
























































































































































be largely demersal throughout the day-night period (D'Arcangues, 1977), whilst small
individuals are thought to be more pelagic, especially at night (D'Arcangues, 1977). Thus,
large fish would be expected to prey primarily on benthic organisms throughout the diel
cycle, whilst smaller individuals might consume benthic organisms during the day whilst
demersal, but then feed on more planktic prey items at night when they are in the water
column. Unfortunately, sampling in the upper layers of the water column during the two diel
stations here (Study 1) was not possible because of high numbers of jellyfish clogging the
net. Nevertheless, the single haul obtained in Study 2 from the pelagos (at night) indicates
very strongly that small individuals in the water column were eating primarily pelagic
animals (Table 7): cumaceans, whilst primarily benthic will nevertheless move up into water
column at times (Gibbonst al., 1999). Furthermore, consistently sampling of demersal
individuals at night should have revealed the presence of any prey caught and eaten in the
water column as fish then returned to the seabed. Such could be argued to account for the
presence of euphausiids in the diet of fish (Table 5), although because these prey items can
display very strong patterns of diel vertical migration in the region (Barange, 1990gPillar

al., 1992), it is not improbable that they were consumed by gobies whilst in deep water,

especially during the day.

The data presented here then indicate $h&tibarbatuseeds (or at least has food in
its guts) throughout the diel cycle, and that distinct diel feeding rhythms are weak though
there was perhaps a slight tendency for animals to be more likely to have food in their guts
at night (Figurel3), especially early in the night. D’Arcangues (1977) too noted that the gut
fullness of adult gobies was greatest at the start of night, with a decrease in stomach fullness
in early morning. The sand golomatoschistus minutusas also been shown to feed
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primarily at night in order to reduce its predation risk at a time when prey are most
vulnerable (Thetmeyer, 1997). Unlike most gobies which feed during the day, however,
such asGobius niger(de Casabianca and Kiener, 1969 cited in Veiasl, 1975) and
Gobiusculus flavescer(hetmeyer, 1997)P. minutushas big eyes in relation to its body
size, which allows it to detect prey under very dim light conditions. Unlike the other
essentially shallow-water gobies cited abdsepibarbatusan change its vertical position
through the day. Unlike most gobieS, bibarbatushas retained its swim bladder and
D’Arcangues (1977) suggested that the ascent for the pelagic goby was light controlled
while the descent began when some individuals were fully fed after pelagic feeding. By

contrast, O'Toole (1978) suggested tBabibarbatusvas a diurnal feeder.

Diel vertical migration of marine zooplankton is thought to have evolved primarily
as a response to the risk of being consumed by visually feeding predators in the surface
waters during the day (Ohmaet al, 1983; Bollenset al, 1994; Koulouriet al, 2009):
individuals need to migrate to close to the surface at some time, as that is where their food is
most abundant. In the case $f bibarbatus however, the rationale for vertical migration
must be slightly different. Large individuals remain on the bottom throughout the day:night
period, where they are clearly able to obtain the food they need and avoid predators. Given
that small fish are able to feed on benthic invertebrates too, why then should they migrate
into the water column? The fact that they migrate into the water column at night (rather than
by day) obviously reflects a need to avoid visually feeding predators in the surface waters,
and once in the surface waters they then feed on available prey. Clearly though the rationale
for migration cannot be predation by demersal predators (including larger conspecifics), as
small fish must be more vulnerable to predation by day than night, even on the bottom. It
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could be stimulated by temperature-related metabolic benefits that facilitate their digestion
and which serve to increase their feeding and growth rates (Levy, 1990). The feeble
swimming abilities and low net avoidance of juveniles (O'Toole, 1976; O'Toole, 1978)
could limit their escape abilities from predators and consequently increase their vulnerability
to predators (Werner and Gilliam, 1984; Milktral, 1988; Post and McQueen, 1988). The

low levels of light at night would serve as an antipredation window for nocturnal migration
of juveniles; sequentially lower their predation risk, allowing juvenileS.obibarbatugo
successfully migrate to the pelagic environment above the thermocline, where temperature

ranges (13-18°C, Figure 4) would optimise their metabolic efficiency (Levy, 1990).

