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INTRODUCTION

Biodiversity or biological diversity is a sum ofl #he different species
of animals, plants, fungi, and microbial organisimgg on earth and
the variety of habitats in which they live. Eaclesies is adapted to its
unique niche in the environment, from the peaksnolntains to the
depths of deep-sea hydrothermal vents, and fromarpck caps to
tropical rain forests. According to the definitioh the Convention on
Biological Diversity, biodiversity is the varialiyi among living
organisms from all sources, including terrestriadarine and other
aquatic ecosystems and the ecological complexesich they are part;
this includes diversity within species, between cg® and of
ecosystems.

Aquatic biodiversity can be defined as the varielylife and the
ecosystems that make up the freshwater, tidalpaanthe regions of the
world and their interactions. Aquatic biodiversitgncompasses
freshwater ecosystems, including lakes, ponds, rvess, rivers,
streams, groundwater, and wetlands. It also cansat marine
ecosystems, including oceans, estuaries, salt emrdea grass beds,
coral reefs, kelp beds, and mangrove forests. Aguaibdiversity
includes all unique species, their habitats aneradtion between them.
It consists of phytoplankton, zooplankton, aqual@&nts, insects, fish,
birds, mammals, and others. Biodiversity is esaéfdr maintaining the
ecological functions, including stabilising of thevater cycle,
maintenance. Conservation of aquatic biologicaledity leads to
conservation of essential ecological diversity tesprve the continuity
of food chains. Biodiversity provides the base tbe livelihoods,
cultures and economies of several hundred millafrgeople, including
farmers, fisher folk, forest dwellers and artisdhprovides raw material
for a diverse medicinal and health care systemsalsid provides the
genetic base for the continuous up-gradation ofcaljure, fisheries,
and for critical discoveries in scientific, induatrand other sectors. The
rapid erosion of biodiversity in the last few deeadhas impacted on the
health of the land, water bodies and people. Berdity is a wealth to
which no value can be put. In the final analydig, very survival of the
human race is dependent on conservation of bicsltyer

THE COURSE

This Course Guide tells you briefly what to exp&om reading this
material which bothers on aquatic biodiversity ngemaent and
conservation. The study of aquatic biodiversity aé imperative
importance to a nation’s economy. Biodiversity istical to the
maintenance of a healthy environment. Its role eeting human needs
directly while maintaining the ecological procespon which our
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survival depends is enormous. Biodiversity not oplpvides direct
benefits such as food, medicines, and energysda affords us a “life
support system.” Biodiversity is required for thexycling of essential
elements, such as carbon, oxygen, and nitrogénalso responsible for
mitigating pollution, protecting watersheds, andnbating soil erosion.
Because biodiversity acts as a buffer against sikeesvariations in
weather and climate, it protects us from catasimmvents beyond
human control. In a fundamental sense, experiermmyincreasing our
knowledge about biodiversity transforms our valuasd beliefs.
Knowledge about biodiversity is valuable in stimurdg technological
innovation and providing the framework for susthieadevelopment.

Inland water ecosystems, including lakes, rivesgjaries, wetlands and
aquifers, provide numerous services upon which muraativities
depend. Such services include, for example, thenter@ance of fish-
stocks, water purification for human consumptionergy supply, and
even climate regulation. The services provided Injand water
ecosystems are greatly undervalued. Also ofteneégd is the role of
water availability, in adequate quantity and qyalfior sustaining inland
water ecosystem functions and maintaining theiracdyp to provide
those valuable services. Changes in water avatlabdffect the
functionality of aquatic ecosystems, thereby compsing the delivery
of ecosystem services.

If the functions of inland water ecosystems depapeoh the availability
of water, it is simple to conclude that moving watway from “natural”
inland water ecosystems causes changes in thossrsydJsually such
changes are negative and can result in the lospaifies and of related
services supplying local populations and dependerter uses. Those
changes may also affect river estuaries and coesjains. Reductions
in freshwater flows, or changes in flow regimesjally accompanied
by increased pollution, eutrophication and sediaigon, can lead to
significant loss of estuarine/coastal ecologicahctions and related
ecosystem services.

COURSE AIM
The aim of this course is to provide the basic gamknd information on

Aquatic Biodiversity management and conservatiah &gso to integrate
it with recent developments in vital areas of aguatosystem.

COURSE OBJECTIVES

Besides the aforementioned aims, at the end otthisse, you should
be able to explain the:
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meaning of aquatic biodiversity
different ecosystem species and genetic diversity

. term endemic species

. effect of habitat loss

) effect of aquatic pollution on biodiversity
effect climate change on aquatic biodiversity

o basic methods of aquatic biodiversity monitoramgl
assessment

) uses of aquatic biodiversity

o different treat to aquatic biodiversity

o vulnerable trans-boundary aquatic system

o aquatic biodiversity conservation and managemesasures

total aquatic biodiversity-value index
knowledge of legislation or legislative framewodk fiquatic

biodiversity
o meaning of national biodiversity action plan
o international law and administration.

WORKING THROUGH THE COURSE

A great effort was put into this course therebyiadmng it with a lot of
useful information. This accounts for why you fifidan irresistible
companion both in the class and for field purpobksvever, it requires
that concerted effort is made in reading througéséh materials for
appreciating the effort in a commensurable manmeryau will be
required to spend a lot of time to read it. You al® encouraged to
work through and practice all assignments containedis materials.

COURSE MATERIALS
You will be provided with the following materialgpurse guide and
study units. In addition, the course comes withsadf recommended

textbooks which though are not compulsory for yoa¢quire or indeed
read, are necessary as supplements to the coutsgaha

ASSESSMENT

There are two components of assessment for thisseoThe Tutor-
Marked Assignment and the end-of-course examination

TUTOR- MARKED ASSIGNMENT (TMA)

The TMA is the continuous assessment componentoaf gourse. It
accounts for 30% of the total score. You will beegi 4 TMAS to
answer. Three of these must be answered beforargallowed to sit

Vi
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for the end-of course examination. The TMA'’s wiét given to you by
your facilitators and returned after you have ditreeassignment.

FINAL EXAMINATION AND GRADING

This examination concludes the assessment forabese. You will be
informed of the time for this examination.

vii
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MODULE 1 THE CONCEPT OF AQUATIC

BIODIVERSITY
Unit 1 Aquatic Biodiversity
Unit 2 Importance and Uses of Biodiversity in Nige
Unit 3 Threat to Aquatic Biodiversity

UNIT 1 AQUATIC BIODIVERSITY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Meaning of Aquatic Biodiversity
3.2  Types of Biodiversity
3.2.1 Species Divergit
3.2.2 Genetic Diversity
3.2.3 Ecosystem Diversity
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Nigeria is endowed with a diversity of freshwatesaurces, including
seasonal and permanent rivers, lakes, and wetléladgever, these are
all under varying degrees of threat.

Nigeria has two major rivers — the Niger and thenlBe=— which meet
in a series of tributaries and channels to formNinger Delta. Further
north, other rivers flow into the Niger and Benixers and into Lake
Chad. Other rivers — including the Cross, Imo, Qgamd Osun Benin
— also flow into the Atlantic Ocean. All told, threeare eight main river
basins in Nigeria (Ita, 1993). A number of these#eheen dammed,
diverted, polluted, or otherwise disturbed, alonthvtheir aquatic flora
and fauna. Riparian marsh and swamps along rivarses are also
under threat. For instance, by 1990, the natuedhfivater marsh and
swamps along the Niger, Benue, and Hadejia riveas mearly
disappeared due to floodplain agriculture. Freshwsivamp forests are
extensive in the south, adjacent to mangrove afaas.large lakes are
found in Nigeria: Lake Chad in the northeast andiqmeade Kainji Lake
in the west. Nigeria also has many natural and made lakes,
reservoirs, fish ponds, abandoned mine pits, arterofreshwater

1
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sources throughout the country. Many of these whgatures provide
important breeding and feeding habitats for a divgrof bird species
(Eleazor, 2002).

The coastline of Nigeria is approximately 853 kmdpstretching from
the western border with the Republic of Benin t® ¢astern border with
Cameroon. The coastal shore consists of barri@ndsl, sandy beaches,
lagoons, estuaries, mud beaches, and creeks ahdalescthe Niger
Delta. Mangroves and estuaries extend from 10-1B0r#tand. Further
inland are freshwater swamp forests and other jomglhabitats, which
are all considered to be part of the coast. Thestabarea is heavily
populated, with about 20 percent of Nigeria’s resid living in one of
the nine coastal states. Offshore, the continesitalf extends from 15
km off Lagos to more than 85 km off Calabar. ThelEsive Economic
Zone, established in 1978, extends to 200 nautndials offshore (PKL
etal., 2011).

The aquatic and coastal environment of Nigeriacls in resources and
species diversity. The mangroves found here ardatigest remaining
tract in Africa — and the third largest in the wbr- covering an area
of about 9,723 ki The mangrove ecosystem provides a nursery and
breeding ground for many of the commercial fish&pgcies taken in the
Gulf of Guinea. Nigeria’s coast is said to have wbd99 species of
finfish and shellfish, a number of which are usednmercially. The
Nigerian shrimp fishery is especially strong, ahdrap are now being
exported to other countries, including the Unitedt&s. Artisanal fisher
folk harvest a large variety of fish, crustaceaarsy molluscs from the
estuaries and channels and utilise mangrove anchpviarest products
for a variety of domestic uses. A variety of birdemmals, and reptiles
inhabit the mangroves and swamp forests of thetcoaduding a few
endemic species like the Sclater’s guenon and tleeD¢lta red colobus
monkey. Although a few species of sea turtles lggseon Nigerian
beaches, they are rare and under threat from hymegtation (Wilson,
1992).

Three patterns of marine biodiversity are:

1. The greatest marine biodiversity occurs in kogafs, estuaries,
and on the deep-sea ocean floor.

2. Biodiversity is higher near the coasts becafsgreat variety of
producers, habitats and nursery areas.

3. Biodiversity is higher in the bottom region thia the surface

region of the ocean because of the greater vavietybitats and
food sources.

4. Scientific investigation of poorly understoodanne and
freshwater aquatic systems is a research frontier.
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B. Marine systems provide a variety of ecologicald aeconomic
services. Conservative estimates value their eamdbgervices at $21
trillion per year with at least 3.5 billion peoplerere than half of the
world’s human population, dependent on seas for fingnary source of
food.

1. Antibiotic and anticancer chemicals have alserb extracted
from a variety of algae, sea anemones, spongebusk® and
several species of fish.

2. Freshwater systems important ecological anch@oic services
as well.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o explain the meaning of aquatic biodiversity
) list the types of aquatic biodiversity.

3.0 MAIN CONTENTS

3.1 Meaning of Aquatic Biodiversity

Aquatic biodiversity can be defined as the variefylife and the
ecosystems that make up the freshwater, tidalpaarthe regions of the
World and their interactions. Aquatic biodiversitgncompasses
freshwater ecosystems, including lakes, ponds, rvess, rivers,
streams, groundwater, and wetlands. It also cansaft marine
ecosystems, including oceans, estuaries, salt emr&ea grass beds,
coral reefs, kelp beds, and mangrove forests. Aguaibdiversity
includes all unique species, their habitats andraation between them
Hickman et al., 1992). It consists of phytoplankton, zooplankton,
aquatic plants, insects, fish, birds, mammals, atiders. Today's
biodiversity is the result of billions of years @volution, natural
processes, and in more recent years, human act3atpre the advent
of Homo sapiens, the Earth's biodiversity was much greater thais it
today. Human activity has had a tremendous impadiiodiversity due
to use of Earth's resources and exponential paopalgtowth. There are
3 distinct levels of biodiversity:

3.2 Types of Biodiversity

3.2.1 Species Diversjt

The species is the basic unit of classificatiorbiology. Although a
species might be defined as a group of similarmsyas that interbreed

3
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or share a common lineage of descent, there isnhensal agreement
on how to define a species. Even when the spesidei basic unit, it
represents only one level of a complex phylogenitcarchy: related
species are grouped in genera, related generamilidg, families in
orders, and so on, up to the highest level, thgdom, of which five are
generally recognised at present (animals, plantsgif bacteria and
protoctists). Species richness measures the nuafbgvecies within a
given area, giving equal weight to each one. Theasanre can be used at
different geographical levels (a given area, a tyuend, ultimately, the
world). It is still the most straightforward ana, imany ways, the most
useful measure of biodiversity.

The number or richness of species is obviously atnmcomplete
measure of biodiversity. It is complemented by:

(@) Species diversity, which measures the spegiesan area,
adjusting for both sampling effects and speciesmdance.

(b) Taxic (taxonomic) diversity, which measurese thaxonomic
dispersion of species, thus emphasising isolatealutonary
species. The basic idea behind this measure isbtbdiversity
might be better measured at higher taxonomic $efely. genera
or families).

(c) Functional diversity, which assesses thenesls of functional
features and interrelations in an area, identifyfood webs along
with keystone species and guilds. However, noy ainfersity is
of importance.

