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Abstract

Investigations on board R/V “Walther Herwig” included sampling midwater fish by a large
commercial midwater trawl on three meridional transects through the North and South Atlan-
tic and one cruise from Mar del Plata to Cape Town. The observed distribution patterns of
Atlantic midwater fish corroborate the findings of Backus et al. (1970) and others. In addi-
tion, they fill in a number of gaps left heretofore due to inadequate sampling, mainly in the
South Atlantic. The main patterns of geographical distriburion encountered along the four
transects are discussed and exemplified by 14 maps.

Kurzfassung

Untersuchungen pelagischer Fische des tieferen Wassers im Atlantik. Untersuchungen der
Verbreitung ozeanischer Fische des Meso- und Bathypelagials mit Hilfe von mit einem grofien
kommerziellen Schwimmschleppnetz vorgenommenen Fingen wurden an Bord FFS ,Walther
Herwig® durchgefithr. Drei Lingsschnitte durch den Nord- und Siidatlantik und ein Quer-
schnitt zwischen Mar del Plata und Kapstadt liegen diesen Untersuchungen zugrunde. Die
beobachteten Verbreitungsmuster bestitigen die Richugkeir der von Backus et al. (1970) sowie
von anderen Forschern erarbeiteten Befunde. Sie erginzen diese aber auch hinsichtlich mancher
Liicken, welche auf unzureichender Probenentnahme fritherer Aufsammlungen, besonders im
Siidatlantik, beruhten. Die wichtigsten im Verlauf der vier Schnitte angetroffenen Verbreitungs-
muster ozeanischer Freiwasserfische werden erdrrert und an Hand von 14 Verbreitungskarten
dargestellt.

The cruises and samples

From 1966 to 1971 four oceanic transects were carried out by R/V “Walther Herwig”
in order to study the geographical distribution and taxonomy of the midwater fish
fauna in the Atlantic Ocean. Two transects were run from the Bay of Biscay to the
mouth of the La Plata River via Madeira, Canary Islands, Cape Verde Islands and
Trindade Island (May 1966, January/February 1968); cach of them covered about
5800 nautical miles. A third transect crossed the South Atlantic from Mar del Plata to
Cape Town touching Tristan da Cunha and Gough Islands (March 1971); its length
was ca, 3600 n, m. The last of these transects (April 1971) crossed the eastern Atlantic
in a meridional direction from Cape Town via St. Helena, Ascension, Cape Verde and
Canary Islands to Madeira and covered ca. 4800 n. m. Stations worked on all of the
transects are shown in fig. 1.

Making use of the facilities of a large stern trawler we employed a large commercial
1600-meshes-herring trawl for sampling the midwater fauna instead of the more
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228 G. Krefft

conventional IKMT’s or other small nets. Fishing depths were measured by using the
“netzsonde” down to 1000 m, deep hauls beyond that depth were measured by using a
time-depth recorder (Benthos Co.), attached to the trawl. Very few hauls were made in
day-light. Most hauls were made after dusk when the fish had finished their vertical
upward migrations. Step hauls at various depths, choosen according to the deep
scattering layers shown on the echo sounder, were made in 1966 only. On all later
cruises we towed the gear in a single layer only, starting with the shallowest selected
depth, and going deeper with the next tow(s). The selected depth zones are shown in
tables 1-4. Two to three hauls were executed per night, fishing starting normally at
about 1900 hrs. In a few cases, shortage of time did not allow more than one haul,
which was done always at a depth of ca. 2000 m. The time during which the net was
towed horizontally in a selected layer ranged from 15 minutes in the shallower hauls
to one hour in deep hauls at a speed of about 31/2 knots. When fishing in ca. 2000 m,
the process of hauling had to be interrupted twice, at depths of 1000 and 500 m for
about 20 minutes each in order to cool the winch, i. e. the net started fishing horizon-
tally again at these depths, the deep hauls actually converting into step hauls in three
depth layers. Because no opening-closing device exists for large trawls, the deeper
hauls may have been contaminated to some extent by specimens caught while the net
was being hauled. Therefore, it is impossible to calculate actual numbers of fish/hour
collected at discrete depths. Tables 1—4 give the numbers of hauls as well as those of
species and specimens caught at all stations of the four transects. In addition, the
geographical distribution of the stations is indicated by the vertical lines marking the
latitudes of 35° N, 20° N, the equator, and 257 S in tables 1, 2 and 4. The stations are
mapped, moreover, in fig. 1.

