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Abstract 

Fishes and zooplankton were obtained (March-April 
1979 and partly in August 1974) from 45 hauls taken 
during the day and at night in the central equatorial 
Atlantic between Latitude 3 ~ and 2 ~ from the surface 
to 1 250-m depth, using the RMT 1+8, a combined 
opening-closing plankton and micronekton trawl. The 
vertical distribution of 30 myctophid species is described. 
All species migrate in a diel pattern, Ceratoscopelus 
warmingii and Lampanyctus photonotus down to at least 
1 250 m. During daytime most species aggregated at 400- 
to 700-m depth, therefore only partly occupying the depth 
of the Deep Scattering Layer (400 to 500 m at 15 kHz). 
The feeding patterns of seven of the most abundant 
species were compared, with a total of 1 905 stomach 
contents being analysed. All seven species are regarded as 
opportunistic predators, which feed predominantly during 
the night on calanoid copepods. A total of 66 species of 
calanoid copepods were identified among the prey items, 
with smaller species definitely being in the minority. 
Stomachs of C. warmingii (700 to 1 250 m depth) and 
Lepidophanes guentheri (500 to 900 m depth) from daytime 
samples contained copepod species restricted to the upper 
150 m of the water column, including Undinula vulgaris, 
Nannocalanus minor, and Euchaeta marina, thereby con- 
firming an extended vertical migration of predators. 
Differences in diet and preferences between species in 
their total food spectrum are described. 

Introduction 

In the oceanic environment extensive vertical migrations 
of myctophids and other mesopelagic fish species have 
been well documented by many authors (Pearcy and 
Laurs, 1966; Badcock, 1970; Badcock and Merrett, I976; 
Pearcy etal., 1977; Frost and McCrone, 1979; Willis and 
Pearcy, 1982; Roe and Badcock, 1984), but the role of 

midwater fish in the marine food web, particularly in 
tropical oceanic regions, has not been sufficiently investi- 
gated. 

This study considers the vertical range of distribution 
of the more abundant myctophid species from the central 
equatorial Atlantic and their feeding patterns in relation to 
their diel vertical migrations. 

Materials and methods 

Individuals were collected during March-April 1979 on 
RV "Meteor" (cruise 51) in the central equatorial Atlantic, 
between Lat. 3 ~ and 2 ~ along longitude 22 ~ (Fig. I). 
Sampling was done at a speed of 2 kn, using an acousti- 
cally operated, opening-closing rectangular midwater trawl 
(RMT 1 + 8). This is essentially a twin net consisting of an 
8-m 2 trawl of 4.5-ram mesh size and a 1-m 2 plankton net 
of 0.303-mm mesh size. The opening and closing of the 
two nets were controlled by a net monitor which acousti- 
cally telemetered in-situ measurements of the depth of the 
net, temperature, speed and distance fished (Baker et al., 
1973). 

Altogether 34 hauls were carried out at night between 
0- to 200-m depth. Another series of hauls was carried out 
during the daytime around the depths of the Deep 
Scattering Layer. Due to the lack of sufficient daytime 
samples from depths below 200 m, additional samples 
from RRS "Discovery" (cruise 64, 1974) were investigated. 
They consisted of two series of hauls collected with the 
RMT 1+8 in the same area (at Lat. 3~ and on the 
equator, Fig. 1), during July 1974. The 14 samples were 
collected in the daytime between 300- and 1 250-m depth, 
mostly in 100-m depth intervals and of 2-h duration, 
except at the deepest level where the haul was of 4-h 
duration. 

Stomach analysis was done from samples preserved in 
buffered 4% formalin which were later transferred to 7070 
isopropyl alcohol. The degree of stomach filling from 
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Fig. L Locations of RMT 1 + 8 stations in the 
central equatorial Atlantic 

Table 1. Number of myctophid specimens collected at night with 
the RMT 1+8 on a transect between 3~ and 2~ in the upper 
200 m (RV"Meteor", cruise 51, 1979); ( )= number of hauls 

