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ARTICLE INFO ABSTRACT

Avrticle History: Continuing humanitarian activities at their current pace will increase the
Received: April 26, 2021  accumulation of greenhouse gases emissions, as indicated by climate change
Accepted: June 5, 2021 scenarios proposed by many researchers. It is believed that the
Online: Aug. 3, 2021 anthropogenic CO, is the primary responsible for global warming in
terrestrial environments and this rise led to the absorption of CO, in the

oceans, which increases the dangers marine animals may face during the

g?mg';ﬂzhgel coming decades. In addition to the.high.level of sea water, high water
Global warming, temperature, lack of oxygen, and salinity increase, it is also expected that
Acidification, the concentration of CO, will rise, so that the chemistry of the sea water will
Marine Invertebrates, move towards acidity. These impacts may have dire consequences on
Red Sea. marine ecosystems and the biodiversity of marine organisms. It is believed

that marine invertebrates (especially marine invertebrates with carbonic
structures), will be highly vulnerable to global warming, threatening these
species existence in their current locations or perhaps expose them to
extinction. The Red Sea is a miniature ocean characterized by its
biodiversity and the presence of a large number of coral reef communities. It
is considered one of the most elevated marine systems in its temperature and
salinity, but the researches on the impact of climate change on marine
invertebrates are very few, especially in the middle region of the coast in the
Kingdom of Saudi Arabia, which is the region that we invite researchers to
shed light on.

INTRODUCTION

The most prominent indicators of climate change are observed in many climatic
phenomena since 1950s, such as changes in temperature, the amount of precipitation,
hurricanes, the resulting floods and high levels of saline seawater (Intergovernmental
Panel on Climate Change (IPCC) 2014), and there is clear evidence of climate change,
whether due to human activities or natural causes (Gravili, et al., 2017). These climate
changes lead to remarkable alterations in natural habitats and ecosystems (Hanley,
Bouma and Mossman, 2020), which may threaten the biodiversity of organisms and
human food security (Banerjee et al., 2018), and if the global warming increased 1.5°C -
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2.5°C it is expected to cause the extinction of 30% of known biological species (Dow
and Downing, 2011).

1. Global warming

Anthropogenic activities, primarily the burning of fossil fuels and agricultural
activities, have contributed to the emission of carbon dioxide (CO;), methane (CH,4) and
nitrous oxide (N2O) into the Earth’s atmosphere, leading to the emergence of what is
known as “global warming” (Dow and Downing, 2011). These daily emissions of
greenhouse gases, will lead to climate change in the future for long periods of time as the
effects cannot be reversed quickly, some of these gases remain only for few hours in the
atmosphere or for days, while others remain for decades, centuries or thousands of years
(Dow and Downing, 2011). CO, and other greenhouse gases are likely to cause the
Earth's surface temperature to rise to about 5°C above current levels before 2101,
according to the RCP8.5 scenario with CO, emissions of up to 1000 ppm, while it took
nearly a hundred years in the past that air temperature rises by 0.85°C (IPCC, 2014).

About 71% of the planet’s surface area is covered with seawater (such as: seas and
oceans) (Levinton, 2009). So, global warming is likely to have more impact on the
surface of oceans compared to deeper regions (Brierley and Kingsford 2009). The
Earth's surface temperature is expected to increase much higher than the ocean’s surface,
where it has been observed that the ocean surface temperature has actually increased by
0.76°C since the nineteenth century (Findlay et al., 2008). Studies indicate that
biodiversity can be affected by small changes in ocean temperature (Gravili et al., 2017),
and forecasts indicate that ocean temperatures may increase to nearly 2°C in the mid-21%
century (IPCC, 2014), while it may reach more than 6°C at end of the 21% century (You-
Ji, 2014). Sea levels except to rise about 0.5 - 0.8 meters above 1990 levels by the end of
this century, and it is likely will rise to more than one meter at that time due to the
melting of glaciers and continental ice caps (Galland et al., 2009).