(d)  Species endemism, that is whether a specieessicted to
(“endemic to”) an area under discussion, is egueital. For
example, islands typically have fewer species tbguivalent-
sized continental areas. They also usually havehigher
percentage of species found nowhere else. In atoeds, they
have lower species richness and higher speciesmasch.

3.2.2 Genetic Diversity

Genetic diversity is the variation of the set ohge carried by different
organisms: it occurs on a small scale among organisf the same
species, among closely related species such as ihdee same genus,
and among more distantly related species, in diffefamilies, orders,
or kingdoms. Genetic diversity might be characestiby a range of
techniques: by observation of inherited genetigdsydy studying the
chromosomes and their species specific karyotype by analysing the
DNA information using molecular technology. Glolggnetic diversity
Is extremely large. It has been estimated thatetreme some 109
different genes present in the world’s biota. Thenber of possible
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combinations of gene-sequence variants in a papuléat so great that it
cannot even be expressed in a meaningful way.

3.2.3 Ecosystem Diversity

Species exist in natural settings, within functighicommunities and

ecosystems, interacting with other species andalietic environment.

Ecosystems function as entities with system-widmerties. Care about
diversity must, therefore, also focus on systemewaspects, such as
dying coral reefs. Different classification systerasgist to describe

ecosystem diversity. On a world scale, bio-geogragbnes, biomes,

eco-regions, and oceanic realms are used. On desreadle, one deals
with landscapes, ecosystems and communities

4.0 CONCLUSION

Biodiversity is critical to the maintenance of ahky environment. Its
role in meeting human needs directly while maintajnthe ecological
process upon which our survival depends is enornmBigsliversity not
only provides direct benefits such as food, meégirand energy; it also
affords us a “life support system.” Biodiversity isquired for the
recycling of essential elements, such as carboygeyx and nitrogen. It
is also responsible for mitigating pollution, prctieg watersheds, and
combating soil erosion. Because biodiversity actsaabuffer against
excessive variations in weather and climate, ittgqois us from
catastrophic events beyond human control. In a domehtal sense,
experiencing and increasing our knowledge aboutdibassity
transforms our values and beliefs. Knowledge aldmativersity is
valuable in stimulating technological innovationdaproviding the
framework for sustainable development.

5.0 SUMMARY

. Aquatic biodiversity encompasses freshwater ecesyst
including lakes, ponds, reservoirs, rivers, streagnsundwater,
and wetlands.

) Species might be defined as a group of similar migyas that
interbreed or share a common lineage of desceatetls no
universal agreement on how to define a species.

. Genetic diversity is the variation of the set ohge carried by
different organisms: it occurs on a small scale rgnorganisms
of the same species, among closely related spsoasas those
in the same genus, and among more distantly reliedies, in
different families, orders, or kingdoms.
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o Species exist in natural settings, within functrghcommunities
and ecosystems, interacting with other species thadabiotic
environment.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the meaning of aquatic biodiversity.
2. Explain the types of aquatic biodiversity.

7.0 REFERENCES/FURTHER READING
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An Encyclopedia of the Natural Environment and Sustainable
Development. Editions Didier Millet.

Wilson, E.O. (1992)The Diversity of Life. W.W. New York: Norton &
Co.
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UNIT 2 IMPORTANCE OF BIODIVERSITY IN
NIGERIA

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  The Value of Biodiversity
3.2 Importance of Biodiversity in Nigeria
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Aquatic biodiversity has enormous economic andhatist value and is
largely responsible for maintaining and supportingverall
environmental health. Humans have long dependeatjoatic resources
for food, medicines, and materials as well as fecreational and
commercial purposes such as fishing and tourismuafigq organisms
also rely upon the great diversity of aquatic ratbitand resources for
food, materials, and breeding grounds.

Factors including overexploitation of species, ithteoduction of exotic
species, pollution from urban, industrial, and agjtural areas, as well
as habitat loss and alteration through dammingvaaigr diversion all
contribute to the declining levels of aquatic biadsity in both
freshwater and marine environments. As a resullualde aquatic
resources are becoming increasingly susceptibléotth natural and
artificial environmental changes. Thus, conservasitrategies to protect
and conserve aquatic life are necessary to maitttaibalance of nature
and support the availability of resources for fatugenerations. We
know very little about the earth’s aquatic biodsigr because there has
been so little exploration of the water on this tergplanet.’

Aquatic biodiversity has enormous economic andhatist value and is
largely responsible for maintaining and supportingverall
environmental health. Humans have long dependexbjaatic resources
for food, medicines, and materials as well as fecreational and
commercial purposes such as fishing and tourisnmuafig organisms
also rely upon the great diversity of aquatic ratbitand resources for
food, materials, and breeding grounds.
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Factors including overexploitation of species, ithteoduction of exotic

species, pollution from urban, industrial, and agjtural areas, as well
as habitat loss and alteration through dammingvaaigr diversion all

contribute to the declining levels of aquatic biesity in both

freshwater and marine environments. As a resulluaide aquatic

resources are becoming increasingly susceptibleoth natural and
artificial environmental changes. Thus, conservasitrategies to protect
and conserve aquatic life are necessary to maittaibalance of nature
and support the availability of resources for fatgenerations.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. discuss the value of biodiversity
o explain the importance of biodiversity in Nigeria.

3.0 MAIN CONTENT

3.1 The Value of Biodiversity

Each aquatic species from a tiny bacterium to a lblbale is unique. It
IS not size, but the genetic composition of plamd animals that makes
all life forms special. Each species has its owrerent genetic library
that codes its ability to survive in changing eowments. The huge
variety of species and genes represents a livimgrly of options to
adapt to change, to develop immunity to disease,tarpass improved
fitness on to future generations.

Sustaining biodiversity is essential to the heaftlour environment and
to the quality of human life. We depend on manyadiguplants and
animals, and their ecological functions, for ourvstal. For example,
we use surface waters and their inhabitants to pedpess our waste
products. Each day, aquatic organisms (bacteriafamgi) continually
break down harmful toxins and nutrients that wesHlinto our sewage
systems or discard directly into our rivers andatns.

Aquatic biodiversity are sources of medicine, foedergy, shelter, and
the raw materials that we use and need. Althouglseldom recognise
them, each aquatic species has an important roteaking our lives

easier, healthier, and more productive. Every gvorganism has an
important role to play, and many are indispensabl&. aquatic wildlife

are important sources of food, energy, jobs, atimesp oxygen, buffers
against new diseases, pests, and predators, atet{pro against food
shortages and global climate change.
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3.2

Importance of Biodiversity in Nigeria

Food - Fishes, crocodile and antelope are hunted far theat
and eggs. Proteins and other nutrients are masiiyplied
through these forest animals, fishes and birdvigtgy up to

70% of their protein diet. Children collect terest snails and
caterpillars of several insects for food. Ripeit§uvegetables,
mushrooms and different kinds of leaves come ffomast as diet
supplement, while bees supplies us with honey athér bee
products. Biodiversity provides us with varietigisfood. About
80% of our food supply comes from just 20 kindsp&nt and
humans use at least 40, 000 species of plantarantals a day.

Medicine -A significant proportion of drugs are derived dilgc
or indirectly from aquatic biological sources. Aial0% of the
pharmaceuticals used in the US are manufactureay ueatural
compounds found in plants and animals. Medicimagd derived
from natural sources make an important global rdmumion to
health care. An estimated 80% of people in lesgeldped
countries rely on traditional medicine for primangalth care.
Some 120 chemicals extracted in pure form fromumao90
species of plants are used in medicines throughtmtworld
(Kate and Laird 1999). Many of these natural cloantannot be
manufactured synthetically.

Industrial Material -A wide range of industrial materials are
derived directly from aquatic biodiversity.

Benefit in Area of Agriculture -Aquatic biodiversity is the
medium through which air, water, gases and chdméce
moderated and exchanged to create environmentdatee that
are not readily visible. It plays a part in reduig the chemistry
of our atmosphere and water supply. It is potégtiaf use to
agriculture particularly with the emerging bioteckogy as well
as genetically modified organisms. Much of the l[d/@opulation
depends on the livelihood derived from naturabveses such as
land, forests water and the air we breathe.

Leisure, Cultural and Aesthetic Value -Many people derived
value from biodiversity through leisure activitisach as hiking
in the country side, swimming, bird watching otural history
study. Biodiversity has inspired musicians, pasyesculptors,
writers and other artists. Many cultural groupswithemselves
as an integral part of the natural world and shespect for other
living organisms. Popular activities such as gainlg caring for
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aquariums and collecting butterflies are all sttgndependent on
biodiversity.

4.0 CONCLUSION

Biodiversity refers to the number and variety oé@ps, of ecosystems,
and of the genetic variation contained within spsciRoughly 1.4
million species are known to science, but becauseynspecies are un-
described, an estimated 10-30 million species \iletists at present.
The immense economic value of biodiversity is vesitablished. Many
people visit forests, beaches, mountains, grassjatakes, ponds,
estuaries and streams for extended vacations ort gieriods of
relaxation. Around the world, the number of ecorits, people
travelling to enjoy nature and various culturesneeasing. All of these
bring in large amounts of money each year. For gtanmedicine from
wild products generates some $40 billion each yéalle nature tourism
generates some $12 billion worldwide in annual nenes. Exports of
agricultural products represent a very high praportof foreign
exchange.

5.0 SUMMARY

) Aquatic biodiversity are sources of medicine, foadergy,
shelter, and the raw materials that we use and.need
o aquatic wildlife are important sources of food, rgye jobs,

atmospheric oxygen, buffers against new diseasestspand
predators, and protection against food shortaget @obal
climate change.

. Medical researchers constantly are hunting for megas that
produce special chemicals that may cure canceotue
diseases.

) Biodiversity is important to science because ipbels
understand how life evolved and continues to evolve

. It also provides an understanding on how ecosysteonk and

how we can help maintain them for our own benefit.
6.0 TUTOR-MARKED ASSIGNMENT
Explain the value of biodiversity.

Explain the importance of biodiversity in Nigeria.
Describe the ecological services provided by aguastems.

wh e
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UNIT 3 THREAT TO AQUATIC BIODIVERSITY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Major Causes of Threat to Aquatic Bredsity
4.0 Conclusion/Summary
5.0 Tutor-Marked Assignment
6.0 References/Further Reading

1.0 INTRODUCTION

The threats to global freshwater biodiversity cangbouped under five
interacting categories overexploitation, water yidn, flow
modification, destruction or degradation of habitahd invasion by
exotic species Revengs al. (2005). Environmental changes occurring
at the global scale, such as nitrogen depositi@arming, and shifts in
precipitation and runoff patterns are superimposgpdn all of these
threat categories. Over-exploitation primarily ateevertebrates, mainly
fishes, reptiles and some amphibians; whereas ther dour threat
categories have consequences for all freshwatedivieisity from
microbes to mega fauna. Pollution problems are @ane] and although
some industrialised countries have made considergbbgress in
reducing water pollution from domestic and indatyoint sources,
threats from excessive nutrient enrichment andrathemicals such as
endocrine disrupters are growing. Habitat degradais brought about
by an array of interacting factors. It may involdigect effects on the
aquatic environment (such as excavation of rivardyeor indirect
impacts that result from changes within the dragnbgsin. For example,
forest clearance is usually associated with chamgsarface runoff and
increased river sediment loads that can lead tddiaditerations such as
shoreline erosion, smothering of littoral habitatépgging of river
bottoms or floodplain aggradations.

Widespread invasion and deliberate introductiomxaftic species adds
to the physical and chemical impacts of humansreshf waters, in part
because exotics are most likely to successfullyadiev fresh waters
already modified or degraded by humans (e.g. Bunmrghington,
2002; Koehn, 2004). There are many examples ofelagale and
dramatic effects of exotics on indigenous speaes. (Nile perchLates
niloticus, in Lake Victoria, the crayfish plague in Euroga@/monids in
Southern Hemisphere lakes and streams: and impagtprojected to
increase further (Salat al., 2000). Indirect impacts can arise from
exotic terrestrial plants such damarix spp. (Tamaricaceae), which

12
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alter the water regime of riparian soils and affstieam flows in
Australia and North America (Ticknest al., 2001). The particular
vulnerability of freshwater biodiversity also refte the fact that fresh
water is a resource for humans that may be extaatiéverted,
contained or contaminated in ways that compromisevalue as a
habitat for organisms. In some instances, impaate lbeen sustained
over centuries and, in the case of many of the mayers of China,
they have persisted for more than 4000 years (Dudg2000). Indeed,
some authors now believe it unlikely that there agma substantial
number of water bodies that have not been irrebigrsitered from their
original state by human activities (Le"ve "que ardidh, 2005).

2.0 OBJECTIVE
At the end of this unit, you should be able to:
e mention the various threats to aquatic biodiversity

3.0 MAIN CONTENT

3.1 Major Causes of Threat to Aquatic Biodiversity

These factors affect the aquatic biodiversity dlyeor indirectly.
Excessive mortality of organisms due to any of éhf@stors may lead to
two types of effects — i) extinction of the speciepopulations ii)
reduction of population size.

