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Feeding of deep-water fishes of the genus

Cyclothone (Gonostomatidae, Pisces)

by T.A. Gorelova

The P.P. Shirshov Institute of Oceanology
of the USSR Academy of Sciences, Moscow

This paper looks at the feeding of seven species of Cyclothone
measuring from 12 to 60 mm. It has been established that, in the
tropical part of the Atlantic and Pacific oceans, Cyclothone feed mainly
on copepods, less frequently on ostracods, and large individuals also
feed on euphausiids and fish. The size of the plankters consumed
increases with the size of the fish, but does not exceed 15-16 mm. The
diurnal rhythm of feeding is not pronounced in any of the species
studied. The indexes of fullness and the proportion of feeding fish are
higher in the Cyclothone found closer to the surface, C. alba and C.
pseudopallida. For comparison, we present the quantitative feeding
indices for two species of Myctophidae from the same areas as the studied

species of Cyclothone.

Cyclothone is one of the most prolific groups of fish inhabiting
the meso- and bathypelagic zones of the ocean. The members of this genus
do not perform diurnal vertical migrations (5-7, 13), though the depth
range of the habitat of some species is quite extensive. Because the
feeding of Cyclothone has been poorly studied, we do not have a
sufficiently clear picture of their position in the trophic system of the

deep-water communities.
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The present paper discusses the food composition, indexes of

fullness and some of the other quantitative feeding indices of the
Cyclothone species prolific in the tropical part of the Atlantic and
Pacific oceans.

Material and Method

The material was collected during the l4th trip of the "Akademik
Kurchatov" research vessel in the Caribbean Sea in 1973, and during the
57th trip of the "Vityaz" research vessel in the tropical western part of
the Pacific and the seas of the Malayan archipelago in 1975. The
cyclothones were selected from the catches of a midwater Isaacs-Kidd
trawl (MIKT) and partially from a ring-trawl. Fishing with a MIKT was
carried out at depths of 100, 200, 500, 1000 and 1500 m, without the use
of a closing device. During the l4th trip, the fishing with a MICT was
carried out around the clock. The lower depths (1000 and 1500 m) were
usually fished during the day. During the 57th trip, fishing with a MICT
was carried out only during the dark hours (from 19.00 to 07.00), and the
deepest layers were fished at sunrise.

The fish caught were fixed in Formalin, and then transferred to
70% alcohol. We examined the stomachs of 1213 fingerlings and adult
individuals belonging to seven species of Cyclothone, measuring from 12
to 60 mm (table 1). The less abundant species of Cyclothone were
processed completely, while the species represented by several hundreds
of specimens were processed partially, care being taken to study fish of
different sizes.

Processing of the stomachs was carried out by the gravimetric
method (3). The data on the amount of food found in the stomachs were
expressed by the indexes of fullness (weight of food in the stomach as a

percentage of body weight). The food organisms in the stomachs were
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determined and measured. Only the copepods and euphausiids were

determined to the genus and species.

Table 1

Qualitative composition of the food consumed by Cyclothone species

Species of fish

N C. pseudo- C. acclini- |C. atra-] C. ¢bs-
C. alba C. pallida ;Paliida dens ria cura

Food objects

—
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1. Copepoda:
Calanoida
Calanoida juv
Candacia aethiopica
C. pachydactyla
C. longimanna
Scolecithrix  danae
Metridiidae
Pleuromamma sp.
P. abdominalis
Rhincalanus sp.
Nannocalanus minor
Neocalanus gracilis
Heterorhabdus sp.
Euchacta sp.
E. marina
E. biloba
E. spinosa
Aetideidae
Chirundina sp.
Undeuchaeta sp.
Centropages sp.
Scaphocalanus sp.
Haloptilus sp.
Lucicutia sp.
Cyclopoida
Oncaea sp.
Corycaeus sp.
2. Ostracoda
3. Amphipoda: :
Primno macropa
. Decapoda
. Euphausiacea:
Stylocheiron sp.
S. maximum
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Note: 1 - data on the l4th trip of the "Akademik Kurchatov" research
vessel; 2 - data on the 57th trip of the "Vityaz" research vessel; 24 of
the dissected specimens of C. braueri were found to be empty.
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Results and Discussion

As we can see from table 1, the food of all the studied species of
Cyclothone consists mainly of small crustaceans, i.e copepods, ostracods
and euphausiids. Copepods were found in the stomachs of all the
cyclothones, but they were particularly abundant in C. alba and C.
acclinidens. The weight and abundance ratio of copepods to ostracods was

approximately the same in small C. pseudopallida and C. pallida (table

2). The proportion of euphausiids and fish was guite high in large C.

pseudopallida and C. gallidal The stomachs of the majority of C.

atraria and C. obscura were found to be empty. Copepods were found in
only 5 specimens.

