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Abstract

Global warming has become a global challenge having dire consequences on
different aspects of the environment due to the melting of glaciers, excess
carbon dioxide (CO,), and excess warming of water bodies among others. At
a faster pace recently, climate change is affecting the marine environment,
causing numerous alterations. Here, we address its consequences and the
numerous alterations, which are more vital for researchers and global agen-
cies to advocate more on why it’s essential to lessen the impact of climate
change. Our review showed that the impacts of climate change are articulated
at several stages of the marine ecosystem where it affects the inhabitants and
their habitats. In response to climate change (ocean warming) marine species
shift their latitudinal range to find suitable conditions leading to the redistri-
bution of species. In addition, we found that growth reduction, sub-optimal
behaviors, and reduced immune-competence of marine organisms, are as a
result of thermal stress due to climate change. Also, the periodic changes in
temperature above or below the optimum have a meditative reproductive ef-
fect on marine species, including fish. Finally, we discovered that due to
higher water temperatures, several diseases showcase greater virulence in the
sense that the marine species become less resistant to these diseases due to
stress, increased virulence stimuli, or increased transmission.
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1. Introduction

Climate change is anticipated to affect organisms including their individualism,
the scope and structure of their populations, the species construction of com-
munities, and the structure as well as the functioning of ecosystems. Effects in-
clude poleward or high-altitude shifts in the distribution of ectothermic animals
(Spies et al., 2020). All aquatic ecosystems, comprising of freshwater bodies,
coastal estuarine habitats as well as marine ecosystems are influenced by climate
change (Beck, 2018; Hewitt et al., 2016). According to previous studies, relatively
small changes in temperature modifies the metabolism and physiology of aquatic
animals, such as fish, resulting in difficulties in growth, fecundity, feeding beha-
vior, distribution, migration as well as abundance (Mir et al., 2019; Nagelkerken
& Munday, 2016; Portner et al., 2017; Rael et al., 2020). However, the impacts of
climate change have been revised and shortened for freshwater and marine eco-
systems (Hewitt et al., 2016; Rosenzweig et al., 2007). Climate change has led to
the adjustments in the distribution of invertebrates, vertebrates, and also plant
species, in terms of the timing of their cyclic activities and their physiological
responses in both aquatic and terrestrial environs (Beaugrand & Kirby, 2018;
Gilg et al., 2017; Root et al., 2003; Rosenzweig et al., 2007; Sunday et al., 2015),
these include marine zooplankton and fish (Beaugrand & Kirby, 2018; Spies et
al., 2020). According to literature and recent analyses, threats are imminent and
predictions are being made on climate warming in the next decades (Smith et al.,
2007). Esia-Donkoh (2017) specified that an increase in temperature of 2°C to
3°C above pre-industrial levels is expected to place predictably 30% of plants and
animal species at high risk of extinction, while key changes in the structure and
function of marine and extra aquatic ecosystems are foreseen, and in current
eras, these changes are taking place and if precautions are not put in place they
will intensify, triggering more species to go extinct.

Global climate change, which is extensively driven by anthropogenic activities,
referencing to (Hewitt et al., 2016), has become an awful reality in the past cen-
tury and its impact is expected to increase in the future. Also, recent models
have projected a 0.2°C increase in the mean worldwide temperature per decade
in the next 2 decades and 1.8°C - 4°C increase by the year 2100. According to
(Poloczanska et al., 2016), aquatic ecosystems are prone to the effects of climate
change globally. This is because, the vast majority (>95%) of aquatic species are
ectotherms, in other words, poikilothermic. Temperature is very keen on the phy-
siology of poikilotherms, as their body temperature changes with that of the en-
vironment, resulting in the adjustments of the rates of all physiological and bio-
chemical reactions and steadiness of biological molecules (Bonachea, 2019;
Heuer et al., 2019). Paleontological records, as well as history on global warming,
demonstrates that even the modest changes in environmental temperature by a
few degrees centigrade results in major shifts in ectothermic distributions and
mass extinction of their population (Gémez et al., 2008; Heuer et al., 2019). Ma-
rine ecosystems are very momentous in the regulation of the climate and are
very subtle to climate change (Hoegh-Guldberg et al., 2014; Hoegh-Guldberg &
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Bruno, 2010). The effects of climate change on marine organisms differ in terms
of latitude, territory, water column features, riverine structures, and flow sys-
tems. However, some universal outlooks of climatic change are possible phase-
shifting of periodic temperature profiles, eminent seasonal maxima, and minima
as well as a sign of an increase in atmospheric CO,, which turns to increase
ocean acidification (Lough & Hobday, 2011).