2. High water temperature and its impact on living marine organisms

Many organisms now live in temperatures close to their thermo tolerance limits
(Somero, 2010). The increase in the behavioral activity of ectothermal marine organisms
due to the rise in sea water temperature will lead to the high rate of oxygen consumption,
and causes a decrease in the rate of energy stored in the body of the marine organisms,
which may work to reduce the rate of physical growth (Levinton, 2009). Therefore, it is
expected that global warming causes a decrease in the body size of the organisms
(Mazurkiewicz et al., 2020). Thus, global warming can reduce overall animal biomass
by affecting the animal's interaction with the food web due to an increase in energy
demand and an increase in metabolic processes (Bruno, Carr and O’Connor, 2015).
Experiments have shown a gradual decrease in the weight of the sea cucumber,
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Apostichopus japonicus, at the gradual increase in the temperature of the environment in
which it lives. Such results reinforce fears that an additional increase in current
temperatures may exacerbate the negative effects of global warming, as marine
organisms are likely to be affected by ocean warming, and may emphasize the
importance of predicting the effects of climate change on organisms to form a fairly clear
picture reveals the effect of global warming on organisms as a result of the potential heat
stress (Marigémez et al., 2017).

Climate change can affect animals indirectly by affecting critical natural habitats such as
seaweeds and coral reefs, or through interactions of predators and other food
mechanisms, adding to direct effects through physiological functions. Possibly the
indirect effects of global warming associated with the food webs of organisms have had
greater damage than is expected to result from the direct physiological effects. The
coastal areas may suffer more from the direct effect of global warming on metabolism
and reproductive periods and life cycles of marine organisms (Rossi et al., 2019). In the
past 50 years, due to human activities, pollution and climate change, the rate of
biodiversity loss has been accelerated, and continued climate change may by the end of
this century cause the extinction of some marine organisms (Yanik and Aslan, 2018).

3. Ocean acidification

In addition to the great importance of the relationship between the temperatures of
organisms and the environments in which they live there are other factors that have arisen
from climate change and its study may contribute to predicting the future effects of
climate change (Harley et al., 2006). The high concentration of CO,, the saturation status
carbonate of seawaters and salinity are important factors affecting ecosystems, in addition
to hypoxia and hydrostatic pressure (Liang et al., 2020). The increase in human activity
rates is accompanied by an increase in the levels of CO, concentration in the atmosphere
(Bibby et al., 2008), as the estimated value of CO; in the atmosphere in 1750 it was 280
ppm (Widdicombe and Needham 2007), while this value reached 379 ppm in 2005 (De
Bodt et al., 2009), and it reached 388 ppm in the estimates for the 2010 (Dow and
Downing, 2011).

The ocean has a natural ability to protect the atmosphere of the earth and the ocean
surface is in balance with the atmosphere regarding CO, and temperature. The higher
concentrations of either of them in the atmosphere, the more they are in the oceans. These
increases serve to change the physical and chemical properties of the oceans that operate
as a giant reservoir of carbon dioxide absorption from the earth's atmosphere because of
its large size. This absorption reduces the concentration of CO, in the atmosphere, which
may somewhat mitigate the effect of warming on the ecosystems on land, but it may
cause severe consequences for the biological diversity of the marine ecosystems
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(Galland et al., 2009). This absorption of CO, into seawaters reduced the pH of surface
water by 0.1 units compared to levels recorded in the mid-eighteenth century (Salisbury
and Jonsson, 2018), which represents a 30% increase in acidity above 1750 levels (Dow
and Downing, 2011). At the beginning of the current century, the sea's pH recorded an
average of 8.11 (IPCC, 2014), but this figure is expected to decrease by 0.22 units in the
current century’s description to reach 7.88 (Vézina and Hoegh-Guldberg, 2008).
However, it is expected that before 2101, these levels would reach 7.7 as low as 0.4 units,
bringing the oceanic CO; concentration to 1,200 ppm (Arnold et al., 2009), while the pH
of 6.7 is the projected estimate approximately 200 years later, with a decrease of 1.4 units
compared to the current pH values (Harley et al., 2006). These decreases in the pH may
cause severe adverse biotic effects on marine organisms, because these factors that
increase the acidity of seawater affect the biodiversity, metabolism and ecosystems of
marine organisms (Kleypas et al., 2006). Therefore, we can define ocean acidification
(OA) as: a decrease in the pH levels of ocean water resulting from the ocean surface
absorption of CO, from the earth's atmosphere (Schram et al., 2016).

