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ABSTRACT

During drought periods, the razor clam Solen cylindraceus is the dominant bivalve in the St Lucia estuarine system, 
although restricted to its South Lake region. However, with the recent onset of a wet phase, the mussel Brachidontes virgiliae 
has become widespread and overwhelmingly dominant throughout the system. The salinity tolerance of B. virgiliae is here 
determined using both rapid and gradual changes in salinity. Mussels were collected at Esengeni in the Narrows (salinity 
≈ 0) and Lister’s Point in False Bay (salinity ≈ 20). Mortalities were recorded for animals exposed to a sudden change in 
salinity using 8 different treatments, ranging from 0 to 70. Additionally, animals were exposed to a gradual change in 
salinity, using treatments that exceeded the minimum and maximum salinities mussels were previously able to tolerate. 
In all four experiments, animals were able to tolerate salinity levels up to 20. However, a wider salinity tolerance, up to 50, 
was shown by animals collected from Lister’s Point and those gradually acclimated to test conditions.  With an increase in 
flood events predicted for this region, it is imperative to understand how key species may be affected.  During wet phases B. 
virgiliae becomes ubiquitious throughout Lake St Lucia and it is unlikely that the species will disappear from the system, 
even if floods escalate in the future, as it has an ability to withstand near-freshwater conditions. During dry periods, 
however, the mussel will be concentrated in the Narrows (oligohaline to limnetic conditions), especially if an inverse salinity 
gradient with hypersaline conditions prevails within the system. 

Keywords: bivalves, range shift, wet and dry periods, hypersaline conditions, flood events, iSimangaliso 
Wetland Park

INTRODUCTION

Salinity is an important factor structuring the estuarine eco-
system (McLeod and Wing, 2008). This is manifested as spatial 
and temporal variations in salinity modify species composition 
and distribution within an estuary (Boltt, 1975; Cyrus, 1988; 
Owen and Forbes, 1997; Pillay and Perissinotto, 2008). The 
salinity regimes of many estuaries have been severely altered by 
anthropogenic modifications within their catchments (e.g. The 
Coorong System in Australia and the St Lucia estuarine system 
in South Africa). As a result of low freshwater inflow into the 
Coorong, a reverse salinity gradient and hypersaline condi-
tions have developed, causing benthic invertebrates to become 
restricted to the lower reaches (Rolston and Dittmann, 2009). 
Similarly, an impoverished benthic community due to extreme 
hypersaline conditions is often present in the northern reaches 
of Lake St Lucia (Day et al., 1954; Millard and Broekhuysen, 
1970; Boltt, 1975; Pillay and Perissinotto, 2008).  

Although Lake St Lucia is naturally variable, exhibiting 
large-scale temporal changes from wet to dry periods, the dry 
periods have been exacerbated by the artificial divergence of 
the adjacent Mfolozi River into the sea (Begg, 1978; Forbes and 
Cyrus, 1993; Whitfield and Taylor, 2009). This has deprived 
Lake St Lucia of its most essential freshwater source (Forbes 

and Cyrus, 1993), which is fundamental to maintaining lake 
levels during dry periods and mitigating the occurrence of 
hypersaline events (Whitfield and Taylor, 2009). As a result, 
the system has experienced crises for extended periods, the last 
from 2002 to 2011. A reverse salinity gradient develops dur-
ing dry periods, with salinities as high as 200 in the northern 
reaches recorded on numerous occasions (Forbes and Cyrus, 
1993; Cyrus et al., 2010). A unique halotolerant community 
can be established in the northern reaches of the estuarine 
system, as few species are able to tolerate such salinity extremes 
(Carrasco and Perissinotto, 2012). 

