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ABSTRACT: Patterns of diel migration and feeding of Euphausia hanseni and Nernatoscelis rnegalops 
were investigated in waters of the northern Benguela (Namibia) upwelling system. N. megalops 
migrated to just below the thermocline at night and fed maximally in the early evening E. hanseni 
migrated to above the thermocline at night and fed progressively throughout the night. Although both 
species were omnivorous and consumed similar size ranges of copepod prey, differential prey size- 
frequency with depth resulted in E. hanseni consuming mostly small-sized copepods and N. megalops 
preferring medum size classes. At depths of overlap the 2 species appeared to partition copepod food 
resources on the basis of size. Verhcal spatial partitioning is examined in light of temporal and dietary 
separation, and overlapping horizontal distribution patterns of the species in the northern Benguela 
upwelling system. It is concluded that vertical space partitioning is a reflection of the structure of shelf 
break zooplankton communities, which is a strategy of sharing highly productive areas and avoiding 
competition. 

INTRODUCTION 

The continental margins of the oceans are usually 
characterized by intense spatial variability of the 
plankton community (Mackas et al. 1985) and dense 
concentrations of euphausiids are frequently observed 
at or just beyond the shelf break (Pearcy 1976, Thiriot 
1978, Simard et al. 1986). Although in coastal upwell- 
ing regions euphausiid biomasses are higher in inshore 
areas (Smiles & Pearcy 1971, Pillar & Stuart 1988, 
Barange & Stuart 1991), an increase in the biomass and 
diversity of the euphausiid community is usually 
observed near the shelf break (Pillar & Stuart 1988, 
Barange & Stuart 1991). These mesoscale aggregations 
of euphausiids, that permit them to remain in areas of 
elevated production, are partially a result of the cou- 
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pling of cross-shelf circulation with euphausiid diel 
migratory behaviour (Simard et al. 1986, Pillar et al. 
1989, Simard & Mackas 1989). 

Die1 vertical migration was shown to result in the 
occupation of different vertical strata by different 
euphausiid species in the northern Benguela upwelling 
system (Barange 1990), and has been observed for a 
number of other zooplankters elsewhere (Zalkina 1970, 
Roe 1974, McGowan & Walker 1979, Simard et al. 1986, 
Ambler & Miller 1987, Fenchel et al. 1990, Revelante & 
Gilmartin 1990). The significance of vertical space par- 
titioning is that it is expected that zooplankton species 
that occupy different depth strata will experience 
reduced competition (DeMott 1989). Although there is 
circumstantial and experimental evidence that compe- 
tition could cause vertical segregation (DeMott 1989), 
direct evidence of competitive interactions between 
marine planktonic organisms is rare, even though 
resources must become limited at times, especially in 
upwelling regions (e.g. Attwood & Peterson 1989). It 
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has been argued that zooplankton can avoid competi- S . . 
tion by performing vertical migration and vertically 

is0 - 
partitioning the space (Lane et al. 1978, Ambler & 
Miller 1987), but there is some disagreement about 
what extent of diet or space partitioning is sufficient to - 
infer that competition is a dominant regulatory force in 
zooplankton communities (Haury & Wiebe 1982). 

Most euphausiids are opportunistic omnivores - 
(Ohman 1984, Simard et  al. 1986, Price et al. 1988, 
Stuart & Pillar 1990), and switch dietary emphasis from 
herbivory to carnivory according to ambient conditions - 
(Gibbons et al. 1991). Thus, analysis of feeding and 
selectivity of vertically segregated species may provide 
some insight into the extent of partitioning of food 220- 
resources and the ecological benefits of vertical space 
partitioning (Angel & Fasham 1974, Roger 1975, Mullin 
& Evans 1976). - 

In the present paper the feeding of the 2 most numer- 
ically abundant euphausiids collected by Barange 
(1990), Euphausia hanseni and Nematoscelis rnega- 24'- 

lops, is studied during a 48 h cycle in the northern 
Benguela upwelling system. Both species are of 
approximately the same size, but E. hanseni occurs - 
maximally in and above the thermocline at night, while 
N. rnegalops is located below (Barange 1990). The 
objective of this study was to assess the extent of 2b0- 

dietary overlap and the criteria for food choice, with a 
view to examining resource partitioning between the 
dominant species. Investigations on the horizontal and I o0 1 Z0 14' E 
vertical distribution of both species in the northern Fig. 1 The northern Benguela region showing the position of 
Benguela upwelling system will provide some insight the sampling station (ringed dot) and the SNEC I1 (Spanish- 
into the advantages of vertical segregation and impli- Namibian Environment Cruise 11) grid. The horizontal dis- 

cations for the structure of shelf break zooplankton tribution of surface temperature is also shown 

communities. 

