tetraodonts are cited, and several species
are listed as containing protamine.

Another study of poisonous fishes of the South Seas is that made at
Saipsan by Dr. Tekeashi Yasukawa of the Contagious Disease Research Stetion.#
Be ooncluded that the toxio agent is not bacterial. His report gives only the
looal names of the speocies but the present author has added the scientifio
names and the standard [common] nemes used in this report, as follows:

Looal name Soientific name Japanese . conmon name
skamasu Lutjenus sppe. akadokutarumi, etc.

‘omachi prion viresoens aona

Shireaji Carapx melampygus dokuhireaji

uagi (utsubo) g%othom Sppe dokuutsubo, ete.
Page 7 okamasu p ene picuda dokukamasu

amebaru Serrenus spp. hate

kuchiku Ctenochae tus s trigosus sazansmihagi

fugu Tetraodon spp. fugu

Another report was made by Ryuichi Matsuo, Medicel Officer of the South
Seas Office, of a study of polsonous fish at Jaluit in 1934.#*+ Of 180 species
found at that atoll, Me listed 36 as poisonous, recording them by their
native names. The present author has supplied the scientific nemes and
Japanese oommon names for these species as follows:

Native name Scientific name Japanese neme

‘1le wnel Hepatus olivaceus montsukihagi

2. sujbek Synodus varlegatus akneso

S. ded OthOorax spe & kKind of utsubo
4. ho rols volitans minokasago

5. holeketem bub Ballstes sp. e kind of mongarahagi
6, ikbij Caranx lessonii niremihiresji

7. ikuit EpInephelus leopardus ‘hiodoshihata

8. 1illinno ' Serranus mlcrodon fwahata

9. Jad Lutjanus sp. fuedokutarumi
10, jalia Tethrinus miniatus * ki tsunekuohibi
11, jarerwod Tutjanus sp. & kind of fuedai
12, jawe 6lik - e kind of hata

tfuufau, Pakashi: Report of an Investigation of Poisonous Fish of
the South Seas, South Seas Office, 1U34. Wimeographed.

, *ﬂhtsuo, Ryuichi, Report of an Investigation of Poisomous Fishes at

Jaluit I., in Collected Medical Reports on ﬁc Diseases of the South See

slands, Second Edition, p. ﬁ§-§§, July 1934, Publis hed by EE South Seas
00e



13,
14.
15.
16.
17.
18,
19,

Jebeb pako
Jidjidbein
Jollol
Jomme

Jone pako
Jujuked
Jule

[Page 8]

20.
21.
22,
23.
24.
25.
264
27.
28,
29,
30,
31.
. 324
33e
A,
35.
38,

numerous other foreign papers.=*

Jurre

ka tok
kielolan
kolaolap
labbo elik
lane
lemejne
meameni
manid

no

pan inar
po twe tak
poran
tiebedo
tinad
weo elap
wt

Tothrims ope
nus 8pe

Chelllinus fasciatus

Sphyraena picuda
ectropomus oligacanthus

Sphyrasoa forsteri
nus spe.

Wonotaxls grendoculis

Chellinus sp.
Caranx melamﬂgua
YethrInus sp.
“nu‘ sp.

VScorpaenopsik diabolus
anus DbO

r
f.u‘E3anua Tulviflemma

Ctez‘loohaetus strigosus
Tnathodentex aurolineatus

Iethrinus sp.
Te traocdon sp.

shunokuzame

a kind of kuchibitai
yashabera

& kind of himeji

a kind of same -
dokukamasu
amadaredokuhata

omekenasu

a kind of kuchibitai
dokudai ,

a kind of hata -
hanabibera
dokuhiraaji
usugumokuchibi
usugumokuchibi

hata femily
seppariokoze

futa tsuboshidokugyo
nise kurohoshi tarumi
& kind of ei
sazanamihagl
nokogiridal
-oakekuchibi

& kind of fugu

Of these thirty-six species over half have been caught and tested by
the author, and some observations have been made concerming the others
(Chapter II, Section 12).

Mr. Hisatoshi llo.rukan has also abstracted the above two papers in
Pisheries of' the South Sea Islands from the Oceanographical Point of View in-

u

oas, Fisheries Yapers published Dy the South
Seas Fishsrlos Assooiation, May 1340,

Mre. Takeo Otani has also published oxtraotl from them in l‘ha Scienoce or
c«:nchohg
| There are many studies of poisonous tetraodonts of Japean proper by

Takahashi, the Ideas, Tahara, Fukude, Inoue, the Kinoshitas, Ishihara, Iwa-
gowa, the Kimuras, and others.

There are 8lso same studies by Prot. Jun Yamakawa and others cn species
of fish which ocontain protamine,

The above are tho studies of species whioh cause poisoning when eaten;
on fish with poisonous spines there is a Japanese paper by Prof. Ikusaku
Amemiya on the poison gland of the aigo [S_i._gtnus fuscescens (Houttuyn)] and

simemiya, Ikusaku:

On the Struocture of the Poison Spines of the Ai.go.
Suhm Gakkai EO. Vol. S, Pe 196.



) Section 3 1Methods of Investimation and Testing
[Page 9)

The author's investigations and experiments are concerned with the
Yarianas and Marshalls areas. The investigation touched upon other aress,
but experiments involvins collecting were limited to Saipan in the Marianas
and Jaluit in the Marshalls,

Broad inquiries were made concerning poisonous fish amonz fishermen,
natives, and fisheries technologists in these areas. Testimony was taken
from those who had had experience with cases of fish poisonine and fron
medical officers in the areas. °

In addition efforts were made to collect fishes by various methods,
The chief method used was driving fish into a net, but angline, long lines,
trawls, and undermater spearing were also resorted to. Great numbers of
fish were taken by the use of explosives,

Since the number of species taken was so very great, it was impossible
to test them all, so from them we chose for our experiments those which had
been reported either by irformants or in the literature as poisonous and
those which so closely resembled tie reportedly poisonous species as to be
easily mistaken f.og them. Tests were also made on all species which
appeared promising food fish by reason of their large size and the large
numbers taken,

The fish caught were taken immediately to the laboratory whers the
fresh coloration was recorded in drawings as rapidly as possible, The fish
were then preserved in formalin and later taken to Japan where photographs
were made., The plates for this book were made by taking the outline of the
fish from the photographs,and adding the coloration recorded in the sketches
made in the field,

. On fish intended for experimentation, an effort was made to record
accurately the time of capture in order to indicate the degree of freshness.

Materials nsed in experiments with animals were, in order to simlate

real conditions, prepared as if actually for table use, as described below. )

A knife was inserted in the belly of the fish and the flesh was re-

moved from one side, taking care not to damage the viscera, and this fillet

was divided so as to give representation to all parts insofar as possible,
The blood, liver, ovaries, testes, and other viscera were likewise divided,
Portions of fresh muscle tissues were set aside for testins, and cooked
portions were prepared. These are referred to hereafter as "fresh tissue"
and "cooked tissue". In cooking,the tissue was placed in a covered alumite
cooker with an equal quantity of water and heated over an alcohol lamp for
from 5 to 20 mimites until the fluid in the vessel was almost gone after
which it was removed from the fire. Then test portions of approximately
oqual weight with the test portions of fresh tissue were prepared., In ohe
0) two cases salted and dried test portions were also prepared. Blood was
{Page 10| mixed with starch (tapioca starch) or refined fishmeal in a milk
bowl and weighed.: |

-9 -



Mice were chiefly used as experimental animals, Cats were also used
as much as pcssible, and some puppies were used,

The test material was given by mouth in almost all cases. The mice
were kept without food for approximately 24 hours before the test. The
test material, prepared as described above, was presented to the animal in
‘a watch glass. After several hours it was removed and the leftover portion
was measured, Feces and other extraneous materials were removed and '
portions of the fish which had been scattered about by the animal's feet
were carefully gathered up. In addition, portions of the same material
were left for the same period of time and the loss by evaporation was
measured in order to provide data for correcting the weights of material
under similar conditions. In the tables of animal experiments, "amoumt
eaten" represents the difference between the amount given and the remainder.
“gterials gdded (blood, liver) and the amount of evaporation should be sub-
tracted f‘r«t this figure,

‘In t.he case of the cats and puppies it was not as necessary to ei;eﬂh
them befrrehand as it was with the mice, and they readily consumed up’to
50 srams of material.

The miée were ordinarily kept on a diet consisting chiefly of polisb'eé
rice and cracked rice with vegetables added. ‘Then vegetables were: unob="
tainable, lsaves of the emu and fresh copra were substituted. . The cats
were kept in baskets at first but it proved difficult to keep them and many
died so finally a cage enclosing about six and one-half square meters of
ground was constructed and about 30 cats were kept in it. About 500 mice
were transported by air to the scene of operations. Ten cats were flewn in
but only about one~third of them arrived in a healthy condition. At Jaluit
local cats were obtained whenever possible, about 50 being uti.l:lzed.

In evaluating the effect of a feeding on the mice, in case they{id
not die, it was found to be difficult to determine a lirht degree or the
early stages of poiscning. For this reason the early experiments
no trustworthy data., As experience was gained it was found possible to
determine a slicht degree of sensory impairment by lightly pricking the
paws, lips, and back with a dissecting needle and observing the reaction.
In the case of the cat the same technique had to be employed with animals
affected to only a very slicht degree, but with those somewhat more
strongly affected, it was generally possibles to detect the condition imme-
diately by making them walk, Animals which were poisoned began to stagger
risht away, and if the poisonins was a little more severe, they could not
hold their bodies in position to walk and fell frequently. In the most
severe cases they only tried to lie down and made no attempt to raise them~
selves, ™e tried insofar as possible to follow a policy of not using the
same animal twice for experiments, but because of the shortare of animals
&m 11} some of the cats which recovered were used azain after two or

days.

Because the author was requested to make the animal experiments simu-
late real conditions; the- were all made by feeding the test materials to -
the animals, however; this method depends on the amount eaten by the -
animal and therefore, as is shown in a later section of this report, it is

-lo-
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not possible in many cases %o determine ac accurately as cne would like the

- strength of the poison. If anyone might wish to carry on further experi-

ments of thie sort, the author recommends the use of injeztions by the
extraction method described in a later chapter,

The following facts should be noted with regard to the tables of animal
experiments inserted in the varicus sections of this report: -

(1) Experimental animal. M is the abbreviation for™ouse". No. is
the number of the cage. The cages were divided into two compartments and
the animal used in an experiment is designated as "right" or "lerft", The
mice were not given individual serial numbers and for this reason when the
two mice in one cage were used in different experiments the case number is
the same., The cats were not given serial numbers except for temporary ones
assigned when a large number of animals were being kept at one time,
Animals for which no body welichts are recorded are thcse for which the data
werg lost, and for these the weishts run about 10-20 grams for the mice and
500 crame = 1 kilogram for the cats,

(2) The figure on the line below the individual serial number of a
fish indicates the total length.

(3) The ratios of mixtures where fishmeal, starch, and so forth were
mixed with the test material is shown as 1:1 or asitlil. | The true
quantity should be determined by subtracting the amoufit of material added.

(4)  "Flesh", "head", "tail", and so forth indicate muscle tissue -

| ~taken from those parts.

- (5) "Fresh" (or "raw") or "cooked" indicate respectively unpre-
pared material and material prepared as described above.

(6) Amount of evaporation has not been subtracted from the amount -
eaten. As a standard for determining this correction the time at which the
remaining food was weighed has been recorded. Time was lackin~ to malke
these calculations for each experiment, but the followins examples are given
to serve as a reference for evaluating the data of all the experiments.

- These measurements were made in the lgboratory at Saipan.
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[Page 12]

Section 4 Relation of Freshness to Toxicity

A The author while in Japan had heard of cases of fish poisoning and

had wondered whether, in view of the high temperature® prevailing in the .
South Seas and the insufficient refrigeration facilities available there,
they might no: be due to putrefaction. For this reason it was deemed neces-
sary to begin by clarifyinz the relationship between putrefaction and

Six species generally considered poisonous were chosen and
tested by being fed to mice after having teen left for some time at atmos-
pheric temperature. The results were as follows:

toxicity.

T. Species - dokuhiraaji, gggar%o%_e_kgm Cuvier & Valenciennes.
Time caught = August 25 at

(2)

(3)

10 hrs, 15 min, at 280-C

Muscle tissue softened, pH 6.1. Blooed (0.6~0.3 gr), .
ltver (0.6=0.0gr), ovary (1.5-0.0 gr), and muscle (1.2-0.0gr)
were each fed to 10 mice, a total of 40 animals (body '
weight 15 gr). In no case was there any observable effect.

15 hrs, Omin ,

Muscle tissue softened, no odor of putrefaction, pH 6.3.
One cat was fed 44 gr of cooked muscle tissue, and another
was given 52.5 gr of raw flesh (body weiaht of cats about
1.5 kg ). The cat which ate the raw flesh showed no ill
effects., The cat which ate the cooked flesh regursitated
almoat all of it but showed no other ill effects.

19 hrs, 30 min. at 27°C

Muscle tissue softened, slisht odor of putrefaction,

pH 6.2. Muscle tissue (2.0-0.6 gr) was fed to ten mice.
No 11l effects observed, The viscera stank badly and the
mice would not eat them, ‘ :

II. Species - kitsunekuchibi (Lethrinus miniatus Schneider)
Time caught = August 25 at 0900
(1) Tested at 1108

[Page 13)

(2)

Muscle tissues in rigor mortis., pH 6.2, Blood

(005 » 0.4 ar, O.4 ar, 003'8"’ one’ did not aat), _

gall (0.6 gr, 0.6 gr, 0.5 gr, 0.5 gr, 0.4 gr, O.4 gr,
[sic] , liver (0.4 gr, 0.4 gr, 0.3 =r, 0.1 ar, one did not
eat), ovary (1.2 gr, 1.0 gr, 0.5 gr, O.4 or, 0.2 gr), and
muscle tissue (2.5, 2.4, 2.1, one did not eat) were each
fed to five mice with no ill effects noted.

15 h"o at 280 Cc ;

Muscles softened. No putrefactive odor, pH 6.4.

One cat was fed 37.2 gr of raw flesh and another was fed
54.1 gr of cooked flesh (body weight of cats 1.5 kg).

The raw flesh caused no 111 effects, the cooked flesh was
all regurgitated but caused no other ill effects.

-13 -



(3) 19 hrs. 30 min, at 27° C
: Muscles softaned, slight odor of putrefaction. pH 6.2,
Seven mice (body weight 15 gr) were fed-muscle tissue

(2.6 gr, 2.3 gr, 1.8 gr, 1.8 gr, 1.7 gr, 1.6 gr, 1.0 gr).
One developed diarrhea, no other ill effects were observed.

III. Species = akadokutarumi, Lutjanus iensis
Time caught « August 26 at 0910
(1) Tested at 1118
Muscles soft, pH 6.6. Blood (0.5 gr, 0.3 gr, 0.3 gr),
liver (0.5 gr, 0.5 gr, O.4 gr), raw muscle tissue 5.9 er,
0.2 gr, 0.2 gr), and cooked muscle tissue (2.7, 2.7, 2.0)
were each fed to three mice (15 gr). No 1ll effects were
seen, -

(2) Tested at 1938 :
Muscles soft, slight odor. Raw muscle tissue (2.4 gr,
1.8 gr, 1.8 gr) and cooked muscle tissue (5.0 gr, 4.7 gr,
L.l gr) were each fed to three mice (15 gr). No 11l
effects., . :

The above are the results of the experiments. In all experiments
with mice, no symptoms of polsoning were found, regardless of the degree
of freshness of the fish. In each experiment with cats the cocked test
material was regurscitated, but the raw flesh was eaten without 1ll effects.
However, at the time of these experiments, we did mot have sufficient
background knowledge of the effects produced by fish poisoning and did not
suspect that it might give rise to sensory impairment, and so unfortu-
nately we did not test to determine the presence of such impairment. It
is also to be regretted that the species used wére not strongly toxic ones.
It can be sald, nevertheless, that none of the animals died as they did
in some later experiments, and that the poison therefore does not result
from decomposition. . .

An examination of examples of fish poisoning in humans shows that of
11 cases reported at Saipan, two occurred about two hours after the fish
were caught, one about three hours after, and the other eisht within one
hour of the time of capture. Two cases reported from the Marshalls both
occurred directly-after the fish were taken. The specles were dokuhi=-
g&em

4

raali s dokuytgubo, akagapmo, and dgs.km (For the
Japanese common names, see the following chapte
[Page 1!;]

In regard to the freshness of market fish, it is necessary to con-
sider the fish supply situation in the area studied. Ordinarily, early
in the morning a fleet of cances goes to the nearby outer reef where they
operate driving-in nets [oikomiani], returning around noon or in the
evening. The catch i{s immediately sold at a market near the beach or at .
the fishermen's homes, Fish brought in around noon are eaten at the noon
meal while those brought in late in the afternoon are used for the evening
meal. Where there are proper facilities, any remaining fish are made into
fishcake kemaboko or chikwig] . Fish are never held overnight for sale

-M-



the next day. The towns which are centers of fish consumption are every-
where near the coast, and even when the fish are sent to another place,
little time is required for tmansportation beocause the islands are small,
Even in islands where refrigeration facilities are limited or entirely
lacking, it is diffioult to see how many cases of poisoning oould result
from putrefaction beoause the fish are used in a fresh ocondition. These
facts baok up the results of the experiments recorded above, and oases of
poisoning resulting from putrefaction in:the high temperatures of the
South Seas must be considered as a separate phenomenon,
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[Page 15) . CHAPTER II

Species of Pgilonoul Fish and Their Toxiocity

Section 1 Genera.l

This chapter is an attempt to rooord not only all of the poisonous -
and nonpoisonous varieties tested by the author in person, but also all
whioh have been recorded in the literature or which were reported by
fishermen &nd natives to be poisonous but whisch oould not be caught or -~ -
whioch were teken when oondiﬁ.om prevented testing them, ,

Many of the varieties reported on oould not be identified with cer- . .
tainty because specimens could not be obtained and the local names and .
inadequate descriptions were all we had to go on. Also, some of them
oould only be considered as fish with poisonous spines and these are all
taken up in Section 12.

In the case of varieties which were acourately identified either by
desoriptions or by catching specimens but whioh could not be tested, we
have recorded in this chapter all testimony received regarding their toxi=-
sity, in order to serve as a basis for Judging its camparative strength.

- The following table gives all the species which can be considered
poisonous as a result of this study. The taxonomioc relationships between
these many species are interesting. They fall into a number of taxonomie
groupings and are not soattered at randam taxonomiocally. In other words,
poisonous fish only ocour in certain families and certain genera. This
is just the ssme situation that is found in Japan where the poisonous
fishes are limited to the Tetraodontidae and even to the genus Tetraodon.

looking at the Class Pisoces as a whole, we find that of its hundreds
of femilies, only twelve include poisonous fish. Considered from the
. point of view of species, authorities differ, but the nmber of speocies
in the Class is between ten and thirty thousand, and the number of
poisonous species, inoluding not only those oonsidered in this investiga-
tion but also those found in foreign countries, does not come up to ome
hundred. Fish which cause poisoning when eaten are only a very few
species, considering fish as a whole, and thoy ‘belong to & very few taxo=-
nomic divisions.

[Pages 16 and 17] Reference table of poisonous fish (45 species, vetraodonts .
omi tted)
[Page 18] - -

It should be noted that this is not to say that all of the fish in
these families and genera are poisonous. They also contain edible sapeocies
which are completely nonpoisonous. : . '

The following sections are organized acoording to the taxonomioc:
divisions.
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In the reference table and in the following sections the toxicity is
classified by desrees of virulence. For exampls, where one slice (about
200 gr) of flesh is fatal it 1s called violently toxic. Those resulting
in survival with strong impairment of locomotion and inability to stand
up are classed as stronzly toxic, 'Vhere a mild degree of sensory and
locomotory impairment results, the toxicity is characterized as mild, and
where the species may be eaten with only the possibility of even milder
symptoms, it is called slightly toxic. This differs somewhat from the
classification used by Fukuda and 'atsuo.*

lPage 19j Section 2 Genus Gymnothorax

Poisonous fishas nf the Order Anodes are restricted to the genus
fymnothorax of the family Muraenidae; at least none are at present known
in the other families and genera of the Order, '

Several species belonging to the genus ?mothérg; are found in Japan.
They prefer warm seas, and the Japanese species are found in Central and
Southern Japan, beins rare and of exceedingly few species in the North,

In the South Seas they are abundant, with a large number of species. They
are especially plentiful in coral reef areas where they lie in the reef
during the day and come out to feed at nisht. Although they do not, of
their own accord, attack aggressively during the day, if in diving one puts
a hand or foot directly in front of their hiding places, they will bite,
Because of the severity of their bite most members of this genus are re=-
garded as venomous fish, but no poison glands have been found near their
teeth and consequently they should be considered simply as bitine fish,
Their teeth are sharp and-are hinged at the roots so that although they can
lie flat within the mouth, they cannot be bent forward at more than a right
angle to their base. For this reason they are well-designed for directing
food into the mouth, A finger or other member taken into the eel's mouth
cannot be drawn out, and if it is withdrawn forcibly, it is mangled and
sliced. Teeth of this type are called hinped teeth and are a taxonomic
character of the genus,

Those found in Japan and called utsubo, nada, ngmada, gidako, and so
forth are mostly the .utsubo, scientific name Gymnothorax. 0 ,Tenminck -
and Schlegel (Fig. 7). There are several other species, The flesh of the
utsubo is despised in some localities, but in others it is prized and is
eaten as a staple article of diet without there having yet been a case of
poisonine reported.

In the South Sea islands, particularlv in the !arshalls, the species
of this genus are numerous, and they are classified bv the nntives under
two different names, dreb (also written leb or deb) ond mgj, The former
desisnates the comparatively dark-colored species,-the latter is applied
to the lishter ones, According to the natives, the dreb is poisonous, but
the ma] is edible and is in fact used for food. At Saipan,also, the onss

#Pokushl Fukuda: Prevention and cure of tetraodont poisoning, in
Supplementary 'sdical Lectures (Hoshi Izaku Koza), P- 3. Kanahara Shiten pub,
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which are called jaunagi r snake eeﬂ and feared as poisonous fish are only

the dark-colored species., There are several species of dark ones and

- geveral species of light ones, and it is thought that there must be some

variation in toxicity as between species. The authgr tested three

species of dreb, and althoush the three species’called maj and eaten by

the natives were not tested, they are cited as nonpoisoncus for purposes

of comparison. As can be seen from the plate, those which are called myj

and whick are supposed to be white vary in degree of whiteness and are
variocusly spotted so that there is no way of tellinm clearly which are to

[Page 20] be considered ma]. The designation varies with different natives

and from island to island and is nothing but a vasue peneralization based *
on outward appearance. It would be dangerous to use it to determine the

edibility of a species. The same can be said of those called dreb. From

its neneral appearance the utsubo, which is eaten in Japan, would have to *
be counted among the dreb. ‘

1. Dokuutsubo (Plate 1, Fig. 1)

Scientific name = t Ruppell
Local name = dreb %l!arahaﬁuo; » igﬁ'ﬁwm‘ae residents)

Distribution - East Africa, Indian Ocean, South Seas, Philippines, Hawaii.
Yorphological characteristics = Snout thick and short, head likemwise..
Rlack spots in imbricated pattern on body, especially white-edged black
spots around gill opening. Single row of teeth in upper jaw, Head length
goes 8 or 9 times in body length, 3.5 in trunk.

This is the most common eel of the coral reefs and can easily be |
caught on set lines or by anglineg from the shore. : :

The Tlesh-was fed to cats and mice with the following results.

[Tabl" 1’ 2, 3'

Page 21
[ The'mice, in proportion to their weight, ate aprroximately ten times
as much as the cats, but showed only sensory impairment with no deaths.
Thirty grams of cooked or raw flesh given to the cats produced-violent
poisoning (Table 1). Tabh,{ahqn a comparatively low degree of toxicity.
From the appearance of the pcisoned animals it is thought that a lethal
quantity is probably much less than the quantity consumed.

As an example of poisoning in humans, we heard of-a case in which
about 200 pgrams of the flesh of an eel of this species, taken by angling .
fmtahoro, was roasted and eaten by three persons, two of whom died that

This species is one of the most violently poisonous fishes. The
toxic element appears to resist heat, and roastinm or steamin> does not
reduce its toxicity. Its effectiveness was not chanred by heating at
100° for 10 minutes. :

[Page 22]
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2. Shiromon dokuutsubo (Plate 1, Fig, 2)

Scientific name - Gymnothorax melea Shaw

Local name - dreb (Marshallese), jaunami-or hanabjutsubo (Japanese)
Distribution = East Africa , Indian Ocean, South Seas, Philippines, Hawaii.
Yorphological characteristics = two rows of teeth in upper jaw, gape
large, from snout to corner of mouth is somewhat more than 1/3 of head
length, Head is long, going 1.7 to 2:9 times in trunk length. Coloration
varies; the plate represents one type, but in some the white markings are
further reduced to fine dots. In others the area of the white markinga

is increased and the dark brown ground color is decressed until it is hard
to say whether it is a reticulated pattern of dark brown on a white ground
or an imbricated pattern of white markings. Although there are scientists
vho treat these forms as different species, it 1s thought that they are
all variations or varieties. In all of those which wers tested the white
spots were distinct, as shown in the figure, and for this reason it was
unfortunately: mpouible to gain any knowledge of the taxicity of the
other varieties, however, from what the natives say, it is presumed that
their toxicity is probadb the uma. Fewer of this species were taken
than of the preceding. [Table ’

- The above results show that of two animals eating the raw flesh,ons
which had taken 0.8 grams died. One which ate 0.8 [8ic] grams of liver
had diarrhea, its coat was ruffled, and it appeared weakened but it re-

covered the following day.
The natives say that this species is not as virulent as the

preceding, but that there have been deaths cansed by it. This species
is also considered violently toxic.

3. Namlutsubo (Plate 1, Fig. 3)

Seientific name - . (Lacépéde) \
Local name ~ i?!a ﬁ g Jaunagi (Japanese)
Distribution = Ocean, E. Indiea, South Seas, Philippines, Hawaii,

"orphological characteristics = one row of teeth in upper jaw. .Head
length goes 64 to 8 times in body length, 6.2 to 7.2 in trunk., Length
from snout to corner of mouth goes 2 to 24 times in head length, Mark=
ings extraordinarily variable: Those with a dark sround ‘color, as shown
in the plate, are most common, but there are those in which a white =
ground color merely forms a reticulated nattern and others which, like
the variety isinsteenus (Fig. 4) described in the next section, have dark
markings on a white backaround. It is difficult to distinguish. the
varieties other than by their coloration.

