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ABSTRACT 
This review highlights the manifestation of climate change in the Hadejia-Nguru 
wetlands. Warming of the earth surface is definitely taking place. And that most of the 
increase in global temperature is caused by greenhouse gases emitted as a result of 
human activities. The Hadejia-Nguru wetland ecosystem comprises permanent lakes and 
seasonally flooded pools connected by a network of channels. The wetland is an 
important site for biodiversity. The minimum essential characteristics of a wetland are 
recurrent, sustained inundation or saturation at or near the surface and the presence of 
physical, chemical and biological features reflective of the recurrent, sustained 
inundation or saturation. Functions of wetlands can be grouped broadly as habitat, 
hydrologic, or water quality. Many endangered plant and animal species are dependent 
on wetland habitats for their survival. The result of several studies shows that the  most 
obvious manifestation of climate change in the Hadejia-Nguru wetlands is the steady 
increase in both water and atmospheric temperature. Climate change is global in its 
causes but its consequences are far more reaching in developing countries, particularly 
Nigeria. 
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INTRODUCTION 
Water is considered one of the major 
resources for development in any nation. Its 
supply in sufficient quantity, adequate 
quality at the right time is critical to all 
aspect of civilization (Oguntuase, 1995). The 
sustainable development and management of 
the world’s freshwater resources has been 
the focus of several international debates, 
conferences and workshops where a number 
of blueprints or guidelines on sustainable 
water resources development have been 
advanced. According to Inter-governmental 
Panel on Climate Change, which is the most 
authoritative team of experts on climate 
change, warming of the earth surface is 
definitely taking place. And that most of the 
increase in global temperature is caused by 
greenhouse gases emitted as a result of 
human activities. IPCC (2007) concluded that 
wetlands are among the most vulnerable to 
climate change. And those inland freshwater 
wetlands will be most affected mainly 
through changes to precipitation, intense 
droughts, storms and floods.Many semi-arid 
areas, Hadejia-Nguru wetlands (HNW) 
inclusive are particularly exposed to impacts 
of climate change and are expected to suffer 
serious pressure on the resources of the 
wetland. This review highlights the 
manifestation of climate change in the 
Hadejia-Nguru wetlands. 

DESCRIPTION OF THE HADEJIA-NGURU 
WETLANDS  
The Hadejia-Nguru Wetlands is generally 
abbreviated as HNWs, hence in this review 
will be addressed as HNWs. The HNWs is an 
extensive floodplain created by the Hadejia 
and Jama’are rivers to form the Komadugu-
Yobe River which drains into the Lake Chad. 
The HNW lie on the southern edge of the 
Sahel savanna in northeastern Nigeria with 
central coordinates 10o 33.00' East and 
12o 39.00' North, the wetlands covered an 
area of about 350, 000 ha and altitude 152-
305 m (Birdlife international, 2015). The 
climate of the wetland is characterized by 
two distinct seasons; wet season (May- 
September) and dry season (October-
April),The rainfall period is from June to 
October, and has annual mean of over 1,000 
mm in the upstream Basement complex area 
and approximately 500mm in the Hadejia-
Nguru Wetlands (Sanyu, 1994). 
There is mean minimum temperature of 12°C 
during the month of December to January, to 
a maximum of 40°C during the month of April 
(Ogunkoya and Dami, 2007). The ecosystem 
comprises permanent lakes and seasonally 
flooded pools connected by a network of 
channels. The ecosystem is an important site 
for biodiversity, especially migratory water 
birds from Palearctic regions.
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For example, at one time, the floodplain 
supports over 423,000 birds of 68 species, 
including significant numbers of Ferruginous 
Duck (Aythyanyroca), Spur-winged 
Goose (Plectropterusgambiensis), Black-
tailed Godwit (Limosalimosa), 
andRuff (Philomachuspugnax)(Birdlife 
international, 2010). Other wildlife species 
found include species of gazelle (Gazella 
sp.), duiker (Cephalophus sp.), jackal 
(Canissp) and hyena (Crocutacrocuta) 
(Ogunkoya and Dami, 2007). In total, there 
are about 378 bird species listed for the 
wetland, 103 fish species, 250 species of 
flowering plants and more than 136 species 
of aquatic flora and fauna (Oduntanet al., 
2010).  
Three broad types of vegetation occur in 
HNWs. There is scrub savanna, which consist 
of upland farmland areas and Acacia 
woodlands. The second include the ‘tudu’ 
(raised areas) which are never inundated 
with tree species of Acacia spp, Ziziphusspp., 
Balanitesaegyptiaca, Tamarindusindica and 
Adansoniadigitata, while common grasses 
include Cenchrusbiflorus, Andropogonspp. 
and Vetiverianigritana. In addition, pockets 
of riparian forests and woodlands, known as 
‘kurmi’ comprise species of 
Khayasenegalensis, Mitragynainermisand 
Diospyrosmespiliformis. In some parts, the 
‘kurmi’ has been replaced with orchards of 
mango Mangiferaindicaand guava 
Psidiumguajava (Ezealor, 2001).  
The third vegetation type consist the 
seasonally flooded marshes in which the tree 
Acacia niloticais common while Dum palms 
(Hyphaenethebaica)grow on small raised 

