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ABSTRACT The lipid and fatty acid composition of the total lipids in the tissues (whole animal exclud- 
ing stomach contents) and the stomach contents of 13 myctophid species living in the mesopelagic zone 
were analyzed. Triarylglycerols (TAG) were the dominant deposit lipids in 10 myctophid species, while 
wax esters (WE) were found to he the major neutral lipids in 3 non vertically migratory species. Lipids 
from the myctophid stomach contents were determined to contain mixtures of WE and TAG. Mono- 
enoic acids and alcohols were the major fatty components in both the TAG and the WE of the lipids 
from the tissues and stomach contents of all of the specimens examined. Lipid classes in the stomach 
contents originating from prey were different from those in myctophid tlssues, but the level of mono- 
enes in stomach content lipids was very slrnilar to those in the tissue lipids. This finding suggests that 
myctophids may transfer dietary lipids to specific lipid classes, without biosynthetic modification such 
as carbon chain elongation or desaturation. 
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INTRODUCTION 

It is reported that pelagic surface fishes generally 
transform various lipid classes from their prey to tri- 
acylglycerols (TAG) as deposit lipids, and that their 
lipids contain high amounts of n-3 polyunsaturated 
fatty acids (PUFA) (Ackman 1982, H ~ l m e r  1989, Japan 
Aquatic Oil Association 1989, h4orris & Culkin 1989). 
Typically marine fish TAG contain useful n-3 fatty 
acids which are readily digested. Humans may effi- 
ciently adsorb lipids from these pelagic fishes and use 
them for nutritional purposes (Hepburn et al. 1986, 
Kinsella 1986, 1988, Ackman 1988, Carroll & Wood- 
ward 1989, Harris 1989). Though the PUFA levels in 
the tissue (whole animal excluding stomach contents) 
lipids of marine fish species are generally compara- 
tively high and fish oil is good for our health (Kinsella 

1986, 1988, Ackman 1988, Carroll & Woodward 1989), 
the fatty acid composition of the fish lipid varies 
between species, individuals, and habitat (Jangaard et 
al. 1967, Hardy & Mackie 1969. Deng et al. 1976, 
Dubrow et al. 1976, Stansby 1981, Henderson et  al. 
1984, Enser 1991, Takama et al. 1994). It has been sug- 
gested that factors (environmental conditions) such as 
the lipid composition of the dietary species have a 
marked influence on the lipid composition of their 
predators (Tyler & Pearcy 1975, Linko et al. 1985, Mor- 
ris & Culkin 1989, St. John & Lund 1996), and this vari- 
ation in lipid composition is a typical characteristic of 
marine organisms (Sargent et al. 1988, St. John & Lund 
1996). In contrast, the lipid composition of land plant 
oils and animal fats exhibits far less variation between 
species and also varies little between individuals (En- 
ser 1991, Rossell 1991). 

Deep-sea teleost fishes often have considerable 
amounts of wax esters (WE) as a substitute for TAG 
(Mori et al. 1966, Lewis 1967, Nevenzel1969, Nevenzel 
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et al. 1969, Benson & Lee 1975, Sargent et al. 1977. 
1983, Hayashi & Takagi 1980, Nevenzel & Menon 1980, 
Buisson et al. 1982, Grigor et al. 1983, Sargent et a1 
1983, Body et al. 1985, Takagi et al. 1985, Lee & Patton 
1989, Bakes et al. 1995). Though the results in these pa- 
pers have described the lipid of deep-sea fishes as con- 
taming high amounts of WE, they have not mentioned 
the origin of these high WE levels or detailed the reia- 
tionship between the tissue WE and habitat. Data con- 
cerning the ecology and the chemical components of 
deep-sea fishes is limited relative to other species. The 
deep-sea fish family Myctophidae is known as the most 
widespread mesopelagic deep-sea fish family in the 
world's oceans. They are also known to be an important 
prey for various marine animals, and their lipids, which 
may contain high amounts of WE, are an important en- 
ergy source for their predators (Pearcy 1964, Nevenzel 
et al. 1969. Tyler & Pearcy 1975). 

Myctophids are abundant in the transition zone 
between the Oyashio (the cold current off the eastern 
Japanese coast) and the Kuroshio (the warm current 
running along the southern coast of Japan) in the 
northern Pacific Ocean. To assess the relationship 
between myctophids and their prey, the tissue and 
stomach content of 13 species of myctophids were 
analysed. 

MATERIALS AND METHODS 

Cruise and sampling gear. All specimens of mycto- 
phids were caught by a trawler (RV 'Daisanju-maru- 

sada-maru') belonging to the Japan Marine Fishery 
Resource Research Center at depths from 20 to 700 m 
between latitudes 36" 25' and 41" 26' N and longitudes 
141" 45 '  and 146" 52' E in the northern subarctic Pacific 
Ocean from July 4 to 31, 1995. Samples were collected 
during 9 cruises. The sampling gear was a midwater 
trawl (30 m X 30 m effective mouth opening, 30.0 mm 
mesh), and it was generally towed for 30 niin (at night) 
or 60 mln [in daytime) at a speed of 3.5 knots. Salinity, 
temperature, and depth were profiled using an STD 
(model AFP-1000, Alec Electronics Co., Kobe, Japan). 

