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INTRODUCTION

Over 73% of South Africa’s estuaries are of a tem-
porarily open nature, as defined by Whitfield (1992);
i.e. these estuaries are open to the sea during the sum-
mer rainy season but are cut off (closed) during the dry
winter, as a sandbar develops at the mouth when the
inflow of freshwater decreases. The physico-chemical
parameters of the 2 phases differ considerably (Whit-
field 1992, Perissinotto et al. 2000). Zooplankton bio-

mass and abundance are generally high, dominated by
copepods and mysids, and exhibit major variations in
response to physico-chemical changes that occur be-
tween the open and closed phases (Perissinotto et al.
2000, Kibirige 2002). On the other hand, the phyto-
plankton standing stock of temporarily open estuaries
is relatively low during both phases compared to that
in their permanently open counterparts (Perissinotto
et al. 2000, Nozais et al. 2001). This suggests that in
temporarily open estuaries the available phytoplank-
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of the day. Indeed, feeding experiments suggest that G. brevifissura is able to feed efficiently on
settled as well as on resuspended benthic microalgae. This is supported by results from stable isotope
analysis (δ13C and δ15N), which show that benthic microalgae contribute 68 and 24% to the total diet
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needed by this species to meet all its energetic demands. Carbon rations obtained from in situ graz-
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the previously estimated basal metabolic requirements for the mysid, it follows that G. brevifissura is
able to meet all its energetic requirements from a pure autotrophic diet only during the winter. On
the other hand, during summer, these values are barely enough to meet the basal metabolic rate of
this species. 
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ton biomass may not always be enough to meet all the
energetic demands of the grazers. Therefore, other
food sources may be important in achieving an energy
balance for the grazers, particularly during periods of
phytoplankton scarcity (Perissinotto et al. 2000).

Estuarine mysids are known to feed on phytoplank-
ton (Siegfried & Kopache 1980, Webb et al. 1987),
sediment and epiphytic algae (Fleeger et al. 1999),
microzooplankton (Jerling & Wooldridge 1995a) and
mesozooplankton (Siegfried & Kopache 1980, Wool-
dridge & Bailey 1982, Wooldridge & Webb 1988, Jer-
ling & Wooldridge 1995b). The mysids are in turn con-
sumed (mainly) by a variety of fish species (Siegfried &
Kopache 1980, Talbot & Baird 1985). The mysid Gas-
trosaccus brevifissura (Tattersall 1952) is one of the
dominant crustacean species in both permanently and
temporarily open estuaries of southern Africa (Tatter-
sall 1952, Brown & Talbot 1972, Wooldridge 1976,
1977, Wooldridge & McLachlan 1987, Webb et al. 1997).
It is a suprabenthic organism that burrows in the sedi-
ment during the day and displays pelagic behaviour
during the night (Brown & Talbot 1972).

There is a lack of information on the grazing rates
and feeding preferences of mysid shrimps in temporar-
ily open estuaries. In view of the high grazing rates of
Gastrosaccus brevifissura, its high biomass compared
to other dominant zooplankton species (Kibirige 2002)
and its benthic–pelagic behaviour, it is important to
establish whether the bulk of its energy intake comes
from material resuspended in the water column or
from material within the sediment. Therefore, this
study investigated the grazing dynamics of the mysid
shrimp G. brevifissura in the Mpenjati Estuary in rela-
tion to the availability of phytoplankton and benthic
microalgae (BMA). It also addressed the question of
whether this autotrophic material is sufficient to meet
all the energy requirements of the mysid.

MATERIALS AND METHODS

Samples of Gastrosaccus brevifissura for abundance
and biomass analysis were collected from the lower
reaches of the Mpenjati Estuary (Fig. 1) every second
month between August 1998 and September 1999,
both at night and during the day, using a UNESCO
WP-2 net (Tranter & Fraser 1968) of 90 µm mesh size
fitted with a General Oceanics flowmeter. Horizontal
tows were made from a flat-bottomed boat, with the
upper part of the net kept 5 to 10 cm below the surface.
In the laboratory, subsamples for enumeration were
drawn off the samples, which had been suspended
in 1 to 10 l solutions, depending on the zooplankton
concentration. A 25 cm-long glass tube, 10 mm in dia-
meter, was used to withdraw duplicate subsamples

from the suspension: the tube was inserted to the bot-
tom of the suspension, and settlement was prevented
by continuous stirring (Perissinotto & Wooldridge 1989,
Jerling & Wooldridge 1995b). The coefficient of varia-
tion between subsamples was consistently less than
10%. Species abundance was expressed as numbers
m–3, while biomass was estimated gravimetrically as
dry weight by drying individual samples at 60°C for
24 h in a laboratory oven (Pakhomov & Perissinotto
1996).