3~ Equator 2~ 2 

Electrona risso 1 (1) 1 
Hygophum macrochir 11 (3) 18 (3) 23 (4) 52 
Benthosema suborbitale 5 (2) 1 (1) 5 (2) 11 
Diogenichthys atlanticus 7 (5) 2 (1) 22 (4) 31 
Myctophum affine 1 (1) 1 
Myctophum nitidulum 1 (1) 3 (2) 4 
Myctophum asperum 8 (3) 15 (2) 12 (4) 35 
Notolychnus valdiviae 71 (4) 49 (4) 120 
Diaphus dumerilif 74 (6) 8 (3) 19 (4) 101 
Diaphusgarmani 4 (I) 1 (1) 5 
Diaphusproblematicus 1 (1) 1 (1) 3 (1) 5 
Diaphus splendidus 6 (2) 3 (2) 2 (2) 11 
Diaphus bertelseni 1 (1) 1 
Dia?hus luetkeni 56 (7) 21 (4) 27 (4) 104 
Diaphus lucidus 4 (3) 4 
Diaphusfragilis 34 (7) 9 (2) 7 (4) 50 
Diaphus vanhoeffeni 1 (1) 9 (3) 2 (2) 12 
Diaphus molfis 18 (7) 3 (1) 8 (4) 29 
Diaphusbrachycephalus 18 (7) 112 (4) 16 (4) 146 
Diaphus elucens 1 (1) 1 
Lampadena luminosa 4 (2) 4 
Lampanyctus isaacsi 1 (1) 1 (1) 2 
Lampanyctusphotonotus 1 (1) 1 (I) 2 
Lampanyctus nobitis 19 (3) 19 
Lam?anyctus tenuiformis 1 (1) 1 (1) 2 
Larnpanyctus alatus 63 (9) 43 (5) 146 (4) 252 
Lampanyctus taaningi 2 (1) 2 
Lepidophanes guentheri 155 (8) 37 (5) 46 (4) 238 
Lepido?hanespyrsobolus 2 (1) 2 
Bolinichthys supralateralis 1 (1) 1 
BoIinichthysphotorhorax 5 (3) 4 (2) 4 (3) 13 
Ceratoscopelus maderensis 5 (1) 5 
Ceratoscopelus warmingii 71 (9) 108 (6) 179 
Notoscopelus resplendens 2 (2) 1 (1) 3 

620 432 396 1 448 

samples collected during the night (0-200 m depth) was 
classified according to the following scale: 0 = e m p t y ,  
1 =near ly  empty, 2 = h a l f  full, 3=fu l l  and 4=ex tended  
stomach. 

Besides stomach analysis at higher taxonomic levels, 
copepods were usually differentiated to genus and where 
possible to species. 

Results 

Abundance and vertical distribution 

Of  the 45 myctophid species described by Nafpaktitis et al. 
(1977) and recently by Hulley (1981) from the Atlantic 
Tropical Region, 34 species were collected in the 34 hauls 
at night from 0 to 200 m. Table 1 lists the nighttime 
distribution of  myctophids in the upper 200 m of  the water 
column. Some species seem to occur more frequently at 
the northern station, such as Lepidophanes guentheri (155 
irtdividuals in 8 hauls) and Diaphus dumeritii (74), but due 
to the few samples collected at the three stations, tlfis 
could be merely accidental. Diaphus brachycephalus was 
abundant  at the equator (t 12), while Lampanyctus alatus 
reached a peak at Lat. 2~ (146). Another dominant  
species, Ceralosco?elus warmingii, was present at the 
equator and at Lat. 3 ~ but did not occur at Lat. 2 ~ 
Zoogeographically, the sampling area is well within the 
Guinean Region as defined by Backus et al. (1970), with 
the warmest Atlantic surface water in April reaching 28 ~ 
(Fig. 2) (Bauerfeind et al., 1984). At a depth of  1 000 to 
1 200m the temperature is 5~ and at 800m 6~ 
Organisms migrating from 800 m or deeper to the upper 
100 to 200 m therefore have to tolerate a wide temperature 

r a n g e .  
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Fig. 2. Isotherms and isohalines for the meridional section in Long. 23~ derived from STD measurements taken at the time of RV 
"Meteor" sampling program 

Table 2 describes the depth distributions ofmyctophids 
during the daytime from two series of RMT-8 hauls 
(totalling 14 positive hauls) from 300 to 1 250 m. Above 
300 m, no myctophids were collected during the daytime. 
Most species occurred between 400- to 600-m depth, with 
Benthosema suborbitale, Diogenichthys atlanticus, Myeto- 
phum affine and M. asperum being particularly abundant. 
Hygophum macrochir and Ceratoscopelus warmingii were 
collected over the whole column from 400- to 1 250-m 
depth. Lobiancha dofleini is seldom observed in the tropi- 
cal Atlantic. Only two were caught during the day, and 
they originated from 400- to 500-m depth. 

Of the Diaphus species, D. luetkeni appeared mostly 
from 400 to 500 m, with single individuals collected at 500 
to 900m. According to Nafpaktitis etal. (1977), this 
tropical species is a ranking myctophid in the Atlantic 
Tropical Region with its greatest abundance in the 
Guinean Province, daytime distribution 375 to 750 m. 
D. lucidus and D. mollis were the two other more abun- 
dant species collected during daytime. 

