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Discussion

Lowest shrimp mean survival after 96 hours of exposure was observed at 10°C where mean
survival was 0% in all test salinities. This, however, increased with increasing temperature and
highest shrimp mean survival was obtained at the combination of 20°C and 25°C with all test
salinities, where mean survival after 96 hours ranged between 93% to 100%. Mean survival of
P. peringueyi was highest at salinities and temperatures similar to those found in their natural
habitat as observed by Heyns and Froneman (2010) and Nyalungu (2014). These results are
comparable with previous studies on the effects of salinity and temperature on other
crustaceans, including penaeids, (e.g. Lester and Pante, 1991) that indicate that survival is
highest at temperatures and salinities similar to those recorded at their natural habitat.

Studies of prawns in brackish waters have revealed that salinities beyond their osmotic points
have a higher impact on survival compared to temperature (Ch and Shailender, 2013), although
extreme temperatures are associated with high mortality (Aktas and Cavdar, 2012; Crisp et al.,
2017). This corresponds with the results from the present study which found temperature to be
the more influential factor behind the shrimp’s mean survival when shifted towards the
shrimp’s upper and lower limits. Although test salinities outside the shrimp’s osmotic point
were omitted from the study, a steady decline in shrimp survival was observed when salinity
was lowered to 25 and even more so when in combination with temperatures towards the
shrimp’s thermal limits, thus suggesting an exacerbating effect of the one physico-chemical
parameter on the other. The findings of this study are, therefore, comparable with previous
studies on the effects of salinity and temperature on crustaceans, which follow the same trend
when it comes to salinity and temperature tolerance (e.g. CTMax studies on Farfantepenaeus
aztecus (Re et al., 2005), Litopenaeus stylirostris (Re et al., 2006) and Penaeus semisulcatus

(Kir and Kumlu, 2008)).

73



Salinity and temperature influence the physiology and, partly, the survival and manner in which
organisms are distributed within the aquatic environment (Re et al., 2005). Temperature and
salinity have a direct and indirect influence on aquatic organisms. Temperature directly
influences organismal activity, and salinity has an indirect influence on physiological
responses, such as growth, life cycle, metabolism, nutrition and intra- and inter-specific
relationships (Kinne, 1971). Robertson (1984) found that combinations of elevated
temperatures and low salinities result in mortalities of P. peringueyi. The present study is in
correspondence with this result and has concluded that the combined effects of temperature
and salinity have a significant influence on the survival of P. peringueyi (p = 0.002).

These findings on the interactive effects of salinity and temperature on the survival of P.
peringueyi are critical from a South African perspective as we can now add to the existing body
of work and make educated conclusions onthe impacts global climate change may have on the
livelihood of the shrimp species. Though 'the test species may have not been exposed to
stressors beyond its tolerance range, it is quite evident that thermal and saline conditions
beyond the shrimp’s tolerance points-result/in-mass mortalities.-It can thus be concluded that
the predicted shifts in both parameters that may be brought about by global climate change will
have detrimental effects on the species’ livelihood and survival.

Species distribution and abundance is predicted to shift according to the species’ temperature
tolerance and its adaptability, due to the rise in temperature (Harley et al., 2006). In order to
deal with the predicted shifts in thermal stressors associated with climate change, certain
species will physiologically rely on mechanisms to tolerate extreme body temperatures, and
many will behaviourally regulate their body temperatures (Kearney et al., 2009). In comparison
to terrestrial endotherms, aquatic ectotherms lack the ability to control their body temperature
physiologically (P ortner, 2002). P. peringueyi, for example, is an obligate poikilotherm and

like other ectotherms, lacks the ability to physiologically regulate its body temperature
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(Madeira et al., 2012), therefore, its distribution within estuaries is limited by its thermal
preference (Portner and Peck, 2010). As such, the shrimp species is increasingly exposed to
the threat of thermal climatic changes, especially warming (Pinsky et al., 2019). It can thus be
concluded that exposure to rising water temperatures and increased thermal variability, coupled
with the changes in salinity brought about by global climatic change will not only be
physiologically unfavourable to P. peringueyi but will also result in shifts in its distributional
ranges and abundance of the shrimp species. Furthermore, exposure to such harsh
environmental conditions and with one factor exacerbating the effects of the other, it can only
be concluded that future global climate change scenarios will have a detrimental effect on the

survival of the species.