Materials. Samples of myctophids (65 specimens of 
13 species in total) are listed in Table 1. The surface 
seawater temperatures were between 11.0 and 22.5"C 
(16.1 * 0.l0C). 

All samples were frozen immediately, and kept 
frozen at -40°C for 2 mo until extraction. 

Lipid extraction and analysis of lipid classes. After 
measurement of biological data (body length, body 
weight, and the kind of organisms in the stomach; 
Table l ) ,  each sample fish was dissected into tissue 
(whole animal excluding stomach contents) and stom- 
ach contents, which were separated from tiie stomach 
by scraping off its inner wall. Then each individual was 
minced and homogenized in a mixture of chloroform 
and methanol (2:1, v/v). A portion of the homogenized 
sample was extracted according to the Folch proce- 
dure (Folch et al. 1957). The crude total lipids were 
separated into classes on silicic acid columns, and 
quantitative analysis of the constituents of the lipids 
was carried out by gravimetnc analysis of the column- 
chromatography fractions (Hanahan et al. 1957, Barron 

Table 1 Mean + SE average l lp~d  content (% wet weight] of the tissues and stomach contents of myctoph~d f~shes  (n = 5 samples) 
Temperature I S  temperature at the trawl depth For stomach contents, 'crustaceans ind~cates residual exoskeletons of copepods, 

and 'red dnd black' ~ndlcates partly digested reddlsh 011 and black eyeballs of crustaceans 

Trawl depth 

Day Night 
- - 

First group 
Ceratoscopelus warming1 500-600 50-100 
No toscopelus resplendens - 50-100 
Notoscopelus japonicus 500-600 50-100 
Symbolophorus californlensis 300-500 20-50 
Diaphus theta 400-500 20-50 

Diap h us giga s 
Myctophum asperum 
Lampanyctus jordani 
Lampanyctus festjvus 

Second group 
Protomyctophum thompsoni 
Stenobrachius leucopsarus 
Stenobrachius nannochir 
Lampanyctus regillis 

Temper- Length Weight Lipids Lip~ds of Stomach 
ature stomach contents 
("cl (cm) (9)  1 contents ( ' K )  

Red and black 
Crustaceans 
Red 
Crustaceans 
Small deep-sea 
fishes 
Red and black 
Crustaceans 
Red and black 

3.0-3.1 4.9 + 0.5 2.0 * 0.9 10.2 + 3.7 10.9 Red and black 
2.0-4.9 8.5 +0.7 7.6 + 1.6 17.3 i 1.6 6.5 Red and black 
2 2-4.1 9.9 * 0.7 9.3 t 1 9 17.9 * 1.3 7.0 Red and black 
2 2-3.9 17.9 t 0 9 59.2 * 10 4 14.2 r 1.4 2.2 Red and black 
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& Hanahan 1958). The flrst eluate (dichlorornethane 
and n-hexane, 2:3, v/v) collected was the WE fraction. 
The second eluate (dichloromethane) contained the 
TAG fraction. This was followed with dichloromethane 
and ether (9:1, v/v) eluting the sterols, dichloro- 
methane and methanol (9:1, v/v) eluting the free fatty 
acids (FFA), and dichloromethane and methanol (5:1, 
V/V) and dichloron~ethane and methanol (1:20, v/v) 
eluting the phospholipids (PL). Individual lipids sepa- 
rated from each lipid class were identified with 
authentic samples by comparison of R, values using 
thln layer chromatography (TLC) (Merck & Co. Ltd, 
Kieselgel 60, thickness of 0.25 mm for analysis) and 
characteristic peaks using nuclear magnetic resonance 
(NMR). All sample lipids were dried under argon at  
room temperature and stored at -40°C. 

Preparation of methyl esters and gas-liquid chro- 
matography (GLC). The individual components of 
TAG were converted to fatty acid methyl esters by 
direct transesterlfication with boiling iuethanol con- 
taining 1 %  of concentrated hydrochloric acid under 
reflux for 1.5 h (Japan Oil Chemists' Society 1990). The 
reaction mixture was poured into saturated brine and 
the organic compounds were extracted with n-hexane. 
The methyl esters thus obtained were purified by col- 
umn chroillatography with silica gel by elution of 
dichloromethane. 

The WE fraction was converted to fatty acid methyl 
esters and fatty alcohols by the same procedure. The 
reaction products were separated by silicic acid col- 
umn chromatography. The first fraction eluted by 
dichloromethane contained the purified fatty acld 
methyl esters, and the second fraction eluted by a mix- 
ture of dichloromethane and ether (9:1, v/v) contained 
the purified fatty alcohols. 