Increased acidity in the seas affects marine organisms (Wood et al., 2008) which may
have negative effects as the surface seawater temperature increases (Kurihara et al.,
2004). These rises in acidity and temperature in the oceans are direct results of increased
CO, emissions into the atmosphere (Fabry et al., 2008). This acidification resulting from
high levels of CO, in the seas affects the physiology of certain marine organisms, causing
damage to a group of marine invertebrates (Gutowska et al., 2008), such as the influence
on sea urchins, crustaceans and mollusks (Wood et al., 2008). However, it is believed
that marine organisms with exoskeletons (calcified) are most affected by the low pH of
the oceans because their structures are composed of calcium carbonate CaCO3; (Harley et
al., 2006), and a decrease in the pH of marine surfaces may lead to a decrease in the shell
growth of some of the gastropod (Schram et al., 2016). In general, we do not know
specifically what species will be affected by climate change and the extent of this impact
(Speights et al., 2017). Hence the importance of the role of biologists and what they are
doing in great efforts in this field to conduct studies of different types of organisms in
various environments scattered around the globe, including marine ecosystems which
containing nearly a quarter of global biodiversity on the planet (Davis et al., 2016).

Current studies indicate the importance of building carbon structures in regulating
internal acidity and growth in calcified invertebrates (Portner, 2008), as metabolic rates
are adversely affected by acidity levels in their bodies (Carr eno et al., 2012). Many
marine organisms exposed to acidification of repeaters reduce their ability to build their
shells and carbon structures, which affects their vital processes such as reproduction,
behavior and general physiological functions (Tomatsuri and Kon, 2019). Also,
acidification affects the ability of sea snails to take appropriate behavioral reactions
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against predation (Domenici et al., 2017) by decreasing the pH of their bodies known as
acidosis and increasing the concentration of CO;, (hypercapnia) (You-Ji, 2014).
Therefore, it believes that many coral reef communities will be lose between the third and
fifth decades of this century if greenhouse gases emissions rates continue to at the same
current levels (Galland et al., 2009).

4. Impact of climate change on marine invertebrates:

In the first decade of the current century, many scientists became aware of the
danger of ocean acidification, so research began in this field and continued until the
present time. Some of them warn that these studies should combine the effect of high
temperature and high CO, concentration at seas.

In 1996, Batten and Bamber (1996) conducted an acidification experiment on
Ragworm (Nereis virens) in two different periods. The first experiment was carried out in
in the summer, specifically in August, which is an active time for these animals and the
temperature was 18 ° C, while the second experiment took place at a time when animals
were less active and it is in December of winter at a temperature of 9 ° C. The animals
were exposed to a pH from 5.1 to 8.1. It has been shown that when animals are exposed
to a temperature of 18 ° C and a pH of 6.5 or less, the damage begins to appear, as
mortality increased ten days after the experiment began significantly. The pH of less than
6 caused the decrease in the level of glycogen. On the other hand, there were no cases of
mortality during the 30 days from the start of the winter trial at a temperature of 9 ° C,
while there was a decrease in animal weight and a significant decrease in the level of
glycogen. These results gave bad indicators on the life of Nereis virens and indicated that
the temperature, the degree of pH and the concentration of carbon dioxide in seawater
have an impact on the life of this species of animals, with critical pH levels varied from 6
to 7.5. This effect may be due to seasonality because animal was active at some times and
less or inactive at other times. However, the use of sulfuric acid and its addition to
seawater and high levels of acidity that the oceans may not reach during the next two
hundred years have made scientists try to find better ways to obtain more realistic results.

