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Effects of temperature and salinity on the standard
metabolic rate (SMR) of the caridean shrimp Palaemon
peringueyi
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Abstract

The standard metabolic rate (SMR) of the caridean shrimp Palaemon peringueyi to
changes in temperature (15-30 °C), salinity (0—45%o) and a combination thereof was
investigated. The rate of oxygen consumption of the shrimp was determined using a
YSI oxygen meter. At a constant salinity of 35%o the respiration rate of P. peringueyi
increased with an increase in temperature and ranged between 0.260 and 0.982 ul O,
mg wwt ' h™'. The Qyo value over the temperature range 15-25 °C was estimated at
3.13. At a constant temperature of 15 °C the respiration rate of P. peringueyi also
increased with an increase in salinity and ranged between 0.231 and 0.860 pl O, mg
wwt ' h™'. For combination experiments the absence of any significant difference in
the respiration rate of P. peringueyi at the four temperatures over the salinity range
15-35%o suggests that the shrimp is well adapted to inhabiting environments
characterised by variations in salinity and temperature such as those encountered
within the middle and lower reaches of permanently open estuaries with substantial
freshwater inflow. On the other hand, the total mortality of the shrimp recorded at
salinities < 5%o at all four temperatures suggests that the upper distribution of the
shrimp may reflect physiological constraints. Similarly, the increase in the respiration
rate of the shrimp at the four temperatures at salinities > 35%o suggests that the shrimp
may experience osmotic stress in freshwater deprived permanently open and
intermittently open estuaries where hypersaline conditions may develop.

1. Introduction

Intrinsic factors such as body size and moulting stage (Schmidt-Nielsen, 1983 and
Emmerson, 1985) and extrinsic factors such as temperature, dissolved oxygen and
salinity (Hagerman and Weber, 1981, Schmidt-Nielsen, 1983, Achituv and Cook,
1984 and Spanopoulos-Hernandeza et al., 2005) play important roles in the biology of
many crustacean species. In crustaceans respiration generally increases with an
increase in temperature, which has been observed in many species of shrimp
including Litopenaeus stylirostris (Spanopoulos-Hernandeza et al., 2005) and
Penaeus chinensis (Chen and Nan, 1993) as well as copepods such as
Pseudodiaptomus hessei (Isla and Perissinotto, 2004). The response of crustaceans to
changes in salinity are, however, more complex (Kinne, 1966). Standard metabolic
rates may be influenced in four different ways: (1) increased in subnormal salinities
and/or reduced in supranormal salinities, (2) increased both in sub- and supranormal
salinities, (3) reduced both in sub- and supranormal salinities, (4) essentially
unaffected (Kinne, 1966). In estuarine systems abiotic variables such as temperature
and salinity can dramatically change across spatial and temporal scales (Kirkpatrick
and Jones, 1985 and Rowe, 2002). Abiotic factors, particularly salinity, may thus play
an important role in determining species distributions within estuarine systems
(Wooldridge, 1999 and Rowe, 2002).
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The caridean shrimp Palaemon peringueyi (previously known as Palaemon pacificus)
(MacPherson, 1990) is a temperate species that occurs along the southern African
coastline from Walvis Bay (west coast) to Kosi Bay (east coast), although it tends to
be more common toward the southeast and south coasts (de Villiers et al., 1999). P.
peringueyi breed in marine coastal waters but stage 6 and post-larvae will migrate
from offshore spawning grounds to sheltered nursery habitats of estuaries or rock
pools (Emmerson, 1986 and de Villiers et al., 1999). Within estuarine systems the
highest densities of P. peringueyi can be found within eelgrass beds (Zostera
capensis) where their abundances may be up to 400 individuals per m* (Emmerson
1986 and Wooldridge, 1999). P. peringueyi is not dependent on estuaries to complete
its life cycle, however their presence in large numbers suggests they are likely to play
an important role in estuarine food webs (Wooldridge, 1999).

