Open Access Baghdad Science Journal P-1SSN: 2078-8665
2020, 17(2):437- 443 E-ISSN: 2411-7986

DOI: http://dx.doi.org/10.21123/bsj.2020.17.2.0437

Temperature Impacts on the Cardiac Activity of the Snail Pomacea canaliculata
from Shatt Al-Arab Region, Basrah, lraq

Malik H. Ali" Hanaa H. Mohammed Huda K. Ahmed

Received 12/2/2019, Accepted 12/11/2019, Published 1/6/2020

- This work is licensed under a Creative Commons Attribution 4.0 International License.

Abstract:

The effects of temperature on an exotic aquatic snail Pomacea canaliculata (Lamarck, 1819)
collected from the Shatt Al-Arab intertidal zone were investigated. A series of laboratory experiments were
conducted during the summer period of 2017. Individuals of new born snails hatched in the laboratory from
adult snails were collected from Shatt Al-Arab intertidal zone, and subjected to five fixed temperatures: 15,
25, 35, 40 and 45 C°, after short term thermal acclimation. The heartbeats (HB) were counted at each
temperature level. The results showed significant direct increase of HB from 15 C° (19.8 HB/min) up to 25
C° (76 HB/min) (P<0.05) as well as from 25 C° to 35 C° (93 HB/min). At 40 C° the snail HB shows only
slight insignificant increase (79 HB/ min). At 45 °C the HB became irregular and showed negative thermo
cardiac activity (HB dropped to 50.4/min). The minimum HB rate of 11/min was recorded at 15 C° and the
maximum value of 119 HB/min was recorded at 40 C° The study concluded that P. canaliculata can be
highly stressed when exposed to extreme temperature experienced during the prolonged summer months and
will no longer tolerate living in the intertidal zone of Shatt Al-Arab.
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Introduction:

The snail P. canaliculata (Lamarck, 1819)  Angiostrongylus cantonensis parasites (7) which is
is a freshwater species, originally native to South  adding a further health factor effect to the other eco-
America tropical and subtropical regions. Reports agricultural factors.
mentioned the wide dispersal of this species into Ecologically, as an exotic species to the
other geographical regions mainly in North America intertidal zone of Shatt Al-Arab river system, the
and Asia for agricultural and aquarium purposes (1, snail may be causing great impacts on the other
2, 3), and due to its capability to tolerate wide range native gastropods living in the habitat (8) due to the
of environmental conditions as well as consuming fact that the Mollusca's community of Shatt Al-
wide variety of food, the species was able to expand  Arab is comprised of several gastropod's species
its distribution and became one of the effective = namely; Neritina schlaeflii, Theodoxus jordani,
invasive animal in the world, and a harmful pest of Melanoides tuberculata, Melanopsis praemorsum
wetland crops such as rice (4). In Irag although the and Radix auricularia (9), all of them are much
species has been reported in the recent ten years  smaller in size and have less active mobility than P.
(2007-2017) in Baghdad and Shatt Al-Arab (5, 6), canaliculata.
to the best of our knowledge its existence in small Climate change studies indicated that
rivers and canals of agricultural farms is indicated thermal factors play a major role in the success of
in Babylon during 1990-1991. At that time, it was  the invader species into their spreading in an area
used in fish aquariums and therefore large numbers (10, 11, 12, 13). In the few previous decades the
of the snail were transferrted to Basrah city and natural ecosystems of Shatt Al-Arab estuary and the
subsequently the species invaded Shatt Al-Arab Mesopotamean marshes have been subjected to
habitat. Also the species is known as an important ~ apparent environmental changes such as rising of

intermediate host of dangerous nematode temperature, rising of water salinity, reducing the
Marine Science Center, University of Basrah, Basrah, freshwater discharge and experienced longer period
Irag. of drought seasons (14). These changes have
*Corresponding author: malikh.alil954@gmail.com various direct and indirect impacts on the
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macrobenthos which generally show pronounce
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decline in their population densities and clear
shifting in their distribution.

