
Distributions of marine organisms have often been
used as indicators of water masses and currents (e.g.
Olson and Backus 1985, Soule and Kleppel 1988,
Fedoryako 1993). Such indicators become increasingly
useful when no direct observations of temperature,
salinity or currents are available, and they are specially
relevant to studies of physico-biological interactions.
However, examination of the literature that has used
marine organisms as indicators, or those in which
such organisms have been used to compile world
biogeographic maps (e.g. Van der Spoel and Heyman
1983), indicates that interpretation may differ,
depending on the selected taxa. Lanternfish distribu-
tions have been widely used. For instance, Hulley
and Lutjeharms (1995) analysed the distribution of
adult and juvenile myctophids of Indo-West Pacific
origin in the eastern South Atlantic. Although adults
may be good indicators of currents or water masses,
they are not as suitable for the purpose as are their
planktonic larval stages. The poor mobility of early
larvae permits their consideration as temporary passive
tracers, and their relatively short time of residence in
the plankton allows them to be related to recent 
hydrographic events.

Distributions of adult lanternfish around the coast
of southern Africa are well documented (Hulley
1981, 1984, 1986), and several papers have reported
on the distribution of their larvae (Shelton 1986,
Olivar 1988, Olivar and Fortuño 1991, Olivar and
Beckley 1994). These studies showed the larvae of

several species to be remote from the known distri-
bution ranges of the adults, and indicated a close 
relationship with the prevailing currents. In order to
obtain additional evidence of larval transport, the dis-
tribution ranges and size frequency distributions of
the larvae of five myctophid species in two regions
off southern Africa, the open ocean off Namibia
adjacent to the Benguela upwelling system, and the
eastern coast of South Africa, adjacent to the Agulhas
Current, are analysed.

For the Benguela, the investigation centred on the
presence of larvae of the pseudoceanic lanternfish
Lampanyctodes hectoris farther offshore than their
usual range of distribution. The typical picture of the
Benguela upwelling system is a series of upwelling
cells along the coast (Shannon 1985, Fig. 1). The main
flow is parallel to the coast, but upwelling filaments
extend offshore (Lutjeharms et al. 1991). Olivar and
Fortuño (1991) mentioned the presence offshore of
L. hectoris larvae, but the lack of CTD data for the
cruise those authors analysed precluded further inter-
pretation. The publication of a study by Lutjeharms
et al. (1991), showing the presence of an “extreme”
upwelling filament extending more than 1 300 km
offshore, some weeks after the survey reported on by
Olivar and Fortuño (1991) prompted a detailed re-
analysis of all the data available from that survey.

For the Agulhas Current region, the presence in
shelf and offshore waters of larvae of two highly
oceanic species Hygophum hygomii and Scopelopsis
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multipunctatus (Hulley 1986) and the occurrence of
larvae of Myctophum selenops and Benthosema
pterotum, whose adults have not been reported in the
area (Hulley 1984, 1986), are analysed. The large-
scale oceanographic feature that dominates the
South-West Indian Ocean is the Agulhas Current
(Fig. 1). The study was centred at latitudes where the
Current reaches its full stature as regards velocity
and volume flux (Lutjeharms 1981), between Durban
(30°S) and East London (33°S). The axis of the
Agulhas Current follows the continental margin and
approaches the coast in the central part of the study
area; it then moves farther away where the shelf
widens to the south (Gründlingh 1978). Most of its
water returns to the Indian Ocean through the Agulhas
Retroflection (Harris and Van Foreest 1978).

MATERIAL AND METHODS

The areas of study were the open ocean off Namibia

in the South-East Atlantic (cruise of May 1982) and
the eastern coast of South Africa in the South-West
Indian Ocean (cruise of May/June 1990).

In both areas, ichthyoplankton hauls were per-
formed following the standard procedures described
by Smith and Richardson (1977). The larvae were
collected by means of oblique hauls made with a Bongo
gear fitted with nets of 0.3 and 0.5 mm mesh size in
the SE Atlantic and SW Indian Ocean respectively.
Flow of water was determined by means of a flow-
meter mounted centrally in the mouth of the net.
Towing speed was 2 knots in attempting to maintain
a wire angle of 45°. In the SE Atlantic Ocean, tows
were made from 200 m to the surface, whereas in the
SW Indian Ocean, tows were from 80 m to the surface.
The depth of each haul was estimated from the length
of wire let out. For the SW Indian Ocean survey, the net
was also equipped with a recording diving depth gauge.
Both total abundance of fish larvae and abundances
of the different size-classes were standardized to the
number of larvae under 10 m2 of sea surface. For
those species selected, the standard length SL of all
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Fig. 1: Study area, showing the main hydrographic features of the South-East Atlantic and South-West Indian
oceans and the position of the stations sampled in both areas. Dark areas off the West Coast indicate

main upwelling centres



larvae collected at each station was measured using
an ocular micrometer, with a precision of 0.1 mm.