5. The efforts of scholars in the first decade of the twenty-first century:

The term microcosms was shown by Courtney and Clements (2000) to place
animals in small ponds but in an environment similar to the original environment filled
with seawater, when studying a group of animals that follow under the Chironomidae
family. In 2004, research was carried out on the embryos of two species of sea urchins:
Hemicentrotus pulcherrimus and Echinometra mathaei by Kurihara et al. (2004) using
carbon dioxide to adjust the acidity with a partial pressure of carbon dioxide pCO,
reached to 10,000 ppm at pH of 6.8, and for only 8 days. Using of this high concentration
of carbon dioxide and for this brief period of this experiment resulted in a decrease in
fertilization rates in both species of sea urchins, as the size of the larvae decreased and
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they lacked arms, and spicules, which indicates a very large decrease in the calcification
rates.

The most significant change that occurred in the design of experiments carried out by
Batten and Bamber (1996) on the effect of an acidification on the Rag worm (Nereis
virens) in two different periods was proposed in 2007 by Widdicombe and Needham
(2007) who developed a system of microcosms known as "mesocosm" which is a
simulation to the natural environment in which the organisms live to a large deal. This
design will be the basis for many experiences that will be discussed in this field. In this
experiment, the authors (Widdicombe and Needham (2007) used carbon dioxide to
manipulate partial pressure and change acidity. They conducted an experiment on the
worm Nereis virens (ragworm), where it exposed for a period of five weeks (medium
term) to an environment with an acidic medium of pH of 7.3, 6.5 and 5.6. The control
group was exposed to an acidity of 7.9. This experiment, unlike what was mentioned
earlier by Batten and Bamber (1996), showed tolerance for significant changes in pH, as
it showed no significant differences in metabolism or hiding activity, and did not show
any effect of acidity on mortality. One of the disadvantages of this study was that the
amount of sediments in containers compared on the size of the animal, which may have
affected some products, such as hiding behavior.

The finding of the previous researches showed that the calcification rate of the coral reefs
that were exposed to high levels of acidity decreased by 190%, and these coral reefs
showed a loss of pigment known as bleaching by up to 50% (Anthony et al., 2008).
Likewise, (Jokiel et al., 2008) have studied the coral reefs and some organisms that have
a suitable environment for growth and living, where large basins of mesocosms were
used and were placed in same pools in the open air under natural sunlight, and for each
pool they add 10% dilute hydrochloric acid (HCI) to change the acidity. After ten months,
they found a very large decrease in the number of samples from the vermeids
(Serpulorbis sp.) and the barnacles (Balanus sp.) in acidifying treatments. There was also
a decrease in the coral calcification rate of Montipora capitata from 15% to 20%
compared to the control group. As for the booming weight, it decreased in Rhodolith
compared to its rise in the control group with a negative growth rate of 250%.

Finally, a decrease in the growth of crustose coralline algae appeared, with a relative
decrease of 86%. Returning to other marine invertebrates (Bibby et al., 2008) a study on
blue mussel (Mytilus edulis) using four different levels of acidity has observed that the
results indicate an influence in the physiological state and the dissolution of the calcium
shell, as animals dissolve calcium carbonate (CaCO3) and lower metabolic rates to
maintain the internal acidity rate. The results obtained by Portner (2008) are contrasting
with some experiments on some other invertebrates, which gave a significant decrease
with statistically significant rates of growth and metabolism level. However, there were