This species is also widely distributed and is one of the esls com=-
monly seen in the South Seas. |[Tabls 5 :

» The tabulated results of the animal experiments show that
one mous ch consumed 1 gram of cooked flesh showed some ill effects.
Another which ate 0.6 gram of flesh , salted and dried in the sun (not
completely dried, should be called half-dr.ted) also suffered soms 111
offects., Since sensory reactions were .not tested on any of these eight
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specimens, no conclusion can be reached on this point,

All natives who were asked about this species said that it was

_poisonous,

This species is probably somewhat less poisonous than the preced.tng

fmse 2]
4. Amadareutsubo (Plate 2, Fig. 4)

Scientific name -~ m var. isincteenus (Richardsen)
Local name = (Marsha . g
Distribution - ian Ocean East Indies, Marshalla. )
Morphological characteriatica - Generally identical with the cpecj.oa deo~

cribed above, but the coloration is entirely different. -Various scientists

have recogniszed it as a variety of the preceding species, and since large

specimeris are never seen, ones measuring from 40 to 50 em boim abundant

in the coral reefs, it is possibly an immature form.

» Although this is merely a color variation of the
species, the natives say that it is not poiscnous. Since the results of
our experiments have shown that the preceding species is pretty clearly
poisonous, it is very interesting that such similar varieties can diffor -
completely in toxicity. _

50 Aseutsubo (Phtei’, Figo 5)

Seientific name - t m AhI

Local name - (Haraha

Distribution = Indian Ocean, E. Indies, South Seas, Philippines, Hawail.

Vorphological characteristics - The canine teeth in the snout in this

species are not slanting fangeshaped hinged teeth, but are coniform. They

are not especially larpe and do not differ in any way from the other

testh., The markings change markedly with age. Figure 5 represents an

old specimen., In young ones the dark spots are larger and fewer. In a .

young specimen about 10 cm long the white ground color was divided into

about three rows and in each row there were only about 50 dark brown

spots. This species attains a length of 70 cm, but those commonly taken
about 50 em, Abundant in coral reefs,

Page 25]

Toxicity. This species was taken just before our departure so we
could not test it.

According to the nativoo this species, like the preceding one, is

‘edible and well~flavored. They do not distinguish it from the preceding

species, give it no special name, and acoordinply have the sams notion
as tc its edibility. :
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6. Shiroutsubo (Plate 2, Fig., 6)

Scientific name - othorax thyrsoid (Richardson)

Local name - maj (Marshallese)-

Distribution - Burma, E. Indies, South Seas, V. Australia, Hawaii,
Morphological characteristics - Coniform teeth like the preceding species
but differs in having a double rather then a single row of teeth in the
upper Jaw, Ground color brownish with-minute spots scattered over the
vhole body. Body lensth reaches 70 cm, a small size for a moray.

Toxicity. Not tested. Jaluit natives do not distinsuish it from -
the two foregoins specles and say that it is just as nonpoisonous as they
are.

[Page 26] Section 3 Genus Sphyraena

The genus Sphyraena of the family Sphyraenidae, Order Acanthopterygi,
includes many useful edible fishes,

The ap)wraenids of Japan such as the gkakamasu (
the gokamasu (S. nigripinnis) end others are generally pr e as de ciom
edibles fish, apd we have heard of no case of poisoning attributed to then,

In the tropical and subtropical areas of America the sphyraenids are
called barracuda, and since they attain a larpe size, they are well known
as food and game fish., The species are Sphyraeng picuds, r%ca
barracuda, as well as others, and it has long been known that in Ame
they sometimes cause poisoning, There are various theories about this,
one being that they are only poisonous durihg the annual spawning season.
At the island of St. Domingo, they are supposed to be poisonous from Hay
to October. Poey* has stated that in Cuba only old fish of 3 pounds
- weight and over isonous, is
poiggnogg og{y wl::rel t is feedi@ggcpr::lgﬁgu“gmlt%t the bamcudn

Of the two species of poisonous sphyraenids of the South Seas lmwn
to the author, one is also found in American waters. This is S,
which has previously been known to be polsoncus, and it is worthy
as an evidence of the fact that amons the poisonoua fiahos are t.o bo
found some widely distributed species.

1. Dokukamasu (Plate 3 Fizure 8)

Scientific name = Mgm gicm Rloch & Schneider

Local names - ?mgg (Japanese), - (“arshallese)
Distribution - Indian cean, tropical Pacific, America, tropical and sub~
tropical Atlantic coast.

Horphological characteristics - Dorsal V, 93 and II, 7. Scales in lateral
line 80, !louth extends t.o a point vertically below ‘anterior edpe of the

¥Poey: Ciguatera "emoria sobre 1a cnrermedad. Report m
de la Isla de Cubs. 11 p. 1=24. 1867 (from Pawlowsky)

#*Ginther:- m__ggh depr M'. ien, 1886,
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supil. Attains a length of more than one meter. Occurs in surface waters -
all over the Scuth Sess. Easily caught on trollins zear and lcne lines.
{Tabies 6, 7, 8] ’ :

{Page 281

Toxicity. As showh in the table, of two cats tested, the one which
took 7.2 grams of cooked flesh died after 20 hours. Of 4 mice which ate
the liver, one which took 1 sram showed some 11l effects, and of 10 which
ate muscle tissue, 2 which ate cooked tissue were affected,

A case was described at Jaluit in which a ship's crew of more than
ten men were all poisoned to such an extent that the functioning of the
1imbs and of the mouth was impaired in some of them, while others were un=
able to stand up, The fish was said to have been over one meter in length.

In another case at Saipan sixteen fishermen ate-the fish and only one
of them was poisoned. Accordinz to this man's story, a short time after
eating (about 5 minutes) he vomited. After that he becan to feel a numb-
ness spreadins from around his mouth. He felt as if his body were floating
in space, his feet would not hold the sround, and he beacame as if drunk
on sake. After stayins in bed for 2 or 3 days he recovered.

" The Jaluit natives say that the larger fish are viclently poisonous,
They also say that they do not know of any particular season for eating
this fish,

The specimens caught by the author were all of about 90 em, and it
was unfortunately not possible to test small fish, however, the large ones
were, as shown above, very clearly poisonous. It is 1nterest.1nn that the
natives' statement that only the large fish are poisonous is in agreement
with Poey's observations in Cuba,

Although §t is certain that the larmer barracuda of which the natives
speak belonz to this species, it may be that the small ones are not the
youns of this species but rather that they belonz to the species described
$n the next section., There is room for further study on this point.

These two species of barracuda are not differentiated by the Japanese
except as to size; they only know that some of the ''arshallese consider -
them separate species. There is doubt on this point, but the gp_lggggen;
described later in this report presents the same phenomenon, that is to say,
only the larse ones are poisonous, The settlement of the question of
whether Poesy was right about this species or whether it is a matter-of con-
fusion with a different species must be left to a later tims, Also, in
regard to the problem of whether thesa fish are especially poisonous during
an annual spawning season, we have not made a year-round investigation

and consequently have no data, even the spawning season being unknown.

[Page 29] 9. Onekamasu (Plate 3 Figure 9)

Scientific name - ate Cuvier & Valenciennes
lLocal name = Eﬂarsha 305
Distribution - Indian Ocean, South Seas, Fiji

"orphology = Very similar to the above species, differing principally in
that the mouth is smaller with the corner of {he mouth not reaching as far
as the anterior rim of the eys. Scales small, 122 on the lateral line,

Eye large, going about 6 times in the head len;'l'.h (in the preceding
species it poes about 9.3 times ). Does not become as large as the
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preceding species, those commonly taken being about L0 to 60 cm in length
with none reaching‘ 1 meter,

: * Plentiful cutside the encircling reefs and fringing reefs, they are
Fasily tg'ken on angling and trolling lines. fl'ablas 9, 101
Page 30

Toxicity. Of the 4 cats used 1n the experiment, 2 which ate cooked
flesh and one which ate raw flesh showed extremsly slit'ht sensory and
locomotory impairmsnt. Of 9 mice only one showed functional impairment
of the hind legs.

Judging by these results this species may be said to be slightly
poisonous, !Matsuo's paper is the only known example in the literature
which cites this species as being as poisonous as the preceding species,

: According to some Marshallese, only the fish taken at Jabor island

in the Jaluit atoll are slichtly poisonous while those taken at the other
islands are nonpoisonous, The toxicity of specimens from Jabor was of the
degree described-above, The natives appeared to have no qualms about
eatine this fish, and, while informing the author that it was poisonous,
went right on eating it. The Marshallese distinzuish this species by a
separate name from the preceding species, which they do not eat, !Most of
Japanese apparently mke no dj.stinction between these two species of.
barracuda.

[};age 2] Section 4 Genus Cararg

Most of the many species of the genus Carapx, family Camnéidae, are
useful foodfish and are handled as a high=grade article in fish markets
in Japan and all over the world.

A very few of these species have been considered poisoncus for many
years, According to Pellegrin*, Caramx-fallax is poisonous at Havana, °
He also records C. plumeri as poisonous, specimens containing poison be-
ing said to have red bones. Poey (op. cit. p. 25) also records

s and Seriola lalandi of the closely related Seriolidse as be
poison Cuban waters,

Alt_hough these species are very similar to the seriolids and carangids
of Japan, we have heard of no cases of poisoning caused by these fish in '
this country.

The species of carangids inhabiting the South Seas area are very
numerocus, probably over 100, and it was impossible to collect and test
thenm all in the short time at our disposal so we omitted those species
which are commonly used for food and investigated only the following two
species, which have rrequently caused cases of poisoning.

*Pell - Thése de Paris. |
(;m:sg:s m)mimm ése de Paris. 1889
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1. Dokvhirazji (Plate 4 Figure 10)

Seientific nams - Car me Cuvier & Valenciennes

Local name - lahe i"m'shalleaeg gara (Okinawan fishermen), generally
called hiraall by Japaneso

Distribution - Red Sea, Indian Ocean, tropical Pacific, taken rarely in

us.

Yorphology = First dorsal VIII, second dorsal I, 24. Anal IT /I, 19 - 20.

Seutés on straight portion of ]ateral Iine 36 - 38. Eye very small, poe-

terior end of maxillary extends to a point directly beneath the anterior

edge of the pupil. Attains large sigze; specimens over one meter in length

are not umsual, [Page 32  [Tables 11, 12, 13]

; 2] [Page 33)  (Tables 14, 15]
age 3 '

}?ﬁx. Results of experiments with animals were as shown in tables
11 - :

The two cats eatins raw flesh, two eating cooked flesh, and one eating
liver showed marked symptoms of poisoning (except for cne which ate raw
flesh without 111 effects), and one which ate 10 ar of liver died. In the
62 experiments with mice- the technique for detecting symptoms was unsatis~
factory in most cases, and only the 13 agnimals recorded in tables 18-and
19 showed any reaction. In these cases those which ate coocked flesh, raw
flesh, blood, or liver all exhibited fairly clear sirns of poisoning.
{'rablcs 16, 17{

[Page 35) L

The two fish tested were 90 and 71 centimeters long. Comparine the
two, the 90 cm one produced a clearer reaction in both the cats and the
mice, Considerins the various organs, it appears that the blood and the
liver are of marked toxicity.

The popular opinion (especially at Saipan) is that this species is
one of those most frequently responsibls for cases of poisoning. Judging
from the results of inquiries among fishermen, doctors, and natives, poison
in this species is limited to the large individuals and most cases seem to
have resulted from eating cooked flesh from the head,

[Page 36{

he four animal experiments in which we especially tried to use
flesh from the head region, it was difficult to detect any more marked
toxicity than in the other cases, although cases of proisoning in human
beings show that tendency. Of the two fish tested, the toxicity of the
71 cm specimen was inferior to that of the 90 cm one, which agrees with
the tendency reported in cases involving human beings.

Small fish (around 30-40 cm) are widely sold for food, but those of
one meter or more in length apnear not to be eaten. ‘ost cases of poison-
ing seem to occur when, occasionally, one of a medium size is eaten. e
ourselves were served this fish prepared as sliced raw fish, the length of
the fish being unknown to us, and no poisoning resulted.

. According to fishermen, persons who fear poisoning if large specimens
are eaten in an unprepared condition, scak the fish overnisht 1n ice water
and the next day prepare fishcake from it for sale; no cases of poisoning
as a result of this procedure have been reported. It is wondered whether
this is because the toxic element can be washed out in water., (See Section
5 of Chapter IV on elirinating the poison). o .
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Cases of polsuning reported for viiw speces are all lisht, involving
slight impairment of the sencory or locomotory functions even where rather
larpge quantities have been consumed. The seve: est cases recover in three
or four days and no deaths were reported.

The followine conclusions are drawn from the above information:

Fish under 40'cm in length are nonpoisonous. Fish over 70 om long are
mildly poisonous. Those in between are slightly poisoncus, however, it is
thought that there must be considerable variation depending on the indi-
vidual fish and on the infividual eating the fish so, except for those
which are only slishtly poisoncus (those which may be eaten without serious
troubls), it would be safest to eat only fish under 4O cm long. '

. 2. Wiramihiraaji (Plate 4 Figure 11)
Scientific name - Caranx W -Cuvier & Valenciennes

Local name - wan) mg (old fish, arshallese)
%ﬁnw ﬁsh,’!!arsha ese) ’ ’

Distribution = an Ocean, tropical Pacific, Formosa
Yorphology - Eye-much larger than precedins species, ensily distinguishable,
Youth also large, posterior end of maxilliry extendinz as far as posterior
:6150 of eye. First dorsal VIII; second dorsal II, 20-21; ansl II £ I,

17. '
[Page 3T} Tables 20, 21, 22] L : .
Scutes on straight portion of lateral line, 30. Joes not reach a large site,
the largest seen by the author being about 20-em [sic] . Can be readily .
distinruished from the preceding species by the characteristics listed above,

m;_%:_é. Three specimens (51 em, 49 cm, and 23 em in length) were
tested. oity was marked in all but the 23 cm one, 17.5 gr of flesh pro-
dueing conspicuous symptoms of poisoning in a cat weighing 0.8 kz. 'With the
23 cn long, 37 gr of flesh caused no ill effects in a‘cat weighing
0.3 kg, and although-only one test was made with this specimen, it appears
that in this species, as in the preceding one, only largze fish are poisonous.

. The Marshallese draw a strict distinction between larce and small fish
of this species, believing them to be different species., They call large
ones lkubuj and small ones . are considered poisonous, while

are a staple food fish, As the plate shows, the coloration of the
age 38] is darker than that of the kyblkub and it looks .like an
altogether different spescies. Nevertheless, not only can no important
morphological difference be detected (slight differences in body depth and
eye diameter are probably due to age differences, but specimens of an in=-
termediate size show an intermediate coloration, and so they are considered
to be the same species.

Nativea; when shown fish of various sizcs, identified as kubkub those
below 30 cm in length. ' :

According to the results of experiments with animals, specimens iou\
than 30 em' in length may be eaten, but those of around 50 em must be con-
sidered strongly toxic. - )

Besides the kubkub the natives say that two other species of carangids,
_the pewa and the arop, are eaten, but we were unable to collect them. It
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appears that there are no polsonous carangids besides these two species
in the Marianes, "arshalls, and Carolines,
[Pare 39] |

Section 5 Genera Lutjanus and Aprion

The nenera Lutjanus and Aprion belong to the family Lutjanidae.
These fish are abundant throughout the tropical Pacific, and the number
of species is large. Some are also found in Japanese waters, but in com=—
parison with the South Seas thev are very few. ,

The genus Lutjanus includes many usefulkfood-fish, and also numerous
kinds of poisonous fish., Very few of them have been previeusly reported
as poisonous,

-

These fishes are caught with driving—-in nets and by angling, and,
because poisonous species are taken mixed in with edible species, caution
i1s necessary. ‘

1. Akadokutarumi (Plate 5 Figure 13-l)

Selentific name - Lutjanus wvaigiensis (Quoy & Caimard)
Local name - gkamasu, gkang, akadai iSa:lpan Japanese)

Distribution - Indian Ocean, *'alaya, South Seas, N. Australia ,
‘Morphology and taxonomic information = This species very closely resembles
in form and coloration the ockifuedal (Plate 5 Fimure 13-2) (called

or dokutarumi) of Japan, however, there is a definite difference between
the two, In the okifuedal the rows of scales above the lateral line on-
the caudal peduncle are horizeontal and run parallel to the lateral line,
while in this species these rows slant upward caudad and cross the lateral’
1line at an angle instead of runnings parallel to it. The pored scales of
the lateral line in this species are 56~57, while in the gkifuedai they are
not more than 48=50. fenerally in this species the scales are smaller -
with 18 scales in a diagonal row counting from the orimin of the anal fin,
whereas a similar count on the gkifuedal gives 1, (10 in Jordan's figure).
Although it is a character which may w.ry with ace and so be unsuitable
for comparison, in specimens of approximately the same length the pectoral
- f£ins of this species were longer. On a specimen of about 50 cm the tip of
the fin extended to a point vertically under the last spine of the dorsal.
In the okifuedai 1t -extends only ‘as far as the eighth spine, In this
species the caudal fin is deeply notched in the middle forminz a forked
outline while in the edai the posterior edse is either nearly straight
(Page 4O, Tables 23, 2, 2 .

[Page 41, Tables 26, 27]

(Page 42; Tables 28, 29, 30]

[Page 43, Tables 31, 32

[Page 43] and truncate or is only slightly indented. These differences
cannot be considered local variations, and they are therefore judged to be
separate species. Fowler (1931) considered the direction of the rows of
scales sbove the lateral line important snd set up several subgenera of
Lutjanus based on this difference.* :

*owler 1931, U, S, Nat. Hist, Mus. Bull. 100, Vol. 1l. p. 190
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According to his classification, the okifuedai belongs to the subgenus
Jordan & Fesler, and this species belongs to the subgenus N
. Girard. The scientific name Lutjanus vairiensis (Juoy & Gaimard) has in
the past been applied to the okifuedal, however, although ve have not been
able to see the orizinal citation and cannot tell which species is meant in
other older citations, it seems proper to give the name
to this species, since it agrees with Fowler's doscr.lption, to ¢
C) a different species., Furthermore; this species is, as shown
[p.pe below, poisonous while the okifuedai, although called
poi.lon fish], is said to be nonpoisonous by the people of Jdnoike A
th :ln Izu and is eaten by them, It is an mberosting question hg.

shgotthcnmggg_mg

+ Cats which ate 47.1 gr of raw flesh, 40.7 gr of cooked
fhsh and 15.2 gr of liver all showed marked reactions and died. One
which ate 34.7 gr of cooked flesh showed no i1l effects., In the experi-
ments with mice there was very little reaction noted, ;

Not a few cases of {:iaoning in human beings have been caused by this:
species. It is one of the most common lutjanids and large numbers are

~ caught.

The following account was given by fishermen at Saipan who had ex-
-perienced poisoning from this fish,

"They went fishins at Laulau Bay and could catch nothing btut m.
An 0ld man warned them, but they cooked the fish and ate it. All fourteen
of them were stricken, some of them having eaten hgmgeckl {an antitoxic

plant described in a later chapter) alonz with-the fish. Two hours, or
four to five hours at the latest, after eatinec,their tonques, lips,
fingers, and toes hurt. They had cramps. Their finsers became clenched
to the palms of their hands and could not be opened. They could not stand
up and had to lie there for two nights. Their nerves throbbed with pain,
and they had bloody diarrhea. At that time they felt as if their bellies
were on fire, Seven of them were cured of roundworms as a result, and
later felt fine."”

It is thought that the toxicity of this specié¢s should be c¢lassed as
mild or strong.

2., - Futatsuboshidokugyo (Plate 5 Figure 14) ‘ ‘

Scientific name - Lutjarius bohar (Forskal) _
Local name - baan or pan (llarshallese), gkamgsu (Japanese)
Distribution ~ Red Sea, Indian Ocean, Philipovines, South Seas, Hawaii
Yorphology = At first ﬂlance this species is very similar to the preceding,
but it can be distinguished by its flatter and deeper body. Examining more
detailed characters, the alignment of the scales on the caudal‘peduncle is
‘horigontal in this species, there are about 60 scales on the lateral line,
the diameter of the eye 1s greater, and the notchinn of the preoperculum
is slighter. The coloration of this species is quite similar to that of
]é::fze 5] the preceding species and it is difficult to distinsuish between
m on that point alone. Past citations have described two white spots
on the back as a characteristic of this species, and Bleeker¥ in his

~

#hlesker, P.t - Atlgs ichthvolonique des Indes Orjentsles.
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figure showed well~defined white spots, however, the authort experience has been
that these small white spcts can hardly be observed in freshly-caught specimens.
Veither the author nor the artist noticed them in the field. It was only when
the specimens were re-examined after havinz been preserved in formalin for about
two months that these spots could be clearly seen, and we could resolve our doubts
as to the identity of the species. In the ficure the two spots have been somewhat
exasgerated in order to show their location,

This species has lons been knewn to be poisonous. Jordan and Seale (1906)%
reported it from Samoa with the local name of mumea as the only fish other than -
monacanthids and tetracdonts which is always polsonous there. . Shigeho Tanakai% -
has also described the species, ’
['I‘able 33

Toxicity. Tests with this species were unsatisfactory because the amount of .
material available was too small. Cats consumed 17 gr. without any 111 effect, and
nice showed no reaction,

Accordinr' to the "arshallese, this species is poisonocus at Jaluit but is eaten
at Ton Island. Iocal residents also say that if kept in tide pools, these fish
lose their toxicity. Be that as it may, in fish which show sueh variationa in
toxicity, the variation as between individuval specimens is often very great, The
experiments with animals described above were made with only one aspecimen and con-
sequently were inconclusive. .

The toxicity of this species is considered %o be mild or slight.

[Parze h6] 3, Fuedokutarumi (Plate 6 Fisure 15)

Scientific name - Lutjanus (Loxolutianus) sp.
Local name —_jgb (T'arshallese), fuena, mimija (Okinawan)

distribution - Saipan, "arshalls

Yorphology = This speciss closely resembles lutjanus gibbus, there beinr almost no
difference on morphologizally important points. Only the coloration sives an
impression of marked difference at first ~lance, In L. gibbus it is a vivid red
while in this species it looks just as if it had faded out to a li~ht pink., The
coloring of the figure does not convey this inpression satisfactorily, but it is

a coloration which is d4ifficult to show in a drawing. It resembles the color of
freshly-polished comper but is lishter. This is the coloration even when the fish
is first taken from the water. Since it would be out of place to take up detailed -
morpholonical differenceshere, they will be left for another time. The author has -
‘seen 1. nibbus taken in large numbers and used for food at Palao.

- Toxicity. In experiments with cats one animal exhibited a strone desree of

impairment o% sensory_and locomotory functions. Of 14 mice tested, 5 showed some

effocts. Table 34 q
[Pase 47] [Tables 35, 36]

Natives both at Saipan and in the 'arshalls consider this fish strongly toxic.

-

#iJordan and Seale:- (1906) Fishes of Samog.
##%Tanaka, Shimeho:= (1914) Zoolomieal '‘a-azine, Vol. 26, No. 319, p. 4l12.
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4. Nisekurohoshi tarumi (Plate 6 Figure 16)

: L ]
. Solentific name - Lut fulviflamme (Porskal)
Looal name - Euo Tese), T1sh with black spot on only one side are said
onlled Whewstak. - -

Distribution - Red Sea, Indiaa Ocean, South Seas, WW. Australia
Morphology = Body shallow with-a bluk spot n.bon the lateral line below the soft
plrt of the dorul fin.

!oxioigo In experiments with mioce at Saipan, no 11l effeots were noted. No
results were obtained from the experiment in the Marshalls., According to the .
residents of the Marshalls, this species has caused oases of poisoning through ho-
[Page 48] Tables s'r. 38
ing mistaken for the Some persoms said that this fish is poisonou at umn

"islands or a% certain » While others stated that fish with black spots may
be eaten and fish without bha spots (pl'obtbly D) may nod. Those which lave .
only one spot either on the left or right side seen by the author) are unul
botowetak and are said to cause poisoning sanetimu. This information all came -

Trom o1d men. ’ :

From the foregoing this speoies is judged to be nonpoisonous or ',lughtly
poisonous. i

4. Yoitarumi (Plate 6 Pigure 17)

Solentific name - Lut flavipes (Valenciennes)
Local name -~ jaj (‘% ,

[Page 49]

Distribution - Indian Oocean, SOnth ‘Seas

Morphology - Body deep, aligmment of scales same as in proood:lng lpociu, llori-
sontal below lateral line, slanting upward posteriorly ebove lateral line. A~ -
coloration characteristic is the white coloring of the posterior edges of the dorsal
and caudal fins.

Toxioity. Only one test was made,” & cat being wsed. No ill effeots were noted,
perhaps because the smount eaten was too small. The natives say that oases of
poisoning caused by this species are light and extremely rare.

" This speocies is thonght to be probably nonpoilomm or very llightly poilonom.
[Teble 39)

. Ydachitarusl (Plato 7 Pigure 16)

Soientifioc name - Lutjanus semiocinetus (Quoy & Gdurd)

Local mame - elikini arleloso)

Distribution = Indlan Ocean, South Seas

Morphology - Readily distinguished from other species by its cbsncteriltlo oolora=~
‘tion. Although there are no other species in this femily with similar ooloring,
there may be a possibility of confusing it with similarly oolored lpoo:lu of other
femilies.

T™his species is rarely teaken.

Toxicitye No effect was noted in animal ezperiments. The Marshallese give



oonflicting testimony as to its toxicity. Some say it is poisonous, others that
it can be eaten. It is seid to be eaten at Ebone Since it is taken comperatively
rarely and may be oconfused with fishes of other families which closely resemble it
ih general appearance, it is impossible to give a definite opinion.

[ Table 40) FPage 50]

In any case, it is judged to be either nonpoisonous or very slightly poisonous.
6. Sujitarwumi (Plate 7 Figure 19)

Scientific name - Lutjanus kasmira (Forskal)

Loocal neme = jetar (Marshallese)

Distribution - Red Sea, Indian Ocean, S. Chim, Philippines. Formosa, S, Hong}m
Morphology = Readily identified by its characteristic coloration.