Though this study focused on the salinity and temperature tolerance of adult P. peringueyi, it
should be noted that salinity and temperature tolerances are more relevant to juveniles than
adults (i.e. juveniles are the main occupants-of-estuaries as they recruit into estuaries at around
6mm) and tolerances for juveniles are typically very different. Therefore, since juveniles are
the ones that spend the most time’in estuaries;and are thus-most affected by salinity changes,
the current study recommends that further research be conducted to further test the ecological
relevance of its data by looking at juvenile tolerances. This will result in the understanding of
the physiological responses of P. peringueyi to multiple environmental drivers (i.e. salinity and
temperature) which will be the starting point toward better models of biotic responses to

climate change.
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Chapter 5

Synthesis



This study examined salinity tolerance, temperature tolerance and their combined effect on the
survival of the caridean shrimp, P. peringueyi. This study was conducted in order to understand
how the shrimp species is physiologically adapted to the changing estuarine environment,
especially with the environmental changes that would be brought about by global climate
change. P. peringueyi is said to be euryhaline and tolerant to a wide range of aquatic
temperatures (Wooldridge, 1999). These are rather important adaptations within the estuarine
environment, where the fluctuations in both salinity and temperature occur frequently and

widely.

The study was aimed at investigating the saline and thermal effects on the survival of the shrimp
species. To achieve this, it was necessary to first determine the appropriate shrimp density to
be used so that density did not have a sub-lethal effect during salinity, temperature and
interactive effects testing. Group exposure was found to have a negative impact (i.e. which
might not be a density induced effect but-might-be due to a confounding factor such oxygen
depletion and requires further investigation) on the survival of P. peringueyi This may be due
to space competition and/or cannibalistic;-behaviour and- it requires further investigation.
Therefore, this study recommends that salinity and temperature tests using P. peringueyi as a

test organism, employs the individual exposure method.

The salinity tolerance of P. peringueyi investigated appears to correspond to the areas that the
shrimp inhabits within the estuarine environment. Its wide tolerance is mostly attributed to the
fact that the species is widely distributed within estuaries and is, therefore, subjected to wide
variations in salinity from its surrounding environment. Throughout this study the shrimp
displayed a wide salinity tolerance with highest peak in survival recorded at salinities generally
recorded in the middle and lower reaches of predominantly open estuaries (e.g. Kariega
Estuary). P. peringueyi is more abundant in the middle and lower reaches of predominantly

open estuaries that are characterised by high salinities (de Villiers et al., 1999; Nyalungu et al.,
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2014). The decline in shrimp survival when exposed to lower salinities further emphasized that
the shrimps, being occupants of the lower and middles reaches of the estuary, are exposed to
hyposaline conditions for shorter periods. This corresponds with previous studies on P.
peringueyi which state that the shrimp’s upper distribution in predominantly open estuaries is

reduced due to physiological tolerances (Emmerson, 1986).

Results on the effects of temperature on P. peringueyi are comparable with previous studies.
P. peringueyi, being a species that has a high abundance in the warm-temperate waters of the
Eastern Cape in comparison to the cooler waters of the Western Cape (Hanekon, 1982; Achituv
and Cook, 1984), was found to have a preference for cool to warm water temperatures between
15 and 25°C. This was not surprising as these are the temperatures that are generally recorded
in the shrimp’s natural habitat. Extreme temperatures beyond the shrimps’ tolerance range,
however, had a negative effect on survival with temperatures 5 and 35 resulting in 100% shrimp

mortalities within 24 hours of exposure.

Temperature was found to be the. more; influential factor driving shrimp mortalities when
compared to salinity. The interactive effect of temperature and salinity on survival was also
found to be significant. The interactive effect of the two factors is usually very complex, with
one variable exacerbating the effects of the other. Though the shrimp species is adapted to wide
salinity and temperature ranges, as is evident in the high survival rates at the different
temperatures, an increase in shrimp mortalities was, however, observed when salinity was
shifted below 35. This is unusual as these are salinities that are recorded at the shrimps’ natural
habitat. This was observed as an effect of a potential confounding factor and the study refers
that it be further investigated. Previous studies on crustaceans have also shown that an
interaction between the two variables has significant effects on the physiology of organisms
with one variable exacerbating the effects of the other. P. peringueyi, however, was not

exposed to combinations of extreme stressors beyond its preference range thus the potential of
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the interactive effects of salinity and temperature on its survival was not fully tested. However,
the study has provided sufficient data that corresponds with previous studies on the combined
effects of salinity and temperatures on the survival of P. peringueyi. This study does, however,
suggest that the combined effects of salinity and temperature be further investigated with the
inclusion of extreme salinity conditions beyond the shrimp’s osmotic point. This study also
notes that saline and thermal tolerances of P. peringueyi are more relevant to juveniles than
adults and recommends that further research be conducted to further test the ecological
relevance of its data by looking at juvenile tolerances, since they are more affected by the ever-

changing estuarine conditions (i.e. salinity and temperature).
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