Fortunately, the energy costs of
biophysiological processes were assessed for many
macrobenthic invertebrates living in Shatt Al-Arab
River system during the last three decades (1980,
1990 and 2000s) of the previous century (15, 16,
17). In these studies, the oxygen consumption rates
were used as indirect measure of the metabolic rates
which is an essential part of the energy budget of
the species population.

Recently many researchers have used
heartbeat activity as a function of the thermal and
salinity stressors in addition to the oxygen
consumption methods; these are (18, 19, 20, 21, 22,
and 23). In the present work we used the heartbeat
method as a measure of the thermal responses of an
invader gastropod species from Shatt Al-Arab
intertidal zone, which is part of a wider program
aiming at  initiating  heartbeats  activity
measurements  methods  for  studying the
biophysiological responses of macroinvertebrates
related to the changes in environmental
temperature.  According to Irag's state-run
Metrological Department 2017 Iraq is enduring the
year's hottest day to date, with temperatures soaring
to as much as 53.9° Celsius in the City of Basrah.

Materials and Methods:
Collection of adult snails:

Adult snails of P. canaliculata were
collected by hand from the intertidal area of Shatt
Al-Arab estuary, at Tannooma site (30° 31" 26-42"
N, 47° 50" 42-75" E), in June 2017. During low tide
period, large number of adult snail Pomacea
canaliculata were found within the submerged
plants, typha and reeds, many of them putting their
pink color egg sacs on the typha plants above the

high tide water level (Fig.1).

Flgurel Colored egg sacs Pomacea

canaliculata on the Typha plant
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Hatching of young snails:

Several adult snails were taken from the field
and reared at laboratory condition, in a glass tank
(60 x 12 x 12 mm). Little amount of filtered river
water (1.5 ppt. salinity) was maintained in the tank.
Few days later some snails laid their egg sacs were
put on the walls of the tank above the water level.
After an average of two weeks, the eggs hatched to
new born snails which have fine transparency shells

(Fig. 2).

Figure 2. Newly hatching Pomacea canaliculata

Heartbeat measurements

The cardiac activity of the new born snails was
measured by counting the heartbeat directly under
the dissecting microscope, where the internal organs
of the snail can be easily seen through the shell
(Fig. 2).
The snails during the incubation period experienced
a hot summer condition, where the laboratory
temperature ranged between 30 and 35 °C. Thirty
individuals of the snail (0.062 g mean individual
fresh weight N= 25) were isolated in a well
oxygenated jar of water at 30 °C water temperature.
The thermal impacts on the heartbeat rate were
measured at 5 temperature levels, 15, 25, 35, 40 and
45 °C. In each experiment, 10 snails were
acclimated to the exposed temperatures for a period
of 30 minutes by using a technique of gradual rising
or reducing of temperature by a rate of 0.2 °C /min
(24, 25). Each individual snail was placed in a small
plastic petri dish with some water taken from the
acclimation jar and examined under the dissecting
microscope for the heartbeat rate, after
measurement the snail was returned back to the
acclimation jar. A total of 30 reading for 30
individuals were taken at each test temperature.
Data analysis means, variance and statistical
comparison (ANOVA), were done by SPSS
program.
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Results
The values of the mean heartbeats rates and the
standard errors (SE) at the five test temperatures

(15, 25, 35, 40 and 45 °C) are given in Table 1, and
shown in Fig. 3.

Table 1. The values of the mean heartbeat rates and the S.E. of P. canaliculata at the 5 experimental

temperatures.

Temperatures (C°  Mean Heartbeats No./min SE+ N Min. Max
15 19.8 1.35 30 11 39
25 76.0 0.96 30 60 86
35 93.1 1.12 30 78 100
40 97.0 6.50 25 47 119
45 50.4 4.58 25 22 84

The results showed that cardiac activity of
the snail is a direct positive function of temperature
at the thermal limits between 15-40 °C, in general.
The curve of the mean values plots (Fig. 3) shows
high increasing of heartbeats activity (HB:No./min)
by rising the temperature from 15 °C to 25C° (HB
19.8 up to 76), and from 25 °C to 35 °C (HB 76 up
to 93), but by rising the temperature 5 °C i. e.: from
35 °C to 40 °C, the snails show only slight increase
in the mean HB (93.1 up to 97.0 HB), which is
statistically insignificant (Table 2). At 45 °C, the
snail's HB become irregular and they were thermo
negative, their cardiac activity dropped from 97.0
HB/min at 40 °C down to 50.4 HB/min at 45 °C.