The total number of specimens taken along the four transects was 110 568. About
500 species are represented, some 40 of which are new to science. Of these, 20 have
been described, most of them in the “Archiv fiir Fischereiwissenschaft”. A number of
taxonomic descriptions will also be found in revisions of families and genera published
elsewhere. The number of families contributing to our catches is 89, the most important
of which are the Myctophidae, represented by 24 genera, more than 90 species and
74 209 specimens.

Zoogeographical analysis

One of the major aims of our studies is the zoogeographical analysis of the species of
midwater fish populating the mesopelagic and bathypelagic realms of the Atlantic
Ocean. It ought to be mentioned that the terms “mesopelagic” and “bathypelagic” are
used by various authors in a rather inconsistant way (e. g. BRUUN 1957; MARSHALL
1971). Although both ecological groups of fishes differ in their respective depth
distributions and also morphologically, no sharp boundaries exist between them, due
mainly to the changmg limits between thermosphere and psychrosphere (Bruun 1957).
MarsHarL (1971) is followed here in calling bathypelagic those species, whose popula-
tions are centered at levels below 1000 m.

In recent years encouraging work on the distribution of mesopelagic fishes has been
published (Anpriasuev 1962; Backus et al. 1965, 1969, 1970; Baikp 1971; BEKKER
1964, 1965, 1967; Borin 1959; Bussing 1965: Epkring 1962; Eserine and WEeED
1963; Gisss 1969; Goopyear and Gisss 1970; HaepricH and Cravbpock 1968;
MEeap 1972; NarpakTiTis 1968; NArPAKTITIS and NArPARTITIS 1969 to mention some
of the most important only). However, even in the North Atlantic we stll are far
from a satisfactory knowledge about the distribution patterns of mesopelagic fishes,
and still farther from a thorough knowledge of the South Atlantic ichthyofauna. The
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Investigations on midwater fish in the Atlantic Ozean 229

physical and biological factors controlling these patterns are complex; many of them
are unknown, though a number of fruitful hypotheses have been brought forward
(EseLing 1962; Backus et al. 1970; Bamrp 1971 among others). Analysis of our
catches is still at the very beginning and will need years to be finished. Much of the
material has been, and will be, distributed to specialists all over the world, and the
help of many colleagues of various countries is highly acknowledged. In this paper,
only a few examples of typical distribution patterns observed along our transects may
be given.

Major changes in the species composition at the stations were observed at con-
vergences, boundary areas, and in transitional areas, which formed obvious faunal
boundaries. Some of these correspond closely to those shown by Backus et al. (1970)
for the northern Atlantic.

The distribution patterns of midwater fish

The midwater fishes obtained by the “Walther Herwig” can be arranged in a number
of well-defined groups on the basis of their distributional patterns. The most remark-
able ones are exemplified in figs. 2-15.

I. The northern-temperate group

Several distribution patterns seem to be involved, the two most important being as
follows:

a. The boreal pattern. Fish species representing the boreal pattern were found
during our cruises almost exclusively north of 35° N, i. e. their southern boundary
lies just north of Madeira. No scasonal differences in the distribution of such boreal
species could be observed during January and May of the years investigated. The
boundary coincides with the 157 isotherm at 200 m depth as drawn by Barrp (1971).
Species showing the boreal pattern are represented in our catches by a small number
of samples only. Examples are Nansenia groenlandica (Reinhardt, 1840), Argyropele-
cus olfersi (Cuvier, 1829), Stomias boa ferox Reinharde, 1843, Myctophum punctatum
Rafinesque, 1810, Benthosema glaciale (Reinhardt, 1837), Lampanyctus crocodilus
(Risso, 1810) and Notoscopelus kroeyeri (Malm, 1861). None of these species has a
biantitropical distribution except perhaps Argyropelecus olfersi. This species is reported
to occur in the southern Pacific between 307 S and 507 S, and in the southern Atlantic
southwest of the Cape of Good Hope. However, South African specimens of “olfersi”
I have seen obviously were not this species but misidentified A. sladeni Regan, 1908.
According to our investigations and those of Hutrey, 1972, A. olfersi is absent from
South Atlantc waters. Some of the other species of the boreal group range farther
southward than indicated by our catches along the West African coast in the up-
welling areas and in the Canary Current. As an example of the boreal pattern carches
of Myctophum punctatum are shown along the transects run by R/V “Walther Her-
wig” during leg II of the “Overflow ’73 Expedition” of ICES; the few positive
stations of the three former cruises are included (fig. 2).