227 Global Warming, Marine Invertebrates, and Saudi Arabia Coast on the Red Sea

no significant differences in metabolic rate, growth and calcification that appeared
excellent for cephalopod (Sepia officinalis) when animals were subjected to a high
pressure. For carbon dioxide of 4000-6000 ppm, the pH value ranged from 7.10-7.23, at
the same temperatures. As for (Wood et al., 2008) obtained interesting results when
conducted a 40 day of experiment on the ophiuroid brittlestar (Amphiura filiformis) that
was treated under three levels of pH (7.7, 7.3 and 6.8), they found that there was an
increase in growth and metabolism, and no noticeable difference is observed in the
amount of calcium carbonate, in addition to that, the oxygen (O,) absorption rates did not
differ significantly from the control group treated with pH = 8.0. Again to blue mussels
(Mytilus edulis) in an experiment carried out by Beesley et al. (2008) where they used the
mesocosm system mentioned by Widdicombe and Needham (2007) to expose animals
to three different levels of acidity (6.5, 7.6, 7.8 and 8.0), in addition to the control group
for about two months.

According to Havenhand et al. (2008) by studying gametes and larvae of the sea urchin
(Heliocidaris erythrogramma), it was found that sperm speed and ability to move in
acidity seawaters were much lower than that of pH = 8.1. In another study on marine
shrimp (Palaemon pacificus) conducted by Kurihara et al. (2008) used two types of
treatments, the first treatment was carried out for 30 weeks at a pH of 7.89 and a partial
pressure of 1000 ppm, while the second treatment continued for 15 weeks at a pH = 7.64
and pCO, = 1900 ppm; the temperature for the two treatments was adjusted at 25 °C. The
results of showed a significant decrease in survival, with deaths in the first treatment
reaching 45% at the beginning of the eighteenth week, while it was 35% in the second
treatment at the beginning of the seventh week. On contrast, in another research carried
out by Kurihara and Ishimatsu (2008) on the copepod (Acartia tsuensis) at 25 °C, pH=
7.31 and a carbon dioxide partial pressure of 2380 ppm, the results showed that there was
no statistically significant effect on survival, growth speed and body size when compared
to the control group at a pH = 8.14. These researches thus indicate that copepods are
more tolerant of CO; rise.

In 2009 research continued on ocean acidification and its impact on marine invertebrates
more intensively. Although most of the research has taken carbon dioxide gas mainly to
manipulate acidity levels, however, some researchers such as Andersson et al. (2009)
still use some acids such as HCI. For instance, one of the studies that was exposed to the
effect of high temperature and low pH simultaneously was conducted on Heliocidaris
eryhrogramma (Byrne et al., 2009). The organisms were exposed to three levels of a pH
at 7.6, 7.8 and 7.8, coinciding with the temperatures at 20, 24 and 26 °C, respectively,
and the control group was under the influence of pH = 8.2 and temperature at 20 °C. The
results of this study showed that the responsibility lies with heat but not acidity in
affecting fertilization and development in the animals being tested. Clark et al., (2009)
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collected larvae of four species of sea urchin in one study that included larvae of one
species from tropical regions (Tripneustes gratilla), larvae of two species from temperate
regions (Pseudechinus huttoni and Evechinus chloroticus), and the last species larvae
from Polar regions (Sterechinus neumayeri). Carbon dioxide was used for acidification
seawater to pH =7.8, 7.7, 7.5, 7.0, 6.5 and 6.0 levels, as the larvae were exposed to these
levels of pH for a period from 4 to 22 days.

The obtained results showed that, both types of temperate regions showed degradation in
the form of larval structures, while the other two types of tropical and Polar Regions were
not affect. Calcification in larval structures decreased significantly, with a statistically
significant effect in larvae treated with low pH except for polar region. Also, the decrease
in pH resulted in a decrease in the size of the larvae, as well as a decrease in survival in
all species when the pH is less than 7.0.

One of the experiments that attempted to simulate the reality of 2100 ppm levels as much
as possible was the study of Ellis et al.( 2009) conducted on embryos of the marine
intertidal gastropod (Littorina abtusata). Carbon dioxide was used to modify the acidity
with a partial pressure of 1100 ppm and a pH 7.6, under a temperature of 15 °C, while the
control group was below a pH 8.1. This study reached that the heart rates of the larvae
and adults were significantly lower in the treated group with significantly acidified
seawater. There were observed significant changes in physiological and behavioral
patterns, as well as a decrease in the ability to grow, in addition to an increase in the
duration of the larvae needed for growth and development.