From the SE Atlantic Ocean, the distribution of
Lampanyctodes hectoris larvae collected at four stations
located over the continental slope (500 – 1 000 m) and
along two transects between the Benguela upwelling
system and the Valdivia Bank (located 400 miles off-
shore, Fig. 2a) was analysed. The only hydrographic

information available during that cruise was the sea
surface temperature obtained at each station (Fig. 2b).
One satellite image, a thermograph for 31 May 1982
(the last day of the cruise), and one CZCS composite
image for April 1982, combining 12 satellite obser-
vations, plus the METEOSAT II image of 5 July 1982,
analysed in detail by Lutjeharms et al. (1991), were
examined. 
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Fig. 2: (a) Abundance (number per 10 m2) of Lampanyctodes hectoris larvae at the stations sampled during the
May 1982 survey in the South-East Atlantic Ocean. (b) Sea surface temperatures at various longitudes,

at the sampled stations (numbers correspond to the stations shown in Fig. 2a)



From the SW Indian Ocean, the size distributions
of Hygophum hygomii, Scopelopsis multipunctatus,
Myctophum selenops and Benthosema pterotum lar-
vae collected during the survey carried out in
May/June 1990 were analysed. Nine transects of 
stations from Algoa Bay to the mouth of the Tugela
River were sampled. Each transect had two inshore
stations, at 50 and 100 m bottom depth, and two
“Agulhas Current” stations, offshore of the continental
shelf-break (at 500 and 2 000 m). Measurements of
temperature were made at all stations with a CTD
profiler to a depth of 200 m; its accuracy was 0.01°C
(Beckley and Van Ballegooyen 1992).

RESULTS

South-East Atlantic Ocean

Sea surface temperature recorded in May 1982
was lower over the slope stations than at the stations
located along the two transects out to the Valdivia
Bank (Fig. 2b). In the northern transect (from Walvis
Bay to the Valdivia Bank), sea surface temperatures
offshore were typically oceanic (>19°C, Boyd and
Agenbag 1985), with a continuous upward trend. Sea
surface temperatures along the southern line (off
Lüderitz) showed a similar trend, though temperatures
were slightly lower than along the northern transect.
However, at two stations (15 and 17) along the southern

transect there were anomalous sea surface tempera-
tures, more than 1°C below the general trend (Fig. 2b).
Examination of the satellite images showed cold water
extending far offshore (at least 450 km) off Lüderitz
on 31 May 1982, and high concentrations of chloro-
phyll extending even farther offshore (at least 550 km)
at 29°S in April 1982. In July 1982, six weeks after
the survey during which the larvae were collected, an
unusually long upwelling filament was reported at
26°S by Lutjeharms et al. (1991).

Analysis of the species composition of ichthyo-
plankton samples showed that Lampanyctodes hectoris
larvae appeared at all the slope stations, but only at the
two offshore stations with anomalous temperatures
(Fig. 2a). The size frequency distribution of L. hectoris
larvae (Fig. 3) at the slope station with the highest
abundance (#21, 13°30′E) showed a wide size range,
from 2.0 to 7.5 mm SL, with two modal size-classes
at 2.5 and 4.0 mm. At the next station offshore where
the larvae were present (#17, 11°E), specimens 
measured between 3.5 and 5.5 mm SL, with a modal
size-class of 4.0 mm. The farthest offshore these larvae
were found (#15, 9°E), their SLs were 4.0–6.5 mm
and the modal size-class had shifted to 6.0 mm.

South-West Indian Ocean

Hydrographic features observed during the May/
June 1990 survey were described and discussed by
Beckley and Van Ballegooyen (1992). Waters of the
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Fig. 3: Size frequency distributions for Lampanyctodes hectoris larvae at the slope station with highest abun-
dance (#21) and at the two offshore stations of the southern line (#17, #15). Location of the stations is

shown in Figure 2a



south-flowing Agulhas Current were detected off-
shore, with temperatures > 22°C and salinities of
35.4 × 10 –3 extending down to >50 m. There was a
marked penetration of warm Agulhas Current water
onto the shelf at all the northern 50 and 100 m stations,
except at the 50 m station off the Tugela River.
Evidence of small-scale meandering was apparent at
the 500 m station off Durban. A temperature front
was detected between Mbashe and East London. Sea
surface temperatures at the inshore stations south of
that front were markedly lower (<19°C), indicative of
deep water upwelling onto the shelf along the shore-
ward edge of the Agulhas Current south of Mbashe

(Beckley and Van Ballegooyen 1992). According to
the bottom topography and water characteristics, the
region could be divided into four sectors (Fig. 4): 
inshore and offshore of the 200 m isobath and north
and south of the thermal front between East London
and Mbashe.