b. The temperate-subtropical pattern. Species showing this pattern have a similar
distribution as those of the boreal pattern, but range farther southward finding their
southern limit at about 20” N. Ichthyococcus ovatus Cocco, 1838, Rbadinesthes de-
cimus (Zugmayer, 1911), Hygophum benoiti (Cocco, 1838), Symbolophorus veranyi
(Moreau, 1888), Diaphus holti Téning, 1918, D. rafinesquei (Cocco, 1838) and Cera-
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230 G. Kreff!

toscopelus maderensis (Lowe, 1839) are examples representing this pattern. Again,
none of these species is found within the southern hemisphere.

II. The subtropical group

Most of the great number of species forming this group have a biantitropical distrib-
ution in the subtropical belts of both hemispheres. Almost all of them were found
between 357 and 20° N, and also berween about 25° and 357 S. In the eastern
Atlantic the southern subtropical belt is displaced further to the north than in the
western part of the ocean, stretching to the area of St. Helena (about 16 S), and due
to the cooling effect of the Benguela Current. The biantitropical subtropical pattern
is exemplified by Margrethia obtusirostra Jespersen and Taning, 1919, Argyropelecus
aculeatns Valenciennes, 1849, Astronesthes leucopogon Regan and Trewavas, 1929,
Paralepis atlantica Kroyer, 1868 (represented in the south by a doubtfully distinct
subspecies), Macroparalepis affinis Ege, 1933 (hig. 3), M. brevis Ege, 1933 (entering
the tropics by submergence from the south to about 10° S), Hygophum hygom:
(Liitken, 1892) (fig. 3), Diaphus effulgens (Goode and Bean, 1896), D. metopoclampus
(Cocco, 1829) (fig. 4), Lampadena chavesi Collert, 1905 (fig. 3) and Lampanyctus
pissillies (Johnson, 1890).

Others show a similar distribution pattern, which, however, is restricted to either
the northern or the southern subtropics. Such species may or may not be replaced in
corresponding latitudes of the other hemisphere by closely related forms. Idiacanthus
fasciola Peters, 1877 (North) and /. atlanticus Brauer, 1906 (South) are examples of
such an “intrageneric bipolarity” (fig. 5). The few specimens of I. fasciola found in the
Cape area obviously are waifs carried into the Atlantic by the Agulhas Current. One
other pair to be mentioned is built by Cubiceps gracilis Lowe, 1843 and C. caernleus
Regan, 1914 (Haepricu 1972: fig. 6). Taken only in the northern subtropics were
Astronesthes neopogon Regan and Trewavas, 1929, Bathophilus metallicus (Welsh,
1923), Lampadena urophaos atlantica Maul, 1969 and Poromitra capito Goode and
Bean, 1883. Only in the southern subtropics the following species were found: Neones-
thes microcephalus Norman, 1930, Grammatostomias dentatus Goode and Bean, 1896
(though known heretofore in the western North Atlantic only), Myctophum phen-
godes (Liitken, 1892) and Scopelopsis multipunctatus Brauer, 1906.

II1. The tropical group

Several patterns of distribution of tropical species can be observed as exemplified by
Backus et al. (1970). For our own material we distinguish the following patterns:

a. The broadly tropical pattern. This term was introduced by Backus et al. (1970)
for the large group of species, whose distribution covers subtropical as well as tropical
waters. Duru‘lg t]'lc ‘Erst two transects, Si.lch SpeClE‘S ﬁfst. enterec[ Oour nets, as a rule, Oﬁ
Madeira. They then continued to be taken along the route southward to the southern
Subtropical Convergence at about 35° S. Characteristic for the broadly tropical
pattern are several specics of myctophids, e. g. Diaphus mollis Taning, 1928, Ceratos-
copelus warmingi (Liitken, 1892) and Notoscopelus resplendens (Richardson, 1845).
The sternoptychid fish Argyropelecus gigas Norman, 1930, is a further example of this
pattern according to our samples; however, Barkp (1971) found it “limited to transi-
tional waters at the boundaries of tropical central or warm water masses and colder
temperate waters where roughly the 57 isotherm is deeper than 800 m”. The material
at hand shows that dense concentrations of A. gigas can also be observed inside the
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Investigations on midwater fish in the Atlantic Ozean 231

South Atlantic Central Water mass, where the 5° isotherm is in a depth of 650 m
(stations 443 and 447/71; fig. 8).

