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The feeding habits, trophic webs, diurnal rhythms and diets of
mesopelagic species of fish from the North Atlantic have not yet been
adequately studied. No special-purpose investigations of the freding
habits of lanternfishes from the family Myctophidae from this region
have been made, The present investigation was conducted on board
R/V "pkademik Krnipovich®™ (Cruise X{I) in the open waters of the North-
west Atlantic off the Canedian Zone at the depths of 60-~400 m in
July-October 1983 (Fig.I}. & mid-water trawl was used. A4 total of
344 stomachs from II species of adult myctophids {®able I) 30-I35 mm
in size were collected and examined.Moat fish were at maturity stages
II and III. Stomachs were collected and exawrined according to "Manual™.I961.

The moet representative material was collecied on four species
of myctophids: Bentosema glaciale, Myctophum punctatum,Ceratoscopelus
maderensis and Notoscopeluslelongatuﬁ. B.glaciale is an arcto-boreal
species endemic for the North Atlantic. Protomyctophum arcticum is
also endemic for the area.The rest three species are immigrants
brought with warm currenis,they do not spawn in the North Atlantic
(M.punctatum and C.maderensis are warm-requiring species and N,
elongatus occupies an intermediate position).

The average volume of food in the stomachs examined was not "
high and ranged from 0.2 (B.glaciale) to 1.9 points {Notoscopelus
bolini) in a 5-point scale. There were many empty stomachs (up to

82.5% in B.giaciale). The mean-value of the feeding index was




also not so high,from 28.6%0 in B.glaciale to 173.3%0 in Proto-
myctophum arcticum. The one exception to many species is Symbo-
lophorus vcrunyi,itgﬂggluehdipgmling index was equal lo 422.3%0
and fish were predominant in the stomach contentr,

The food spectra of the myctophids are wide including
dractically al} pgroups of zooplankton. The food of myctophids
coneists mainly of copepods,euphausids and hyperids. Of less
importance are decapods and Chaetognatha. All zooplankton specimens
found in the stomach centent fall in the group of interzonal
species {Vinogradov,I968) making regular migrations betwsen varioﬁs
vertical layers {Table 2). Most myctophids investigated belong also
to interzonal speciet (Bekker,Il967). Mesopelagic myctophids are
migrants eating migrating zcouplankton and forming 4 single meso—
pelagic trophical complex (Parin,I97I). The preportion of food
species in the myctophids examined iB,héwever,different. Copepods
are the main food item found in the stomachs of B.glaciale,Hggo-
phum beneiti, Lobianchia dolfeni, Electrona risso and P.arcticum
{Table 3) whereas M.punctatum, N.elongatus, Diaphus ralinesque
and N.bolini feed mainly on euphausids. Hyperiwdg dominate in
the food of C.maderensis and substitute euphausids in B.glaciale.

Fish,mainly lanternfishes,occur in the stomachs of several
species of myctophids,but they dominate only in the food of
S.veranyi.Representatives of other zooplankion groups were found in
some species of myctophids,e.g. Foraminifera occurred only in
the stemachs of B.glaciale as well as Algae. Sagitta occurred
only in E,riaso and pe;agic Polychaeta {Tomopterus) were found
in the stomachs of N.elongatus.

The area inventigated is one of the most productive regions
in the Northwest Atlantic. Its oceanographic regime and character

of bioproduective processes are formed under the influence of the

Labrador, North Atlantic and Gulf Stream Currents. It is notod that
it iz not only the zpatizl dictribution of the muin water MABHES,
but their veriical structure that plays an important role. The
North Atlantic (NAC) a2nd Subarctic (SubA) water masses — the ver-
tical structures of the Labrador Current {LC) sere encountered in

the area investiputed at the depths of up to I000 m (Fig.I). There
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is rather wide zone of transformed waters beiween the Labrador

and North Atlantic Currents. And finally, the southwesteramost part
of the area investigated is.influenced by the Gulf Stream waters

and their hydrological characteristics did ner differ froam those

of the North Atlantic Current in the summer of I$83 (2ozulya et al.,
1986).