1. Overexploitation of species —Overexploitation of species
affects the loss of genetic diversity and the lwsshe relative
species abundance of both individual and /or growbs
interacting species. The population size gets redluecause of
disturbances in age structure and sex compostHffitient gears
remove quick growing larger individuals. Conseqlgnthe
proportion of slow growing ones increases and trerage size
of individuals in a population decreases. Overifighcauses
change in the genetic structure of fish populatidus to loss of
some alleles. Thus, genetic diversity gets reduced.

2. Habitat modification — Physical modification of habitat may
lead to species extinction. This is mainly causeel w damming,
deforestation, diversion of water for irrigationdaconversion of
marshy land and small water bodies for other puepos
Construction of dams on river impedes upstream atign of
fishes and displaces populations from their nors@dwning
grounds and separates the population in two smajteups.
Deforestation leads to catchment area degradatientd soll

13
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erosion which results into sedimentation and sdtatThis not
only affect the breeding ground of aquatic orgasidmt cause
gill clogging of small fishes also.

Pollution load —Four forms of pollutants can be
distinguished-

i Poisonous pollutants —Agrochemicals, metals, acids
and phenol cause mortality, if present in a high
concentration and affect the reproductive functiiyaf
fish (Kime, 1995).

I Suspended solids —it affects the respiratory processes
and secretion of protective mucus making the fish
susceptible to infection of various pathogens.

i Sewage and organic pollutants —They cause
deoxygenation due to eutrophication causing maoytadi
fishes.

\Y Thermal pollution- it cause increase in ambient
temperature and reduce dissolved oxygen conceorirati
leading to death of some sensitive species.

Others includes

14

Other threats to aquatic biodiversity includdan development
and resource-based industries, such as miningfaedtry that
destroy or reduce natural habitats. In addition, aad water
pollution, sedimentation and erosion, and climeltb@nge also
pose threats to aquatic biodiversity.

Pollution of coastal waters. The main sourgepollution include
industrial waste, raw/untreated sewage and pde8sci

Hydrocarbon production contributes about 9%%the country’s
Gross National Product (GNP).

Oil exploration, exploitation and transportatihave a significant
effect on the environment. Crude and refined pills incidents

are very frequent in the coastal and aquatic enwment,

especially during periods of very strong ocearrenis when it
can spread to cover the entire 853 km coastline.

The area where frequent spillages occur is goatged as
ecologically sensitive or critical (mangrove ecdsyss). Efforts
to reduce the flaring of associated gas have nen beery
successful as low technology does not permit theogation of
natural gas. Flaring impacts on the quality of tbeastal
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atmosphere and affects coastal vegetation and hinadaitation.
The mixture of flared gas and precipitation causgd rain, with
harmful effects on the mangrove biota and Aquatiganisms.
These impacts are yet to be studied and fully wstded.

Land reclamation

a.

4.0

Land reclamation of swamps adjoining the coast ftbe
increasing human population and other developmetiviges
destroys the nursery, breeding and feeding growfid&quatic
organisms. It also restricts the distribution ajamisms and leads
to considerable loss of biodiversity.

Coastal erosion. Coastline erosion is prevaleMigeria and has
been closely associated with ocean front constmstisuch as
ports and harbours. Ibe (1988) reported that thgehan
coastline experiences some of the fastest eroqtes rin the
world averaging about 20-30 metres per year in Sogeions.
Over fishing. The coastal and aquatic resourcesedher over
fished, or fished close to, or beyond their maximsustainable
yield. The heterogeneity of species of differerdesi poses a
problem in mesh size regulation in the fishery sabtor.
Deforestation. Deforestation of the coastal mangreggetation
exposes the coast to storm surges, coastal erasidnloss of
land. The mangrove swamp is the spawning, breedingsery
and feeding ground for fish and shellfish for bottackish and
aquatic organisms.

Construction of canals and channels. Constructioh o
canals/channels contributes to land loss as crajvement
generates strong waves that impact on the bankshede
waterways.

Mining of sand. Mining activities on the foresh@med seabed are
a very common feature in Nigeria and they impacjatigely on
the bottom communities. Mining of sand affects the
environmental sediment balance and has major impactthe
associated bottom dwelling organisms.

CONCLUSION

The threats to Aquatic biodiversity arising fromeoexploitation of
aquatic resources by fisheries within 200 mile tgmiand from
degradation of coastal ecosystems by pollutioncammon to many
countries at all latitudes. They are, however, i@&ater significance in
tropical developing countries where the sensitieastal ecosystems,
because of the richness of their biodiversity, aferelatively great
importance to the national economy and the liveldeoof poor people
aquatic biodiversity decline is characterised ndy dy extinctions, but

15
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by invasions and hybridisations, populations of cgge reduced in
number, habitats that have been diminished or reshoand ecosystem
processes (e.g. cycling of water, nutrients andgfehat have been
disrupted. Habitat loss presents the single gredtegat to world

biodiversity, and the magnitude of this threat banapproximated from
species-area curves and rates of habitat losssptead of non-native
species threatens many local species with extimctamd pushes the
world's biota toward a more homogeneous and widdiributed sub-

set of survivors. Climate change threatens to fospecies and
ecosystems to migrate toward higher latitudes, withguarantee of
suitable habitat or access routes. These threerfatiius are of special
concern.

5.0 SUMMARY

o The threats to global freshwater biodiversity cam drouped
under five interacting categories overexploitatign water
pollution ; flow modification ; destruction or degfation of
habitat ; and invasion by exotic species

) Widespread invasion and deliberate introductiomaitic species
adds to the physical and chemical impacts of hunzané$resh
waters, in part because exotics are most likelguocessfully
invade fresh waters already modified or degradedumgans

) Human activities are causing species to disappean alarming
rate. Aquatic species are at a higher risk of ektin than
mammals and birds.

) Overexploitation of aquatic organisms for variouspgmses is the
greatest threat to marine environments, thus thed néor
sustainable exploitation has been identified byaheironmental
defense.

) Excessive mortality of organisms due to any of ¢hi@stors may
lead to two types of effects — i) extinction of tlspecies /
populations ii) reduction of population size. Rabn of coastal
waters.

6.0 TUTOR-MARKED ASSIGNMENT

1. List the causes of threat to aquatic biodiversity.

2. Explain three factors that could cause change quatc
biodiversity, and describéhow and why these factors affect
change.
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MODULE 2 THE DIFFERENT ECOSYSTEM SPECIES
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UNIT 1 AQUATIC ECOSYSTEM
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1.0 INTRODUCTION

An aquatic ecosystem is a group of interacting igyas dependent on
one another and their water environment for nutsiée.g., nitrogen and
phosphorus) and shelter. Familiar examples areslak® rivers, but
aquatic ecosystems also include areas such agfiood and wetlands,
which are flooded with water for all or only padsthe year (Dudgeon,
2000).

In aquatic ecosystems, the characters and extentcoohimunity
succession in a given area depends on climate @hdondition. The
climax community is achieved only if environmentattors permit a
fish sequence of serial stages. All ecosystemsmieigeeach other in the
sense that all have same components, i.e. autatrapd heterotrophic,
interacting upon each other thus bringing abowutation of materials.
In one ecosystem, the climate and soil conditiorsrelatively uniform
and they favour the growth of a certain kind ofmEk community.
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Aquatic ecosystems are usually, divided into frestter, marine water,
estuarine water.

There are two categories of fresh water ecosystajrisntic or standing
or stagnant water including ponds, lakes and resmsryb) lotic or

running Water are those which occur in fast runrstrgams, springs,
rivers and brooks. Fresh water ecosystems have pexgentage of
dissolved salts. They have fluctuating physical ahémical factors
affecting the flora and

fauna.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. discuss the fresh water ecosystems
) identify the estuarine water ecosystem.

3.0 MAINCONTENT

3.0 Typesof Aquatic Ecosystem

The types of aquatic ecosystems commonly used ptuiea fisheries
and aquaculture are the following:

3.1 Fresh Water Ecosystem

Very small proportion of earth’s area that is o8 percent of the
earth’s surface is covered by freshwater. Primaogpction in a fresh-
water ecosystem is controlled by light and nutrian&ilability. Fresh
water can be defined as the water that contaietatively small amount
of dissolved chemical compounds. It includes: StamdVater:- lakes
and ponds; Moving Water :- rivers and streams.

3.1.1 Standing and Moving Water

Standing water- lakes and ponds: Standing watesystems are known
as lentic ecosystems such as lakes and ponds.ofdgenisms in lentic
ecosystem includes algae, rooted and floating-gtavelants,

invertebrates such as crabs, shrimps, crayfisimslatc, amphibians
such as frogs and salamanders; and reptiles likga@rs and water
snakes.

Moving Water - rivers and streams: flowing-wateroggstems are
known as lotic ecosystems with water flowing infarm direction and
in a unidirectional way. Examples are rivers amdasns, which harbour
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several species of insects and fishes. Crustad&argayfish and crabs;
and molluscs such as clams and limpets.

3.1.2 Lake

Lakes are inland bodies of standing water. Althoughions of lakes
are scattered over Earth's surface, most are bhéatdigher latitudes
and mountainous areas. Lakes can be formed byegiadectonic plate
movements, river and wind currents, and volcanimeteorite activity.
Some lakes are only seasonal, drying up durings pairthe year. The
study of lakes, ponds, and other freshwater bodieslled limnology.
Based on primary productivity lakes may be clasdifinto two broad
categories —

3.1.3 Pond

A pond is an earthen container for storing watée $urface area of the
stored water will normally vary from a fraction ah acre to tens of
acres. The depth of the water will normally vargnir two feet in the

shallowest portion up to 1.5m in the deeper postio8ize range of
ponds is from 0.05 to 25 acres, and depth from &r20 m.

Although ponds are considered small, shallow lakbgre is one
important difference between the two bodies of watemperature.
Many ponds are seasonal, lasting just a couple ofiths (such as
sessile pools) while lakes may exist for hundretlsyemars or more.
Ponds and lakes may have limited species divessige they are often
isolated from one another and from other water cgsitike rivers and
oceans.

3.14 Lotic Streemsand Rivers

These are bodies of flowing water moving in onecion. Streams and
rivers can be found everywhere — they get theirtstat headwaters,
which may be springs, snowmelt or even lakes, aed travel all the
way to their mouths, usually another water chammethe ocean. The
characteristics of a river or stream change dutiregjourney from the
source to the mouth. The temperature is cooldreasburce than it is at
the mouth. The water is also clearer, has highgigex levels, and
freshwater fish such as fish and heterotrophy canfdund there.

Organisms of lotic waters show adaptations for ma@nmng position in

swift water. Some of these important adaptatiors ar

I Permanent attachment to a firm substrate — In fast running
water, the plants and animals are permanentlycltsth to
substratum such as rocks, stones and logs.
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I. Presence of hooks and suckers — Certain animals have hooks
and suckers to grip the substratum. LarvaeSwohulium and
Blepharocercahave well developed suckers to gain firm hold on
substratum that prevent them from drifting awathveurrent.

li.  Sticky undersurface — Snails and flatworms have sticky
undersurfaces with the help of which they adhersubmerged
objects.

Iv. Streamlined body — Nearly all stream animals have streamlined
body (broadly rounded in front and tapering postér) that
offer little resistance to water flowing over it.

V. Fllatened body — Many animals living in streams have flattened
bodies which help them to take shelter and refurgger stones
and in crevices. This is especially seen in thewlys of mayfly
and stonefly.

Vi. Positive rheotaxis — Stream animals are invariably positively
rheotactic i.e. they orient themselves upstreathraave against
water current.

vii.  Positive thigmotaxis — Many stream animals exhibit positive
thigmotaxis i.e. they have an inherent tendenaylitg close to a
surface or to keep the body in close contact thighsurface.

River Continuum. The lotic ecosystem is essentially a continuum of
physical and biological conditions from the headwstto the river's
mouth.

3.2 Estuarine Ecosystem

Estuaries are the areas where the freshwaterseainss and rivers meet
the saltwater of ocean. It is a semi enclosed abasidy of water such
as a river mouth or a coastal bay, which has adoemection with the
open sea and which is strongly influenced by tatdion. An estuary is
usually defined as a semi-enclosed coastal bodywatér having free
connection with open sea. Thus, it comprises dfi Ben water and fresh
water and occurs, usually nor the river mouthsstaaays and tidal
marshes. Primarily it is a passage or inlet whatal wwater comes in
contact with a river current. In other words, ityriae designated as a
confined arm of the sea situated at the lower amdmouth of a river.
Generally, estuaries may be thought as transitmmeg (or ecotones)
between fresh water habitat and marine habitaty Thasist of brackish
water which may be oligohaline, mesohaline or palyte on the basis
of degree of salinity. They undergo seasonal osgaai changes and
thus belong to “fluctuating/ater-level ecosystem”.
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3.2.1 Kindsof Estuaries

On the basis of geomorphology, the estuaries aradby classified into
four categories. They are:

Drowned river valleys

These are very common along the coastlines ancharacterised by
low and wide coastal planes, e.g., Chesapeake Bhg dnited States.

Fjord typeestuaries

They are deep, U-shaped coastal formations usioatyed by glaciers,
e.g., Norwegian fjords.