Toxioity. Completely nonpoisonousr Large quantities are caught and sold as
food TTsh. We ourselves ate this species with no ill effects. No experiments were
performed, but since the species also occurs in Japan it is cited here for the
information of those who may suspect it of being poisonous. The flavor is deli-
cious, resembling that of the isaki [Pa.ra.pristipoma trilineatum (Thunberg)] of

Japans

7. Aona (Plate 7 Figure 20)

Scientific name = Aprion virescens Valenciemnes
Local name - aona, aomachi, somasy, Omachi (Saipan Japanese), suzuki (Marshalls
Japanese)

Distribution - N. Australia (Queensland), Imner South Seas, Hawaii area
Morphology - Dorsal XI, 9, anal III, 8. Body sh«llow and thick, nearly fusifoim.
Scales of ‘lateral line 48. Color si.lver, bluish dorsally, belly silvery white.
(The figure is too blue all over the body.) The species attains léngths of
nearly one meter. .

Toxiocitye Of two cats experimented with, the one which ate the cooked flesh
vomi ted and apparently did not assimilate the poison, for no other 111 effects
were noted. The one which ate raw flesh showed no reaction. Of 12 mice, three
which ate cooked flesh and two which ate raw flesh showed sume reasction.

[Page 51)
_ At Saipan the natives said that fish of this species taken at a point four
miles west of Charanka inveriably cause poisoning. Like the dokuhi rea ji
[caranx melampygus ], this fish can be soeked overnight in icewater and made inbo
fTshoake the fo iIowing day without causing poisoning.

In the Marshalls this species is said to cause slight poisoning, that is, the
viotim does not die but only feels intoxioated (Jjirik kmlek in the native language).

- This species is easily taken. The author was aboard & vessel from which, ‘
during freight -~ oarrying operations, a specimen nearly one meter long was caught
from the deck. .The orew were about to eat it, but when they asked the natives
. whether it was all right, they were told that it was kalek.
~ [mables 41, 42] [Page 52}
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‘ However, when the crew went to thron it away, the natives asked for it and
took it away with them, probably for their own consumption.,

The toxicity of this species is considered to be of a mild or slisht degree.

Section 6 Genus Lethrinus

The genus lethrinus is composed of fishes belonging to the family Lethrinidae
(formerly included in the family Sparidae). The most common species in Japen is
L, h tochir, which occurs in southern Japan, and vhich, because the inside of
Its"m%ﬁ‘fﬁiu»—colored, is called kuchibitai, kuchimi, }sg% g_%o:c
[These names mean "fire~mouth" and "flute~blover"”.] The cenus includes many
@dible fishes. They have in the past been taken in large quantities by trawlers

4n the China Sea and South China Sea areas.

. Fishes of this genus have for many vears b&cn recorded in the literature as

being polsoncus. Vaillant (1287)% described L. M%u from the Pomotous [sic])
as poisonous, and Pellegrin (1889)#* reported that at New Caledonia large specimens

~ of L. mambo 80 em long were polsoncus while small ones of 13~14 cm were nonpoisonous.

Poiscnous fishes of this genus in the South Seas area are the four species
described below, but the renus also includes many edible fishes and larce numbers

'~ of them are marketed,

The author asked one Japanese in the area studied for his opinion on the poi-
sonous fish situation and was told that fishes with pointed mouths are voisonous.
As is apparent from this report, this rule cannot be universally avplied to fish
as a whole, but it can be said to be true of the members of this menus which ocour

in the South Seas.

1, Kitsunekuchibi and Usugamokuchibi
(Plate 8 Figures 21, 22, 23)

Scientific‘name - Lethrinus mimigtus (Schneider) :

Local name - Variety shown in Fig. 21 is ‘called jalia (!‘arshallese); Japaness
call it na (long=face). Variety shown in Fig. 22 is called -
ronet (lﬁ%ﬁess) and that in Fig. 23 mgmeni (l'arshsllese).

Distribution -~ Red Sea, Indian Ocean, South Seas.

“orphology - This species abounds in varietles of coloration. There are three

tvpes which are thought to belong to this species or to be closely related, and the

natives distinguish them by different names. 'Then shown our three drawings they

[Page ‘54] definitely identified the pohiet and , but in the case of the

they indicated not only figure 21 but aiso applied the name to fipgures 22 and 23.

It is thought that of these three types, two should be considered vorieties of a

single species. It is difficult to detect any particular differences on impertant

points of mornhology. (There is some difference in body depth). There are some
differences in the coloration and the natives probably make their distinction on
this basis. fThe roifet is darker than the jaliag and the cloud-like pattern on its

*aillant (1887); Bull. Soc. p. 49 (from Pawlowsky)
' f'Pellegrin (1889, L_g_:_; poissons ux, Thése de Paris 1889 (Pawlowsky)
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sides tends to form spots, The wavy blue lines on the cheeks are more difficult
to detect. The body of the jalia is lirhter cclored and the cloud-like pattern
is plain, resembling clouds traillng horizontally. Several vavy blue lines can
be clearly seen on the cheeks. These two'varieties can hardly be considered local
variations. (Both occur in the larshalls, but the ron¥t variety was not collected
at Saipan., Neither can they be definitely said to be variations due to seax or
age, houever, in general it appears that the Jalis variety predominates amons
small fish while the ;onet type appears more frequently among lsrser ones,

The mg%k_ugt_\}%tshm in figure 23 .13- called mameni and is pretty clearly
distinguished in the YMarshalls., It very closely resembles the two varieties “

described above, the main points of difference being that the cloud pattern on

the sides is very faint and obscure, and the blue lines on the cheeks are not N
clear. It also has a longer snout and a longer caudal peduncle than the rorggoing ’ i
[Table 4 ' |
Pane 55 ['l'ables L4, 45, h6]

wo varieties, It is thousht thaot the mameni showld be recosnized as a distinot

species, but-only the maJor points of difference have been recorded here, legvinn

the details for another time,

Toxicity. As shown in the tables, of t.he two varieties of
the jalig had no effect on two cats, and only the two mice vhich ate cooked fleah
showed any 111 effects. The fish tested was l;2 cm long. :

The natives say that larse fish of this spe,cies are strorigly‘tmd.c. The
author recalls seeins specimens over 60 cm in length.

" In tests with the rohet variety of kitsunekuchibi usinm a specimen of appro-
vim-tely the same lensth, two cats showed definite symptoms of poisonins, Accord-
ing to residents cf the 'arshalls, this variety is the most poisoncus and often
causes death when eaten. This snecies shruld be considered violently or stronzly
tmco o :

-~

Page 56 : ‘ .
[ No effect was perceived on the cat which ate 20 »r of ususumckuchib: (% meni) .
It appears to be‘less poisoncus than the variety of kitsunckuchibi.
natives, however, say that this snoe:les i noisonrus. Perhaps it sheuld be con-

sidered mildly toxic.

2. Mmakakuchibi (Plate 9 Fimre 2L)

Seientific nare Q h;_lamﬁg eatt Valenciennes '
loeal nome - net (Marsha ese? e 0

Distribution = Red Seca," Inilan Ocean, Sputh Seas, Philipnines i
*orpholony = The vernilion spot st the base of the pectoral is characteristic.

There is a faint cloud pattcrn on the body. Blackish snrots and lines on the cheel:s. *
Similar black spots sre scrttered alon~ the sides. ‘Resembles in reneral apnear-

‘ance the hoakalkuchibi described in the next section, but if attention is paid to

the points detailed a'ﬁove they can ersily be distinguished. :

Toxicity. As shown in the table, two cats and two mice showed marked sy-np-
toms of poisoning. This snecies is Judged to be strongly toxic.




(mble 47] _ -
[Page 57] 3. Hoakakuchibi (Plate 9 Figure 25)

Soientifioc name = Lethrinus sp.

Local name - woeo (Marshallese) f
Distribution = Marshalls

Morphology - Easily mistaken for the preceding species, even the natives mﬁ-n

. oonfusing the two species. Nevertheless, if examined carefully they can easily

be told aparte In this species the vermilion spot is on the oper ole, and there
are no dark spots on the head and sides as in the speciss described tbon
\

Toxicitye The resutls of the experiment reocorded in the table indicate that
this specles is nonpoisonous. The natives eat it. We were careful to cite it
here for purposes of camparison because it is ocoasionally oonfused with the
preceding species and considered poisonous.

[ Table 48]
4. Amakuchibi (Plate 9 Figure 26)

Soientific name - lethrinus kallopterus Bleeker
Looal name - polakml'”—efL—

Distribution = Indian Ocean, South Seas, Philippines

Morphology - This species is deep-bodied, the smout is short, the fins are red
(although this is overemphasized in the drawing), and it is easily identifiables -
Large quantities are co.ught for food. _
[Page 58]
[Table 49] '
5. Matokuohibi (Plate 10 Figure 27)

Solentific name - Lethrinus harak (Forskal) -

Local name - No special name. A kind of cmonaga (Saipen Japanese)
Distribution - Red Sea, Indian Ocean, South Seas, Philippines

Morphology - Body deep, smout short, large black spot with indistinot outline
on the sides. This speoies 1s in general use as a food fish.

[Page 59]
Section 7 Family Sparidee

Fishes of this family are generally edible, but the two species eited here
are poisonous. There have been few references to these fish in the liton‘huv

(The kie lo lan of Mr. Matsuo is probu.bly & dokudai,)
1. Dokudai (Plate 11 Figure 81) .

Soientific name - Monotaxis g ulia (Forlﬁl) |
Local neme - kie (Warshallese
Distribution = Red Sea, Indian Ooocn, South Sul, Ne Aultrtua., muppim

Hawaii area »
lorphology Eye large, body deep, color bhok:l.lh, fins red. The body is silver
with the head and back blackish. (m figure is not an asourste roprounhtlon).

’ Mioii_:z. The results of the animal oxpori.nentl shown in the table indieate
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that its poison is one of the most virulent. In the cat which ate 14 g, it
produced violent symptons ending in death. Small fish of this species (about
Table 50
Page 60 20 am long) would each be about right for a serving for one person, but
if the amount of flesh were around 300 gr, eating one fish would be fatal.

~ The Marshallese fear this species and do not eat it. NOTE: Caution is
necessary beceuse in outer appearance this fish looks thoroughly edible, and sinoe .
it is plentiful around atolls, it is easily ocaught and the opportunities for ob-

taining it are many.
2. Nokogiridai (Plate 11 Figure 32)

Solentific parfe - Gnathodentex aurolineatus Incepede
Looal name - tunar (Marshalliese)
pistribution = Bast Indies, South Seas, Hawaii area .
Morphology - Mouth small, eye large, scales small. Since this species also looks
like an edible fish, care is required. Small, generally around 20-30 om.

Toxicity. Only one specimen was testede A ocat which ate 15 gr showed sym-
toms of locomotory impairment milder than those caused by the preceding species.
This species is thought to fall within the stromgly toxlc category. NOTE; There
is ap edible fish oalled kul by the Marshallesé which closely resembles this
"species and may be misteken for ite It is said to have a short spine on the
Tables 51, 52 _ ‘
Page 61 opercle and the body is slimmer. We were unable to catch one and do not -
know what fish it is, but note it here anyway.

Supplementary-Edible Fish of the Family Sparidae and Closely Related Fishes
| 1. Mejidai (Plate 11 Figure 30)

Scientific neme -~ Gymnooranius microdon (Bleeker)

Local name me;jmaz (Marshallese)

Distribution - ebes area, Inner South Seas ' -
Charaoteristios -~ Body thiok, obscure brown line on head running through eye onto
- cheek. Body silvery, with a faint pinkish tinge.

NOTE; This species is nonpolsonous. It is taken abundantly at Jaluit and sold
for food, The author has eaten it and found it delicious. (See animal experiment

table §2, preceding paragraph)
Table 6%

2, Urokosagi (Plate 10 Figure 28)

Scientific name - Gerres baconensis (Evermann & Seule)
Looal name - 111neE (Marshallese)

Distribution = Phllippines, Inner South Seas
Marphology= Characterized by the long projecting snoute.

Toxicitye We heard of no cases of poisoning ascribed to fishes of this
genus. 8 species is caught and sold as a food fish. An experiment was made
for purposes of conparison and the results, as shown in the tables, were negative.

Page 62 Tables 54, 5§
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3. Kisujihimeji (Plate 10 Figure 29)

Soientific neme - Mwlloidiohthys erythrinus (Klunzinger)

Looal name - jome rs s

Distribution = Indian Ocean to Hawaii

Morphology=- Two barbels on the lower jaw are characteristic of this group of
fishes. This species is easily identified by its characteristic coloring.

hxloiz. ‘Sinoce it was reported that there had been a case of a group of
people polsoned by this fish at Jabor in Jaluit atoll, we tested it in an ex-
periment with animals. We were unable to deteot any toxiclty even in specimems
caught only four hours previously. It is suspeoted that the polaoning ‘my have
been due to putrefaotion in stale fish. The author was not able to examine the
material in question and so wishes to reserve judgment, but in the two specimens
which he tested, at least, no toxiocity oould be detected. It is not oclear whether
[Page 63] or not the jomme which Mr. Matsuo 1ists as poisonous is the spesies.

A blue species resembling thic one is called ‘h by the Marshallese and M by
the Okineawans; it is an edible fish and is s0ld in the markets.

[Page 64] | “
Section 8 Families Labridae and Callyodontidae

Fishes of these families ocour abundantly in tropical waters, and mamy of
. them are beautifully colorede Quite a few species are found in Japanese waters
also, especially in southern Japan. The number of species which ocour in the
South Seas is extremely large, the majority of them being just as edible as th.
Japanese species. Only a few are poisonous, and most of these very mildly so.
-Apparently little has been known hitherto of the poisonous fishes of these
families,

Family Labridae
1. Yashabers (Plate 12 Figure 34)

Solentific name - Cheilinus fasciatus (Bloch) ‘ .
Local name - jO11¥T (Warehallese)

Distribution - Africa, Red Sea, Indian Ocean, E. Indies, Inner South Seas.
. Morphology. ~ Easily identified by its characteristic colorationm.

mu;z. Almost no effect ocould be detected in an experiment in which a
oat ate gr of cooked flesh. This species lives in the corsl reefs and is
diffioult to oatoh. We were able, by the use of dynamite, to collsot only one
specimen, and 80 could only perform one experiment. The chances of catohing this
species should generally be slight.

) Some Jaluit residents said that this fish 1s nonpoisonous while others
?lumod that at times it ocauses mild poisoning. There appears to have been ne
Table 56] :

[Page 65] oase of serious poisoning ascribable ta this species.

Judging from the above data, we cannot ocall this species nompoisonous, but
consider that it is probably slightly, or at times mildly, toxie.

[ Table 57)



2. Hanabibera (Plate 12 Figure 33)

Scientific neme - Cheilinus sp.

Local name - labbo (Varshallese), hirdosa (Saipen Japanese)

Distribution = Inner South Seas

Morphology - The coloration of this specles is characteristic, with vermilion
spots and lines scattered over the head. Each of the scales on the sides of the
body bears one vermilion line, and there are two vermilion 1lines on the dorsal
and anal fins. Some individuals of this species have the posterior ends of the
dorsal end anal fins, the dorsal and ventral edges and the central ray of the
caudal, and the ventral fins elongated. (Figure 33-2) This is perhaps a sexual
difference.

Toxicitye A ocat which ate 19.5 gr showed no ill effects. Of the three mice
used Tn the experiments, one which ate 0.3 gr of liver was unaffected while the
other two showed mild to strong effects.

There was said to have been a case of poisoning at Saipan caused by a speci-

men of about 3.75 kg weight hooked outside of the outer reef. In the Marshalls
the species was said to be poisonous at Jaluit but nonpoisonous at Mejit.

Because few specimens were available for experimentation, it was not possible
to determine whether toxicity varied with the size of the fish or with the
locelity, but it is thought that small specimens are slightly or mildly toxio.
[Page 66) Judging from the symptoms produced, it may be said that in large
specimens the ‘boxicity is no greater than the degree described in this report as
*mi 14",

3. Kumadoribera (Plate 13 Figure 37)

Solentific nsme - Coris rdi (Quoy & Gaimard)

Local name - likobImETEY ones called lukub (Marshallese)

pistribution = Indian UEeo.n, E. Indies, South Seas

Morphology - Body extremely thin and flattened laterally. Body color glossy
black in life, with an indigo spot on each scale. Indistinct dark green lines on
the head.

Toxioity. This species is the most strongly toxic of the labrids. Of three
mice used in testing it, only the one which ate raw flesh was not affected. 1Two
cats were used, the one which ate cooked flesh showing strong symptoms of
poisoning. The cat which ate only raw flesh was not affected, perhaps because
the amount consumed was too small or perhaps for somne other reason.

[Tables 58, 59]

[Page 67] The people of Jaluit consider this species poisonous and do not eat it.
It is thought to be of a strong degree of toxicity.

4 Gichibera (Flate 14 Figure 39)

- Soientific name - Epibulus insidiator (Pallas)

Local name - mo (Marshallese

Distribution = Africa, Indian Ocean, South Seas, Hawaii area

Morphology «+ Readily identified by its large, protrusi'ble mouth. Ground color of
body is a brownish black,.

L4
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Toxicity. Only one specimen wos tested, but 1t nroduced mild svmptoms in
both the cat and meuse, Should be considered poisonous.

The three species cited below are edible.

Family Callyodontidae
Yo poisonous species.
1. Aobabudai (Plate 13 Firure 35)

Scientific name = Callyodon microrhinos (Bleeker)

Local name - alow Marshallese

Nistribution - £, Indies to South Seas, Hawaii area -

*orrholony - Teeth form a beak and are sreen. S3cales on sides of body each uith
red spot. 'atives sav that there are individuals,,called mag, which lack the red
spot.s, Perhapa another species closely resemblinn this one.

Toxicity. This specles 1s taken br driving-in nets and by antling near the
coral reefs, and large numbers are marketed. The natives use it as an article
of daily diet. Mo i1l effects could be observed in an experiment with a cat.
[Pa=e 68] . :

2. Yoroibudai (Plate 13 Fipgure 36)

Seientific name = Callyodon pulchellus (Ruppell)
Local name - belibilikio (!arshallese

[Plates 50, 61
‘)istribution - Ned Sea, Indian Cecean, South Seas :
‘orpholony - Can be identified at a slance by the characteristic coloring.

Toxicity. WMo effect on experimental animals. One of the nrincinal market
fish. Somc persons hesitate tc cnt it because it looks very polsoncus in its
meneral appearance, but the flavor is delicious.

3., Fujiirobuial (Plate 14 Fimure 3°)

Seientific name - Pseudoscarus sp.
Tocal name - ikmouj ('arshallese)
Mstribution - arshalls area

oxicity. Wonpoisonous (not tested on animai:s). Sold in the mrrizet z8 a
food fish,
[Paﬂ,e 9]

Section 9 Family Serranidae

The fishes of this family occur in the South Seas in ~rezt abundance and in
many species. They are also fairly plentiful in the waters of soithern Jaman *
where they are all renarded as delicious food fish. In the South Sezs menerally,
the majority of them are edible. In an area vhere most of the fish are non~oily,
these fishes, with their white oil:r flesh, nrace the tables of the Japanese resi-
dents under the name of tamakgi. :
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Pientiful around coral reefs, they are mostly taken by angling. Same of them

attain a very large size.

There are a number of poisonous species in this family which are of ten eaten

by mistake because of the large number of specles which resemble them.

- Ohagurohata (Plate 14 Figure 40)

1l
Solentific name - Cephalopholis argus Sohneider _
Looal name - kaleme rsha oo?ﬁrog&mo (Saipan Okinswan)
Distribution = ea, Indian Ocean, Phillppines, Australia, South Seas, Hawaii .
rea

N
Morphology - Body comparatively flat laterally. Coloration is characteristis,

the

dark blackish sides having scattered small bright indigo spots with black borders. -
The posterior half of the body also has black stripes which, although indistinot

in life, show clearly in preserved specimens.

Toxioity. Experiments at Saipan with three fresh specimens produced no

poisoning, only effects noted being caused by the cooked flesh of fishwhioch

had been left for 16 hours and which had developed a stench of putrefaction. I
was noted that in the latter case most of the experimental animals developed
diarrhea, At Jaluit two specimens were tested, one of which produced symptoms

poisoning.

t
of

Or the whole, few experiments indicated strong toxicity and only one animal

died. This species should be considered mildly poisonous.

This species is abundant in coral reef areas and is easily hooked. There
have been many cases of poisoning in human beings.
[Page 70] :
[Tebles 62, 63, 64])
[Page 71) '
[Tables 65, 66]
[Page 72) ‘
*  [rebles 67, 68, 69])
[Page 73)
[ Table 70)
" In rare oases, when large quantities have been eaten, the poisoning has be

sc severe that the viotim could not stand up, but the majority of cases are of a.

mild degree. One person reported a case of poisoning as a result of eating the
head, viscers, and flesh of & specimen of this species weighing 250 momme
[957.6 gr]e Those who ate the flesh sliced raw were mildly poisoneds Their

hends and feet stung when placed in water. They also ate the stemach, which con-

tained some orsbs whioh they thought caused the poisoninge Numbness spread gra- ’
dually, begiming in the extremities. After this experience one viotim was cured

of nervous trouble and rheumatism,

~ Aeccording to fishermen from Okinawa, this fish is also found there and has
been responsible for cases of polsoning.

2. Akajin (Plate 15 Figure 41)

Solentific neme - Pleoctropomus truncatus Fowler
Local name - akajin, kurobaniakajin (Saipan Okinawan)
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Distribution - Philippines, Borneo, cglobes, Inner South Seas

Morphology - Body & dark red-brown with small scattered dark blue spots. These
are rather indistinot in lerge specimens. Grows very large, ordinarily about 1
meter, occasionally close to 2 meters in length.

rou:loizo mrn out of 10 mioce used were affected to scme degree, a.nd one
died, animals were not tested for mild sensory i.mpe.irment.)

This species also ceused some diarrhea.

A case was reported of polsoning in human beings in which the fish was stewed

in soy sauce and one slice was eaten for supper. During the night vomiting and ,
diarrhea began. The next moring the viotim's Joints were stiff and he experienced
difficulty in walking. In another case the tongue and the area around the mouth
became numb and stiffened. A person who had been poisoned by this species at -
Okinawa recalled that it caused vomiting and diarrhea and that he felt numb for
[p. 74] about a week afterwarde No case was reported in which the poison was fatal

[Tables 71, 72, 73) ’
' This species is thought to be of a mild degree of toxicity, only rare oudn

béing reported of a strong degree.

The following very s:lmilar edible fish is cited for purposes of identifi<
“ﬁcno )

[Page 75]
8. Yogorehata (Plate 15 Figure 42)

Scientific name - Plectropomus sp.

Local name - joanuron (a variety of jowe or _Joie) , tamakai (Japanese)
Charscteristiocs - Very similar to the preceding species;, it can be distinguished
by its larger spots. The ground color is brighter in this species. It is sold

in the markets as an edible fish and is nonpoisonous. The Japanese call it
lamakai and prize it as foods The flesh is white and is very good slised and served
Taw or stewed in soy sauce, since it is quite oily. The word jowe or joie is used
very broadly at Jaluit, being equivalent to hata or temakai [general terms for
serranids], and includes both poisonous and nonpoisonous species.

[Teble 74)

4. Amadaredokuhata (Plate 16 Figure 43)

Scientific name - Plectro oligacanthus Bleeker
Local name = julae lﬂrs&%{eue)
Distribution - an Ocean, E, Indies, Fhilippines, Inner South Seas

Morphology -: The markings are distinctive, blue lines and spots on a blackishe
brown ground color. On the head and back the blue lines run roughly horigontally.
The spots are either soattered over the sides of the body, or form vertioal rows
(transversely aoross the body) posterior to the pectoral fin. There are hori-
zontal lines on the soft parts of the dorsal and anal fins,

Toxicity. Judging from the results of all the experiments on enimals, except
in the ocase of a mouse whioh ate the liver, this species is violently poisonous,

" The Jaluit natives consider this fish deadly and do not eat it. It is
feadily iakan on hook and line and abounds near the encircling reefs, but no cases
Page 76 :
[Table 75) of poisoning were reported, probably because its coloring is so distinotive.
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- 5. Rarahata (Plate 16 Fisure L4)

Scientific name - Variola louti (Forskal)

ll:ocaienf;g - kaikbet Farshallese), akazanmo, gkadel (Okinavans and Saipan Japanese)
Tab )
(Pare 77] ables 77, 78

Distribution - Med Sea, Indian Ccean, South Seas

. Characteristics ~ Readily identifiable by its coloration

Toxicity. Of four mice used in the experiment, two which ate cooked flesh
showed svmptoms of polsoning. The cat remurgitated half of the amount eaten, and
ampeared to be poisoned. The toxicity shoulil be censidered to be of o mild or
strons desree., :

"¢ znow of no examples of human beings poisoned b this species.

Another species is described below hich sreatly recembles this cné but vhich
is nonpoisoncus. '

5. Agukiranmo (Plate 16 Ficure 45)

Scientific name - Vgriola sp.

local name ~ not known

Jistribution -~ “arshalls area : '
“*orrholo~y = Very similar to nrecedinn species, but the coloration is different.-
The nrecedin~ species has vermilion markings on a red bgckrsround, vhile in this
species the sround color is a reddish dusky brown and the spots are brizht red.
Tn preserved snecimens the markinms are white. The spots are larser than in the

nrecedin~ species.

Toxicity. “xperiemts with animals showed it to be ncnnoisonous.

[ Pare 7] 7. ‘“‘adarahata (Plate 17 Fisure 46)

Scientific name - Serranus fuscoruttotus (Forskal)

local name = kuro ("arahaileses, ishimanmo (Sainen Japanese)

Nistribution ~ 1ed Sea, Persian "ulf, Indian Ocean, Philin-ines, ©. Indies, Cuter
. South™ Seas, Mawail area

*'or~holory = The coloration is complex and resemblcs a rock. There is some

variation denending on the habitat, but the most nctable charscteristic is o larve

black sadle~shaped spot occupyin~ 2/3 of the longth of the caudal peduncle., It

is especially clear in nreserved specimens due to the fadin~ of the ~round coler,

but it can be seen in fresh specimens. » ’

Taxicitv. Animal exneriments sheoved mild toxici.t,s).

Accordinn to fishermen at Saipan this specics also occurs in Ckina:ie and has
been responsible for poisonines there. Larce fish (over 1,875 gr) are said to be
polsonous. :

[Table 79] .
8. Yodarehata (Plate 17 Figure 47)
[Page 79}
Scientific name -« Serranus sp,
Local name - yudayaribal (Saipan Ckinawans)
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pistribution - Marianas, Marshalls ‘

Morphology - The preceding species very closely resembles this species. In this
species the body depths is less &nd the head is smaller: It also has & black s pot
on the ocaudal peduncle, but it 1s not as large as in the preceding speocies.