A comparison of the distribution areas of different broadly tropical species reveals
specific differences due to distinet food requirements. Thus, more pretentious species
like A. gigas and N. resplendens (fig. 6) show a distinct gap in their distribution
pattern off northeastern Brazil. Here, a counter-clockwise gyral is built up by the
South Equatorial and Brazil Current system. The area shows great similarity to the
Sargasso Sea in the North Atlantic. It is of very low productwtty, as excmpl:ﬁed by
the sharp decline in numbers of species as well as specimens in our catches at stations
189 to 190 (1966, tab. 1) and 20 1o 21 (1968, tab. 2). Quite a number of common
tropical and broadly tropical species are lacking here. Others, like some species of
Eustomias, Chauliodus danae Regan and Trewavas, 1929 and Lepidophanes gasussi
(Brauer, 1906), which are lacking in more productive areas and represent the “*Sargasso
Sca pattern” of Backus er al, (1970), reappear again. Since the gyral is obliquely
inclined to the surface, being shallower at its northern than at its southern extremity,
deeper living species like A. gigas show a distribution gap displaced more to the south
than that of species living near the surface, such as N. resplendens, Smaller growing,
less pretentious species like Ceratoscopelus warmingi (fig. 7) do not show any gaps in
their distribution areas.

b. The tropical patterns. Fishes exemplifying these patterns are confined to tropical
areas, i. ¢. the region between about 20° N and 257 § along our transects. However,
the southern boundary is much less defined than the northern one. Latitudinally
distributed species occurring across the tropics from west to east were found, as well as
others, which were restricted either to the eastern (“Guinean pattern”) or to the
western (“Amazonian pattern”) sections of the ocean. Microstoma microstoma
(Risso, 1810), Astronesthes indicus Brauer, 1902, Heterophotus ophistoma Regan and
Trewavas, 1929, Stomias affinis Giinther, 1887, Hygophum macrochir (Giinther, 1864),
Myctophum asperum Richardson, 1844, Lampadena luminosa (Garman, 1899), various
Diaphus species and many others represent the latitudinal tropical pattern. As an
example the distribution of Astronesthes richardsoni Poey, 1853 is given (fig. 9),
though its range does not cover the whole tropical belt in North-South direction.

Eastern tropical species are inter alia Paraholtbyrnia cyanocephala Krefft, 1967
(fig. 10), Stomias lampropeltis Gibbs, 1969, Chauliodus schmidti Ege, 1948, whereas
Diaphus garmani Gilbert, 1906, Brama caribbea Mead, 1972 and perhaps also Psex-
doscopelus scutatus KrefRt, 1971 (fig. 11) represent the western patrern.

In addition, several other patterns of warm water distribution seem to be involved.
Most of them exemplify either disjunct distribution areas of otherwise tropical or
broadly tropical species, e. g. Pollichthys mauli Poll, 1953 as discussed by Backus
et al. (1970), or rather restricted habitats, which may be explained as adaptations to
land associated environments (BAtrD, 1971). Good examples of such an association are
the species of the sternoptychid genus Polyipnus, which are represented in our material
only by P. polli Schultz, 1961 (hg. 10). Lampadena pontifex KrefRt, 1970 and a still
undescribed Symbolophorus species, living in the area of the Cape Verde Islands,
perhaps belong to this group of “pseudoceanic™ midwater fishes.

Orhers, like Argyropelecus sladeni Regan, 1908, were found almost everywhere in
the South Atlantic Central Warer mass (fig. 12). However, since its main concentra-
tions lie between 18 N and 5" S, its distribution pattern is mainly tropical.