Quite a lot of recent studies focused on the assessment of the ecological status
of marine waters in an integrative means (Borja et al., 2011; Commission, 2010),
but it is still not clear how marine ecosystems react to human actions and cli-
mate change (Borja et al., 2013). Studies on climate change effects in aquatic
ecosystems are still far behind studies related to land-dwelling ecosystems (Rich-
ardson & Poloczanska, 2008). This is primarily due to the aspect complexity and
variability of seas and the lack of long time series of data of relevant variables
(Pratchett et al., 2011). Moreover, many studies focused on specific marine eco-
systems or their specific components, such as coral reefs (Gilg et al., 2017; Mun-
day, 2004; Pandolfi et al., 2011), seagrasses (Bjork et al., 2008; Jorda et al., 2013;
Koch et al., 2013), or fishes (Koehn et al., 2011; Mir et al., 2019; Munday et al.,
2009) without focusing on most of the important parts, including the marine
ecosystem as a whole. This implies that there is a need for more research into
climate change and its effect on the marine world. Nonetheless, here, we address
its consequences and the numerous alterations, which are more vital for re-
searchers and global agencies to advocate more on why it’s essential to lessen the

impact of climate change.

2. Climate Change Impacts

2.1. Effects of Climate Change on Species Distribution and
Abundance of Marine Organisms

Climate change is well-thought-out in determining the past and future distribu-
tions of biodiversity (Peterson et al., 2002; Root et al., 2003; Sunday et al., 2015).
Impacts of climate change are articulated at several stages. The most proximate
effects of climate change are in the phenology of species (Lynch et al., 2016;
Ruiz-Navarro et al., 2016). Climate change may affect the distribution and the
abundance of organisms in their ecosystem (Marcogliese, 2016; O’connor et al.,
2015; Potts et al., 2014; White, 2018) and according to (Worm et al., 2005), the
arrays and trends in species diversity in the open oceans remain puzzling. There
is a strong bond between the array of marine species richness and environmental
factors, remarkably for fish and invertebrates (Chaudhary et al., 2016). Also, ob-
servations and theories advocate that marine species respond to ocean warming
by shifting their latitudinal range (Kleisner et al., 2016; Mueter & Litzow, 2008;
Spies et al., 2020; Sunday et al., 2015) and depth range (Dulvy et al., 2008). The
responses of such species may lead to local elimination and raids, resulting in
changes in the array of marine species richness (Kleisner et al., 2016). Marine

organisms averagely have lengthened the leading edges of their distributions by
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72.0 + 13.5 km per decade (generally polewards), while marine phenology in
spring has progressed by 4.4 + 1.1 days decade (Poloczanska et al., 2013).

There is an increasing problem of climate change for marine fisheries; some of
the tropical fish species face regional extermination problems. Some of the other
species may migrate towards higher latitudes. Coastal areas are more likely to be
obstructed through the increasing sea surface temperature, sea-level rise, ex-
tremes of nutrient enrichment (eutrophication), and invasive species. Even a
disparity of 10°C temperature in seawater may affect the assortment, distribu-
tion, and life cycle of marine species (Neelmani et al., 2019). Reduced oxygen
solubility thus, reducing dissolved oxygen (DO) concentrations at which per-
meation occurs could be a result of the surges in water temperature whiles most
marine species and ecosystems are currently under several concurrent threats
(Johan et al., 2015; Lohmus & Bjorklund, 2015).

Phytoplanktons have conflicting sensitivities to CO, concentration and have a
variety of mechanisms for the utilization of carbon. Thus, the increase in seawater
CO, concentration will not only change the activity of individual phytoplankton
species but will also tend to favor some species over others. These shifts in phy-
toplankton’s ecological structure will impact the community structure of the high-
er trophic levels that are dependent on phytoplankton as food and will also affect
the cycling of elements that diverge between species (e.g. carbonate by calcifying
organisms and silicate by non-calcifying organisms) (Domingues et al., 2017).

Fishery ecosystems and fishing-based livelihoods are subject to a range of cli-
mate-related variability, from extreme weather events, floods, and droughts,
through changes in the marine ecosystem, productivity and changing patterns
and the abundance of fish stocks (Neelmani et al., 2019). The distribution and
migration of oceanic tuna, which are influenced by the thermocline, may be
strongly prejudiced (Kingma, 2018; Zacharia, 2017). There are difficulties in
projecting how populations will behave under extremely different conditions,
and under these conditions, fish stock assessment, which is already difficult may
prove dreadful (Kingma, 2018). Fisheries management will likely become far
more antagonistic because the abundance of fish (fin and shell) populations and
the composition of communities will change in unanticipated ways (Vivekanan-
dan, 2006). Figure 1 shows how climate change is expected to impact marine fi-
sheries. This expected climate change impact goes along way to affect fishermen,
interms of catchline decline, their rehabilitation into inland areas, as well as

economic drain (Vivekanandan, 2006).