Toxicity. Mildly toxioc.

According to Saipan fishermen this species is mildly poisonous, causing
nunbness in the mouth and insbility to swallow the saliva, The name a is
said to mean “yodare drivel®. The fish has never proved lethal and is oommonly
made into fish%e and eaten, with few cases of poisoning resulting, it is said,
- [fables 80, 81, 82) - A
[Page 80]

[Teble 88)
9, Iwahata (Plate 17 Figure 48)

Scientific name - Serranus microdon Bleeker

Local name = 1llino rahallese) '

~ Morphology =~ Resembles the preceding species, but the snout is shorter and the

‘ spots are smaller. '

Toxicitys This species has been reported as poisonous under the name irinno
by Ma¥suo (Ope cite)e The writer tried to colleot this fish but was unable €3,
80 Matsuo's Tish 1s here identified with this species and recorded as a strongly
poisonous fish acoording to the natives. The figure is not drawn from life, but
is based on the previously cited works of Matsuo and Bleeker.

10. Tsuchihozeri (Plate 18 Figure 49)

[Page 81] s

Scientific name = Serranus flavocaeruleus (Imépede)

Local name - booklum (Marshallese) :
Distribution = Indian Ocean, South Seas, E. Indies, Formosa, S. Japan-

‘Morphology = Body deep, head large, comparatively flat laterally. The ground color
is pale with irreguler large and small spots. It is edible and is taken for the
markete It appears to suit the Japanese taste, and is high-priced. This species
is also called temakai.

11, Tsuchiirohata (Plate 18 Figure 50)

Soientific name - Serranus albofasciatus (Lac§pdde)
Looal nsme - lejebjeb (Marshallese)
Distribution Tﬁﬁgﬁn- ares

Toxicity. Judging from the results of experiments wi th animals, and also
from act that the fish is sold 'in the markets as an edible species without
any caees of poisoning reported, this species is oonsidered nompoisonous. It is
called temakal by the Japanese.

[Tables 84, B85) '
[Page 82) '
‘ 12, Nominokuohi (Flate 80 Figure 51)

Solentifioc name- Serranus fario (Thumberg)
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Local name -~ lejebjeb (’'arshallese), tamakai (Japanese

Nistribution - E., Africa, India, China, lnner South Seas, Philippines, Japan
orphology ~ Resembles the precedins species, but has three black spots on the
dorsal part of the posterior half of the body.

Toxicity. This species is alsoc nonpolsonous. It is handled in the markets
as a food fish, This fish is taken in great quantities at Jaluit in the winter.
The name lejebjeb belongs properly to this speclies, and the precedinn species
is said to be a variety of it. At Jaluit this fish is well-flavored and is
esteemed by the Japanese, who call it also tamgkal.

-

| [Page 83] Section 10‘ Fgmily lenatidae

The fishes treated in this section belons to the family Hepatidae. Only a
very few species of this family occur in Japan. They are small fish with tough
skins and because of this, tomethér =ith thelr strange anpearance, there is
apparently no place in Japan where they are used as food.

~ Tor this reason there is-little chance that Japanese goins to the South Seas
will catch and eat these fish, however, the number of species occurrinz in the
South Seas area is extraordinarily great, and it can be said that the maiority
of the fish taken bv drivinn-in nets near coral reefs are of this family. Te
therefore considered it necessary to acquire some accurate knowv:ledme in the field
concerning their edibility, The natives distinsuish many different species of
these fish, ,

Since these fish live amons the coral reefs, their teeth are small and
numerous, beins adapted to eatins coral polyps.

1. Sazanamihagi (Plate 19 Fisure 52)

Scientific name - Ctenochaetus stricosus (Bennett)

Local name - kushiku, kuchiku, kusaku, M% (Okinawan dialect used by Saipan
apanese), diebdro (larshallese .

Distribution - Red Sea, Indian Ocean, L. Indies, South Seas, Philippines, “awaii
area, Formoaa, China Sea, Okinava.

*orvholory - A characteristic of this genus is that the comb=like teeth are

movable, The individual teeth are spoon-shaped with round tips.

This snecies has numerous fine blue horigontal lines on the sides of the
body. There are indistinet yellow-brown sovots on the hea.!, and several blue
lines on the dorsal and anal fins. Tt is a small fish arcuni 20 ¢ lonz.

Toxieity. This species was taken in large numbers in drivina-in nets.
Seventeen specimens were tested in order to ascertain vwhether toxicity wvaried as
Eetmen ividuals, Mesults are shown below in tables 86-104. ‘

Pace P

Cf the 17 specimens, three produced no noticeable effects. Only two (lNo. §°
and Yo, 7) produced strons symptoms, and the rest -'ere rated o3 mildly or sli~htly
toxiec. Fish were collected at four stations to test the nntives' steterent that
the toxicity varies dependin~z-on the locality, but no definite varistion could be
demonstrated. Various orsans, blood, liver, and muscle tissue :erc tosted
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_separately, and ‘the musele tissue was fed both raw and cooked. Cookod tisaues
anneared to produce more cases of rather evident poisoning, but it was ime
possible to pereeive any especially marked effect from the blood and liver,

Persons who had been nolsoned by this species said that at first their
mouths besan to burn as 1f they had eaten red peppers. There was diarrhea,
no vomltimr and their hodily movements were not affected.

. Both the experiments on animals and the symptoms reported in husen boinga
" indicate a mild derree of toxicity for this speciles,

In the markets they soak this fish in ice water overnight snd make it ht.o -
fishcake for sale the followin~ day, no cases of poisonin~ resulting from this .
practice havins been revorted,

[Table 86]

Dage 8571 ([Tables 27, 88, 89]
(Page 86 3 [rebles 90, 911

[Page 87 1 (Tebles 92, 931
[Page 88 ] [Tables 94, 95]
[Pace 89 7 [fables 96, 97, 98]
[Page 903 [Tables 99, 100, 101]

. {Page 911 [Tables 102, 103)
‘ [Pam 92 [’l‘able 104]

2. Kawarisazanamihagi (Plate 19 Fimure 53)

[Table 105] -

[Pa':e,%J ' '

[Tables 106, 107, 108}

[Pa~e 93
Seientific name -~ Ctenochaetus sn.
Local name - teo (*arshallese
Mstribution = ‘arshalls area
*‘orphology - Teeth and other characteristics same as in the precedin~ apeeies, but
coloration differs, with small blue spots scattered over sides ~nd hend. There .
are about twice as many blue-brown lines on the dorsal and anal fins as in the
preceding speciea. This species growa somevhat larﬂer.

- Toxicity. Of four specinena tested, one nroduced no ill etfecta The other
three caused symptoms of poisoning of about the same decree of severity as ‘the
preceding species. Should be considered mildly taxic. ‘

I pm%ig

natives consider this a poisonous species.

3, MNisesaganamihagi (Fllate 19 Fimure 54)

Seientific name - lepgtus bleekeri (Gunther)
Mstribution - Red Sea, Indian Ocean, T. Indies, Philiprines, South Seas, Hawail

area , _
*orphology = Coloration and form closely resemble the sazanamihagi. This species
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differs in that the teeth, althoush ctenoid, are solidly fixed in the jawbomes
and do not move., Their tips also are not especially thick. The blue lines on
the sides are fewer in this species, and the body is thicker (the breadth of the
body is oreater).

Toxicity. This is an important food fish.(Animal experiments were not per-b
forned.) ' ' '

A This fish is sold in the markets, and does not cause poisoning, It is cited
for commarison with C. stricosus, _ '

L. ‘ontsukiha~i (Plate 20 Fisure 55)

Scientific name ~ Hepatus olivaceus (S schnedder)

Local name -~ ael (*‘arshallese

nistribution - Indian Ocean, ., Australia, Philionines, Formosa s Ckinawa, South
Seas, llawaii area

*orphology ~ There are barbs on the caudal peduncle, The teeth arc like those of

the precedin~ species. There is a flame-colored horizontal mark above the pee-

toral fin.

Toxicity. According to the natives this species at times causes mild cases
of poisoninz, but it is said to be used as an article of daily iiet. 'r. T'atsao
listed it as a poisonous fish. Dy his account it appears to be slishtly toxie,
varyint vith the individual specimen, but at most of a mild degree of toxicity.

This species is taken in larre numbers in driving-in nets, and is a cam
article of the natives' diet.

Circumstances prevented our testins it.

5. " Fatakurokanran (Plate 20 Figsure 56)

Scientific name - Hepatus ofuscus (Forsi3l)
local name - a variety of dlehdro ‘iarahallose)
Nistribution - 7ed Sea, Indlan Ccean, ©. Indies, Philipnines, Formosa, Ryikyis,
[ Taze 95] South Seas
‘orrholony - “esembles the precedinz species, rut has black lon"itudinal stripes

ahove the nectorals and around the barbs on the caudal peduncle.

Toxicity. Circumstances prevented our testing this species. It is commonly
used in the native diet, but is said to cause mild poisonine at times.

6. Shimahasi (Plate 20 Fimure 57)

Seientific nam - llepatus trioste-us (7inné)

Local name -~ arshallese ’

NDistribution = Indi;m Ccean, 5, Indies, . ‘Australia, Philippines, South Seas,
"awail area

"tt':{pholor;y This species can be readily identified by its characteristic colaw

ation.

-Toxicity. This too is a feedfish which 'is sold in the market. There have
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been no cases of even mild poisonin~ caused by it, as there have :ith the two
preceding species, anc¢ it has never been cited as a poisonous fish. The flavor
is mood, its only defect beins that it spoils easily and is inedible after'§ - §
hours at the atmospheric temperatures of the South Seas.

7. Raidenhagi (Plate 21 Fisure 58)

Scientific name --7ebrasoma veliferum (Bloch)
Local name - laid, means "lirhtning" (Marshallese), isordisa (Saipan Japanese,
Clkdnawan dialect, means "itchine leaf"), hirena~ahari (Japanese
. nickname)-
Distribution - Red Sea, Indian Ocean, %. Indies, Philippines, South Seas, Hawaii
area ’ -
Characteristics = Coloration afid long dorsal and anal fins .

Toxicity. Of four specimens (one from Jaluit, three from Sainah) tested,
three appeared to be slishtly poisonous. Some Okinawan fishermen residinm at
Saipen say that eatins the skin of this species makes the mouth itch, but that the
flesh may be eaten without any ill effects. Others say that eatins the flesh also
mokes the mouth itch, but without any other effect on the body. They say that
Ll;age 967 this fish produces the same reaction at Ckinava. According to the

tives of Jaluit, this fish does net poison but only makes the mouth burn.
Translator's note: The word "kayui" properly mecans "itching", but it is suspected
that as used in-this connection by Okinavans it may mean "stinging" or "burning".

In any case, this fish is probably slightly poisonous.

{ Tables 109, 1107 '
[Page 97 Tables 111, 112, 113]

8. Tsumaritengu (Plate 21 Figure 59)

[Seientiﬁjc' name - Maso brevirostris (Valenciennes)

Pane 98

Local name - batoklaj ('farshallese)

Distribution - Red Sea, Indian Ocean, E. Indies, Philippines, South Seas, Hawaii
_ area ‘
Morphology -~ Has a protruding horn on the nose almost on a level with the eyes.

Texicity. This is a useful foodfish. It is seen in larze numbers in the
markets, and forms a larse part of driving-in net catches,

[Pame 99] section 11 Farilies “onacanthidae and Palistidae snd Others

The fishes treated of in this section belon~ to the fanilics “onacanthidae
and Balistidae.

Several species of both of these families occur in Japanese waters, but ex-
cept for some of the monacanthids they are rarely taken and there are few areas
where they are used for food.

In the South Seas numerous species occur, including some poisonous ones.
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Balistidae
1. ikahamongara (Plate 22 Figure 60) |

. Selentific nome - Cdonus nicer (Ruppell)

Local name — bub or bub mej {Marshallese)

Distribution = Indian Ocean, tropical "estern Pseific

Tables 114, 1157]

Page 100] :
Characteristices -~ Body black, dorsal and ansl fins slightly bluish. The red testh
are characteristic. '

Toxicity. Results of experiments indicate strong toxicity. Some residents
of the Marshalls sald it was poisonous, some said it was nonpoisonocus, and some
did not know. Thls species anpears to be rarely taken and there seems to be no
certain knowledge concerning its toxicity.

The name bub is a genersl term for the Balistidae and also includes edible
fishes, .

2. Y¥iberimonmara (Plate 22 Figure 61)

Scientific name « Balistes flavimarcinatus Ruppell

Local name - ls Marshallese) -

Distribution = Indian Ocean, tropical and subtropical "', Pacific
Characteristios - Easily recoznized by the coloration.

Toxicity. This species is nonpoisonous, and is treated as a foodfish in the
“apshalls area. ‘
[Table 116]

[Page 101]  [Tables 117, 118]

3. Yongarahazi (Plate 22 Figure 62)

Scientific name - Balistes conspicillum Bloch & Schneider
[Page 1027

Local name - bub ,
Distribution -~ Roughly the same as the nreceding species
Characteristics - The coloration is unique.

' ;I'_qﬁgi_u. Matsuo (op. cit.) has recorded this species as poisoncus with the

name holeketem bub. The natives say that in Marshallese means "fish-
poisoning', ‘'atsuo classed it with the fatally poisonous species. This writer
had no opportunity to test it on animals, and merely cites it here.

Yonacanthidae
Hoshinamihagi (Plate 23 Figure 63)
Selentific name « gleg?res scrintus Osbeck

Local name - gensuru (Saipan Japanese, Okinawan dialect).
Distribution - ', Indies, Indian Ccean, ©, Indies, Inner South Seas
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“orpholosy ~ The coloration and markings are characteristic. In life it is
colored as shewn in the upper figure, but after death and as seen in the markets
it looks like the lower figure. They are drawn side by side for comparison,

Toxicity. This species gave no indication of taxicity in experiments.
Saipan fishermen say that the flesh of this species may be eaten, but that
if the intestines are fed to pnirs, the pigs die. In our exneriments the animals

would not eat the intestinal contents and consequently it was impossible to
determine their effect.

Chaetodontidae
Yihachijd (Plate 25 Fisure 69)
Scientific name - H?ggnthus digcanthus Ginther
Local name - J_ofg.ra. Marshalls area
Distribution - Indian Ccean, ©. Indies, South Seas, Hawaii area

ity. This species belongs to the family Chaetodontidae and is not
taken se quantities.

~ Residents of the Marshalls anporently do not know vhether or not it can be
EPag- 103]eaten. Results of experiments indicate that it may be slightly roi-
sonous (Table 121), '

Pomacentridae

Kobansugumedal (Plate 25 Figure 70)

Seientific name - % (Lacepede) '
Local nams - Mars se). Another slimmer-bodied species is called

ureli,
Distribution - Red Sea, Indian Ocean, South Secs, E. Indies

gity. From results of experiments with animals, this species appears
to be very slightly poisonous. :

Residents of the "arshalls have no certain knowledme concernins the toxiocity
of this species because it is a small fish (about 5 cm) and is not esten,

This is a variety of the fish called gobikl, which is used as live bait in
the skipjack fishery.
[rables 119, 120]

[Page 104} Section 12 Family Tetraodontidae

The taxicity of the tetraodonts has long been known, and many studies have
been made of them. Those which up to the present have been lLnown to be
poisouous are, according to Fukuda (op. g¢it. p. 18), the mafusu, h
%"__—Mﬂmﬂl ghos akamefugu, kusaofugu, torgfucu, ghimefuru, ond
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There are several reports from the Philippines among the vast literature
of South Seas tetraodonts. Herre* has, for example, reported Tutraodon irmacu=-
latus Bloch & Schneider, T. retioularis Bloch & Sohneider, and T. Fluvietilis
Buchenan-Hamilton as poisonous in the Philippines. Seale ** has described the
poisonous fish called tinga-tinga (Moro dialect) or botete, and identified it
as Spheroides scelerstus (rorster)s. He has further recorded three species of
the Diontidee, calied 10co (in Tagalog hotlting laot), of the Philippines as
poisonous, and seven species of the Ballstidae (called p peco) and some species

c.
of the Monacenthidae (called pacol) as suspected of being polisonous.

The author, thinking that the possitility of poison would probebly be taken
into consideration whenever tetraodonts were eaten, did not try in the course
of this investigation to collect and test them to as great an extent as he did .
in the case of .the species whioh resemble other edible fishes. Consequently,
he can only deal with & very few species.

1. Yokoshimafugu (Plate 23 Figure 64)

Scientific neme - Tetraodon hispidus Linne - \
Locel name - wat (Marshallese) :
Distribution (Red Sea in the west, Indian Coean, throughout South Seas, Okinaws

ir the north, east from Hawaii to Panama. ’
¥orphology - Longitudinal stripes consisting of alternate black and white linee

on the belly. Some have the area around the ventral fin and opercle black -
surrounded by white stripes forming incomplete rings. On the dorsal surface of

the body and on the caudel fin are small white spots scattered over a black

ground. [Page 105]

Toxiéig¥. No poison was detected in the muscle tissue. The liver appeared
" to be slightly poisonous. ’
[Teble 121)

2, Mizorefugu (Plate 24 Figure 66)

Scientific name - Tetroaodon meleagris Bloch & Schneider
[Table 122]
[Page 106]

" Local name - not known

Distribution - tropicel Pacific ,
Morphology - Body dusky brown, smell white spots scattered over whols body, <
somewhet smaller on the back than on the belly. Spots also on all.finsexcept

the pectorals, = .

Toxicitye Only the liver was tested, and only a slight toxiocity could be
detected. :

3. Yogorefugu (Plate 23 Figure 65)

Scientific neme - Tetraocdon nigropunctatus Bloch & Schneider
Local name - wat (Marshalls area)
Distribution = Ee Africa to Samoe

# Herres Philippine Journal of Soience, Vol. 25, No. 4. p. 416-510, 1924
L Seale: 1bid.p ol. 7, Noe 4 Po 289-281, Some ﬁpisonouapPhilippin5.fishea.lOl!
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Yorphology ~ Coloration-varies widely. Some specimens are yellow (as in Fip.
65), and some are brown, both varieties having small irregular black spots
scattered over the body. The posterior edzes of all fins are white.

Table 1231

ame 107

{Table 124)
Toxicity. The liver appears to contain poison.

{Page 10€] Section 13 Addenda

In the foregoins sections the author has been able to recerd a total of
46 species of poisonous fish, including three species of tetraodonts, but it
may easily be imagined that this does not exhaust the number of poisonous fishes
occurring in the Marianas and !"arshalls,

Those clearly identified speclies which have in the past been reported as
poisonous elther in the literature or in popular tradition have all been re-
corded in the preceding sectlions, regardless of vhether or not we collected and
tested them, however, there remain a number of poisonous fishes which ve were
unable to take and whose identity 1s uncertain, or which we wers unable to test
and concerning the toxicity of which suspicion exists. By citing them here we
intend to supplement the various sections of this chapter and complete the
mention of all of the poisonous fishes of the South Sens area.

For the poisonous fishes of the Marshalls area, as noted in Section 2 of
Chapter I, Matsuo has made a detailed report, recording the names of 36 .
poisonous species as ziven by the natives, Of these, 23 have been definitely
recognized as included in the present report. Amons the rest there are probe-
bly some which are included under different names. (In the !arshalls the names
differ in the Ralik and Ratak chains, and it is hard to identify the species
vhen it is not known which name has been used) This aroup will be taken up
first. Tentative identifications have been made of two or three by reference
to the accompanying photoaraphs. In the case of two or three others we asked
many natives, usin~ the names given, an’ they were unknown to them. In other
cases, however, they were gble to sive us a general account of the apnearance
of the fish, There are some other species commonlv sai’ to be voisonous hich
were not listed by ''atsuo, and they are recorded in this secticn as follows:

1. aufbak | , ~
Judgineg by the accompanying photosraph this is thourht to
be the glzcgeao, Synodus varieratus., Natives interviewed by the
author did not know that this was a poilsonous species., “‘atsuo
gives it as violently and fatally toxic. e were not able to
collect it and so could not test it. _

It is recorded here as doubtful,

2, ikuit .
“Then Yarshallese natives were shown natural color plates,

they identified this with the Mﬂ%‘%‘ Epinephelus us.
The fish reported by 'atsuo has several alternate vellow and bla
lines on the scales, differin: in this respect from the
hiodoshihgta identified by the nntives. The hiodoshihatg is
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nonpoisonous at Jaluit, and we have not heard of its being

[ Pege 109] poisonous eloewhere. The writer has himself eaten a
rather large amount. (about 300 gr) of this fish stewed in soy
sauce, and found it tasty and with noc bad effects. ''atsuo
rates it as moderately poisonous.

3. jgewgd

Yone of the natives questioned by the uwriter knew what
kind of a fish this was. 'atsuo says that it is a small-
inar (akamasu). The pan inar is the futatsuboshidokugyo, but
it is not clear whether we are dealing here with the youne of
this species or with a different species. Perhaps it is a
lut Janid.

L. jave olik .
Elik means "small". Jawe is a general name for the o

Serranidae, corresponding to the Jspanese hatg or tamakai, It

is consenuently not clear what species is meant, but the natives

say that it is the same as the lemejne mentioned below. How-

ever, they say that this species is edible. Others said that .

they knew nothine of the toxlcity of the lemejne because it is

rarely caucht. 'fatsuo says that this fish is a small lemeine

and has three black transverse stripes. He rates it as mild

toxic and the lemejne as moderately so. It is not clear whether

or not these are the same smecies under different names, but in

any case it is certain tha* they are serranids.

Eo is a weneral term for sharks. From vhat the natives
say, tis 18 clearlv the harmerhead shark. “hen asked whether
it was polsonous, ther sail that they did not know because they
never ate it. !atsuo seys that it is traditionallv considered
poisonous, but that it is rarely taken,

6. jidjidbein

The natives say that t-is is a variety of Jjulae and a
rare fish. The julae is Plectropomus oligacanthus Bleeker.
Matsuo describes it as reddish with three longitudinal lines on
the head and several such lines on the body.- It is difficult
to imasine what kind of a fish this might be, but it is cer~ .
tainly a gerranid. It 1s rated as moderately poisonous.

(Page 110
7. Jjomme . :
.From !fatsuo's description this must be one of the

"ullidae. ' The species couvld not be determined, but the fishes -
of the family 'ullidae studied by the writer were ncnpoisonous.

Yatsuo says that it is mildly toxic.

?. lohe pako

_ According to Matsuo, "a shark without teeth and with
‘red spots as biz as the ball of the thumb." The natives “now
nothing of it. Said to be mildly toxic. Species not knoun. s !

9. katok .
The natives say that this is a kind of jglig (lLethrinus
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miniatus), Matsuo says that it resenbles the mameni Methrinus sp.] |
but the head is shorter, and rates it as moderately toxic. The
natives also-say that this fish is poisonous. The species is
unidentified, but it probably belongs to the genus lethrinus.

10. X
( - According to ’htsuo)this fish is like the .
rranug microdon, Section 9 buthaablaekepotaonthe
e O niddle ssoticn of the back . Tie Frtes Tt -
as noderately toxic. The natives say that it resembles the

[m% s but that it is not poisonous. It is
a serranid, b "the species is unidentified. ‘

11. leme
A amanid, Judsine by Matsuo's photograph but the
species is unknown, . lle rates it as modérately toxiec, -

12, po o

) Said to be a kind of ray with a poison snine on the
tail. Probably should be classed as a poiaon-spined fish., The
following definitely fall into this catogozv.

[Paqo 1m}

Hg ¢ see the followine section) and g8 (sepparickoge, see the
folloning o). | | &

Yasukawa (op. cit.) reported nine species from Saipan under their native
names. These have all been co'lected and tested, and the results have been set
forth in rrecedins sections for this ehapter.

Popular lemend also includes the the isobonmo, ond others
the poisonous fishes. At Saipan, Ponape, and Jalnit we heard that these spociu,
although commonly used as foodfish, are sometimes poisonous. e did not collect
nor test them, but cite them here, urzing caution. Sadanosuke Miura®* says that
a fish called. the hos which resembles the bachi _m__qgr
(Temsinck & Schlége ]and vhich has beautiful stars on its sides, is taken
mixed with skipjack. Kishinouye** has reported that Gymgosarda nuda (Ginther)
is called isomaguro in Onasawara and tokakin in the Ryllkyls. It is presumed
that the fish generally called isomggure by Japanese in the South Seas is
probably this species.

[Page 12]

Section 1& Venomous Pi:hoa Pdlm-tpd.md Fishu, and
Poison-spined Shellfiah _

As explained in the introduction-, the distinction between fishes which'are
poisonous when eaten and those which poison by biting or Diercing has not always

*fura, Sadanosuke. M&Lﬁ%&: (Sankai ne Sakapa] »
Seba [‘& x%:_ shoten,

amakichi. Proceedings of the College of Anieult.uro, Toho
Inperial "niversity, p. 426. 1923.
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been maintalned, They have, as previously noted, sometimes been confused in the
literature.

Since in actual practice it is sometimes necessary to have some practiecal
knowledpe of venomous and polson-spined fishes, the followine notes are added
here as a warning to the reader. ‘ :

Pawlowsky (op. cit:) cited the moravs as venomous and reported that their
teeth contain a poison, but no later-authorities appear to have detected it,
The teeth of these fishes are hinged, as described in Section 1, and their
points are sharp. ""hen a person is bitten, he instinctively pulls his hand
away and as a result in most cases the wounds are not merely the toothprints but
are usually enlarged in the form of linear gashes,

~ Tt is thought that either the size of the wounds, or the fact that the form
of the fish and the structure of its teeth resemble those of a snake has siven
rise to the theory that it is venomous, )

In the past many species have besn reported to have poisonous spines, but
only those which are liable to cause trouble in the South Se-s area are cited
here. . '

1. Many species of scorpaenids have a strong spine on the dorsal with a poison

gland at its bose., These fishes often burrow into the sand in shallow vaters

near shore, and there have been many cases in which persons have stepped on

them rith bare feet, the wound often beingz fatal. The mﬁm.gg,' :
enopsis diabolus Rleeker, (p in 'ershallese) (Pig, 67) is one of the most

%oﬁntﬁ toxic and also one of the most commonly occurring species of this

group.