MATERIAL AND METHODS 

Sample collection. Samples were collected over a 
48 h period in April 1986 off the coast of Namibia 
(18"S, 10°30'E; Fig. l ) ,  as part of the second SNEC 
(Spanish-Namibian Environmental Cruise). The study 
area was characterized by abated upwelling condi- 
tions, although upwelling was noticeable in the south- 
ern part of the sampling grid (Maso 1987; Fig. 1). A 
strong intrusion of warm, more saline, Angola water 
from the north-northwest was also observed, which 
advanced at an average rate of 5 miles per day (Boyd 
et al. 1987). 

CTD/Nislun rosettes were cast at the fixed station 
every 4 h to determine temperature and salinity pro- 
files, and to collect water for nutrients and chlorophyll 
analysis. Zooplankton samples were taken by means of 
a multiple opening-closing Rectangular Midwater 
Trawl (RMT 1 X 6),  fitted with 200 pm mesh and fished 

at 5 different layers in the upper 200 m of the water 
column: 200-100, 100-60, 60-40, 40-20 and 20 to 0 m. 
Samples were fixed in 4 % buffered seawater formalin 
for later processing. More detailed descriptions of the 
methodology can be found in Barange (1990). 

Sample processing. Adults of Euphausia hanseni 
and Nernatoscelis megalops were sexed and counted 
from each collection. At selected times and depths, 
chosen according to the densities recorded, the 
stomach contents of measured specimens were then 
examined from samples spanning a 24 h period (Table 
1). Visual estimates of stomach fullness were made and 
indices scored on a 0 (completely empty) to 10 (com- 
pletely full) basis (cf. Ponomareva 1971). 

After dissection of the stomachs, the contents were 
examined at ~ 1 6 0  magnification for copepod mandi- 
bles. The width of each blade was measured, and the 
number of copepods consumed estimated from the total 
number of matched pairs and unmatched mandibles 
per stomach. Copepod prosome lengths were esti- 
mated from mandible widths (Stuart & Pillar 1990). 
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Table 1. Times and depths of RMT samples from which 
euphausiids were taken for stomach analysis. The number of 

individuals examined in each instance is also ind~cated (n) 

Euphausia hanseni Nematoscelis megalops 

Time (h) Depth ( m )  n Time (h) Depth (m) n 

20:OO 60-100 20 4:40 40-60 20 
20:OO 40-60 20 4:40 2 0 4 0  20 
22:30 60-100 20 4:40 0-20 20 
22:30 40-60 20 8:40 100-200 20 
4:40 60-100 20 10:30 100-200 10 
4:40 40-60 20 12:30 100-200 20 

20:20 60-100 20 16:OO 100-200 20 
20:20 40-60 20 20:20 2 0 4 0  20 
20:20 2 0 4 0  20 20:20 0-20 20 
22:30 60-100 7 22:30 40-60 20 
22:30 40-60 20 22:30 0-20 20 
22:30 20-40 20 2:20 20-40 40 

2:20 60-100 17 2:20 0-20 30 
2:20 40-60 23 6:20 2 0 4 0  20 

6:20 0-20 20 

Data analysis. Single Factor Kruskall Wallis analyses 
were used to test for significance between data. 
Unlabelled levels of significance quoted subsequently 
refer to these analyses, which together with means and 
95 % confidence limits were calculated using Stat- 
graphics software. 