The composition of the fatty acid methyl esters and 
fatty alcohols was determined by GLC using an  HP 
5890 series I1 gas chromatograph (Hewlett Packard 
Co., Yokogawa Electric Corporation, Tokyo, Japan) 
equipped with an omegawax-250 fused sllica capillary 
column (30 m X 0.25 mm inner diameter; 0.25 pm fllm, 
Supelco Japan Co. Ltd, Tokyo, Japan).  The tempera- 
tures of the injector and the colun~n were held at 250 
and 210°C, respectively, and the split ratio was 1:100. 
Helium was used as the carrier gas with a constant 
inlet rate of 40 m1 min-' (Ohshma  et al. 1989, Rat- 
nayake & Ackman 1989). 

Quantitative analyses were performed on the capil- 
lary columns by means of a Shimadzu Model C-RSA 
(Shimadzu Seisakusho Co. Ltd, Kyoto, Japan) elec- 
tronic integrator. 

Peak identification. Fatty acid methyl esters and wax 
alcohols were identified using (1) manne lipid methyl 
esters as standards (omegawax test mixture No. 4-8476, 
Supelco Japan Co. Ltd), (2)  semilogarithmic plots of rel- 

ative retention time (RRT) against carbon chain lengths 
of the fatty acids of fish 011 and fitting the logarithm of 
RRT of the fatty acids onto these plots, comparing the 
equivalent chain length (ECL) values according to the 
method of Ackman (1989), and (3) comparison of gas 
chromatography mass spectrometry data ( G U M S ,  
JMS-DX303, JEOL Co. Ltd, Tokyo, Japan) using the 
same capillary column. The injector and separation 
temperatures were 250 and 19OoC, and the ionization 
voltage was 70 eV. Some peaks of the important fatty 
alcohols, such as 20:ln-9 and 22:ln-9,  were confirmed 
by G U M S .  

NMR spectrometry. Spectra were recorded on a 
GSX-270 NMR spectrometer (JEOL Co. Ltd) ln the 
pulsed Fourier transform mode at 270 MHz in deute- 
rochloroform solution using tetramethylsilane as an 
internal standard. 

Statistical analyses. More than 3 replications were 
made of the samples for all treatments. The significant 
differences of means for the data were analysed by 
Student's t-test at the p 0.05 level. 

RESULTS AND DISCUSSION 

Habitat of the myctophid species and their lipid 
contents 

Nine myctophid species (first group in Table 1; Cer- 
atoscopelus warmingi, Notoscopelus resplendens, No- 
toscopelus japonicus, Symbolophorus californiensis, 
Diaphus theta, Diaphus gigas, iVyctophum asper-urn, 
Lampanyctus jordani, Lampanyctus festivus) displayed 
die1 vertical migration, as peak catches of these species 
occur in near-surface waters (20 to 200 m) at night and 
in the mesopelagic zone (400 to 700 m) during the day 
(Taylor 1968, Badcock & Merrett 1976, Kawaguchi 
1977) The 4 non migratory species (second group in 
Table 1; Protomyctophum thompsonl, Stenobrach~us 
leucopsarus, Stenobrachius nannochi~; and Lampanyc- 
t~ls regalis) were only caught in the mesopelagic zone 
(Table 1) (Pearcy 1964, Taylor 1968, Chlldress & 
Nygaard 1973, Pearcy et al. 1977). Habitat tempera- 
tures (1.5 to 10.9"C) of these species were markedly 
lower than those captured at or near the surface (11.0 
to 22.S°C; mean i standard error: 16.1 * 0. l0C) .  How- 
ever, the vertical distributions of C. warming1 (2.8 to 
15.8"C) and N. resplendens (11.4 to 15.8"C) were not 
restricted to this water mass (Table 1).  

The total llpid content and morphological data of the 
myctophids are shown in Table 1.  The tissue lipids of 
all of the 13 species contained high ratios of neutral 
deposit lipids (4.4 to 26.1 %; 14.0 ? 0.5 %) as compared 
with those of other fish species. For example, the levels 
of the tissue lipids of some representative marine fish 
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Table 2. Mean * SE (n = 3 samples) l~pid group composition in tlssue of 13 species of Myctophidae expressed as weight percelll 
of total lipids 

I Wax esters Triacylglycerols Sterols" Free fatty actds Phospholiprds ( 
First group 
Ceratoscopelus warmingi 
Notoscopelus japonicus 
Notoscopelus resplendens 
Symbolophorus californiensis 
Diaphus theta 
Diaphus gigas 
Myctophum asperurn 
Lampanyctus jordani 
Lampanyctus festivus 
Secondgroup 
Protomyctophum thompsoni 
Stenobrachius leucopsarus 
Stenobrachius nannochir 
Lampan yctus regalis 

dPurified sterol was immediately crystallized after isolation in almost all cases 

species such as horse mackerel Trachurus japonicus, 
Japanese anchovy Engraulis japonicus, chum salmon 
Oncorhynchus keta, Alaska pollack Theragra chalco- 
gramma, and yellowfin tuna Thunnus albacares were 
2.9-12.8, 0.5-9.8, 1.6-5.7, 0.4-0.7, 0.5-4.8%, respec- 
tively (Japan Aquatic Oil Association 1989, Morris & 
Culkin 1989). A variety of partially digested small fish 
and crustaceans (e.g. copepods) was found in the stom- 
achs of the myctophids examined, and the mean stom- 
ach lipid content (2.2 to 7.6%; 5.2 * 0.1%) was far 
lower than that of the tissue except for Lampanyctus 
jordani and Protomyctophurn thompsoni. Therefore, 
we suggest that myctophids residing in subarctic sea- 
water may actively accumulate most of their dietary 
lipids rather than use them as an energy source for ver- 
tical migration. 