The hanamikasazo, Ptercis wolitans (Linnseus) (hg in Marshellsse) is a fish
which is found swimmin~ around the coral reefs. It has a strong wvenom on the
spines of all of its fins. (Fig. 68) ‘

2, The fishes of the gigo family [Siganidee] are nct ne toxic as the species.
mentioned above but they are more commonly encountered. These too have poison
'alands on the snines, the structure of which has been studied by Profcssor

Tkusaku Amemiya (on. ¢it. p. 8). The species cited here, the m]j%yig,
Siranus muellus (Schlezel), is one which occurs abundantiy in the South Seas.
1. =71] . .

This 58 one of the most common foodfishes. It is called gi;nm

[Face 113] (arshallese, "adak) and gnngn (Marshallese, Ralik), rnd is token
in larce numbers in driving-in nets and sold in the markets. Care must be taken
in handline it. - '

The followins concerns poison-spined shellfish, ill of those listed below
belon~ to the menus Conug, and are abundant in shallow vater nesr shore., Since
their anpcarance is attrsctive, people often pick up the livin~ animals with
- their hands and in so doin~ met stung. The plercing mechanism is not clearly
understood, but the poison is viclent. The sting lsaves o hole like that pierced
br a needle, and a space around it as larsc as a conper penny turns purple,

The venom spreads through the body rather rapidly, ani coses are knowm in which
death resulted less than an hour after being stung. The folloving list is .-
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arranged according to the m'esumad stren~th of the venom.

;.. ehiroanbo%n, Copus tulipo (Linng) (Fig. 7&)

seorranrhus (1inné) riE
30 u:hi-eog: usus nes ) (Fi"o 75)
L. tsua%ﬁ % Fig 76
5 ittt S s Liné) (Fia. 77)

[Pane 114]
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Chapter III Symptoms and Treatments

sgction 1 Symptmns

: The symptoms of pouoning which appear ‘when the toxioc meterial is adminis-
tered by mouth have been generally observed in the results of the various
experiments and in the popular accounts of ocases of accidental poisoning de-
tailed above, however, although we heard of such cases we had 1little opportuni ty
to see them ourselves. Consequently we have interviewed doctors in the area
studied and have personally questioned victims of fish poisoning to assemble
the information presented below,

Of course all of the 45 species described above do not produce the same
symptoms, nor is it assumed that the toxic agent is the seme in all of them,
but there are certain effects generally common to all,

In most cases the following symptoms are encountered. Directly after eating,
the stomach feels upset and the patient vomits. In experiments with animals
many of the cats showed this symptom. Even when the flavor is good and no ill
effects are felt while the fish 4s in the mouth, after from 30 minutes to 2
hours the inside of the mouth, the 1lips, and the stomach feel abnormal. The
lips and mouth either feel hot, as if red peppérs had been eaten, or they itch,
and the stomach feels oppressed.

After a little more time has passed, numbness sets in, generally around
the lips, tongue, inside of the mouth, anus, etc. liany persons also say that
the skin of their hands and feet had no feeling. Others say that their hands
and feet hurt ‘when placed in water.

In the experiments, animals affected to this degree did not react by with-.
drawing their feet when they were pricked with a dissecting needle. We were
able to detect a mild degree of poisoning by observing the reactions to
pricking of verious degrees of severity.

More strongly affected cases generally suffer impairment of their movements,
and in some the hearing is affected, while others drivel, unable to swallow
their saliva. In severe cases the patient is unable to stand or walk, and in
the most serious cases respiration becomes difficult, the pulse is erratid,
and death results. Most deaths occur after from 5 to 24 hours.

Impairment of the ability to walk was clearly perceived in the experiments
with catse In cases of severe poisoning the cat's hind quarters gave way and
the animal could not stand up even when lifted onto its feet (photograph 8). .
In milder cases the animal, when forced to walk, would stagger erratically.
[Page 116] These o'bsemtions were used to evo.lua.te the symptoms of poison-
ing (photographs 1 and 2)s Mice similarly affected crawled on their bellies
(photograph 4). ;

In many ceses these symptoms were accompained by diarrhea. Some persons
reported being ocured of roundworms and feeling better than ever afterwards.
This occurred with the akadokutarumi [Lutjanus vaiguensis] and the
dokuutsubo [ Gymnothorex—flavimargT tus
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Cases were also reported in which headaches, digziness, and so forth were
experienced. B ' C

There were oases in which the patient, before dying, suffered a nervous
disturbance, as if he were going mad, and threahed around in the bed (in several
examples where the dokuutsubo [Gymnothorax flavimarginatus] was eaten). No cats
or mice were observed behaving in this way when they died, most of them dying
stretohed out on their sides (photograph 3 and §). '

Mild cases recover completely in from 10 to 24 hours. In those which have .
eaten strongly toxio fish with grave symptams resulting, sensory impairment
sometimes persists for a week or 10 days. '

2

Some persons who had eaten dokuhiresji [Caranx melampygus] and obﬁ 613?
[Cephalopholis ar 8] reported that rheumetism and nervous disesses,” which © y
bad hed previously, were cured by the experience.

(page 116] Section 2 Treatment

The best treatment is an emetic administered immediately after eating.
Washing out the stomach is also effective. Where some time has pessed, a lax-
ative should give good results, and, as a treatment for paralysis, stimulants and
druge which stimulate the heart will probably be effective.

The following are some popular remedies. In these areas where many species
of poisonous fish oscur, the residents always have antidotes ready, and the most
ocommonly used one is a plant called monpanoki, the scientific name of which is
Messerschmidia argentea Linne (Fig. ’72; _

The areas in the Marianas and Marshalls where the writer made this study ~
are separated by thousands of kilometers of ocean, yet, in splite of the fact that
the natives do not travel back and forth between the that the languages are
altogether different, and that Japanese fishermen do not operate in the area and
consequently could not have taught them its use, the same parts of the seme
plant are used in the same way in both areas. ‘

In Okinawa, also, the identical plant, there called hamasdki or meganemoki
(because the wood is used for the frames of diving goggles), grows wild along
the shore, and the custom exists of roasting the fried leaves and the bark of
the trunk and dsing them as en antidote for fish=poisoning. Fishermen from
Okinawa operating in the South Seas area are said always to carry in their boats
& bundle of the stems of this plant, which grows wild everywhere in the ares,
ocut into about one foot lengths and bound together like firewood.

The Marshallese natives call this plant gannatto. In this area, too, it
grows wild along the shore and is easy to obtaln. These peaple pound up the
raw leaves with coral and eat them without further preparation. On some islands
they are said to gnaw the bark off the stems. Some of the Japanese fishermen
roest the leaves before using them.

The monpanoki grows abundantly everywhere around the shores of the islands,
and there 1s protably no area in the South Sees where poieonous fish ocour
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where this plant is not found. It is a shrub, attaining a heisht of about two
meters. The leaves are thick and covered with hair, giving them a velvety tex-
ture, It is shaped like a loquat tree, and the flowers are so inconspicuous
that the writer did not notice them. See figure 70. (The color of the leaves is
taken from a pressed specimen.) '

The writer tried to feed this herd to animals which showed symptoms of
poisoning j but. they refused to eat any of it,
Pace 11’
( Some Okinawan fishermen also say that chewing raw eggplant has a mdie!.nal
effect. They also recommend taking chestnuts which have been ground in a mortar
ant mixed with water to cause diarrhea. The juice pressed-from pounded lesves
of the iggchiri* plant is likewise said to ceuse diarrhea, thus lessening the
effect of the poison,.

These Okinawan fishermen also recommend noking lard and drinking gro“e.

#kamachiri: The name m_m%ais penerally used throughout the South Seas,
but *r. Maos suyama informs me that this word is of .apnniah oririn, the

Japanese name being kinkimpku, scientific name M%ug dulce. This tree
has compound leaves and thorny branches and is abundant the South Seas,
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[Page 118] Chapter IV Toxic Substances and Methods of
Eliminating Them

Seotion 1 Toxio Substanoee

The following is a discussion of what we were able to learn concerning the
toxic substances in the various poisonous fishes recorded in preceding sections.

Previously Yasukawa (op. cit.) experimented on the assumption that the
poison was bacterial in nature, ), and reported negative results.

Matsuo expressed the opinion that it was similar to the poison found in
tetraodonts.

'In the various experiments with animals reported in Chapter ITI of this
paper, the strength of the poison was not in most cases affected by heating at
100° ¢ for 20 minutes. Furthermore, in the experiments with extracts reported .
below it was clear that the poison persisted in preparations made with absolute
aloohol. From these facts it is not difficult to deduce that the poisons in the
various species discussed in this paper are chemical in nature.

Since the chemical analysis of this poison was not the mein objective of
the present study, the author, as explained below, merely experimented to find a
method of making extracts of the poison, as necessary in eliminating it, and
also to discover methods of trensporting material fram the field for later study.

Facilitles and supplies for chemical experiments were almost unobtainable
in the field, and our preparations were inadequate, oonsequently, except in a
very few cases, we preserved the materials and performed our experiments in

J‘me

[Page 119]) ‘ Seotion 2 Looation of the Poison and Changes
Resulting from Preparation for the Table

Let us oonsider the localization of the polson in the body of the fish. In
feeding experiments with animals the author tested each organ, insofar as they
oould be divided. The muscle tissues, t9o, were tested in various sections and
an attempt was made to oompare their effecte '

No definite results were obtained from these experiments, that is, we could
not detect anything like the limitation of the poison to any particular organ.
In the ocase of the blood, ovaries, liver, and so forth, b ecause the materials
were given by mouth, the amounts eaten varied, and consequently the ‘effect also
veriede Comparing these organs with the muscle tissue, in most ocases the latter
was eaten in larger quantities and, contrary to expectation, produced more
oclearly marked poisoning. It should also be noted that most of the repor ted
oases of accidental poisoning resulted from eating muscle tissues.

"From this it is clear that muscle tissues taken from the fish and prepared

for the table in the most ordinary manner will contein poison. It may be imagined

that such material will s till have blood remaining in the capillaries. If the
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blood contains a concentrated poisonous substance, it is only natural that such
muscle tissues will cause poisoning.

. The author made many experiments, cooking the fish just-as if it were being
prepered for ordinary table use, in order to find out whether the toxicity would
be affectede The results are shown in the various animal experiments in Chapter
III. As explained in the introduction, the method used was a very simple way
of applying heat to the fish. It not only showed no signs of diminishing the
toxicity, but rather increased the incidence of poisoning. This agrees with the
agocounts of accidental poisoning in human beings, most of the cases having been
oaused by cooked fishe The greatest number of poisonings appear to have re-
sulted fram such preparations as fish soup, while eating the fish raw produced the
fewest oases. In one family which ate fish soup, those who drank the soup were
poisoned while those who only ate the pieces of fish from the soup were not.
These facts perhaps indicate that the poison is resistant to heat but soluble in
water. In not a few cases experimental animals ate the raw flesh without
exhibiting any i1l effects, but began vomiting immediately after eating flesh
cooked in water and fed to them together with its Jjuices.

From all of this it 18 oclear that poisonous fish should not be eaten even
when cooked.
[Page 120]

Several specimens which were broiled directly over the fire also showed no
lessenings of toxicity. Although there are comparatively few cases of aocidental
poisonings caused by broiled fish, this is probably due to some other reason,
Fish suspected of being poisonous should not be eaten broiled either.

Specimens prepared as dried fish, as explained in a later section, also showed
no loss of toxicitye.

As shown above, not one of the fishes prepared by various ordinary methods
showed any loss of toxicity when tested on experimental animsls.

Methods of eliminating the posion will be taken up again in a later section.
[Page 121]

Section 3.Methods of Extraction

The following experiments on methods of extracting the bosion were performed
by the author in the field.

Ten gr of raw muscle tissue from the fish to be tested was left for 72 hours
in 100 cc of absolute alcohol. After filtering, the solution was heated and con=
centrated over an alecohol lamp until the odor of alecohol disappeared. Distilled
water was added to make 100 eoc and the extract was injected suboutaneously s
The results are shown in the following table. In no case was there any effects
Attempts were made to prepare a more concentrated fluid, but circumsiences made
this impossible and we were consequently unable to determine the lethal amount.

*In addition 10 gr of the same raw flesh with 100 cc of water added was
cooked over an aloohol lamp, cooled, filtered, the filtrate thinned to 100 ce
with distilled water, and the resulting extract was injected subouteneously into
mices In no case did it have any effect.
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These results indicate that the amount of rcisen in the tissues of the fish tested
was very slicht. It is resrettsble that more viralent species viere not selected.

Mouse Date Fish Used At In,jeéted Result
red-tanged spotted Sept. 19 | yodgrehgta 0.2 ec no apparent effed
flesh
" fn n " ' n
spotted, untagmed " ohasurohata o n n
flesh '
L ) " " 1) "
red-tazred white n | fuedokutgrumi n oo
flesh
" - " " n "
white, untagged " yodarchatg " "
' liver
1] n " ”n . N

_"xtracts vere prepared for comnarison as follows using salted dried specimans.
The same test material was vsed in all cases.

(1) 200 cc of water wns added to 10 mr of pulverizei dried salted tissues and
the mixture was heated at 100° C for about two hburs. After filtering it vwas con-
.contrated to 15 cc (0.66 nr of dried tissue to 1 cc of fluid injected). The re=
gults of this experiment (Pronaration No. 1) indicates that 0.33 mr of flesh is
a lethsl dose (caleulated for a mouse of 15 sr bodyweirht).

(2) 10 er of the same tissue was placed in 200 cc of sbsolute alecohol and
left for about 15 hours at room temperature (30° = 32° C), ifter filtering, 15 cc
of distilled water was sdded, it gz heated at 100 C to evanorate the alechol,
and after two hours was concentrated to 2.7 cc 53.7 er of dried sprlted tissus to
[Pame 122] lee). Results of these experiments (Preparations “c. 1, 2, and 4)
. indicated a lethal dosate of 0.2 ~r of flesh for Preparation !'o. 2 and of 1.0 gr
for M'reparation Wo. 4 (calculated for a mouse weighing 15 »r),

(3) 200 ce of water was added to 10 nr of the same tissue and it vas left {a
a refrirerator at £ 10° C for 15 hours. After filtering, the filtrate was heated
at 100° C for about 4 hours snd concentrated to 13 ec (0.77 mr of tissue to 1 ee).
The results of this experiment (I'reparation Yo, 3) did not indicate the lethal
dosare but it ampeared to be rreater than 0.23 ¢ of tissue, and, Judgins by the::.
symptoms exhibitied, it is probehly more thsn twice that amount. - O

(Tables for Preparations Mos. 1 and 2 ] .
[Pame 123] [Tables for Preparations Yos. 2!, 3, 4)
(Page 124] ([Tabies for Preparations Nos. 5, 6, and 7]
[Page 125] (Tables for Preparations Nos. 8, 9, and 10]
(Pave 126] ([Two tables of experiments on cats]
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The tissues remainin~ after filtration of these various preparations were fed
to cats with no 111 effects, as shown in the asbove tables, indicatins that the
amount of poison remsining in the tissues was small.

The symptoms of poisoning observed in these injection experiments vere very
similar to those seen in the experiments in which the toxic materials were
adadnistered by mouth,

As explained in the following section on "preservation", dried barracuda and
lampreys from Japan were used as controls (Preparations Yos. -6 and 7). The lethal
quantity, as indicated by these tests, differed by 200 to 300 percent from that of
the dried salted specimens,

The %M[Plectropms truncatus ] was shown by the feeding experiments red
ported in Chapter II to fall in the mildly toxic category. Injection experiments :
using strongly or violently toxic specles would probably show even greater "
differences. -

"' The experiments reported above indicate that for extracting the poison
vethod “o. 2, employing alcohol, is the best,

[ Page 127) Section 4 Preservation of Texic Substances

Since the investigation of these polsons must be carried on in distant tropi-
cal areas where facilities an: supplies for chemical tests are hard to obtain,
the best thing to do is, if possible, to preserve the toxicity of the materials
and transport them back to Japan. Several methods of accomplishing this were
tried, and they are introduced here for the information of those who may study
these poisons at a later time,

1. Canning and bottling
Since the poison resists a temperature of 100° €, sterilizatioa by
heatins is possible, If, therefore, facilitlies are available, preservation by
canning or bottling will be convenient. The author tried this, but the techaique
was foulty and the material became useless through putrefaction.

-~

2, gltiav; gi;g %13
cle tissues were sprinkled with salt and dried in the sun, the

dryine bein~ continued for several days in stronz sunlight. These materials were
taken beek to Japan where after about nine months they ere used in iments
with the results shown in the tables (Prepsrstions "os. 1, 2, 3, end 4)., It

. was not possible to tell how much their toxicity had been diminished by oreser-
vation because there were no records of tests madc with the raw flesh, but
comparison ith the controls indiceted that some of the toxicity at least was

m.imd. ‘ .
3. Dreservation in slcohol . : .
Fresh tissues vere placed in absolute alcohol in a tightly covered o »
wide-mouthed jar, and were kept for nine months after vhich they vere used in b

experiments with the results shown in the table (see Prepsration No. 10).. The

.

64



65

PoYP €T LTnp G2TT
Pe3oezJe sjuemeacm 2T AInf 00T . . M " (2 €1)
pejou 300330 ewos 2T LTup 00LO L ‘oy
JegJueseyy 300330 ou a3 9z°0 . " (13 91)
309e3Je ou T ATnf 0061 %0 ¥°0 9 *oy
POTP 2T Atne 00YT
punqriow 2T £Ine. QOET _
pPojou uoT3ovex emoe 2T ATnf 00L0 I8 2*0 00 £°0 Tosoonuanuasn 1T &y (23 £1)
pejoozyuun Jupitem T LTne 0061 0€91 $ ‘oN
TomIoux 03 Jouq T LTnP OOET
peateduy TTTIe 3upxrem 2y ATnf 00L0 u . . T L10p (x3 91)
Pe3oezJe Jurxrea T ATMP 0061 $M1 Z oy
POYP 2T LInfr 0060 a3 gg°0 90 ¢°Q u M (23 £7)
pejoegze syueweaom [T LTnf 006T T *oN
PeTP 2T £Tve 000T |
1T¥38 Buphy ‘punqyrom T £Tnp  00LO a3 99°0 90 0°T " 1T £10p (%2 81)
qBreaye yTem jou prroo T ATnf Q06T 09T ¢T °oN
POTP 2T ATne  00LO £y7Aw0 “ (22 21)
9q3TeIls T8 j0u prnoe T ATuf 0061 B g9¥7°0 ©0 4L*0 [reutmopqe ug T *on
3993Je ou a8 €1°0 90 g°0 [smoeuwinoqns | TT Lrnp (4@ €1)
0£9T €T *on
enssty uoryoefur
83 Tneey 3o £373uomdb |  pejosfur | pesoefur Jo ewty | (ydem)
Bugpuodeszaon unony oxeyuy pue e38Q ‘o] esncy
L
02 GT 0%

PO1BJ3USOUCD Joqang ‘LT0}TEpPOU POIOITTI ‘9
90 007 Y3ta [ToTaoy FATESUMNY TRHSAoTTo0T] )

» -

L3 [ 3

00T 3® sanoy g A1ejeurxoxdde 107 perjoq ‘peppe Jojem o
[&® oyy Jo senssty peyap pe3Tes pezireatnd Jo 13 or

T o uoipsawmde.,r



€T £Tne 0060 39 pvep punol owea .
3nq ‘3uTucac ey} UT JUYMCEOS POJPAOPEd TEITUR Oyl a3 ¥4°0 20 2°0 . T Amp (23 €1)
‘pejou uorjowed emos T ATne OETT 0560 ¢ ‘oN
POTP 2T ATvp GETT a3 11t 90 €0 “ " (<3 1)
pejou uoTovex ewos T ATnp 000T 12 *oy
Twazou ¢1 L£Tne 00LO 13 160 90 T°0- “ T Anp (28 31)
pouowea jsuymemos T ATuf OFTY : 0060 & *op
petp 2T ATvp Otret " " snoguelnqns . (%3 €1)
punqprom 2T ATmp OETT €2 °oN
PTP 2T £Tne  OETT a8 y.,°0 22 2°0 £31aB0 ZT Aup (23 €7)
Pejou uoTowex ewos T ATnf 000T TeupEopqe WE $$60 ¥z *ox

‘ oussyy uotpyoefur
s} nsey Jo sunouy| pesoefur pejoefug Jo euyy (943tey)
Sutppuodsexzon sunowy exoyy pue eju( ‘ol osnoy
fanoy 2z

48338 90 4°Z 03 PeOUped ‘pajuodeas TOYOOT® TTAUR 9 00T 3¢ PeIvey ‘poppe Jejes Jo 00 GT “PeusdeD
PINTJ ZWeTd 8Y3 uouy ‘(0o - Of) eanjsredwe moox e sinoy GT I0F 3787 ‘Peppe TOYOOT® 84NTORQR To
00 0oz ¢ [teTsoj enjeduUna) snm o.u.._.oo.nmu utfexe oyy Jo 8ONEET} POTIP pejTes pezixearnd Jo a3 Qr

¢ °Of uopimIn oy

66



67

%0 T°0

(+3 $°01)
€€ *ox

(12 91)
€ *oq

306379 oTQVeOTIOu ou

Jo jumoumy
Sugpuodsezaon

20 60°0

pegoefur
umony

snoeuvInoqns

uoyp}oefur

(22 §°6)
9¢ “ox

(3@rer:)

*oy esnoy

¢ ‘of uopiwaedexy Jo 90 ¢°T 03 peppe Jegmm eTT2e38 Jo L373uwnd Tenbe us

«2 *og uopynandoiy



peep punoy  ¥T £Tap QOET 90 €°0 0 . (13 ¥1)

SSOTISTT jwymewos ¢T Lrnp T

308JJ0 TQWeOT30U Ou 90 2°0 . 2t Lup (23 1)

: SETT 9¢ °oR

POTP 2T ATvf 009T " u u (B8 Tv)

punqirom 2T L1nf 0291 L2 *og

7039379 9TqEe9T10U ou 99 T°0 snoeuwNoqns ZtT LAtnp 23 ¢°11)

0ETT 8¢ °‘oy

P ——— —— e N
snssl uopjoefar

s3Tnsey Jo junowe | pejoefuy pegoefur Jo eayy (3udten)

~ 3uypuodsexaon qunowy oxouy pue s3eq *oN esuoy

Pun 0,007 39 8anoq ¥ Aejwmpxoxdde Jo3 pejwey ‘pegeyTis ‘5y0T # 39 sanoq 6T I0F 9JOT
0 00z WITa [IeTacy TWRIUAYY FWSAGIIOoeTY | UP(UHe

09 (T 0} PO}BILULOUCD

‘peppw Ie38a jJo
oY} Jo senssT) PeTIp peyTes peziaearnd Jo 13 of

€ °*off uor:zauioxy

€8



69

POTP T2 LTvP 00LT 3 yez . . . (%3 91)
Pejou 300370 ewoe Tz ATup QOCT 00 €£€°0 8¢ “on
POTP 12 ATr  OLT a3 o°1 00 2°0 . . (22 97)
Poy0373e suemeaow 1z ATnr 00T 8¢ ‘ox
396338 ou a3 g°o 99 T°0 gnoeuwnogqns 8T A1up (22 91)
, (0 54] LE *oN
onssty uorvefuy
s3neey Jo juncay | pejoefur pejoefur Jo ouyy (34@70y)
Sutpuodeeaaon junomy exeqy pue e3uq *Of esnoR

POPpe l038a JO 00 6 ‘In0 peysua 383 ‘peppe lemre Jo L3Tjuenb Twnbe
90 7 03 pejurimeouod ‘perveddustp [oYoOT® TTIUR H,00T 3@ SEINUTE O JN0QE JOF POIBeY ‘03813 TTJ

aY} 04 poppw Jejum JO 99 GT ¢(2,26~0€ ouﬁvw.uo.gaop WOOI ¥ 8XN0Y O 40 TOYOIT® e3nrosqe Jo 99 OOT
Hﬂqﬂuﬂﬁmw oqueITMOP eqs Jo yeeTy peTip pezyreatnd Jo a8 or

oy 33e1 ﬂ..a&uwu )

¥ coN uoTymavieT]



UoT}ORed ou B z1°0 20 1°0 u 8T Lmp (1@ 31)
SETT 16 °ox

_ POTP T2 ATvr 0290
SCOTIOTT Juymewos Oz Lnp _ 13 ¥2°0 30 2°0 " " (43 L1)

ToTIowed ou  HT-3T LAIne 05 oy

PeTP T2 ATnpr 0080
Inq ‘peleAcdax jeyasmos QY Lnp X8 9¢0 00 €°0 enoeusInogns 8T ATnp (28 €2)

i

Pa30u uoTIONe: ewos QT ATne Q0LT 0ETT 6y °og
enseIy goT3oefur

s Tnsey Jo qunowe | pejoefuy pejoafuy Jo eaty (3437ToM)

S8uypuodsexxon unowy exeyy puv ejuq *oy eenoy

*Buyen exojoq pexelTTs utedv swm 31 ‘Prqany sem 3T 8y ‘00 3 Oy

POIBIUSBOUCD SUM 3] PUB JJO USATIP 69 [OWOOTZ PUR UF[PUIOI oy} TTiun Do00T 99 8anoy g 107 pojwey

SGR POPPY J5388 JO 3D 0T YITA O1BIITIY oyl *(D,ZE-0f) eanjexodme) mOOX 9¥ sanoy Oz IO 3J° pue

TogooTe ejnjosqe Jo 90 Qg U dn uedodq SEm SYUOW & JNOQE JOJ UprbuIoy ¢0T UT pealesead uceq pey
qorya Treddny SNYSUTIICATACIY XUIoqIOMAAD Jo uewroeds wo OCT © JC A98q oy} WOXF gwery Jo a3 o ¢ °o§ woreroios |

70



71

M X2 %6°0 2 ¥°0 M » (%3 21)
, 8 *ox
. 8390330 . ,
TTF ou pemoys 039l pue 3T Lmar Jo Jupueas £q a3 z7°0 99 €°0 snoeuvinoqus 8T L1up . (413 or)
Podescoss 1nq ‘uoTyoefut Je3Je eseT3eTT pesvedde : oror . ¢ “ox
TenIou ‘pexeacoex T Lqup 3 0L*0 o0 ¢°0 s . (22 ¥71)
3urueas TTIuUM saom 30w PTp QT Lnp oY oy
POTP 61 LTvr 00T2
SACu 30U PTP 6T LTnp a8 ¥8°0 9 9°0 L3148 8T Lo (1@ 92)
Sutaom jnogyTa Lvy wor3oefuT I04gw Teurmopqe 0501 . 6€ *of
— ——— —— ——— HHJH"II’
enssy} uopjoefur
s3nsey Jo juncwy | pejaefur po3oefuy Jo ewyy (3u3toy)
3uypuodseaxos Junowy sxeqM puR 93eg ‘oy esnoy