Two Lampanyctus species, L. photonotus and L. nobih\~, 
contrast with the other myctophid species in their wide 
depth range between 600 and 1 250 m. This also holds true 
for Lepidophanes guentheri and Ceratoscopelus warmingii, 
which have the broadest depth distribution (400 to 
1 250 m). The vertical distribution of C. warmingii cor- 
responds with that of other collections (Nafpaktitis et al., 
1977). C. warmingii has been collected in opening-closing 
nets in the eastern North Atlantic (Lat. 30~ Long, 
23 ~ and near Bermuda and the Canary Islands even to 
depths of 1 500 m (Badcock and Merrett, 1976; Nafpaktitis 
et aL, 1977). 

Deep scattering layers 

Daytime abundance of myctophids in particular depths 
has often been correlated with the depth of Deep 
Scattering Layers (DSL). Myctophids with gas-filled 
swimbladders are mostly responsible for the cause of 



316 J. Kinzer and K. Schulz: Vertical distribution and feeding of midwater fish 

Table2. Daytime depth distribution of myctophids from RMT 8 samples collected at stations between 3~ 22~ and 0~ 
22~ during GATE-Expedition of RRS "Discovery", July 1974 

Depth (m) 

~ ~ ~ .~ ~ -~ 

300- 400 
400- 500 6 

1 500- 600 1 10 
8 

600- 700 1 2 
8 

700- 800 2 

800- 900 3 

900-1 000 4 

1 000-1 250 1 

2 4 
16 6 8 12 1 198 2 5 1 31 
20 13 4 3 

5 84 6 1 1 
7 

1 1 

2 2 
17 2 3 2 

1 16 1 

3 
4 

1 2 

3 15 23 5 4 3 
20 55 

16 20 1 5 2 13 5 6 
2 22 48 27 
8 1 4 14 

10 3 6 

5 1 10 2 
3 3 3 

15 4 
2 

14 1 

3 
6 1 
6 
34 2 

Table 3. Occurrence of midwater fishes of 8 RMT 1 + 8 samples 
collected at 2~ at depths above, within and below DSL-depth 
(each a 30-rain haul) 

Station Depth (m) No. of specimen Remarks 

45/63 200-350 no fish above DSL 
59 300-350 few sternoptychids at DSL 
61 350-400 few sternoptychids at DSL 
54 350-420 30 myctophids at DSL 
55 400-500 61 myctophids below DSL 
60 400-500 60 myctophids below DSL 
62 400-500 42 myctophids below DSL 

sound scattering at 15 to 3 0 k H z  (Marshall ,  1951, 1960; 
Backus et al., 1968; Baird et al., 1974; Farquhar ,  1977). As 
opening-closing nets and trawls improved  and the depth  
of  the DSL was sampled more precisely through the 
deve lopment  of  telemetering in-situ net  depth  to the ship, 
it appeared  that myctophids  were less often responsible for 
sound scattering. Exceptions possibly occur in areas of  
mass abundance.  

In equator ia l  waters during cruise 51 of  RV "Meteor"  
we observed at 15 kHz a typical  two banded  DSL with the 
main layer between 300 m and a max imum of  450-m 
depth. A shallower and weaker  layer was recorded be- 
tween 200 and 250 m. With a quick ascent and descent of  
the layer (average 8 cm s -1) we assumed that it was caused 
by fish. In a series o f  30-min sampling at the DSL and its 
surrounding depth at Lat. 2 ~ we caught about  twice as 

many myctophids  just  below the DSL than at the depth  of  

the DSL (Table 3). 
Above the DSL no mesopelagic species were caught. 

Also, according to the depth distr ibution of  myctophids  
from the "Discovery" dayt ime samples (Table 2), many  
myctophid species have their max imum distr ibution be- 
tween 400 to 500 m. The exceptions are most Lampanyctus 
species (apart  from L. aIatus), Lepidophanes guentheri and 
Ceratoscopelus warmingii, which were observed even 
further down to 1 250 m depth (see above). 

Our findings correspond well with the "Discovery" 
data, since at 300 to 400 m no myctophids,  except a few 
Diaphus spp., were caught (Table2) ;  most myctophid  
species appeared  at 400 to 500 m and below, down to 

some 700 or 1000 m. 

Food  and feeding pat terns  

Analysis of  s tomach fullness and s tomach content  was 
done on seven of  the more abundan t  myctophid  species 
collected in the upper  200 m at night: 

Lampanyctus alatus 
Lepidophanes guentheri 
Ceratoscopelus warmingii 
Diaphus brachycephalus 
Notolychnus valdiviae 
Diaphus l~tkeni 
Diaphus dumerilii 

252 ind . /18  hauls 
238 ind . /17  hauls 
179 ind. / 15 hauls 
146 ind . /13  hauls 
120 ind. / 8 hauls 
104 ind . /15  hauls 
101 ind . /13  hauls 
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Preliminary analysis was also done on the stomach 
contents of samples of these species collected during the 
daytime, with particular emphasis on calanoid copepods 
as prey organisms. Only Diaphus brachycephalus was 
missing in the daytime hauls, so that no data could be 
collected on this species. 