Judging by the literature, copepods constitute one of the main
food items of cyclothones (8, 10-12, 14, 16). Ostracods should be
regarded as the second most frequently encountered and proportionally
abundant group of plankters in the food spectra of small fishes
(regardless of the species) (5, 10), and euphausiidsz, fish (table 1)
and amphipods in the food spectra of larger fishes (15). The other
groups of invertebrates (decapods, chaetognaths, mollusks) are

encountered in very small numbers.

Iwe were unable to identify the latter, as only muscle strands,
vertebrae and chrystalline lenses had been found.

2According to Roger's data (17), euphausiids are not included in the
food spectra of Cyclothone species; however, it should be said that the
author examined individuals up to 30 mm in length. On the basis of our
own data, euphausiids become a common food item in larger fishes.
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Table 2

Food spectra of Cyclothone species belonging to
different size groups

< ) KopMobnic opraussuu ®
o |22 S B TEE 2] &[40 £13
i | g S la | £ E| & 20| FI12)Es
g g e g & d = UN
By || 2 |80 8|87 B FqFel% | 1|
C. alba 11—20] 19 | juv 74 5 — ) —} — 1] — 1 — | — 1 11
' 56 |ad 39 | 51 | 16 53
20—300 26 {ad 3Q | B [ 12| — | —| 8| —| |~ 10
. 122 8 | 20 6 1%
C. pseudopal-{141—20f 8 juv 57 40 — — —_ — — — 3
lida 23 50 | 20 30
2130 18 juv 47 9 — 30 12 | — | — —_ 2
71 |ad g 65 | 15 R 10
31—40f 22 ad Q@ 53 12 — — 6 22 | — — 6
98 60 | 14 T T 14
41500 4 |ad @ 112 —|—|—]4]—1{3]—
12 17 | 50 17 16
C. pallida 11—-23 5 juv 32 | 26 | — - -} - =] = | 42
23 | /|25 )
2130 10 | juv 14158 | — | — | — ] — | — 5 23
: 18 |ad dQ | 15 | 3% 0| 37
§ 31—40) 3 faddQ| — |89 | —|—|—|—]3]—]|—
. .. 79 66 34 .
i - 41—50f 11 rad @ 6 | 5 1 1 |17 — 451 — |24/ 2
- 132 1231231 % |8 8 5|15
51—60] 3 ad @ 12 i1 — —_ 66| — | — — — .
B 33| 33 3% .
C. acclini- {21—30} 10 | juv 75 5 5 — — 2 — | 13
dens 17 (ad $9 |50 | 10 | 10 10 20
31—40] 9 |adgQ |6 {30 | —| -] =] = -] —=135
8% 70 | 23 8

*Numerator - wt.% of individual groups of food organisms; denominator -
the same based on abundance (each stomach containing digested food was

equated to one food unit).

Key to table 2: 1 - Species of fish; 2 - Size of fish, mm; 3 - Sex;

4 - Food organisms; 5 - copepods, 6 - ostracods, 7 - chaetognaths, 8 -
decapods, 9 - amphipods, 10 - euphausiids, 11 - polychaetes, 12 - fishes,
13 - unidentified remains.

The proportion of fishes with unidentified stomach contents
amounted to 10-50% (table 2). The largest number of fish with

unidentified stomach contents was observed in the species C. pallida. In

the stomachs of 85% of the C. acclinidens and 45% of the C. signata, De
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wWitt (10) discovered a soft, unbroken mass with no traces of any solid

formations, which, in the author's opinion, consisted of the digested
remains of non-chitinous invertebrates. Marshall (16) identifies this
mass as detritus. Judging by first-hand observations from a bathyscaphe
in the bathypelagic region, there are accumulations of detrital
aggregates measuring up to several millimetres, which can be consumed by
plankton-eating fishes (18).

The copepods encountered in the stomachs of cyclothones included
epipelagic, deep-water and interzonal species (see table 1). For

instance, some of the specimens of C. alba and C. pseudopallida were

found to contain epipelagic (Candacia pachydactyla, C. aethiopica) and

interzonal (mainly of the genus Pleuromamma) copepods. Typically
deep-water representatives of the families Aetideidae and Heterorhabdidae
were found alongside interzonal ones in C. pallida and C. acclinidens.