Alternatively, vertical migration by juvenile gobies may be related to the low oxygen waters
in which the species lives. Under this hypothesis small gobies migrate into the pelagic
habitat in order to efficiently digest food, as the lack of oxygen associated with bottom

waters constrains the digestion process (Hundt, 2009).
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CHAPTER FIVE: CONCLUSION

It is clear from the results presented in this study and those of otherSufiflagobius
bibarbatusis an opportunist and a generalist feeder. Although the majority of the prey items
consumed bys. bibarbatushere were animals (phytoplankton was uncommon), the results
of other studies have unambiguously demonstrated the diet to be dominated by
phytoplankton. These differences must reflect differences in the sampling locations and
times, and the prey fields available. It is argued that phytoplankton is not consumed by
filtration from the water column but rather it must be eaten directly (or incidentally) from
the seabed - perhaps when the abundance of carnivorous prey is low (as Geisainan

1980).

Although gobies of all size classes feed on much the same basic prey, shifts in relative
proportions of diet items do occur with ontogeny and these shifts must reflect changes in the
habitats occupied through the diel cycle. Benthic prey items predominate, but these are

supplemented with pelagic components, especially in smaller, migratory fish.

James (1987) found that the diet of anchovy in the Benguela ecosystem consisted
primarily of copepods and euphausiids, and King and Macleod (1976), van der Lingen
(2002), Louwet al, (1998) and van der Lingest al. (2006a) have noted that sardines
consume both phytoplankton and zooplankton (mostly copepods), depending on relative
prey abundances (van der Lingen, 1994). Round herEtrgrieus whiteheagieat mostly
zooplankton (Wallace-Fincham, 1987) and juvenile horse mackerel eat mainly copepods

(Crawford et al, 1987). AlthoughS. bibarbatuseats zooplankton, it would be an
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overstatement to suggest that it directly competes with major pelagic fishes off Namibia,
despite the fact that its biomass is thought to have increased since the collapse of the major
pelagic fisheries (J.P. Roux, Ministry of Fisheries and Marine Resources, Luderitz Namibia-
pers. comm.). Not only does it feed on zooplankton at a different time of day (night for
small individuals), or in a different part of the water column (near bottom for large
individuals) to most of the aforementioned pelagic fishes, but zooplankton are only really
important in the diet of a portion of the population, with polychaetes dominating the diet of
larger, more benthic fish.

Although this study represents one of the largest studies on the &iebibarbatus
there is considerable room for future work. Perhaps one of the biggest problems with the
data set collected here was the lack of information on individual prey mass and this should
be corrected in future studies as this sort of information is needed for trophic modeling
(Shannon and Jarre-Teichmann, 1999; Heymans and Baird 2000; Jestnahg2002). It
was not possible to sample the population throughout the diel cycle throughout the water
column, because of problems associated with catching “too many” jellyfish in the pelagos
and this needs to be remedied. Given that the species is clearly opportunistic it is also
necessary to conduct a number of studies in different geographic locations and at different
times of year, in order to get an understanding of how changes in the ambient prey field
influence dietary intake. And of course ideally it is necessary to undertake laboratory
experiments in order to look in more detail at some the physiological and rate processes

associated with feeding in this species (as van der Lingen, 1994).
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3.1.1. Study 1: Hydrography
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Figure 4. Temperature, oxygen and salinity profiles sampled across the sampling grid off the Namibian coast
in January 2006. Diel station 1 indicates the hydrography of the inshore station (16-18 January 2006) and diel
station 2 indicate the hydrography of the offshore station (18-20 January 2006). Error bars are SE.

71



3.1.2. Zooplankton

Table 3. Total numbers (per standardized unit volunfd) (for each zooplankton taxon in the water column, at each sampling station for both diel stations at different time

intervals in Namibian waters, over the study period 16-20 January 2006.