In addition, Lake St Lucia also experiences stochastic 
disturbances, such as flooding events and the presence of 
wetter than normal years (Cyrus, 1988; Forbes and Cyrus, 
1992; Pillay and Perissinotto, 2008), both causing dramatic 
decreases in salinity. Cyclones Domonia and Imboa in 1984 
resulted in a large-scale decline in salinity that caused the 
disappearance and re-distribution of most benthic species 
(Cyrus, 1988; Forbes and Cyrus, 1992; Owen and Forbes, 
1997). In November/December 2010, Lake St Lucia received 
high rainfall, resulting in a drastic salinity reduction within 
the system (Nel et al., 2013). Additionally, the management 
decision to no longer keep the Mfolozi separated from Lake 
St Lucia (Whitfield et al., 2013) allowed the re-linkage of the 
two systems in July 2012. Therefore, Lake St Lucia shifted into 
a wet period resulting in the system becoming dominated by 
an oligohaline environment (< 5). This caused the disappear-
ance of the infaunal bivalve, Solen cylindraceus, from the South 
Lake and the successful re-establishment of this species in False 
Bay (Fig. 1), where the salinity fell within the species tolerance 
range (Nel et al., 2011; Nel et al., 2013).
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During drought conditions, S. cylindraceus is considered 
to be the dominant bivalve species in Lake St Lucia (Nel et al., 
2011; Nel et al., 2013). Although restricted to the South Lake, it 
occurs at high densities ranging from 14 to 3 000 ind∙m-2 (Nel 
et al., 2011). During the last hypersaline phase, S. cylindraceus 
was a key species for the system. Having a salinity tolerance 
between 15 and 65, it was able to withstand high salinities 
outside the tolerance range of other bivalve species (Nel et al., 
2011). Currently, however, the mussel Brachidontes virgiliae has 
become so abundant and widespread throughout Lake St Lucia 
that it has replaced S. cylindraceus as the dominant bivalve in the 
system. Anecdotal evidence suggests that this ubiquitous mus-
sel is able to withstand very low salinity levels and can rapidly 
invade denuded areas. Therefore, this study set out to investigate 
the experimental salinity tolerance of the B. virgiliae population 
currently occurring in the St Lucia estuarine system.

A species may have two types of controls on its tolerance 
ranges; genetic and phenotypic (Segnini de Bravo et al., 1998). 
The former is defined as the genetically imposed capability to 
withstand an external factor, while the latter is the ability to alter 
its tolerance in response to previously experienced conditions 
(Segnini de Bravo et al., 1998). Thus, an extreme or moderate 
change in salinity may yield varying adaptive potentials for a 
species (Berger and Kharazova, 1997). Castagna and Chanley 
(1973) showed that a gradual change in salinity may allow a spe-
cies to extend its environmental threshold. It is well established 
that a slow increase in salinity enables organisms to widen their 
tolerance range. However, there is less evidence to show that a 
species found in two habitats under different salinity regimes 
may exhibit different salinity tolerance ranges. Thus, the objec-
tives of this study were to determine the salinity tolerances of 
B. virgiliae collected from two sites within Lake St Lucia and 
exposed to both sudden and gradual changes in salinity. 

METHODS AND MATERIALS

Sample collection and maintenance

Mussels with a mean shell length of 9.76 ± 1.06 (SD) mm were 
collected from 2 sites representing the minimum and maxi-
mum salinities found within Lake St Lucia – Esengeni (salinity 
≈ 0) and Lister’s Point (salinity ≈ 20). At both sites Brachidontes 
virgiliae were found attached to submerged macrophytes, which 
were subsequently removed. They were then placed in buckets 
containing naturally-occurring estuarine water and trans-
ported back to the laboratory where they were aerated within 3 
to 4 h and acclimated to laboratory conditions for 3 days, prior 
to their exposure to experimental conditions. During acclima-
tion, animals were maintained at salinity levels similar to those 
found at the collection site. This was measured using a portable 
refractometer (Atago S/Mill-E). At ambient temperature, mus-
sels were exposed to a 12:12 h light:dark regime using artificial 
light. Dead mussels were removed daily, to avoid contamination 
of the sample stock, and animals were selected randomly from 
the holding buckets at the start of each experiment. All experi-
ments took place between March and August 2013.