Bar built estuaries

These are shallow basins along the seashores paitly exposed at
low tide and surrounded by a discontinuous chaibawfier islands. The
inlets between these barriers connect various essuaith the sea, e.g.,
‘sea islands’, salt marsh estuaries from Georgia.

Tectonic estuaries

These are formed as a result of local subsidenckirfg) of land or by
some geological faulting along the coasts, e.q1,[Bancisco Bay.

3.2.2 Features of Estuaries

I The salinity of estuary is intermediate betweert tifaseawater
(salinity is about 35%.) and freshwater (salinignges from
0.065%o0 to 0.3%o ).

. Estuary is, thus, a transition zone or ecotone &éetwreshwater
and marine ecosystems.

iii. Estuaries differ in sise, shape and volume of wétmwr, all
influenced by the geology of the region in whibby occur.

iv.  They normally have high silt content. As the rie@proaches the
sea, the stream-carried sediments are droppée iguiet water.

V. They accumulate to form deltas in the upper reaohése mouth
and shorten the estuary. In some estuaries siit amud
accumulations become so high that they are expatskedv tides,
thereby forming tidal flat, which divide and braikde original
channel of estuary.

Vi. On the seaward side of estuary, ocean currentidgeslerode the
coast line and deposit material, further shortgritee mouth. If
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more material is deposited than is carried awayidrabeaches
and brackish lagoons appear.

40 CONCLUSION

Life on earth depends on water. Water comprisep&9cent of the

human body and covers 71 per cent of the earthfasa Too often,

however, the life within water is forgotten. Theoloigical diversity of

aquatic ecosystems is neglected in developed gesrdnd developing
countries alike, even in coral reefs that rivalptoal rain forests in

extraordinary diversity of life. Over 20 000 specief fish make up

more than half of all vertebrate biodiversity; 0826000 of these live in
freshwater. The major difference between the freater and the sea is
that the latter is highly saline, and organismsntbinere are not only
adapted, but also use this characteristic to their benefit. Some, such
as the Dead Sea are so salty that no plants oménaan live in it.

50 SUMMARY

o Freshwater is defined as having a low salt conagatr —
usually less than 1%.
. Lakes are inland bodies of standing water. Althonghions of

lakes are scattered over Earth's surface, mosveated in higher
latitudes and mountainous areas.

. A pond is an earthen container for storing water.

. Streams and rivers are bodies of flowing water mguvn one
direction.

) Wetlands are areas where the soil is inundated uoface or

ground water often enough that the prevalent \atget
community there is one adapted for life in saedagoils.

) Estuaries are the areas where the freshwatersrednss and
rivers meet the saltwater of ocean.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the fresh water ecosystems
2. Explain the estuarine water ecosystem.

7.0 REFERENCESFURTHER READING
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UNIT 2 ENDEMIC SPECIES
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1.0 INTRODUCTION

Endemism is the ecological state of a species bamgue to a defined
geographic location, such as an island, nationpirgwor other defined
zone, or habitat type; organisms that are indigsrtoua place are not
endemic to it if they are also found elsewhere. &kigeme opposite of
endemism is cosmopolitan distribution. Another tdoma species that
Is endemic, is precinctive - which applies to spediand sub-specific
categories) that is restricted to a defined gedgcaparea. Indigenous is
a species which occurs naturally in a given aregevEndemic species
is an indigenous species which has a restrictecehramge.

Nigeria is rich in endemics. This is partly attridble to the country’s
ecosystem diversity. From the marine to the sermedevaried species
of mammals, reptiles, birds, marine and freshwhsties etc are solely
recorded by science to exist in Nigeria. The endemassociated with
Nigeria in Biodiversity underscores the significaole that biodiversity
management plays in maintaining the world’s naturatitage, apart
from the implication that biodiversity has on lileods, health and
food of generations of people.

20 OBJECTIVES

At the end of this unit, student should be able to:

. discuss invasions in water dependent ecosystems

. explain the different between endemic species avakive
species

) explain the management of invasions.

24



AFM 505 MODULE 2

3.0 MAINCONTENT

A native species is a species, subspecies or laxen occurring within
its natural range and dispersal potential (i.ethwvithe range it occupies
naturally or could occupy without direct or inditestroduction or care
by humans). An alien species or alien genotyperdghiced, non-
indigenous, exotic) is a species, subspecies cgrdaxon occurring as a
result of human agency in an area or ecosystenhiohat is not native.
A domesticated or genetically altered native sgec®y become an
alien genotype. An invasive species is a speciashadolonises natural
or semi-natural ecosystems. It is an agent of ahamgl threatens native
biodiversity (species, populations and/or ecosysjem

3.1 Invasionsin Water-Dependent Ecosystems

Invasions in lakes, rivers, floodplains, and wedknare especially
problematic because they are difficult to manades Ts because they
are hard to detect (especially the submerged sgjedi@ne reason is
because the water they invade is often part ofra@besystems of value.
Another reason is because the affected ecosystdrabatat is linked to

others through the water sources or drainage sgsteboth upstream
and downstream (Howard 2001; Kasulo 2001). Theee smmetimes
significant benefits from invasions such as inceega$isheries yields
from some invasive fish and crustaceans, and therdgucts of

invasive water-weeds like water hyacinth. Thussitniot possible to
provide a prescription for wetland invasive manageinrather it is

useful to consider why we want to prevent or cdntreasions and what
is the desired state of an ecosystem after managemas succeeded.
Note that in this approach, the impacts of aquiattasive species are
seen primarily as impacts on the invaded ecosysienwell as the
possible long-term influences on people’s uses hat tecosystem.
Water-dependent ecosystems are frequently linked watersheds,
streams, and rivers to downstream systems soegpscially important
to consider invasions in the upper catchments o¥ex basin or lake

since these are likely to have the furthest-reachmnpact in the long

run.

3.1.1 Effectsof Invasions

Invasions in water-dependent ecosystems may alge same of the
following effects on the

water of an ecosystem:

I Alteration (often impediment) of flow and changes natural

cycles of flow;
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. Alteration (mostly reduction) of quantity and somets also in
timing (seasonality);

iii. Alteration (usually lowering of acceptable standaraf quality in
its broadest sense

Iv. (including eutrophication, de-oxygenation, foulingpisoning,
and reduction of nutrients);

V. Reduction or loss of hydrological benefits of wetafunction;
and

vi.  Alteration of wetland functions downstream of ineas and
across national and international borders.

While these are not necessarily the primary effetthe introduction of
(say) alien fish, they may become the secondaryaatsp of such
introductions if the fish concerned becomes invasiv

3.2 Management of Invasions

The best form of management for invasive specigzasention. This

requires that potential pathways for invasions larewn and that the

identity of potential invasive species can be deieed. Both are

possible in many cases since the necessary infam& becoming

widely available through local and global databasesvasive species
and because experiences are exchanged and legsont dre shared
around the world. While this is necessary to protmpsystems from

unintentional introductions, there is a more dafinprocess for

intentional introductions. It is possible to asaertif a species proposed
for introduction has been shown to be invasivethepsituations or at
other times and to then make an assessment oisthéhat introduction

will lead to invasion. This is the process of redsessment in relation to
the proposed introduction of alien species thatitsaswn well-defined

logic and procedure (Groves et al.,, 2001 and Wbhieeg and Cock

2001). If the assessment shows that the risk isgreat, a sensible
decision is often to prevent the introduction oetwsure that it does not
lead to invasion, if that is possible and feasibRrevention of

introduction of potentially invasive species is aligl seen as the best
and most effective way to avoid the consequencasvasions by alien

and non-alien species.

40 CONCLUSION

A native species is a species, subspecies or laxen occurring within
its natural range and dispersal potential (i.ethwvithe range it occupies
naturally or could occupy without direct or inditeatroduction or care
by humans). Invasions in lakes, rivers, floodplaiasd wetlands are
especially problematic because they are difficaltntanage. This is
because they are hard to detect (especially theeged species). An
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alien species or alien genotype (introduced, noligenous, exotic) is a
species, subspecies or lower taxon occurring assaltr of human

agency in an area or ecosystem in which it is ativa. A domesticated
or genetically altered native species may becomaian genotype. The
best form of management for invasive species ivguion. This

requires that potential pathways for invasions larewn and that the
identity of potential invasive species can be deieed. Invasions in
lakes, rivers, floodplains, and wetlands are esfigciproblematic

because they are difficult to manage. This is bsedhey are hard to
detect (especially the submerged species.

5.0 SUMMARY

. Endemism is the ecological state of a species bamgue to a
defined geographic location
. An alien species or alien genotype (introduced,-indigenous,

exotic) is a species, subspecies or lower taxomroog as a
result of human agency in an area or ecosystenhiohat is not

native

. Invasions in lakes, rivers, floodplains, and wellaare especially
problematic because they are difficult to manage.

. The best form of management for invasive speciggasention.

This requires that potential pathways for invasiaresknown and
that the identity of potential invasive species bardetermined.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the concept of invasions on aquatic ecesyst

2. Outline the effects of invasions on aquatic ecasyst

3. Explain the different between endemic species avdsive
species.

4. Explain the management of invasions.
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1.0 INTRODUCTION

Virtually all the earth’s ecosystems have been dtarally transformed
through human actions and ecosystems continue tooheerted for

agricultural land and other uses. The current éddsodiversity and the
related changes in the environment are now faktan ever before in
human history and there is no sign of this prostssing down. Many
animal and plant populations have been declined numbers,

geographical spread, or both, species extinctica matural part of the
earth’s history. Human activities have increasedektinction rate by at
least 100 times compared to natural rate.

Aquatic resources are vulnerable to the effectshwinan activities
catchment-wide, and many of the landscape changemins routinely
induce cause irreversible damage (e.g., some specteoductions,
extinctions of ecotypes and species) or give rse€umulative, long-
term, large-scale biological and cultural consegasn(e.g., accelerated
erosion and sedimentation, deforestation, toxic talmmation of
sediments). In aquatic ecosystems, biotic impolkerent and
environmental disruption caused by past manageamhnatural events
profoundly constrain the ability of future manag@&midéo maintain
biodiversity and restore historical ecosystem fioms and values. To
provide for rational, adaptive progress in ecosysteanagement and to
reduce the risk of irreversible and unanticipatedsequences, managers
and scientists must identify catchments and aquagiovorks where
ecological integrity has been least damaged by pnanagement, and
jointly develop means to ensure their protectiomeservoirs of natural
biodiversity, keystones for regional restorationanagement models,
monitoring benchmarks, and resources for ecologesdarch.
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2.0

OBJECTIVES

At the end of this unit, you should be able to:

3.0

31
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identify the impact of human on aquatic ecosysterdibersity
mention the priority actions proposed to achiev@anable
resource use.

MAIN CONTENT
Human I mpacts on Aquatic Biodiversity

The greatest threat to the biodiversity of oxeas loss and
degradation of habitats

I Twenty percent of the world’s coral reefs have been
destroyed  and another 20% have been damaged.

. Rising sea levels, 10-25 centimetres during thé 2H30
years and 9-88 cm over the next century.

iii. We have removed more than % of the world’s ecobilyic
important mangrove forests.

Iv. More than half of the world’s coastal wetlands have
disappeared.

V. Many sea bottoms are degraded and destroyed bgidged
and trawler fishing boats which drive huge andvye
nets over the seafloor.

Vi. The amount of water held behind dams is 3-6 tirhes t
amount that flows in natural rivers.

Harmful invasive species increasingly threatenarine
biodiversity.

About 45% of the human population lives alormgstal zones
and 80% of ocean pollution come from land-baseandm

activities and similar pressures are growing @slfiwater systems
and more people seek homes and recreation areasdarivers

and lakes.

About 75% of the world’s commercially valualilsheries have
been over fished and many have surpassed thefairsaisle
limits.

I Modern industrial fishing can deplete 80% of tarfist
species in just 10-15 years.
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. Over fishing can lead to commercial extinction, evhi
occurs when it is no longer profitable to continue
fishing the affected species.

1 Ninety percent of the large, open-ocean fish likeat
swordfish, and marlin have disappeared since 1950.

V. More than 1/4th of annual fish catch consists afabgh—
non-target species that are thrown overboard dedging

Rapidly increasing human impact, invisibilitf @roblems,
citisen unawareness, and lack of legal jurisdictibinder
protection of aquatic biodiversity.

Protecting and Sustaining Marine Biodiversity

3.2 The Following Priority Actions are proposed to Achieve

Sustainable Resour ce Use

Progressive efforts to ensure the ecological susitality of Nigeria’s
fisheries including:

Vi.