From the large number of species of lanternfish
larvae collected during the May/June 1990 cruise
(Olivar and Beckley 1994), four highly oceanic species
were selected for this paper: Hygophum hygomii,
Scopelopsis multipunctatus, Myctophum selenops
and Benthosema pterotum. Hygophum hygomii and
Scopelopsis multipunctatus were selected as repre-
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Fig. 4: Stations sampled during the May/June 1990 survey in the South-West Indian Ocean, sea surface
isotherms and the 200 m isobath (redrawn from Beckley and Van Ballegooyen 1992). The four sectors

into which the area was divided are shown
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Fig. 5: Distribution and abundance of Hygophum hygomii, Scopelopsis multipunctatus, Myctophum
selenops and Benthosema pterotum larvae during the May/June 1990 survey in the South-

West Indian Ocean



sentative of autochthonous species because of the
common presence of adults in the region (Hulley 1984)
and the fact that their larvae were the most abundant
lanternfish in plankton samples of the region during
that cruise (Olivar and Beckley 1994). Among the
species whose larvae appeared in the plankton samples,
but which could be considered as allochthonous, 
because their adults have not been reported in the 
region (Hulley 1984, 1986), were Myctophum selenops
and Benthosema pterotum (Olivar and Beckley 1994).

Larvae of the two autochthonous species, Hygophum
hygomii and Scopelopsis multipunctatus, appeared at
many of the shelf stations, except in the southern 
stations at 50 m (Olivar and Beckley 1994, Fig. 5).
Size frequency distributions of H. hygomii (Fig. 6)
revealed a wide range of sizes in the northern inshore
and southern offshore sectors, with the absence of
larvae >5.5 mm noticeable at the southern inshore
stations. The proportion of larvae of the smaller size-
classes (<3.5 mm) was higher in the northern inshore
sector than in the other sectors. The modal size-
classes (4.0 mm) were not clearly defined in the two
northern sectors, but in the south they were better 
defined and slightly larger (4.5 mm inshore and 5.0 mm
offshore). There was a wider size range of S. multi-
punctatus offshore than inshore, larvae > 5.0 mm
being absent at the southern inshore stations. The
proportion of larvae < 3.5 mm was higher in the
northern inshore sector, whereas larvae larger than
4.0 mm were more abundant in the southern offshore
sector. Modal size-classes in the two offshore sectors
(4.0 mm) were slightly higher than at the inshore
ones (3.0 mm for northern inshore and 3.5 mm for
southern inshore).

Larvae of the two allochthonous species showed
different distribution patterns (Fig. 5). Myctophum
selenops larvae were more related to the presence of
warm Agulhas Current water than those of Benthosema
pterotum, which occurred in most of the stations with
lower temperatures (Olivar and Beckley 1994). 
M. selenops larvae were more common in the north-
ern sectors, where they seemed to be distributed both 
inshore and offshore, except at 500 m off Durban and
Green Point. In the southern sectors they were patchily
present. The smaller size-classes (< 3.5 mm) of
Myctophum selenops larvae predominated (60%) in-
shore (Fig. 6), and there was a general decrease in
abundance with increasing length. Offshore, no parti-
cular size-class was dominant.

Larvae of Benthosema pterotum were more abun-
dant inshore (Fig. 5). The size ranges of the larvae
collected in the northern and southern inshore sectors
were similar, but the size structure was quite different
(Fig. 6). In the northern inshore sector, 60% of the
larvae were <3.5 mm, with a modal size-class of 

2.5 mm, but in the southern inshore sector the propor-
tion of larvae <3.5 mm was only 11% and the modal
size-class was higher, at 4.5 mm. Only 7% of larvae
from the northern inshore sector were > 5.5 mm,
whereas in the southern inshore sector these larvae
constituted 30% of the B. pterotum larvae collected.
Offshore, both size range and abundance were notice-
ably lower. 