Shock experiments

Animals collected at each of the two sites were exposed to a rapid 
change in salinity. Five animals were transferred into each repli-
cate, with five replicates per salinity for the Lister’s Point experi-
ment and three for Esengeni. This was due to the availability of 
animals at the time. Mussels were placed into 300-mℓ plastic 

bottles containing pre-made, aerated saline solutions prepared 
using ‘Instant Marine’ artificial seawater salt and fresh/distilled 
water. The salinity treatments ranged from 0 to 70, increasing 
by increments of 10. Mortality was checked at 1, 2, 4, 8, 16 and 
24 h during the first day; thereafter daily for the next 29 days. 
Measured using a portable refractometer, salinity was main-
tained at a constant level (± 1) and mussels were fed a suspension 
of naturally-occurring benthic microalgae, renewed once a week. 
Mussels that remained gaping and did not respond to physical 
stimulation were deemed to be dead. 

Acclimation experiments

Fresh animals were collected from Esengeni and Lister’s Point 
for the acclimation experiments and gradually exposed to 
an increase in salinity over a period of 30 days. However, the 
treatments used were restricted to those salinity levels that did 
not show 100% survival after 30 days in the previous shock 
experiments. Lister’s Point animals were exposed to a change in 
salinity of 5 units every 7.5, 5, 4 and 3 days for treatment 40, 50, 
60 and 70, respectively. Treatments 30, 40, 50, 60 and 70 for the 
Esengeni experiment were exposed to a change in salinity of 5 
units every 5, 4, 3, 2.5 and 2 days, respectively. Mortality was 
checked daily and salinities were again maintained at a con-
stant level (± 1) using a portable refractometer. Thereafter, the 
same set-up used for the shock experiments was employed. 

Analysis of data

SigmaPlot version 11.0 was used to generate the graphs for all 
four experiments. A repeated-measures ANOVA was used to 

 
  Figure 1

Map of the St Lucia estuarine system, showing localities mentioned in the 
text (adapted from Carrasco and Perissinotto, 2012).
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determine whether salinity, exposure time and the combination 
of the two variables had a significant effect on animal survival. 
In all experiments, the fixed independent variable (time) was 
the within-subject factor and the fixed independent variable 
(salinity) was the between-subject factor. Measure name was 
‘survival’ in all analyses. In all experiments there were 36 levels 
(groups = time). The Mauchly’s Test of Sphericity was used to 
test the assumption that the variance was equal between the 
differences in all combinations of related groups (levels). The 
assumptions were not met and, therefore, the Greenhouse-
Geisser Epsilon value was used instead. SPSS 21.0 for Windows 
was used for all statistical analyses. 

RESULTS

Brachidontes virgiliae was recorded throughout Lake St Lucia 
at salinities ranging from near-freshwater to ~ 20. The salin-
ity maximum was recorded at Lister’s Point in the northern 
reaches, while the minimum was found at Esengeni in the 
Narrows (Fig. 1). Esengeni mussels exposed to a rapid change in 
salinity exhibited a narrow tolerance range. Visible movement 
was seen in the salinity treatments ranging from 0 to 20, with 
100% survival at the end of the experiment (Fig. 2A). Unable to 
survive salinities above 20, animals exposed to levels above this 
threshold remained tightly shut. Animals exposed to salinities 
of 30, 40 and 50 had a faster mortality rate than those at 60 and 
70 (Fig. 2A). However, within 5 days there was 100% mortality 
in all treatments above 20 (Fig. 2A).

