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Studies on the Lipids of Micronektonic Fishes caught in Sagami and
Suruga Bays, with Special Reference to Their Wax Esters

Mitsu KavaMa and Yasuyuki IKEDA

Departinent of Fisheries, Faculty of Fishertes and Animal Husbandry, Hiroshima University
(2-17 Midori-machi, Fukuyama-shj, Hiroshima-ken)

The so-called micronekton is an intermediate group between the nekton and the plan-
kton from the view-points of swimming ability as well as of its body size. Most of the
micronektonic fishes have been known to undertake diurnal vertical migration aud dwell in
the meso- and bathypelagic zones of ocean. TFifteen species belonging to four families,
Gonostomatidae (A), Siernoptychidae (1), Chauliodontidae (C) and Myctophidae (D),
were collected from the surface to about 2000 m depihs in Sagami and Suruga Bays by
ORI-plankton net and Isaaes-Kidd midwater trawl at nighr.

The lipid contents of the micronektonic fishes on the wet weight basis were 2.18 to
6.0% in A, 1.17% in B, 2.4% in C, and 2.0% to 11.9% in D. The wax esters in theiv
lipids were 13.07% to 69.8% in Gounostomatinae (sub- family of A) and over 50% in most
of the geuus Cyelothone, 15.3% and 6.12% in Mauralivinae Gumb-family of Ay, 4.27% in I,
7.22; in C. and 1.7 to (7.1% in ), Ax the representative example of nicronckronic
fish, Cvelothone atraria was chosen and its variaus tissve lipids were analyzed. The fat-Gl-
led swim-bladder cantained the highest amounts of lipids (32,14}, in which 78,54 wers
the wax esters.

The wax esters ronsist mainly of Cy to C,, with even carbon chain-lengths. The major
exters are Cye Cian Coay Coo and Gy, and also a trace amounts of odd numhered esters
exist. The acid moiety of wax esters is dominantly monnenaic acids and docosaliexaennic
acid. while the alcoliol moiety contains mainly Cipe. Chsrre Coony and Cyzy, @ts much as 8074
in the sum of four compunents. Comparing the wuax ester distribution of micronektonic
fish with that of mullet rae. the former ranges rather longer esters hecause of major
woiety of longer clain alealinls in s esters.

Althowsh the relation hetween the micronektonic Ghes aad their wax ester contents
in the Tipide has not been fully anderstood yeto the bhathypelagic nommigrants, such as
the genus Cyeddothone, contaia larger quantivies of wan esters than the surface and midwater

migrants which contain ess than 205 and contdn o few per ceat in most of them,

UNEDITED TRANSLATION

For information onlv

TRADUCTION NON RIVISTE

Information soulors- >



1, Introduction p.435

It has been thought that the distribution of wax esters in ocean fish
0il was limited to specific types of fishes, As referred to in a previous

1 ,
report =, these are Chlamydoselachus anguineus, Ruvettus pretiosus*, Podpmema longipes,

Lepidocybium flavo-brunneum, a species of Coelacanth and Kuroo-matoudai®*. Wax esters

are more particularly found in the ovary oil of Mugil cephalus, Gourami.

Meruru-sa**, Theragra chalcogramma, and Scomber scombrus (mackerel).l

The ocean extends horizontally and also vertically and the ecological

_division of living things in the ocean has been recognized as falling p.U436

into groups according to both vertical and horizontal directions. Until
recently ocean animals were roughly divided into three groups
according to swimming ability; nekton such ds bonito , plankton, and
benthos such as shellfishes . However, recent progréss in ecology has
revealed that there exists a rather large group of animals which fall between
the first two groups mentioned above; this new group has not been the object
of much research, Not only their swimming abilities but also their body
sizes are intermediate between the two groups. Recently this group of
animals has been called, in general, micronekton 2—4. During the search for
fishes suitable for biochemical research on the wax esters of fish, it was
found that some Myctophidae, which belong +to the micronektonic

5

group , contain a quantity of wax esters in their lipids -, This paper

reports the results of the investigation of the lipids,with emphasis on the
wax esters, of the micronektonic fishes caught in Sagami and Suruga Bays.
The study of lipids of the ecologically similar micronektonic shrimps
" (which live in the meso- and bathypelagic zones of the ocean and were caught
in the same Bays) will be reported in the following paper 6.