Thd food compesition of most mass species of myctophids
from the Northwest Atlantic caught from different water masses
is shown in Fig.Z2. The most representative material was collected
from the North Atlantic and Labrador water masses.The analysie of
the material shows that the most favourable feeding conditiocms for
myctophids are focumed in the North Atlantic water mass.The evidence
is supported not only by high ¥aluesrof the feeding index {from
78.8f0c in N.elongatus to I38.84ooin C.maderensis), but also by a
narrow spectrum of food species,e.g. H.punctatum and N.elongatus
feed mainly on euphausids and C.maderensis prefers hyperids.

Food species from the Labrador Current water mass are widely
repretented in the stomachs of myctophidse,almost all groups of zoo-
plankton are available. Values of the feeding index range from
40,I%00in B.glaciale to 129.4%ooin N.elongatus. The zooplankton
species composition found in the stomachs of myciophide inhabiting
the Labradop water mass is represented by boreal fauna. The mass
Bpecies éré'Calanus finmarchicus, Parathemisto norvegica,?arathe;
misto compressé, Metridia lucene and some species of the
genera Conchoecia and Pleuromamma. The Arcto-boreal gpecies C;lanus
hyperboreus and Metridia longa, occur fairly frequentlj.

The cxuminution of the stomach contents of myc¢tophids caught
in the Norih Atlantic water mass shows that Arcto-bereal species
are abtent and the boreal fauna is substituted with subtropical
Eucalanus and Pleuromamma,which is supported by our data on food
resources available in the area investigated {Podrazhanskaya,Khromov,
1986).

The examination of the stomach contents of myctophids collected
from the Gulf Stiream water mﬂés revealed a variety of zouplanktion
groups though neither groups nor species soemed 1o be predominant.

Zooplankters were represented by boreal and subtropical forms: Cala-



nus borealis, Undinula, fﬁratemisto abyssorum, Pleuroﬁamma robusta,
Vibilia ap,

An aiiempt to estimate at the firat approximation the guantity
of zouvplankton grazed by mass species of mesopelagic species of fish
in the Korthwest Atlantic in £he supuer—-asutumn pericd,i.e. in the
pericd whenvthe feeding rate is not so intemsive, requires knowledge
of the diurnal diets of fish (4), biomass of fish (B) and biomass

“of food plankton (C). 7

The diurnal feeding rhythms of myctophids is still unknown.
The North ﬁtlantic myctophids are reported to beleng to the so-called
megopelagic groﬁp of myctophidg making diurnal vertical miprations , and
at night they ascend to the surface layer,

The diurnal rhythﬁ of feeding in Pacific myctophids is knowﬁ
to be characterized with a peak at night when they migrate to the
.surface layer. In the daytime they do not consume food in lower layers.
(Gorelova,I9TB). This ie specific,in part, 1o Ceratoctopelus warmingi
and Bolinichthya longipes., 50 it may be arbitrarily assumed that food
found in the stomachs of myctophids examined will be the minimum
diurnal diet suaranteeing the life activity of fishr The valucs of
daily diets of the North Atlantic myctophids are not high {Table 4)
or beyond the scope of diurnal diets of various myctophids from
other areas of the ocean (Gorelovg,lgBS; Albikovekaya,I98G). The
value ranges from 0.3 to I.5% (Table 4). The only exclusion i=s
the diurnal diet of S.veranyi egual to 4.5% . The reason of lower
vilues of diets of myctophids is likely to be a high percentage of
the lipid content in tissues and the fact that in the dayiime
myctophids staying in lower layers "hover” almost without moving
(Backus et al.,I96é),therafore their metabolic rate seems. to be
lower than that of more active species of fish.