Using flurochrome and the radioisotope “*Ca in calcification estimates (Comeau et al.,
2009) with a 6 hour study on pelagic mollusk (Limacina helicina) at a temperature of 5
°C there showed remarkable decrease in the rate of calcification of 28% when exposing
animals to the pH level 7.78 and pCO, 760 ppm compared to the control group at pH 8.09
and pCO; 350 ppm at the same temperature. These results represent a strong indication of
the effect of carbon dioxide concentration on calcification rates. Hauton et al., (2009)
used microcosms based on the system described by Widdicombe and Needham (2007)
and with using carbon dioxide to manipulate pH levels to three concentrations pH (8.1,
7.8 and 7.6) and pCO, (380, 550 and 980 ppm), respectively on adults of the amphipod
(Gammarus locusta) for 28 days at 20 °C. The results concluded that this species of
organism is strong and has a high ability to cope to the increase in acidity. No significant
or statistically significant changes in growth and survival appeared compared to the
control group. Likewise, Havenhand and Schlegel (2009) were conduct their study on
the oyster (Crassostrea gigas), they did not find any statistically significant results on the
influence of sperm motility and its ability to fertilize when exposing animals to a
temperature of 21 °C -22 °C under pH 7.8 compared to control group with pH 8.15.
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Delayed larval development and change in shape as well as fetal abnormalities are the
findings of Kurihara et al. (2008) when tested for larva of the mussel (Mytilus
galloprovicialis) under high partial pressure of 2000 ppm and pH = 7.4 at 14 °C for 6
days compared to the control group at pCO, = 380 and pH = 8.1. By adding NaOH or
HCI (Kuroyanagi et al., 2009) with a study that included three levels of acidification
(8,3, 7,9 and 7,7) for a period of 10 weeks on a type of anthracite called Margiopora
kudakajimensis at a temperature of 25 °C compared to the control group pH 8.2 there was
no significant effect at 7,9. However, there was a significant decrease in growth and
calcification rates when pH dropped to 7.7.

Acidity has been studied on the larval development of the European lobster (Homarus
gammarus) by Arnold et al. (2009) to study the growth of larvae in the early stages. The
acidification did not have a direct effect on the calcification of the larvae. In cold water,
at temperatures of 7.5 °C and 9.9 °C, Maier et al. (2009) have been experimenting the
calcification rates with coral Lophelia pertusa. The results showed a decrease in the
calcification rates reaching more than 50%. In a study by Miller et al. (2009) two species
of oyster larvae were tested in the eastern oyster (Crassostrea virginica) and the suminoe
oyster (Crassostrea ariakensis), where organisms were exposed to four levels of partial
pressure of carbon dioxide pCO, 280, 380, 560 and 800 patm, for a period of 4 weeks (28
days). The results indicated that there was no change in calcification and growth on C.
ariakenis, while treatments for the year by 2100 ppm conducted on C. virginica
witnessed a decrease of 16% in the size of the shell and 42% in the calcium content
compared to the pre-industrial era. So, this research continued similar to those recorded
previously at the beginning of the second decade of the twentieth century, because
climate change is so important to ecosystems and biodiversity, with the increasing
evidence that scientists and researchers confirmed that.