A part of future ocean development includes a plan to develop the

meso- and bathypelagic fishes as a food resource by expanding the fishing

Translator's note: *a species of Scombrops boops.

*%ag transliterated; no translation found




3.
grouﬁds in a vertical direction, Then mixed fishing of those fishes containing
non-glyceride lipids7.such as was esters, etc. could be carried out. Therefore, the
investigation of the wax ester contents of these fishes is considered to
be important., Moreover, most of these micronektonic fishes have been known
ﬁo undertake diurnal vertical migration and perform an important role for
the circulation of substances of the upper and lower zones of the ocean,
The investigation of their lipids could contribute to the elucidation of

these specific ecological phenomena,

2. Experimental

2.1 Pishes Examined

The micronektonic fishes used for analysis were collected mainly at night
(May 25 ~ June 3, 1971, and June 9 - June 13, 1973) by the Tokyo University Oceano-
graphic Institute's ship Tansui Maru in Sagami and Suruga Bays using a large type
an ORI-plankton net (diameter 160 cm, length 750 cm, mesh 0,33 X 0.33 rm)
and an Isaacs-Kidd midwater trawl at depths ranging from the surface to
about 2000 m. A total of fifteen fishes were collected and they are:
five specimens of Gonostomatinae of the Gonostomatidae species, one
specimen of lMaurolicinae of the same species, one specimen each of Stern-
optychidae and Chauliodontidae, seven specimens of IMyctophidae; the
taxonomic system for these specimens is shown in Figure 1,

The year of collection, the number of fishes examined, the average
body weight, and the average standard body lengths are shown in the left
hand portion of Table 1, These micronektonic fishes, except for the female
Gonostoma gracile and the Chauliodus sloani, are less than 10 cm in length

and as their name indicates, they are small fish,



2.2 Bxtraction of Fish Lipids

The lipids were extracted according to the method of Bligh and Dyer 8

using separate extractions for each individual fish specimen, In the
Cyclothone atraria case, the lipids were extracted from the individual
tissues and then the comparison studies were made.

2.3 Thin Layer Chromatography and Densitometry

2.4 The Separation of Lipid Class and Gas Chromatography

These experimental methods of 1lipid analysis were reported in a previous
1
paper ",

3. Results and Discussion P37

3.1 The Lipid Content and Lipid Class Composition of Micronektonic Fishes

The 1lipid contents (wet weight %) and the analytical results of the lipid
class compositions of individual fishes are shown in the right hand side of
Table 1, |

Stenobrachius nannochir and Lampanyctus macropterus contained lipids
which were about 11% of their body weights but the others contained less
than 10%. The lipid content varied significantly with the species of fish:
in Gonostomatidae it was 2.1-6.0%; Sternoptyx diaphana of Sternoptychidae
contained the lowest value of 1,4%; in Chauliodus sloani of the Chauliodontidae
species it was 2,4%; in Myctophidae the values were 2,0-11.9%.

When the 1lipid class composition is surveyed, the following general
trend is observed: in the lipids of high wax ester content, the content
of triglyceride is low and conversely for low wax ester content, triglyceride
is a main component 1. Free fatty acids, sterol and phospholipids are
also main components but their contents vary greatly with the fish species.,
When the wax ester contents were specially examined, rather high amounts

were found in Gonostomatinae, genus Cyclothone: Cyclothone atraria 69.8%



and 58.4%; Cyclothone pseudopallida 53.5% and 44,8%; Cyclothone alba 54.0%
and 45,5%; Cyclothone pallida 34.0% and 46,8%. Since Gonostoma gracile of
the same subspecies undergoes ex reversal during its growth 4, the wax ester
contents of both male and female species were obtained based on the standard
body length and these were 20.0Z and 15.2%; the female has a slightly