Therefore, the collection of copepod species found in the stomachs
of cyclothones corresponds, in general terms, to the data on their
vertical distribution. The mesopelagic (according to Mukhacheva's
terminology, ref.4) species C. pallida and C. acclinidens feed mainly on
interzonal and bathypelagic copepods, and C. alba, which is found closer
to the surface (300-600 m) (15, 16) is known to feed on interzonal and

epipelagic Copepoda. The fact that the food spectra of C. pseudopallida,

which is usually concentrated at depths of 500-800 m (6), bears greater
similarity to that of C. alba than to any other species of Cyclothone
probably indicates that the vgrtical distribution of these two species is
of a similar nature in the study area, just as observed at 11° N lat. and

20° E long. in the Atlantic (7).
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The size of the food organisms consumed by Cyclothone species

varies from 0.3 to 16 mm. Within each species, the maximum size of the
food organisms, the size range of the prey and the average weight of the
latter increase with the size of the cyclothones (table 3). For example,
the juveniles and males of C. pallida (measuring up to 30 mm) feed on
plankters that measure from 1.2 to 3.3 mm and weigh 1.2 mg on the
average; the females of this species (measuring 31-40 mm) are capable of
capturing prey 1.2-16 mm in length and weighing 5.2 mg on the average.
There are some specific differences in the Cyclothone with respect to the
size of their food. For instance, the average weight and size of the
food items consumed by the same size group of fishes (e.g. 21-30 mm) are

smaller in C. alba, than in C. pseudopallida and C. pallida (table 3).

The proportion of fish with full stomachs amounted to
approximately 24-25% of the total number of dissected C. alba and C.
pseudopallida, 7-8% in C. pallida and C. acclinidens, and the minimum

2-4% in C. atraria and C. obscura®.

According to the data in refs. 8
and 9, this value can be considerably higher, approximately 40%. De Witt
(10) has shown that the proportion of fish with food in the stomach may
diminish with depth from 41 to 22% in one species (C. signata4), or

vary in the day (17%) and night (47%) catches in another species (C.

acclinidens).

5The low percentage of individuals with full stomachs in C. atraria and
C. obscura is possibly due to the fact that far less material was
processed on these species.

4similar to C. alba, this species belongs to the shallow-water group of
Cyclothone species 1es with respect to the nature of its vertical
distribution (4).
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Table 3

Size ratio of prey consumed by Cyclothone species (wt.%)

1 2‘;% 3 PaaMmep nHuH, MM Eg: 4.:
Brant puit §%. = | = | a8
. 3\0 - «N © ~ ) w L | -
(v | D303 2|2 |58
C.alba - 1—20 | 71722t | —| —| —| —|—1|~— {027
2{—30 71 40 8 7116 (22| — | — | — | 0,88
C. pseudopallida 2{—30 | — 8120 | 11461443} —1 — 11,25
3M—40 | — 913 | 28 6 | — 22 { — | 1,67
C. pallida 2—-30 |y — |34 | 26|40 — | — | — | — | — 1,18
3M—40f — |50 [ SO0 | — | — | — — 1 — 11,10
4150 | — 3 2 9128 — | 13| — 1 45 [5,23

*The average weight of the food was determined by adding up the weights
of food particles varying in the degree of digestion.

Key to tables 3 and 4: 1 ~ Species of fish; 2 - Size of fish, mm; 3 -
Size of food, mm; & - Average weight of food, mg*.

Table 4

Mean indexes of fullnmess (y) and the proportion of fish with
full stomachs (Ng/N %) in different size groups of cyclothores

1 2 Pasmep puil, MM
11—20 21—30 31—40 | 4150 51—60 1160
" Buppt peo
' = z 2 2 2 =z
C. alba 0,0062| 34(0,0030{21} — |—} — |—| — |-—1{0,0040{ 25
C. pseudopallida “— | —]0,0051]| 25}0,0035{ 22| — |— — 10,0042} 24
C. pallida — {—1]0,0017{ 8[0,0004] 40,0014 80,0002 60,0011 7
C. acc]inidens — | —[0,0012] 910,0010{12| — |- — {—10,0041] 8

Unfortunately, the fish were caught with non-closing gear, and so
we cannot say how the relative number of fish with full stomachs changes
with depth, but it is clear that this index is considerably higher in the

species encountered closer to the surface (C. alba and C. pseudopallida),

than in the other species of Cyclothone.
The number of food objects in an individual stomach did not exceed
1-2, the proportion of fish with two food objects amounting to 2% in C.

alba, 3% in C. pallida, 7% in C. pseudopallida and 13% in C. acclinidens.
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The mean indexes of fullmess, the same as the percentage of fish

with full stomachs, are higher in C. alba and C. pseudopallida (up to

0.0060, table 4), énd diminish in each species as the size of the fish
increases. When the indexes of fullness are calculated with only the
fish with full stomachs taken into account, they amount to
0.0100-0.0200. Similar values have been obtained by Legand (15) for C.
alba (0.0270) and C. acclinidens (0.0170).