Lipid composition of tissues and stomach contents 

The lipid group composition of myctophid tissu.es 
are shown in Table 2. The lipids of all species con- 
tained a large amount of neutral deposit lipid (89.5 to 
98.5%; 94.7 * 0.2%), with a small amount of polar tis- 
sue lipid (1.5 to 10.5%; 5.3 * 0.2%). In this stu.dy, the 
myctophid species may be divided into 2 types 
according to the kinds of neutral lipids in their tissues, 
and the ratios of the lipid class components in individ- 
u.als of the same speci.es were very similar to each 
other (p < 0.05; Table 2). In the first type, TAG (70.7 to 
92.3%; 83.4 + 0.7%) was the major constituent of 
neutral lipids (all of the first group and l species of 
the second group, Protompctophum thompsoni; in 

Table 2), with minor phospholipid levels and very 
small levels of WE (0.3 to 2.7%; 1.1 * 0.1%). 

Only 3 species (Stenobrachius leucopsarus, Steno- 
brachius nannochir, and Lampanyctus regalis in the 
second group) had WE (85.6 to 89.4%; 87.4 + 0.6%) as 
a major component and glycerol derivatives as a minor 
component (Nevenzel et al. 1969a, Lee & Patton 1989). 
The 3 myctophid species which contained high levels 
of WE had similar lipid class ratios and they were all 
non vertically migratory species. In contrast, the other 
10 myctophid species, which had high TAG levels, dis- 
played vertical migration-with the exception of Pro- 
tomyctophum thompsoni (Tables 1 & 2). There may be 
a relationship between the high WE content in the 
neutral deposit lipids of myctophid tissues and non 
migratory behavior, as only the stationary fish species 
except for thompsoni have high levels of WE. The 
sterols (Table 2) were found at low levels (1.3 to 7.8%; 
3.8 * 0.2%) in all samples. The purified sterols were 
immediately crystallized after isolation, and only the 
sterol fraction contained cholesterol-it was identified 
against authentic cholesterol using TLC and NMR. 
Hardly any hydrocarbons were detected in the speci- 
mens examined. 

Alth.ough the myctophids examined were caught 
only during the summer season, we could analyze their 
prey items. The stomach content lipids of myctophids 
differ from their tissue lipids, as PL (16.6 * 1.2 96) and 
FFA (24.9 * 1.0Y0) were major constituents in the stom- 
ach contents (Table 3). Based on the high levels of TAG 
(83.4 + 0.7%) and WE (87.4 + 0.6%) in tissue lipids, we 
suggest that the high ratio of FFA in stomach content 
lipids is a result of enzymatic degradation of glyceri.de 
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Table 3. Lipid composition in stomach contents of 12 specles of Myctophidae expressed as weight percent of total lipids 

Wax esters Triacylglycerols Sterols Free fatty acids Phospholipids 

First group 
Ceraloscopelus warming1 5.2 39.0 9 3 23.7 22.5 
Notoscopelus resplendens 5.2 44.6" 39.4 10.9 
Notoscopelus japonicus 27.4 35.5 13.2 19.2 4.7 
Symbolophorus californiensjs 7.9 35.0 17.5 16.3 23.3 
Diaphus theta 26.5 21.3 7.6 21.8 22.8 
Diaphus gigas 1.4 68.4 5 9 15.1 9.0 
A4yctophum asperun? 4.6 51.4" 38.1 5.6 
Lampanyctus jordani' 
Secondgroup 
Protorn yctophum thornpsoniC 
Stenobrachius leucopsarus 5.7 22.9 10.5 21.9 39.0 
Stenobrachius nannochirc 
Lampanyctus regalis 23.9 21.2 15.0 28.3 11.6 

"Contain small amounts of sterols 
bStomach contents of this species were large deep-sea fishes 
'Very small lipid recovery levels were insufficient for the separation by column chromatography 

derivatives such as TAG and PL in the stomach (Patton 
et al. 1975). Moreover, the higher levels of PL in stom- 
ach content lipids is considered to be caused by low 
levels of the other lipid groups in the prey. PL is gener- 
ally important as a membrane lipid of the cells. Its pro- 
portion in the tissues is relatively constant and its rela- 
tive level in lean organisms is generally higher than 
that in fat ones (Morris & Culkin 1989, Takama et al. 
1994). 

However, WE may be more readily digested in the 
stomachs of myctophids and the adsorption rates of the 
fatty alcohols may be much faster than those of other 
fats such as FFA, as the only major compound ob- 
served in their stomachs was deconlposed FFA, with 
comparatively small levels of both undlgested WE and 
TG. The free fatty alcohols, which are considered to be 
degradation products of WE, were hardly observed in 
the stomach contents. 