*(9 ocE=-0£)

*Suten eX0Jeq JJO peumTxys sw 39F eyl
pejexodess sem 9 BIITII oYy,
7T X0 3o pue vuyrl dn wenoIq sem SIOJBA

*00 ), 03 POONPeI puv ‘) 00T I¥ MOy Z I0F

oxnysredme) WOOI 3@ TOYOIT® 83NTOBQR JO 99 00T Ul exnoy
escuvdepr woxy wpnowiieq v woxy yserJ perIp Jo I7 4] §

9 °*op uomieaelexy



POTP 8T ATnf 00LT a2 05°0 39 6£°0
86013187 Sjuswescm gT AN O0CT

“ (22 ot)
9 ‘oN

|

pejou uoTIOReI Oou I3 %°0 99 £°0 snoeuwnNOqQNe 8T LATnpe (B 6*6)
05Tt L9 °oR

onesty uopyoefuay
83 [ueey Jo jumomy | pejoefur | = pejoefur Jo euwty | (yyften)

Sutpuodseazos Junowy exeyy pus e38(q *O§ esnopy

*8uyen exojeq JJO peumpys sea

187 04l 90 /, 0} peonpel swA 108IIXS O3 PUP JJO UGATID @B TOYOOT® oy} TFIUN 8INOY ¢ JOF PO vey

89A 37 pue TOOOT® 6y} O} POPPE GJea J93BA JO 00 GT °*exniersdumo) wool 39 sInoy 9T J03 3JeT pue
ToYooT® 83nTo8qe Jo 99 Q0T UT pedwTd sum eIejea eseuwder wmolJ LeadweT v Jo ysey pPoTIp Jo 13 o1

L ‘o uwopexedoag



73

u v 3 yz+0 29 2°0 snoeuv}noqne u (18 ¥7)
67 *onN
u a3 g¥o 20 740 L3 pawo . (12 1)
TeuEopqe 09 ‘oN
" a3 9¢°0 20 £°0 n 8 (23 1)
16 °*oN
399330 ou a8 z1°0 ©0 1°0 | snoceusynoque 9z Ltup (28 ¥71)
9IST 9 ‘ON

onesty ) " uopyoefur
B3Inaeey Jo junowy | pejoefur pejoefuy Jo ewyy (343ten)
Bugpuodseazoy Junomy axeyy pae o3eq ‘O§ esnop

*00 g 03 peonped
TFH T 0 000T 35 Po3veq Sem eInjXTm Y3 pus POppe SEa Je3BA JO 00 GT UGL *TOGOSTE eInTosqR Jo
92 00Z U} ednjeledwel WOOZ 38 J9OM BUO IOF 1JOT SEM UTTPIOY 0T UT eqiuow ¢ I0F peatessid ueeq pey
qotym [reddny snywurdIwmtavry xeIoqzo Jo uoupoeds Iejew-T @ Jo puwey eyl wWOIJ ysery Jo 439 ot 8 °oN uotywrededy




2 ol

. 2 L0 90 1°0 M 9z Lnp (43 €1)

oYst 9¢ °*oN

u a3 y1°o % 20 u 9z Ang (23 €1)

0§61 € *oN

" a8 1z°0 90 €°0 | enoeuwinogne o¢ L1up (%3 €1)

ST 7€ on

108330 ou 23 gz°o %0 70 £3tAw0 92 LTnp (22 o)

Teumopqe 0091 €€ ‘ox

. ——— —— e §
enssyl uopyoefur

s3Tasey Jo junomy | pejdefur pejoefur Jo ewty (3u31en)

Buppuodesarog junoay axeyy pue eglsq *ON esnon

e

‘90 GT 03 pednpex pue 9 oO0T 38 pelreay sem 938IITTI =YL
ejnyTosqe Jo 92 OOT uy da uweyorq egea aﬂwmawu N} OUTSICTUTABL]

*J}e6M 8UOC JOJ 3JOT puw TOYOLT®

XTISGIOWEAD Jo 4SOTJ POTIp Jo a9 T

6 °oy uotieandada



20387 PeI5A029 a3 00°1 % ¥°0 LA 9z Lup (%3 )
Pejoezge sjusweaom 9z ATnp 00T Teupsopqe 0€91 09 °on
POTP L2 Ampr 00T a3 050 20 2°0 " 9Z L1np (¥ £1)
pejoezye sjuewesow 9z Anp Q08T 91 65 "ox
398339 ou a3 g¢z°o 20 10 snoeuwnIqNE 92 L1np (13 6)
0291 8% °oN

enssTy pejosfur
e3Tnsey Jo jumonry pejoefur peyodefuy oWt} (343ten)
3ugpuodssizon unony eJxoyy pus ele( *ON ©8NON

Q“U “o“

O} peonpéd puv j 00T 0% Pe1vey eInjXTw oy} pue ‘peppe cum Jojem JOo 90 $ ‘uoqwy som Toyoore

8Tu3} Jo (Ysery Jo a3 9y 03 g&nouuoov 30 0T ‘eanjeredwel woox 38 WIUOW eUO I0J ToyooTw
PINT05qF JO 99 00T Ut 3dey seM TY6T ‘6z *390 3TNTSL 98 ueNey YyBueT U seyouy z°s 3007 ¢ Treddny
T EATITTACLS °F Jo uompoeds ® Jo uoTyxod 3oBQ [EIJUSD oY} WOIF SNSST} qsexy aex Jo 13 (97

0T °oN uoTjoawdedq

75



, (38 009)
. a3 ¥+9 a3 7°9 | I8 L°L ‘€ °op uorysawdesy . XoeTq posTe
WOXJ IOAO 3JOT YBOTJ DPOTIP ~En]pau
. 3 gL 3 gL |28 g°L ¢ 2 °oy uworexedexyg “ (2 o€s)
WOXF X0A0 3JOT YSITF POTIP X037q TTeus
(48 60€)
TIOUS
300330 ou a8 6°9 a3 6°9 a3 6°9 ‘T °oN wopjvaedexg T ATvp 08703203
WOy 4380 3521 YSSTJ pPoTIT 006T TTwag
uejve junoww ueywy 3utpeey
sjTnsey UT pOuUTEIU0d junouy Sutpeeg Jo uoTyeIRdety Jo ~UTY (3487°M)
qeeT] JOo jumouwy pue @jeq 199
T oTa8L 92T ofu1]

76



77

a8 94, 3ugpesy w307
*8aNoY (, J0F pejueIeITIIed
, pue Loueqsgeuoco L38ed 8 »
I3 0°0L | ATY® ©,M00 99 (G Puv SOTPOOU
Jo 23 oz W3TA POTTOq JOBIIXS et Ay
T °oN uorysxedaxy Jo 20 €T 0001 "
{*8 206)
13 9°%9 u ZT &g K09
. 0021 Jourq
I8 4°LOT Butpesy T%30% (28 osL)
: ‘001X Jo a3 Z¢ QIIm pertoq . TTeye
300330 ou 1B ¢- ¢ [Retaoy SATUVSINY] FwWOAOIII0Td) ZT Lap | -e8703208
: . mﬂlﬁ pe3[ee POTIP JO I8 G2 0080 e3avy
— — ———r— s e
uelve Jumowy \ Butpesy
U} peutpsluod ue}ve 3uipeeg Jo uorjexedexyg Jo ewyy (3u37en)
qseTJ Jo jumouy Junowy pue eguq 189

¢ STqe

(91 o3uy]



amount of fresh tissue correspondinr to a lethal dose was 0.75 gr. This cannot
nroverly be compared with the dried tissues because the species used were differ-
ent, but compared with the lethal dose for the gkaiin [Plectropomus truncatys i,

_ and allowing for shrinkane in dryins, it apnears that the toxicity is somwhag
diminished by this method of presemtion.

be Proseggt;on in f&egm |
experiments were made with the tissues of fish which had been

preserved in 10X formalin for 9 months as taxonomic specimens, The results are

shown in the tables for Preparations Nos. 5 and 8. There was a wide variantion

in their toxicity, the lethal <iose for one beins 1.2 gr and 0.5 or for the *

other. It is not known whether one of the specimens was washed in water whils :

beinn msemd, or whether these results are due to an individusl variastion in .

toxicity. ,

(Pare 12¢] ‘
Preparations Nos. 2 and 8 'vnd Controls Nos. 6 end 7 iere made by the same

alcohol extraction metho! and afford an oprortunity to note the difference in

to:d.city as betveen species, The 2kajin is in the mildly toxic clessification

and 3. flavimarrinatus i strongly toxic., Anticipating this difference, we

.demaaea the amount injected for the latter specles, and as a consequence were

unable to ascertain the lethal quantity. It is not clesr “hether the fact that

the difference in toxic effect between these two species was not more marked

was due to some difference in the method of preparation or to individual varia-

tions in the fish, The materials used for controls were dried barracuda nure

chased at Atami in Shizuoka Prefecturs and dried lamprey(probably %{” _
obtained at Odawara in Fanagawa Prefecture. DBy way of comparison wi Jethal
quantity of 0,26 »r determined for the that for the barracuda was 0.7 gr
and that for the gekuraungei was 0.75 er. is wondered whether these differ-

ences can be ascribed to the preservation of the toxic substances contained in
the fresh tissues, The dried fish from the South Seas had been Lkept for 9
months, while the barracuda had been preserved 2 months and the lamprey for oaly
a few days. -TFerhaps similar poisons may have developed in the tissues during -
preservation, but the symptoms observed in these experiments very closely re-
sembled those seen in experiments with fresh material.

A comparison of the methods described above indicates that salting and dry-
ing and preservation in formalin are satisfactory. It is thou~ht that
or bottling would perhaps be best if facilities for complete sterilization vere )
available, It 1s regrettable that we viere unable to experiment :ith this :
method. It zoes - 1t.hout sayinm that it wovld be best to reduce the poison to a
chemically pure and stabilized condition. ‘From the author's experience in the
f1eld he helieves that the next best thint, in areas where chemicnls and faci=
lities are lackinm, is to nreserve the mz-toriala by saltinm and drving or by the .
uvse of formalin.
(Fage 129]

Section 5 Ttlimination of the Poison

As shown in the preceding section, the poison is easily extracted in vater
or aleohol and it is difficult to detect any traces of it remaining in tissues
so treated. This method vorks experimentally, but for practical purposes it
would spoil the flavor ‘and make it impossible to eat much of the fish.

The Japanese fisharmen of 5aipsn remove the poison from mildly texie spocies
only ouch as the dokuhiragd [Caranx mkmm.] and the sggananibasl
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[ctenochaetus strigosus] in the following menner. They split open the belly and
remove the viscera and then soak the fish overnight in icewater. The next day
they pound the flesh up fine, wash it in water several times, add wheat flour,
and make it into fishcake or fish pudding for sale. It is said that this method
has been employed for years without any cases of poisoning resulting. It is not
knovm at present whether this is due to the washing away of the blood or whether
the poison is extracted from muscle tissues, but it is reported here as e
presurably effective method.

Furthermore, as stated in Section 2, most reported cases of poisoning have
resulted from eating fish soup and in most of these cases persons who only drank
the broth without eating the pieces of fish ocontained in it were poisoned. ‘'this
is evidence that the poison is drawn out into the troth,

Such dishes as sliced raw fish and chilled raw fish [arai], eapeoially'where
the fish hes been washed with water, have caused the fewest cases of poisoning.

According to 'atsuo the poison 1s the same as that fcund in tetraodonts, and -

is in the blood (rot shown by the results of our experiments), oonsequently; ir
in mildly poisonous species the blood in the muscle tissues is squeezed out and
the tissues are thoroughly weshed with weter, the fish can be fed to animals
without any poisoning resulting. He also recommends the method of making fishe
cake and chilled raw fish described above. However, it goes without saying that
in any case the flesh must be thoroughly ground or choépped up and then washed
with watere.

For the complete elimination of the poison by these methods it is essential
thet only those species be used which are recorded in Chapter II as being of a
mild degree of toxicity. The wisest course is to abstain completely from eating
fish classed as strongly or violently toxic. The popular use of these methods
of eliminating the poison is confined to the mildly poisonous species.
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[Page 130] Chapter V Conolusions and Observations

Section 1 Popular Theories

As has been reported in the preceding sections of this paper, there have been
few accurate scientific studies made of poisonous fishes in the past, but various
theories on the subject have. been current among natives and Japanese fishermen
and residents in the South Seas. They will be examined cursorily in this section.

(1) The theory that fishes which are edible in Japan are poisonous in the South
Seas. ’ :

This theory was heard wherever the writer traveled. It has already been con-
sidered in the paragraph on the species of poisonous fish in Chapter II, but our
observations will be repeated here for the reader's benefit. There is not space
here to cite all of the species which are given the same names as edible fishes
in Japen, but some of them are the kamasu (dokukamasu), suzuki (soma), hireaji
(dokuhirasji), jeunagl (dokuutsubo),”and so Forth (in each case the neme In .
parentheses is the standard common neme used in this report). These all closely
resemble their Japanese nsmesakes---most of them are of the same genus---and
oonsequently Japanese going to the South Seas and seeing similer fishes there
have applied these names to them, but they are entirely distinot species. These
poisonous fishes of the South Seas do not ocour in Japanese waters (although some
of them are found in Okinawa and the Bonins), and the corresponding Japanese
edible species do not ocour in the South Seas.

For some time the author, seeing only the South Seas species, which so
closely resemble those found in Japan, was unable to decide whether they were the
same or different species, but by bringing baock specimens and comparing them with
the Japanese species he was able to see clearly the difference between them.
Furthermore, taxonomists have in the past recorded them as distinotly different
species. ' » )

Note should be taken of this popular belief because it has a very wide cirou-
lation and has been subscribed to by many people for a long time.

(2) The theory that the poison is due to the food which the fish eats.

One of'‘ten hears that fish become poisonous by eating poisonous seaweeds.
Matsuo recorded this theory, and it was also heard from fishermen at Saipan. We
requested that some of this poisonous seaweed be collected at Tenian in order to
find out exaotly what it looked like, but the fishermen were afreid to collect
it. When asked why, they said that they would have to dive for it and that if
it touched the skin, it would cause a burning rash, with subsequent loss of the
ability to move the affected part. :

[Page 131) .

We tried to colleot same from a boat with a plankton net, but were un=-
successful, Fram what the fishermen say, it is assumed that this is some kind of
an echinoderm rather than a seaweed..

An examination of the stomach contents of poisonous fishes taken in the

vioini ty showed neither seaweeds nor fragments of echinoderms but only wunidentl-
fiable digested remnants of small fish.
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Fishermen also say that the toxicity results from feeding on poisonous crabse
Matsuo also records this. Examination of the stomach contents of poisonous fish
collected in the area said to be inhabited by these crabs showed that most of them
had been feeding on small giganids (photograph 6 shows the stomach contents of
a specimen of dokuhirasaji [caranx melampygus]) and no crab fragments could be
found.

Some persons say that fish which eat coral animals are poisonous, and this
theory is also recorded by Matsuo. Among the poisonous fishes there are some,
such as the Hepatidae, whose teeth are constructed in such a way that they are
thought to eat coral animals, and some have been found to have coral animals in
their stomachs, but not all of the fishes cited in this report eat them. If
the fish poison originates in the nematooysts of coral polyps, it must be said that
the number of species which get the poison directly by eating the polyps is less
than the number of those which get it indireotly by feeding on the coral-eating
fishes.

Another theory is that fish which feed on small poisonous species (Mathuo
cites the irol, pauij, and ajule, all of which are Marshallese nemes, the species
being unidentifiable) become poisonous, and Matsuo was unable to disprove this
theory.

It is clear that there is no definite connection between the feeding habits
of any poisonous fish and its toxicity, and the author was unable to discover
any certainrelationship between the ecology and the toxicity of the 46 species
reported in this paper. As far as feeding habits are concerned, some feed on
coral (hepatids and callyodontids), some on small fish (carangids), some on
demersal shellfish (sparids), and others eat large fish (sphyraenids), so they
have nothing in common on that score. Some swim in the surface waters (barra-
cuda), sorme live in holes in the coral (morays), some swim in the middle layers
(hepatids, labrids), and some live on the bottom (lethrinids), so nothing oan be
deduced from a consideration of their habitats. There seems to-be no connsction
between ecology and toxicity. '

(3) vVariations in toxicity depending on the habitat

The fishermen at Saipan told the author that there is a definite difference
in the toxicity of fish of the seme species taken north and south of a line
drawn straight out from the goverrment pier at that island. Fish taken even
one fathom inside of that line are poisonous, they said. They further reported
[Page 132] that the fish at Laulau Bay are not poisonous, while those taken around
the poisonous weed beds at Tenlan and the pleaces where poisonous crabs ocour at
Seipan are mostly toxice. In order to test these assertions the author selected
three stations, taking the fishermen's theories into oconsideration, and fished
at all three for sazenamihagi [Ctenochaetus strigosus], selecting this species
for comparison because it was easy to obtain, Seventeen specimens were collected
and tested, and it was impossible to establish any difference between the results
from the three stations. (The results are reported in Chapter II in the section
on the sazanemihegi.) (It is not possible here to give the exaoct locations of
the stations,)

For the scattered‘islands of the Marshalls group Matsuo made a detailed
record of the variations in toxicity reported by natives from the various islands
who visited Jaluit. He listed the native names for fish at sixteen islands and

noted the variations in toxicity. The present writer elso inguired of the
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natives concernine differences in the toxicity of fishes kn.wn by the same native
names at various islands. Judging from these data there ap ears to be a tendency
for varirtions in toxicity for the same species at differen islands of the same
group to be most common in the mildly toxic species and lea 't common in the
violently toxic smecies. The only way to clarify this whol: question would be to
carry on studies over a long pepriod of time at all of the citlyins islands,

A point whieh should be noted is that fishes to which :he same name is given

are not necessarily of the same species. :in example in ‘arshallese is dreb,
which is a general term used for almost all species of the 1enus Gympothopgx.
The name Jowe 1s a general term for the Serranidae, and thero are many other
similar exaunples such as bub (Balistidae), julae (genus Pl mg?g) ’ and
(epetidas), The same thins is true of Japanese common aar es, which rarely .
 fine distinctions between species. For this reason any st:dy vhich is based cn)g
on names is bound to result in confusion.

- A comparison of replies to requests for the names of poilsonous fishes
addressed to various areas 7ave no useable results, the situation v'ith regard to
Japanese common names beinn even morc confused than in the case of ths native
names, For example, the name gkaomasu is applied to so many different species
that it 1s useless for exact identification. The fish called gomasu, an alto~
pether distinct species from those just mentioned, 1s also called gusuk] at
Jaluit and aomachi, Smggchi, or Smasy at Saipan, giving one the impression of
dealin~ with several different species.

This confusion in nomenclature makes accurate identification impossible,
and even thourth a fish may be edible at rne island ani a fish uith the sams
n~me may be shown to be poisonous at another island, no confidence can be placed
in this as an evidence of local variation in toxicity.

Tt should be noted that the result.s of experiments with animals reported in
the variovs sections of Chapter II show that in many spccies the toxicity varies
as between individual specimens. Although the toxicity of a species may not
[Pame 133] varv within a limited arenr, it should be reco~nized that some varia-
tion exists in widely senarated rervione , as set forth in the following Section 3.

[Pame 134] Section 2 Cn Individual and Seasonal Varintions in Toxicity

At the end of the precedins section it was stated that the toxicity of mildly
poisoncus species varies with the locslity. Furthermore, the results of experiments
reported in the various sectirns of Chapter II shou that within the some species
individuals vary greatlv in toxicity. This has ~iven rise to various theories,
as reported in the preceding section, but at present the reason for these varia- R
tions is unknown and it can only bc said that they are duc to some physiclosical
causes. “uite a few authorities, including Pawlowsky and Poey (op, g¢it.), have
theutht that cne of these physiolo~ical couses is probably relsted to spawning
The writer recrets thot he was unchle in the short period of time which this in-
vestication covered to confirm t'.h:ls hypothesis.

Tt has also been oointed out in Chapter II that -in a number of sneciea :
variation in toxicity dependinn on apge can be observed. This is true, for exam‘ls, -

of Caranx melampy~us among others, and Pawlowsky hes reported the same
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phenomenon for lethrinus rostratus. It is not “ncwn 4t nresent whether such a
variation exists in all specics of poisoncus fish or only in certain species, but
it should be noted that it occurs in a sood many.

It appears that there is no discernible variation in toxicity due to sex. ’

[Page 135] Section 3 On the Distribution of Poisonous Fishes

A comparison of the !Marianas, Carolines, and Marshalls aress of the South
Seas shows that poisonous fish occur in the greatest abundance, with the larmest
number of species, and with the strongest toxicity in the llarshalls, The number
of species found in the Marianas is much smaller and few of them are strcngly
toxic. This investigation did not extend to the Carolines area, however; it
anpears that although quite a few species occur in the western Carolincs, they
are almost unknown in the eastern part of the sroup. any of the species re-
corded as poisonous in this paper are distributed throuchout this area.

A point which should be noted concerning the distribution of poisonous fishes -
is that since most of them are taken near the outer reefs by the natives fishing
mith hook and line or byv Japanese using driving-in nets, they are no problem in
areas “here they are not taken because driving-in nets are not used or where they
are taken but not eaten becruse of local dietary habits. Consequently there may
be places where they occur but where they have never been recorded nor reported.

Most of the speclies treated in Chapter III occur in the *‘arshalls but only
in rare cases are they limited to that area. The majority of them have a wide
distribntion, manvy of them occurring in the coastal waters of Sast ifricz, the
Ned Sea, the Indian Ocean, the Trst Indies, '"awaii, and llorth Australia. A more
detailed examination shous that the coastal waters of Southeast 'sia, that is
'alaya, French Indo=China; Thailand, and the China Sea, have few species in
common with the 'farshalls, and there seem to have been no reports of poisonous
fish occurrine in those waters. Althoush the Zast Indies (Sunda, Horneo, Celsbes,
etc) area has a mood many species in common vith the Ylarsells, e have not been .
able to find any mention of poisonous fish amons the numerous papers nublished
there. This may be because they occur rarely there, or becocuse they are not talen -
by the fishins methods in use there and so do not appear in the morket, or because
the natives are not, like the Japanese, a fish-eatin~ people. !lot havinf' investi-
sated this situation in person, all the writer can say is that judning from the
literature published hitherto there are probably no poisonoua fishes occurring in
the Tast Indies and the Indian Ocean.

The areas which have the deepest connection with the poisonous fishee of the
“arshalls and “arianas cited in this report are Havaii: (including “Take I.) and
the so=called Folynesian islands (Fiji, 3amoa, Society, Mew Caledonia, lew
"ebrides s-and so forth), The ichthyfauna of the Marshalls is, as stated by llerre®,
(Page 1361mmoat closely related to that of the lawaiian Islands and the various
Polynesian groups.

'l'hey have many species in common, the majdrityl of those recorded in this -
paper beinnm also found in those islands, and it is not difficult to imagine that -

¥lerre: The Fishes of the lerre Philipnine Uxpedition. llongkong, 1934.
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they must have other poisoncus fishes besides the ones which e have cited. It
is thourht that these islands must have the most numerocus and the most viclently
toxic fishes of any place in the Pacific., It is significant that in the pre-
-vious literature cven Americans, who customrily do not eat much fish, have
noted the occurrence of polsonous fish in 3amoa. !Many of the poisonous species
occur in northern Australia, but.apparently only tetraodonts are found in the
southern part. ’

In the Atlantic many species of poisoncus fish have bee'n reported from the
“est Indies and surrcundin~ waters. Poey and many others have *ritt.en of them,
They are perhnpa more numerous than those of the Facifiec.

- A map has been inserted in-this renort showine the '!istribu:bion of poison-
ous fishes throuzhout the world. It shows that these fishes are confined almost
entirely to the tronic seas, and they are most’/numerous around isolated islands
~ far from continental shores. The water in these areas is little affected by
drainage from the land, it is poor in plankton, extraordinarily clear, and doral
reefs are well develoned in it. Polsonous fish seem to be espekciull,v abundant
around coral atol].s )

Because of the narallels between the distribution of' coral reefs and that of

poisonous fishes, the writer is moved to advance the bold hynothesis thot there
is a connection, indirect if not direct, between the nematocysts of the coral

polyps and the poisonous fishes. In Japan the only poisoncus fishes are a few
specics of tetraodonts, which seem to represent the northern iimit of distri-
bution. Tt is interestin~ to note that in Okinawa Prefecture, where coral reefs
. are found, quite a fem of the poisonous species cited in this renort occur. It
i3 thourht that the absence of noisoncus fishcs from the Indian Ccean,:Red Sea,
and Sast Tndies, where quite a few of them should be expected to occur, is due
to the fact that in many of these areas the coral does not rrou well because of
the effect of runoff water from the land. The east coast of Aisia is a good
example, :ith a great deal of drainage from the land, an ichthyfauna very _
different from that of the area covered in this investigation, and no poisonms
- fishes, (end)
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1934
Report of en Investigation of Poisonous Fishes within the jurisdiotion
of the Saipan Brench of the Government-General

Foreword

I was recently ordered by the South Seas Government-General to undertake
a8 study of about one month's duration of the polsonous fishes within the area
under the jurisdiction of the Saipan Branch of the Govermment-General, I was
not competent ‘o undertake such a task, and of course it hardly need be said
that it was impossible to settle such a great problem by an investigation
covering such a limited period of time, however, I did as I was ordered without
considering my lack of qualifications,

On September 17, 1934, I sailed from Yokohama for Saipan, and I returned
to Tokyo on October 14 of the sams year., About two weeks passed between the
receipt of &y orders and my departure and during that time I endeavored to as-
gembls reference material concerning the inwvestigation, but all I could find
was the "Report of a Study of the Polsonous Fishes of Jaluit" by Dr. Ryuichi
Matsuo of the South Seas Government-General's Clinic. Perhaps it may be said
that there was no other literaturs on the subject.

My investigations were mainly centered at Saipan for the reason that et
Tinian and Rota the facilities for such a study were lacking, The period of
the investigation was during the rainy season and day after day there were in-
numerable rain squalls. The sea was rough and the collection of materials and
other phases of the work did not.go as expected, That I was consequently un-
able to execute fully the task assigned to me 1s a matter for deep regret.