Samples of euphausiids at night were analysed by 
Chi-square (at the 95 O/O level of significance) to deter- 
mine whether or not copepod prey were selected on the 
basis of size. Mandibles from stomach samples were 
sorted by size class to provide observed frequencies. 
Expected frequencies were calculated from water col- 
umn proportions, which in turn were estimated from 
the sum of water column counts at the depth of capture 
and prior foraging depths to an equivalent of the gut 
passage time. A gut passage time of 70 min, estimated 
for Euphausia lucens by Stuart & Pillar (1990), was used 
to estimate prior foraging depths (Gibbons et al. 1991). 

RESULTS 

A detailed description of the hydrographic results are 
provided by Maso (1987). Summarised profiles of 
chlorophyll a and sigma-t are presented in Fig. 2. A 
weak thermocline (4°C) was present throughout the 
48 h period at 20 to 40 m and chlorophyll maxima were 
consistently recorded above this. 

Copepod abundances were greatest in the surface 
waters and declined markedly with depth (Fig. 2). The 
copepod community was dominated by small individu- 
als (0.2 to 0.3 mm prosome length), particularly Oithona 
plumifera, although 'medium' (0.7 to 1.0 mm) sized 
copepods were common below 20 m depth (Fig. 3). 

Chlorophyll a (mg m3) 
0 3 6 9 1 2  

I Percentage 

Sigma - t 

25 25.5 26 26.5 

5 80 
n 

Sigma - t 

120 

Fig. 2. Chlorophyll a and sigma-t profiles of the study site at 
the beginning of the sampling period. The average distribu- 
tion of total copepods, and Euphausia hanseni and Nemato- 
scelis megalops adults, at night (as percent) in the water 

column is also shown (from Barange 1990) 

Changes in the vertical distribution of some copepods 
were evident at night but, since 0. plumifera main- 
tained a near static position, the size composition of 
communities changed little (M. Carola unpubl.). 

Copepods, dinoflagellates and tintinnids were the 
most common food items in the stomachs of Euphausia 
hanseni and Nematoscelis megalops, while foramini- 
fera and chaetognaths were rare. Diatoms were 

Depth 20-0 m 

Depth 40-20 m 

Prosome length (mm) 

Fig. 3. Copepod size frequency (prosome length) in different 
layers of the water column during nighttime 
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no 
data 

no 
data 

recorded in E. hanseni but not in N. megalops, and and number of copepods consumed by Nematoscelis 
stomachs of the latter contained oil up to 80 % by megalops were significantly (p < 0.05) higher in the 
volume. The tendency for gut fullness indices and early evening than they were later on (Fig. 4 ) ,  peaking 

101 

N.megalops 

;:, Fig 4. Euphausia hanseni and Nernatoscelis 

- 8- 

Q .  
D 

5 - 4- 

C 2- 
C .  

0- 
I 

number of copepods consumed to increase with species at around 20:OO h and declining thereafter. Diurnal 

; ' l> ' ' i4 ' i ' 8 i0 i4 ' a i2 ' i6 ' i0 i4 megalops. Die1 variations in mean gut fullness 
' 

and number of copepods per euphausiid. Verti- 
Time (h) Fme (h) cal lines indicate standard deviation 

v:;y 
length (Table 2) was significant only for E. hanseni consumption is unknown, as insufficient specimens 
(p  < 0.05). Males ate as much as females of the same were caught with which to make viable comparisons 
species (p > 0.05). 

The mean gut fullness and number of copepods 
consumed by Euphausia hanseni were significantly 
(p  < 0.05) higher at night than during the day (Fig. 4 ) .  
These were lowest at around 16:OO h and increased 
consistently throughout the night to peak at  between 
06:OO h and 08:OO h. By contrast, the mean gut fullness 
Table 2. Euphausia hanseni and Nernatoscehs megalops. 
Relationship between size, mean gut fullness, mean number 
of copepods per stomach and mean copepod length. Data are 
pooled from all sampling depths and times. Numbers in 

parentheses denote standard deviation 

Euphausiid Gut fullness No. of Copepod 
size class index copepods length (mm) 
(mm) 2 SD x SD R SD 