islands (Ezealor, 2001). Aquatic grasses 
include Echinochloaand Oryzaspp. while in 
drier parts Dactylocteniumaegyptium, 
Setariaspp. and Cyperusspp. occur and 
extensive vegetation of Typhadomingensis 
along the shore of the wetlands.  
Hausa, Kanuri and Fulani are the most 
dominant tribes in the wetlands with an 
estimated population of about 1.5 million, 
including farmers, herders and fishermen 
who entirely depend on the ecosystem for 
their livelihoods (Kaugama and Ahmed, 2014; 
Birdlife international, 2015). The wetlands 
provide essential income and nutrition 
benefits in the form of agriculture, grazing 
resources, non-timber forest products, fuel 
wood and fishing (Ramsar, 2007). The 
Hadejia-Nguru Wetlands is bordered by three 
states of Bauchi, Jigawa and Yobe (Blench, 
2013).  
Fishermen and farmers in the HNWs 
represent about 75% of the indigenous 
community population (Birdlife international, 
2015), and the wetlands represents their 
entire source of livelihoods through farming 
and fishing activities. Farming in particular 
accounts for about 25%, major crops grown 
include rice, maize, sesame, sorghum, 
wheat, millet, and some vegetables such as 
tomato, pepper, onions, and carrot 
(Ogunkoya and Dami, 2007; Kaugama and 
Ahmed, 2014; Birdlife international, 2015). 
The financial benefits of major agricultural 
outputs in the wetlands has been estimated 
at US$ 75 million, while cattle trade annually 
contributes to about US$ 5 million (Eaton and 
Sarch, 1997).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 1. Location of the HNWs 
Source: (Eaton and Sarch, 1997) 

Abubakar  et al., 

Dutse Journal of Pure and Applied  Sciences 2(1) June 2016        pp 150 - 158 

 

151 



 
 

CONCEPT OF WETLANDS 
The term wetland has been defined by 
different people based on their profession 
and the needs for the ecosystem. There is no 
single definition accepted by all users of 
wetlands. Wetlands, as the term might 
suggest, are the collective terms for 
ecosystems whose formation, processes and 
characteristics have been dominated and 
controlled by water.The Ramsar Convention 
defined wetlands as “areas of marsh, fen, 
peat land or water, natural or artificial, 
permanent or temporary with water that is 
static or flowing, fresh, brackish or salt, 
including areas of marine water, the depth of 
which at low tide does not exceed six 
meters” (Ramsar, 1994). Those concerned 
with the hydrology of a particular wetland 
may define it differently. Just like Hassan et 
al., (2014) describe wetland as transition 
zones where the flow of water, the cycling of 
nutrients, and the energy of the sun meet to 
produce a unique ecosystem characterized by 
hydrology, soils and vegetation.  
Some definitions are take into cognizance the 
processes of soil formation, in which case a 
wetland is defined  as an ecosystem that 
arises when inundation by water produces 
soils dominated by anaerobic processes and 
forces the biota particularly rooted plants to 
exhibit adaptation to tolerate flooding 
Keddy(2010). Wetlands are also defined as 
sinks into which surface water or 
groundwater flows from a surrounding 
catchment (Mc Cartneyet al., 2010). NRC 
(2001) The minimum essential characteristics 
of a wetland are recurrent, sustained 
inundation or saturation at or near the 
surface and the presence of physical, 
chemical and biological features reflective of 
the recurrent, sustained inundation or 
saturation. Dauda(2014) defined wetlands as 
natural lands perceived to be waste land that 
needs to be converted or put to use as 
agricultural land or development purpose. A 
wetland is a land area covered with water or 
where water is present at or near the soil 
surface all year or varying periods of the year 
(EPA, 2009). Nwankwoala (2012) referred to 
wetlands as those areas, which are capable 
of supporting water related vegetation. 
Asibor (2009) defined wetlands as any place 
that can support hydrophytes. Belewu and 
Orire (2011) defines climate change as a 
change of climate that is attributable 
directly or indirectly to human activities and, 
which alters the composition of the global 
atmosphere, in addition to natural climate 