The results also indicated that at a
temperature ranged between 15-35 °C, the snails
means HB values were relatively more stable as
their S.E.'s values ranged between 0.96-1.35,
whereas the variability of rates about the mean was
very high at the temperatures 40 °C and 45 °C (SE:
6.50 and 4.58 respectively). The minimum HB
value (11) was recorded at 15 °C and the highest
HB value (119) was recorded at 40 °C.

Data of the heartbeat rates counted at
different test temperatures were statistically
analyzed for multiple comparisons of means (SPSS
program). The cumulative relative frequency
distribution of the data as plotted with normal
probability scale reveals a reverse S-shape curve
(Fig.4) which indicated a platykurtic distribution,
i.e. showed a slight departure from normality.
Therefore, all pairs of means were compared using
Tukey test with Unequal sample sizes, as given in
Table 2.

The results showed that the mean values of the
heartbeats were significantly different (P<0.05), at
the following comparison:

15 °C and (25,35, 40, 45 °C); 25 °C and
(35, 40, 45 °C); 35 °C (15, 25, 45 °C); 40 °C (15, 25,
45 °C); 45 °C and all other temperatures. One
exception was between 35 °C and 40 °C which was
insignificantly different (P> 0.05) (Table 2).
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Figure3. The mean heartbeat rates (No./ min.) of

P. canaliculata from Basrah at the 5
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frequency distribution of heartbeat rates of P.
canaliculata from Basrah.
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Table2. Multiple comparisons, Tukey test of the
means of heartbeat rates (no./min.) at the 5
experimental temperatures of P. canaliculata
from Basrah.

Temperature Mean Difference Std. Error
15 25 -56.495* 3.443
35 -73.228* 3.443
40 -77.161* 3.984
45 -30.599* 4.138
25 15 56.495* 3.443
35 -16.733* 3.471
40 -20.667* 4.008
45 25.896* 4.161
35 15 73.228* 3.443
25 16.733* 3.471
40 -3.933 4.008
45 42.629* 4.161
40 15 77.161* 3.984
25 20.667* 4.008
35 3.933 4.008
45 46.563* 4.619
45 15 30.599* 4.138
25 -25.896* 4.161
35 -42.629* 4.161
40 -46.563* 4.619

*the mean difference is significant at the 0.05 level.

Discussion:

The results of the present investigation revealed
differences in the heartbeat rates (or cardiac
activity) of the exotic snail Pomacea canaliculata,
tested under five fixed temperatures, ranged from
15 °C to 45°C. The heartbeat rate like some other
techniques (for example respirometry) is a
simplified measure of the metabolic rate of the
invertebrate animals (20, 21, 23, 26).The majority
of the studies use these experimental techniques
under laboratory conditions due to difficulties and
complexity of the field measurements. But, in fact,
laboratory data usually doesn’t reflect the field data
(18, 20, 27). Therefore, researchers followed many
processing to keep their experimental animals under
conditions nearly approaching that of the field. One
of these techniques is the thermal acclimation in
which the animals are subjected to various kinds of
long and short terms thermal acclimation periods
according to the target of the study.

It is well known that temperature is a key
factor controlling the physiological processes of
organisms especially the poikelotherm animals such
as invertebrates. In these animals any changes in
temperature can directly affect the measured
biophysiologicl parameter. Furthermore, because
the temperature change responses are a function of
size, the small sized animals are more sensitive to
such thermal changes (28, 29). Therefore, in the
methodology (26, 30) as well as in the present
study, in order to avoidany thermal shock we have
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used the gradual rising or reducing of temperature
(0.2 °C/ min)when ramped from one temperature to
another (e.g.15 °C to 20 °C ) in the course of the
acclimation of the snails to the exposure
temperature.

