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ABSTRACT

Context. The ability of ectothermic stream invertebrates to adapt to the predicted increases in
mean and extreme stream temperatures is crucial to ensuring they continue to exist. Aims. To
examine the plasticity of thermal limits of Australian Paratya spp. (Decapoda, Atyidae) from streams
in eastern New South Wales (NSW). We hypothesised that the upper lethal temperature (ULT, as
indicated by the median lethal temperature, LT50) would be higher for warm water-acclimated
shrimp individuals than for winter-acclimatised shrimp individuals because of the importance of
acclimatisation temperature. Methods. Controlled experiments were undertaken to determine
the ULT by using ramping assays for winter field-acclimatised and warm water laboratory-
acclimated Paratya spp. Key results. Warm water-acclimated shrimp individuals demonstrated
a significantly higher LT50 of 36.1°C than did winter-acclimatised shrimp individuals at
34.6°C. Paratya spp. exhibited a limited plasticity for acclimation to warmer temperatures.
Conclusions. Results demonstrated the potential vulnerability of ectothermic stream
invertebrates to climate change if stream temperatures increase as predicted and thermal
thresholds are exceeded. Implications. Understanding the ULT of stream invertebrates helps
predict their ability to respond to temperature variability and response to climate change.
Increasing resilience through target management of resorting riparian vegetation for shade and
securing environmental flows may reduce the impacts of stream warming.

Keywords: acclimatisation, climate change, distribution, macroinvertebrates, plasticity, shrimp,
stream temperature, thermal tolerance.

Introduction

Changes to thermal regimes linked to climate change may have severe consequences for 
the structure of in-stream biotic communities and the functions of stream ecosystems. 
Thermal changes can affect biodiversity, abundance, species distribution and life-history 
patterns of stream invertebrates (Cox and Rutherford 2000; Narum et al. 2013; Dallas 
and Rivers-Moore 2018: Bonacina et al. 2023). Stream invertebrates are ectotherms; as 
such, they are directly affected by alterations in the thermal regime (Narum et al. 2013; 
Magozzi and Calosi 2015). Mortality may occur as stream temperatures exceed the 
critical thermal-tolerance limits of individual invertebrate species (Stewart et al. 2013; 
Pedreros et al. 2020). When temperatures exceed these lethal limits, the number of 
individuals of a species in a population is reduced until they become absent from the 
stream community (Dallas and Rivers-Moore 2018). For example, in a study on 
freshwater mussels, Archambault et al. (2014) found that increasing stream temperature 
and reduced stream flow directly affect abundance through mortality. Geographical 
distribution shifts are a potential effect of mortality because of exceedance of thermal 
limits of stream invertebrates (Verdelhos et al. 2015). In a review of the effects 
of climate change and water temperature on stream invertebrates, Bonacina et al. 
(2023) recommended that community-level physiological responses of individuals or 
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populations should be studied in more detail, given that 
their ecological effects are likely to be enhanced by climate 
warming. Understanding the upper lethal temperature 
(ULT), plasticity and response of stream invertebrate species 
and populations to possible future conditions helps forecast 
the ecological consequences of climate change (Dallas and 
Rivers-Moore 2018; Morley et al. 2019; Hidalgo-Galiana 
et al. 2021). 

The seasonal variability of stream thermal regimes has a 
fundamental influence on the structure of stream invertebrate 
communities (Pedreros et al. 2020). Examining seasonal 
variations in thermal thresholds may give some insight into 
the thermal adaptability of stream invertebrates (Houghton 
and Shoup 2014). A link between ULT and acclimatisation 
to seasonal stream temperatures has been studied with 
varying results. Dallas and Rivers-Moore (2018) showed 
that the critical thermal limits of two stream invertebrate 
species significantly differed between late summer and 
winter; however, those between spring and autumn were less 
distinct. By contrast, Hidalgo-Galiana et al. (2021) showed 
that six Coleoptera species had limited acclimation-related 
plasticity for upper thermal limits and concluded that plas-
ticity of thermal limits is unlikely to buffer the consequences 
of climate change. 