DISCUSSION

Adult Lampanyctodes hectoris have a pseudoceanic
distribution pattern (Hulley 1981). Whereas the species
occurs over bottom depths to about 3 000 m, they are
most abundant at depths shallower than 800 m (Hulley
and Lutjeharms 1989). No adults of this species were
collected at any of the offshore stations in the transects
to the Valdivia Bank, whereas they were abundant at
all the slope stations sampled (Rubiés 1985). During
winter and spring, the species’ main spawning season,
their eggs and larvae are commonly found from the
150 m isobath to the slope (around 1 000 m, Olivar
and Shelton 1993). During the study reported on here,
concentrations were not as high as those recorded in
the area during the main spawning season, when
maximum densities of c. 10 000 larvae per 10 m2 and
mean abundances of 2 366 larvae per 10 m2 have
been reported (Olivar et al. 1992). The presence of
larvae at the two offshore stations with anomalous
sea surface temperature, so far from the usual area of
distribution of the species, and the absence of larvae
<3.5 mm at those offshore stations, indicates that
there was no spawning there, but it does suggest that
larvae had been advected from the slope area. 

Among the offshore transport mechanisms, up-
welling filaments are common features of the Benguela
and other upwelling areas, such as off California and
Peru (Flament et al. 1985, Lutjeharms and Stockton
1987, Brink 1992). Currents within filaments are 
energetic and fast (typical velocities of 40–60 cm.s–1).
The associated offshore transport may be 1 Sv
greater than Ekman transport (Kosro and Huyer 1986)
and is responsible for the transport of suspended par-
ticles, pollutants, planktonic organisms and even pre-
recruiting fish out of their usual distribution areas
(Shillington et al. 1990, 1992, Duncombe Rae et al.
1992). Filaments of cold water generated from the
Lüderitz upwelling cell have been reported on many
times (Shillington et al. 1992). Filaments can persist
for several weeks, are usually narrow (50 km wide)
and extend from the surface to a depth of at least 100 m.
The length of these filaments is usually limited to
250 – 300 km offshore, but occasionally they can
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Fig. 6: Size frequency distributions of Hygophum hygomii, Scopelopsis multipunctatus, Myctophum selenops and
Benthosema pterotum larvae during the May/June 1990 survey in the South-West Indian Ocean, averaged over each

of the four sectors shown in Figure 4



reach to more than 1 000 km (Lutjeharms et al.
1991). In the case of such long filaments, water has
been found entrained by other mesoscale features,
such as Agulhas eddies, which helps in the offshore
expansion, meandering shape and persistence of the
filament (Duncombe Rae et al. 1992).

Whether the sea surface temperature anomalies
measured in the survey of May 1982 correspond to the
long filament observed in July 1982 by Lutjeharms
et al. (1991) cannot be proven with the available data.
However, the typical characteristics of filaments, 
together with the temperature anomaly observed off-
shore and the presence and size distribution of Lam-
panyctodes hectoris larvae found, are consistent with
those of a long Benguela upwelling filament.

The position of Lampanyctodes hectoris larvae in
the water column, and the vertical extension of up-
welling filaments, allow them to be subject to trans-
port by upwelling filaments. More than 70% of 
L. hectoris eggs and larvae (from early stages to 8.0
mm) are located in the upper 100 m (Olivar et al.
1992), within the vertical range of filaments. The
typical velocities within a filament are 40–60 cm.s–1

and, considering a non-rectilinear trajectory
(Lutjeharms et al. 1991), a minimum time of 5–8 days
would be required for water to move between the
two offshore stations with anomalous temperature.
Regarding the larval size structure of the samples
found at those stations, the observed shift of the
modal size-class (2 mm) should be consistent with
such a time interval. All the available information on
size at age for this species corresponds to later devel-
opmental stages than those studied here. Cruick-
shank (1983) and Young et al. (1988) reported
growth rates of L. hectoris juveniles of 0.2 – 0.33
mm.day–1. Bearing in mind that the growth rate of
animals tends to decay exponentially with increasing
age (Laird et al. 1965), the growth rates of larvae
must be higher than those given for juveniles. Using
a minimum growth rate of 0.33 mm.day–1, larvae
may have increased from 1.7 to 2.6 mm in 5–8 days,
which is within the range of the observations made
here.

The general flow of the Agulhas Current in the
SW Indian Ocean follows the continental margin. It
is mostly confined inshore of the 2 000 m isobath,
approaching the coast in the central part of the study
area and then moving away where the shelf is wider
to the south (Gründlingh 1978). Typical surface 
velocities are from 90 to 119 cm.s–1, with a vertical
extension of 600 – 1 500 m (Gordon et al. 1987). The
hydrographic characteristics of the area observed in
the present study show typical surface intrusions of
warm Agulhas water onto the shelf in the central area
between Durban and Mbashe (Beckley and Van

Ballegooyen 1992). Whereas records of adults of
oceanic lanternfish over depths <300 m are infre-
quent (Hulley and Lutjeharms 1989, 1995), the intru-
sions of the Agulhas Current to the shelf region have
been found to be responsible for the appearance of
larvae of many truly oceanic lanternfish inshore
(Olivar and Beckley 1994).