The grazing rates of the mysid were estimated using
an in situ approach in August 1999 and in February
2000, in the lower reaches of the estuary where the
species normally occurred during the study period.
For this purpose, the gut pigment technique of Mackas &
Bohrer (1976) was used in combination with estimates of
gut-evacuation and pigment-destruction rates (Perissi-
notto 1992, Kibirige & Perissinotto 2003). Mysids were
collected from the sediment with a D-net during the day,
and from the water column with a WP-2 net during the
night. The D-net of 500 µm mesh was operated by hand
to scrape the upper 0.5 to 1 cm layer of sand for a dis-
tance of about 5 to 10 m in the lower reaches of the estu-
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Fig. 1. Map of Mpenjati Estuary, South Africa, showing
Sations (1 to 4) where mysids were collected during the study.
Latitude and longitude at estuary mouth = 30° 58’ S, 30° 17’ E
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ary. All specimens used in the laboratory feeding exper-
iments were collected with the D-net.

For the measurement of gut-pigment contents, 5
Gastrosaccus brevifissura individuals were used in
each of the 5 replicate test tubes. Pigments were cold-
extracted (2°C) for 24 h in the test tubes after addition
of 7 to 10 ml of 90% acetone. Pigment concentrations
were measured fluorometrically (Turner 10-AU) using
a narrow-band system with no acidification (Welsch-
meyer 1994, Nozais et al. 2001). Gut-evacuation rates
were monitored by checking the decline in gut content
at intervals of 10 min for the first 40 min and at inter-
vals of 20 min thereafter. For each time interval mea-
surement, 5 (August 1999) or 4 (February 2000) repli-
cates were used. Again, 5 individuals per replicate
measurement were pooled in a test tube. In these
experiments, the mysids were incubated in 10 l vol-
umes of filtered estuarine water (FEW) at an ambient
temperature of 20°C in August 1999 or 25°C in Febru-
ary 2000. 

Estimates of gut-pigment destruction in Gastrosac-
cus brevifissura were obtained both during winter
1999, summer 2000 and again in winter 2001. In all
cases, the loss of pigments to non-fluorescent end-
products, by either absorption or destruction, was esti-
mated during 24 h incubations, as described in detail
elsewhere (Perissinotto 1992). The purpose of the ex-
periments in 2001 was mainly to determine whether
there are differences in the rate of pigment destruction
when mysids are offered different microalgal diets.
One incubation was carried out using a mixture of
naturally occurring diatoms and a second used an
unidentified species of Euglena that was present in
abundance in the sediments of the estuary during the
2001 sampling.

In vitro grazing experiments were carried out to test
the hypothesis that Gastrosaccus brevifissura is not
only able to feed on microalgae suspended in the water
column, but also on microalgae settled in the sediment
or at least at the sediment–water interface. Benthic
microalgae for these experiments were collected using
a glass tube drawn across the upper surface of the
sediment (to ca.1 cm depth), where the densest con-
centrations of microalgae are normally found (Round
1981, De Jonge & Colijn 1994, Cariou-Le Gall & Blan-
chard 1995). Within 1 h of collection, the mixture was
transported to the laboratory, where BMA were sepa-
rated on the basis of their vertical migration properties
(Couch 1989, Riera & Richard 1996). Samples were
placed in petri dishes (14 cm inner diameter) to a max-
imum sediment depth of 1 cm. After 4 to 6 h, the super-
natant was removed with a pipette, a 90 µm mesh was
placed on the sediment surface and covered with a 4 to
5 mm layer of combusted silica gel powder (ca. 90 to
200 µm diameter). This was then covered with a sec-

ond 90 µm mesh. The silica gel was kept wet with
filtered estuarine water. The petri dishes were held
under fluorescent light for 2 to 6 h to allow the motile
microalgae to migrate to the top mesh through the first
mesh and the silica gel. Periodically (i.e. 1 to 2 h inter-
vals), the top mesh was removed and rinsed with FEW
to harvest the microalgae. 