The investigotion-of myctophids from the Norihwest Atlantiic
in the summer-autumn seamof ™Mbt concentrations are formed by
migrating anchovy to be aggregated in wave siructurees of the Labra-
dor Current. This seems to be a most eccnomical way of migrations
since 1t taﬁes place on the account of water dynamics.Thie mode of
migrations makes ancessments of resources very difficult. It is

suggented that two indices should be used for this purpose -
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the biomass of anchovy assessed onc; and' the biomasa of fish
migrating firough this particular fishing area in the fishing period.
Phe achometric survey of fish schools made in the’KKI cruise
of R/V "Akademik Knipovich" yielded the estimate of the biomass of
anchovy but once equal to 4,000 -25,000 %ons or I7.9-I1II.8 mg/m3
to the north of 47°N in the area equal to 660 Bq;milea in the
200-300 m layer in the first I0 days of Qctober. The biomass of fish
migrating through thé area in.the same period was estimated to be
100,000 - 400,000 tons or 447.I- I78B.3 mg/m3 depending upon the
feiobi¢y of currents.

The bicmass of food plankton in the 200-500 m layer of the area

investigated in the same period was egual 1d 75 mg/m3 {Podrazhan-
skaya,Khromov,1986).

The amount of zooplankton grazed (Ei) by the bicmass of fish
is calculated by the formula (Manual,,i961):

£- tug- (ma/u)
where 4 is a diurnal value of the tish diet (%£} and B is the biomass
of food plankton (mg/mB).'

The grazing rate is calculated as a ratio of the amount of
plankton eaten (mg/m3) and the zooplankton biomass (%) {Table 5).
“Phus, the biomass of myctophids assessed but once graze 0.I-22.6
mg/m3 of zooplankton in_the area of 660 sq.miles, which makes up
O.I—30.$% of zooplankton available.

T.V.Gorelova (I983) made an attempt to estimate in the first
approximation the biomass of zooplankton grazed by myctophids in the
Pre-gurface layer of tropical wa&era. The grazing rate was estimated
to range from I to 9 .-ﬁg/m3 a day or,on the avarage; roughly I0%
of the zooplankton biomass available, The biomass of fish migra-
ting through-the swape area,which ranged from 100,000 toldoo,OOO
tons, graze I,3- 80.& mg/m3 of zooplankion or I.7-I07.2% of the
Plankton biomass available.

The life cycle of mesopelagic specias of fish from the

Northwest Atlantic is closely associated and depends on the current

System in the aresa.

Concenirations of myctophids in the North Atlantic are regularly

associated with frontal zones and with the system of Gulf 3Stream

flows —the Horth Atlantic Current. The heavieét concentrations of



fish are related to convergence and divergaﬁce zones of some flows
of the currents wbere meandering and eddy-making are very infensive.
(Zozulya,Polonéky,Popkov,1986)-

The summer-zutumn period in the area investigated in the North-
westi Atlantic is characterized with the highest intensity of both
the Labrador and North Atlantic Currents,their velocities reaching
30-50 cm/sec, which handicaps formatioﬁ of ;tabie dense concentrations
of both fish and food zooplankien. It is likely that feeding concen-
trations of myctophids are formed in the open ccean norih of SOON
in summer where thgre are dynamical stiructures favourablé for con-
centration of mesopelagic fish. Myctophids seem to spawn southward
and easiward over lower depths.

Thus, th; area investipated im é transit region for mesopela-
f#ic myctophids in the summer—autumn pariod.lHeavier localization of
coneentrations is impeded Eoth by hydrographical éharacteristics of
the area and by Availabiiity of food for myctophida. Feeding con-
centrations of myctophids are not unlikely tn be. formed in late
autumn and winter when fish may I'eed on the wintering stock of
zooplankton.

I.The food spegtra of myctophids examined are very wide inclu-
ding representatives of all groups of zooﬁlankton,e.g. copepods,
hyperide,euphausids, decapcds and chaeicgnaths. All plankton specics
found in the stomachs éf myctophids béleng 1o the group of interzo-
nal species.

2., The most favourable conditions for feeding are focused in
the Horth Atlantic water mama,the evidence of that is supported by
high values of the feeding index and a narrow spectrum of food
organiems in the stomachs of myétcphida.