Even though the digestion of WE may be slightly faster 
than that of TG and PL, the lipid classes of the residual 
stomach contents included varying levels of WE, TAG, 
FFA, and PL (Table 3), while those in the tissues of myc- 
tophids included only WE or TAG with characteristic lev- 
els according to species (Table 2). This finding suggests 
that the lipid classes of stomach contents may be affected 
by the digestion levels of their prey organisms, which 
consist of small fishes and crustaceans. The Lipid class of 
myctophid tissues may be assumed to be characteristic of 
the species because they were independent of those in 
their stomach contents and almost constant within each 
species. This suggests that the myctophid species may 
transform various lipid classes from their prey to specific 
lipid classes, such as TAG and WE. 

Fatty acid and fatty alcohol compositions of WE, 
major components for 3 stationary myctophid 

species 

The fatty acids and alcohols of the WE in the 3 sta- 
tionary myctophid species, Stenobrachius leucopsarus, 
Stenobrachius nannochir, and Lampanyctus regalis, 
are shown in Table 4. The major components in the WE 
of all these species were the 16:ln-7 (4.6 to 12.2%), 
18:ln-9 (21.9 to 41.0%), 18:ln-7 (3.8 to 7.3 %), 20:ln-11 
(5.6 to l ? . ?%) ,  20:ln-9 (3.7 to 13.0%), and 22:ln-11 
(6.1 to 13.9%) fatty acids, and the 16:O (3.1 to 43.2%), 
18:ln-9 (2.4 to 6.4%), 20:ln-11 (3.1 to 14.5%), 20:ln-9 
(2.2 to 6.2%), 22:ln-l1 (11.4 to 46 .7%) ,  and 22:ln-9 
(4.0 to 5.6%) fatty alcohols. The alcohols and acids in 
the WE were characterized by a predominance of 
even-carbon and monoenoic chains (14:0, 16:0, 18:0, 
16:ln-7, n-5, 18:ln-9, n-7, n-5, 20:ln-11, n-9, n-7, 
22:ln-11, n-9, n-7, and 24:ln-g), and in particular, the 
respective amounts of other minor alcohols were either 
very small (less than 1 %) or not detected (Table 4). The 
total amount of the monoenes in the species was 79.2 to 
87.1 % (82.4 +. 1.4 %) for fatty acids and 37.2 to 90.4 O/O 
(62.8 k 8.8 %) for fatty alcohols. The high monoene lev- 
els in the WE of the myctophid lipids was similar to that 
of other deep-sea fish species containing WE as major 
components. The same trend has been noted in reports 
on the lipids of deep-sea fishes (Mori et  al. 1966, 
Nevenzel et al. 1969a, Sargent et  al. 1977, 1983, 
Hayashi & Takagi 1980, Nevenzel & Menon 1980, 
Buisson et al. 1982, Grigor et  al. 1983, Sargent et al. 
1983, Body et al. 1985, Takagi et al. 1985, Lee & Patton 
1989, Bakes et al. 1995). 
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Table 4. Mean i SE (n = 3 samples) fatty acid and alcohol compos~tion in the wax esters of 3 stationary species in Myctophidae 
expressed as weight percent of total fatty acids and alcohols, respcrtively 

Stenobrachios lerlcopsarus Stenobrachius nannochir Lampanyctus regalis 
Acid Alcohol Acid Alcohol Acid Alcohol 

- 

Total saturated 1.8 55 8 4 3 33.6 3 6 4.6 
14:O 0.3 + 0.1 8.1 + 4.1 2 3 + 0.5 9.5 r 3.0 0.9 + 0.2 0.2 i 0.0 
15:O 0.1 r 0.0 0.7 + 0.0 0 l + 0.0 0.7 t 0.0 0.3 r 0.4 
16:O 0.3 r 0.1 43.2 + 2.8 0.9 + 0.1 21.6 2 4.2 1.6 + 0.1 3.1 r 0.6 
17:O 0.8 k 0.1 0.3 * 0.1 0.7 + 0.1 0.1 A 0.0 0.3 + 0.0 
18.0 0.1 r 0.0 3.2 r 0.8 0.2 * 0.0 1.4 A 0.2 0.5 + 0.0 1.2 2 0.0 
20:O 0.2 r 0.0 0.3 r 0.1 0.1 + 0.1 0.3 + 0.0 0.1 1 0.0 