Feeding preferences and in vitro grazing rates on
BMA were investigated using 3 treatments: (1) resus-
pended microalgae (RM); (2) settled microalgae (SM);
and (3) permanent light (PL) with an intensity similar
to a shaded natural light of ~230 µmol m–2 s–1 output
(Lobban et al. 1985, Mallin & Paerl 1994). Each experi-
mental treatment consisted of 4 replicates of 250 ml
feeding bottles, and 1 final control bottle (without
mysids). Each bottle contained 5 Gastrosaccus brevi-
fissura adults of approximately the same size (10 to
12 mm total length). In the RM treatment, there was no
sediment and the bottles were periodically shaken
to avoid settling of the microalgae. This treatment
allowed continuous swimming of the mysids through-
out the feeding experiment and kept the BMA resus-
pended in the water column. In the SM treatment, the
feeding bottles had a layer of sand and microalgae
were allowed to settle at the bottom. Here, mysids
were able to move up the water column as well as bur-
row into the sediment in accordance with their natural
diel cycle. Both treatments were kept outside and were
thus exposed to the natural light cycle (approx. 11 h
light, 13 h dark). The PL treatment, on the other hand,
used sediment with settled microalgae, but a cool fluo-
rescent light was used to illuminate the feeding bottles
throughout the feeding period of 24 h. This procedure
forced the mysids to burrow permanently into the
sediment or at least to remain at the sediment–water
interface. In all 3 treatments, BMA concentrations
were 210 mg chlorophyll a (chl a) m–2, corresponding
to average values in the Mpenjati Estuary during the
period of investigation (Perissinotto et al. 2002).

Prior to the feeding experiments, aliquots of 200 ml
of microalgal suspension were removed from a 10 l
stock solution while stirring (to ensure that no resettle-
ment of the BMA occurred). Each aliquot was then
divided into two 100 ml samples, one was added to the
respective 250 ml feeding/control bottle, the other was
filtered onto a GF/F filter. The filter was then placed in
a 100 ml polyethylene bottle containing 30 ml of ace-
tone to measure fluorometrically the initial concentra-
tion of chl a. After 24 h incubation, all mysids were
removed from the feeding bottles and the entire vol-
ume of water from each bottle was filtered through a
GF/F filter. The filter was then returned to the grazing
bottle and pigments from both sand and filter (settled
microalgae and permanent light treatments) or filter
only (suspended microalgae treatment) were extracted
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with 30 ml of 90% acetone. Control samples were pro-
cessed in exactly the same way. 

All samples were kept in darkness at 2°C for 24 h,
after which chl a was measured fluorometrically
(Welschmeyer 1994). The difference between initial
and final pigment concentrations (chl a + phaeopig-
ments) was taken as the amount of pigments ingested
by the mysids, after correction for pigment lost in the
control bottle associated with each experiment (Frost
1972).

Filtration rates were also calculated and used to indi-
cate the volume of ambient medium from which micro-
algae cells were completely removed by the grazers
(Frost 1972, Peters 1984). Filtration rates were esti-
mated using the equations of Marin et al. (1986):

F =  VGo/N (1)

where F is the volume swept clear per unit time
(ml ind.–1 h–1), V is the volume of the feeding/grazing
bottle (ml), Go is the grazing coefficient at the initial
chl a concentration and N is the number of grazers in
each bottle. Finally, the ingestion rate, I (ng pigment
ind.–1 h–1) was calculated using the standard relation-
ship (Frost 1972, Marin et al. 1986, Ribes et al. 1998):

I =  FC (2)

where C is the BMA concentration (ng pigment m–2)
consumed in the grazing bottle. Normally, filtration
rates decrease as the food concentration increases
beyond a critical concentration (Rigler 1971, Frost
1972). In order to determine whether the food concen-
tration was limiting ingestion rates during the experi-
ments, the equations of Huntley & Boyd (1984) were
used. The estimated critical concentration ranged
between 32 and 150 mg chl a m–2 (mean 91.33 ±
59.0 SD mg chl a m–2). This value was much lower than
the ambient concentration of 210 mg chl a m–2 used
in the feeding experiments, suggesting that the zoo-
plankton used in this study were not food-limited.
Differences between treatments were analysed with
a 1-way ANOVA, and where significant differences
were detected a Tukey HSD post hoc test was applied
to determine the source of variation.