Finally, there is one special pattern of tropical distribution, which may be called
the Agulhas pattern. This is represented by a small number of tropical Indian Ocean
species. Specimens of these species are carried into the South Atlantic Ocean around
the Cape with the warm Agulhas Current, Their range inside the Atlantic is closely
associated with the body of Agulhas Water (figs. 5 and 13). Besides Persparsia kopua
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232 G. Krefft

(Phillips, 1942), 7 specimens, Bathophilus cwyanorum Barnett and Gibbs, 1968, 2
specimens, Eustomias bulbornatus Gibbs, 1960, a single specimen, Diaphus diadematus
Taning, 1932, 77 specimens, D, parri Taning, 1932, a single specimen, D. richardsont
Téning, 1932, 4 specimens, and Myctophum spinosum (Steindachner, 1867), 4 speci-
mens, the few South Atlantic specimens of [diacanthus fasciola belong to this group.
Except perhaps Persparsia and Diaphus diadematus, Indian Ocean expatriates do not
seem to be able to survive outside the body of Indian Ocean water.

IV. The southern group

During the 1971 transect between Mar del Plata and Cape Town, which ran partly
through the area of the southern Subtropical Convergence, and partly through the
neighbouring waters of the Westwind Drift, R/V “Walther Herwig” met with a fish
fauna quite distinct from those along the other transects. Here, a highly mixed fauna
of heterogenous origin was found. Of 265 species taken in the area, 72 were not
represented to the north of the convergence. These are members of the following
distribution patterns:

a. The convergence pattern. Gigas (1968) was the first author to report on a special
fauna, distributed circumglobally in the waters of the southern Subtropical Con-
vergence. Several species have been added to his list since. The following species taken
by us are members of that peculiar fauna: Astronmesthes boulengeri Gilchrist, 1902
(fig. 14), two other undescribed Astronesthes species, Bathophilus ater (Brauer, 1902),
Eustomias trewavasae Norman, 1930, Opostomias micripnus (Giinther, 1878) (fig. 14),
Diaphus ostenfeldi Taning, 1932 (fig. 4) and Scopelarchoides kreffli Johnson, 1972.

b. The Westwind Drift pattern. Fishes fitting this distribution pattern may be found
in a more or less circumglobal belt between the Subtropical and the Antarctic Con-
vergences, i. €. in the Antarctic Intermediate Water. A great number of species,
especially myctophids, live here, e. g the gonostomarids Diplophos rebainsi Krefft
and Parin, 1972, Photichthys argenteus Hutton, 1872, Woodsia meyerwaardeni Kreflt,
1973, the notosudids Luciosudis normani Fraser-Brunner, 1931 and Scopelosanrus
hamiltoni (Waite, 1916), the myctophids Protomyctophum subparallelwm (Taning,
1932), P. tentsomi (Norman, 1930), Electrona carlsbergi (Taning, 1932), E. ventralis
(Bekker, 1963) or a closely related species, E. subaspera (Giinther, 1864), Hygophum
hanseni (Taning, 1932), Lampadena dea Fraser-Brunner, 1949, L, notialis Nafpakritis
and Paxton, 1969, Hintonia candens Fraser-Brunner, 1949, Gymnoscopelus bolini
Andriashev, 1962, Lampichthys procerus (Brauer, 1904), the melamphaeid Sio norden-
skjoeldi (Lénnberg, 1905), the centrolophid Icichthys australis Haedrich, 1966, and the
ceratioid Ceratias tentaculatus Norman, 1930.

c. The broadly Antarctic pattern. The distribution area of those species stretches
from the coasts of Antarctica to the Subtropical Convergence. Stomias gracilis Gar-
man, 1899, Benthalbella elongata (Norman, 1937), B. macropinna Bussing and Bus-
sing, 1966, Protomyctophum anderssoni (Lonnberg, 1903), P. bolini Fraser-Brunner,
1949, P. normani (Taning, 1932), Electrona antarctica (Giinther, 1878), Gymnoscope-
lus braueri (Lonnberg, 1905), G. nicholsi (Gilbert, 1911), Lampanyctus achivus An-
driashev, 1962, and the macrourid fish Cynoemacrurus piriei Dollo, 1909 may be
mentioned.