2.2. Effects of Climate Change on Growth and Reproduction of
Marine Organisms

Globally, near-shore marine territories are increasingly being exposed to a va-
riety of anthropogenic stressors, such as sedimentation, eutrophication, and
pollution (Morgan & Kench, 2016), which leads or links with climate change,
and of which all have insightful impacts on reproduction, recruitment, and sur-
vival of larvae. Increased temperature as a result of climate change may lead to
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thermal stress in aquatic animals, causing growth reduction, sub-optimal behaviors,
and reduced immune-competence (Mir et al., 2019; Nagelkerken & Munday,
2016; Rael et al., 2020; Van Woesik & Randall, 2017). The aftermaths of climate
change are not solely limited to effects of temperature on hosts and their para-
sites, but also include the modifications in water levels and flow systems, eutro-
phication, stratification, changes in acidification, condensed ice cover, fluctua-
tions in ocean currents, increased ultra-violet (UV) light penetration, runoff,
weather extremes, in which one way or the other are linked or are as a result of
climate change. All these features will have significance on entire ecosystems and
their food webs (Marcogliese, 2016; White, 2018). Periodical change in temper-
ature has a meditative effect on reproduction on fish; increasing temperatures
signal reproductive development in spring-spawning species, and dwindling tem-
peratures stimulate reproduction in autumn spawners. Eminent temperatures
shorten spring spawning and interpose autumn spawning (Marcogliese, 2016).
Reproduction will be affected when temperature rises, but the nature of these ef-
fects will pivot on the period and breadth of the increase and variety from seg-
ment shifting of spawning to wide-ranging inhibition of reproduction (Pank-
hurst & Munday, 2011). Temperature is an indispensable physical supervisory
factor in the lives of aquatic animals (e.g. fish) and this effect is showcased pre-
dominantly strong in control of all reproductive progress from gamete develop-
ment and ripening, ovulation and spermiation, spawning, embryogenesis, and
hatching, to larval and to the developmental and survival stage of juvenile (Pank-
hurst, 2016; Pankhurst & Munday, 2011).

Temperature is generally well-organized to be a minor prompt to photoperiod
in seasonal reproductive phases in sexually matured adults, but it has an impact
on coordinating the final stages of reproductive maturity, and also in shortening
reproductive chapters (Pankhurst, 2016). Fish larvae are usually greatly delicate
than adults to environmental discrepancies and turn to be particularly defenseless
to climate change. Although temperature has direct effects on the embryonic ex-
tent and egg survival, it also affects size at hatching, the developmental rate, pelagic
larval duration, and survival of aquatic animals (Pankhurst, 2016; Pankhurst &
Munday, 2011). Preeminent CO, also has more wide-ranging detrimental effects
on the survival, growth, and respiratory physiology of aquatic or marine animals
(Lee et al., 2016; Portner et al., 2017; Hans-Otto Portner et al., 2014; Smith, 2016).

According to (Verberk & Bilton, 2011), the significance of physiological ef-
fects in a climate change framework at the ecosystem level has only been verified
for the perception of “oxygen and capacity dependent thermal tolerance (OCLTT)”
in animals. This implies that more research should be done on broader bases to
know how climate change affects aquatic animals. According to (Pedersen et al.,
2016), while the pursuit of mechanistic relations between climate and plankton
lingers, the impact of weather on the concentration of ocean mixing is likely to
be crucial to the linkage. As a result, this concentration affects light levels, sur-
face temperatures and the extent of how nutrient is reutilized from deep layers,

thus, impelling the growth of phytoplankton, and thus driving bottom-up pro-
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cesses (i.e. the role of members of one trophic level as food items for higher
trophic levels) throughout the pelagic food chain.