For the stable isotope analysis, BMA, particulate
organic matter (POM) and detritus (DTR) were
obtained from the estuary along with samples of the
mysid. The protocol for the extraction of BMA used in
the isotopic analysis is similar to that described above.
In this case, however, once extracted, the BMA sam-
ples were freeze-dried before analysis. Approximately
2 mg samples were then weighed and packed in tin
capsules for analysis with a mass spectrometer. The
fringing plants, mainly vascular plants, on the banks of
the estuary were assumed to constitute the bulk of the
DTR found in the water column (Jerling & Wooldridge

1995c). Therefore, small samples of the dominant plant
species were collected and freeze-dried, homogenized,
weighed, and packed in tin capsules for analysis with a
mass spectrometer. Stable isotope analyses (δ13C and
δ15N) for the food sources and Gastrosaccus brevifis-
sura were carried out with a Carlo Erba NAISOO II
elemental analyser interfaced with a Finnigan Mat 252
mass spectrometer via a Conflo II open-split device at
the Archaeometry Unit of the University of Cape Town.

Water samples for POM measurement were col-
lected from the Mpenjati Estuary with a weighted
bottle-sampler, 5 to 10 cm below the surface, and
sieved through a 200 µm mesh to remove large zoo-
plankton. Samples were then filtered through precom-
busted glass fibre filters (Whatman GF/F) within 1 h
of collection. This was followed by acidification with
1.0 M HCl to remove the carbonates. Finally, samples
were freeze-dried and kept frozen (–40°C) until analy-
sis with a mass spectrometer, as for the other samples.

Gastrosaccus brevifissura samples for stable isotope
analysis were collected during winter (June 1999) and
summer (February 2000) from the lower reaches of the
Mpenjati Estuary using a WP-2 90 µm net. For this pur-
pose, samples were immediately frozen on dry ice and
brought back to the laboratory. Within 24 h of collec-
tion, the gut content was removed, and the mysids
were rinsed with deionized water to avoid contamina-
tion of the gut contents (Stoner & Zimmerman 1988).
Lipids were also removed by soaking the samples for
5 to 6 h in a defatting solution containing chloroform,
methanol, and distilled water in the proportions of
2:1:0.8 (Bligh & Dyer 1959). Samples were then soaked
in 1.0 M HCI for 2 to 4 h to remove carbonates that
could interfere with the carbon isotope values (Hedges
& Parker 1976, Schwinghamer et al. 1983, Tan et al.
1991). Samples were finally washed free of excess acid,
freeze-dried, weighed and packed in tin capsules for
analysis with the mass spectrometer, as for the BMA. 

Trophic and environmental parameters measured in
the estuary during the study included phytoplankton
and microphytobenthic biomass, temperature and
salinity. Water column and microphytobenthic chl a
samples were measured fluorometrically with a Turner
10-AU, as described in detail elsewhere (see Nozais
et al. 2001, Perissinotto et al. 2002). Temperature and
salinity were recorded during each survey with a YSI
6920 water logger.

RESULTS

Water temperature in the estuary ranged between 19
and 21°C during winter and between 21 and 28°C dur-
ing summer. Salinity showed a marked vertical gradi-
ent, with values ranging from 13 (surface) to 21‰

204



Kibirige et al.: Grazing of Gastrosaccus brevifissura

(bottom) in winter and from 24 (surface) to 32‰ (bot-
tom) in summer. During the winter closed phase
(August 1999), phytoplankton chl a concentration var-
ied between 9.0 and 19.6 mg m–3 (mean 13 ± 4.6 SD mg
m–3) at the surface, and between 16.2 and 23.2 mg m–3

(mean 18.6 ± 3.0 SD mg m–3) at the bottom. In summer
(February 2000), phytoplankton chl a concentration
ranged from 1.01 to 2.3 mg m–3 (mean 1.55 ± 0.60 SD
mg m–3) and from 1.04 to 3.48 (mean 2.04 ± 1.13 SD mg
m–3), at the surface and bottom, respectively. Micro-
phytobenthic chl a concentrations ranged from 21.4 to
350 mg chl a m–2 (mean 217 ± 91 SD mg m–3) during
August 1999 and from 5.0 to 293 mg chl a m–2 (mean
118 ± 80.8 SD mg m–3) in February 2000. 