Within estuaries P. peringueyi is a conspicuous component of the hyperbenthos of the
lower and middle reaches of both permanently and intermittently open systems (de
Villiers et al., 1999, Kibirige and Perissinotto, 2003, Bernard and Froneman, 2004,
Froneman, 2004 and Kemp and Froneman, 2004). The shrimp is, however, virtually
absent from the upper reaches of these estuaries (Kibirige and Perissinotto, 2003 and
Bernard and Froneman, 2004). The absence of the shrimp from the upper reaches may
reflect physiological constraints. P. peringueyi have been shown to remain active and
capable of growth at salinities between 10%o and 50%o and at temperatures between
10 and 30 °C (Robertson, 1984 and de Villiers et al., 1999). Salinity extremes and
lower temperatures may be tolerated, however, only for limited periods while
temperatures greater than 30 °C tend to be lethal (Robertson, 1984 and de Villiers et
al., 1999). Both temperature and salinity are important physical variables that are
known to directly affect physiological responses of most invertebrate species
(Schmidt-Nielsen, 1983). It has been shown that temperature directly affects the rate
of physiological processes while salinity places an osmoregulatory demand on aquatic
organisms (Schmidt-Nielsen, 1983 and Spanopoulos-Hernandeza et al., 2005).
Changes in temperature and salinity rarely occur independently of one another (de
Villiers et al., 1999). Despite this little research has been done on the combined effect
of temperature and salinity on South African estuarine inhabitants (de Villiers et al.,
1999). Previous studies (Achituv and Cook, 1984 and Emmerson, 1985) have only
investigated the effect of one physical variable (temperature) on the oxygen
consumption rate of P. peringueyi (in their studies P. pacificus). The main aim of the
study, therefore, was to investigate the effect of temperature and salinity and a
combination thereof on the standard metabolic rate of the caridean shrimp P.
peringueyi.

2. Methods

P. peringueyi were collected from the middle reaches of the Kariega estuary (33°40.
49'S; 26°40.56' E) where the salinity was approximately 35%o. In the laboratory the
shrimp were kept in aerated tanks (0.40 m x 0.30 m x 0.12 m) filled with unfiltered
seawater (35%o) in a constant environment (CE) room set at the specific experimental
temperature with a 12:12 light/dark phase. The shrimp were provided with fish food
(protein 47.0%, oil 12.5% and fibre 1.5%) daily. The physiological response of adult
male and female P. peringueyi (carapace length 7.0-11.0 mm; wet weight 92.6—
199.7 mg) to changes in temperature (15-30 °C), salinity (5—45%o) and a combination
thereof were investigated in 2005. The sex of the shrimp was determined by the
presence (male) or absence (female) of an appendix masculine (a.m.) on the endopod
of the second pleopod (Bernard and Froneman, 2004).



2.1. Temperature

The effect of temperature on the metabolic rate of the shrimp was investigated within
a range of seasonal estuarine temperatures (15, 20, 25 and 30 °C) at a constant salinity
of 35%o. The shrimp were acclimated at the experimental temperature overnight prior
to each experiment by gradually adjusting the temperature (0.5 °C/h) of the CE room.
The temperatures during the experiments were maintained within £+ 0.1 °C by using a
water bath. For each temperature, four replicates were prepared each containing one
shrimp and a control flask that did not contain a shrimp. Each experiment was
repeated 3 times with new individuals.

The oxygen consumption rate was determined by sealing, with a lid and petroleum
jelly, one shrimp in a 100 ml conical flask for 1 h. The experiment was carried out
within the dark so as to minimise disturbance of the shrimp. Observations conducted
during the incubation indicated that the shrimp largely remained motionless during
the experiments. As consequence we have assumed that the respiration rates measured
constitute the standard metabolic rate (SMR) of P. peringueyi. The oxygen
concentration was measured using a YSI 550 DO oxygen probe and meter. The
difference between the oxygen concentrations of the control flask and the
experimental flasks was used to determine the oxygen consumption rate of each
shrimp. Immediately after the experiment the wet weight (precision 0.0001 g) of the
shrimp was determined using a Sauter AR 100 microbalance after excess water had
been removed using blotting paper. The mass specific oxygen consumption rates of
the shrimp were then expressed as microliter of oxygen consumed per milligram of
wet weight per hour (ul O, mg wwt ' h™").

The Qo value of the shrimp was determined by using the equation Q;¢ = (Vz/Vl)Wr 2
"™ in which V, and V| are the specific physiological rates at the respective

temperatures T, and T; (Schmidt-Nielsen, 1983).
2.2. Salinity

The effect of salinity on the oxygen consumption rate of the shrimp was investigated
at five salinities (5%o, 15%0, 25%0, 35%0 and 45%o) at a constant temperature of

15 £ 0.1 °C. The salinity required was obtained by diluting sterilised seawater with
double distilled water. The shrimp were acclimated at the experimental salinity
overnight prior to the experiment. The procedure employed was similar to that
described above.