higher wax ester content., The amount in Maurolicus m 1ieri of the
Maurolicinae subspecies caught in 1971 was 15.3% and the 1973 specimen
contained 6,1%. Thus, even in the same fish, the content varies considerably
according to the year in which they were caught, The Sternoptyx diaphana
(sternoptychidae species) wax ester content of 4,2% and the Chauliodus

sloani (Chauliodontidae species) of 7.2% were rather low amounts. The
contents were over 10% in Myctophum nitidulum (Myctophidae species) 10,6%

and Myctophum asperum 17,2%; it was low in Diaphus glandulifer 3,7% and 6,5%
Diaphus fulgens h,bhg%, -, Diaphus latus 1,7%; the latter are of the genus

Diaphus, Stenobrachius mannochir contained a very high wax ester of 67.17 p.438

as well as a high 1lipid volume; in Lampanyctus macropterus, in spite’ of
its high lipid content, the wax ester content was only 3.7%. The above
results show that the wax ester contents vary significantly by micro-
nektonic fish species,

3,2 Wax Bster Composition of Micronektonic Fishes " p.439

Of the fifteen kinds of micronektonic fishes, the wax esters were
isolated from the fishes with high wax ester contents; isolations were from
Cyclothone atraria, Cyclothone pseudopallida, Cyclothone alba, Cyclothone
pallida, and Stenobrachius nannochir; and since there were enough sample Qils,
wax esters were also isolated from Gonostoma gracile and Lampanyctus macrop-

terus., The results of gas chromatographic analyses are shown in Table 2,



The chain lengths of all the sample wax esters were from CBO to 044
and the even numbered esters such as 634, 636’ 638’ 040 and C42 were the
main components; trace amounts of the odd numbered esters were also de-
tected, This is in contrast to the mullet roe in which the wax ester
distribution was 626 to 040 with the 632 and 034 esters being the main

1 .
components ',

3.3 Fatty Acid and Alcohol Composition of the Wax Esters

After saponification of the wax esters with sodium metal in ethanol and
then with sodium hydroxide 5, the resulting fatty acids were esterified to
the methyl esters and the resulting alcohols were acetylated; Dboth were
then analyzed by gas chromatography. The results are shown in Table 3,

* The maln composition of the fatty acids was 016:0’ the mohoenoic
aclds Clé:l’ 618:1’ GZO:l’ and the highly unsaturated fatty acid 022:6'

For the alcohols the main components were 616:0’ 618:1 ' 020:1 and 022:1 .
In contrast to mullet roe in which the main alcohol compqnent

was C 1, the micronektonic fishes have much longer monoenoic alcohols and

16:1
as a result the esters have longer chains, If these fishes produce alcohols
by direct reduction of the fatty acids 9, the reduction of the monoenocic
acids 616:0 , 618:1 , 020:1 yand 022:1 to their corresponding alcohols

would predominate,

3.4 The Composition of Lipids of Individual Tissues, Particularly of

the Swim-Bladder of Cyclothone Atraria

As a representative species of the micronektonic fishes of Sagami and

Suruga, Bays, Cyclothone atraria was chosen and its various tissue lipid
compositions are shown in Table U4,
The lipid contents are: ‘in viscera 12.5%, in muscle 4, 4%, and in gonads

3.6%; however, in the swim-bladder it was a very high 52.1%. In every case




7.

the wax ester is the main component, and in the case of the swim-bladder
lipid a high of 78,3% of wax ester was found. Triglyceride, free fatty
acids, sterol and phospholipids were the other main components.