A wider salinity tolerance was recorded when Esengeni 
mussels were gradually exposed to a rise in salinity. Animals 
increased their tolerance to include salinity levels from 30 to 50 
(Fig. 2B). Previously those exposed to 30, 40 and 50 had 100% 
mortality within 4 days, yet with a gradual acclimation animals 

were able to survive these salinities indefinitely. However, the 
long-term survival of animals at 50 is unknown, as they had 
a 73% survival at the end of the experiment (after 30 days). 
Animals in these three treatments showed movement and were 
attached to the edge of experimental bottles. Mussels were still 
unable to survive extreme salinities, 60 and 70, regardless of the 
slow acclimation to test conditions (Fig. 2B). Mussels gradually 
acclimated to the 70 treatment died during the acclimation phase 
of the experiment. Additionally, the majority of mussels in the 60 
treatment died during the acclimation phase, with 100% mortal-
ity reached within 3 days. This was less than the 5 days they were 
able to survive in the shock experiment (Fig. 2A). 

Animals collected from Lister’s Point and exposed to a 
rapid change in salinity showed a similar trend to the Esengeni 
mussels acclimated to test conditions. They were able to toler-
ate lower salinities, from 0 to 40 (Fig. 2C). Mortality was seen 
in the 60 and 70 treatments, similar to that observed in both 
Esengeni shock and gradually acclimated animals (Fig. 2A, B 
and C). Activity was recorded in all treatments below 50, how-
ever above this salinity mussels were tightly shut. In the salinity 
treatment of 50, mussels experienced 100% mortality within 
five days, while complete mortality was reached faster in the 60 
and 70 treatments, after 4 and 3 days, respectively. 

Again, mussels exposed to a gradual increase towards 
test conditions showed a higher tolerance range than animals 
exposed to a rapid change in salinity. However, the treatments 
of 60 and 70 were still lethal regardless of the site of collec-
tion or exposure method. Additionally, these animals were 
unable to survive the full acclimation period and did not reach 
the onset of the experiment. This was similar to the pattern 
observed with the gradually acclimated Esengeni mussels. 
Mussels were able to tolerate the salinity treatment of 50 (Fig. 
2D), while 100% mortality occurred within 5 days in the 

 

Figure 2
Per cent survival of 

Brachidontes virgiliae 
exposed to varying salinity 

treatments ranging between 
0 and 70 for a 30-day period. 

Mussels were: A) collected 
at Esengeni (freshwater 

conditions) and exposed to 
a rapid change in salinity; 

B) collected at Esengeni and 
gradually brought to test 
conditions; C) collected at 

Lister’s Point (salinity ≈ 20) and 
exposed to a rapid change in 

salinity; D) collected at Lister’s 
Point and gradually brought 

to test conditions.
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Lister’s Point shock experiment. Although the 60 treatment was 
still lethal for mussels, animals were capable of withstanding 
it for 6 days, as opposed to the 4 days previously recorded in 
the shock experiment. Similarly, not all animals survived until 
the end of the acclimation process and the majority of animals 
were dead within 24 h in the 60 treatment (Fig. 2D). 

Overall B. virgiliae appeared to have a preferred tolerance 
ranging from 0 to 20, regardless of where they were collected. 
An increase in tolerance to raised salinities was seen in those 
collected from sites with a higher salinity (i.e. Lister’s Point). In 
addition, an increase in tolerance was seen when animals were 
slowly exposed to an increase in salinity over a period of a month 
for both Esengeni and Lister’s Point mussels. Salinity, exposure 
time and the combination of the two had a significant effect on 
the survival of B. virgiliae in all four experiments (Table 1). 