2.3. Temperature and salinity

The combined effects of salinity and temperature on the oxygen consumption rate of
the shrimp were investigated over a range of temperatures (15, 20, 25 and 30 °C) and
salinities (5%o, 15%o, 25%0, 35%0 and 45%o) using the method described earlier.

2.4. Statistical analysis

All analysis was performed in Statistica (version 7.0) employing a one-way ANOVA
followed by a post hoc Scheffe test with a significance level of 5%. For all salinity
and temperature combination experiments analysis was performed in Statistica
utilising a factorial ANOVA for multiple independent variables.



3. Results

As there was no significant difference in the oxygen consumption rates between male
and female P. peringueyi (p > 0.05) values were pooled.

3.1. Temperature

The oxygen consumption rates of P. peringueyi at 35%o ranged between 0.260 and
0.982 ul O, mg wwt ' h™ ' and increased with an increase in temperature (Fig. 1). The
Q10 value was estimated at 3.13 over the temperature range 15 to 25 °C. A significant
difference was observed in the oxygen consumption rates of the shrimp between 15,
20 and 30 °C (p < 0.05). However, there was no significant difference between 20 and
25 °C as well as 25 and 30 °C (p > 0.05).

12

1.0
be
LR

(L6

0.4 a

O consumption (pl O mg wwt ' h'!)

15 20 25 in
Temperature (°C)

Fig. 1. The effect of temperature at a constant salinity (35%o) on the oxygen consumption rates
(mean + S.E.) of Palaemon peringueyi. Different letters denote a significant difference (p < 0.05).
n=9-11 for each treatment.

3.2. Salinity

At a constant temperature of 15 °C over the salinity range 5—45%o, the oxygen
consumption rates of the shrimp ranged between 0.231 and 0.860 ul O, mg wwt ' h™ '
and increased with an increase in salinity (Fig. 2). No significant difference was
observed in the oxygen consumption rates of the shrimp between 5%o and 15%o as
well as 25%o and 35%o (p > 0.05). There were, however, significant differences in the
oxygen consumption rates between 5/15%o, 25/35%0 and 45%o (p < 0.05).
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Fig. 2. The effect of salinity at a constant temperature (15 °C) on the oxygen consumption rates
(mean + S.E.) of Palaemon peringueyi. Different letters denote a significant difference (p < 0.05).
n = 11-12 for each treatment.
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Fig. 2. The effect of salinity at a constant temperature (15 °C) on the oxygen consumption rates
(mean + S.E.) of Palaemon peringueyi. Different letters denote a significant difference (p < 0.05).
n = 11-12 for each treatment.

3.3. Temperature and salinity

P. peringueyi suffered 100% mortality at salinities < 5%o at all four temperatures. At
salinities > 5%o the oxygen consumption rates of the shrimp at the various
temperatures increased with an increase in salinity (Fig. 3 and Fig. 4). Over the
salinity range 5—25%o there was no significant difference in the oxygen consumption
rates of the shrimp between the various temperatures (Fig. 3). However, at salinities

> 35%o the increase in oxygen consumption was more pronounced between
temperatures (Fig. 3). The shrimp at each of the four temperatures showed a similar
trend with the oxygen consumption rates at 5%o and 45%o being significantly different
from the remaining values (p < 0.05) (Fig. 4). There were no significant differences in
the respiration rate of the shrimp at the four temperatures between 15%o and 25%o as
well as 25%o and 35%o (p > 0.05) (Fig. 4). The two-factor ANOVA showed that both
salinity and temperature had a significant effect on the oxygen consumption of the
shrimp (p < 0.05 in both cases), however there was no interaction between these two
variables (p > 0.05).
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Fig. 3. The combined effect of salinity (5%o, 15%o, 25%o0, 35%0 and 45%o) and temperature (15, 20, 25
and 30 °C) on the oxygen consumption rates (mean + S.E.) of Palaemon peringueyi. Shrimps
experienced 100% mortality when incubated at salinities < 5%o at all four temperatures. n = 9—12 for
each treatment.