Although the experimental work had done
on new born snails (six days olds, 4.0 mm. width)
hatched in the laboratory, yet the parents of these
snails were collected from the intertidal zone of
Shatt Al-Arab estuary in Basrah City. In this
habitat, various individuals of the snails population
(adults and juveniles) could be exposed to a wide
range of temperature variation seasonally at their
habitat, and in fact the thermal limits are shifted
towards the warm ranges, due to the geographical
location. In addition to that, Basrah region
experienced apparent rising of temperature during
the past two decades, particularly during the hot
summer months, where longer periods of extreme
temperature (above 50°C) were increasingly
recorded (local metrological records).

Under these extreme thermal conditions, the
snails as well as other benthic invertebrates living in
the intertidal zone (especially during low tide
period) are subjected to a significant thermal stress.
Recent researches concerning climate change
(especially temperature) have given considerable
attention to the intertidal habitats, expecting
significant further effects on the existence and
distribution of intertidal species (10, 31). To have
more understanding and to predict to what extent
can be an exotic species successfully distributed in
such habitat, more detailed data of the diurnal and
the annual thermal history of the habitat and that of
the region are needed to recorded and analyzed
(32). As this dataset is not available, especially to
the Shatt Al-Arab intertidal habitats, a full
understanding of the future status of P. canaliculata
cannot be concluded at this stage. However,
according to the latest recording of the Iragi state-
run Metrological Department as well as our field
recording, Basrah City has experienced the year's
hottest day to date, during July 2017, with
temperatures rising as much as 53.9 Celsius.
Therefore, and based on our results of the thermal-
heartbeat rate experiments, P. canaliculata can be
highly thermally stressed during the Summer
season, particularly during July and August in
which the animal could be subjected to sub-lethal or
lethal conditions of worming stress. For this reason
we tested the response of the present species to high
temperature levels, i.e 35-45 °C. However, the
results addressed a significant direct effect of
thermal change on the cardiac activity of the snail.
For example if we consider the 25 °C as a normal
field water temperature, a depletion of water
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temperature by 10 °C resulted in reducing the
heartbeat rate of the snails by 74%. On the other
hand, an increase of temperature from 25 °C to 35
°C resulted in 12.3% increment of heartbeat rate,
beyond the 35 °C level, the snails cardiac activity
showed either insignificant increase when exposed
to 40 °C, or they were expressed a reversed
response when exposed to 45 °C as the heartbeat
rate reduced significantly down to 46%, compared
with the rate at 35 C°. These results raise a question:
to which extent the new brood of P. canaliculata
can tolerate the extreme high temperature during
Summer period at Shatt Al-Arab habitat?, the
results of the present study indicates that the snail
population can't be longer tolerate to the high
extreme temperatures faced during the Summer
season when the temperature exceed 45 °C during
the exposure period at the day low tide. According
to our observations, the eggs of the snail laid down
on the emergent parts of the Typha plants, just
above the water level, and when they hatch they
drop into a shallow water places ( a few centimeters
height) before they find their way to the upper
intertidal zone. Under this condition, the new
broods of the snails are subjected to extreme warm
substrate due to the direct exposure to sun for a
period of several hours during the day-low tide
cycle, and therefore the snails become incapable to
balance their thermal budget.

The main goal of heart rate measurements
is to predict the metabolic rates in a simple
technique (22), which is, representing the main
component of the energy budget of an organism
(23), however, studies concerning the relationships
between the heart rate and the metabolic rate in
invertebrates, although indicating a significant
correlation at the individual level, they stressed that
the relation showed differences according to the
geographic location and between isolated groups
across populations (30). Therefore, further
explorations are needed to confirm this relationship.

In conclusion, the present results expected
that P. canaliculata as an exotic species, will have
only limited dispersal in the intertidal zone of the
Shatt Al-Arab and may no longer tolerate living in
this habitat.
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