Thermal acclimatisation in response to changing thermal 
conditions expected under climate change will require 
organisms to adjust to the changing environmental conditions 
by plasticity. Physiological plasticity occurs as organisms 
respond to acclimatisation at a seasonal scale (Gunderson 
and Stillman 2015). The ability of stream invertebrates 
to adapt to temperatures outside their current limits is 
less understood. The impact of climate change on stream 
invertebrates will depend on the increase in temperature 
and the rate of increase relative to their adaptive capacity 
(Palmer et al. 2009). Because climate change leads to 
increased temperature change, higher average temperatures 
and more variable temperatures, an ability to adapt 
will determine the degree of shift of distribution ranges 
(Verdelhos et al. 2015; Alba-Tercedor et al. 2017; Haase 
et al. 2019). In eastern Australia this translates specifically 
to how far the northern limit of specific stream invertebrate 
species will move south and will be determined by the 
upper thermal tolerance and plasticity of each species. 
Because stream invertebrates play a crucial role within 
aquatic food webs, changes in species’ survival rates will 
influence community composition and structure, significantly 
affecting entire stream ecosystems. Change is inevitable, but, 
how much, is uncertain. 

This study aimed to examine the plasticity of thermal limits 
of a population of Australian Paratya spp. (Decapoda; 
Atyidae) from streams in eastern New South Wales (NSW). 
This was achieved through three main objectives. The first 
was to determine the ULT of winter acclimatised Australian 
Paratya spp. caught in the field. The second was to determine 
the ULT on the basis of acclimation to summer stream 

temperatures simulated in the laboratory. Finally, the ULTs 
of the two treatments were compared to identify any impacts 
of acclimation temperature. By examining the acclimated 
specimens’ responses, the adaptive capacity of Australian 
Paratya spp. to future warming is considered. 

Methods

Study species, collection and acclimatisation

Paratya spp. are the most widespread atyid freshwater shrimp 
in eastern Australia, found in upland and lowland streams, 
dams and retention ponds, with distribution from southern 
Queensland to eastern South Australia (Cook et al. 2006; 
Rahman et al. 2020). Prior to a reclassification by Suter et al. 
(2022), it was believed that only a single highly variable 
Paratya species (Paratya australiensis) occurred in Australia. 
Since collection and identification of our P. australiensis in 
2021 for use in this study, Suter et al (2022) has redescribed 
and identified 10 distinct linages of Paratya in Australia. 
Under this new taxonomic classification, our test specimens 
were re-identified and found to be a combination of 
P. australiensis and the newly classified species Paratya 
spinosa sp. nov. 

Australian Paratya spp., generally, have a life cycle of 
2 years, with females breeding in their second summer 
(Hancock and Bunn 1997; Williams 1977). Temperature is 
the most critical factor influencing the breeding season of 
Australian Paratya spp., with hydrology a secondary influence 
(Hancock and Bunn 1997). In contrast to the tropical regions, 
the breeding season of Paratya in temperate and subtropical 
regions is confined to the warm summer months (Hancock 
and Bunn 1997; Rahman et al. 2020). Paratya spp. living 
within subtropical eastern Australia have not been found any 
closer than 10 km from the start of saline estuarine conditions 
and can complete their life history in upland rainforest streams 
(Hancock and Bunn 1997; Williams 1977; Cook et al. 2006). 

Specimens of Australian Paratya spp. were collected in 
July 2021 from a 100-m stretch of Leycester Creek, Barkers 
Vale (28°33 038.1″S, 153°07 002.7″E), NSW, Australia. This 
section of the creek is a low-order subtropical stream in the 
Richmond River catchment. Approximately 520 individuals 
were collected with a 300-μm sampling net, hand-picked 
and transported to the laboratory in an aerated bucket. The 
average stream temperature over the 4 weeks prior to capture 
was 13°C ± 1.52 (see Supplementary Fig. S1). Water quality at 
the time of capture was as follows: temperature was 15°C, pH 
was 8.1 and dissolved oxygen (DO%) saturation was 92.1%. 
Specimens transported to the laboratory were split between 
two 200-L aquarium tanks. Each tank contained ~150 L of 
preconditioned tap water maintained at 15°C. Tap water was 
preconditioned with Prime Fresh and Saltwater Conditioner 
to remove chlorine and chloramine and detoxify ammonia, 
nitrite, nitrate and any heavy metals in the tap water. 
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Water was aerated using large air stones, with water 
being recirculated through the system at a rate of 400 L h–1 

using 750 L h–1 pumps (Model: AQUAPROAP750LV). The 
first tank contained shrimp used for Assay 1 on winter field-
acclimatised shrimp. They were kept at 15°C for 2 days 
without food before use in Temperature-ramping assay 1. 
The experiment was conducted 3 days after their collection 
from the creek. 