d. The bipolar pattern. It is represented by oYen decp-living species, which occur
in subarctic as well as in subantarctic waters. Some of them, e. g. Anotopterus pharao
Zugmayer, 1911, Borostomias antarcticus (Lonnberg, 1905) and Trigonolampa miri-
ceps Regan and Trewavas, 1930, even penetrate subtropical areas by submergence.
They are fairly common in our collections.
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Investigations on midwater fish in the Atlantic Ozean 233
V. The bathypelagic group

More than 80 species, i. e. about 16 % of the total number, have been taken ex-
clusively in hauls deeper than 800 m. As a rule, such species occupy larger geographical
ranges than mesopelagic species. Their distribution areas often stretch from subarcric
areas to the southern Subtropical Convergence or even beyond. Gonostoma bathyphi-
lum (Vaillant, 1888), and Malacostens niger Ayres, 1848 are examples. However,
there are others, whose distribution, though covering enormous ranges, seems to be
associated with specialized topographical conditions, e. g. steeply inclined edges of
oceanic islands, submarine ridges, seamounts and continental slopes (Goopyear 1969),
Large adults of bathypelagic species are caught more often by deep-fishing bottom
trawls than by midwater trawls. This is true for many species of paralepidids,
notosudids, ceratioids, gempylids and many others. Even the largest myctophids I have
seen, Gymnoscopelus (Nasolychnus) spec. of more than 30 cm standard length, were
taken by bottom trawls in 1200 m depth. From this, it appears that large adults of
many bathypelagic fishes tend to become benthopelagic with age. This is well de-
monstrated by the alepocephalids.

Actually, the distribution of most bathypelagic species is poorly understood as yer,
due to inadequate sampling. Therefore, it is difficult to assign definite distriburtion
patterns to most of them. As an example, the distribution of the Bathylaconidae is
shown here (fig. 15), based on the investigations of NittseN and Larsen (1970),
NietseN (1972) and on some additional specimens taken by R/V “Walther Herwig”
during the “Overflow ’73 Expedition”. Two species of the family, Bathylaco nigri-
cans Goode and Bean, 1896 and Herwigia kreffli (Nielsen and Larsen, 1970), are
represented in the Atlantic Ocean. They seem to cover the same geographic range
between about 547 N and 357 S, and either one or both species were taken at almost
all of our stations deeper than 1000 m. They seem to be associated with the North
Atlantic Deep Water mass, which is formed in the Labrador and Irminger Seas mainly,
and stretches southward below the Antarctic Intermediate Water in a depth of about
1500 to 2000 m. Approximately in the area of the southern Subtropical Convergence
it sinks deeper, beyond the reach of our nets. This may explain the complete absence
of both species in our deep hauls along the transect Mar del Plata -~ Cape Town.
Because of the close association with the North Atlantic Deep Water, the distribution
pattern shown by the Bathylaconidae may be called the North Atlantic Decp Water
pattern for the time being. The chiasmodontid fish Kali macrodon (Norman, 1929)
seems to share the same pattern.

Other species are associated with the Antarctic Intermediate Water. The searsiid
fish Normichthys yaganorum Lavenberg, 1965 is an example. It is replaced in the
North Atlantic between Iceland and the Bay of Biscay by Normichthys operosus Parr,
1951.

The analysis of the bathypelagic species caught during our transects is still at the
beginning. Tt seems obvious, that while most bathypelagic species have larger geo-
graphical ranges than mesopelagic fishes, they still show specific distribution patterns
rather than a cosmopolitan distribution.

Concluding remarks

Studies on the distribution of Atlantic midwater fish reveal a highly complicated,
three-dimensional cob-web of distribution patterns. Actually, each species develops
its own specific pattern, depending on biotic and abiotic environmental factors as well
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234 G. Krefft

as on its distributional history. The demand for food, competition and different
adaptability to physical conditions scem to be important. However, in spite of the
diversity of specific patterns, the threads of the web join to form larger patterns, which
characterize well-defined faunal communities. These populate different parts of the
ocean, and are separated from each other by physical boundaries, which divide the
ocean into faunistic regions, Some species inhabit a single region, others are wide-
spread or dwell in disjunkt areas. Trenchant boundaries along our transects were found
at about 20° N, i. ¢. the boundary between the two Central Water masses, and at the
southern Subtropical Convergence. At both these boundaries a distinct change in the
faunal composition could be observed. Many species disappeared from the catches in
these areas and were replaced by other ones. The boundary at 207 N separates the
subtropical fauna from the tropical one quite effectively; there is no distinct counter-
part in the southern hemisphere, where, as a rule, both tropical as well as subtropical
species find their southernmost border at the Subtropical Convergence. Also, the
hypothetical boundary separating the “Guinean” from the *“Amazonian” region,
which should be expected somewhere along the 30th meridian W, is rather weakly
defined, although a number of species obviously show either eastern or western
distribution patterns.