DISCUSSION

Estuaries are characterised by large temporal and spatial fluctua-
tions in physico-chemical parameters due to dynamic hydrologi-
cal cycles. Thus, in order to successfully manage an estuary, it 
is essential to understand how the ecosystem will be affected by 
different climatic scenarios (Lester and Fairweather, 2009). In 
Lake St Lucia, salinity fluctuations are fundamental in determin-
ing the distribution and abundance of estuarine fauna and flora 
(Forbes and Cyrus, 1993). This is evident in the shift in bivalve 
dominance from Solen cylindraceus (dry period) to Brachidontes 
virgiliae (wet period). In addition, there has been a recent change 
in distribution ranges, with S. cylindraceus previously restricted 
to the South Lake, but currently established only in the northern 
reaches (salinity ≈ 20). Brachidontes virgiliae, previously abun-
dant in the Narrows, has now become ubiquitous throughout 
the system. Nel et al. (2011) determined an experimental salinity 
tolerance of between 15 and 65 for S. cylindraceus. Acclimation to 
a gradual decrease in salinity allows this bivalve to survive salini-
ties as low as 10, although long-term survival under such condi-
tions is unknown (Nel et al., 2013). Lake St Lucia is currently in a 
wet phase, resulting in S. cylindraceus being unable to tolerate the 
predominantly oligohaline environment dominating the system. 
This has allowed the Brackwater mussel, B. virgiliae, to become 
dominant throughout Lake St Lucia. Weerts (1993) described a 
similar situation during periods of low salinity, when B. virgiliae 
was considered the most abundant bivalve, while S. cylindraceus 

was rare. According to results obtained with the current in-vitro 
study, B. virgiliae has a salinity tolerance skewed towards the 
lower levels, and is able to tolerate virtually freshwater condi-
tions. This mussel thrives in Lake St Lucia during the wet period, 
as it has a preferred tolerance range from freshwater to 20. 

Brachidontes virgiliae is a minute, epifaunal mussel regularly 
underestimated in macrofaunal surveys, with only anecdotal 
evidence available on its salinity tolerance. Day et al. (1954) 
found B. virgiliae at salinity levels ranging from 26.0 to 34.1. 
This is similar to the results obtained by Blaber et al. (1983), 
showing the presence of this mussel in South Lake under stable 
marine salinities. It has been described as a euryhaline species 
commonly found in the salinity range of 34.4–36.0 (Millard and 
Broekhuysen, 1970). Absent or rare during periods of hypersalin-
ity, the species has, however, a preference for low salinities (Boltt, 
1975). Davies (1980) suggested a tolerance range from 0 to 34 for 
mussels found in the Kowie Estuary, Eastern Cape, South Africa, 
although there had at that time been no attempt to experimen-
tally determine their salinity tolerance. This range is consistent 
with the results obtained in the present study using mussels 
collected from Lister’s Point and exposed to a rapid change in 
salinity (salinity tolerance: 0 to 40; Fig. 2C). In addition, mus-
sels collected from both Esengeni and Lister’s Point and gradu-
ally exposed to an increase in salinity showed a slightly wider 
salinity range, which included the 50 treatment (Fig. 2B and D). 
Although there is no evidence of B. virgiliae establishing outside 
of its natural distributional range, it is a potential biofouling 
threat given its wide salinity tolerance and ability to attach to 
boats’ hulls. 

Tolerance limits have been extended in numerous bivalve 
species by acclimation (Castagna and Chanley, 1973). Berger 
and Kharazova (1997) stated that sensitivity to environmental 
fluctuations may be shifted by previous acclimation to low/high 
salinity. In this study, a wider salinity tolerance range was seen 
in mussels collected from the site exhibiting the higher saline 
environment. In addition, an increase in tolerance was seen 
when animals were slowly exposed to an increase in salin-
ity over a monthly period. A wider salinity tolerance was also 
seen for S. cylindraceus when gradually increased/decreased 
to test conditions (Nel et al., 2011). Numerous studies have 
illustrated an increase in the salinity tolerance of bivalve spe-
cies when slowly adjusted to test salinities (Yuan et al., 2010). 
Additionally, the historical fluctuations observed within False 

TABLE 1
Repeated-measures ANOVA comparing the effects of salinity, exposure time and the interaction 

between salinity and exposure time on the % survival of Brachidontes virgiliae collected at Esengeni and 
Lister’s Point over a 30-day period. All Greenhouse-Geisser corrected probabilities were <0.001.