Temperature is known to be the highly prevalent climate-correlated influence
on biological function (Johnston & Bennett, 2008). In the same way, growth is
temperature-dependent and in the preliminary levels of warming, the altering
temperature may lead to a change in community size structure as well as bio-
mass (Wiedenmann et al., 2008). Warming, however, will not necessarily in-
crease growth rates (Pratchett et al., 2008). Reproduction and reproductive out-
put timings, as well as the condition of juveniles and larvae, are also subject to
inconsistency (Pratchett et al., 2008). Juveniles of marine organisms, specifically
marine animals can be particularly inclined to temperature, salinity, and pH
changes, and larvae may accede to preeminent temperatures that their adult stages
can live on (Flynn & Todgham, 2018; McLeod et al., 2015). Hatching times of
eggs may affect the chances of larvae to survive if larval appearance does not
concur with food availability. Changes in the timings of plankton blooms (Platt
et al., 2003), as well as temperature-driven phenological changes (Edwards &
Richardson, 2004), may lead to breaks in food chains (Hipfner, 2008; Pedersen et
al., 2016). Pelagic and marine intertidal organisms also show complex physio-
logical responses to temperature stress, with likely undesirable effects on growth
and maturity, which lead to changes in population dynamics and ecosystem
processes (Yao & Somero, 2014). Outside this range, however, adaptation fails
and the chance of mortality increases, whereas growth and development reduce,
and populations decline or are driven to local extinction. Key biological processes
can also be prejudiced by the dissimilarities in temperatures (Hoegh-Guldberg et
al., 2014; Hoegh-Guldberg & Bruno, 2010; Poloczanska et al., 2016) such as re-
production and growth. Most fish species have a constricted range of ideal tem-
peratures for their growth, development for their basic metabolism, and availa-

bility of food organisms (Neelmani et al., 2019).

2.3. Effects of Climate Change on Disease Outbreak on Marine
Organisms

Diseases and parasites can have a severe influence on the entire ecosystem, in-
cluding its organisms (plants, animals and microorganisms). According to (Jo-
han et al., 2015; Marcogliese, 2016; Van Woesik & Randall, 2017; White, 2018),
climate change will have a profound influence on the spread of parasites and
diseases in aquatic ecosystems. Several diseases showcase greater virulence at
higher temperatures and this may be the outcome of reduced resistance due to
stress, increased virulence stimuli, or increased transmission (Glynn et al., 2015;
Van Woesik & Randall, 2017). Climate change will not only affect the species of
parasites directly but also through the distribution changes and the abundance
of the hosts (Marcogliese, 2016; O’connor et al., 2015; Potts et al., 2014). The re-
sponse to increasing temperatures on the side of parasites may be sturdier as
compared to their hosts (Blasco-Costa et al., 2015). The occurrence of diseases is

directly linked to variations in the ecosystem of hosts or pathogens, or both (Jo-
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han et al., 2015; Lohmus & Bjorklund, 2015). The most apparent effects are likely
to result from the extension of the geographical range of pathogens (Van Woesik
& Randall, 2017). Although not all diseases in the ocean are linked to climate
change alone, it discloses to increase in corals, sea urchins, mollusks, sea turtles,
and marine mammals (Lafferty et al., 2004).

The diseases of aquatic organisms with the strongest links to climate are those
of marine invertebrates, including mollusks, echinoderms and cnidarians. Mass
mortality associated with high temperatures has been documented in shrimps,
seagrasses, oysters, starfish, corals, abalone, and sea urchins (Johan et al., 2015;
Lohmus & Bjorklund, 2015). The populations affected are key constituents in
marine habitats, where the effects of disease cascade throughout the local eco-
system, affecting entire communities of organisms, as well as any commercial
activities dependent on these natural resources (Bruno et al., 2007; Johan et al.,
2015; Lohmus & Bjorklund, 2015).
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Figure 1. Expected impact of climate change on marine fisheries, revised from (Vivekanandan, 2006).

3. Conclusion

Anthropogenic activities being the main course of climate change, it is now up
to us humans to make it a priority to control and reduce its effect on nature as a
whole. Climate change will, or is already, affecting reproductive and early life
history events of most organisms (both marine and terrestrial), especially fish.
Temperature is said to be one of the most fundamental variables affecting the
lives of fishes, but we still know discouragingly little about its effects. The rate at
which the climate is changing coupled with global warming, instant preventive,
or control measures is necessary to prevent future consequences to nature, espe-
cially to marine and terrestrial ecosystems alongside their organisms, which are
of most beneficial to humans. As it may be from rising sea levels, warming wa-

ters, or melting glaciers and permafrost, the impact of climate change is set to
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have drastic effects on aquatic and terrestrial organisms (invertebrates, verte-
brates, and mammals) which live within and or around the affected areas.

To some extent, the impacts of climate change cannot be avoided over the
next few years or decades. The consequences will become more severe the longer
it takes policymakers to find solutions to reduce it. Global organizations such as
the UN among others should use their worldwide platforms to educate people
on climate change and impacts as well as how to prevent or reduce it. Further
studies should be conducted to quantify the impacts of climate change on ma-
rine, as well as freshwater quality parameters and also impacts of climate change
on freshwater organisms specifically. More research should be carried out to de-
termine the impacts of climate change on the marine ecosystem as a whole since
there isn’t enough as compared to that of the terrestrial ecosystem. Additional
studies should be conducted on the effects of climate change on the development

of marine aquatic species and their interaction with pollutants.
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