Euphausia hanseni 
18-20 5.5 (2.4) 5.5 (4.5) 0 45 (0.08) 
20-22 5.8 (0.9) 5.4 (1.6) 0 40 (0.03) 
22-24 7.2 (0.6) 5.6 (1.2) 0 46 (0.02) 
24-26 7.1 (0.7) 9.1 (1.3) 0.47 (0.02) 
26-28 8.2 (0.7) 9.5 (1.3) 0.48 (0.02) 
28-30 8.5 (1.2) 14.4 (2.2) 0.51 (0.03) 
3 0-3 2 9.3 (2.2) 14.3 (4.2) 0.57 (0 05) 

( Nematoscelis megalops 1 

.." 
EUPHAUSIA HANSENI 1 

50 

I NEMATOSCELIS MEGALOPS 

copepod size class (mm prosome) 

Fig. 5. Euphausia hanselu and Nematoscelis megalops. His- 
tograms illustrating changes in the copepod size (prosome 
length) composition of euphausiid diets with euphausiid size 
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Both species ate a similar size range of copepods and, 
while small copepods made up the bulk of these, the 
prey-size spectra included greater proportions of large 
copepods with increasing euphausiid length (Fig. 5). 
Nematoscelis megalops consumed slightly (but sig- 
nificantly) larger copepods than comparable sized 
Euphausia hanseni. 

Table 3 suggests that both species of euphausiids 
consumed copepods of different sizes at ambient pro- 
portions, or according to inconsistent patterns of selec- 

tion. However, a more thorough examination of this, as 
well as of patterns of selection at overlapping times and 
depths (Fig. 6), reveals that patterns of prey choice 
were different for the 2 species of euphausiids at most 
depths. Although stomach contents largely reflect 
ambient proportions, Euphausia hanseni consistently 
selected small prosome length copepods (0.2 to 
0.3 mm). Patterns of selection on larger copepods were 
inconsistent. Nematoscelis megalops consistently con- 
sumed copepods between 0.6 and 1.0 mm prosome 

Fig. 6. Size distribution of copepods (prosome 
length) in the water column (-) and diets of 
Euphausia hanseni (a..-.- m) and Nematoscelis 
megalops (m----m) at different depths and at 
times that correspond to the peak feeding of N. 

rnegalops 

0.2 0.4 0.6 0.8 1 .O 1.2 1.4 

COPEPOD PROSOME LENGTH (mm) 
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length at greater proportions than ambient proportions 
and ignored small prosome length copepods except at 
greater depths (40 to 60 m; Table 3, Fig. 6). The mean 
length of copepods consumed by N. megalops 
(0.49 mm) was significantly (p < 0.05) greater than 
those consumed by E. hanseni (0.39 mm) at overlap 
depths at the beginning of the night period, suggesting 
that at overlapping times and depths food resources 
were partitioned on the basis of size. 

DISCUSSION 

Roger (1975) concluded that the less extensive is the 
diel migration of euphausiid species, the more pro- 
nounced is the feeding rhythm. Although diel vertical 
migration was observed for both species (Barange 
1990), Nematoscelis megalops migratory patterns are 
still uncertain (Wiebe et al. 1982, Roe et al. 1984, 
Barange 1990), but in any case less marked than those 
of Euphausia hanseni. The results obtained suggest 
that the 2 species are vertically segregated, and their 
differential migratory habits are reflected in their cyclic 
feeding behaviour and food preference. Barange (1990) 
showed that vertical segregation was extended to the 
whole euphausiid community, suggesting that the 2 
species considered are examples of sub-communities of 
the whole community (sensu Angel & Fasham 1974). 
With diffuse competition (Lane et al. 1978) by other 
species (Barange 1990) not to be dismissed, the results 
presented are evidence for a strong structure of the 
shelf break zooplankton con~munity dunng the study. 

The diel feeding rhythms of Euphausia hanseni and 
Nematoscelis megalops are markedly different and sup- 
port the contention that feeding rhythms are genus- 
specific (Roger 1975). Although scarcity of data does not 
permit strong conclusions in this respect, it seems that 
both species increase their feeding activity when the 
potential prey is maximum in their respective habitats. 
Thus, E. hanseni comes in contact with highest food 
concentrations near the surface at night, while N. 
megalops migrates to the thermocline layer and feeds 
when the bulk of the migratory mesozooplankton com- 
munity is expected to cross this layer. This observation 
suggests that feeding is triggered by food availability 
and that it is a reflection of the concentrations of food in 
the environment (cf. Simard et al. 1986). Furthermore, 
the results suggest that the differential feeding time and 
prey selection observed could be a result of the strong 
phenotypical plasticity of the species involved. 