Marshall 2 has made comparison studies on the structures of
fish swim-bladders; he reported that the tissue of the swim-bladder. is
more developed with depth in going from the epipelagic to the meso- and
bathypelagic zones, However, some species of the bathypelagic zone. lack
the swim-bladder altogether and in some others the swim-bladder is filled
with fat instead of gas, He discusses the relationship between the water
pressure and the swim-bladder, particularly the mechanism of its buoyancy,
It is interesting that the swim-bladder of Cyclothone atraria is filled with
fat; it is 80% occupied by the low specific gravity wax esters of the lipid
class.

3.5 Micronektonic Fishes and Wax Esters

Lipids are a major energy reserve of the fish and generally tri--
glyceride is its main component, However, micronektonic fishes have a
quantity of wax esters., The epipelagic zone (where photosynthesis takes
place) is abundant with living things and triglyceride is the main lipid
component of fish which live there, However, in the meso- and bathypelagic
zones, the amount of living things is diminished and in order to adjust to
such environment the energy reserve 1s more specific., Although the energy
reserve systems differs in going from triglyceride to wax esters, as was
seen in plankton Calanus helgolandicus 10 s micronektonic fishes will utilize
both for the energy resource while giving preference to the former. It can

be considered that storing the low specific gravity wax ester lipids is
1

similar to the case of squalene in the liver oil of selachii (subspecies) 1 i

it has the effect of recducing the encrgy comsumption for the fish in order




8.

to gain buoyancy; and for fish which have lost the function of gas control
of the swim-bladder under high water pressure, it is reasonable that the
main lipid component is wax esters.,
If these fifteen specimens of micronektonic fishes found in Sagami
and Suruga Bays are classified according to Kawaguchi's ecological classifi-
cation b of surface migrant, midwater migrant and midwater nonmigrant groups
while observing the relationship to their wax ester contents,the following
is noted: +the four species of the genus Cyclothone belonging to the nonmigrant
group and Stenobrachius nonnochir which is in between the latter two species
contain more than 50% wax esters; however, which
which belong to the first two groups have less.than 20% wax ester amounts,
Since the many ecological properties are mixed and complex, it is difficult p.A440
to generalize these relationships at the present stage; but it might be
possible to clarify these when more detailed data are accumulated.
At the end the authors thank Professor Yoshio HASHIMOTO of the Agriculture
Department, Tokyo University, Professors Takaya KUSASHITA -(KT-71-6) and
Gotaro YAMAMOTO of the Tokyo University Oceanographic Institute who helped
us in using the Tansei Maru, Dr, Hiroichi KAWAGUCHI for the classification
of the micronektonic fishes,and the crew of the Tansei Maru, A part of this
research was ' subsidized by a grant for scientific research from the Education

Minister, (Received December 24, 1974)
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Table-2 Clain-length composition of wax esters obtained from micronektonic fish lipids.

Wax ester

Cyclothone  Cyclothone
(Carbon . . . .
chain-length) atraria  psendopallida alba pallida gluc;lc

30 0.1 3.3 2.5 2.1 1.8

R} Tr. — — — —

32 6.4 21.0 11.2 7.2 6.8

33 . 0.6 Tr. Tr. Tr. Tr.
Hoo. 11.7 14.4 24.6 16.9 18.7
-3 - 0.6 Tr. Tr. Tr. “Tr.

36 20.4 16.6 - 17.3 15.4 17.8

37 0.6 Tr. Tr. Tr. —

38 20.1 18.8 18.0 12.1 11.7

39 Tr. Tr. Tr. — —

40 17.0 18.4 15.2 24.5 20.1

41 0.8 Tr. Tr. - —

42 14.9 4.8 6.9 15.8 16.7

44 6.8 2.7 4.3 7.0 6.4

46 Tr. Tr. . T Tr. -

Cyclothone Cxeclothone Gonostoma Stenobrachius Lampanyctus

nannochir

1.6
7.0
Tr.

Tublo-3 TFatty acid and alecohol composition of wax esters obtained from micronektonie fish lipids.