Much work still has to be done, before we can assign a definite distribution pattern
to cach of our species. Such patterns scem most diverse in the group of tropical species,
the most speciose fauna encountered. Life history studies, still lacking for the bulk of
oceanic fishes, and careful compilation and analysis of the many distribution studies of
recent and future years may one day enable us to understand the distribution patterns
of deep-sea fishes.
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Summary

The paper deals with the geographical distribution of Atlantic midwater fish, based on the
collections of R/V “Walther Herwig”. Four rransects were run during 1966 to 1971 forming
a huge triangle between the Bay of Biscay, the mouth of the La Plara river and Cape Town
{rabls. 1-4; fig. 1). Using a large commercial midwater trawl, more than 110000 fish speci-
mens, representing about 500 species and 90 families, were taken. Of these, some 40 species
were new to science at the time of capture.

According to their geographical distribution, 5 groups are distinguished, each of them
comprising one or several distribution patterns:

I. The northern-temperate group. A boreal (fig. 2) and a temperare-subtropical partern are
represented.

11. The subtropical group. Inside this group biantitropical patterns, cither at the specific
{(figs. 3-4) or at the generic level (fig. 5), as well as distribution areas confined to one
hemisphere only, were observed.

ITL. The tropical group, This is the most speciose group of fishes. The species may be assigned
the broadly tropical pattern (figs. 6-8), the latitudinal tropical pattern (fig. 9), or patterns
covering more restricted ranges, e.g. the Guinean pattern (fig. 10), the Amazonian pattern
(fig. 11), and probably some others. Of these, the “Guinean pseudoceanic pattern™ (hg. 10),
the South Atlantic Central partern (fig. 12), and the Agulhas pattern (figs. 5, 13) are
presented.
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IV. The southern group. This is made up by species living either in or south of the southern
Subtropical Convergence arca. The convergence pattern is shown (figs. 4, 14). Other species
found here represent several additional patterns, viz. the Westwind Drift pattern, and the
broadly Antarctic pattern.

V. The bathypelagic group. Only a few of the more than 80 species of bathypelagic fishes,
inhabiting the layers of the ocean deeper than 800 or 1000 m, have as yer been analyzed
with regard to their distribution. Although covering much larger r:mj:cs; when compared
with those of mesopelagic fishes, bathypelagic species follow specific distribution patterns,
rather than being cosmopalitan, As an example the North Atlantic Deep Warer pattern is
shown (fig. 13).

Zusammenfassung

Die Zoogeographic atlantischer Fische des Meso- und Bathypelagials wird in dieser Arbeit
untersucht, Sie basiert auf Fingen des FFS ,Walther }lcrwi$“, welche withrend der Sud-
amerikareisen des Schiffes auf vier transozeanischen Schnitten i1n den Jahren 1966, 1968 und

1971 erzielt wurden. Dic Schnitte bilden ein Dreieck zwischen dem Golf von Biscaya, der

Miindung des Rio de la Plata und Kapstadt (Abb. 1). Uber 110020 Fische in etwa 500 Arten

und 90 Familien wurden bei diesen Fahrten mit ¢inem 1600-Maschen-Schwimmschleppnerz ge-

fangen. Von thnen waren erwa 40 Arten zur Zeit ihres Fanges noch unbeschricben.

Das bisher aufgearbeitete Material umfafle nur einen relativ bescheidenen Teil der Gesame-
ausbeute. Dennoch ergeben sich zoogeographisch interessante Verbreitungsmuster, welche die
Befunde von Backus et al. (1970) vielfach bestirigen und erweitern. Auf Grund ihrer Ver-
breitung werden in der vorliegenden Arbeir vier Gruppen mesopelagischer Fischarten unter-
schieden und mit der cinstweilen als Einheir behandelten Gruppe der bathypelagischen Fische
verglichen, Jede der 5 Gruppen umfafit ein oder mehrere Verbreitungsmuster.

