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Abstract

A reduction in species of Nile fish was observed during (2001-2020). Annual temperature revealed high
levels (29 to 31 °C), with fluctuation between 2001 and 2008, decreased from 2009 to 2000. Rainfall
fluctuated between 2001 and 2007, with highest peaks in 2019 and 2020. Positive correlation (r =
0.34402) was found between temperature and catch. Catch increased with decreased temperature.
Negative correlation (r = -0.15869) was found between catch and rainfall, high level of catch was
recorded with low rainfall. The results indicated changing in climate within Sudan over time. To tolerate
climate change for the next twenty years, the Nile fish will either modify their body structure and
function, or even stand the risk and extinct from the Nile. Future changes in the productive capacity of
the Nile need effective and progressive responses to the urgent threat of climate change, through
mitigation and adaptation measures and sustainable management practices.
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1. Introduction

Climate change could be one of the main threats faced by aquatic ecosystems and freshwater
biodiversity. Improved understanding, monitoring and forecasting of its effects are thus crucial
forresearchers, policy makers and biodiversity managers. Climate change poses new
challenges to fisheries and aquaculture with serious implications for people who depend on
them for their livelihoods, the world’s poorest people, and the billion for whom fish is an
important source of animal protein [*°1, Climate change is expected to alter the hydrological
processes of water available for fish and is a great threat to fish production 681, Projections of
future conditions show further impacts on the distribution and abundance of fishes associated
with a relatively small temperature change. Global atmospheric temperatures have risen
throughout the last 50 years [, with increase of about 0.8 °C (1.4 °F) in the global average
surface temperature. Regional increases in temperature have been documented in the
southwest Pacific Ocean and North Atlantic Ocean [°. The western Mediterranean Sea
temperatures have also been rising [, which was reflected in the presence and abundance of
ectothermic marine life 2 Two thermophilic algal species, several thermophilic echinoderm
species, and some thermophilic fishes have increased in abundance, off the coast of France.
The freshwater fisheries of Sudan are based on the River Nile and its tributaries which
contribute over 90% of the estimated production potential of the country. The man-made lakes
on the White Nile, the Blue Nile, Atbara River and the main Nile River and Lake Nubia on the
main Nile count as the major fishing localities with respect to fish resource magnitude and
exploitation. Although the fishery sector‘s contribution to national income in Sudan is small
(i.e. 0.4% of gross domestic product), fishing is the source of employment and livelihood for
large communities [** 8, Climate change effects, such as increased temperature and rainfall, is
expected to bring shifts in the distribution of Nile fish stocks, with some areas benefiting while
others lose out.

Changing fish distributions and abundances will undoubtedly affect communities of humans
who harvest these stocks. Change in fish stocks will also impact the subsistence, commercial
and recreational harvesters negatively or positively, and this impacting will continue on fish
and fisheries ' 31, Primary production in freshwater lakes has been observed to decrease in
Lake Tanganyika in the tropics [*¢1, but increase in some Arctic 1 and boreal lakes.
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In both cases the changes were attributed by the authors to
climate change *8. The leading factors of climate change
include increase in mean air temperature, shifting
precipitation patterns, and an increase in extreme weather
events. Since fish are poikilothermous, one of the leading
factors is the temperature of the surface layers of the water,
and there is a very close correlation between the catches of
such species and the temperature [19],

Recently,  Sudan's fisheries  production revealed  great
fluctuations ranging between (28000 — 72000) tons, with a
sharp decrease in last the quarter of the twentieth century. A
reduction in available species of the Nile fish was also
observed. Based on these problems, the study is set to assess
effects of climate change, temperature and rainfall on the total
production freshwater of fisheries and the abundance of fish
species in the main fish sources of the Nile in Sudan, as well
as to outline the management options of climate change that
will protect the aquatic fauna. The hope for sustainable fish
production in Sudan need to sensitize fishermen on the
imminent hazards of persistence water scarcity and poor
quality as evidence of climate changes that could affect fish
production.