Chain length @

unsaturation

13
14
142
15
16 :
16
17
17:
18
18 :
185
181
18 ¢
20:
20
20

IS = D = O - O O - O O O

W e D A W

SR R O
e N = T O
— T -

Abbreviations as for

C. atraria

F.A. Al
—_ Tr.
- Tr.

7.9 1.3
- 0.2
2.9 0.2
3.2 1.2
8.0 1.8
0.7 0.4
— 0.4
Tr. 1.2
11.0 6.5
2.1 0.7
Tr. -
3.6 -—
— 0.4

29,0 28.0

16.0 —

Fr. —

5.4 —
- 0.
45.2
Tr. —
Tr. -
1.9 —
8.3
- 5.9
Table-1.

C. psendo-

pallida

F.A. Ale
—_ 0.1
— 0.1
3.5 8.9
- 0.7
1.2 0.9
6.6 28.3
10.9 3.0
Tr. 0.6
2.4 0.5
2.3 2.3
25.0 3.9
6.8 0.4
3.9 -—
Tr. —
- 0.8
9.9 1.5
11.9 —
Tr. -
1.0 -—
— 0.4
30.8

5.8 -
I'r. -
Tr. -
5.8 -
- 3.8

C. alba
F.A. Alc.
Tr. 0.3
— 0.2
3.4 4.4
0.6 0.6
P 1.0
i 7.4 21.3
L2 3.3
| 19 1.6
b s
i 0.6 6.0
L 369 10.9
! 2.6 1.2
S O —
0.6 -
- 1.5
Yo7 137
] B2 —
Tr. —_
| -
! - ‘I'r,
! 23.6
{ 2.7 -
C3 -
S -
" -
- 2.8

C. pallida
F.A. . Al

2.3 2.0
— 1.2
0.5 1.8
5.0 16.8
.5 3.6
Tr. 1.7
1.1 1.9
1.5 2.6
23.7 2.7
2.5 0.4
3.2 —
Tr. —
7.0 18.3
11.2
Tr. -
1.1 —
- 1.6
41.5
4.4 —_
1.1 —
1.6 —
2403 —_
— 3.7

G. gracile

F.A. Al
Tr. ITr.
1.8 3.8
0.5 0.7
Tr. 1.0
3.4 37.7
8.u 4.9
0.5 1.1

— 1.0
0.7 3.6

27.1 11
3.5 1.0
0.9 —
0.3 --

— 0.6
6.8 11.9
7.1 me-
Tr. —
2.2 -—

I Tr

20.1
2.4 1.1
0.9 —_

11.8 —

21.3 -

- T

10,

wmacroptrrus

1.1

8.7

S. nannochir

F.A. Ale.
Ir. Tr.
2.0 6.2

— 0.5
1.2 0.7
0.7 28.1

10.0 3.5
Tr. 0.4
2.5 0.4

— 2.2

17.6 5.0
4.2 0.2
7.0 —_—
Ir. —

- 0.4

15.9 15.7

21,2 —_
I'r. —
1.1 —

-— 0.3
35.1

Tr. 1.3
tr. —
Tr. .-
16.6 —
-- Tr
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Table-4 Lipid cluss composition of various tissues with special reference to
fut-hlled swimbladder separated from Cyelothone atraria.

11,

. Lipid | Lipid class (25)
Tissue content \;ﬂlr' ‘|w —'"l' T ‘—_”V'g"w o ——)-—_]m-imp] o
25y lest. )I DAGHE i Trig., FFAF. Ale. ' St. | P, Gly. {Phos.
et e e IV P ST ST R l““'"
Viscera 1.5 | 56.0 N 2.0 i 21.05 800 3.0 1 10 I
Muscle 4.1 39,0 2.0 12 0 11,0 4.0 | 6.0 — ! 6.0
Fat-hiled Y s 2 i q '
swim-bladder 5'.’..1 73.3 ;13. 3.3 0.8 l 1.9 ‘ 1.0
" Gonad 3.6 | 45.8 = [301] 8] 06 1 17 s 21
T Abbreviations as for Table-t.
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