I hope that it will be understood at the start that in the preparation of
this manuscript it wes unavoidable that many parts of it should be incomplete
and imperfect. If I am fortunate enough to be granted. the opportunity I would
like to make up for these shortcomings in a later study.

March, 1935
Tokyo Imperial University
Contagious Disease Research Institute
Department of Immunology

Takashi Yasukawa
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Introduction and Literature

As commonly used the term "poisonous fish" has a very broad meaning and
there is no apparent agreement among the various interpretations of it, I
consider it proper to interpret the term as having a general application to all
species which have poisonous substances contained in their bodies and which
directly harm the human body, whether by the contact of their bodies or by
the eating of their flesh or viscera either fresh or some time after their
death, These fishes fall naturally into two categories depending on the loca-
tion of the poisonous substances in their bodies, The first type includes
thoss species which take some positive protective action., Their poison is con-
tained in special spaces at the bases of the fin spines and is injected into
the victim by the action of muscles when the spines are touched, Polisons of
this type may be very violent, but the flesh of such fishes causes no reaction
whatever,

The second type are fishes in which the protective function is passive,
These are the species which are commonly called "poisonous fish", If the flesh
of these fishes is eaten, poisoning results and in many cases it is fatal.

The location of the poisonous element varies somewhat in different species,
but it is chiefly found in the gonads, pariicularly in the ovaries, or some-
times in the liver, For this reason if sufficlent care is taken in preparing
the fish for the table, the flesh may be eaten without any 111 effects, The
poison in these fishes is not produced until the fish reaches maturity and is
most violent in its action during the spawming season,

My orders were to investigate the fishes in the latter category. Present-
day organic chemistry cannot provide any satisfactory answers regarding the
polsonous elements in these fishes. None of the characteristica of their com-
position have been made clear, Among past studies of poisonous fishes are the
following on the balloonfish, which has been known in Japan since ancient
times: in 1889 Tekahashi and Inoke studied the symptoms of poisoning in animals
and investigated methods of isolating the poison. Later Dr. Narumi Inoue
studied the curative properties of the poison, and in recent years Dr, Fusao
Ishihara made a physiological study of balloonfish poison. Dr, Ryojun Tehara
sucoeeded in refining balloonfish poison and it is employed as a medicine at
present under the name of "Tetrodotoxin."

It 18 not very widely known that among the fishes of the tropics, parti-
cularly among salt-water fishes, there are many that are poisonous. The only
etudy of such fishes of which we have any knowledge 1s the 1925 report by
Rytiichi Matsuo from Jaluit I, which was mentioned above. For ssven months be-
ginning in August, 1924, Katsuo utilized his leisure from his medical duties
to make a detalled study, but he did not succeed in clarifying the problem,

In the report of marine biological researches aboard the special duty
vessel Kfshu in the South Sea Islande in 1933 it was noted that "In the Caro-
line Islands there are no poisonous fishes except the balloonfish., Fish taken
by angling from the ship were eaten, after being identified by the Fisheries
Experiment Station of the Government-General, and no cases of poisoning re-
sulted.” Dr. Amemiya (1921) has reported on fishes with poisonous spines.

Thinking that the only way 1 could operate would be to observe the actual
conditions in the field and then bring back with me the materials for my ex-
periments, I tools along with me some of the instruments and chemicals which
would be needed in the experiments. (TN ! ] In the tropics it is particularly
essential that dissections of fishes be carried out with the utmost expeditionm,
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but because of the lack of assistance I was unable to make fully detailed ob~
servations, As for chemical investigations of the poison, these could not be
done in the field and naturally changes took place in the materials, This
was the most difficult point in the investigation. -

1 wish to express my thanks to Governmor-General Hayashi for the oppor-
tunity to make this study, and to Mr. Pushida, Chief of %the Saipan Branch, and
Administrative Officer Kurushima for the facilitlies which they placed at my
disposal. Sincere thanks are also due to Technician Yamanaka, Chief of the
Productive Industries Section, for taking time from his many duties to give me
guidance and assistance, I wish 2lso to thank Technlcian Marukawa of the
Fisheries Experiment Station of the Miristry of Agriculture and Forestry and
Dr. fakiya, former Chlef of the Korean Government~Genersl Fisheries Experiment
Station, for their valuable advice and assistance in locating the literature
on the subject, and Mr, Miyakawa, head of the Contaglous Disease Research In-
stitute, and Dr, Toyama, head of the Immunology Section, for their kind cone

" gideration, as well as Dr, Hosotani for his advics on the poison experiments.

1, Fishermen's Reports

In beginning the investigation I thought that it would be a good idea to
get the opinions of the fishermen, who are in direct and intimate ‘touch with
the problem, and then to use the information gained from them ns & basis for
my studies, Through the good offices of Technician Yamanaka I wae able to
talk with fishermen, ask them various questions, and obtain material for =y
study. - The following are their replies to my inquiries:

(1) Kinds of poisonoua fish

m.nt'(rémbles the sea-bream), gmachi, Shiraali [Caranx sp.
upagl G [(moray eel], Zkamasy (barracuda], Zmebaru -]
kughiky (resembles a black monacaathid), balloonfish

The moray eel is very dangerous and from time to time people die of eat-
ing it. There were also =aid to be other dangsrous specles the names of which
were not kaown.

(2) Habitats of poisonous fish

In general fish which live outside the reefs are dangerous., In the cass
of the kuchilky, those taken in the vicinity of the government pier and south
tomard Charankanoa are dangerous, but those taken near the breakwater are

safe to eat, it was reported. At Tinian also the fish from outside the reef
are dangerous, it was saig,

(3) Distinctions based on form and coloration

It is difficult to distinguish poisonous fishes by their form and colora-
tion, but they are generally large. It is said that even in a polsonons
species the small specimens may be nonpoisonous,
(4) Relationship of toxicity to food

It 18 said that the fish become poisonous through eating crabs, and some
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also say throgh eating polsonous seaweeds., Some ascribe the toxlcity to a
weed which grows on the reef rocks. There 1s no agreement on these points
and these beliefs appear to be without any foundation,

(5) Relationship of toxicity to spawning
Completely unknown
(6) Seasonal toxiecity

There 1s no seasonal variation with such spscies as the gkamagy end the
moray eels, Nothing {s known regarding other species,

(7) Effect of cooking

Eating the fish raw is said to produce a comparatively milder degree of
poisoning,

(8) Differences in toxicity from island to ialand

- The gkamapgy is said to be safe to eat at Yap, Truk, and Palau, where it
is the most highly prised of foodfish. The fishermen say that fish taken ine
side the harbor are safe while those taken outside the harbor are dangerous,
Administrative Officer Kurushima said that at Palau, Yap, Ponape, Truk, and
Kusaie there are no poisonous fish, and that Jaluit has the greatest number of
polsonous species, '

I began my work with the above’ fucts as a genefal basis, howver, these
were all reports picked up at random from various persons and their origins
were unknown,

According to Matsuo's report, of all the South Sea 1slands Jaluit has the
greatest abundance of poisonous fish, Out of about 180 species ocourring in
the waters around Jaluit approximately 36, or one in five, are poisonous., It
is not known, however, why these fishes contain poison,

The majority of cases of poisoning result from absorption of poison through
the digestive organs, The symptoms are in general like those produced bty bale
loonfish poisoning in Japan, These symptoms wvary in severity, but in serious
cases there 1s sensory and locomotory paralysis and death often results. The'
sysptoms produced in dogs, cats, and pigs are milder than those seen in humans,
end in chickens they are even less severe, it is said,

2. Ecology and Distribution of Foisonous Fishes

Polsonous fishes generally live in schools. They are not found in coastal
. waters where there 1s no seaweed on the bottom, and they do not occur far from
the coast, South of the government pier along the coast of South Garapan
there is a great deal of weed resembling gkamo, and north of the Nank8 Fishing
Company's pier along the coast of Pontamuchau thers is a profuse growth of a
seawsed resembling the goga. The bottom is almost all covered with broken
fragwents of coral and is white so that it reflects the light and makes the
water appear & bsautiful blue color. There are coral ridges here and there
which have a considerable growth of weed, The fish assemble around these
places and eat « No other type of food is apparent in these areas.

As for the distribution of the fish, large individuals of such large species
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as the akamasu, ohiraaji, eand gmachi are almost always found outside the reef,
although from timeé to time they come inside in pursuit of reef-fishes, The

moray eels, mebaru, kuchiku, and balloonfish occur in large numbers inside

the reef. Norays are more abundant in the northern half of the area while

the kuchiky occurs more abundantly in the southern half, The east coast of
the island has a high surf and is dangerous =0 the investigations had to be
confined to the western shores,

3. Vieus on the Dissection of Poisonous Fighes

Hethod of collegtion. The fish were collected in depths of several fathoms
and were all taken with a spear. Consequently the heads or bellies were
damaged and this made it difficult to-examine the organs properly vhen the
fish were dissected.

(1) kuchily

Stomcb contents ... gravel (coral fragmenta) only, slight Mieations
that seawesd had been eaten, Gonads imnattn'e.

(2) akapasy

Stomach contents ... Miscellaneous small fish which wore almost completely
digested and therefore shapeless, Gonads immaturc.

(3) Balloonfish

Stomach contents ... gravel only
Gonads ... immature -

(4) Moray eel

Stomach contents ... Small fish had been eaten but they were unrecognizable
Gonads ... Some specimens were seen which had rather ripe gonads.

In addition to these species some foocdfishes such as the muro and f.he
9@ligan (a goatfish) were diesected for purposes of comparison.

Muroail [Decapterus sp.] ' -

’ Stomach contents ... In most cases the stomach was almost empty.
Gonads ... Immature

Qiisey (Goatfish)

Stomach contents ... Miscellaneous small fish \
Gonads ... Some specimens had rather ripe gonads.

N

In general the examination of the stomach contents of these fishes showed
almoet nothing which could be thought to be food. Most of the stomachs were
filled with broken fragments of coral and small fish were encountered only
rarely. Observations of the sea bottom showed that it was as clean swept as
a park and as bare as a desert with nothing in sight which could serve as
food., The relationship between the fishes and the plankton could not be in-
vestigated because of the lack of facilities., The season for the ripening of
the gonads differs, of course, hetween different species, but in most of the
poisonous gspecies the gonads were immature.
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4. Bacteriological Investigations of Poieoncus Pishes

The toxicity of poisonocus {ishes is not due to bacteria. It was, of
course, hardly necessary for me to confirm the fact that the poison result-
ing from putrefaction after death is due to bacterial action, tut as I was
ordered to do so I performed the followlng axperiment, The materials used
wore eight kuchikn, three morays, and three balloonfish. As controls three
goatfish and three Decapteryg sp. were used, making a total of twenty fish
employed in the experiment,

‘The fish were first opened up with a steriliszed scalpel and scissors and
all of the viscera were removed. A plaetinum wire was then used to plent cul~-
tures on both EIndo plates and agar plates, The cultures were left at room -
temperature (26° average) for twenty-four hours,

Almost no bacterial colonies were seen in the cultures from the livers, -
gonads, kidneys, and mscles, The colonies which were seen developed on the
cultures from the inside of the intestines, In general definite colonies
were formed, tthen a microscopic examination was made of colonies which were
thought to differ, twenty-five stocks were distinguished {7]. ’ '

These bacteria were in general glossy bacilli which did not turn the
End5 medium red, They were Gram-negative and most of them possessed mobility.
Few of them broke down lactose, and although they broke down grape sugar they
did not generate gas. Seven strains broke down glucose. Few of them coagu~
lated milk, eight strains liquefied gelatine, and none of them formed indol.

From these results it was not possible to detacf. any strains of bacteria
peculiar to poisonous fishes,

_After the bacteria were isolated they were cultured through four - five
generations (transplanted once svery three weeks) on agar slopes.
These cultures were used in experiments on representative experimental animals,
The fluid used in the innoculations was prepared by floating the requisite
amount of bacteria from a culture grown on an agar slope for 20 hours at 37°C,
in a physiologlcal salire solution, and 0.5 ml of this preparation was injected
into the body cavity of a mouse weighing 12 - 13 grams, The toxicity was :
judged by whether or not the animal was alive at the end of 48 hours. The fol-
lowing table shows the results: ,

Specles of Fish  kuchiky moray balloonfish
Fo.of Strain 1 6 9 - 10 13 - T
l : weak weak woak died died weak
(::f) (small)} (large) (large)
lived | 1ived weak k lived -t
% (oaal1) (bmall) | (small) ve |
§ all lived
1% all lived
!
20 all lived
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Thie means that mice died of the effects of the amount of bacteria picked
up on one platinum wire, There was no detectsble difference in the virulence
of the various species,

5. Chemical Studies of the Poison

It was unfortunately impossible to obtain the results desired in the im-
portant chemical researches because of insufficient help in dissecting and
handling the specimens, an insufficiency of instruments and vessels, and the
lack of refrigeration,

Fish obtained by the method described above were dissected and the muscle
tissue, liver, gonads, and blood were put into separate vessels, FEach organ
and the muscle tissue were ground up finely in a milk-bowl, three parts of .
pure water were added, the blood was collected in a sterile test tube, chlo-
roform and teluol were added to prevent decomposition, and the apecimens were -
stored in a dark cool place until they were brought back to Japan. 1t is.
not known whether or not this method of preservation was a suitable one. Be~-
cause of the method by which the fish were taken, they quickly died and their .
blood coagulated. Consequently only a very small amount of blood conld be .-
collected.

Experiments with this material were begun immediately upon my return to
the Institute, but a period of at least two weeks had passed since the collec~
tion of the test materials, Although these were stored at low temperatures,
on the way home the vessel encountered a typhoon and as a resnlt the refrigera-
tion equipment did not function perfectly. Also I was unfortunately not able -
to bring back a large amount of material because of the danger of breakage
to glass containers aboard ship and because of the necessity of selecting only:
&8 much as was convenient to carry back with me. I also brought back speci-
mens of crabs, coral, and sea-weeds, £

I first filtered the test materials, removed the chloroform and toluol,.
and then injected 0.5 ml of the flnid into the body cavity of a mouse weigh-
4ng 13-15 grams, The results were observed with controls (edible fish) for
comparison, ‘There were no effects and none of the animals died. Fven when
the test material was concentrated at a low pressure and injected into the
body cavities of mice, no effects could be observed. I wonder whether this
may have been entirely dve to the unsuitable manner in which I transported -
the test materials? And in the case of a study carried on in a tropical arvea
and requiring a considerable period of time, is it not senseless not to per-
form the experiments in the field?

6. Effect of the Occurrence of Poisonous Fishes on
Fisheries in General and Countermeasures to be Taken

The principal fisheries of the South Sea Islands are those for the skip-
Jack and the tuna. The question of whether the poisonous fishes are shore '
species or deepsea species has a direct and important bearing on.the main
fisheries of the South Seas. The poisonous fishes are mostly large species
which occur outside of the reefs, but at least at present there have been no
reports of cases of poisoning caused hy skipjack and tuna (when eaten as raw
fish). In general the consumers of these fishes hold the belief that they are
never poisonous, and so there is no particular problem, however, if semeone
should on some occasion feel somewhat unwell for some other reason and this
condition should coincide with his having eaten some skipjack or tuna, the
report that these fishes are also poisonous would spread rapidly throngh the
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Iglands, An incident of this sort could reduce the South Seas fishery, with
its vast and limitless resources, overnight from the flourishing condition to
which it has been built by past endeavors to complete destruction, It would
require a many times greater effort to recover from such a situation than it
did to build up the industry in the first place.

In actual fishing poisonous fishes are always taken in large numbers
along with the useful fishes, Since the polsonous fishes are completely
lacking in commercial value, they are released agein, This has the effect of
protecting the poisonous fishes and gives them & grester power of propagation
in comparison with the useful fishes, the ultimate effect of which will be to
enable them to drive out the useful species, Particularly in the case of
fishes like the akamagu, when they are taken.in great numbers, the large fish, .
which are over 2 feet in length, often damage the nets, Furthermors these
fish are voracious and they eat useful fishes, thus causing great damage.

When a fish like the akamagu, which is highly valued at other islands, 1s
treated as a poisonons fish the economic effects are great. Countermessures
against this situation might be to catch these fish at a certain season, say -
before the spawning season, and thus almost stop their propagation, or if their
toxicity originates in their food, they might be held in ponds for a certain
period of time until the toxicity was lost and in such a fashion poisonous
fishes conld be made nonpoisonous.

7. Conclusions

- The following conclusiona can be drawn from this study:
(1) Large fishes which inhabit the weters beyond the reefs are likely to be
poisonous, It is thought that the toxicity may be peculiar to fully matured
fish or that it may be related to the gonads. It may be that because of the
water temperatire (surface temperature 27 - 28°) these fish contain ripe
eggs more often than do fish in Japanesze waters and that therefore they can:
produce poisoning at any time. Since the same species may or may not be
toxic at different islands or even at different places within the same reef,
it may perhaps: come down to & question of a particular type of food found

only in particular places,
(2) Since people differ individually in their physical makeup, it m be that
in some cases where poisoning was caused by somothing else the story was
passed along that a certain fish was toxic,
(3) It is also thought possible that some of :these poisonings may be ptou:lne §
poisoning, In this area the fish peddlers carry their wares cn their heads
in boxes (about 3 feet long by 2 feet wide by 6 inches deep) with 2 to 4-inch
squares of wire screen in each side (for ventilation), The fish in the shops .
are so covered with flies that it iz herd to tell what species they are, Ioce
is neter put on the fish as it is in Japan and consequently the fish are
dried out, the color of the ckin is faded, the elasticity of the muscles is
lost, and the fish looks almost as if it had been exposed directly to the
rays of the dburning sun. Under such circumstances the protein of the flesh
is decomposed and one feels deeply that ecating such fish may give rise to
so-called ptomaine poisoning.

In making this study I took the reporis of fishermen as a foundation., I
ar very much ashamed of the fact that I was uneable fully to carry out the
task assigned me because of the short duration of my stay in the field and the
contimoul unfavorable weather,

As for the character of the toxic element, et present we are lmtpd to
the conjectures set forth above, and onr knowledge on the subject is extremely
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vague, We must not stop our work until the following have been accomplished:

1. Investigetion of the spawning seasons of poisonous fishes

2., Investigation of the food of poisonous fishes

3. Anims)] feeding tests with each of the organs of raw poisonous fishes

4. Tests on experimentel animals with poison from the various organs of
poisonous fishes without using chemiczal techniques

. 5, Serological studies of polsonous fishes

Such studies should reveal where the toxic element is located and its
relation to the gonada and to the food habits of the fish, Once this has beea
accomplished, if the toxin is sought by chemical techniques, it will be pos- -
sible to clarify its pharmacological significance and 1t vill not be d:lf’icult
to find its clinical applications.

The essential point 1s that the work should be done in the field with
- fresh material to ascertain the presence of poison by means of experiments on
animals,

These investigations are ¢ruly difficult and they will not, of course,
be accomplished in a day, but on the other hand I believe that they are im~
portant problems which should be clarified.

~
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On the Physiological sction of Balleoonfish poison

It appears that in Chins and Japan, where balloonfish are used as food,
the fact that the balloonfish is poisonous has been known since very ancient
times. In the Shan Hai Ching written by Po Yi, Minister to Ti Shun, it is
noted that "eating this kills people". In 1645 Shigeyori Matsue published his
Mokyieo in which is found the famous old saying *I would 1like to eat ths bale-
loonfish, but my life is preclous to me."™ There are many other notes on
balloonfish poison in ancient books, and in quite a few instances the writers
even made more detailed reports to the effect that the poison was contained in
the liver and the gonads, Theae, however, were all mere rocords of experience
and there was not one person who sought the balloonfish poison scientifically,
The study by Mateubara (1883)1 ie regarded as the first attempt at a scienti.
fic handling of this nmatter, He fed balloonfish ovaries to dogs, injected
fluids from the ovaries, and asceriained that these methods produced symptoms
of poisoning. Later there was a continuous series of reports by Takahashi and
Inoko (1889, 1892, 1893)2s3s4, Ishihara (1917, 1924)5:6, and Yano (1937)7, and
of whom made pharmecological atudiga of the toxic action of balloonfish poison,
by Tahara (1894, 1909, 1910, 1912)8,9»10:11 4nd Xeneyama (1943)12, who made
detailed studies of the chemistry of the poison, and by Tani (1940, 1945)13, o
papil of Professor Fukuda of KylUshii University, who made detailed studies on

* the toxicity of various organs of a}ll species of balloonfish at various seasons.
Since the author has already (1947)*% discussed the results of all of these
studies in an earlier article, they will be omitted here. ’

Among this great sbundance of reports is that of Ishihara (1917)5, sho ade
ministered balloonfish poison to various animals and investigated their reac-
tions and particularly the lethal dosage. The present suthor has, however,
experimented with the poison on an even grester number of animals from the
human at the top taxonomic level down to the lowly protozoans -= accepting the
resulis reported by other researchers for those animals such as the human and
the rabbit on which he was not able to experiment himself -~ and he has reached
gsome interesting conclusions which are reported herein,

Materials and Methods

As a source of balloonfish.poison the entralls of the komon fugn

8 alboplumbeus (Richardson)] were fed to animals, and a 0,01% solue
tion of Sanky®'s Tetrodotoxin (T) or a solution extracted by Tahara's wethod
from the viscera of S. alboplumbeys were employed, Thess solutions were in-
Jocted subcutaneously into vertebrates and were injected or dropped into
suitable places such as the body cavity in ascidians, the mouth, eye, or legs
of insects and crustaceans, the body cavity or gills >f mollusks, and the body
cavity of echinoderms and coelenterates, and their reactions were observed.

As 18 shown in the tables, these experiments were performed upon a large
munber of species of experimental animals. The heading "reaction time" means
the length of time required before any reaction to the balloonfish poison was
exhibited, For example with the fono ) [Rena pigromaculata Hallowell]
it is the period of time from direc after the injection until the frog began
to roll its eyes and to breathe in a fashion resembling the Cheyne~-Stokes res-
piration, The "lethal time" is the period until respiration and all movemsnt
cease, A peculiarity of belloonf'ish poison, however, is that even after res-
piration ceases the heart continues to beat,

*A continuation of work done at the Tokyo University Netural Science Labora-
tory .
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_ Regults. of . the Experiments

As the table shows, balloonfish poison ia fatal (by paralysis of the cene
tral nervous system) to all kinds of animale below the human level. The
balloonfish is not, however, affected by the poison of other members of its
family (the Tetrodontidae), although sne kind of poisonous spider, the
Zame sp.] is harmed by this poison. When a solution of balloonfish
poison was poured into a shell inhabited by a hermit crab, the crab came out
of the shell, When the poison was injected into their chelipeds, some ishigani
[Charvbdis 6-dentate Herbst ] spontanecusly cast off these eppendages, The
poison had, however, already circulated in their bodies ard they died., As the
result of a very carefully performed experiment an occtopus was affected by
balloonfish poison and died, But an extremely noteworthy point is that al-
though mollusks other than the octopus and other animals of lower levels of
development showed more or less reaction to the poison ~ for example anails
were paralyzed for fairly long periods of time by large injections of poison =
none of them ever died of its effects,

Thy is it that the balloonfish and the other lower animals with the
tion of the octopus are ifmmune to balloonfish poiszon? Do the balloonfish,
like other poisonous animals such as the poisonous snskes, have antitoxins to
their own poison? Is it perhaps that these lower animals lack the type of
nervous system which could be affected by the poison? The answers to these
questions will probably have to aweit further study. Finally I wish to report
one fact and that is that balloonfish poison does not pass along the nerves
but is spread throughout the body in the blood vessels. The suthor ascertained
this fact by the experiment of tylng a string around the proximal portion of
the hind leg of a frog [R. nigromaculata ] so that precsure was applied only to
the blood vessels, injecting the polson near the distal end of the leg, and then
untying the string after tho passage of a definite perlod of time.

In closing I wish to express my thanks to Professor Tsuyoshi Inoue of
Kanagawa Medical College for facilitating this study in various ways,
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Cases of poisoning by the Reef Fish LUTJANUS VALIGLEISIS

¥hile engaged in studies on the reef fishes of Okinawa Prefecture, I
recorded a score or more of poisoning'cases caused by skana (Lutjanus vaigiensis
(Quoy and Gaimard). A few reports®»3s4»3 of cases of humans being poisoned by
this and related species in the South Seas have already been published. However
since poisoning cases are not yet known from this area, I wish to present this
report. Touching upon the preparation of this manuseript, I would like to ex-
press ny deep appreciation to Viscount Keizo Shibusawa, who aided in thais
study, and to my kind teacher, Dr. Talchiro Okada, for his constant guidance
and roview, In addition, thanks are due to Isamu Nagai, B.M., (TN: Bachelor of
Nedicine) for his many suggestions, to Kiichi Sato, Department Head of the
Okinawa Prefectural Higher Normal School, for making facilities available for
this study, and to Technician Hirotaka Yashiro,

1, Deacription of the Species

The fish which cauees poisoning is Lutjemus yaigiensis (Quoy and Gaimard)
and is called akang and akasubl in this region, Describing a single male
specimen, 335 millimeters in total length, eaught at Kutakajima on July 3,
1942:

Akana: Lutianus valziensis (Quoy and Gaimard)

Borphology: body length:body depth, 4 3/4; body length:head length, 2 3/5;.
head length:snout length, 2 2/5; head length:diameter of eye, 4 3/4; smout -
length:diameter of eye, 1 3/4. Body fusiform, dorsal profile somewhat arched,
Eye placed high, snout conical with pointed tip., GCape somewhat slanted, Up-
per and lower jaw roughly of the same length, the end of the upper jaw reaching
a point directly beneath the ventral margin of the eye, The posterlor edge of
the opercle projects, Dorsal fin, 10 spines, 1. soft rays; anal fin, 3 spines,
8 soft rays; 57 pored scales along the lateral line; dorsal spines and reys
stiff; IV is longest dorsal spine; III is longest anal spine; pectoral fins
long and falcate with slender tips reacuing to the anus, Caudal fin broad,

the posterior margin deeply split and bifurcate. The lateral line runs high
along the body, following the dorsal profile; the acale rows dorsal to the
lateral line run at an angle to the lateral line,

Coloration: Back and dorsal sides of body reddish-brown, abdominal sides of
body rose-colored, abdomen white, Bluish-green parts beneath the eyes and
posterior margin of the opercle tinged with brownishegreen, Pectoral, dorsal,
and caudal fins light reddish-brown in color, pelvic and anal fins grayish-red.