Because of the relatively large mesh size of the RMT 8 
cod end, net feeding of the individuals sampled can be 
considered negligible. 

Ceratoscopelus warmingii. The average size of C. warmingii 
was 34 mm SL in our RMT 8 samples. Of all seven species 
investigated, this species had the broadest diversity of prey 
items at all three stations (Fig. 3). At the most northern 
station appendicularians slightly prevailed by numbers 
(23%), followed by copepods (22%) and salps (12%), 
euphausiids and their larvae, fish scales, ostracods, amphi- 
pods, gastropods, a few chaetognaths, siphonophores and 
fish larvae. A wide variety of taxa and sizes of taxa and 
sizes of prey was also described by Clarke (1978, 1980) 
from the tropical Pacific. 

Comparing the three different locations it seems that 
most species fed on more appendicularians at Lat. 3 ~ 
with a steady decrease towards the south. A diet composi- 
tion, which varies geographically and/or with the season, 
was also described for this species by Hopkins and Baird 
(1977). 

C. warmingii is the only species in our samples which 
also feeds on salps. At each of the three stations, salps 
contributed to their diet (up to 12% at Lat. 3 ~ and 2 ~ 

Lepidophanes guentheri. This species was second in abun- 
dance and the largest species we caught, with an average 
size of 46 mm SL. At Lat. 3 ~ their prey consisted of 
about 50% copepods, with other food items being appen- 
dicularia (13%), euphausiids (10%), ostracods and fish 
scales (Fig. 3). In contrast to observations by Hopkins and 
Baird (1977), no siphonophores were found in their 
stomachs. Also in samples collected during the daytime at 
500 to 900 m, copepods and euphausiids dominated. 

Diaphus dumerilii. This species is very common and had 
an average size of 43 mm SL in our catches. It is therefore 
the largest Diaphus species in our collection. At the 
northern station the diet consisted mostly of copepods and 
almost 30% appendicularia, except for some ostracods, 
euphausiids, amphipods, and gastropods (Fig. 3), At the 
equator station we had only a few D. dumerilii in our nets. 
At Lat. 2 ~ the analysis of 22 stomachs revealed a similar 
diet, except for a higher content ofcopepods (63%). 

Our few daytime collections of Diaphus dumerilii from 
400 to 600 m contained mostly juveniles about 25 mm SL. 
Their diet consisted of copepods, ostracods, and gastro- 
pods. Digestion was advanced, indicating food uptake only 
at night. This is in contrast to individuals from off NW 
Africa with no diurnal feeding pattern. It seems that in 
areas of upwelling off NW Africa, the behaviour of 
midwater fish might be different from oceanic regions. 

This also holds true for Myctophum punctatum and D. hol- 
ti in this area which continued feeding during the daytime 
(Hopkins and Baird, 1977; Kinzer, 1982). 

Diaphus luetkeni. This is another abundant tropical mycto- 
phid which, because of its smaller mean size (35 mm SL), 
appears to select smaller prey items. Copepods were the 
prevailing prey at all three stations (+ 70% by numbers), 
supplemented by ostracods, amphipods, euphausiids, and 
to some extent fish scales (Fig. 3). At the southern station 
this species also preyed on chaetognaths. As in daytime 
samples from 400 to 500 m (31 individuals), most prey 
items [i.e. copepods, a few euphausiids and single amphi- 
pods (Phronima sp.)] exhibited advanced digestion, and it 
is thus assumed that D. luetkeni feeds at night. 

Diaphus brachycephalus. This species was caught only in 
nighttime samples in 200- to 0-m standard hauls. With an 
average size of only 28 mm SL, it was the smallest Diaphus 
species in the samples. Copepods and ostracods were the 
dominant prey organisms (Fig. 3). Compared to the other 
six myctophid species, D. brachycephalus preys preferably 
on ostracods (20%). 

Lampanyctus alatus. L. alatus averaged 41 mm in size, but 
despite its relatively large size, feeds primarily on cope- 
pods (mean value 65%; Fig. 3). Only at the equator were 
22% euphausiids found in their stomachs, the remaining 
prey consisting of ostracods, decapods, appendicularians, 
siphonophores, fish and fish scales. The advanced state of 
digestion of the stomach content from daytime samples of 
500 to 600 m indicates that they feed predominantly 
during the night. 

Notolychnus valdiviae. The smallest of all myctophids in 
our samples, N. valdiviae had an average SL of only 
25 mm. Athough an abundant species, we collected N. val- 
diviae only at Lat. 3~ and 2~ One of the richest 
daytime hauls from 400 to 500 m yielded 198 individuals 
(Table 2). As can be expected from their small size, their 
prey consisted of more than 90% copepods and ostracods, 
with only a few appendicularians and euphausiids (Fig. 3). 
Copepods were predominantly medium-sized, and partic- 
ularly members of the genera Candacia, Euchaeta and 
Pleuromamma were obtained. The smallest specimen dis- 
sected (15 mm SL) was found to contain copepod prey of 
at least 2.9 mm total length (Euehaeta hebes). 