A C
1.0 1.0
-

0.8 0.8

0.6 A
= 04 (1.4
E
= 02 0.2
:'.._-.L-
iy
= 0 0
E 1.2 1.2
- B " D
E 10 1.0
=
u'_'-.
208 0.8
2

0.6 {16

0.4 0.4

0.2 0.2

0 - 0 - . .
5 I3 25 3s 45 5 15 25 33 45
Salinity (%) Salimity (%)

Fig. 4. The effect of salinity on the oxygen consumption rates (mean + S.E.) of Palaemon peringueyi at
15 °C (A), 20 °C (B) 25 °C (C) and 30 °C (D). Different letters denote a significant difference
(p <0.05). n=9-12 for each treatment.

4. Discussion

The increase in the respiration rate of P. peringueyi with the increase in temperature
observed during this study corresponds to results obtained in previous studies
(Achituv and Cook, 1984 and Emmerson, 1985). As temperature directly affects the
rate of all biological processes the increase in respiration rate with an increase in
temperature is not surprising (Schmidt-Nielsen, 1983). The oxygen consumption rates
obtained in the previous study by Achituv and Cook (1984) were similar to the values
obtained within this study, which was expected as both studies used a closed bottle
system. However, the values obtained in these studies were approximately double
those obtained by Emmerson (1985) in which a continuous flow respirometer was
employed. The discrepancy between the results could be due to the use of different
methods or different levels of shrimp activity in the respiration chambers. The Q¢
value of 3.13 obtained over the temperature range 15 to 25 °C at 35%o was similar
(3.12) to that obtained for routine metabolism in a previous study (Emmerson, 1985).
It has been shown that within the temperature range that can be tolerated, an increase
in 10 °C generally results in a two- to threefold increase in the rate of oxygen
consumption (Schmidt-Nielsen, 1983). This Q; value obtained during this study
therefore suggests that the shrimp is unlikely to experience thermal extinction in
permanently open estuaries where temperatures rarely exceed 25 °C (Grange and
Allanson, 1995).

Metabolic responses of crustaceans to changes in salinity are highly variable among
species (Kinne, 1966 and Huni and Aravindan, 1985). In this study an increase in
salinity was associated with an increase in the respiration rate of P. peringueyi.
However, the absence of any significant difference in the respiration rate of P.
peringueyi over the salinity range 15-35%o suggests that the shrimp is well adapted to



inhabiting environments characterised by variations in salinity and temperature. Such
conditions occur in the middle reaches of permanently open estuaries with substantial
freshwater inflow. Within these systems salinity fluctuates greatly due to tidal
influences (Kirkpatrick and Jones, 1985). On the other hand, when the shrimp were
incubated at all four temperatures at salinities < 5%o the shrimp suffered total
mortality. A previous study investigated the salinity tolerance range of Palaemon
affinis and compared it to that of other Palaemon species (Kirkpatrick and Jones,
1985). Kirkpatrick and Jones (1985) found that Palaemon species that inhabit marine
or brackish water environments are unable to tolerate low salinities which is not
surprising if one considers that these species are marine in origin and are therefore not
naturally exposed to freshwater. Such mortality at lower salinities suggests that the
upper distribution of the shrimp, particularly in permanently open systems
characterised by sustained freshwater inflow, may be limited by physiological
constraints. Indeed, several studies have demonstrated that P. peringueyi is absent
from the upper reaches of permanently open estuaries with sustained freshwater
inflow (Emmerson, 1986).

The increase in the respiration rate of the shrimp at the four temperatures at salinities
> 35%o suggest that the shrimp may experience osmotic stress in freshwater deprived
permanently open and intermittently open estuaries where hypersaline conditions may
develop (Allanson and Read, 1995). At salinities > 35%o the increase in the respiration
rate of the shrimp is likely to be due to the active removal of rapidly accumulating
salts within the shrimp (Schmidt-Nielsen, 1983). As no mortality was observed during
the experiments the data show that these shrimp are able to tolerate hypersaline
conditions. This is advantageous as they often inhabit closed estuaries or rock pools
which can experience high fluctuations in temperature and salinity over 24-h periods
(Anger, 1996).

In conclusion, there is strong evidence to suggest that the upper distribution of the
shrimp P. peringueyi within estuarine systems, especially permanently open and
intermittently open systems, may be limited by physiological constraints. The wide
tolerance range of the shrimp to a range of temperatures and salinities suggest that it
is well adapted to surviving in aquatic systems characterised by variations in salinity
and temperature. In particular they are able to withstand hypersaline conditions

(> 35%o0), which enables them to persist in freshwater deprived permanently open and
intermittently open estuaries as well as rock pools.
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