72

Diel 1 Diel 2
Station number 4 8 11 15 17 22 23

Night Day |Overall
841.11 | 1389.72 | 685.74 972.19 564.52 181.02 537.88 388.38 | 551.20 | 284.70 | 693.55
0.28 11.57 1.70 4.52 0.83 0.31 0.15 0.15 0.49 0.23 0.60
45.32 1.68 62.84 36.61 1.91 0.19 2.94 1.39 2.43 0.79 2.82
0.28 1.00 0 0.43 3.81 8.33 15.12 10.42 9.47 9.38 14.16
0.70 2.53 2.84 2.03 11.54 7.61 16.24 11.94 13.89 9.78 18.78
2.85 0.50 0.15 1.17 10.94 4.44 12.82 5.06 11.88 4.75 14.26
0.72 0.48 0.46 0.55 0.83 4.56 0.73 2.70 0.78 3.63 2.59
3.15 3.42 6.97 4.51 1.58 1.33 1.85 0.36 1.71 0.85 2.14
21.03 0.35 9.82 10.40 6.74 0.94 2.88 3.82 4.81 2.38 6.00
1.83 0.15 0.75 0.91 1.40 3.86 1.15 3.42 1.28 3.64 3.10
0 0.15 0 0.05 0.21 0 0.06 0 0.13 0 0.13
0.45 0.32 0.89 0.55 3.03 1.14 0.42 1.39 1.73 1.27 2.36
0 0 0 0 1.07 0.61 1.09 0.09 1.08 0.35 1.26
0.70 0 0.03 0.24 1.73 0.25 0.21 0.39 0.97 0.32 1.13
0 0.07 0 0.02 7.69 2.17 12.94 3.09 10.32 2.63 11.63
0.68 0 0.27 0.32 1.90 0.31 0.15 0.39 1.03 0.35 1.20
0.12 0.30 0.13 0.18 22.46 5.25 22.06 4.64 22.26 4.94 24.73
0.0 0.07 0 0.02 0.03 0.67 0.03 0.76 0.03 0.71 0.39
0.12 0.05 0.33 0.16 0.06 0.06 0.06 0 0.06 0.03 0.07
0 0.13 0 0.04 0.51 1.03 0.39 0.67 0.45 0.85 0.88

0 0.05 0 0.02 0.06 0.03 0.55 0.24 0.30 0.14 0.37

0 0.05 0 0.02 0.03 0.19 0.03 0.03 0.03 0.11 0.09

0 0 0 0 0 0 0 0 0 0 0

0 0 0.10 0.03 0 0 0.06 0 0.03 0 0.03

0 0 0 0 0 0 0 0.03 0 0.02 0.01

0 0 0 0 0.03 0 0.03 0 0.03 0 0.03

0 0 0.05 0.02 0.09 0 0.03 0.06 0.06 0.03 0.07

0 0.20 0 0.07 0 14.39 0 2.48 0 8.44 4,22
1035.07 636.44 | 340.31 | 806.59
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Figure 5. Vertical distribution of the dominant zooplankton taxa (numbers per standardised unit volume (see
methods)) eaten b$. bibarbatusat each sampling station for diel station 1, over the study period 16-17
January 2006. Numbers at bottom of plots indicates humbers per standardised unit area. All stations were
sampled in daylight: A = station 4, B = station 8 and C = station 11.
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Figure 6. Vertical distribution of the dominant zooplankton taxa (numbers per standardised unit volume (see
methods)) eaten b$. bibarbatusach sampling station for diel station 2, over the study period 18-20 January
2006. Numbers at bottom of plots indicates numbers per standardised unit area. A = station 15, B = station 17,
C = station 22 and D = station 23. Day is designated as “D” and night as “N” along the right hand side of
figure.
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3.1.3. Observations on Fish Size
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Figure 7. The relationship between total and precaudal length (mm) measures of the pelagic goby, caught in
Namibian waters during both studies (n = 3739). All fish combined. Linear function for the relationship
between TL and PCL: TL = 1.0699%°" r* = 0.984.
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Figure 8. The relationship between total fish length (TL) and fish weigBt dfbarbatus collected off the
Namibian coast during both studies (n = 3739). Power function for the correlation between TL and fish weight:
TL = 0.000003%**%, * = 0.9277.
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Figure 9. Length-weight distribution for mal€ @nd female €) of S. bibarbatusaught during the period of
12-20 January 2006 off the Namibian coast. Power functions for the relationship between gender lengths and
weighs: males: TL= 0.000003¥ ¢ = 0.946; females: TL = 0.00000%%* r* = 0.9146.
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Figure 10. Length-frequency distribution of pelagic gdbybibarbatuscollected in Namibian waters over the
study period of 16-20 January 2006, a) specimens measured onboard during the survey, n = 2743; b)
specimens measured in laboratory, n = 1485 and summarised for diel station 1 (B) and 2 (C).
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Figure 11. Length-frequency distribution of males, females and undetermined gerebsbairbatuscaught
off the Namibian coast for the period of 12-20 January 2006.
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Figure 12. Mean fish length distribution plotted against bottom depth (a); fishing depth (b) and time (c) across
the sampling grid in Namibian waters over the study period 12-20 January 2006. In Figure 11b closed circles
(@) indicate depths less than 100 m and open circlegréater than 100 m.
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3.1.4. Food versus Time of Day
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Figure 13. Changes in %FCR over time across the sampling grid for both diel stations in Namibian waters over
the study period 16-20 January 2006.
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3.1.5. Food versus Fish Lengths