The abundance and biomass of Gastrosaccus brevi-
fissura in the water column of the Mpenjati Estuary
varied greatly between daytime and night-time. High-
est abundances were observed at night-time, with
values ranging from 226 ind. m–3 in March 1999 to
1075 ind. m–3 in September 1998. Conversely, very few
individuals occurred in the water column during the
day, with values ranging from 4 ind. m–3 in April 1999
to 6 ind. m–3 in March 1999. Similarly, the highest bio-
mass levels of 1.53 g DW m–3 (mean 0.33 ± 0.53 SD g
DW m–3) and 1.20 g DW m–3 (mean 0.34 ± 0.53 SD g
DW m–3) were observed at night in September 1998
and June 1999, respectively (Fig. 2).

There were significant day/night differences in the
gut pigment contents of Gastrosaccus brevifissura
(Student’s t = 3.64, p < 0.05; August 1999; t = 4.15, p <
0.05; February 2000; t = 6.21, p < 0.05; July 2001), with
night values being on average 2 to 3 times higher than
the day values (Fig. 3). During August 1999, the maxi-
mum of 5.37 ng pigment ind.–1 (mean 3.4 ± 1.3 SD ng
pigment ind.–1) was recorded during the night, while
the minimum of 0.27 ng pigment ind.–1 (mean 1.2 ±
0.7 SD ng pigment ind.–1) was measured during the
day (Fig. 3a). In February 2000, G. brevifissura gut pig-
ment contents ranged from 0.56 to 3.36 ng pigment

ind.–1 (mean 1.37 ± 0.83 SD ng pigment ind.–1), with
the highest values again observed during the night
(Fig. 3b). During July 2001, gut-pigment contents
ranged from 0.42 to 12.35 ng pigment ind.–1 (mean
3.81 ± 3.32 SD ng pigment ind.–1) during the night and
from 0.47 to 10.58 ng pigment ind.–1 (mean 3.67 ±
3.45 SD ng pigment ind.–1) during the day (Fig. 3c). 

The gut-evacuation rates in August 1999 and in
February 2000 were 0.62 and 0.68 h–1, respectively
(Fig. 4). Unfortunately, it was not possible to measure
gut-evacuation rates again in July 2001 because of the
low density of mysids during this period. The extent of
gut-pigment destruction was highly consistent on all 3
occasions, ranging from 99.0 to 99.7% (mean 99.6 ±
0.39 SD %) of the total pigment ingested. There were
also no significant differences in gut-pigment destruc-
tion between mysids fed a diatom mixture and those
fed only cells of a naturally occurring species of
Euglena (Mann-Whitney U-test, p > 0.05).

In situ grazing rates ranged from 4.2 to 9.8 µg pig-
ment ind.–1 d–1 (mean 5.8 ± 2.0 SD µg pigment ind.–1
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Fig. 2. Gastrosaccus brevifissura. Biomass (dry weight, mean
+ SD) during daytime and night-time in closed (September
and October 1998) and open (December to April 1999) phases 

of the Mpenjati Estuary

Fig. 3. Gastrosaccus brevifissura. Diel gut-pigment content
during (a) 24 and 25 August 1999, (b) 28 February 2000, (c) 22
and 23 June (r), 4 July (s) and 18 July (■ ) 2001 in the 

Mpenjati Estuary
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d–1) during August 1999 and from 0.24 to 0.39 µg pig-
ment ind.–1 d–1 (mean 0.29 ± 0.06 SD µg pigment ind.–1

d–1) during February 2000. The entire estuarine popu-
lation of Gastrosaccus brevifissura grazed 1.82 mg pig-
ment m–2 d–1 and 0.24 mg pigment m–2 d–1, accounting
for a grazing impact of 31.6 and 22% of the available
phytoplankton in the estuary during winter and
summer, respectively. 

On average, in vitro ingestion rates of Gastrosaccus
brevifissura were higher in the PL treatment (1.40 ±
0.13 SD µg pigment ind.–1 d–1) than in the SM (0.46 ±
0.30 SD µg pigment ind.–1 d–1) and RM (0.42 ± 0.51 SD
µg pigment ind.–1 d–1) treatments (Fig. 5). The PL treat-
ment differed significantly from the RM and the SM
treatments (1-way ANOVA, F = 9.98, p < 0.05 and
Tukey HSD post hoc test [p <0.05]) (Fig. 5, Tables 1
& 2). Generally, in both RM and SM treatments,
maximum ingestion rates were 1 order of magnitude
lower than grazing rates obtained with the in situ
technique.