The observed size structure of the two autochthonous
species, Hygophum hygomii and Scopelopsis multi-
punctatus, reflects the Agulhas Current intrusions.
The higher modal size-classes, i.e. the greater contri-
bution by larger larvae at the southern offshore sta-
tions and the low concentrations of larvae <3.5 mm
at the southern inshore stations, indicate both the 
remoteness of the spawning area from the study area
and southward transport. The low concentrations of
small larvae inshore in the south are justified by the
absence of direct transport from the oceanic region in
the same latitudes. Therefore, only larvae that were
spawned some way to the north could have been
transported by the Agulhas Current to the study area.

Myctophum selenops is a species that has been
recorded in equatorial waters (Bekker 1983), but the
presence of adults has also been reported west of the
Cape Peninsula (35°S), associated with pockets of
Agulhas Current water (Hulley 1981, 1986). The
presence of small larvae (<3.5 mm) at the 100 m 
station off Port Alfred (southern inshore sector) indi-
cates that spawning had to be closer to the studied 
region than the latitudes of equatorial waters. There
are three possibilities:

(i) the distribution of equatorial adults extended
southwards;

(ii) the population from Agulhas water pockets are
also present in the retroflection area;

(iii) larvae spawned from adults in Agulhas water
pockets had been introduced via the counter
flows that form at the edge of the current above
the 200 m isobath on the eastern Agulhas Bank
(Lutjeharms et al. 1989, Boyd et al. 1992, Boyd
and Shillington 1994).

The proving of any of the above three possibilities
would indicate that the species may not be alloch-
thonous, in spite of the lack of adult records from the
region (Hulley 1986). The observed size distributions
of M. selenops larvae did not show a southward dis-
placement of the modal size-class, as in the two
species discussed above. Although adults could have
a more southerly distribution than so far reported,
this does seem to counter Possibility (i) above. Possi-
bility (iii) does not appear very feasible, because if
larvae were introduced via the counter-flows, they
should appear inshore in the south. However, larvae
were found only at one station. The most likely pos-

Olivar et al.: Lanternfish Larval Displacement1998 241



sibility is therefore (ii), because of the presence of
adults in Agulhas water pockets, the similar charac-
teristics of the water of these pockets and that of the
retroflection, and its proximity to the study area.

In the Indian Ocean, adult Benthosema pterotum
are distributed from the Arabian Sea to about 25°S
(off Moçambique, Hulley 1986, Dalpadado 1988). The
only available information on length-at-age for larvae
of B. pterotum was given by Gjøsaeter and Tilseth
(1988), and that indicated that larvae of 2.4 mm are
3–5 days old (in water 21–25°C). Using this inform-
ation, the typical surface flows of the Agulhas Current
and the presence in the study area of larvae of 2.5 mm,
these larvae could only come from a spawning site at
latitudes 26 – 27°S, which is slightly south of the
closest record of adults off Moçambique.

Contrary to the results obtained for the three other
species, larvae of Benthosema pterotum were common
in all southern inshore stations. Moreover, the con-
centrations of larvae >5.0 mm at the southern inshore
stations were higher than those of the smaller sizes.
One way to explain this difference would be on the
basis of the marked drop in surface temperature inshore
south of Mbashe. Such an observation has been asso-
ciated with topographically induced upwelling of
Indian Ocean central water from below the warm
shelf-edge flow (Bang 1970, Harris and Van Foreest
1978, Gill and Schumann 1979). According to the
temperature distribution, water inshore in the south
has been upwelled from depths of at least 100 m
from the core of the Agulhas Current, as can be seen
by comparing the transects at Mbashe and Algoa Bay
(Beckley and Van Ballegooyen 1992, Fig. 2). On the
other hand, the vertical size distribution of larvae of
B. pterotum given by Röpke (1993) showed that small
larvae (<3.4 mm) rarely reach depths >60 m in the
water column, whereas larger specimens (>4.4 mm)
are widely distributed up to a depth of 120 m. There-
fore, the presence of large specimens (>5.0 mm) of
this species in that area is an indication that they
could have been transported there when water from
the offshore deeper layers upwelled to the shelf. The
absence of larger larvae of the three other species in
this southern sector, compared to their presence in
the rest of the area, suggests a lower rate of survival.
Taking into account the fact that productivity levels
in the southern area are high as a result of the intense
shelf-edge upwelling (Hutchings 1994, Probyn et al.
1994, 1995), food concentrations should not be a
priori a cause of larval mortality. However, the type
of prey in this inshore zone is probably different from
that offshore, so it may not be adequate. Further-
more, Hutchings (1994) indicated that euphausids,
siphonophores, salps and doliolids are abundant on