variability observed over comparable time 
periods. Scientists have intensified the 
greenhouse effect by increasing the 
concentration of greenhouse gases in the 
atmosphere. 
FUNCTIONS OF WETLANDS  
Although the overall benefits of functions can 
be valued, determining the value of each 
wetland is difficult because they differ 
widely and do not all perform the same 
functions.  
The value of a wetland is an estimate of the 
importance or worth of one or more of its 
functions to society. For example, a value 
can be determined by the revenue generated 
from the sale of fish that depend on the 
wetland, by the tourist money associated 
with the wetland, or by public support for 
protecting fish and wildlife (NEST, 
2003).Wetland functions are defined by 
Noviztki et al., (1997) as a process or series 
of processes that take place within a 
wetland. These include the storage of water, 
transformation of nutrients, growth of living 
matter, and diversity of wetland plants, and 
they have value for the wetland itself, for 
surrounding ecosystems, and for people. 
Functions can be grouped broadly as habitat, 
hydrologic, or water quality, although these 
distinctions are somewhat arbitrary and 
simplistic. 
Habitat Functions 
Perhaps wetlands are best known for their 
habitat functions, which are the functions 
that benefit wildlife. Habitat is defined as 
the part of the physical environment in which 
plants and animals live (Lapedes, 1976), and 
wetlands are among the most productive 
habitats in the world (Tiner, 1989). They 
provide food, water, and shelter for fish, 
shellfish, birds, and mammals, and they 
serve as a breeding ground and nursery for 
numerous species. Many endangered plant 
and animal species are dependent on wetland 
habitats for their survival. Coastal and 
estuarine wetlands provide food and habitat 
for estuarine and marine fish and shellfish, 
bird species, and some mammals (NRC 
2001).Diverse species of plants, insects, 
amphibians, reptiles, birds, fish, and 
mammals depend on wetlands for food, 
habitat, or temporary shelter. Although 
wetlands make up only about 3.5 percent of 
U.S. land area, more than one-third of the 
United States' threatened and endangered 
species live only in wetlands (Mitsch and 
Gosselink 1993).  
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An additional 20% of the United States' 
threatened and endangered species use or 
inhabit wetlands at some time in their life.  
Aquatic macrophytes play an integral role in 
the ecology of the wetlands. Aquatic 
macrophytes provide breeding and nursery 
sites, resting areas for migratory species, and 
refuge from predators (Glen and Pugh, 2006). 
Decomposed plant matter (detritus) released 
into the water is important food for many 
invertebrates and fish both in the wetland 
and in associated aquatic systems (Hill et al., 
1998). Physical and chemical characteristics 
such as climate, topography, geology, 
hydrology, and inputs of nutrients and 
sediments determine the rate of plant 
growth and reproduction (primary 
productivity) of wetlands (Mitsch and 
Gosselink 1993).A wetland with more 
vegetation will intercept more runoff and be 
more capable of reducing runoff velocity and 
removing pollutants from the water than a 
wetland with less vegetation (McCarthyet al., 
2001). Wetland plants also reduce erosion as 
their roots hold the stream bank, shoreline, 
or coastline. However, it is a well-known fact 
that the inundated or saturated conditions 
occurring in wetlands limit plant species 
composition to those that can tolerate such 
conditions. 
The function of a wetland as a habitat is 
seriously impacted by fragmentation of the 
habitat. Wetland shape and size affect the 
wildlife community and the wetland's 
function as suitable habitat (Kennedy 1990). 
The shape of the wetland varies the 
perimeter to area ratio. The amount of 
perimeter versus area has importance for the 
success of interior and edge species (Kennedy 
1990). Shape is also important for the 
possibility of movement of animals within the 
habitat and between habitats. Wetland size 
is particularly important for larger and wide 
ranging animals that utilize wetlands for food 
and refuge, such as lion or fox, since in many 
locations wetlands may be the only 
undeveloped and undisturbed areas 
remaining. 
IMPACT OF CLIMATE CHANGE ON THE HNW 
The most obvious manifestation of climate 
change in the Hadejia-Nguru wetlands is the 
steady increase in both water and 
atmospheric temperature, this is shown by 
the result of several studies(Abdullahi 1997, 
Indabawa 1998, Abubakar 2010, Abubakar 
and Yaji 2013 and Abubakar et al., 2015).  
 