Total monoenoic 79.3 37.5 80.6 60 5 87.2 90.4 
14:l 0.1 * 0.1 0.3 T 0 0 0.1 T 0.1 0.3 + 0.1 0.1 r 0.0 
16:ln-7 11.2 i 0.9 2.6 T 1.0 12.2 + 0.9 1.9 r 0.2 4.6 r 0 2 2.5 t 0.6 
16:ln-5 0.6 r 0.0 0.5 + 0.1 0.9 * 0.0 0.4 + 0.1 0.2 5 0.1 0.2 * 0.1 
17:l 0.1 r 0.0 0.5 * 0.0 0.1 + 0.0 0.1 A 0.0 0.2 * 0.0 0.4 r 0 1 
18:ln-9 41.0 L 6.3 6.4 + 1.0 21.9 + 3.5 2.4 + 0.6 25.8 r 0.7 4.5 * 0.4 
18:ln-7 7 3 * 0.8 2 2 r 0 6  3.8 + 0.2 0.9 + 0.2 5.6 + 0.1 1.3 r 0.1 
18:ln-5 0 9 * 0.0 0 7 i 0 2  1 . 7 +  0 , 3  0 8 r 0 1  0.4 + 0 1 0 7 * 0.2 
20: ln- l1  5 6 i 1.8 3 1 + 0 7  15.2 + 0.8 11 0 r 0.6 17 7 + 2.4 14.5 a l 3  
20:ln-9 3 7 i 0.6 2.2 + 0 4 6.5 + 1.0 5 7 r 1 4  13.0 + 1.3 6.2 * 0 4 
20:ln-7 0.6 i 0.0 0.4 + 0.1 0.9 + 0.2 0.7 r 0 1 1.5 + 0.2 1.1 5 0.1 
22:ln-l1 6.1 r 3 . 2  11.4 * 4.4 13.9 -t 3.3 28.1 + 6.9 13.7 + 1.8 46.7 r 1.3 
22:ln-9 1.4 r 0.2 4.0 r 2.2 2.2 + 0 2 4.0 + 0.2 1.9 * 0.2 5.6 r 0.5 
22:ln-7 0.1 3 0.0 0.8 -t 0.1 0.3 * 0.1 1.3 + 0.3 0.3 * 0.0 2.5 r 0.3 
24:ln-9 0.6 i 0.1 2.4 + 0.3 0.9 T 0.1 2.7 + 0.1 1.9 + 0.2 4.7 + 0.4 

Total polyenoic 1.5.6 0.5 10.3 0.5 6.0 0 1 
16.2n-6 3.0 t 1.1 0.3 + 0.1 2.1 + 0.2 0.2 * 0.0 0.4 + 0 0 
18:2n-6 2.5 i 0.6 0.2 2 0.0 1.8 + 0.0 0.3 t 0.0 1.4 r 0 1 0.1 +_ 0.1 
20:4n-6 0.3 * 0.0 0.1 + 0.0 0.2 + 0.0 
18:3n-3 1.2 r 0.3 0.9 + 0.2 0.3 -c 0.1 
18:4n-3 1.4 i 0.7 1.1 ? 0.4 0.2 + 0.0 
20:4n-3 0.8 r 0.3 0.5 A 0.3 0.6 + 0.0 
20:5n-3 3.5 i 2.4 1.7 r 0.7 1.3 + 0.2 
22 5n-3 0.3 i 0.1 0.3 k 0.1 0 3  i-0.1 
22 6n-3 2.6 i 1.2 1.8 * 0.8 1.3 ? 0.1 

Fatty acid composition of TAG, major components 
for 10 myctophid species which displayed vertical 

migration 

The fatty acid composition of the TAG in the lipids of 
10 species of myctophids which displayed vertical 
migration and that of Lampanyctus regalis (TAG; 9% 
of the total lipids) is shown in Table 5. The major com- 
ponents in the TAG of all of the species were 16:O (17.0 
+ 0.3%), 16:ln-7 (4.9 * 0.1 %), 18:O (4.2 * 0.2%), 18:ln- 
9 (24.2 0.6%), 18:ln-7 (3.8 k 0.1%), 20:ln-11 (4.4 + 
0.3%), 20:ln-9 (3.9 r 0.2%), 22:ln-l1 (6.2 -t 0.4%), 
20511-3 (icosapentaenoic acid, EPA) (5.7 k 0.1 %) and 
22:6n-3 (docosahexaenoic acid, DHA) (6.6 + 0.2%). 
Similar to the case in the WE-rich species (Table 4 ) ,  the 
total amou.nt of monoenoic acids was also more than 
50% (52.3 * 0.7%) of the total fatty acids in the TAG, 
which was the major constituent in the tissues of the 
migratory myctophid species (Table 5). This presence 

of high levels of monoene fats in myctophid tissue 
lipids is markedly different from that of other marine 
fish species, which generally contain high amounts of 
n-3 PUFA (Japan Aquatic Oil Association 1989, Morris 
& Culkin 1989). 

Fatty acid composition of the neutral deposit lipids in 
the myctophid prey 

The fatty acid and alcohol compositions of the TAG 
and WE in the neutral deposit lipids of the stomach 
contents of 12 species of Myctophids are shown in 
Tables 6 & 7. (Lampanyctus Eestivus was not analyzed 
because there was nothing present in its stomach.) 
Three species, Notoscopelus ~aponicus,  D~aphus 
theta, and Lampanyctus regalis, contained both WE 
and TAG as major components (Table 3); the fatty 
acid and alcohol compositions of WE were also ana- 
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lyzed (Table 7). The total lipids of 3 samples (Lampa- 
nyctus jordani, Protompctophum thompsoni, and 
Stenobrachius nannochil-) were directly esterified 
(Table 7) because of the small lipid recovery levels 
(Table 3). Of these 3 species, only stomach contents 
of the S. nannochir contained both acids and alcohols. 
In all of the specimen stomach contents, the major 
fatty acids were 16:O (2.4 to 22.3%), 16:ln-7 (3.2 to 
11.3%), 18:ln-9 (3.8 to 34.4%), 20:ln-9 (0.6 to 
12.3%), 22:ln-11 (1.2 to 11.5%), 20:5n-3 (4.0 to 
15.9%), and 22:6n-3 (1.3 to 14.1 ?,h) in the TAG and 
WE, and the major fatty alcohols were 16:O (2.8 to 