Site Experiment Source of variation SS df Adjusted df MS F
Es

en
ge

ni

Shock
Exposure time 1 356 35.0 2.27 598 393
Salinity 2 897 7.00 - 413 4 585
Exposure time X Salinity 904 15.9 - 56.9 37.4

Acclimation
Exposure time 51.7 35.0 1.86 27.7 11.2
Salinity 2 541 4.00 - 625 141
Exposure time X Salinity 75.4 7.45 - 10.1 4.09

Li
st

er
’s

 P
oi

nt Shock
Exposure time 787 35.0 1.85 425 744
Salinity 5 140 7.00 - 734 11 130
Exposure time X Salinity 1 334 13.0 - 103 179

Acclimation
Exposure time 68.8 35.0 2.16 31.8 18.0
Salinity 2 541 3.00 - 1204 783
Exposure time X Salinity 107 6.49 - 16.5 9.31
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Bay are wider than those occurring at Esengeni. This may be 
reflected in the evolutionary response that species have to a 
change in environmental parameters. 

This mussel is often found attached to submerged mac-
rophytes (Nel et al., 2012). In Lake St Lucia, the three main 
macrophyte species are Stukenia pectinata, Ruppia cirrhosa and 
Zostera capensis (Adams and Bate, 1994). Floods may dislodge 
these submerged macrophytes and this will have an indirect 
effect on the mussel population. An increase or dramatic 
decrease in salinity may also affect B. virgiliae indirectly, by 
eliminating these macrophytes. Stukenia pectinata is excluded 
above salinity levels of 20; Z. capensis can tolerate salinity levels 
between 10 and 45, while R. cirrhosa is able to tolerate salinities 
as high as 50 (Adams and Bate, 1994; Adams et al., 2013). 

Salinity may affect an organism directly through its physi-
ology and indirectly by altering its food, predators and habitat 
availability (Finney, 1979; Jassby et al., 1995; Montagna et al., 
2002). The metabolic rates of an organism are affected with esca-
lation in its activity level (Berger and Kharazova, 1997; Segnini 
de Bravo et al., 1998). In mussels, the formation of byssus threads 
can be affected by changes in the saline environment (Sundaram 
and Syed Shafee, 1989). Although these factors were not directly 
measured in this study, a reduction in mobility was observed 
under unfavourable salinity levels. Additionally, mussels in the 
higher treatments did not attach to the sides of the incubation 
vessel, as opposed to their counterparts exposed to lower salini-
ties. There is a need for future research to focus on sub-lethal 
effects of salinity on attachment, filtration and respiration, as 
these factors will affect population dynamics.

Sessile and relatively sedentary species are unable to move 
away from unfavourable environmental conditions (Perkins, 
1974). They thus employ behavioural strategies to cope with 
exposure to salinity levels outside of their tolerance range. 
Mussels may close their shells when exposed to abnormal 
salinities, with this isolation reflex first occurring in the more 
sensitive individuals and later in all (Berger and Kharazova, 
1997). Individuals are able to withstand prolonged asphyxia 
and accumulation of acidic products produced during anaero-
bic metabolism, while the mussel remains closed (Berger and 
Kharazova, 1997). However, this is a temporary mechanism 
and long-term survival under such conditions is unlikely. Zebra 
mussels are extremely starvation-tolerant and this may be a 
mechanism used to withstand periods of closure (McMahon, 
1996). In the current study, B. virgiliae displayed an ability to 
withstand unfavourable conditions for a few (4 to 7) days by 
tightly closing their shells. Although long-term survival at 
these salinity levels is unlikely, this mussel may be able to toler-
ate short spikes in the saline environment.