2. Material and Methods

The present research basically adopted a library search design
of reviewing literatures of climate change impact on aquatic
lives globally. Local data of annual fish production and
abundance of fish species was collected from the records of
the Federal Ministry of Animal wealth and Fisheries for the
period 2001 to 2010. For more comparison and investigation
data of fish production for the period 1981 to 2000 was also
considered. Meteorological data on rainfall and temperature
for the period 2001-2020 was extracted from the
meteorological records of the Metrological Unit of Sudan. To
investigate the impacts of climate change, temperature and
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rainfall on total catch for the period (2001-2020), the
statistical program 2% was used.

3. Results

Many species of the Nile fish disappeared from catch in both
main Nile River and Lake Nubia, and twenty species of fish
were not caught from Lake Nubia in the last years (Figure 1).
This reduction likely a result of climate changes that affects
the normal aquatic conditions of the Nile fish and hinders the
reproduction activities and survival of these species.
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Fig 1: Occurrence of Nile fish in main resources. (Source: Federal
Ministry of Animal Wealth and Fisheries, Sudan).

As shown in (Figure 2), a high level of total catch, which
continued from the previous decade with some fluctuations,
was recorded at the beginning of the 2000 century, but a
dramatic reduction was detected in the last nine years (2014-
2020).
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Fig 2: Total catch of Nile fish in Sudan during the period (1991- 2020).

Statistical analysis revealed positive linear correlation with (r
= 0.34402) between the levels of annual temperature and total
fish catch, where, catch increased with decreased temperature,
as shown in (Figure 3), although the opposite was observed in
some years. On the other hand, no linear correlation (r = -
0.15869) was found between the total catch and rainfall

(Figure 4), although a high level of catch was recorded when
there was low rainfall during the period (2001-2010).
However, according to analysis no correlation (-0.26599) was
found between the annual temperature and rainfall during this
period (Figure 5).
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Fig 4: The correlation between the total catch of Nile fish and rainfall during the period (2001-2020)

020

Fig 5: The correlation between the annual temperature and rainfall in Sudan during the period (2001-2020)

Nile water. Freshwater environments and their fishes are
particularly vulnerable to climate change because the
persistence and quality of aquatic habitat depend heavily on

4. Discussion
The present results reflect a clear effect of climate change on
the Nile ecosystem, and the abundance of fish species in the
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climatic and hydrologic regimes. The relationship of rainfall
and total catch was not consistent throughout the twenty
years. In some years the catch increased when rainfall
decreased and in others decreased when rainfall increased.
The decline in availability of fish species is could be due to
modification in the normal habitat of the Nile fish, and that
likely affected the productivity of the ecosystem and fish
stocks. Impacted species have evolved physiologically to live
within a specific range of environmental variation, and
existence outside of that range can be stressful or fatal 21,
Climate change affects individuals, populations and
communities through the individuals’ physiological and
behavioral responses to environmental changes. Climate
change was found to seriously threat the persistence of many
of Australia’s freshwater fish species, especially of those with
limited ranges or specific habitat requirements, or of those
that are already occurring close to physiological tolerance
limits [221,

Extremes in environmental factors, such as elevated water
temperature, low dissolved oxygen or salinity, and pH, were
reported to have deleterious effects on fishes 2%l In many
regions, climate change is affecting precipitation and melting
of snow and ice, altering the hydrological systems and the
quantity and quality water resources [ Such impact of
climate change was recorded in freshwater fish, marine and
estuarine fishes and fisheries 2,