Table 5 gives the indexes of fullness for 2-hr intervals during a
period of 24 hrs for three prolific species of Cyclothone i.e. C. alba,
C. pseudopallida and C. pallida. The fullness of the stomachs, as well

as the proportion of fish with full stomachs and the ratio of fresh and
digested food vary irregularly throughout the 24-hr period, but food
objects are seized at any time of the day or night.

It is interesting to compare our results with the data on the

feeding of the actively migrating myctophids Ceratoscopelus warmingi and

Bolinichthys longipes from the same area (l). As in the case of

Cyclothone species, copepods form the most abundant group of food objects
for C. warmingi and B. longipes. However, unlike that of the Cyclothone
species, their food spectrum is more diverse, for their stomachs have
been found to contain amphipods, euphausiids, chaetognaths,
appendicularians, decapods, mollusks (including squid) and fishes in
different ratios. ‘

With respect to the species composition of the copepods, the main
difference between Cyclothone species and myctophids lies in the fact
that C. warmingi and B. longipes consume a much greater number of

epipelagic species belonging to the genera Euchaeta (E. marina),

Candacia, Oncaea and Corycaeus, though interzonal and bathypelagic

species with an extensive depth range (the genera Pleurcomamma,

Scottocalanus, Euchirella, etc.) predominate, as in the case of the

Cyclothone genus.
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With respect to size composition, the food of small myctophids (up

to 30 mm in length) and cyclothones of the same size is almost identical
(Cf. table 2 of this paper and fig. 6 of ref. 1). However, the maximum
size of the prey captured by larger myctophids is 1.5-2 times greater
than in the same size group of cyclothones (2).

The average 24-hr indexes of fullness (y) and the proportion of
fish with full stomachs No/N in C. warmingi and B. longipes amount to
y=0.0135, No/N=77% and y=0.0096, No/N=94% respectively”, which is
several times higher than in the Cyclothone (see table 4).

Conclusion

Cyclothone species feed mainly on copepods. The proportion of
ostracods, euphausiids and fish in their diet is significantly lower.

The size of the food objects seized increases with the size of the fish,
but does not exceed 15-16 mm even in the largest cyclothones.

Comparative data on the feeding of the studied Cyclothone species
and mesopelagic, migrating myctophids C. warmingi and B. longipes bring
us to two significant conclusions. First of all, the diet of cyclothones
is more diverse with respect to species and size composition, as compared
with the Myctophidae. Secondly, the index of fullness and the proportion

of feeding individuals are considerably lower in cyclothones, than in C.

warmingi and B. longipes.

The author wishes to thank V.B. Zeitlin for reading the

manuscript, and for his valuable comments.

5This is based on the data in ref. 1, taking into account that C.
warmingi has a well-defined diurnal rhythm of feeding, i.e. its fullness
at night is approximately twice as high as during the day, but B.
longipes feeds evenly throughout the 24-hr period (15).
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T. A, GORELOVA -

ON FEEDING OF DEEP-SEA FISHES OF THE GENUS CYCLOTHONE
: {GONOSTOMATIDAE, PISCES)

) ‘The feeding is considered of 7 species of the genus Cyclothone of the size from 12
. .to 80 mm. The main object of feeding of the cyclothones in the tropical part of the Atlan- .
. tic and the Pacific oceans is established to be copepods, more seldom ostracods, and in
' large specimens also euphausiids and fishes. The sizes of the consumed plankters grow -
. with growing sizes of the fishes, yet they do not exceed 15—16 mm. The diurnal feeding
© rhythm is not pronounced in any of the species studied. The indices of stomach filling
and the number of feeding fishes is higher in C. alba and C. pseudopallida inhabiting
waters closer to the surface. Quantitative feeding indices of two species of lantern fish |
from the same regions where cycloihones were studied are given for comparison. '