To examine the ULT of warm water-acclimated shrimp, 
laboratory acclimation to approximate summer temperatures 
was required. For Assay 2, ~180 shrimp were laboratory-
acclimated to a temperature of 28°C over a 6-week period. 
The water temperature in the laboratory-acclimation tank 
was increased from the collection temperature of 15°C at a  
rate of ~2.7°C week–1 and held at a final temperature of 28°C 
for 2 weeks. Specimens were fed throughout the acclimation 
period with algal wafers. Once the acclimation period was 
complete, the shrimp were transferred to a 200-L holding 
tank (as above) at 28°C for 2 days without food, before 
being transferred to experimental apparatuses. 

Experimental setup

The apparatus used to examine ULT consisted of four 50-L 
water baths (Fig. 1). Each water bath contained three 
small 6.8-L containers suspended in water baths; to avoid 
any pseudo replication, each small container was filled with 
preconditioned tap water at a temperature of 15°C for the 
winter-acclimatised shrimp and 28°C for the warm water-
acclimated shrimp and aerated using one large air pump to 
maintain DO% saturation above 70%. Each small container 

held 15 shrimp. Shrimp were not fed during the experiment. 
Three water baths were used as experimental units (nine 
replicate containers) and heated using thermal circulators. 
A pump was placed in each water bath to aid in stirring the 
water, so as to ensure even water temperature throughout 
the ramping assay. The fourth water bath was held at the 
control temperature of 15°C for the winter-acclimatised 
shrimp and 28°C for the warm water-acclimated shrimp for 
the entirety of the ramping assay. A control (3 replicates each 
with 15 shrimp) was used to examine potential mortality 
from factors other than water temperatures (e.g. container 
effects, fluctuations in DO, water quality and lack of food) 
(Dallas and Ketley 2011). 

Experimental procedure

A ramping assay examined ULT for both winter field-
acclimatised and laboratory-acclimated warm-water shrimp. 
The endpoint criterion was defined as the temperature (°C) 
that results in the death of an individual (Rezende et al. 
2014). Following the acclimation period, shrimp were 
moved to the experimental apparatus and held at the 
control temperature of 15°C for field-acclimatised and 28°C 
for laboratory-acclimated shrimp for 1 h. Following the 1-h 
experimental in situ acclimation period, the ramping assay 
was commenced at a heating rate of 2°C h–1, by using thermal 
circulating heaters. The heating rate was considered to be 
slow enough to ensure that the core temperature of the shrimp 
approximated the ambient temperature, but fast enough 
to avoid acclimation (Ernst et al. 1984; Quinn et al. 1994; 
Dallas and Ketley 2011). This dynamic assay was chosen 

Air stoneHeater 
22°C 
22°C 

(a) 

Small containers 

Pump 

(b) 

Fig. 1. Diagram showing apparatus setup for ramping assay. (a) Top view of the overall apparatus
setup; four identical water baths containing three smaller containers holding the shrimp during
the ramping essay. (b) A side view of one water bath and water levels maintained during the
ramping assay.
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not to replicate a specific thermal event, but as a method to 
examine ULT. Water was heated at this constant rate until 
the endpoint was observed for all individuals. Throughout 
the experiment, the temperature was recorded every minute 
with a data logger (Hobo UA-002-08 temperature- and light-
pendant datalogger). Shrimp were continually visually moni-
tored throughout the experiment for mortality. A jet of water 
from a pipette was used to identify live shrimp from dead 
shrimp, with lack of agility being the first sign of heat stress. 
Organisms considered dead were removed and placed in a 
water tank at the control temperature to confirm mortality. 
The time of mortality, mortality temperature and size of 
each shrimp was recorded. Following the ramping assay, 
organisms were preserved in 70% ethanol and species 
identification was confirmed. If control survival was above 
90%, ULT values were considered valid. 