40

n =56
n=166 @
o

n=414
35 - n=510 @
30 4
n =167

25 - n =50

20

%FCR

15 4

10 A

n=42

n=26

n=9

80 90 100

Size class length (mm-TL)

Figure 14. Changes in %FCR with size classSobibarbatusacross the sampling grid in Namibian waters

during the study period of 12-20 January 2006 (n = 1485).
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Figure 15. The relationship between mean stomach content weight and size 8asibafbatusacross the
sampling grid in Namibian waters for period of 12-20 January 2006 (n = 467). Error bars SE.
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Figure 16. Changes in %SCW with size clasSobibarbatusacross the sampling grid in Namibian waters
during12-20 January 2006 (n = 467). Error bars SE.
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3.1.6. Diet Composition

Table 4. Diet items recovered fros bibarbatusacross the sampling grid in Namibian waters for period of
16-20 January 2006. %F = percentage frequency of occurrence of diet items; %N = percentage of total prey
items; %V = percentage volume of main prey items; %IRl = percentage cumulative index of relative
importance of main prey items.

%F %N %V %IRI
Sand grains 6.6
Fish scales 150.7
Amphipods 12.2
Amphipod fragments 4.7
Amphipods + fragments 14.3 8.1 61.6 30.7
Copepods 16.3
Copepod fragments 7.1
Copepods + fragments 18.6 18.0 0.1 104
Euphausiids 16.9
Euphausiid fragments 13.3
Euphausiids + fragments 22.9 15.4 29.2 31.4
Polychaetes 12.0
Polychaete fragments 26.1
Polychaetes + fragments 30.2 20.6 9.0 27.5
Crustacean fragments 23.6 127
Crab larvae 0.2 0.1
Decapod shrimp larvae 0.9 0.4
Diatoms 6.0 7.3
Fish eggs 1.9 3.0
Bivalves 2.1 1.1
Foraminiferans 1.7 1.2
Nematodes 3.0 1.9
Juvenile gobies 1.1 0.4
Other 21.8 9.7
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3.1.7. Diet versus Time of Day

Table 5. Diet of pelagic gob$. bibarbatusat diel stations 1 (A) and 2 (B) in Namibian waters over a 48 h study period. F% = average frequency of prey occurrence in diet;
N% = average percent of total prey abundance; Time indicated along the top of the table (D1 = Dayl, N1 = Nightl etc.). Data summarised by day (D) and night (N) separately,
and overall.