Results of stomach analysis suggest that feeding is 
restricted to the nighttime, which also corresponds to the 
findings of Merrett and Roe (1974). 

Copepods as prey organisms 

In most mesopelagic fishes of the size order of myctophids, 
particularly copepods are reported as the dominant prey 
organisms by numbers (see Hopkins and Baird, 1977). 
This also holds true for myctophids from the present 



~j 

% 
& 

�9 

c~ 

O 

c) 

r 
�9 

r 

�9 

< 

�9 

:r 

E 

C~ 

hJ 

O 

# 

L~ 

~< 

U 

,< 

,< 

:::;i:: :::;r ~.~ ! .,'.~ i~: ~i ! :~ ~i~:.~ ' .................. 

G ro I IAP 

s 
AP SA 
gJ ~ FS 

il ~2~ ~:: i ~i~ 
I I C ]JiI I~ ......... 

o e g r e e o [ T i i i ~ u ~ L U Ill ~ ~ II 

EZ] p r e y C o m p o S i t i o n 

o ~ ~o ~ o ,~ ~ o ,~ ~ 

O 

IE 

~!~i~i~iiiiiiiii~!~i~!ii~iiiiiii~i~i~!~i~i~i~i~i~i~i~iiii~i~i~i~@~A~ii~i~i~E~ ~ ii~ii~i~i~i~iii!i~i~i~i~i~i~!~!i!~ii~i~i~iiiii~iii~iii~iii~W~'~-~-~ 
IC ~C 

~A ,_^ 

IC 
r--~A s 
E 
EL 
CH 
"3 FS 

IC 
1o 

E 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::: ,~ : :::~::~:.::: s.,.~.~:~ ~ 

I t-~ 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~:~,~:::z: ~, 

;c 
~o 

I L, 
~-~o 

5L 
FS 
uE 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: I ::iiiiii:.i i :iiiiiii i i~:.~:. [~;~@~I~.~ 
Ic lc 

AP 
c, 

I FS ~ FS 

] I I I I I [ ] I I 
o ~ 

o 
IC 

i io 

! 

Ea ~ ~a 

~number of fish 

iiiiiiiiiiiiiiiiliiiiii!iii �84 ~iii~;i~| 

.~__JAP ~_ 

--"] S A r~ 

FS u~ 

JC, ~j~ 
_JO ~ 
A r~ 

"--IFS r~ 

IC 

I IFS r- (~ 

, '""'"" ............ i~ 
EpE 0 r- b 

,c 

U FS 
r.. 

[ilil ii iiiii?ii I:I, ::ili i.ii @~2~ 
IC 

L ~'~ 

IC 
E--IO ~ 

I I I I ] t I ] I ] 

~ number of fish 

qs[J .[m~mp!uI jo a u!p~oj pu]3 uo pnq.Las~p 113a.~l.IOA :zlnqa S )I pu~ .Iozu.r 3 "f 81 



J. Kinzer and K. Schulz: Vertical distribution and feeding of midwater fish 319 

Table 4. Catanoid copepods in the diet of  7 species of  myctopbids. Values are percents of total number  of  calanoid prey. RV "Meteor",  
cruise 51, 1979, 0-200 m depth, nighttime. 
o = species restricted to 0 to 150 m depth; dashes = 0% 

eq D.~ 

Stomach contents # . N  ~ ~"~  ~ ~ 
Calanoida ~ ~ -- ~ ,~ ~ ~ ~ ~ ~ -- ~ ~,% 2 

o Nannocalanus minor - - 5.8 6.5 2.9 3.9 7.7 4.6 
o Undinula vulgaris 5.9 6.9 4,4 9.7 - 2.9 - 4.8 

Neocalanus spp, 5.9 3.4 - 2.2 11.8 13.7 - 4,8 
Eucalanus spp. - - 0.7 2.2 - - - 0.6 
Rhincalanus cornutus - 1.7 1,5 1.1 - - - 0.8 
Paracalanus aculeatus - - 0.7 . . . .  0.2 
Clausocalanus spp. - 3.4 8,0 1.1 - - 10.3 3.8 
A etideus spp. - - 0.7 2.2 - - 7.7 
Euchirella spp. 5.9 20.7 4.4 8.6 2.9 9.8 2.6 8,1 
Undeuehaeta spp. 5.9 - 0,7 - - 2.0 2.6 
Chirundina streetsi - - 0.7 1.1 - - - 
Chiridius poppei 5.9 - - 1.1 - - - 

o Euchaeta marina - 10.3 9.5 7.5 - 11.8 7.7 8 .5/  15.4 
Euchaetaspp. 23.5 3.4 6,6 16.1 - 2.9 - 6.9 [ Euehaeta 
Scottocalanus spp. - 3.4 2.2 - - 5.9 - 2.3 spp. 
Lophothrix spp. - - 0.7 - - 2.9 - 

o Scolecithrix danae - - - 2.2 20.6 2.9 - 2,5 
Pleuromamma spp. 11.8 15.5 19.0 4.3 - 13.7 7.7 12.1 
Lucicutia spp. 5.9 1.7 2.6 1. I - 3.9 5.1 
Heterorhabdus spp. - 3.4 0.7 - - 1.0 - 
A rietellus spp. - 1.7 0.7 . . . . .  