Vil.

viii.

investigate options and mechanisms to extend to@ical risk
analysis of fisheries (and associated revisionsnamagement
approaches) to all developed and active Nigeriehefies
including recreational fisheries;

ensure that ecological sustainability assessmentissheries pay
particular attention to managing impacts on togeoipredators;
promote national standards for fisheries monitoangd reporting
(commercial, recreational and Indigenous harvgsts)

develop management arrangements for all fisheresed on
ecologically sustainable development principles;

develop and expand plans that address the impé&éishog on
Aquatic biodiversity (e.g. bycatch action plans¢avery plans,
threat abatement plans and national plans ofrggtio

continue to implement the National Recreationahifig Policy;
and

continue to implement the National Plan of ActianRrevent,
Deter and Eliminate lllegal, Unreported and Untatgd Fishing.
develop a national network of baseline/referencessiby
establishing the National Representative SystemAqtatic
Protected Areas including highly protected aread providing
periodic monitoring.

develop high-level links between industry, governmme
conservation organisations and other relevantesiaklers to
identify the most cost-effective and environmedgtddeneficial
approaches to conserving biodiversity assets arglia#ic
resources, while minimising disruption to industry
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Xi.

Xii.

Xiii.

4.0

progress further development of national fishedesabases, at
ecologically relevant scales, where necessary dnhanced
reporting and management purposes, and developnaht
protocols to maximise data sharing between agsncie

build capacity in Indigenous communities for susahie
management of Indigenous fishing.

promote effective institutional arrangements for naging
Aquatic resources and habitats, both within Neemd with our
neighbours, including improved fisheries managdmeand
monitoring, and control and surveillance of remateas of the
EEZ.

increase seafood consumer education to promotehasec of
sustainably harvested local species and to reatbiytify at-risk
species or fisheries. Adopt a national seafood-laoelling
scheme for all seafood sold in Nigeria (domestid anported)
and promote the reporting of inappropriately ariggally
labelled seafood products.

CONCLUSION

Habitat loss presents the single greatest threabtt biodiversity, and
the magnitude of this threat can be approximatednfispecies-area
curves and rates of habitat loss. The spread ofnatime species
threatens many local species with extinction, andhps the world's
biota toward a more homogeneous and widely dideibisub-set of
survivors. Climate change threatens to force speaiel ecosystems to
migrate toward higher latitudes.

5.0

32

SUMMARY

Aquatic resources are vulnerable to the effects haman
activities catchment-wide, and many of the langscahanges
humans routinely induce cause irreversible dan{agg, some
species introductions, extinctions of ecotypes speties) or give
rise to cumulative, long-term, large-scale biotadiand cultural
consequences (e.g., accelerated erosion and gudiia,
deforestation, toxic contamination of sediments).

The greatest threat to the biodiversity of oceamdoss and
degradation of habitats

About 45% of the human population lives along calagbnes
and 80% of ocean pollution come from land-baseandm
activities and similar pressures are growing @sliwater systems
and more people seek homes and recreation areasdarivers
and lakes.
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o About 75% of the world’s commercially valuable fstes have
been over fished and many have surpassed theiairsaisie
limits.

6.0 TUTOR-MARKED ASSIGNMENT

=

Outline the impact of human on aquatic ecosysterdibersity
2. Outline the priority actions proposed to achievet@mable
resource of aquatic biodiversity
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MODULE 3 AQUATIC POLLUTION ON
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1.0 INTRODUCTION
According to the 1982 United Nations Conventiontba Law of the
Sea, pollution of the marine means “the introductiy man, directly or

indirectly, substances or energy into the aquatiagrenment (including
estuaries) which results or is likely to resulsucth deleterious effects as
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harm to living resources and marine life, hazardhtonman health,

hindrance to marine activities including fishingdasther legitimate uses
of the sea, impairment of quality for use of sedewand reduction of
amenities”. The discharge of pollutants into therine environment

must therefore be controlled effectively as they lamzardous to marine
life, the marine ecosystem and human health (Giiaak, 2004).

Environmental problems have increased in geomeiroportion over
the last three decades with improper managemeatigea being largely
responsible for the gross pollution of the aquaivironment with
concomitant increase in water borne diseases. Agpallution is a
worldwide phenomenon the practice and extend vémas one country
to another. Pollution of water bodies is a phenamneof concern in the
developing nations of the world. Pollution of aga&nvironment refers
to the introduction of substances or energy diyeotl indirectly into
water bodies by man, resulting in deleterious éfféa living resources,
hazards to human health, hindrance to aquaticitesivsuch as fishing,
impairment of water quality and reduction of amiesit Pollution had
always been misused for contamination which cardé&i@ed as the
presence of elevated concentrations of a substartbe air, water, soil
or any other such thing not necessarily resultm@ ideleterious effect.
Aquatic pollution, therefore, is the direct or ireit human introduction
of substances into the aquatic environment suchlioaBarm living
resources, affect human health and water quality.

Pollution is not merely the addition of a substarioethe aquatic

ecosystem, but its addition at rate faster than ebesystem can
accommodate it. There are natural levels of chdmisach as arsenic
and mercury in the environment but only if theseels exceed critical
values can they be considered as pollutants. Rolisitare not only
chemicals. To be a pollutant, a material has tpdtentially harmful to

life. Chemicals released into the rivers and seabk as Pb, Cu, Zn, Hg,
and CN will cause the death of fish, algae andfesin human beings
even at very low concentrations.

In Nigeria, pollution of river water takes place \arious centers of
industrialisation, chiefly at Lagos, Abeokuta, laad Warri, Port

Harcourt, Aba, Kano etc (Rainbow 2007). Industrigenerate a
significant quantity of wastewater and dischargmtid rivers and lake.
Industrial discharges generally contain organicstances, solids and
mineral acids. Pulp and paper, dairy and textildustries generate
putrifiable organic waste, while industries mantfigiog organic-

chemicals, pesticides, fertilizers, dyes and pigsyamon-ferrous metals,
steel and chloroalkali generate hazardous and tmadcganic waste
(heavy metals).
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20 OBJECTIVES

At the end of this unit, you should be able to:

define the concept of aquatic pollution and causes
explain the meaning and classification of pollusant
identify the main Sources of water pollution

discuss the effect of water pollution on fish

point out the implication of aquatic pollution

demonstrate the method of preventing pollutantfaguatic
environment.

3.0 MAINCONTENT

3.1 Aquatic Pollution

Thus pollution is generally defined as “the additaf the constituents to
water, air or land, which adversely alter the ratuyuality of the
environment”. The word ‘Pollution’ derived from theatin word
‘Pollutionem’ (meaning to defile or make dirty). &lterm pollution is
defined in various ways, like Pollution means tbdiaon of any foreign
material such as inorganic, organic, biologicalradiological or any
physical change occurring in nature which may hamaffect living
organisms directly (or) indirectly, immediately Y@fter a long-time.

3.1.1 Pollutant

In general, pollutants are residues of substan@gerby us, used by us
and even thrown away by us as waste products, whpalute the
environment in one way or the other. The pollutaras be classified in
a number of ways. Either they may be classifiectten basis of their
forms they exist in the environment after theieese or from ecosystem
point of view.

1) Basing up on the basis of their forms of existence in the
environment, they are:

a) Primary pollutants: Those substances emitireatity
from an identifiable source

b) Secondary pollutants: These are the substadegsed by
primary pollutants by chemical reactions.

2) Basing on the ecosystem point of view,

a) Biodegradable pollutants: It includes domes@wage,
heat etc. that can be readily decomposed unaierat
circumstances. However, if the rate of productiérsuch
waste is higher than the rate of breakdownhafse
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materials, they tend to accumulate in the system,
disturbing the balance between natural cycledhichv
intern give rise to pollution.

b) Non - biodegradable pollutants: The substanhes are
not degraded by micro organisms.

These include substances like heavy metals, alumigians, plastics,
synthetic compounds such as pesticides, detergadtsthers.

3.2 Aquatic/Water Pollution

Modern civilisation with its rapidly growing indusl units and an
increase in the population has led to an accelkraégradation of the
freshwater resources. The water bodies are subjézt® wide variety of
human activities such as washing, Swimming, bathamgyl waste
disposal, disposal of industrial effluents etc.esdn modifies the
environment of the natural waters, in a way thaid$to a potential
health hazard. Water resources are said to betpa)lwhen because of
man’s activity in adding or causing the additiomwdtter to the water or
altering the temperature, the physical, chemicaf) (biological
characteristics of the water are changed such tmeethat its utility for
any reasonable purpose or its environmental vatuele@monstrably
depreciated.

3.2.1 Typesof Pollution

Kendeigh (1975) classified the pollution of aquabodies into four
main types. they are:

a) Natural - Pollution brought about by naturally.

b) Silting - resulting from excessive erosion bk tsurrounding
upland.

C) Industrial - Produced by inorganic chemical t®asfrom
tarmeries, breweries, paper and pulp mills, gastp] mines,
metal industries, petroleum industries etc., d)gddic -
Principally municipal sewage and drainage of agtice land.

e) Thermal - As hot water effluent from industriaad atomic
power plants.

3.3 Main Sources of Water Pollution
Discharge of solid or liquid waste products contagnpollutants into

surface or coastal waters, or on to the land searfs¢he main cause of
water pollution. Main sources are identified asowk:
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Sewage and Domestic Wastes

About 75% of water pollution is caused by sewag# @gomestic wastes.
Organic pollution originates from incompletely digested sewage, which
usually has some remaining biochemical oxygen denfB@®D) when it

is released. Swage originates from domestic andvangial premises,
land drains, some industrial plants, and agricaltsite.

I ndustrial Wastes

All industrial plants produce some organic or iranmig chemical wastes,
which cause water pollution. Sometime major parttlod industrial
waste is discharged directly into rivers, canafhsl the sea, and not into
the sewerage system. The largest volwidischarged waste is in the
form of an “effluent”, which may be any solid, ligii or gaseous
product, in a treated or untreated condition. Ihdaiseffluents may
contain water, origanic solvents, oils, suspendddis and dissolved
chemical compounds.

Pesticides, Fertilizers and Deter gents

The major source of pesticides in the rivers, stieand lakes is run-off
from agricultural fields. The optimum condition foun-off is when

there is heavy rainfall soon after the pesticidpliaption. Pesticides
also reach aquatic systems from discharge of indusffluents into

water. Pesticides can reach water in such efflyeittser as waste from
pesticide factories, or as discharge from factories

The use of organic synthetic detergents has bespomsible for

considerable increase in the phosphorus releasegwage effluents.
Detergents are composed of complex phosphates (&lkyenzene

sulfonate or alkylate sulfonates) which eventudtiseakdown into

phosphates usable by aquatic plants. Several stadé® indicate the
toxic effects of detergent to fish. Fish exposedhdnisehold detergents
exhibit abnormal behavior like frequent surfaciag,engulfing, jerking

movement and loss of body balance.

Toxic Metals

Toxic metals are often described as the heavy satadl these includes
iron, lead, mercury, cadmimum, zinc, copper, nickedl arsenic. Very
small quantities or traces of some metals are requor normal growth
and metabolism, for example, copper, iron, nickel ainc. However, if
the threshold limit value (TLV) is exceeded, thesetals may cause
variable deleterious effect on plants and animals.
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Thermal Pollution

Thermal pollution may be defined as the warmingaipan aquatic
ecosystem to the point where desirable organismadvrersely affected.
A large number of industrial plants (electric powsteel and chemical
industries) use cold water from the rivers andlthsge it hot. A single
1000 MW power plant may use one- half million gaioof cooling
water per minute. At some places atomic energytplaave become a
major source of thermal pollution, which is harntuffishes and aquatic
invertebrates.

3.4 Effectsof Water Pollution on Fish

Effects of water pollution on the different compatsof the biosphere
are too many as are the sources of water pollulibe. effects of water
pollution may be considered under the followings®adings. However,
many factors including the quantity and compositobithe effluent, the
value of water, and weather conditions govern therall effects of
pollution.

3.4.1 Turbidity

Various types of suspended solid particles, disgddinto water bodies,
cause water turbidity and reduction of the dissbleaygen in water.
The natural turbidities are seldom, directly lethal fish. But the
turbidity may affect the productivity of an aquagcosystem and also
hampers spawning and growth of fish. Fish and samertebrates
suffer from such pollution because their gill sada are clogged with
suspended matter.

3.5.2 Heat

Other physical effects of water pollution includ@obng water
discharge from power stations, causing a rise itemt@mperature or the
so-called thermal pollution. The rise in water temgture will lower the
dissolved oxygen content, and speedup the biodagioadof pollutant
organic matter. The biological effects of thermallytion depend upon
how much the temperature is raised, for the mei@bodte of
physiological processes is speeded up by heate 8ach species has its
own metabolic rate, most aquatic animals can onigtewithin a
specific temperature range. For example, troukdaled by temperature
of over 28C and their eggs will not develop in water abov&€Cl4
Rivers affected by thermal pollution support onbarse fish and raised
water temperature increase vulnerability of fisllisease.
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3.5.3 Oxidation Effects

Oxidation effects are caused by (Bacterial action upon organic
pollutants, and (b)through chemical oxidation of inorganic and organic
substances present in industrial wastes. Both types of oxidation require
the use of dissolved oxygen, thereby producingnareased BOD and
oxygen deficit in water bodies. Fishes are usualigninated for long
distances by severe organic pollution. Obvioushxid substances,
particularly ammonia, sulphides and cyanides,tk#im, as do very low
oxygen tensions which enhance the toxicity of npassons.