6. Methodology comparison:

Looking to the studying phenomenon of acidification in climate change on marine
organisms, it was find that most of them tried to simulate nature by using CO; in
acidification processes due to the belief that the negative impact is not only to acidity but
to CO; as well (Melatunan et al., 2013). On the other hand, though in small numbers the
processes of acid development continued using strong acids such as Hydrochloric acid
(HCI) (Kuroyanagi et al., 2009), which to some extent, succeeded in creating acidic
atmospheres close to the expected in the coming decades. Few studies on the effect of
climate change on marine animals have examined the effect of only the acidification
factor (Pansch et al., 2018), and such as the temperature elevated factor (Kaminski and
Garrison, 2020). These factors are very important for marine organisms because the
metabolic processes are very sensitive to temperatures changes for all marine
invertebrates and also affect the geographical distribution of species and behavior in
addition to their effect on ecosystems (Bruno et al., 2015) and evolution in ectothermal
animals (Nguyen et al., 2011).
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Some scientists have also studied the effect of O, (hypoxia) on marine organisms,
because it is believed that in the year 2100 there may be a deficiency of up to 4% of O, in
the oceans (Cocco et al., 2013). A recent study found on the hydrostatic pressure factor
because species migrate to deeper areas in the oceans due to elevated temperature and
decrease oxygen in their recent areas, where it is believed that the vertical distribution of
species is greatly affected by hydrostatic pressure as an ecological factor affecting the
distribution marine species (Liang et al., 2020). On the other hand, some scientists are
interested in conducting experiments to study the effects of synergies between several
factors such as increased temperature and low pH in the oceans (Speights et al., 2017),
and the combination of increased salinity and increase surface seawater temperatures and
studies on the effect of increased CO, concentration and ocean oxygen deficiency (Cocco
etal., 2013).

However, few scientists have studied the synergistic effect of more than two factors such
as Salisbury and Joénsson (2018) who experimented the synergistic effect of increased
seawater temperature with increased salinity and decreased pH. These authors believed
that simultaneous climate changes can lead to unexpected biological responses if it was
compared to individual climate responses only. Many of these experiments were
conducted in research laboratories (Domenici et al., 2017) using microcosms that
simulate future environmental conditions on light of continuing greenhouse gas
emissions, but some researchers believed that these experiments should be in the natural
environments of marine organisms (Sorte and Bracken, 2015), but very few researchers
combined experiments in research laboratories with experiments on the natural habitats of
marine organisms (Meseck et al., 2020).

The studies also varied in the period of their conduct, ranging from long-term research
that may extend for several months (Manriquez et al., 2016) due to the importance of
knowing the extent of ability of different types of marine organisms adapt to climate
change, or they will not be able to continue and will be damaged. However, some studies
were carried out at the intermediate level for several weeks, during which animals were
subjected to experimentation for a period of adaptation (Schram et al., 2016), while
others had been conducted in the relatively short term through only several days (Wang
et al., 2020), and there are also studies conducted in the very short term without periods
of acclimatization (Comeau et al., 2009). It may be very important to reconsider the
expected significance of research conducted within hours to a few days that does not
exceed a week.

7. The importance of mollusks in global warming researches
Mollusks comprise nearly 30,000 species and are believed to be of both calcified
(which is believed to be most affected) and non-calcified species vulnerable to global
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warming in all of their life cycle (adult and larvae), both have economic and
environmental catastrophic consequences (Parker et al., 2013). Marine mollusks are a
major component of the intertidal zone but competition and predation are determinants
of distribution, intensity and biodiversity of mollusks in the intertidal zone in addition to
temperature (Kaullysing et al., 2017). Marine mollusks are environmentally and
economically important. For example the mussels and oyster beads that are found in
estuaries and polluted areas obtaining their food by filtering seawater are also an
important food source for other organisms (Parker et al., 2013). Snails also act as
intermediate hosts of many parasites to complete their life cycle and thus are of medical
importance (Al-khateeb 2009).