. Die nordlich-temperierte Gruppe. Sie ist in den Fingen der drei Expeditionen nur spir-
lich vertreten. Dennoch lassen sich zwei Verbreitungsmuster unterscheiden, das boreale
(Abb. 2) und das gemifigi-subtropische.

11. Die subtropische Gruppe. Dicser Gruppe angehorige Arten traten in unseren Fangen in der
Regel erst bei Madeira in Erscheinung. Lings unserer Schnitte finden sie im freien Nord-
atlantik ihre Siidgrenze bei erwa 207 N, wo sich Nord- und Sildarlantisches Zentralwasser
zusammenschlicfen. Die Gruppe umfafit mehrere Verbreitungsmuster, das biantitropische,
entweder auf Art- (Abb. 3-4) oder auf Gattungsebene (Abb. 5), und weitere auf cine der
beiden Halbkugeln beschrinkte Muster.

I11.Die tropische Gruppe, Diese ist nicht nur die artenreichste, sondern weist auch die meisten
Verbreitungsmuster auf. Beispiele werden gebracht fiir dasmitBackuseral, (1970) als  broadly
tropical” bezeichnete Verbreitungsbild, weldhes die nérdlichen wie dic siidlichen Subtropen
mit cinschliefit (Abb. 6-8) sowie fiir verschiedene, auf die cigentlichen Tropen beschrinkte
Muster. Tropische Arten konnen sowohl latitudinal (Abb. 9) wie longitudinal verbreiter
sein, wobei sich die longitudinale Verbreitung auf die Gstliche Seite des Ozeans (,guineisch®,
Abb. 10) oder die westliche (,amazonisch®, Abb. 11) ganz oder vorwicgend beschrinken
kann. Daneben gibt es offensichtlich eine Anzahl spezieller Verbreitungsmuster, von denen
hier je ein Beispiel fiir ein pseudozeanisches Verbreitungsmuster (Abb. 10, Polyipnus) und
ein auf das Sidatlantische Zentralwasser bis zur siidlichen Subtropischen Konvergenz iiber-
greifendes Verbreitungsbild (Abb. 12) gegeben werden. Schlieflich wird ein als ,Agulhas
pattern® bezeichnetes Verbreitungsmuster erdrtert (Abb, 5, 13}, welches von aus dem Indi-
schen Ozean verdrifteten Fischen, vermutlich nur temporir, gebilder wird, da die exparrier-
ten Tiere offenbar nur ausnahmsweise im Atlantik iberleben kénnen.

IV.Die Sidgruppe. Bei den von uns im Gebiet der siidlichen Subtropischen Konvergenz ange-
troffenen Fischen handelt es sich um Angehbrige mehrerer Faunengemeinschaften. Beispiele
fiir ein besonderes Verbreitungsbild, das Konvergenzmuster, werden gezeige (Abb. 4,
Diaphus ostenfeldi, und 14), charakteristische Vertreter der beiden weiteren Gruppen,
Arten der Westwinddrift und der im weiteren Sinne antarkrischen Fauna, werden erwihnr

V. Die bathypelagisdie Gruppe. Von den etwa 80 von uns nur in Hols unterhalb 800 m gefan-
genen Fiscgkcn sind erst wenige hinsichtlich ihres geographischen Verbreitungsbildes unter-
sucht. Trotz eines im Vergleich zu den mesopelagischen Fischen oft wesentlich grifieren
Arcals scheinen auch die bathypelagischen Fische cher artspezifischen als globalen Verbrei-
ungsmustern zu folgen. Ein solches Muster, vorliufig als ,Nordatlantische Tiefenwasser-
Ver%)rcilung" bezeichner, wird vorgestellt (Abb. 15).
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Table 1

“Walther Herwig™ transect 1966

Distribution of fish species (upper figures) and specimens (lower figures) according to station and depth
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“Walther Herwig” transect 1968

Distribution of fish species (upper figures) and specimens (lower figures) according to station and depth
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Table 3

“Walther Herwig"” transect 1971/1 (Mar del Plata—Cape Town)
Distribution of fish species (upper figures) and specimens (lower figures) according to station and depth
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Table 4
“Walther Herwig” transect 1971/2 (Cape Town-Madeira)
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