Notes: This description agrees with okifuedai, Lutjanus valegiersis (Quo_’y and
Geimard) of Gkada and MatsubaraS, - Furthermore, it agrees with Hiyamata’ de-
‘scription of gkadolutarumi, Lutiamms vaisglensis (Qnoy and Gaimard) reported.
from Saipan and Tinian, On the other hand, it differs from fish reported from
Japan as gkifusdai, Lutjapus valegiensis (Quoy and Gaimard) by Shigeho Tanaka
in the shape of the body, the relative diameter of *he eye, number of pored
scales along the lateral line, the angle of the scale rows gbove the laterel
1line, relative length of the dorsal spines, relative length of the anal spines,
the shape of the caudal fin, and coloration of the body. Since I was unable
to consult Quoy and Gaimard's original description, I compared it with other
descriptions and found that it agrees very well with H. W. Fowler'sl0 ILytiapus
yaigiengls (Quoy and Gaimard) reported from the Philippine Islands. Here, I
_ have adopted Lytianus valegiensis (Quoy and Gaimard) as the scientific name and
without using either. of the two Japanese names, have rzferred to this fish by
its local name, skapa. :

~
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2. Poisoning Cases

Species of poisonous fishes found in this reglon arc extremely lirited in
number and because of the clear distinctions, there is no danger of confusing
this species with other species, Although the body lengths of the fish used
are not known, the body weights are recorded because they were determined Yy
examining the quoted prices of the fish. All were large, mature fish weighing
more than one % (1.32 1b.) and less than 15 kin. One kin in this region is
equivalent to 1 g (.132 08.) The amount of fish ingested is only that
asount remembered by t.he person affected and is approximate. None of the pa-
t.:lents were examined by doctors or treated with home remedies, :

Enmple No. 1

Locelity: Shimjiri-glm, Chinen-mura, Oaza Yamazato ,

Date: March 20, 1934 :

Fishing grounds Depths between Chinen-surs and Kutakajima araiinot.
Although the imeaning of arajipng is not clear, it

] probably refers to "deep waters",

Fishing method: One fish, 7 iin in weight, was caught by pole and line at
about 10 fathoms (TN: one fathom equals 5 ft.)

. §
Case No, 1

Raka--, Chi-- age 40 husband farmer large quantity poisoned
(TN: peraonal ’ . : of fish meat; _
names deleted in : three bowls of
part in original fish soup
paper) : ’
Case No, 2
Baka-~, To== age 40 wife mll amount of no offects
fish meat; two
™  bowls of fish
soup

Since sugar making had been completed on the date specified, Case No, 1
took leave of his household work, went fishing, and caught one akgna. He iw-
mediately returned home and dressed the fish about 5 p.m. The bones, meat,
and viscera were chopped up and the entire fish was used in making soup which
was eaten about 7 p.m. From 10 p.m., fatigue was felt in the lower parts of
the legs and this gradually extended to the uppsr body parts. About midnight,
lassitude was felt over the entire body with sensory and locomotory impairment,
Recovery started about 6 a.m. the following morning and after one day of rest,
the patient was restored to health, Although the fich was prepared in the sase
- way as for Case FNo. 1, Case Ho, 2 ate only a small amount of fish meat and fish
soup. No effects were felt, ', .

/Enmple No., 2

Locality: Shimajiri-gun, Chinen-ma, Oaza Shikiya
Date: June 10, 1942
- Fishing ground: arajinnu
Fighing method: A drive-in net was used in about 10 fathoms of water at
Kutalmjim and at about 1 p.m. 78 fish were caught around
‘a coral head.
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Case No. 3

==yama, ~-nen age 40 hustand - farmer 4 bovls of - poisoned
soup made with
fish meat and

viscera

Case No, 4 4
eeyama,==ko age 29 wife . 3 bowls " "
Case No, §
e~yama,-~shi age 11 eldest 3 bowls " .

‘ daughter '
Cage No, 6
~=yama,==-0 age 5 eldest son l1bowl " "
Cass No, 7 |
~-yana, ~-yoshi age 8 nephew / 2 bowls " L

Because Case No. 3 had been informed by a fisherman in the neighborhood
that the viascera is especially delicious, he made fish soup using a 15 kip fish
without discarding the viscera, The soup was eaten about 8 p.m. He awokeé at
4:30 a.m, the following morning because of a headache. Fatigue was felt in the
legs and pain in the joints, The nerves of his arms and legs beceme peralysed
and movement was impaired, The following 30 mimutes were spent in great pain.
Afterwards, the pain gradually eased and by 7 a.m,, suffering has practicelly
ceased, Although the effects dissppesared after three deys in bed, two addi-
tional days were spent In rest because of a weakened condition, The symptoms
felt by Case No. / were identical to those of Case No. 3, but no rest was re-

' quired because the effects were light. Case No. 5 complained of a headache with

apparent weariness of the arms.and legs, Case No, S exhibited symptoms stmilar
to seasicknsss, Although Case No. 7 complained of fatigue in the arms ‘and
legs, he left for school at 8 a.m, After going about 1000 metres from the
house, his legs wouldn't move snd not being able to walk, the boy started to
cry. Fortunately, a man with & horsecart was passing by and hé loaded the boy
into the cart and brought him home. Although he was breathing feehly when
brought home, he was able to attend aschool after three days in bed.

Case No, 8
==kawa, =~g0 age 39 husband part-time 4 bowls of poiaoned
farmer and soup made with :
fishermean fish meat
: \
Case No, 9
~=kawa,o<ki - age 41 wife " ' . -

Fish soup was made with an 8 kip fish after diacuﬂing the viscera. The
soup was partaken at supper at 6 p,m. At about 6 a.m. the following morning, -
Case No, 8 felt tired all over and at the same time, felt pain in the joints
of his arms and legs, He states, however, that there was no need of resting
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from work or for staying in bed. Case No. 9 had symptoms similer to those of
Case No. 8 but being more severe, che rested in bed for three days. An addi-
tionel three days of rest werec spent thereafter.

Case No. 10
~=fen,-~yu age 47 husband part-time 1 serving of poisoned
farmer and Dboiled fish,
fisherman 1 serving of
_ - raw {ish ’
Case No, 11 ' . .
-=n8n, ==ko age 47 wife 1 serving of no effects
raw fish e
Case No, 12
--nen, -~ko ege 19 eldest " "
daughter
Case Fo. 13
«=nen, =~yo age 11 second . n a
daughter
Cage No, 14
«~pen,--shi age 2 third - 2 8lices of i
. daughter " raw fish

One fish weighing 12 kip was eaten during supper at 8 p.m. of the speci-.
fied date, Case No. 10 ate boiled parts of the head, gills, and a part of the
viscers, in addition to the raw fish. From 4 a.m. the following morming, 'he.
felt fatigue in the arms and legs. A day’s rest was taken, After three days,
the effects disappeared and he recovered on the 10th day.

Cass No, 15 _
Ari--, Fokue- age 28.  husband fisherman 3 servings poisoned
: of boiled

fish neat

The viscera of a 6 kin fish was discarded, and the faeat alone was boiled
and eaten at 7 p,m, Effects were felt from 5 a.m, the following morning, and -7

these were practically identical to those of Case No, 10. Three daya of rest b
were taken, , o
" Cage Mo, 16 ) t
Ari--, XKai-- age 26 husband fisherman 2 servings of- poisoned l
, . boiled fish |

meat

A 6 kin fish was boiled and partaken for supper at 7 p.m, From 11 p.m,
pain was felt in the vertebral joints and joints of the arms and legs., Suf-
fering did not cease until noon the following day. Three days of rest were
taken,
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Case No, 17
«-ghiro,--ichi

Case Fo, 18
e=ghiro,--rei
Case No, 19
«=ghiro,~-hisa
Case No. 20
eeghiro,--saku

age 70

age 43

age 24

age 15

with fish meat

husband

eldest son

second son

The viscera of a 12 kin fish was discarded and the meat alone
at 6 p.m, and served at 8 p.m,

Case No. 21
Tﬂll‘-,"tokﬁ

Case No, 22

Tamaee,«=y3
Case No., 23
m"""ko
Case No, 24
Tqmng"ko

Case No, 25

A 14 kin fish was prepared at 7 p.m. and served at 8 p.m,

age 56

- age 55

age 22

age 16

age 6

husband part~-time
farwer and
fisherman

wife

eldest
deughter

sscond
daughter

third
caughter

1 serving
of raw fish,
2 bowls of
fish soup

3 bowls of
fish soup

2 bowls of
fish soup
and meat

2 bowls of
fieh soup

1 perving of
raw fish, 2
bowls of soup

~ grandfather ° 1 serving of raw fish, no effects
3 bowls of soup made

was prepared

no effects

The fish eaten

by the above-listed cases was hung in s cool, shady place from the time it
was caught until it was dressed,

Case No, 26

htl“ ’ YO ’hi“

age 35

husband part-tine
fisherman

and fmr
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Case No, 27

Nata--, Ka-- age 33 wife : : 2 servings no effects
of bolled
dried fish
Case No, 28
Wata--, Ya-- age 8 eldest ." .
’ daughter
Case No. 29
Mata--, Mo-~ ege 6 second " "
daughter
v
Case No, 30
Wata--, Kie- age 4 third " "
daughter .

A 10 kin fish was used which, after removal of the viscera, had been
dried in the hot sun for 5 days.

Case No, 31
Shin--, El== age 58 husband public 2 servings no effects
official of boiled
dried fish
Case No, 32° ‘
Shine-, To-~ age 54 wife .o, »
Case No, 33
Shin--, Masa-- age 29 eldest ' " "

Two 8 kin fish which had been dried for 4 days in the sun after removal
of the head, viscera, and bones were eaten for supper on the fifth day.

The 31 cases in Example 2 all used fish from the same cateh. According
to the fishermen, many fish of this speciss were mixed in with the day's catch.
The fishermen, knowing thié species to be poisonous separated them from the
catoch and instead of sending them to market, brought several home for use and
distributed a share to the village. Those that ate the fish out of curlesity
and daring suffered the described effects. Several residents of the same
village who had received the fish escaped harm bescause they heeded the warn-~
ings of o0ld men and threw away the fish,

Example No. 3

Localitys Shismajiri-gun, Zamni, Dasa Zamami

Date: August 16, 1943

Fishing ground: 100 metres from the tip of Kurigakinoshima off Zakassi-
gakya; water depth approximately 7 fathoms :

Fishiang method: One fish was caught by pole and line during high tide
about 9 p.m,
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Case No. 34

~=hara, =-ri ., age A2
Case No. 35

--hara,~=ko age 39
. Cass No., 36

""'hm.“?yo age 12
Case No, 37

e-hara,==ji - age 1l
Case Ho. 38

~ ==hara,=-shi age 9
Case No. 39
e-hara,--taks age 8

husband  public
official

wife

eldest
daughter

eldest
son

second
daughter

sscond son .

2 servings of poisoned
raw fish

1 gerving of no effects

raw {fish
n .4
L] "
" n
] »

The fish was brought home and prepared as raw fish the following morning

at 6 a.m, and was eaten for breakfast at 7 a.m.

Case No. 34 felt badly from

noon a8 from seasickness and fatigus mas gradually felt in the legs togethnr
- with a headache and pain in the joints of the arms and legs. As a resmult, he
“went to bed, From 9 p.m., pain subsided and by the time he awoke at 5 a.m.
the next worning, only a feeling of tiredmu remained. He recovered after 2

" days of rest,
3.

Causes of Poisoning

Types of viscera causing poisoning:

Those serving fresh fish
- viscera
moat
Those servirg dried fish
meat

poisoned
6
6

0

no effects
1
18

Although there wae no great difference in the degree of poiuoning cansed
by fish visoer:s and fish meat, there were a decidedly greatly number of poison-
ing cases resulting from the use of viecera from fresh fish. Twenty-five pere-

cent of the cases were from fish meat.

from dried fish meat.

There are as yet no cases of polsoning

Serving methods: The fish were not handled by special cooks but were all pre-
pared at home., Fish were served raw, boiled, and as soup, Of these three,
ravw fish and bdolled fish did not differ greatly in preparation from methods
used locally, but the soup was prepared unlike ordinary soup. The method of
preparation may be said to fall between that used for boiling fish and that
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us&d for making soup., The meat alone is used with a small amount of liquid,

~and bean paste is umlly added as a flavoring agent.

Percentage of polsoning cases according to method of preparation (fresh fish
only)s

No. poisoned No oi‘fecte

Raw fish 2 15
Boiled fish 3 0
Soup 4 5

Although the proportion is as above, one case listed under raw fish can-
not be said to have resulted from raw fish alone because both soup and raw
fish were eaten at the same time,

Progress of poisoning: Headache 4-6 hours after ingestion; lacssftude in the
arms and legs followed by locomotory and sensory impairment; pain in the
Jjoints of the vertebrae and limwbs, Improvement after 12-20 hours. Effects
disappear after 2-3 days, leaving a feeling of tiredness., Recovery 2-5 days
later, No vomiting or diarrhea. Symptoms differ irn this respect with Yoshio -
Hiyama's report and puffer poisoning symptoms, 11 Since the village was an
isolated one and did _not have facilities for measuring body temperatures, 1
was unable to investigate fever formation. I have not yst been informed of any
cases of death,

Addenda:

I. Tradition: According to 1oca1 riehemn, the poison of this fiah originates
from two causes.

1. Only thoss fish which feed on bottom-dwelling, poisonous crabs, :
become poisonous, (However, no one has seen or caught any
of theme crabs)

2, Only those fish which feed dn poisonous seawsed become poisonous,
(No one has seen this poisonous seawsed)

Therefore, only those fish living in areas where poisonous crabs and sea-
weed are to be found are poisonous and the others are non-poisonous, Also,
for this reason eating viscera will result in poisoning while eating the meat
alone will have no effect, Furthermore, those fish inhabiting shallow places
where the currents are weak are non-poisonous while those living in deep lo-
calities within swift currents are poisonous, Young fish are non-poisonocus
but mature fish which are lean and are colored red are poisonous. Although
these statements have been made, they are hard to believe.

I1. General observations: Since the foregoing poisoning cases number only 39

and the poison was not administered experimentally, I cannot draw any cone
clusions about these facts, If some observations are made with this dats as
a basis, they would be as follows:

The mmber of poison casss resulting from eating meat was less than 25

percent, However, practically all who ate viscera were poisoned. From this,

it may be firmly established that the poison liss within the viscera. PFure
thermore, all poison cases from this species resulted from mature fish, If
young fish are non-poisonous and mature fish are poisonous, as stated by

fisherwen, it may be that the fish becoms poisonous with tho development of
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the gonads, And, if fish caught in one locality are found to be extremely
poisonous, it may be inferred that these are mature fish which have achooled
for spawning with the spawning season, and that the polson has bscome virulent
with the maturity of the gonads. Although these points cannot be immediately
confirmed, these are interesting phenomena which suggest the truth, On the
other hand, in regards to the cause of poisoning by the meat, was poison from
the viscera included through careless preparation of the meat which was non-
poisonous? Or does the meat contain a small amount of poison which, if taken
in large amounts, shows symptoms of poisoning? Although it is not knowm
which of thess two possibilities are responsible, poisoning cases whioh have
resulted from eating meat are as described, lMoreover, there were no deaths
among these patients, but several days of rest were required becauss of cone
siderable suffering. Because of these points, to use this fish immediately as
a source of food is dangerous and may result in reasonable harm, The future
use of this fish will depend upon whether or not the various internal organs
are poisonous, If only a part of the viscers is toxic, the meat can be
utilized. If the meat is also poisonous, it may be possible to render the meat’
nonepoisonous by determining the nature of the poison and applying this knowle
edge to developing special methods of preparation, such as dry’ng the fish,

In this ey, this abundant and eaally caught fish can be used as a source of
food.

1 am at present studying poisonous viscera and the composition of the
poison, and plan to publish my results at a later date. :
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On the structure of the poison spines of the Aigo (TEUTHIS
(SYN. SIGANUS) FUSCESCENS) :

The aigo belongs to the femily Teuthidae, which according to Boulenger
comprises only the one genus Teuthis in which thirty species are includede.
They are all herbivorous fishes which occur in the Indian Ocean and the Weste
ern Pacific. They ere all warm water fish and are distributed from the tem=
perate zone to the tropiocse The aigo of Japan is distributed from the Tokyo
area souths It is of course herbivorous and commonly feeds on brown algae.
It oocours in shallow places where algae grow well. These fish are often seen
feeding on algae in small groups of yp to fourteen individuals. ' <

Fishermen are very well aoquainted with the fact that these fish have
poisonous spines, and they never handle the fish with their bare hands be=- ™
cause of their fear of the painful wounds oaused by being stuck by them.
Bottard was the first to reveal to the scientific world the presence of poison
in this fish. He oited this fish along with a large nurber of other poisonous .
species. In recent years the Russian, Pawlowsky, has studied the anatomy and ~
histology of many poisonous, fishes, particularly of such Japanese members of
the family Soorpaenidae as the okoze and kasago, various specimens of which
were sent to him by Mr. Shigeho Tenake of the goionoe Department. These
studies have besn published, but as he had no specimens of the aigo he did not
study ite In my study of the polson gland of the aigo I have found that its
oons truction closely resembles that shown by Pa.wlmEy for fishes of the family
Scorpaenldaes. :

™  fThe, poison of the aigo is in the stiff spines of the fins., The fin ray
formula of the aigo is P, Xii or Xiii - 10, Ae VII -9, P, 16, Vo I - $ = I,
This means that re are 12 or 13 spines in the dorsal fin, 7 in the anal,
none in the pectorals, and two in each of the ventrals. These stiff spines
are all equipped with poison glands. This being the case, because of the
lack of spines in the peotoral fins the fish has these protective mechanisms
only on the back and belly and is not equipped with any defenses toward attacks
from the sides. In outward appearance most of the spines show an extremely
sharp tip protruding from the fin membrane, but in some cases the first two
or three spines of the dorsal, the spines of the ventrals, and the first ome
or two spines of the anal are occasionally completely hidden and oovered with
skin to their tips. Although the tips of the spines are originally naturally
covered oompletely, for some reason, perhaps because ths poison spines have
once been used or because of contaot with some foreign object, the soft skin
has in some oases retreated, exposing the tips of the spines. Even when they
are oampletely covered by the skin the tips of the spines are very sharp so
that if they are touched they immediately come through the skin and pieroe the
object which touches theme A oross-section of one of the spines is shown in
Figure le¢ In the center there is the cross-section of the hard keratose spine -
(sp) with grooves in its right and left sides. These grooves lie longitudinally »
along both sides of the spine. These long concavities gre occupied by the
poison glands (pg)e The poison glands are completely surrounded by connective
tissue with a dermal and an epidermal layer on the outside. Under the epi=
dermal layer are chromatophores (pgm) end in the epidermis are large single
oells which are mucus glands (og)e ,(The conmective tissue and the dermal and
epidermal layers continue on to form the fin membrane (fin) end connect with
the next spines There is no musocular tissue visible around the spines,

With regard to the guestion of the length of the poison glands, in the
aigo, as desoribed above, they lie along the sides of the spines, and on all
of' them they disappear a short distance from the insertion of the spine. Con-

sequently the length of the poison gland varies according to the length of the
spine, the gland covering a rather long area on the longer spines. At the base
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of each spine 1s attached a well-developed muscle for erecting the spine.

A detailed examination of the construction of the poison gland was made.

The poison glands, situated as described above, are made up of only one
homogeneous type of cells. Small protective cells can be recognized around
the circumference of the gland but there are none to be seen between the cells
of the gland, The glandular cells are much larger than those around the out~
side of the gland, some of them having a long axis of 26 microne and a short
axis of 6 microns. The long axes of the cells are parallel to each other and
lie at right angles to the body of the spine. As Figures 1, 2, and 4 show, in
most cases each cell (pg) extends from one side to the othor of the body of
the gland. This extension of the cells completely across the body of the gland
is not seen in the poison glands of other fishes such as Trachinus and the
gkoze and kagago, Synancela, Scorpaena, Pterois, Pelor, Sebastodes, and so
forth, The poison glands of these fish as descrlbed by Pawlowsky closely re-
_semble in other points of their structure those of the aigo which I have

studied, but they differ in having smaller glandular cells which are all aup-

ported by aupportinz cells (Stitszzellen).

A cona;ldention of the individual cells of the glands shows that their
nuclei (n) (Figures 2, 3, and L) are very small in proportion to the bodies of
the cells. As 18 usual with the nuclel of glandular cells, their protoplasm
is coarser in texture than that of other types of tissue and therefore their
color absorptive power is weak, staining only slightly with hematoxylin,

"The protoplasm is abundant and presents a densely gramilar appearance,
It is extraordinarily eosin-positive and stains a bright red with this dye,
It should be noted here that there are occasionelly present within the proto-
plaem large round globules of nonstructural character, These are also eosin-
positive and appear to be a colloid which is quite viscous, Even after paraf-
fin embedding, staining, and washing with water they maintain their outline
clearly. I interpret these as drops of poison., An examinetion of the cells
of the gland also reveals the presence of a comparatively large number of
vacuoles in the protoplasm. These vacuoles are rather numerous in some cases
and comparatively few in others. Figure 3 shows an example in which they are
comparatively numerous. The significance of these vacuoles is not clear, but
it cannot be thought that they existed as vacuoles at the time when the fish
was fresh, Thaey must have been filled with some fluid which was lost during
‘the microtechnique process and which is thought to have probably been related
to the poisonous secretion., Similar vacuoles also appear abundantly arourd
the periphery of the globules,

The body of the gland is as described above, but if we consider the -

question of whether or not there is & secretory duct attached to the gland,

wo must say that there is nothing which resembles such 2 duct. The body of
the gland is made up of completely homogeneous cells, and even if we assume
that the secretion which fills the space between the longitudinsl grooves of
the spine and the connective tissue issues into the inner part of the spine,
thers is no sort of a structure provided to conduct it to the outer part of
the tip of the spine, Furthermore, since there is no muscle tissue around the
spine there is no mechanism for compressing the body of the gland internally.
With the body of the gland limited to the location described above, what one
would like to know is how the algo makes any nse of the poison which it stores
up.

An attempt was made to examine a living ajge. "hen held for inspection
the fish appeared to be frightened and spread all of its fing 80 that the
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spines all stood up stiffly, Thus the spines presented a condition such that
anything which touched them would easily impale itself on them. If at sach
times the spines were touched with a piece of cloth or a cork, the spines in-
mediately plerced the material and the fin membrane covering the spines was
seen to tear very easily. Ordinarily aigo which are brought in by fishermen
have the fin membranes all torn to shreds, This shows that while the fisherman
was handling the fish something came in contact with the spines from time to
time, The ease with which this skin tears is highly significant. Wen the
#pines pierce something, the membrane tears simultaneously, the poison gland
is also ruptured,and its poisonous contents for the first time obtain passage

to the outside to be transmitted along the concavities of the spine and in-
 jected into the wound. This ir the only possible method. for the spine to
‘fulfill its function where there are no muscles to apply pressure, no ducts to
convey the secretion, and no grooves to conduct it.

Figure 4 shows a cross-section of a spine the skin of which has been
torn. The part where the body of the spine and the gland join is ruptured
and it can be clearly seen how the cells of the gland release ‘their contents
from this portion., It can also be seen that the glandular cells near this
ruptured portion contain a comparatively large number of globules, It is
clear that with the rupture of the cells these too find their way out and are
injected into the wound caused by the spine, To sum up, the poison of the
aigo is injected passively by the tearing of the skin and the rupture of the
poison gland when the spines pierce some object. Pawlowsky made no mention
of this method of injection, but the poison glands of the fishes which he
studied, all of wh:lch are listed below, were of the same general category which -
he called Drlisem von der kompskten, mehrzelligen. I would like to place the
poison glands of the gigo in this category. The species whose poison glands-
belong to this type are as follows:

Family Scorpaenidae

daruma okoge Synanceis Gro88 ...ceccce.... Pawlowsky
oni okoze Pelor japonicym n
wime kegao Pherois lunylata "
kagago) Scorpaena porgus ‘ "
, %ng kasa S, fimbriata . "
ms Sebastes norwegl
takenoko mebaru Sebastodes joyneri ..cccvee.e "
kagago Sebasticus marmoratys "
Family Trachinidae
(hatahata) Trachinus draco "
Family Tewthidae
algo Teuthis fuscescens ¢......... Amemiya
) Family Siluridae
(gonzui
namagu) Schibeodes
(genzui ~
papazy) ~ Noturus
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Of course thnse are not the only fishes which have poison spines. The
Japanese names given are taken from Tsnaka's paper in the Proceedings of the
College of Science, and in the preparation of this mamuscript Nr, Shigeho
Tanaka assisted che writer by the loan of valuable source material and by
checking the novenclature used. Thanks are hereby expressed for these kind-
nesses.

il

Literature

sPottard, A., Les poissons venimeux, Contribution a l'hygiene navale. Paris
1889 ' ‘ _
Boulenger, Fishes Ascidians Etc. 1910
sCoutiere, Poissonsvenimeux et poirsons veneneux Paris 1899
Giinther, Study of fishes 1880
Parker, 7.N., Poison gland of Trachipus _;ggg P.Z.S, 1888
Pawlowr<y. E. Zur Kepntniss der Giftdrusen von &mo_e_% porcus and Tra
- drecl. Trazaux de la Societe Imp. des Naturalistes de St. Petersburg
XX*v1I 190
. Zur Anatomie der Epidermis und ihrer Driisen bei giftigen Fischen,
ibid XXXVIII 1907
. Ein Beitrag sur Kenntniss des Baues der Giftdrusen einiger
Scorpaeniden, .Zool., Jahrb, Apt., f. Anat. u. Ont. d. Tiere, 1911
*allace, L. The structure and development of the axillary glands of Batrachus.
Journ. of Morphology. Vol. VIXII, 1892

——

{ndicates works which could not be consulted in the orig:lnnl' text.

Deacription of Figures

PMi7ire 1 Cross-section of a fin spine X60

Flpure 2 Poison gland cut at right angles to the long axis of the cells of -

: the gland X350

‘igure 3 Cross-section of poison gland X350

figure 4, Longitudinal section of fin spine showing how the poison issue from
, the ruptured tissues at the tip

cg mucus gland cells in the skin
cnt connective tissue
dp where poison has flowed out of the ruptured gland
gb poison globulea
n nucleus
pg poison gland cells
pgn  pigment cells
sp 6apine
v vacuoles
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