On the other hand, comparison between the annual
temperature and the total fish catch during (2001-2020)
revealed a positive correlation (r = 0.34402) where, catch
increased with decrease in the temperature. A fluctuation in
fish landings have increased and decrease at the beginning of
the twentieth century with a range of 57000 to 72000 tons, but
a dramatic decline in temperature and decline in catch was
observed during the last eight years of twentieth century. The
main aspect of global climate change is the magnitude of the
impact of a relatively small temperature change. An increase
of a few degrees in atmospheric temperature will not only
raise the temperature of the water, but also cause major
hydrologic changes affecting the physical and chemical
properties of Nile water. This will lead to changes in fish,
invertebrate, and plant of the Nile communities that evolved
in similar habitats %, The temperatures of the western
Mediterranean Sea have been rising for the last 20-30 years,
which is reflected in the presence and abundance of
ectothermic marine life 14 At the global level, the earth’s
average surface temperature has increased by more than 0.8
°C since the middle of the nineteenth century, and is now
warming at a rate of more than 0.1 °C every decade 2% 27 281,
with more dramatic consequences for freshwater systems than
for oceans because of their shallowness and lower buffering
capacity. Seawater temperatures have risen dramatically since
the 1970s, and subsurface pulses of relatively warm water of
Atlantic origin have been detected all around the Eurasian
basin [°1, Heat waves are more frequent now, even though the
reliability of data and level of certainty vary across continents
[39- The impact of climate change is expected to influence fish
supply, income and nutrition in countries more dependent on
fisheries and which could be vulnerable B! 32 331 The
reduction and extinction in species may affect the
accessibility to fish resources and consequently the nutritional
habits of the local communities, exporters and consumers 34
%, 361 suggested that there is already a dietary shift to less
animal-based products and to more fruit and vegetables.

The level of dissolved oxygen is known to decrease with
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increased temperature. Fish need 10% more oxygen for 1°C
rise in temperature 7 381 The present results indicated the
effects of climate change on the distribution of freshwater
fish. In a study conducted by [ on qualitative and
quantitative analyses of multi species, to find out whether the
observed responses of freshwater fish to recent changes in
climate are consistent with those predicted under future
climate scenarios, the authors confirmed that freshwater
fishspecies could be severely affected by contemporary
climate change, and observations and predictions are quite
correlated, thus supporting the reliability of future projections.
However, the natural and anthropogenic factors such as green
house gases and burning of fossil fuels are the causes of
global warming, and are the likely ultimate causes of ongoing
deoxygenation in many parts of the open ocean % 41 Many
substantial predicted biological and socio-economic impacts
on tropical fisheries would be prevented if greenhouse gas-
mitigation actions keep global atmospheric warming below
1.5 °C relative to pre-industrial levels [*21,

On the one hand, water which is vital to the survival of
ecosystems, plants and animals that lives in them are being
threatened; and as such reduces the species of fish caught, and
the quantity and quality of water that is available for the
inhabitants [36. 431,

5. Conclusions

The contribution of fisheries to the GDP of Sudan is currently
marginal although, the countryis endowed with water
resources and lands that can support vigorous capture
fisheries and aquaculture. However, global climate change is
impacting and is likely increasingly impact the Nile fish and
fisheries. The present study reflected the effects of climate
change on number of species available in the main resources
of the Nile fish and the change in annual total catch. Positive
correlation was found between annual temperature and total
catch, while more catch was recorded when there was low
rainfall during the period (2001-2010). The results reflect
negative impacts of climate change on the Nile ecosystem and
vulnerability fishing populations to climate change. Changing
fish distributions and abundances will undoubtedly affect the
communities of Sudanese who harvest these stocks for
subsistence and commercial purposes. Future changes in the
productive capacity of the Nile need effective and progressive
response to the threat of climate change, through mitigation
and adaptation measures and sustainable management
practices. Basic and deeper information on the physiology and
ecology of the Nile fish are needed to enable researchers to
more accurately predict the future effects of climate change
on fish species and their harvesters. The hope for sustainable
fish production in Sudan also needs sensitizing fishermen on
the imminent hazards of persistence water scarcity and poor
quality as evidence of climate changes that could affect fish
production. Human responses to climate change should be
proactive and focus on maintaining population resilience
through the protection of habitat, mitigation of current
anthropogenic stressors, adequate planning and provisioning
of environmental flows. Laws and sustainable management of
fisheries resources and the fish habitat practices with the help
of scientific knowledge should be enforced and adequate
financial resources and human capacity to implement fisheries
program should be provided with improvement of the socio-
economic status of fishermen. However, in an attempt to
address climate change and related issues, Sudan has already
ratified the United Nations Framework Convention on
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Climate Change (UNFCCC) in 2003 and submitted its initial
national communication the same year.
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