Analysis

To expose the ULT of the shrimp from the two treatments, 
we estimated median lethal temperature (LT50) and 95% 
confidence intervals using the PROBIT analysis within IBM 
SPSS Statistics for Windows (ver. 27.0, IBM Corp., Armonk, 
NY, USA) by using the total test population response. Outliers 
were removed from the data; this was only one shrimp per 
treatment to normalise the data. The resulting regression 
was used to determine the ULT, which is the temperature that 
causes mortality of 50% of the test population. Furthermore, 
to examine thermal thresholds, lethal temperatures for 10 and 
90% of the test population (LT10 and LT90 respectively) values 

were estimated using PROBIT analysis (see Supplementary 
Tables S1–S2). Dose–response curves were created using 
the PROBIT results, with proportional survival plotted against 
temperature. To examine and quantify thermal plasticity in 
response to acclimatisation and identify significant differ-
ences between the two treatments, a 95% confidence 
interval (CI) upper and lower bound overlap was used. 

Results

No mortalities occurred in the control population for 
either treatment. The average mortality temperature for the 
winter-acclimatised shrimp was 35.4°C (s.d. = 1.58), with 
100% mortality occurring at 36.4°C (Fig. 2). The ULT of 
the winter-acclimatised shrimp by using Ramping-assay 1 had 
an estimated LT50 value of 34.6°C, and 95% CI (33.9, 35.5) for 
all individuals tested (Table 1). The calculated window where 
mortality occurred (LT10–LT90) was 5.2°C (Fig. 2), with 
most mortality of winter-acclimatised specimens occurring 
between 32°C and 95% CI (30.5, 32.8) (LT10) and 37.2°C 
and 95% CI (36.2, 39.3) (LT90). Throughout the experiments, 
specimens generally remained sedentary, showing limited 
behavioural changes as temperatures increased. The average 
size of shrimp tested was 28.03 mm (s.d. = 5.42). 

The warm water-acclimated shrimp had an estimated ULT 
(as indicated by LT50) of 36.1°C, 95% CI (35.7, 37.6) (Fig. 2). 
The average temperature to cause mortality of the warm 
water-acclimated shrimp was 37.1°C (s.d. = 0.88), with 
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Fig. 2. Thermal–response curves from PROBIT (solid lines) and recorded mortality temperature (dots) for
each winter field-acclimatised at 15°C and warm-water laboratory-acclimated at 28°C Paratya spp. in ramped
water-temperature experiment heating at 2°C h–1.

494



Pr
ob

ab
ilit

y 

1 

0.9 LT10 

0.8 
Lower bound (warm) 
Upper bound (warm) 

0.7 Lower bound (winter) 
Upper bound (winter) 
Warm water (estimate) 0.6 
Winter (estimate) 

LT500.5 

0.4 

0.3 

0.2 
LT90

0.1 

0 
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

Water temperature (°C) 

www.publish.csiro.au/mf Marine and Freshwater Research

Table 1. Results of PROBIT analysis of winter field-acclimatised
shrimp and warm-water laboratory-acclimated with 95% confidence
level upper and lower bounds.

Treatment LT10 (95% CI) LT50 (95% CI) LT90 (95% CI)
(°C) (°C) (°C)

Winter 32.0 (30.5, 32.8) 34.6 (33.9, 35.5) 37.2 (36.2, 39.3)

Warm 35.1 (33.7, 35.4) 36.1 (35.7, 37.6) 37.1 (36.6, 41.0)

100% mortality occurring at 37.8°C. The LT10 was 35.1°C, 
95% CI (33.7, 35.4), and the LT90 was 37.1°C, 95% CI (36.6, 
41.0). The range between LT10 and LT90, where the highest 
mortality occurred, was 2°C (Fig. 2), being considerably 
narrower than for the winter-acclimatised shrimp (5.2°C). The 
average size of warm water-acclimated shrimp tested was 
24.76 mm (s.d. = 4.03). Again, specimens generally remained 
sedentary, showing little behavioural changes as temperatures 
increased. The ULT of the warm water-acclimated shrimp was 
1.5°C higher than that of the winter field-acclimatised shrimp. 