The δ13C content of Gastrosaccus brevifissura ranged
from –20.8‰ in winter (August 1999) to –19‰ in sum-
mer (February 2000) (mean –19.9 ± 1.0 SD‰). These
values were closest to those obtained for BMA, which
ranged from –21.9 to –18.1‰ (mean –20.1 ± 1.2 SD‰).
The values show an enrichment of 0.65 and 0.8‰ from
the food source to the consumer during winter and
summer, respectively. There were no significant dif-
ferences between the δ13C content of G. brevifissura
and BMA in winter or in summer (Mann-Whitney
U-test p > 0.05) (Table 3). The δ15N content of G. bre-
vifissura ranged from 8.4‰ in winter to 11.6‰ in
summer (mean 10 ± 1.6 SD ‰). On the other hand,
BMA δ15N values ranged from 0.1‰ in winter to 6.3‰
in summer (mean 2.8 ± 2.8 SD ‰). The trophic level of
G. brevifissura was estimated on the assumption of a
15N trophic-enrichment factor of +3.8‰ (Hobson &
Welch 1992), and was closer to 2 (primary consumer)
than 3 (secondary consumer) during both winter and
summer. The dual-mixing model of Ben-David et al.
(1997) applied to these data showed that G. brevifis-
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Fig. 4. Gastrosaccus brevifissura. Gut-evacuation rates (k) 
measured during (a) August 1999, (b) February 2000

Fig. 5. Gastrosaccus brevifissura. Grazing rates (mean ± SD)
in the 3 treatments of the in vitro grazing experiments con-
ducted in the Mpenjati Estuary, 3 and 4 July 2000. Lines a
and b indicate significant differences between treatments 

(1-way ANOVA)

Treatment Resuspended Settled Permanent
microalgae microalgae light

Resuspended microalgae 1.00
Settled microalgae 0.544 1.00
Permanent light 0.002** 0.011* 1.00

Table 2. Gastrosaccus brevifissura. Results of Tukey HSD post
hoc test of feeding treatments for mysid in the Mpenjati
Estuary, 3 and 4 July 2000. Significant at *p < 0.05; **p < 0.01

Source of variation df MS F p

Treatment 2 27.0 13.0 < 0.01*
Error 9 2.07
Total 11

Table 1. Gastrosaccus brevifissura. Results of 1-way ANOVA
of feeding treatments for mysid in the Mpenjati Estuary, 3 and 

4 July 2000. *Significant at p < 0.05
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sura received over 68% of its food requirements from
BMA during winter and 24% during summer; different
proportions of POM and DTR were also consumed
during the same periods (Table 4).

DISCUSSION

Virtually the entire population of Gastrosaccus
brevifissura in the Mpenjati Estuary was present in the
water column during the night. Conversely, it bur-
rowed in the sediment during the daylight period
(when it was generally collected by the scraping action
of a hand-held D-net). This behaviour is typical for
many mysid species, particularly within the genus
Gastrosaccus (Mauchline 1980, Wooldridge 1999), and
is widely believed to be an adaptive strategy of
avoidance of visual predators (Gliwicz 1986, Jerling
& Wooldridge 1992).

In a parallel survey in the lower reaches of the estu-
ary, Kibirige (2002) found that total night-time zoo-
plankton abundances during the winter closed phase
ranged from 17 to 3.6 × 104 ind. m–3. During the sum-
mer open phase, night-time zooplankton abundance

values ranged from 39 to 1.3 × 103 ind. m–3. Thus, dur-
ing the winter, Gastrosaccus brevifissura constituted
~50% of the total zooplankton biomass in the lower
reaches of the estuary. In summer, however, following
the opening of the estuary’s mouth, the biomass of the
mysid dropped dramatically, representing less than
3% of the total zooplankton stock. Although the sam-
pling frequency (i.e. every second month) was not
ideal for the determination of seasonal patterns, it is
quite clear that highest biomass (Fig. 2) and abun-
dance levels of G. brevifissura occurred during the
winter closed phase. This coincided with the occur-
rence of peak concentrations in phytoplankton and
microphytobenthic biomass in the estuary (Perissinotto
et al. 2002).