o Candacia pachydactyla - 1.7 1.4 3,2 - 3.9 - 2.1 
Candacia spp. 5.9 - 3.6 5.3 14.7 2.9 - 4.0 

CManoida spp. 23.5 22.4 24.8 23.7 47. ! 15.7 48.7 26.0 

Mean calanoid prey items 1.7 3.9 10.5 9.3 4.3 9.3 5.6 
per stomach 

study. F r o m  ana lys i s  o f  s t o m a c h  c o n t e n t s  o f  91 s p e c i m e n s  

f rom d a y t i m e  a n d  71 f r o m  n i g h t t i m e  samples ,  a to ta l  o f  66 

ca l ano id  c o p e p o d  species  h a v e  b e e n  ident i f ied .  O f  these,  

a b o u t  h a l f  o f  the  t axa  cons i s t ed  o f  la rge  taxa  ( >  3 m m  

tota!  l eng th ) ,  w h e r e a s  on ly  ten  species  were  sma l l - s i zed  

( <  1.5 r am) ,  sugges t ing  s o m e  p r e y  se lec t ion  aga i n s t  sma l l  

ind iv idua l s .  The  sma l l e s t  c a l a n o i d  c o p e p o d  species  to fall  

as p r ey  m e a s u r e d  0.7 m m  (Clausoca lanus  pergens) ,  the  

m a x i m u m  size o f  i d en t i f i ab l e  ( f resh)  s p e c i m e n s  was  a b o u t  

6 m m  in  to ta l  l e n g t h  (Euchae ta  gracilis).  Since  s t o m a c h  

res idues  (i.e. c h i t i n o u s  s t ruc tu res )  o f  severa l  c o p e p o d  taxa,  

i n c l u d i n g  the  g e n e r a  Undinula,  Nannoca lanus ,  P leuro-  

m a m m a ,  a n d  Candacia,  were  o f t en  o f  d i agnos t i c  v a l u e  in  

species  iden t i f i ca t ion ,  t axa  l ack ing  those  c h a r a c t e r s  m i g h t  

gene ra l l y  b e  u n d e r e s t i m a t e d  in  the  c o u n t s  a n d  were  
m o s t l y  classif ied " C a l a n o i d a  spp." .  

Gene ra l ly ,  n i g h t t i m e  s a m p l e s  y i e lded  a h i g h e r  per -  

c en t age  o f  c o p e p o d  p r e y  i t ems  t h a t  cou ld  be  i den t i f i ed  to 

genus  or  species  (767o) t h a n  day l igh t  hau l s  (6%). This  

seems c lear ly  a t t r i b u t a b l e  to a d i f f e ren t  a d v a n c e  in  diges-  

t ion  for  b o t h  d a y  a n d  n ight .  

Ver t ica l ly  severa l  o f  the  c o p e p o d  species  i den t i f i ed  a re  

res t r ic ted  to the  u p p e r  150 m o f  the  w a t e r  c o l u m n  (see 

Tab les  4 a n d  5). F r o m  n i g h t t i m e  s a m p l e s  it a p p e a r s  t h a t  

n u m e r i c a l l y  mos t  i m p o r t a n t  as m y c t o p h i d  p r e y  we re  

m e m b e r s  o f  the  g e n e r a  Euchaeta ,  Euchirel la ,  P leuro-  

m a m m a ,  a n d  Candacia,  as wel l  as the  a b o v e - m e n t i o n e d  

Nannoca lanus  m i n o r  a n d  Undinula  vulgaris. 