25.2%), 20:ln-l1 (2.9 to 10.8%), 20:ln-9 (1.4 to 
22.7%), and 22:ln-l1 (7.0 to 32.9%) in the WE. In 
almost all of the stomach content lipids, 18:ln-9 was 
the dominant fatty acid, and the 2 monoenoic acids 
20:ln-9 and 22:ln-11 were the other major compo- 
nents in the total fatty acids of the stomach contents. 
The level of total monoene fatty acids in the TAG and 
WE reached 36.9 to 69.6% (51.9 * 0.6%) of the total 
fatty acids-with the exception of the acids in WE of 
N. japonicus (Tables 6 & 7). Total monoene fatty alco- 
h o l ~  in the WE (42.9 to 71.4 %; 55.9 -c 4.2 %) were also 
found to be high (Table 7). 

Table 7. Fatty acid and alcohol compositions of the wax esters and total lipids in the stomach contents (n = 3 samples) in Mycto- 
phidae expressed as weight percent of total fatty acids and fatty alcohols, respectively 

Notoscopelus 
japonicusd 

Acid Alcohol 

Total saturated 
14:O 
15:O 
16:O 
17:O 
18:O 
20:o 

Total monoenoic 
14:l 
16:ln-7 
16:ln-5 
17:l 
18:ln-9 
18:ln-7 
18: l n-5 
20:ln-l1 
20:ln-9 
20:ln-7 
22:ln-l1 
22:ln-9 
22:ln-7 
24:ln-9 

Total polyenoic 
16 2n-6 
18 2n-6 
20.4n-6 
18:3n-3 
18:4n-3 
20:4n-3 
20:5n-3 
22.5n-3 
22 611-3 

Diaph us 
theta 

Acid Alcohol 

8.9 50.5 
5.1 23.5 
0.1 0.5 
2 9 25.2 
0 4 0.2 
0.3 0.8 
0.1 0.3 

Lampa- 
nyctus 
regalisa 

Acid Alcohol 

24.5 5.5 
3.4 0.3 
0 4 0.7 

16.1 2.8 
0 5 0.3 
4 0  1.0 
0.1 0.4 

54.7 71.4 
0.1 0.4 
5.2 4.3 
0.2 0.4 
0.2 0.4 

23.2 3.8 
3.6 1.2 
0.6 0.5 
5.1 10.4 
4.4 5.8 
0.6 1.1 
7.1 32.9 
1.6 5.3 
0.7 1.9 
2.3 3.0 

13.6 1.8 
1.1 1.4 
1 1 0.4 
0.6 
0.5 
0.5 
1.1 
4.0 
0.6 
4.2 

Lampa- Protomycto- Steno- 
nyctus phum brachius 

jordani thompsonl nannochirC 

Acid Acid Acid Alcohol 

Tatty acld and alcohol compositions of the wax esters 
b ~ a t t y  acid compositions of the total lipids 
Total lipids of the stomach contents were mainly wax esters, because the reaction mixture of the acidic transesteriflcatlon 
contained both methyl esters and alcohols 

"Mixture of the isomers n-7 and n-9 fatty acids 
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Relationship between the fatty acid and alcohol 
compositions of the myctophids and those of 

their prey 

.Residues of the exoskeletons and reddish oils of 
copepods and the undigested black eyeballs of crus- 
taceans were observed in the stomachs of the mycto- 
phids examined. Because both the WE and TAG in the 
stomach contents contained comparatively high ratios 
of monoene fats (51.9 ? 0.6%), similar to those in the 
tissue lipids of myctophids (52.3 i 0.7 %), there may be 
a relationship between the hi.gh total monoene con- 
tents in stomach contents and those in the myctophid 
tissue lipids. This result suggests that the high mono- 
ene content of the myctophids might result from its 
prey such as copepods, which live in a wide range from 
the deep sea to the surface In the subarctic zone of the 
northern sea area. In general, the myctophids may sim- 
ply incorporate prey lipids in their tissues as fatty acids 
and alcohols. 

Total monoene levels of Stenobrachius nannochir 
(80.6% for the acids and 60.5% for the alcohols) and 
Lampanyctus regalis (87.2% for the acids and 90.4 O/o 
for the alcohols) are much higher than those of the prey 
(53.0% and 54.7% for the acids, and 48.8% and 71.9% 
for the alcohols, respectively), as shown in Tables 4 & 
7 The 2 stationary species rich in WE may accumulate 
the monoene fats as the acids and alcohols. On the 
other hand, the total monoene levels of the fatty acids 
in the tissue of Stenobrachius leucopsarus (79.3% in 
Table 4)  was high, while those of the fatty alcohols was 
low (37.5Y0 in Table 4 )  compared to those of the prey 
(46.1 % in Table 6). Therefore, in the case of the spe- 
cies S. leucopsarus, the monoene fats may be accumu- 
lated only in the fatty acids. There may be a specificity 
of species in the fatty acid composition becau.se there is 
a little difference between the monoene levels of the 
tissues in the 3 stationary species and those of their 

Prey. 