Patterns of prey choice and hence bases for copepod 
selection by the 2 species of euphausiid are different. 
The high incidence of small copepods in the stomachs of 
Euphausia hanseni suggests that prey were selected 
passively on an incidental encounter basis. Small 

copepods are not only slower than large (Fleminger & 
Clutter 1965, Lampitt 1978, Landry 1978) but also are 
more susceptible to predation via negative pressure 
(Singarajah 1969, 1975), so their predominance in the 
diet of a non-hunting (Mauchline 1980) preferential 
herbivore is no surprise. On the other hand, species that 
possess elongated thoracic appendages, such as 
Nematoscelis megalops, have a more carnivorous diet 
than species that lack them (Roger 1973). Such cormo- 
pods are thought to enhance the ability to catch and sort 
prey, although hard experimental evidence is lacking 
(Berkes 1975). 

Euphausia hanseni and Nematoscelis megalops are 
themost abundant euphausiid species at  and just beyond 
the shelf break in the northern Benguela (M. Barange 
unpubl.). This area is characterized by perennial upwel- 
ling (Stander 1964, Boyd & Agenbag 1985, Shannon 
1985) and a weakly stratified water column (Du Plessis 
1967, Shannon 1985), which at  the study site was streng- 
thened by the seasonal intrusion of warm surface water 
(Boyd et al. 1987). Although euphausiids are generally 
able to cross strong thermal gradients (e.g. Williams & 
Frangopoulu 1985), there is growing evidence that 
different species select their vertical position according 
to the structure of the water column (Roger 197 1, Barange 
1990). In particular, Wiebe & Boyd (1978) noted that the 
position of N. megalops in a water column of cold water 
rings changed as the ring matured and warmed up, and 
that the euphausiids showed a preference for specific 
temperature regimes. However, when the vertical dis- 
tributions of N. megalops and E. hanseni from different 
surveys and areas inside the northern Benguela (Olivar & 
Barange 1990, Barange & Stuart 1991) are plotted 
(Fig. 7), the pattern of vertical segregation is maintained, 
suggesting that it cannot be explained by water column 
structure alone. The figure also represents their densities 
on those occasions when both species were present in the 
water column. In only 10 % of the collections where E. 
hanseni was collected did N. megalops not CO-occur, 
suggesting that their horizontal distributions largely 
overlap. Since their abundances follow a linear relation- 
ship (Fig. 7) it is strongly suggested that bioloycal 
interactions and plankton mobility are responsible for 
the patterns observed (Haury & Wiebe 1982). Segrega- 
tion in the vertical dimension provides a means of niche 
partitioning for potentially competitive species, a fact 
that has been observed for sibling species of comparable 
size (Baker 1970, Roe 1974, Roger 1975, Mullin & Evans 
1976, Ambler & Miller 1987). By selectively preying upon 
different components of the copepod population the 
diversity of the community is compounded further, and 
the impact of predation homogenized over a large part of 
the water column. Selection of areas of elevated produc- 
tion (Price 1989), such as the shelf edge (Simard & 

Mackas 1989), by different species is likely to result in 
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Fig. 7. Scatterplot showing the relationship between horizon- 
tal abundances of Euphausia hanseni and Nernatoscelis 
megalops (at overlapping stations) and their average vertical 
distribution a t  night, in the northern Benguela Current. The 
figure was constructed using data collated from 2 SNEC 
(Olivar & Barange 1990, Fig. 1) and 5 SWAPELS (South West 
Africa Pelagic Eggs and Larvae Surveys; Barange & Stuart 

1991) surveys 

competitive interactions unless mechanisms like vertical 
segregation are employed. Thus, the high diversity of 
assemblages generally encountered at continental mar- 
gins probably reflects the existence of strong zooplank- 
ton structure, derived from both evolutionary changes 
and phenotypical plasticity, as evidenced by the amount 
of interdependence among the different species. 
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