3.5 Toxic Chemical Effects

Toxic chemical effects are caused by a range o$tanbes that cause
immediate or cumulative physiological changes ianps, animals and
humans. Toxins are absorbed into the tissues frollatpd water, and
their effect varies with the type of chemical sabbse, the concentration
in the tissues, and the metabolism of the organ@memical toxins can
be broadly described as (i) metals and saltspésficides, (iii) acids and
alkalies, and (iv) otheporganic compounds such as polychlorinated
biphenyls or PCBs, phenols and cyanides.

3.5.1 Metallic Pollution

One of the most significant effect of metallic pibn is that aquatic
organisms can absorb and accumulate concentraitiotiseir tissues.
The heavy metals affect the fish tissues concemved digestion,
absorption, respiration, and excretion. Their haetogical and
pathological effects are well known. They also eattsanges in tissue

lipid and cholesterol content in fish and their tactoxicity leads to fish
mortality.

3.5.2 Pesticidal Pollution

Pesticides also cause water pollution which is iclemed to be the most
harmful. For example, DDT in rivers has an averagié-life of 2.5 to 5
years, but it can persist for up to 25 years. Sunoh-degradable
pesticides can accumulate in food chains througlological
magnification, and it is known that shrimps andhfisan concentrate
some pesticides. Pesticide affect all the vitaluges of the fish body and
their effects may be histopathological, biochemicahnd
ecophysiological. Juvenile stages of fish are witdby pesticides.
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3.5.3 Pollution by Acids, Alkalies and Other Organic
Compounds

As acids and alkalie lower or raise the pH valdienvater, they are
considered to be hazardous. Most animals and pléiiteot survive in
water with a pH value below 5 (acid), or above l18gkne). Changes in
the pH can also affect the action of other toxidsnumber of water
pollution toxins such as chromates an chromic adeéryllium,
selenium, cadmium, chlorinated hydracarbons, soga@maphosphorus
pesticides, and polyvinyl eholoride, have beengiedied by the WHO.
as potential carcinogens, capable of causing cancire long term to
fish (Vlachogianni and Vlachgianni 2004).

3.6 Chemical Nutrient Effects

In water pollution, the two most important nutrierdre nitrogen and
phosphorus, usually present in all natural watess nitrates and
phosphates. The natural process of lake-ageingctesised by nutrient
enrichment over a long period of time is called@piication. When the
process of eutrophication is speeded up by humawitggcit is called
cultural eutrophication. About 80% of the nitrogand 75% of the
phosphorus added to lakes and streams in develapdddeveloping
countries have its source in human activities. Whbha average
concentration of soluble inorganic nitrogen exce@®® ppm, and the
soluble inorganic phosphorus content exceeds Opdd, @lgal blooms
may appear.

During the summer, the algal bloom problem usuéécome more
intense with adverse effects on the whole biottheflake. Dense algal
blooms at the lake surface reduce penetration ofighu to the lake
bottom. As a result, the deeper waters containdessunt of dissolved
oxygen, which is further reduced by decomposinglalnd organic
matter accumulated at the lake bottom. The oxyggpletion is often
responsible for the winter Kill of fish in many kk

3.7 Pathogenic Effects Caused by Micro-Organisms

Inland coastal waters that receive sewage dischaagd other wastes
are a potential health hazard, as they containogatiic organisms. At
present, sewage effluent is tested only for thegmee oft.coli, which
is a non-pathogenic intestinal bacterium. The dledaolifonu test of
water purity is carried out to indicate the present absence of faecal
matter present in water. This test does not shos pghesence of
pathogenic bacteria and viruses.
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Although drinking water supplies from rivers argag pre-water supply
chlorination treatment, it is not possible to caoyt chlorination of
sewage effluent before it is discharged into waléis is because some
free chlorine would enter rivers, and very low cemications, such as
0.03mgl/l, are lethal to fish and interfere with liegradation, which is
essential for resilience of rivers. Fish diseassmssed by bacteria are -
fin and tail rot, ulcer disease, dropsy, and eyseake. Fish are more
prone to diseases in polluted waters and the inceleof diseases in
polluted waters and the incidence of disease cammlmemised by
improving sanitary conditions prevalent in the waiad by good pond
management.

3.8 Effects Caused by Accumulation of Radioactive
Substances

Radio-nuclides ultimately become concentrated ittono living food
organisms and produce deleterious effects on hunoaly. However,
close monitoring of radioactive pollution in necassin order to assess
their build up and harmful effects in fish, shahf and crustaceans,
which are used as food.

3.9 Industrial Pollution and Fisheries

At present, all the major rivers of Nigeria arelptad by a vast array of
industrial effluents. Since these effluents have/Vvew DO, high BOD
and many types of toxic substances, causing vareftects on the
aquatic communities, including sudden fish killdasther ecological
problems, All river systems of Nigeria are pollutegltanneries, textile,
wood and jute mill wastes, besides effluents froogas mills,
distilleries, pulp and paper factories, synthetiblrer industry, fry ash
from coal washeries and DDT factories. Industrisdstes from oil
refineries, steel plants, paint and varnish marnufaglants, and cement
and pesticide factories also pollute the inlandensat The distillery
wastes of low pH and high oxygen demand createblg@mms causing
asphyxiation and mortality of fish. The industriabllution not only
degrades the natural water quality of streams amas:; it also causes
heavy losses of fishery.

Studies on the ecology and pollution states of ltigerian rivers

indicate that direct disposal of industrial wagbeses serious problem.
Since most of the industrial units do not have s$attorily waste

disposal systems or treatment plants, the wastendscriminately

discharged into nearby water bodies, leading ttupoh.
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3.10 Useof Fish asBiological Indicatorsof Water Pollution

Besides algae, macro-phytes, and benthie macrotébrates, fish are
considered excellent indicators of the water qualithe presence of a
species indicates that the habitat is suitable, sinde some of the
environmental requirements are known for many gsecheir presence
indicates something about the nature of the enket in which they
are found. Thus, the absence of a particular spesitess useful as an
indication of environmental conditions than thegemce of a species.
Based on these criteria several schemes of riveatam have been
proposed indicating the presence of one or moreirtorh fish species
usually present in a particular zone. From the Wwea&ers to the mouth,
these fish species indicate the unpolluted, leskitpd, polluted and
intensely polluted zones of the streams. Seveh&rqiarameters such as
fish population size, growth rate, condition facémd diversity are also
indicative of the overall health of water and ping environmental
conditions. Fish populations in polluted environtseawre subjected to a
long-term contaminant stress which might affectrtha several ways,
including modification of reproductive ability, reded longevity,
reduced growth rate, and increased rate of tumt@sosn development.

Pollution of any kind usually affects both abiagicd biotic environment
of fishery waters. The interrelationships betweée fish and the

elements of its abiotic and biotic environment eaterdependent; any
changes in one system of relationships inevitabiglpce changes in the
other. The interaction of fish with any particulatements of its

environment / total environment / the effect ofatoenvironment is

greatly depends upon the condition of the fishlfitSehe topic of water

pollution and fish will continue to be a subject zéro interest and
inquiry for future generations of fish biologisfsshery scientists and
limnologists.

3.11 Implication of Aquatic Pollution

The implications of Aquatic pollution for Aquatiadaliversity include,
but are not limited to:

a. degradation or loss of seafloor habitats and posater quality;
b. displacement of Aquatic species and changes in th&tribution

and density;

C. increased concentrations of contaminants in Aquatganisms
and resultant morphological or other effects; and

d. reduction in relative abundance of top-order predain Aquatic

ecosystems. The major types of Aquatic pollutants ail,
sewage, Aquatic debris, pesticides, nutrients (agyicultural
fertilisers and nutrients from finfish farming), sidues in
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industrial ~ wastewater, antifoulants, antibiotics, etats,

radioactive waste and thermal pollution. The ati&sithat cause
Aquatic pollution generally include shipping, boati(e.g. vessel
maintenance activities and littering), oil and gasploration,

mineral resource extraction, storm water run-offl goor land

management practices.

3.12 Methods of Preventing Pollutant from Aquatic
Environment

a. Whenever possible the chemical fertilizer may belased by
biofertilizer. Similarly biodegradable insecticidsBould replace
the nonbiodegradable ones and biological controushreplace
the chemical control as much as possible.

b. Indiscriminate use of fertilizer should be stopped.

C. Proper sanitation both in urban and rural arealshoei ensured.

d. Adequate measures should be taken by the industridspose
off all types of wastes in a proper manner i@lofving the
environmental quality standard.

e. All necessary steps to be taken for reutilisatiéragricultural
residues through bio-conversion to industrial paislu

f. To promote research on waste utilisation and wastevery
process.

g. Attempts to be taken to control insect pests thinobmplogical,
microbial or genetically process instead of usimgad chemicals.

h. Appropriate legislation of oil spill in the coastalea to be
established and implemented as early as possiblainanise
marine pollution.

I To minimise the obstruction of water flow being ated by the
construction of dams, embankment and other watectsires.

40 CONCLUSION

Pollution is generally defined as “the addition tbe constituents to
water, air or land, which adversely alter the ratujuality of the
environment”. In general, pollutants are residuiesutbstances made by
us, used by us and even thrown away by us as wagtkicts, which
pollute the environment in one way or the othere Plollutants can be
classified in a number of ways: either they maylassified on the basis
of their forms they exist in the environment aftieeir release or from
ecosystem point of view, basing up on the basighefr forms of
existence in the environment, Basing on the ecesysioint of view.
Discharge of solid or liquid waste products contagnpollutants into
surface or coastal waters, or on to the land sarfe¢he main cause of
water pollution. Effects of water pollution on tdéferent components
of the biosphere are too many as are the sourcestef pollution. The
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effects of water pollution fully discussed. Howevenany factors
including the quantity and composition of the et the value of
water, and weather conditions govern the overédict$ of pollution.

5.0 SUMMARY

) Pollution means “the introduction by man, direattyindirectly,
substances or energy into the aquatic environmiactufling
estuaries) which results or is likely to resultsunch deleterious
effects as harm to living resources and maring lif@zard to
human health, hindrance to marine activities inicigdfishing
and other legitimate uses of the sea, impairmequefity for use
of sea water and reduction of amenities”.

) Pollutants are residues of substances made bysed,hy us and
even thrown away by us as waste products, whicluteothe
environment in one way or the other.

) Discharge of solid or liquid waste products contajnpollutants
into surface or coastal waters, or on to the lamdase is the
main cause of water pollution

o Effects of water pollution on the different compate of the
biosphere includeTurbidity: Heat: Oxidation Effects etc

6.0 TUTOR-MARKED ASSIGNMENT

1 Explain the concept of aquatic pollution and causes

2 Explain the meaning and classification of pollusant

3. Explain the main Sources of water pollution.

4. Explain the effect of water pollution on fish.

5 Explain the implication of aquatic pollution.

6 Explain the method of preventing pollutants fronuatoc
environment.
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1.0 INTRODUCTION

Climate changéhas been defined as any change in climate over, time
whether due to natural variability or as a resdlthaman activity.
Current global concern is focused on climate charegeilting from
human activity, and specifically from the releasearbon dioxide and
other greenhouse gases to the atmosphere. Thengurhifossil fuels,
clearing of forests, and certain other human a@wiare major sources
of greenhouse gas emissions.

Climate change will affect the nature and charasties of the
freshwater resources on which Nigerians depend.ifmpacts will vary
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between eco-zones, exacerbating existing probldmisoomuch water

(floods), too little water (droughts) and reducedtev quality (e.g. salt
water intrusion). Climate change impacts, includgseg level rise and
extreme weather, will also affect Nigeria’s coastad marine areas,
home to 25% of the country’s population and to Neaje economically

important petroleum industry. These impacts onhfneger and coastal
water resources will also affect fisheries, a msonrce of livelihoods

and protein for riverside and coastal rural comrmesi

20 OBJECTIVES

At the end of this unit, you should be able to ekpthe:

) concept of climate change and its effect on aguticGronment

) fish food production and climate change in Africdaptation
strategies climate change for Africa

) evidence of climate change on the aquatic envirenme

) effect of climate change on aquatic environment

) priority action for the management of climate chamg aquatic
biodiversity

3.0 MAINCONTENT

Water resources are inextricably linked with clieyado the prospect of
global climate change has serious implicationswater resources and
regional development (IPCC, 2001). Efforts to pdevadequate water
resources for most developing countries will confr@ number of
challenges, including population pressure, land redated problems
such as erosion/siltation, and possible ecologioalsequences on the
hydrological cycle. Climate change will make addmeg these problems
more complex. The human population explosion, lgrgencentrated in
and around the coastal belt is now earth’s mostnifsignt
environmental phenomenon. Over 90% of the earthdiand non living
resources are found within a few kilometres of¢bast (Ahove, 2001),
where more than 4 billion people live and this msipon according to
prediction will rise to 75% by 2030. The coastalpplations are
growing at a rate of about 1 million people per @ad 80% of the
world biodiversity is concentrated within the c@segion, much of it
undiscovered (IYO, 1998).
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3.1 Impactsof Climate Changeon Freshwater (Land-Water)
Fisheriesand Aquaculture

3.1.1 Higher Inland Water Temperatures

Higher inland water temperature will impact on fistocks in diverse
ways. Increased stratification of water in lakefl igad to reduction in
productivity and reduction in fish population. Tihphenomenon could
possibly enhance fish stocks for capture fisheoleglse there will be
reduced growth where the food supply does not asgesufficiently in
line with temperature. Where the fish species dgpee raised
metabolic changes, potential productivity will biéeated. Most of the
species and communities in rivers have a limitedyeaof temperature
tolerance. An increase of 2-3 degrees Celsiusmpégature, along with
changes in flow, could see some species, suchraal lmsects like
stoneflies or mayflies, change distribution, deelin population or even
become extinct by the 2080's. Fish, including $iséll respond directly
to climate fluctuations, as well as to changes heirt biological

environment (predators, prey, species interactidisgase) and fishing
pressures.