Origin of monoene fats in the lipids of midwater 
fishes 

It is well known, from many reports on marine fishes, 
that comparatively high levels of n-3 PUFA are found 
in the lipids of almost all of the pelagic surface fish 
species, which mainly accumulate TAG as a neutral 
deposit lipid (Ackman 1982, Herlmer 1989, Japan 
Aquatic 011 Association 1989, Morris & Culkin 1989). 
In the grazing food chain, pelagic surface fish have 
tendencies toward the accumulation of n-3 PUFA, 
which may originate from the phytoplankton and are 
essential for all marine fishes (Kanazawa et al. 1979, 
Yamada et al. 1980, Bell et al. 1986, Teshima et al. 

1992, Furuita et al. 1996, Takeuchi et al. 1996). Levels 
of PUFA may gradually increase over time with preda- 
tory feeding in the sea, and high PUFA levels in the 
lipids of highly migratory fishes are often observed 
(Medina et al. 1995, Saito et al. 1995, Murase & Saito 
1996). 

Copepods, which are known as primary consumer 
which prey on phytoplankton and small zooplankton 
and which generally have low ratios of PUFA in the 
WE of their tissue lipids, are the most important prey 
on the basis of biomass (Raymont 1963, Nevenzel 
3.969, Benson & Lee 1975, Falk-Petersen et al. 1987, 
Ohman 1987). Many copepods species often contain 
large amounts of WE as energy reserves instead of 
TAG, and n-3 PUFA are not generally major con- 
stituents in WE-rather the monoene fats are (Lewis 
1967, Lee et al. 1969, 1971, Gatten & Sargent 1973, 
Lee & Hirota 1973, Lee & Barnes 1975, Sargent & Lee 
1975, Sargent et al. 1977, Falk-Petersen et al. 1987, 
Joseph 1989, Kattner et al. 1989, Graeve & Kattner 
1992). The myctophids examined feed mainly on 
copepods, and in particular, on copepod species living 
in the deep sea and boreal sea which accumuldte WE 
(Gorelova 1974, Benson & Lee 1975, Tyler & Pearcy 
1975, Hopkins & Raird 1977). For example, in the 
report of Tande & Henderson (1988), the lipid of 
Calanus glacialis had a high level of WE. Ohman et 
al. (1989) also reported a high WE content in the lipid 
of Neocalanus tonsus. Furthermore, the lipids of 
Calanus hyperboreus and Calanus Einmarchius con- 
tained high levels of WE rich in monoene fats (Graeve 
& Kattner 1992). It is proposed that WE-derived con- 
stituents from lipid-rich copepods of the genera Neo- 
calanus and Eucalanus may be incorporated in the 
lipids of myctophld tissues, because there were some 
copepods like calanoids in the stomachs of the myc- 
tophlds examined (Table 1). 

Although the lipid composition in the myctophid tis- 
sues examined was nearly constant within species (p < 
0.05) and different from those in their prey, which con- 
tained various ratios of classes of neutral and polar 
lipids, the fatty acid and alcohol compositions of the 
myctophid lipids were mainly composed of monoenes 
which were very similar to those of their prey. These 
results suggest that myctophids may transform various 
lipid classes of their prey to the specific class (TAG in 
10 species and WE in 3 species), without biosynthetic 
modification-such as carbon chain elongation and 
desaturation of fats. 

Consistently high amounts of monoenoic fats were 
also found in the neutral deposit Lipids of some pelagic 
surface fish species such as saury (Ota et al. 1980), 
capelin, and herring (Ratnayake & Ackman 1979a, b, 
Linko et al. 1985), whose hplds originate from prey 
such as zooplankton (Pascal & Ackman 1976, Rat- 
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nayake & Ackman 1979a, b) .  These authors pointed 
out that the planktonic fatty alcohols are assimilated 
efficiently and converted directly to fatty acids in the 
above pelagic fish species. Myctophid species may 
prey on similar plankton to these pelagic fishes, as the 
fats of all the myctophids examined contained 18:1, 
20:1, and 22:l carbon chains, which is very similar to 
those of the pelagic fish species. It is suggested that the 
feeding habits of these 13 species of myctophids 
caught in the transition zone between the Oyashio and 
Kuroshio currents may be similar to each other and to 
those of the pelagic fish species such as saury caught in 
the same area. 

We conclude that the lipids in the myctophids caught 
in the oceanic front of the cold Oyashio current in 
northern Pacific Ocean contained high amounts of 
monoenes, especially 18:1, 20:l and 22:l and that these 
were the dominant fats for both TAG and WE in the 
lipids of all samples with PUFA found only in small 
amounts. It is suggested that the high monoene con- 
tent of the lipids of myctophids may be considered as 
characteristic of this family. 
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