the eastern Agulhas Bank, which may imply that pre-
dation pressure is important there. Temperature is 
another important factor. The lower temperatures 
in this area than in the common areas of distribution
of these species could also be a negative factor in-
fluencing larval survival.

The results of the present study show that surface
currents can play an important role in determining
the extent of lanternfish larval distribution, and con-
tribute to the establishment of wider distribution areas
of larvae than of adults. However, the actual survival
potential of such larvae is a subject which requires
more investigation. Aspects such as food requirements
and the distribution and abundance of the zooplankton
components in the different areas where larvae are
found need to be investigated.

ACKNOWLEDGEMENTS

The authors are grateful to Prof. J. R. E. Lutjeharms
and Dr F. A. Shillington of the University of Cape
Town and Dr B. Shirasago of the Instituto Politécnico
Nacional, Mexico, for the satellite images they pro-
vided, and to Ms B. Molí and Ms G. Sanz of the
Instituto de Ciencias del Mar, Barcelona, for their
help in measuring the larvae. The paper has also
benefitted from the comments and criticisms of two
anonymous referees.

LITERATURE CITED

BANG, N. D. 1970 — Dynamic interpretations of a detailed sur-
face temperature chart of the Agulhas Current retroflexion
and fragmentation area. S. Afr. geogrl J. 52: 67–76.

BECKLEY, L. E. and R. C. VAN BALLEGOOYEN 1992 —
Oceanographic conditions during three ichthyoplankton
surveys of the Agulhas Current in 1990/91. In Benguela
Trophic Functioning. Payne, A. I. L., Brink, K. H., Mann,
K. H. and R. Hilborn (Eds). S. Afr. J. mar. Sci. 12: 83–93.

BEKKER, V. E. 1983 — Myctophidae of the World Ocean.
Moscow; Nauka: 248 pp. (In Russian).

BOYD, A. J. and J. J. AGENBAG 1985 — Seasonal trends in the
longshore distribution of surface temperatures off south-
western Africa 18 – 34°S, and their relation to subsurface
conditions and currents in the area 21 – 24°S. In Interna-
tional Symposium on the Most Important Upwelling Areas
off Western Africa (Cape Blanco and Benguela), [Barcelona,
1983] 1. Bas, C., Margalef, R. and P. Rubiés (Eds). Barce-
lona; Instituto de Investigaciones Pesqueras: 119–148.

BOYD, A. J. and F. A. SHILLINGTON 1994 — Physical forcing
and circulation patterns on the Agulhas Bank. S. Afr. J. Sci.
90(3): 114–122.

BOYD, A. J., TAUNTON-CLARK, J. and G. P. J. OBERHOLSTER
1992 — Spatial features of the near-surface and midwater
circulation patterns off western and southern South Africa

242
Benguela Dynamics

South African Journal of Marine Science 19 1998



and their role in the life histories of various commercially
fished species. In Benguela Trophic Functioning. Payne,
A. I. L., Brink, K. H., Mann, K. H. and R. Hilborn (Eds).
S. Afr. J. mar. Sci. 12: 189–206.

BRINK, K. H. 1992 — Cold-water filaments in the California
Current system. In Benguela Trophic Functioning. Payne,
A. I. L., Brink, K. H., Mann, K. H. and R. Hilborn (Eds).
S. Afr. J. mar. Sci. 12: 53–60.

CRUICKSHANK, R. A. 1983 — Lanternfish ecology in the
Benguela Current system. S. Afr. J. Sci. 79(4): 149–150
(Extended Abstract).

DALPADADO, P. 1988 — Reproductive biology of the lanternfish
Benthosema pterotum from the Indian Ocean. Mar. Biol.
98(3): 307–316.

DUNCOMBE RAE, C. M., SHILLINGTON, F. A., AGENBAG,
J. J., TAUNTON-CLARK, J. and M. L. GRÜNDLINGH
1992 — An Agulhas ring in the South Atlantic Ocean and
its interaction with the Benguela upwelling frontal system.
Deep-Sea Res. 39(11A/12A): 2009–2027.