All species are adapted for life over a relativetpderate range of
temperatures compared with the extremes experieiocedthe poles to
the tropics. Temperatures below the optimal rangey she rate of
metabolism and, if too low, can become lethal. Terapures above the
optimal range increase metabolism and, because avamaiter contains
less dissolved oxygen, a thermal threshold is e@athere respiratory
demand exceeds the capacity for oxygen uptake, tsoegereferred to
as the “temperature-oxygen squeeze” (Portner angst2007). Hence,
temperature is one of the primary environmentaloiacthat determine
the geographic range of a species. Minimum wirgengteratures often
determine the high-latitude boundary (the northboundary in the
northern hemisphere) while summer maximums deternmire low-
latitude limit of a species. Even within the normahge of a species, the
dynamics of populations often show strong correfeti with
temperature trends (Conover, 2007).

3.1.2 Changesin Precipitation

Changes in precipitation quantity, location andirignthat alter water
availability will collective alter abundance andngoosition of wild

stock, and impact on seed availability for recra@tm Changes in lake
water level will alter spawning and recruitmentesidemic fish species.
Lower water level will lead to low water quality euto reduced
productivity capacity of photosynthetic balancesh-often seek optimal
temperature or salinity regimes or avoid suboptic@iditions. Thus,
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ocean and freshwater changes as a result of pedjetimate change can
lead to distributional changes. In suboptimal cbods, performance is
reduced, leading to starvation or increased predafihe biology and
ecology of fish in large rivers are strongly linkéa the hydrological
regime in the main channel and the regular floodhdheir adjacent
floodplains. The absolute and relative abundandeb@gmmass of species
of fish inhabiting large rivers are predicted t@aobe in response to both
natural intra-annual variations in flooding reginaswell as long-term
climatic shifts. Changes in precipitation averaged potential increases
in seasonal and annual variability and extremedilely to be the most
significant drivers of change in inland aquacultanel fisheries. While a
relationship exists between greater flooding extemd higher
production in capture fisheries, potential benefitay be offset by a
range of factors including reduced success of pelager spawners
arising from higher river flows, reduced fish swali in lower dry
season flows, and loss of habitat to new hydraerigineering projects
and other human responses. Damage to other liwelihand food
production resources may also occur. In many Affriekes, water level
determines stock fluctuations more than any othastof. This is
especially true of lakes that periodically go coetely dry, such as
Mweru Wa Ntipa, Chilwa/Chiuta and Liambezi. In Lakéweru and
Lake Turkana, for example, catch rates decline wthenlake level is
low (World Fish Centre, 2007). Understanding hoshérfolks have
adapted to variability through, for example, mixeelihood strategies
and the absence of barriers to entering fishema®sl how fisheries
interact with other economic sectors may usefullydg responses to
future climate variation and trends. Flexible masragnt is the key to
ensuring benefits flow from an unstable and unaerteesource.
Reduced annual rainfall, dry season rainfall, aravghg season length
are likely to have implications for aquaculture aorkate greater
potential for conflict with other agricultural, iodtrial and domestic
users in water-scarce areas (World Fish CentreZ)200

3.1.3 Impactson Land-Water I nterface on Lakes

Over 90 per cent of lakes in the developing coaatharbour important
fisheries that contribute to employment, food sggugovernment tax

revenues, domestic markets and exports. The prioduslystems of

these lakes are known to be climate-sensitive.lihgeds around these
lakes combine farming and fishing, and with bothaterely affected by

rainfall reduction, if regional climate forecastee aaccurate, it seems
likely that rural livelihoods in lakeshore regiomgll become more

precarious and less viable over time. Migratiomfriake to lake, and

from lakeshore regions to cities and other areacohomic opportunity

is already common in the region.
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For the extensive shallow lake-wetland complexeh aas Lakes Chad,
Kyoga and Chilwa, analyses of links between rainfariation, lake
levels and fish catches indicate that predictedicidns in rainfall in
some regions are likely to result in significantwetion of lake and
wetland area, with resulting large reductions ishfiproduction and
supply, particularly in the case of wetlands irdaand semi-arid areas.
With the resilience of these production systemslypdependent on the
existence of dry season refugia for fish, incregsaration of the dry
seasons and increased number of drought yearscakirén some
regional climate models, is likely to result in veéd resilience of these
lakes and increased pressure on dry season réAltson et al, 2005).

3.1.4 Impactson Coastal (land-water) Fisheries

Coastal and marine ecosystems are intimately linkedimate. Thus,

climate change will exacerbate the problems alremmbyrring in these
vulnerable ecosystems due to increasing coastallg@igns, habitat

loss, nutrient pollution and invasive species. @lien induced

environmental changes on estuarine and marine st&rsyg include:

Temperature changes that alter ecological processeb species
interactions; Increase in frequency of extreme poc@arming events,

with implications for coral reef bleaching; changegrecipitation that

alter freshwater run-off of nutrients, sediment,d anontaminants;

accelerated rates of sea level rise; alteratioacefanic wind and water
circulation patterns; continued losses of sea i\ targe areas of the
Arctic basin; ocean acidification caused by reacitd increasing CO2
with seawater (NCCOS,2007).

3.1.5 SealLeve Rise and Coastal Erosion

The IPCC Fourth Assessment Report (2007) repoatsgiiobal sea level
is expected to rise between 18 and 59 cm by theoétids century, not
accounting for changes in ice flows in Antarctical &reenland, which
could boost that figure. Local rates of sea levelnge depend not only
on the overall global warming and ice melt, butregional changes in
ocean and wind circulation patterns. With strongwgh in coastal
populations worldwide, sea level rise has strong dinect impacts on
low-lying areas through increased coastal floodiagd erosion,
contamination of groundwater supplies, and incréaagnerability to
storm surges. Sea level rise will lead to reducezh aavailable for
mariculture and aquaculture. Changes to estuaBessystems, salt
water infusion have the tendency to influence shiipecies abundance,
distribution and composition of fish stocks. In somoastal areas,
damage to freshwater capture fisheries and reduitedhwater
availability for aquaculture and a shift to bratkisater species could be
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negatively predicted. Loss of coastal forest edesyswill alter the
ecosystem balance between the riparian and freshwnderaction.

3.1.6 Impactsof Extreme Events and Wor sening Risk

Extreme events such as cyclones and their asso@atem surges and
inland flooding can wreak sudden and severe havodéisheries, and
particularly on aquaculture, through damage or lafsstock, facilities
and infrastructure. Institutional responses suchaastructing artificial
flood defences and maintaining natural ones cawigeoprotection that
is significant but incomplete. (ICLARM, 2006). Poocommunities in
exposed areas are unlikely to be able to buildtanbal defences, so the
most realistic and economic strategy will be td vath the punches. In
countries where floods are common, short cultumgogds and minimal
capital investment in aquaculture help reduce sfosk and its cost.
Building greater adaptive capacity will entail cmesing means, such as
mixed livelihood strategies and access to cregitybich aqua culturists
can cope financially with sudden losses of invesinaed income. Other
considerations for coping strategies in high-riskeas include
monitoring and assessing risk and promoting aquaeukpecies, fish
strains, and techniques that maximise productiod profit during
successful cycles.

3.1.7 Impactson Coral Reefs

Coral reefs are a major source of ecosystem goods srvices,
particularly for small island developing states.n¥eof millions of
people in over 100 countries are likely to depenccoral reefs for part
of their livelihood or for part of their proteintakke. Thermal bleaching
along with fisheries exploitation, pollution andséase are the greatest
threats to coral reefs. The indirect effects ofddiciation on fisheries
will include loss of reef habitat constructed byrma calcifiers. Many
fishes depend on the physical structure provideddral skeletons or
shell-building organisms such as oyster reefs ssngisl habitat for one
or more life stages. In addition, food web altenasi will likely affect
harvested species through bottom-up effects orficiheé chain resulting
from pH-induced shifts in the plankton community.

3.1.8 Fisheriesand Ecosystem | mpacts

Marine organisms will be influenced by changes imcuation,
ventilation, and stratification through changegamperature, light, and
nutrient supply. Alterations of any of these drsvenay lead to changes
in species abundance and composition, possiblyingai large-scale
regime shifts and species migrations. Such chamngiesffect marine
organisms higher up on the food chain in ways #rat not yet fully
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understood. Habitat loss, resulting from sea leigd and invasion by
non-native species will also perturb marine ecasyst including
marine mammals and sea birds, affecting the healthbiodiversity of
marine ecosystems.

3.1.9 Implicationsfor Management

Resource managers need to recognise that localgimms of species
near the limits of their distributional ranges wileed additional
precautionary measures to protect them from exdncéWarming and
acidification represent additional stresses thakempopulations less
resilient to the effects of harvest. We may needeuce harvest of
some species in certain areas to enable them kstaatd the additional
stress. Transitional regions are where the imphctimate change will
first be evident. These regions are also condoitsspecies exchange.
The certainty of climate change and its potentrapacts on ocean
ecosystems underscore the need for a comprehemseas observation
system. Our ability to unravel the causes and apreseces of ecosystem
change is directly dependent on the availabilityao€ontinuous time
series of many different kinds of environmentaladd@radual trends in
highly variable environmental parameters like terapee, oxygen,
salinity, pH, chlorophyll, wind, circulation pattes, and others become
evident only after many years.

3.2 Fish Food Production and Climate Changein Africa

Over the years, different views and discussion®snown that there is
considerable uncertainty about the physical chaagédsresponse of the
various freshwater and marine species; however pibssible to suggest
how certain species may respond to projected acimmbhainges over the
next 50-100 years. The uncertainties highlight thgortance of
research to separate the impacts of changing dinfieim natural
population fluctuations and fishing effects. Mangmumercial finfish
populations already are under pressure (e.g., xplaieed), and global
change may be of minor concern compared with thgaats of ongoing
and future commercial fishing and human use or atgan the coastal
zone.

Further, changes in the variability of climate nfagve more serious
consequences on the abundance and distributionisberfes than
changes in mean conditions alone and changes urefutlimate
variability are poorly understood at this time. Tingacts of physical
and biological changes on fisheries communities valas varied as the
changes themselves. Both negative and positive dtepaould be
foreseen, their strength depending on the vulnkyabbdf each
community, the combination of potential impacts n@gvity and
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exposure) and adaptive capacity. This phenomenbrcavry a high risk

in Africa. Impacts would be felt through change<apture, production
and marketing costs, changes in sales prices, assiljfe increases in
risks of damage or loss of infrastructure, fishitogls and housing.

Fishery-dependent communities abound in Africa amaly also face

increased vulnerability in terms of less stablellivoods, decreases in
availability or quality of fish for food.

3.3 Adaptation Strategiesfor Africa

The extent to which people and systems are affdnyeclimate change
(their vulnerability) is determined by three factotheir exposure to
specific change, their sensitivity to that changad their ability to
respond to impacts or take advantage of opporamitiCoastal
adaptation for developing countries will be moraltdnging than for
developed countries, due to constraints on adagpacity. The non-
linear interactions of these factors mean that enahility is unevenly
distributed, sometimes in surprising ways. It igortant to understand
patterns of vulnerability to specify and prioritis@adaptation
interventions. It is a general opinion that moredeeto be known about
Africa’s climate, impact of climate change on grdumater and energy
systems. Above all, there is a need to support megenal strategies
for adaptation and at the same time mainstreamilmgate change
concern into developmental policies and plans Hytla African
governments.

It is a known fact that the impact of climate changn coasts is
exacerbated by increasing human-induced pressiMest African
coasts are experiencing the adverse consequendexzafds related to
climate and sea level. African governments neatbtthe following: (a)
enhance social capital and reduce the vulnerabibtydeveloping
countries; (b) increasing income levels, educatind technical skills of
its citizenry; (c) promote good governance inclgdmresponsible policy
and decision making and communities empowermeny; iffdrease
agriculture adaptive capacity and at the same timodifying farming
practices and (e) massive restoration and re-estatent of vegetation.

34 Evidence of Climate Change on the Agquatic
Environment

Evidence of climate change impacts on aquatic Bystess mounting
from the world’s oceans. A number of examples idelu

I coral bleaching associated with prolonged high sadace
temperatures;
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3.5

shifts or range extensions polewards in speciefrilaisions,

linked to warming temperatures, in all trophic lsvencluding

demersal and pelagic fish, intertidal fauna, mdgas plankton
and seabirds; and

alteration of the timing of biological events, suak the peak
spring phytoplankton bloom and the migration an@ekling

periods of Aquatic animals. Variations in specidagability and
the different responses of species to changesnmatd may have
severe consequences that could lead to a mismaitkedn

trophic links, mistiming of critical life history vents and,
ultimately, a loss of biodiversity.