8. Why the Red Sea?

The Red Sea is a water area that extends 2250 km long. The maximum width of the
Red Sea is in the south and up to 355 km, compared with the narrowest point at the Bab
al-Mandab strait varied from 30 - 40 km (Hereher, 2015), which connects the southern
end of the Red Sea with the Indian ocean (Dreano et al., 2016). The average depth of the
Red Sea is 490 m, and the depth decreases at the Bab al-Mandab strait into 130 m
(Bruckner et al., 2013). The Red Sea is a semi-closed water area that separates the
Arabian Peninsula from the African continent (Hereher, 2015). Much of the Red Sea in
Saudi Arabia is characterized by coastal corals, benthic seaweed, and mangroves
(Dreano et al., 2016). The coast of the Kingdom of Saudi Arabia extends north on the
Red Sea to reach the Gulf of Agaba and south to the Farasan Islands (Bruckner et al.,
2013), with a coastal extension of about 1840 km, where it is the largest among of
countries bordering this water basin and witnessing an accelerated civilization
development (Hereher, 2016). The absence of rivers flowing into the Red Sea or ever-
flowing water currents from the sea, as well as the presence of high levels of evaporation
with a decrease in annual rainfall rates (2 cm / year) (Dreano et al., 2016) led to high
levels of salinity varied from 37 - 42 ppt (Koprivnikar and Poulin, 2009), and surface
water temperatures rise to 32°C (Kandler et al., 2019). Continued global warming is
expected to lead to warming of the Red Sea, which began to rise markedly since the last
decade of the twentieth century and continues to rise at a rate considered one of the
highest observed (Raitsos et al., 2011).

The Red Sea is a region with high biodiversity of coral reefs and is located in the warmest
regions in the world (Dreano et al., 2016). Despite the small size and abundance of
species, it is still a water ecosystem that has not been adequately studied compared to the
Caribbean Sea and the Great Barrier Reef (Berumen et al., 2013; Bruckner, et al.,
2013). The number of research studies that examined the potential effects of climate
change in the Red Sea is still very few, but those researches related to climate change and
global warming are almost non-existent in the middle region of the Red Sea coasts along
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coasts of the Kingdom of Saudi Arabia, where there is a great difficulty to accessing such
research. Berumen et al. (2013) mentioned in his research on coral reef studies in the Red
Sea that it is about 80% less than the great barrier reef research and about 90% less than
the research of the Caribbean Sea, and even those research on coral reefs, 50% of them
were concentrated in the Gulf of Agaba and the other 50% were distributed between the
eastern and western coasts along the Red Sea. Because, as previously mentioned, there is
no rivers flow on the Red Sea and due to the low amount of rain falling, high levels of
salinity, heat and humidity, coral reefs flourished in the Red Sea. However, because of
the exposure of coral reefs in the Red Sea to these difficult climatic conditions it is
believed that they are very durable to climatic conditions and may withstand to be from
the last coral reefs that will remain in the oceans (Nasr et al., 2020). Same observations
from the lack of researches in the Red Sea found by Kandler et al.( 2019) during his
research about the impact of climate change on sponges in the Red Sea when compared to
research in the Caribbean Sea and the Great Barrier Reef.

CONCLUSION

We tried to obtain scientific papers related to the effect of climate change and
global warming on marine organisms from the Palanaxidae family or any other species of
marine snails or other calcified invertebrates that inhabit the middle region of the Red
Sea. The results were very disappointing, and there are few studies were found on the
potential impacts of the climate change on coral reefs in the Red Sea. Although the
climatic effects on other animals that have a significant environmental and economic
importance are not fully known, the severity of the impacts is not predictable for all
organisms on the same levels and yet there are no sufficient studies to clarify how the
region might look in the near or far perspective. Therefore, there is still need for further
publishing good publications that reflect the importance of the Red Sea’s middle region
on the coast of the Kingdom of Saudi Arabia. These publications will help in setting a
vision for future forecasts of the potential effects of global warming on the ecosystems
and the biodiversity of those regions with a strategic and important location as it is in
addition to abundant with many areas of distinctive coral reef systems in its biodiversity
includes coastal cities with a population density city (Jeddah), economic city (Thowal)
and industrial city (Yanbu). These cities had has been increased the importance of the
region and the need for more research interest in it to monitor natural habitats such as
islands and coral reef areas, including the organisms they contain and preserve them from
the future impacts of climate change and global warming.
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