S t o m a c h  con t en t s  o f  six conspec i f ic  m y c t o p h i d s ,  ex- 

c lud ing  D i a p h u s  brachycephalus ,  were  s t u d i e d  f rom day-  

t ime  hau l s  o f  R R S  " D i s c o v e r y "  wi th  r e fe rence  to t he i r  

r a n g e  o f  ver t ica l  m i g r a t i o n  (Tab le  5). The  s t o m a c h s  o f  
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T a b l e  5. Calanoid copepods in the diet of 6 species of myctophids. Values are percents of total number of calanoid prey. RRS "Discov- 
ery", cruise 64, 1974, various depths, daytime, o = species restricted to 0 to 150-m depth; dashes = 0% 

tt'% 

~eq ~o, d ae 

~ bl~  I ~1~ ~ ~ 

Stomach contents ~ "~ ~ ' "  ~ 
Calanoida ;~ : ,  O D ~ ~ ~ = ~ ~ ~ ~ 2 

o Nannocalanus minor 3.6 7.1 17.7 6.7 - 19.3 
o Undinula vulgaris 3.6 10.7 13.4 6.7 28.3 - 

Neocalanus spp. 3.6 - 1.1 - - - 
Eucalanus spp. - - 1.6 - - - 
Rhincalanus cornutus - 3.6 1.6 - 5.9 3.2 
Paracalanus aculeatus - 10.7 - - 5.9 3.2 
CIausocalanus spp. 3.6 10.7 - - 5.9 - 
A etideus spp. - - - - 5.9 - 
Euchirella spp. 3.6 - 1.1 3.4 - 6.5 
Undeuchaeta spp. 7.1 - 0.5 - - 3.2 
Chirundina streetsi - - - 6.7 - - 

o Euchaeta marina - 3.6 6.5 3.4 - - 
Euchaeta spp. 10.7 - 3.2 10.3 - 3.2 

- - 3.2 Scottocalanus spp. - - - 
Lophothrix spp. - - 0.5 - - - 

o Scolecithrix danae - 7.1 1.6 - 5.9 6.5 
Pleuromamma spp. 3.6 17.9 10.2 3.4 5.9 6.5 
Heterorhabdus spp. - - - 3.4 - - 
Arietellus spp. - - - 3.4 - - 
Candacia pachydactyla 7.1 - 5.4 3.4 - - 
Candacia spp. 14.3 - 5.4 6.7 - - 

Calanoida spp. 39.3 28.6 30.1 41.4 29.4 48.4 

13.8 N. minor 
11.6 U. vulgaris 

44[~} 8.5 Euchaeta spp. 

9.1 Pleuromamma spp. 

4.1 } 
5.0 9.1 Candacia spp. 

33.5 

Mean calanoid prey items 1.9 1.7 5.2 2.6 4.3 3.9 
per stomach 

Ceratoscopelus warmingii s a m p l e d  at 700 to 1 250 m con-  

t a ined  a n u m b e r  o f  sur face- res t r ic ted  c o p e p o d s  (0 to 

150 m). These  inc lude  Nannocalanus minor, Undinula vul- 
garis, Paracalanus aculeatus, Euchaeta marina, and  

Scolecithrix danae, giving ev idence  for an  e x t e n d e d  vert i-  

cal range,  par t ly  f rom dep th s  b e l o w  1 000 m.  Also the  

r e m a i n i n g  m y c t o p h i d  species  obv ious ly  fed subs tan t ia l ly  

on  these c o p e p o d  taxa which  are o f  a size range b e t w e e n  1.5 

a n d  3.0 m m ,  excep t  for the smal l  species  P. aculeatus as 

well  as E. marina, w h i c h  surpass  3 - ram total  length .  Mos t  

o f  the o the r  c o p e p o d  taxa iden t i f i ed  f rom the  d ay t i me  

series migra te  vert ical ly in a diel  p a t t e r n  wi th in  the u p p e r  

800 m.  
F r o m  T a b l e s 4  a n d  5 it a p p e a r s  tha t  some  o f  the  

d i f ferences  obse rved  in  diet  c o m p o s i t i o n  (bes ides  dif- 

ferences  in s t a n d a r d  l eng th  o f  the p reda to r s )  m i g h t  be  due  

to seasonal  var ia t ions  (Apr i l / Ju ly )  or  d i f fe ren t  years  of  

sampl ing .  R e g a r d i n g  m e a n  c o p e p o d  p rey  i tems  pe r  

s t o mach  f rom m y c t o p h i d s  o b t a i n e d  dur ing  day or  night ,  

dis t inct ly h ighe r  n u m b e r s  were  c o u n t e d  in the  la t ter  

per iod ,  excep t  for Notolychnus valdiviae, sugges t ing  

p re fe r red  noc tu rna l  f eed ing  in these  taxa.  This is also 

cons is ten t  wi th  the a d v a n c e d  state  o f  d iges t ion  o f  s t o m a c h  

con ten t s  as m e n t i o n e d  above .  

D i s c u s s i o n  

Vertical  m ig ra t i on  o f  j uven i l e  a n d  adul t  Ceratoscopelus 
warmingii has  a l ready  b e e n  o b s e r v e d  by  Badcock  a n d  

Merre t t  (1976) f rom the  eas te rn  N o r t h  At lant ic ,  w h e r e  this 
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species was caught during the daytime at 900 to 1 500 m. 
Nocturnally they occurred from 25 to 200 m, predomi- 
nantly at 50 to 100 m. Stomach analysis gave further proof 
for such a long range vertical migration. The prey showed 
only a few traces of digestion, and it is therefore assumed 
that feeding was primarily nocturnal. 