Lake St Lucia is characterised by floods, wetter than average 
years and periods of extreme drought conditions. Floods such 
as those caused by Cyclone Domoina in January/February 1984 
reduced the salinity within Lake St Lucia from ~ 40 to near-
freshwater conditions, in a matter of days (Cyrus, 1988; Forbes 
and Cyrus, 1993; Nel et al., 2011). This cyclonic activity and 
heavy rains caused a reduction in the macrofaunal density by ~ 
40% (Cyrus, 1988). Owen and Forbes (1997) found that macro-
faunal biomass declined following cyclonic activity. Prolonged 
periods of rainfall will also cause a decline in salinity, thus 
eliminating species unable to withstand oligohaline to limnetic 
conditions (Owen and Forbes, 1997). There is often a moderate to 
large decrease in abundance (e.g. 28 to 100%) of certain species, 
especially bivalves, when exposed to a drastic decrease in salinity 
(McLachlan and Erasmus, 1974; Hanekom, 1989; Kanandjembo 
et al., 2001). Although Lake St Lucia has historically been 

subjected to cyclonic activity (Cyrus, 1988; Owen and Forbes, 
1997), an increase in the frequency of occurrence and intensity 
of extreme events is expected in response to climate change 
(Schulze, 2006). Brachidontes virgiliae may be positively affected 
by the dramatic decrease in salinity; however, an associated 
high silt load entering the system may have detrimental effects 
on filter-feeding mussels (Adam, 1986; Thrush et al., 2004). 
Although B. virgiliae may withstand periods of about 30 days of 
exposure to high silt concentration, up to 1 500 NTU (HA Nel, 
unpubl. data), this needs to be investigated further. 

Lake St Lucia has recently experienced a severe drought 
period that has resulted in the development of a reverse salin-
ity gradient and caused hypersaline events in the northern 
reaches. High salinities prevailing in False Bay and North Lake 
have resulted in a scarcity of benthic fauna and flora (Day et 
al., 1954). Similarly, in the late 1960s, Millard and Broekhuysen 
(1970) attributed the observed decrease in faunal richness in the 
northern reaches to extreme conditions. In addition, Boltt (1975) 
reported that an impoverished benthic community was seen 
when there were high salinities, between 45 and 80. Pillay and 
Perissinotto (2008) suggested that the reduction in macrofaunal 
abundance, species richness and diversity in the northern parts 
of the system was due to hypersaline conditions and low water 
levels. Thus localised elimination due to hypersaline conditions 
is well documented, whereby species that are unable to toler-
ate high salinities are temporarily eliminated from the system. 
Brachidontes virgiliae is able to withstand salinity levels up to 50, 
if slowly acclimated or found in a habitat with higher salinities. 
Above 50, this species remains tightly shut and suffers mass mor-
tality within a week. Both S. cylindraceus and B. virgiliae have a 
wide salinity tolerance that has enabled these species to persist, 
whereas numerous bivalves have previously been eliminated 
from this system due to unfavourable conditions (Nel et al., 2011; 
Nel et al., 2012).

In conclusion, this species is unlikely to disappear from 
Lake St Lucia, as it becomes widespread during wet periods, 
and is able to withstand low salinities. During dry periods, it 
remains abundant in the Narrows and is restricted to areas 
with salinity levels below 50. During the most extreme drought 
periods, when salinities may reach 200 in the northern reaches, 
the Narrows would act as a refuge area for this mussel. This is 
in contrast to S. cylindraceus which uses South Lake as its res-
ervoir during hypersaline conditions and the northern reaches 
during oligohaline conditions. Lancaster and Belyea (1997) 
described a refuge as an area that provides a species with pro-
tection from the negative effects of the surrounding environ-
ment. These areas are important during natural disturbances 
(i.e. drought and flood events), as they allow species to persist 
in a highly variable ecosystem (Magoulick and Kobza, 2003). 
Future studies should investigate the rate at which these areas 
act as nuclei from which recolonisation of the remaining lake 
can occur once favourable conditions have returned.   
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