FEDORYAKO, B. I. 1993 — Xenoepipelagic deepwater fishes –
indicators of local upwellings. J. Ichthyol. 33(9): 40–47.

FLAMENT, P., ARMI, L. and L. WASHBURN 1985 — The
evolving structure of an upwelling filament. J. geophys.
Res. 90(C6): 11765–11778.

GILL, A. E. and E. H. SCHUMANN 1979 — Topographically in-
duced changes in the structure of an inertial coastal jet:
application to the Agulhas Current. J. phys. Oceanogr.
9(5): 975–991.

GJØSAETER, J. and S. TILSETH 1988 — Spawning behaviour,
egg and larval development of the myctophid fish Bentho-
sema pterotum. Mar. Biol. 98(1): 1–6.

GORDON, A. L., LUTJEHARMS, J. R. E. and M. L. GRÜND-
LINGH 1987 — Stratification and circulation at the Agulhas
retroflection. Deep-Sea Res. 34(4A): 565–599.

GRÜNDLINGH, M. L. 1978 — Drift of a satellite-tracked buoy in
the southern Agulhas Current and Agulhas Return Current.
Deep-Sea Res. 25: 1209–1224.

HARRIS, T. F. W. and D. VAN FOREEST 1978 — The Agulhas
Current in March 1969. Deep-Sea Res. 25: 549–561.

HULLEY, P. A. 1981 - Results of the research cruises of FRV
“Walther Herwig” to South America. 58. Family Mycto-
phidae (Osteichthyes, Myctophiformes). Arch. FischWiss.
31(Suppl. 1): 300 pp. + 3 pp. of Index.

HULLEY, P. A. 1984 - The South African Museum’s Meiring
Naude cruises. 14. Family Myctophidae (Osteichthyes,
Myctophiformes). Ann. S. Afr. Mus. 93(2): 53–96.

HULLEY, P. A. 1986 — Order Myctophiformes. In Smiths’ Sea
Fishes. Smith, M. M. and P. C. Heemstra (Eds). Johannes-
burg; Macmillan: 282–322.

HULLEY, P. A. and J. R. E. LUTJEHARMS 1989 — Lantern-
fishes of the southern Benguela region. 3. The pseudoceanic-
oceanic interface. Ann. S. Afr. Mus. 98(10): 409–435.

HULLEY, P. A. and J. R. E. LUTJEHARMS 1995 — The south-
western limit for the warm-water, mesopelagic ichthyofau-
na of the Indo-West Pacific: lanternfish (Myctophidae) as a
case study. S. Afr. J. mar. Sci. 15: 185–205.

HUTCHINGS, L. 1994 — The Agulhas Bank: a synthesis of
available information and a brief comparison with other
east-coast shelf regions. S. Afr. J. Sci. 90(3): 179–185.

KOSRO, P. M. and A. HUYER 1986 — CTD and velocity surveys
of seaward jets off northern California, July 1981 and
1982. J. geophys. Res. 91(C6): 7680–7690.

LAIRD, A. K., TYLER, S. A. and A. D. BARTON 1965 —
Dynamics of normal growth. Growth 29: 233–248.

LUTJEHARMS, J. R. E. 1981 — Features of the southern Agulhas
Current circulation from satellite remote sensing. S. Afr. J.
Sci. 77(5): 231–236.

LUTJEHARMS, J. R. E., CATZEL, R. and H. R. VALENTINE
1989 — Eddies and other boundary phenomena of the
Agulhas Current. Continent. Shelf Res. 9(7): 597–616.

LUTJEHARMS, J. R. E., SHILLINGTON, F. A. and C. M. DUN-
COMBE RAE 1991 — Observations of extreme upwelling
filaments in the Southeast Atlantic Ocean. Science, N. Y.
253(5021): 774–776.

LUTJEHARMS, J. R. E. and P. L. STOCKTON 1987 — Kine-
matics of the upwelling front off southern Africa. In The
Benguela and Comparable Ecosystems. Payne, A. I. L.,
Gulland, J. A. and K. H. Brink (Eds). S. Afr. J. mar. Sci. 5:
35–49.

OLIVAR, M-P. 1988 — Planktonic stages of lanternfishes
(Osteichthyes, Myctophidae) in the Benguela upwelling re-
gion. Investigación pesq., Barcelona 52: 387–420.

OLIVAR, M-P. and L. E. BECKLEY 1994 - Influence of the
Agulhas Current on the distribution of lanternfish larvae
off the southeast Coast of Africa. J. Plankt. Res. 16(12):
1759–1780.