Manifestation of climate change had been 
shown by changes in patterns of temperature 
and rainfall. According to Odjugo (2010) the 
temperature trend in Nigerian since 1901 
shows increasing pattern. The increase was 
gradual until the late 1960s and this gave 
way to a sharp rise in air temperatures from 
the early 1970s, which continued till date. 
The mean air temperature in Nigeria 
between 1901 and 2005 was 26.6oC while the 
temperature increase for the past 105 years 
was 1.1o C. This is obviously higher than the 
global mean temperature increase of 0.740C. 
Should this trend continue unabated, Nigeria 
may experience between the middle (2.5oC) 
and high (4.5oC) risk temperature increase by 
the year 2100.Medugu (2009) submitted that 
climate change refers to an increase in 
average global temperatures caused by 
natural events and human activities, which 
are believed to be contributing to an 
increase in average global 
temperatures.Increasing temperature will 
mean northward migration of mosquitoes and 
malaria fever which will extend from the 
tropical to warm temperate region while the 
sporogony of the protozoa causing the 
malaria accelerates from 25 days at 100 C to 
8 days at 32 0C (IPCC, 1998; Odjugo, 2000; 
DeWeerdt, 2007). About 200 million people 
could be affected by sea level rise, especially 
in Vietnam, Bangladesh, China, Indonesia, 
Thailand, Philippine, Indonesia, Nigeria and 
Egypt (www.en.wikipedia.org). The 
agricultural and food-distribution systems 
may be further stressed by shifting of 
temperature and precipitation belts, 
especially if changes are rapid and not 
planned for (see, for example, Adams et al. 
(1990). Malaria will also increase due to the 
preponderance of stagnant pools of water 
resulting from the sea-level rise related 
flooding. New evidence with respect to 
micro-climate change due to land-use 
changes such as swamp reclamation and 
deforestation suggest an increase spread of 
malaria to new areas (Munga et al. 2005; 
IPCC, 2007). Direct impacts of temperature 
increase include health problems induced by 
increasing incidences of heat waves. These 
could lead to more cases of cerebro-spinal 
meningitis (CSM), which today is found to 
correlate positively with the highest 
maximum temperature of the northern 
winter season, and inversely with absolute 
humidity to a lesser, although still 
significant, extent. 
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The dryness has led to dry waterbeds and 
movement of people and their pasture to the 
southern regions thus causing tension and 
conflicts between the original inhabitants 
and the new comers. Another evidence of 
climate change in the HNW is a decline in 
rainfall. This is shown by frequent drought in 
the region. According to Odjugo (2010) the 
impact of climate change or global warming 
(as captured by average rainfall) revealed 
that all the Northern regions experienced 
decline (11.03%) during period under review 
(1971-2000), with North West region most 
affected (13.32%). The Southern region 
however, climate change (as captured by 
average rainfall) show a beneficial response 
with the exception of South east that 
recorded a decline (9.09%), while the South 
west show a high figure of 20.58% while 
South-south had an average of 2.45%. 
Findings indicate that the agricultural 
impacts of climate change in Nigeria need a 
holistic and quick interventions. The total 
average impact may be positive or negative 
depending on the climate scenarios and 
zones. They are positive in the South 
particularly in the Southwest in most 
scenarios, but negative in the North in some 
scenarios. This is in agreement with the 
observations of NEST (2003) which shows that 
there is increasing rainfall in most coastal 
areas and decreasing rains in the continental 
interiors of Nigeria.Odjugo (2007) also 
observed that the number of rain days 
dropped by 53% in the north-eastern Nigeria 
and 14% in the Niger-Delta Coastal areas. 
Studies also showed that while the areas 
experiencing double rainfall maximal is 
shifting southward, the short dry season 
(August Break) is being experienced more in 
July as against its normal occurrence in the 
month of August prior to the 1970s. (IPCC 
1996, Odjugo, 2005). These are major 
disruptions in climatic patterns of Nigeria 
showing evidences of a changing climate. The 
most devastating adverse impacts of climate 
change in Nigeria and other subtropical 
countries according to Ishaya and Abaje 
(2008) includes frequent drought, increased 
environmental damage, increased infestation 
of crop by pests and diseases, depletion of 
household assets, increased rural urban 
migration, increased biodiversity loss, 
depletion of wildlife and other natural 
resource base, changes in the vegetation 
type, decline in forest resources, decline in 