Diel Station 1
(1668-1672) (1676-1680) (1688-1689) (1693-1696)
D1 (n = 220) N1 (n = 167) D2 (n=93) N2 (n=179) Frequenc Numbers
A %F %N %F %N %F %N %F %N D N Overall D N Overall
Amphipods 0.8 15 0 0 10.0 1.4 50.3 36.1 5.4 25.1 15.3 15 18.1 9.8
Copepods 6.3 16.4 10.4 7.1 28.3 15.6 7.5 29.2 17.3 9.0 13.1 16.0 18.1 17.1
Euphausiids 33.1 14.9 5.4 2.8 0 0 2.2 2.8 16.6 3.8 10.2 7.4 2.8 5.1
Polychaetes 21.6 31.3 2.1 4.3 78.3 33.7 10.6 5.6 50.0 6.3 28.1 32.5 4.9 18.7
Diatoms 6.3 6.0 0 0 0 17.0 0.8 1.4 3.1 0.4 1.8 11.5 0.7 6.1
Other 21.2 22.3 32.9 67.2 20.0 23.8 25.8 25.0 20.6 29.4 25.0 23.1 46.1 34.6
Fish eggs 1.6 3.0 2.1 17.1 1.7 7.1 0 0 1.6 1.0 13 5.0 8.5 6.8
Bivalves 0 0 0 0 10.0 1.4 0 0 5.0 0 2.5 0.7 0 0.4
Foraminifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Juvenile gobies 2.3 4.8 2.1 1.4 0 0 0 0 1.2 1.0 1.1 2.4 0.7 15
100
Diel Station 2
(N/A) (1700-1708) (1717-1721) (1725-1729)
D1 (n=0) N1 (n = 236) D2 (n = 68) N2 (n =111) Frequency Numbers
B %F %N %F %N %F %N %F %N D N Overall D N Overall
Amphipods - - 20.0 2.3 6.7 7.7 0 0 6.7 10.0 8.3 7.7 1.2 4.4
Copepods - - 0 0 0 0 2.8 1.4 0 1.4 0.7 0 0.7 0.3
Euphausiids - - 10.0 7.0 0 0 2.8 14 0 6.4 3.2 0 4.2 2.1
Polychaetes - - 43.3 62.8 70.0 92.3 76.0 73.0 70.0 59.7 64.8 92.3 67.9 80.1
Diatoms - - 0 0 0 0 0 0 0 0 0 0 0 0
Other - - 21.7 27.9 0 0 18.0 14.9 0 19.8 9.9 0 214 10.7
Fish eggs - - 0 0 0 0 0 0 0 0 0 0 0 0
Bivalves - - 0 0 0 0 0 0 0 0 0 0 0 0
Foraminifera - - 0 0 0 0 6.5 9.5 0 3.2 1.6 0.0 4.7 2.4
Juvenile gobies - - 0 0 0 0 0 0 0 0 0 0 0 0
100
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3.1.8. Ontogenetic changes in Diet
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Figure 17. The percent frequency of occurrence of polychaetes (a), copepeads euphausiids} (b) over
time across the sampling grid in Namibian waters over the study period 16-20 January 2006.
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Figure 18. The percent frequency of occurrence of the key groups in dietbifarbatushy size class for
copepods (a), amphipods (b), euphausiids (c), and polychaetes (d) across the sampling grid, in Namibian
waters during the period of 16-20 January 2006. Power function for the correlation between TL and copepods:
TZL = 51124%-821% 2 = 0.4923, euphausiids: TL = 0.0284% r* = 0.1995 and polychaetes: TL = 0.0145%>
r-=0.9035.
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3.2.1. Study 2: Observations on Fish Size
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Figure 19. Length-frequency distribution $f bibarbatusaught in Namibian waters, for the pelagic (2002, n
= 204) and demersal (2001, n = 1955) surveys.
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Figure 20. Mean fish length distribution of the pelagic goby plotted against fishing depth (a) and time (b) for
the period of the pelagic (2002))f and demersal (2001¢)) surveys in Namibian waters.
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3.2.2. Food versus Time of Day
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Figure 21. The comparison between %FCR of fish collected for the period of the demersal survey (2001)
during daytime hours in Namibian waters.
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3.2.3. Food versus Fish Lengths
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Figure 22. The changes in %FCRxfbibarbatusollected off the Namibian coast in 2001 for the duration of
the demersal survey (n = 1955).
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Figure 23. Changes in mean stomach content weight with size cl&shbibarbatuscaught in Namibian
waters for the period of the demersal survey in 2001 (n = 278). Error bars SE.

93



2.5

%SCW

0.5

40 50 60 70 80 90 100 110

Size class length (mm-TL)

Figure 24. The comparison between %SCW and size cl&8shibarbatuscollected off the Namibian coast
for the duration of the demersal study in 2001 (n = 278). Error bars SE.
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3.2.4. Diet Composition

Table 6. Diet items recovered froB. bibarbatuscollected off the Namibian coast for the period of the
demersal survey in 2001. %F = percentage frequency of occurrence of diet items; %N = percentage of total

prey items.

%F %N

Sand Grains 30.8
Amphipods 1.1 1.9
Euphausiids 13.1 18.2

Polychaetes 15.0

Polychaete fragments 13.1
Polychaetes + fragments 24.4 37.4
Crustacean Fragments 25.8 29.7
Bivalves 2.2 3.5
Juvenile gobies 1.1 1.3
Other 6.9 8.0
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Table 7. The diet items recovered fr@nbibarbatusluring the pelagic survey off the Namibian coast in 2002.
%F = percentage frequency of occurrence of diet items; %N = percentage of total prey items.

%F %N

Copepods 73.6 93.1
Cumaceans 38.7 5.6
Amphipods 7.5 0.3
Polychaetes 1.9 0.0
Euphausiids 0.9 0.0
Crustacean Fragments 26.4 0.5
Juvenile gobies 15.1 0.3
Other 2.8 0.1
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3.2.5. Ontogenetic changes in Diet
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Figure 25. The percent frequency of occurrence of key groups: euphausiids (a) and polychaetes (b) found in
the gut ofS. bibarbatuscaught off the coast of Namibian during the demersal survey (2001). Power function
for the correlation between TL and polychaetes: TL = 0.0868% r* = 0.8589.
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