In response to acclimatisation, the ULT of warm 
water-acclimated shrimp was significantly higher (36.1°C, 
95% CI (35.7, 37.6)) than that of winter-acclimatised 
shrimp (34.6°C, 95% CI (33.9, 35.5)). The confidence 
intervals from the PROBIT analysis had no overlap (Fig. 3) and 
showed significant differences in the LT50 and LT10 values 
between warm water-acclimated and winter-acclimatised 
shrimp specimens. By contrast, the results of the estimated 

LT90 values were not significantly different between assays 
shown by the overlap of the confidence intervals. The LT90 

for winter-acclimatised shrimp (37.2°C (36.2, 39.3)) is 
almost identical, being only 0.1°C higher than those of the 
warm water-acclimated shrimp (37.1°C (36.6, 41.0)). 

Discussion

Predicting the consequences of increasing mean and extreme 
stream water temperatures on the survival and distribution of 
stream invertebrates is key to understanding the impacts of 
climate change on stream biota and riverine ecosystems 
(Stewart et al. 2013; Kim et al. 2017; Bonacina et al. 2023). 
The ability to acclimatise to changing thermal conditions is 
expected to be a primary factor that dictates the robustness 
of stream invertebrates to increasing stream temperatures 
(Palmer et al. 2009; Rohr et al. 2018). The thermal acclima-
tion potential of Paratya spp. was identified, with the warm 
water-acclimated shrimp having a higher ULT (+1.52°C) 
than that of the winter-acclimated shrimp, on the basis of 
the acclimatisation temperatures of 15 and 28°C respectively, 
and a rate of temperature increase of 2°C h–1. Gradual 
temperature ramping was used because it is expected to 
provide a better ecologically relevant estimate of the impacts 
of cumulative stream temperature change than is shock 
(Overgaard et al. 2012; Jørgensen et al. 2019). Because 

Fig. 3. Overlap of 95% confidence intervals (CI) for warm water-acclimated (red) and winter-acclimatised
(blue) shrimp. Showing the lack of a difference in LT90 (winter-acclimatised shrimp = 36.2, 39.3, warm water-
acclimated shrimp = 36.6, 41.0) between the two assays is represented by CI overlap; the lack of overlapping
CI for both the LT50 (winter-acclimatised shrimp = 33.9, 35.5, warm water-acclimated shrimp = 35.7, 36.1)
and the LT10 (winter-acclimatised shrimp = 30.5, 32.8, warm water-acclimated shrimp = 33.7, 35.4)
suggested that there is a significant difference between the groups for these critical values.
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warming leads to mortality, generating thermal tolerance 
data is vital for understanding how ectothermic stream 
invertebrates will tolerate increasing average and extreme 
water temperatures. 

The warm water-acclimation temperature mimics the peak 
summer stream temperatures experienced during hot, dry 
summers that are becoming more common in eastern NSW 
(Chessman 2009). Paratya spp. showed some capacity for 
physiological plasticity to survive higher temperatures in 
summer. This capacity for physiological plasticity is essential 
to understanding the impact of climate change and stream 
warming (Palmer et al. 2009; Morley et al. 2019). Our 
results highlighted a potential critical temperature of ~37°C 
for this population of Australian Paratya spp., as demonstrated 
by the similar LT90 values of 37.2 and 37.1°C, in winter-
acclimatised and warm water-acclimated shrimp. An assay 
using shrimp caught in summer’s height would further clarify 
extreme upper thermal-tolerance limits. The examination of 
temperature differences in other Paratya spp. over latitudinal 
and elevation gradients would also provide insights to 
physiological plasticity within this genus, with the inclusion 
of evolutionary responses. 

Biological and physiological processes affect thermal 
tolerance. One of the most critical factors affecting ULT is 
respiration/metabolic rate. Because metabolic rate increases 
as temperature rises, which raises biological oxygen demand 
and therefore requires greater oxygen concentrations to 
sustain normal bodily functions (Verberk and Calosi 2012; 
Verberk et al. 2020; Bonacina et al. 2023). We aerated the 
containers used in the ramping assay, which may have 
reduced low-oxygen stress in the experiment; however, this 
might not occur in the natural environment. Once oxygen 
demand reaches a point where it exceeds the supply, 
mortality eventuates (Verberk and Calosi 2012). During the 
assays, as temperature increased, the behaviour of the 
shrimp was affected, with the initial effects being reduced 
locomotion, soon followed by death. The size of the shrimp 
had no bearing on ULT. Similar studies of thermal limits 
indicated that oxygen limitations may be occurring and 
are linked to stream invertebrates’ upper thermal tolerance 
(Magozzi and Calosi 2015; Verberk et al. 2016). Other 
studies have shown that stream temperature profoundly 
influences aspects of stream invertebrates’ biology (metabolic 
rate), physiology and behaviour (Ward and Stanford 1982; 
Sweeney et al. 1992; Isaak et al. 2012; Semsar-kazerouni 
and Verberk 2018). Examining oxygen limitation in the 
form of availability (i.e. dissolved oxygen saturation) rather 
than the inability of invertebrates to take in enough oxygen 
to meet biological oxygen demand needs to be further 
investigated. 