soil conditions (soil moisture and nutrients), 
increased health risks and the spread of 
infectious diseases, changing livelihood 
systems, (Reilly, 1999; Abaje and Giwa, 
2007).According to NEST, (2003) apart from 
the two major effects of global warming, 
that is – Increasing temperatures and Rise in 
Sea level, other noticeable future and 
present impacts within our environment 
include disappearing African Rivers: 
Geologists recently projected a 10-20% drop 
in rainfall in North Western and Southern 
Africa by 2070. That would leave Botswana 
with just 23% of the surface-water flow it has 
now, Cape Town with just 42% of its river 
water. 
Apart from increased temperature and 
decreased rainfall the HNW is also 
experiencing other manifestations of climate 
change which include loss of biodiversity and 
the introduction of invasive species of plants, 
specifically Typha sp. that has grown to non-
sense level, that it impedes almost all the 
uses of the water. According to Blench (2013) 
the bulrush, Typha dominguensis, has 
developed an invasive form in this region of 
Nigeria that is now a source of major 
economic losses.Studies by Abubakar (2012) 
showed significant differences in number and 
weight of fish caught between the infested 
and uninfested portions of Nguru lake in the 
HNW. According to Blench (2013) The black-
faced dioch (quelea quelea) is a small finch 
that has developed intoa major pest since 
the 1970s. It forms large gregarious flocks 
and swarms over standingcrops, stripping 
fields of grain. Its multiplication is probably 
associated with habitat change and 
biodiversity loss in the Sahelian region; as 
low-intensity cropping has spread so has the 
quelea bird. 
Studies by Abubakar et al., (2015) shows that 
the wildlife composition of the NHW shows a 
gradual species reduction. Climate change 
negatively affects biodiversity conservation 
and management through exacerbated 
drought conditions, increased risk of wildfires 
leading to some extreme events like heat, 
waves, river and coastal flooding, landslides, 
storms, hurricanes and tornadoes which 
culminate in environmental degradation 
(Agbogidi, 2011). So to fight these 
challenges, increase in the productivity level 
of pollution free product by application of 
advanced, environmental friendly 
technology,  
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which can manage and allocate efficiently all 
resources for sustainable development of 
agriculture, is necessary (Basu, 2011; 
Bhadoria, 2011; Mahapatra, 2011; Mondal et 
al., 2011a). The National Adaptation Strategy 
and Plan of Action for Climate Change in 
Nigeria(NASPA-CCN 2011) revealed that 
climate change is already having significant 
impacts onNigeria. According to the report, 
recent estimates suggest that in the absence 
of adaptation, climate change could result in 
the loss of between 2% and 11% of Nigeria’s 
GDP by 2020, rising to between 6%-30% by 
the year 2050. The impacts of climate change 
are expected to exacerbate the impacts of 
human pressure on biodiversity. This will 
further diminish the ability of natural 
ecosystems to continue to provide ecosystem 

services and may cause invasion of strange 
species that are favoured by climate 
change.Climate change is unarguably the 
biggest environmental issue of our time. 
Climate change is global in its causes but its 
consequences are far more reaching in 
developing countries, particularly Nigeria. 
Climate change is an environmental, social 
and economic challenge on a global scale 
(Scholze and Prentice, 2006; Mendelsohn and 
Williams, 2006). It can be exacerbated by 
human induced actions such as: the 
widespread use of land, the broad scale 
deforestation, the major technological and 
socioeconomic shifts with reduced reliance 
on organic fuel, and the accelerated uptake 
of fossil fuels (Millennium Ecosystem 
Assessment, 2005). 
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