In situ measurements of grazing rates on autotrophic
material showed that Gastrosaccus brevifissura can
consume more than 30% of the phytoplankton bio-
mass available in the water column per day (Kibirige
2002, Kibirge & Perissinotto 2003). This implies, there-
fore, that the daily phytoplankton production of the
Mpenjati Estuary may at times not be sufficient to sup-
port all the energetic requirements of G. brevifissura
(Perissinotto et al. 2002). Another autotrophic food
source potentially available to mysids in the estuary
is BMA (Perissinotto et al. 2002). Microphytobenthic
biomass in the Mpenjati is particularly high, with re-
corded levels of up to 616 mg chl a m–2, the highest
ever recorded in any South African estuary and indeed
among the highest reported in the literature. It is also
1 to 2 orders of magnitude higher than vertically
integrated phytoplankton biomass (Perissinotto et al.
2002). Since G. brevifissura lives in close association
with the sediment, at least during the daytime, it seems
reasonable that substantial proportions of the micro-
phytobenthos may indeed be used as an alternative
food source. 

This is indicated by the results of the stable isotope
analysis on the 3 main potential food sources available
in the estuary (i.e. BMA, suspended POM and plant
DTR). The δ13C values for Gastrosaccus brevifissura
were closest to those of BMA (Table 3). Furthermore,
the dual-mixing model of Ben-David et al. (1997)
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Winter Summer
δ13C Z p δ13C Z p

G. brevifissura –20.80 ± 0.00 (2) –19.05 ± 0.07 (2)
BMA –21.19 ± 0.82 (3) 0.58 0.80 ns –19.53 ± 0.92 (6) 0.67 0.64 ns
POM –23.08 ± 0.95 (3) 1.91 0.06 ns –18.53 ± 1.53 (6) 0.50 0.61 ns
DTR –26.27 ± 0.35 (3) 1.91 0.05*0 –23.67 ± 0.48 (6) 2.01 0.04*0

Table 3. Gastrosaccus brevifissura. Comparison of δ13C contents (‰ ± SD) (Mann-Whitney U-test) of benthic microalgae (BMA),
particulate organic matter (POM) and detritus (DTR), during winter (June 1999) and summer (February 2000). ns: not significant; 

*: significant at p < 0.05. Number of replicates in parentheses

Food source δ13C δ15N Contribution 
Season (%)

BMA
Winter –21.20 ± 0.82 (3) 5.33 ± 1.19 (3) 68
Summer –19.53 ± 0.92 (6) 1.50 ± 2.48 (6) 24

POM
Winter –23.08 ± 0.95 (3) 7.0 ± 0.44 (3) 16
Summer –18.53 ± 1.53 (6) 4.63 ± 0.93 (6) 55

DTR
Winter –26.27 ± 0.35 (3) 4.8 ± 0.40 (3) 16
Summer –23.67 ± 0.48 (6) 2.97 ± 0.74 (6) 21

Table 4. Mean (±SD) δ13C and δ15N content of potential food
sources: benthic microalgae (BMA), particulate organic mat-
ter (POM), detritus (DTR) and their percentage contribution
to the diet of Gastrosaccus brevifissura in the Mpenjati Estu-
ary during winter (June 1999) and summer (February 2000). 

Number of replicates in parentheses
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revealed that 68% of G. brevifissura’s diet came from
BMA during the winter closed phase and 24% during
the summer open phase (Table 4). These observations
are similar to the results obtained by Stoner & Zimmer-
man (1988) and Primavera (1996). These authors con-
cluded that paeneid shrimps obtain the bulk of their
carbon from BMA rather than from mangrove DTR. 

DTR also comprised 16 and 21% of the total diet of
Gastrosaccus brevifissura during the winter closed
phase and the summer open phase, respectively
(Table 4). Small detrital particles are difficult to isolate
from the other particulate components and may be
included as part of the suspended POM. Little DTR
material was observed in samples from the Mpenjati
Estuary analysed under the dissecting microscope.
Stable isotope (δ13C and δ15N) analyses showed a clear
separation between POM and DTR, again indicating
that the contribution of the latter to the total particulate
load was probably minimal at the time of the survey. 

Highest gut-pigment contents were observed during
the night  time, clearly showing that Gastrosaccus bre-
vifissura feeds more during the night-time than during
the daytime (Fig. 3). However, the gut-pigment con-
tents during the day were much higher than those of
starved individuals (mean = 0.09 ng ind.–1), suggesting
that G. brevifissura actively feeds during the day as
well. Similarly, Fleeger et al. (1999) reported that the
grass shrimp Palaemonetes pugio consumed micro-
algae associated with marsh edges throughout a 24 h
cycle, exhibiting gut-pigment contents often in excess
of 1 to 2 µg ind.–1 even in daylight. They also reported
that the values attained during the afternoon were
significantly higher than those measured during the
morning.