OLIVAR, M-P. and J-M. FORTUÑO 1991 — Guide to ichthyo-
plankton of the Southeast Atlantic (Benguela Current 
region). Scientia Mar., Barcelona 55(1): 383 pp.

OLIVAR, M-P., RUBIÉS, P. and J. SALAT 1992 — Horizontal and
vertical distribution patterns of ichthyoplankton under 
intense upwelling regimes off Namibia. In Benguela Trophic
Functioning. Payne, A. I. L., Brink, K. H., Mann, K. H.
and R. Hilborn (Eds). S. Afr. J. mar. Sci. 12: 71–82.

OLIVAR, M-P. and P. A. SHELTON 1993 — Larval fish assem-
blages of the Benguela Current. In Advances in the Early
Life History of Fish. 1. Larval Fish Assemblages and Ocean
Boundaries. Moser, H. G., Smith, P. E. and L. A. Fuiman
(Eds). Bull. mar. Sci. 53(2): 450–474.

OLSON, D. B. and R. H. BACKUS 1985 — The concentrating of
organisms at fronts: a cold-water fish and a warm-core Gulf
Stream ring. J. mar. Res. 43(1): 113–137.

PROBYN, T. A., MITCHELL-INNES, B. A., BROWN, P. C.,
HUTCHINGS, L. and R. A. CARTER 1994 — A review
of primary production and related processes on the Agulhas
Bank. S. Afr. J. Sci. 90(3): 166–173.

PROBYN, T. A., MITCHELL-INNES, B. A. and S. SEARSON
1995 — Primary productivity and nitrogen uptake in the
subsurface chlorophyll maximum on the eastern Agulhas
Bank. Continent. Shelf Res. 15: 1903–1920.

RÖPKE, A. 1993 — Do larvae of mesopelagic fishes in the Arabian
Sea adjust their vertical distribution to physical and biological
gradients? Mar. Ecol. Prog. Ser. 101: 223–235.

RUBIÉS, P. 1985 — Zoogeography of the lanternfishes (Osteich-
thyes, Myctophidae) of Southwest Africa. In International
Symposium on the Most Important Upwelling Areas off
Western Africa (Cape Blanco and Namibia), [Barcelona,
November 1983] 1. Bas, C., Margalef, R. and P. Rubiés
(Eds). Barcelona; Instituto de Investigaciones Pesqueras:
573–586.

SHANNON, L. V. 1985 — The Benguela ecosystem. 1. Evolution
of the Benguela, physical features and processes. In
Oceanography and Marine Biology. An Annual Review 23.
Barnes, M. (Ed.). Aberdeen; University Press: 105–182.

SHELTON, P. A. 1986 — Fish spawning strategies in the variable
southern Benguela Current region. Ph.D. thesis, University
of Cape Town: [vi] + 327 pp.

SHILLINGTON, F. A., HUTCHINGS, L., PROBYN, T. A., WAL-
DRON, H. N. and W. T. PETERSON 1992 — Filaments
and the Benguela frontal zone: offshore advection or recir-
culating loops? In Benguela Trophic Functioning. Payne,
A. I. L., Brink, K. H., Mann, K. H. and R. Hilborn (Eds).
S. Afr. J. mar. Sci. 12: 207–218.

SHILLINGTON, F. A., PETERSON, W. T., HUTCHINGS, L.,

Olivar et al.: Lanternfish Larval Displacement1998 243



PROBYN, T. A., WALDRON, H. N. and J. J. AGENBAG
1990 — A cool upwelling filament off Namibia, southwest
Africa: preliminary measurements of physical and biological
properties. Deep-Sea Res. 37(11A): 1753–1772.

SMITH, P. E. and S. L. RICHARDSON 1977 — Standard techni-
ques for pelagic fish egg and larva surveys. F. A. O. Fish.
tech. Pap. 175: 100 pp.

SOULE, D. F. and G. S. KLEPPEL (Eds) 1988 — Marine

Organisms as Indicators. New York; Springer: 342 pp.
VAN DER SPOEL, S. and R. P. HEYMAN 1983 — A Comparative

Atlas of Zooplankton. Biological Patterns in the Oceans.
Berlin; Springer: 186 pp.

YOUNG, J. W., BULMAN, C. M., BLABER, S. J. M. and S. E.
WAYTE 1988 — Age and growth of the lanternfish Lam-
panyctodes hectoris (Myctophidae) fron eastern Tasmania,
Australia. Mar. Biol. 99(4): 569–576.

244
South African Journal of Marine Science 19

1998