Comparisons of the ULT obtained in our study with similar 
studies of stream invertebrate ULT showed that Australian 
Paratya spp. have a high tolerance to increased temperatures 
(Fig. 4). In a review of upper thermal tolerances of stream 
invertebrates, Stewart et al. (2013) found that upper limits 
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Fig. 4. Range of mean upper thermal tolerances for major taxonomic
groups adapted from Stewart et al. (2013) and including our results.

for the major taxonomic groups of stream invertebrates 
ranged from 22.3°C for Ephemeroptera to 43.4°C for 
Coleoptera. Compared with this dataset, our Australian 
Paratya spp. had a higher tolerance to elevated temperatures 
than most other stream invertebrates except for Odonata and 
Coleoptera taxa. However, these outcomes are determined 
from limited data sets, highlighting the urgent need to 
undertake work in finding the ULT for stream invertebrates. 

Interactions between warming and plasticity

Stream invertebrates are sensitive to water temperature and 
the thermal regimes of the stream (Ross-Gillespie 2014). To 
survive changing thermal conditions, stream invertebrates 
need the ability to adapt through metabolic or behavioural 
adjustments (Magozzi and Calosi 2015; Pallarés et al. 2021). 
Stream invertebrates have some physiological plasticity, 
vital to surviving the range of temperatures experienced 
over different timescales (González et al. 2010). Although 
some plasticity in ULT is evident for Australian Paratya 
spp. from our results, this may not be adequate to keep in step 
with the increase in mean and extreme stream temperatures 
predicted under climate-change scenarios. According to 
CSIRO and Bureau of Meteorology (2020) predictions, by 
2040, it is expected that in Australia, mean temperatures 
will increase to +2.8°C above the pre-industrial temperatures, 
along with changes in regional patterns of rainfall and 
increased drought frequency and duration. The lack of any 
significant difference in LT90 values suggests a limit to the 
capacity for adaptation to higher stream temperatures. 
Although some change in ULT is shown in response to 
acclimatisation, plasticity may be unable to buffer Australian 
Paratya spp. sufficiently from changing thermal conditions 
in streams. The lack of buffering indicates that Australian 
Paratya spp. could be at risk of higher mortality rates 
associated with an increase in the frequency of extreme 
events such as heatwaves, low flow events, the rise of the 
occurrence of high-severity wildfires and the increase in mean 
temperatures with climate change (Dudgeon 2019; CSIRO 
and Bureau of Meteorology 2020; Arias Font et al. 2021; 
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Seyedhashemi et al. 2022). Knowledge of thermal limits can 
be used to delineate guidelines and create trigger points for 
management action (Gomez Isaza et al. 2022). Species with 
broad plasticity are more likely to adjust to climate shifts 
(Pallarés et al. 2021). 

The range where increasing water temperatures affect 
organisms is linked to their  ability to survive  future  
warming.  The consequences expected will be more intense  
in tropical and subtropical streams as generally, stream 
invertebrates in these streams live closer to their physio-
logical thermal limits (Egea-Serrano et al. 2022). We 
observed a 2°C difference between LT10 and LT90 for 
warm water-acclimated shrimp and a 5.2°C difference 
for winter-acclimatised shrimp. Even though mortality of 
warm-water shrimp occurred at a higher temperature, 
once temperature exceeded the thermal limits, mortality 
will occur irrespective of thermal acclimation. 