3. The diurnal diet of North Atlantic myctophide is rather
moderate ranging from 0.3 %o 1.5% .

4. The gruziﬁg rate of the known biomuss of myctophida ranges
widely : from C.I to 30.I% in the biomasn.of fish eatimated but once
and uwp'to I07.2% in the biomass of ‘migrating fish. This means that
the availability of foed in the area in the summer-autumn poriod

may be a limited fuctor. This reason together with some characteri-
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responelble ’
stics of the hydropmgraphical regime =seems to 88; %R% abuence of

fishable concentrations of myctophids in July-October I983.
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Table 2
Food species of myctophids and their association with
vorious water masses in the Northwezt Atlantic
Water masses & Subarctic = Labrador : North : Transformed
. R } . Atlantic |
Food specien (Sut A) (L) {1a) {Tr)
I { 2 ! 3 1 i 5

Foraminifera - > - -
Tomopterus - + - -
ILinacina sp. - + . - -
lilcrocal anus sp. - + . - -
Fleuromamma robusta - - + -
P. abdominalis - ‘ + - -
Metridia lucens - + - -
¥y longe - + - -
Euchaeta. acuta - + + -
Parauchaeta norvegica + - - -
Undinula sp. - - “+ -
Calanus hyperboreus - + B -
¢. finmarchicus . + - -
Calanus sp. - + + -
Gaidius tenispinus - + - -
Neomysis - + - -
Parathemisto abyssorum - - + -
P. libellula ‘ + + - +
P. compressa | - - = +
Vibilia &pe - - + ~
Nematoscelis megalops - + + +
¥N. microps s - - -
Thysancessa longi- - ' + + -
caudata
T, raschii - o N _
Megan,y.‘ctiphanes nor— - + - -
vegica
e Liclon + - - -
Coechoecia borealis - - + -
Sagitta + + + -
Bukrohnia hamata - + - -

Iyectophidae + - - -
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Table 4

Diurnal diets of myctophide [rom the Hurthwest Atlantie

July-Dctiober IG83

Diurnal diet

Species of fish ; No. of, : Mean weight:

| ;specimens @ of fish,g i mg H %
Bentosema glaciale 86 1.4 4.2 0.3
Myctophum punctatum 44 1.8 30.4 0.8
Ceratoscopelus maderensis 65 3.6 32.4 0.9
Notoscopelus elongatus 41 11.0 66.0 0.6
N.bolini 11 " 5.3 54.0C I.0
Lobvianchia dolfeni 20 3.8 4.2 0.9
Diaphus rafinesque " 24 : 1.8 27.0 1.5
Hygophum benciti 28 I.9 13.3 0.7
Protemyctophum arcticum 7 3.7 I1.I C.3
Symbolophorus veranyi 3 I10.6 514.6 4.5
Electrona ross- I5 52 20.8 0.4

Table 5

Feeding habits of mesopelagic myctophids and utilization of their

food resources

in the Northwest Atinntic

Diurnal Biomass of fish
diet of mg/md (B)

fish , estimated: migrat-
% (a) once : ing

Biomamss Amount of grazed

of food zooplaikéon,Mg/m3

Hate of grazing

zooplankton,%(% .100)

Bicomass & migrating

cobimateds bicmaso

once H

0.3-4.,5 I7.9-111.8 447.I-
1788.3

zooplank— & 00~
ton(mg/mj) biomass - migrating
{c) estimatod mhiomnus
once :
75.0 0,1-0.3 I.3~5.4

0.8-22.6 20.1-80.4

0.I-0.4 " I.7=7.2
I.I-30.1 26.8-I07.2
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Fig.I. Schematic map of hauls made on board R/V "pkademik Knipovich"
and distibution of water masses in the Northwest Atlantic
July-October 1983

K. punctatum B. glaciale C. maderensis " H. elongatus
(T _ = 3
Copepecda Hyperiidae Luphausiacea Gagitta digested food

Fig. 2, Feeding habitas of myc¥ophids in variouts water masses

of the Northwest Atlantic
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