In the in vitro experiments, Gastrosaccus brevifis-
sura exhibited significant lower feeding rates in the
RM and SM treatments than in the PL treatment
(Fig. 5, Tables 1 & 2). Since under conditions of expo-
sure mysids are forced to remain burrowed in the sed-
iment throughout the daily cycle, our results show that
G. brevifissura is able to feed efficiently on settled as
well as on resuspended BMA, corroborating the evi-
dence presented above and supporting the hypothesis
that, at least in the presence of high concentrations of
BMA, G. brevifissura may be able to extract much of its
energy demands from this source, apart from water
column phytoplankton.

Daily rations for Gastrosaccus brevifissura were esti-
mated using the relationship of carbon content versus
dry weight of Beers (1966) and Parsons et al. (1984):
C = 35 to 43% DW. The average carbon content of G.
brevifissura ranged from 0.62 to 1.09 mg C ind.–1 dur-
ing winter and from 0.5 to 0.74 mg C ind.–1 during sum-
mer. Using the average ingestion rates obtained with
the in situ grazing method, these values would corre-

spond to carbon rations ranging from 35 to 44% in
winter and from 1.6 to 3.9% in summer. In a study con-
ducted parallel to this, Marshall et al. (2003) report
basal metabolic O2 consumption rates for G. brevifis-
sura ranging from 1.22 to 2.95 µg O2 ind.–1 h–1 at a tem-
perature of 21°C (representative of winter in situ con-
ditions) and from 1.93 to 4.23 µg O2 ind.–1 h–1 at 25°C
(representative of summer in situ conditions in the
Mpenjati Estuary).

Conversion of these rates into carbon ingestion
equivalents (Perissinotto et al. 2001), reveals a percent
body carbon requirement per day of 1.57 to 4.02% (at
21°C) and 1.43 to 3.67% (at 25°C). 

To enable the mysid to meet all its energetic require-
ments, rations about 5 to 10 times higher than those for
basal metabolic requirements are needed (Atkinson &
Snÿder 1997, Perissinotto et al. 1997, 2001). Thus, our
results show that in situ carbon rations obtained in
winter are 1 order of magnitude higher than the basal
metabolic rate, suggesting that during this season
Gastrosaccus brevifissura may be able to meet all its
energetic requirements for moulting, reproduction and
growth from a microalgal diet only. During summer,
however, carbon rations are barely enough to meet the
basal metabolic requirements of the mysids, indicating
that other food sources are ingested during this period
to complement its diet. 

Incidentally, the summer open phase of the estuary
coincides with a scarcity of phytoplankton as well as
microphytobenthic biomass (Perissinotto et al. 2002).
It has also been suggested that during this period
of microalgae scarcity, the zooplankton grazers of
the estuary, including Gastrosaccus brevifissura, may
become more opportunistic in their feeding patterns
(Kibirige et al. 2002). This is supported by studies of
Mauchline (1980) and Siegfried & Kopache (1980),
who show that mysids are generally omnivorous on
micro- and mesozooplankton. Pechen’-Finenko &
Pavlovskaya (1975) reported that Neomysis mirabilis
fed on a range of diets, including plant and animal
detritus, melanin and dinoflagellates. Furthermore, in
the Baltic Sea, Mysis mixta and M. relica change their
diet according to the availability of food resources and
changing seasons (Viitasalo et al. 1995, Uitto et al.
1997, Koski et al. 1999, Viherluoto et al. 2000, Viher-
luoto & Viitasalo 2001). This has important implica-
tions, because mysids act as key links between lower
and higher trophic levels (Aneer 1980, Arrhenius &
Hansson 1993). Globally, there is a scarcity of data on
the feeding rates and preferences of estuarine mysids.
The few studies carried out in South Africa so far have
indicated that mysids are capable of feeding on a vari-
ety of heterotrophic materials (Wooldridge & Bailey
1982, Wooldridge & Webb 1988, Jerling & Wooldridge
1995a,b). G. brevifissura plays an important and often
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key role in estuarine food webs (Wooldridge & Bailey
1982), and its ability to switch to a periodically hetero-
trophic diet during part of the year may have important
implications for the entire trophic structure of this
ecosystem.
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