Results from Gunderson and Stillman (2015) indicated 
that physiological plasticity might not be sufficient to 
buffer stream invertebrates from increasing stream water 
temperatures under predicted climate-change conditions. 
Survival may therefore require an evolutionary response to 
increasing stream temperatures. Given that plasticity is a 
trait that can evolve, this may be an adaptive mechanism 
for stream invertebrates to avoid the impacts of increasing 
stream temperatures. However, Gunderson and Stillman’s 
(2015) investigations also suggest that plasticity in thermal 
tolerance may be evolutionarily constrained. Examining 
acclimatisation potential and changes in plasticity over 
multiple generations may give further insights. Our results 
and research showed that stream invertebrate species with 
high UTLs will fare best under a warming climate (Palmer 
et al. 2009). 

Ecological consequences

Thermal alteration is associated with an ecological change 
in freshwater stream ecosystems (Fenoglio et al. 2010; 
Rivers-Moore et al. 2013; Bruno et al. 2019). Stream tempera-
ture alteration may force thermally sensitive species to change 
their geographical distribution range, negatively affecting 
stream communities, biodiversity and ecosystems (Fenoglio 
et al. 2010; Alba-Tercedor et al. 2017; Amundrud and 
Srivastava 2020). While examining the response of stream 
invertebrates to changing thermal regimes in South America, 
Pedreros et al. (2020) suggested that changes in stream 
temperature could lead to the displacement in altitude and 
latitude of some stream invertebrates. The distribution 
range of some Australian Paratya spp. may change and 
their distribution may be reduced or shifted southward 
as a response to increasing stream temperatures that exceed 
their ULT. This may mean a loss of biodiversity if some 
species of Australian Paratya are restricted to high elevations 
(Rahman et al. 2020). Field examinations could assess species 

distribution and predict distribution limits (Chessman 2018; 
Terblanche and Hoffmann 2020). 

As filter feeders and grazers, shrimp play a key role in 
stream communities (Moulton et al. 2012: Suter et al. 2022). 
They are essential in controlling periphyton biomass 
(Moulton et al. 2012) and are a major food source for stream-
dwelling fishes such as Mogurnda adspersa and Tandanus 
tandanus; they are also preyed on by Ornithorhynchus 
anatinus (platypus) (Bain et al. 2016; Rahman et al. 2020). 
Their loss may also have stream health impacts because 
they are consumers of periphyton and, hence, important for 
ecosystem functioning (Moulton et al. 2012). The loss of this 
important component from the food web may lead to changes 
in predator–prey dynamics, disturbing population dynamics 
of other species with which they interact (Ferris and Wilson 
2012). Climate change-associated stream warming disrupts 
biological communities and severs ecological linkages. 
Despite this, there are significant gaps in our knowledge of 
the environmental tolerances, including the ULT of this 
ecologically significant group (Bonacina et al. 2023). 

Maximum stream temperatures are decreased by shading 
(Johnson 2004; Fuller et al. 2022). Developing resilience in 
the landscape to reduce in-stream impacts may be important. 
Thermal impacts could be moderately mitigated through 
increasing shading by riparian vegetation and ensuring 
natural environmental flows. Restoring riparian vegetation 
in inadequately shaded streams may counteract some of the 
influence of projected warming and drying under climate 
change (Trimmel et al. 2018; Fuller et al. 2022). However, 
air temperatures will continue to increase and affect currently 
well-shaded streams (Fuller et al. 2022). 

Conclusions

This study provides new data on winter and summer ULT 
and the plasticity of Australian Paratya spp. in Australian 
streams. As hypothesised, the ULT (as indicated by LT50) of  
warm water-acclimated shrimp was higher than that of winter-
acclimatised shrimp. However, the population of Australian 
Paratya spp. examined in this study had limited plasticity of 
thermal limits and may be unable to buffer against the influ-
ences of climate change on stream temperatures. Australian 
Paratya spp. showed a vulnerability to rising stream water 
temperatures under future climate warming, given the limited 
adaptive response of their UTLs. Climate change-associated 
stream warming may significantly affect stream invertebrate 
populations through the contraction of suitable habitat ranges. 
Furthermore, stream water temperatures influence the growth, 
feeding, reproduction and, ultimately, survival of ectothermic 
stream invertebrates. Increasing resilience through target 
management of resorting riparian vegetation for shade and 
securing environmental flows may reduce the impacts of 
stream warming. 
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