Comparing the feeding patterns of the seven mycto- 
phid species described above, the diet composition seems 
more or less similar, with the exception of Ceratoscopelus 
warmingii, a species with a much wider food spectrum 
including appendicularians, salps and siphonophores. 
Regarding siphonophores as food of C. warrningii, they 
have also been observed by Clarke (1978, 1980) as prey 
organisms from samples collected in the Pacific Ocean. In 
samples from the Gulf of Mexico, Hopkins and Baird 
(1977) obtained salps and siphonophores constituting up 
to 25% of food items. 

The food spectrum is particularly restricted in 
Notolychnus valdiviae (Fig. 3), the smallest fish species 
from our net samples. A preference for copepods and 
ostracods was also described by Merrett and Roe (1974) 
from the NE Atlantic (Lat. 30 ~ Long. 23 ~ and by 
Hopkins and Baird (1977). Regional patterns in its diet 
variability are indicated when comparing the stations 
between Lat. 2 ~ and 3 ~ A later analysis of the simul- 
taneous collected plankton samples of the RMT 1 net 
should possibly provide evidence with regard to prey 
availability in this area. 

Possibly some selective feeding regarding prey size was 
observed in Larnpanyctus alatus. Within an average size of 
only 41 mm SL, its diet consisted of 10% euphausiids, 
more than any other species except for the large Lepi- 
dophanes guentheri. Size selectivity was also observed by 
Hopkins and Baird (1977) in L. alatus, "selecting prey 
items particularly in between 2 -4mm,  while feeding 
sparsely on the 0.5-0.9 mm size classes despite the latter's 
much greater relative abundance in surrounding waters". 
Merrett and Roe (1974) reported highly selective feeding 
in Larnpanyctus cuprarius on amphipods. 

In the Gulf of Mexico, Hopkins and Baird (1977) 
observed a preference for euphausiids by Lepidophanes 
guentheri in contrast to the proportional occurrence of 
euphausiids in the diet of the larger Ceratoscopelus war- 
mingii from the same depth level (90 to 100 m). Samyshev 
and Schetinkin (171) described catches of L. guentheri 
from Deep Scattering Layers off NW-Africa, where 
euphausiids and copepods were the prevailing food items, 
and to some extent also decapod larvae (Brachyura). They 
pointed out that food uptake continued day and night due 
to vertical migration within the DSL, giving permanent 
access to their food. 

Most species of myctophids are opportunistic predators 
feeding predominantly in a diel pattern at night. Only in 
more productive areas, particularly in upwelling zones 
such as off NW Africa, was continuous feeding during the 
day observed. This is evident in Benthosema glaciale and 
some other species (Kinzer, 1977, 1982) and in Diaphus 
dumerilii and Lepidophanes guentheri (Samyshev and 

Schetinkin, 1971). Ceratoscopelus warmingii from the 
central Pacific feeds on plankton at night, but takes larger 
prey, such as Cyclothone spp., whenever encountered 
during the day (Clarke, 1978, 1980). 

Large amounts of fish scales, up to 20% of stomach 
content, were found in Diaphus dumerilii, and to a lesser 
extent in Lepidophanes guentheri, Lampanyctus alatus, 
Ceratoscopelus warmingii and D. luetkeni. In areas of 
upwelling off NW Africa, Kinzer (1982) analysed the 
scales to originate mostly from myctophids. In D. holti the 
relative abundance of fish scales per food item ranked as 
high as 50%. W6rner (1975) found fish scales in the 
stomachs of Ceratoscopelus maderensis and Myctophum 
punctatum from neuston net samples. Off NW-Africa 
D. holti collected during the daytime had fed on various 
crustacean species, but stomachs never contained any fish 
scales (Kinzer, 1982). It seems probable that they have 
been mistaken for prey organisms in the dark. Fish scales 
have been sampled from water bottles quite abundantly 
from 17 to 83m -3 at 7- to 15-m depths of the Gulf of 
Mexico (Hopkins and Baird, 1975). In a recent contribu- 
tion by Sazima (1983), the author has compiled scale- 
eating habits of a large number of both freshwater and 
marine fish species, with a few of the taxa feeding 
predominantly on scales. It was observed that the scales 
are removed from the body of the fish by attack, but in 
some lepidophagous fish the scales are gathered as they 
sink or are collected from the substrate (Sazima, 1983). 
Whitfield and Blaber (1978) described the marine teleost 
Terapon jarbua (Forsskg~l) as digesting fish scales, which 
have a relatively high energy content of 2 cal rng -1. Van 
Oosten (1957) reported fish scales to consist of 40 to 85% 
protein, however, their nutritive value has not yet been 
investigated. 
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