Effect of Climate Change on Aquatic Environment

The likely implications of climate change for theatic environment
include, but are not limited to:

Vi

3.6

loss, degradation of habitat or changes in itsridigion and
density;

changes in ocean currents, upwellings and prodtiGtiv
displacement, distributional and abundance chawogesquatic
species;

loss of synchronisation between essential
climate/weather/seasonal events affecting biotach(sias a
mismatch between phytoplankton blooms and zooptenkt
growth);

lower ocean productivity and disrupted/changed fcloains; and
ocean acidification (changing the ability of caloiwcarbonate-
producing organisms to construct shells).

Priority Action for the Management of Climate Change
on Aquatic Biodiversity

The following priority actions are proposed to a&si@ a greater
understanding of climate change impacts on Aquaitcliversity and
adaptive management approaches:

improve our understanding of the vulnerability ofuatic
biodiversity to climate change and prioritise f@@ctivities:
identify species and systems at particular riskmfralimate
change (such as local endemics restricted to al ssmeh of
suitable habitat like the spotted handfish) or umig@cosystems
with unique evolutionary origins unlikely to be heated in
another area (e.g. Bathurst Harbour, southwest daist)

identify processes threatened by climate changg. (@ghtly
coupled processes that become decoupled due togehan
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timing; chemical changes in the oceans caused ialfiaation;
and coral bleaching caused by increased temperatarema);
and

Iv. develop regional climate models and scenario mdglito
assess the potential effects of major regional atierchange on
Aquatic activities (particularly fisheries and aqukure) and

biodiversity.

V. adapt management approaches to the impacts of|gibbveate
change on Nigeria’s Aquatic biodiversity:

Vi. develop regional Agquatic climate adaptation plamat identify

climate risks and vulnerabilities and also Aquatianagement
scenarios and adaptations for Aquatic industried activities
(fisheries, aquaculture, coastal development);

vii.  integrate current knowledge of regional climatengearisks and
vulnerability into current large-scale bioregionahnning and
decision making processes; and

viii. develop a national governance framework to assedsreview
the integration of current understanding of Aquatiomate
change into Aquatic management frameworks and tobires

40 CONCLUSION

Climate change is environmental change, but giliahluman societies
are affected directly and indirectly by the climatgstem — and given
that human activities are driving climate changé is fundamentally a
human problem. Climate change cuts across boursdaree impacts of
climate change are expected to seriously (and agptionately) affect

the livelihoods, health, and educational opportegsitf people living in

poverty, as well as their chances of survival, bloitally in specific

areas and globally in general. A wide range of satams is possible,
either carried out in anticipation of future effeabr in response to
impacts once they have occurred. In general, resgsoto direct impacts
of extreme events on fisheries infrastructure amtraunities are likely
to be more effective if they are anticipatory, aartpof long-term

integrated management planning. However, preparasbould be

commensurate with risk, as excessive protective sarea could

themselves have negative social and economic irsfaD, 2008).

A changing global climate threatens species andsystems. The
distribution of species (biogeography) is largegtedmined by climate,
as is the distribution of ecosystems and plant tedigem zones (biomes).
Climate change may simply shift these distributibog for a number of
reasons, plants and animals may not be able tatadju
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5.0 SUMMARY

) Climate change is environmental change, but givext human
societies are affected directly and indirectly bg tlimate system
— and given that human activities are driving clenehange — it
Is fundamentally a human problem. Climate changs eaross
boundaries.

) Higher inland water temperature will impact on fistocks in
diverse ways. Increased stratification of watefaikes will lead
to reduction in productivity and reduction in fighpulation.

) Changes in lake water level will alter spawning aecruitment
of endemic fish species.
. Coastal and marine ecosystems are intimately lirtkeclimate.

Thus, climate change will exacerbate the problerisady
occurring in these vulnerable ecosystems due toeasing
coastal populations, habitat loss, nutrient padlutand invasive
species.

. Global sea level is expected to rise between 1858ncim by the
end of this century, not accounting for changescenflows in
Antarctica and Greenland.

o 7 Marine organisms will be influenced by changesimulation,
ventilation, and stratification through changest@mperature,
light, and nutrient supply.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the concept of climate change and disdsssfiect on
aquatic environment.

Explain the fish food production and climate chairgéfrica..
Explain the adaptation strategies climate changdéfiaca.
Outline the evidence of climate change on the aguat
environment.

Outline the effect of climate change on aquatidremment.
Outline the priority action for the management lohate change
on aquatic biodiversity.

o

o O
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UNIT 1 QUATIC BIODIVERSITY MONITORING
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4.0 Conclusion
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1.0 INTRODUCTION

Fish are an important component of aquatic ecosysstiarough their
role as consumers of other organisms and they asm h significant
influence on the structure and function of thesesgstems. Because of
this, adverse effects on fish can have adverse-tbomeffects on other
aquatic organisms even if they are not directlg@td by those changes
in water quality. Monitoring of fish communitiesrcatherefore, provide
a useful indicator of the ecological health of makwaters.

Fish are sensitive to many changes in water qualfity habitat structure
caused by human activities and by natural causesin@n adverse
anthropogenic effects on fish can result from méawgtors including:
contamination of water by waste metal pollutionstpedes, salinity and
organic wastes and nutrients causing either de#etts on fish health
or indirect effects on the oxygen climate in the tevathrough
eutrophication; and physical habitat changes ssctharmal pollution,
changes in stream flow regime, stream bed aggmdatde-snagging,
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and land clearance, especially in riparian zonems€quently, as well
as their intrinsic biodiversity value and the hunfaad value of some
species, fish can be useful indicators of the imhmdanany different
human activities on the environmental health ofadewbody.

The use of fish community structure in environméntgonitoring
programs of freshwater systems (as opposed torfish@nagement
programs) has increased in recent years. Thisasrdpart to increasing
public concerns about loss of natural biodiversgyulting from human
activities and the higher public profile of fish @mparison to smaller
invertebrates that are more widely used in asse#sofethe health of
stream ecosystems. Also, as well as concern fohéadth of fish and
the aquatic environment, there is often concerruathe risk to humans
from the consumption of fish from contaminated wsite

2.0 OBJECTIVES

At the end of this unit, you should be able to:

) discuss the methods of aquatic biodiversity momtpr
o list the advantages and disadvantages of monitdishg
. explain the design considerations for a fish nwmg program.

3.0 MAIN CONTENT

Monitoring is technically defined as systematicalchecking or
scrutinising something for the purpose of collegtspecified categories
of data. In ecology it generally refers to sampkagnething in an effort
to detect a change in a physical, chemical, orobichl parameter. The
common types of monitoring used to examine changaguatic habitat
and biota include: baseline, trend, implementatieffiectiveness, and
validation monitoring there are several logicapstéhat should be taken
when designing any monitoring and evaluation progre. These
include establishing project goals and objectiveiefining clear
hypotheses, selecting the monitoring design, dabpcmonitoring
parameters, spatial and temporal replication, #atpca sampling
scheme for collecting parameters, implementing ghegramme, and
finally, analysing and communicating results. Masfythese steps are
interrelated and some steps could occur simultasigau in a different
order than presented here. For example, monitategign depends on
hypotheses and spatial scale, just as the numbeited or years to
monitor depends in part on the parameters selecteal first steps are
critical for designing an effective monitoring aedaluation programme
and we focus our discussion on these.
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3.1 Biodiversity Monitoring

3.1.1 Biodiversity Monitoring Will Include the Following
Elements:

) Monitoring of Poverty-Natural Resource Indicators: that
affect income, security and vulnerability of theopo This
recognises the cause and effect relationship betweeerty and
biodiversity loss. This will include monitoring afiral poverty
levels, annual household consumption from commaldaand
forest products, distance walked by household mesrbecollect
fuel wood and water.

) Monitoring of Habitats: The Department of fisheries will
continue to periodically monitor changes in aquatic
environments, throughout the country, to elucidatd document
the dynamics of habitat change in Nigeria.

) Monitoring of Indicator Species: Some key species shall be
periodically monitored in wetlands through surveis be
conducted by the Federal Ministries of Environmémgiculture,
and Water Resources, in collaboration with otheleviant
government and non-government organisations andeaua
institutions.

o Monitoring of Benefit Sharing: Periodic Assessments (PA) will
be carried out to find out the kinds of productd aervices used
by various stakeholders. Individual projects widvie a strong
component on the monitoring of products/services the actual
benefits shared by different sub-groups of stakarsl

. Monitoring of Management: The effectiveness of the PA and
conservation programme management regimes will Gaitored
to ensure that natural resource use is sustainalbbeh
management plan will include a monitoring componghereby
management procedures will be monitored and pexadigh
evaluated.

o Monitoring of Physical Parameters: The Federal Ministry of
Environment will monitor the level of soil and waterosion in
the different agro-climatic zones. The Ministry also monitor
indicators such as air pollution and assess pammeuch as
water pollution, and levels of carbon dioxide an@emnhouse
gases.

3.2 Advantages and Disadvantages of Monitoring His
Advantages

Compared to invertebrates and algae there arevediafew fish species
to be considered in biodiversity measures in fregbw Although some
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species are difficult, or impossible, to distinguig the field, most

species are relatively easy to identify. This mat@tection of data on

numbers of fish of different species quite rapideihe fish have been
captured. Training of staff to identify fish is aélvely easy with only

about thirty species likely to occur at any oneatan (usually much

less) and around fifty species possible in an em@&tchment in the Top
End.

Disadvantages

The mobility of fish is a major disadvantage for mtoring programs

since unless there are barriers to fish movemdifdrent sites on a river
system cannot be strictly regarded as independienftop End Rivers

there is extensive dispersal of fish along riveargtels and across
wetlands during the wet season (Bishop & Forbesl18%shop et al.

1994). This makes it invalid to use sites upstrégom a known point

source of pollution as a control site for changkat tmay occur

downstream. Control sites then should ideally beddferent stream

systems.

The mobility of fish also makes them difficult t@mple and many
different capture techniques have been devisediffarent habitats and
types of fish behaviour. Unfortunately, each captmethod has its own
bias towards certain species and sizes of fish mgakhis aspect an
important consideration in the design of monitoripigpgrammes and
interpretation of results.

3.3 Design Considerations for a Fish  Monitoring
Programmes

There are many factors that must be consideredesigding any
environmental monitoring program. The design ofish fmonitoring

program is very much dependant on the managemgaitoies and the
parameters to be measured. For the objective ofire@maental

protection the common parameters used are meastire®diversity

and measures of levels of contaminants of intenestish tissues.

Various indicators of fish health can also be meaduln some
situations toxicity studies of water on fish (anter organisms) may be
particularly useful, especially where adverse dffeof known

contaminants cannot be predicted and where chemmuatitoring

cannot explain observed adverse biological effects.

Where there are species of conservation signifeapopulation studies
similar to those used by fisheries managers maydreanted.

Preliminary literature and field pilot studies shibie undertaken to
provide information on the following:
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1. Risk assessment of potential environmental impiactecide on
habitats and locations of concern, if any.
2. The array of fish species likely to be encountered

The risk assessment allows the decisions on wHatats and number
of stream or wetland locations is required to tggiotheses involved in
achieving management objectives.

The information on the possible fish assemblageowall the
determination of the following:

1. Behaviour of different fish species to determinkely habitats
and times to sample for them.
2. Appropriate sampling methods must then be selexiadidering

their effectiveness in different habitats, biasmsfish species and
sizes, cost, time and effort involved in their u€#&S issues
and training.

3. The time and frequency of sampling taking staffoteses and
the seasonal behaviour of the fish into account.

The final experimental design will consider theseameters in a model
that can test the hypotheses posed. Power anatgsisbe used to
evaluate the level of effects that can be deteloyetthe model.

4.0 CONCLUSION

Fish are sensitive to many changes in water quafity habitat structure
caused by human activities and by natural causemnin adverse
anthropogenic effects on fish can result from méawgtors including:

contamination of water by waste metal pollutionstpedes, salinity and
organic wastes and nutrients causing either de#etts on fish health
or indirect effects on the oxygen climate in the tevathrough

eutrophication; and physical habitat changes sscth@rmal pollution,

changes in stream flow regime, stream bed aggmdatde-snagging,
and land clearance, especially in riparian zondse Tse of fish

community structure in environmental monitoring gmams of

freshwater systems (as opposed to fishery manadepnegrams) has
increased in recent years. This is due in partnireiasing public
concerns about loss of natural biodiversity resgltifrom human

activities and the higher public profile of fish @@mparison to smaller
invertebrates that are more widely used in asse#sofethe health of
stream ecosystems. Also, as well as concern fohdéadth of fish and
the aquatic environment, there is often concerruathe risk to humans
from the consumption of fish from contaminated wsite
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5.0 SUMMARY

) Fish are sensitive to many changes in water quality habitat
structure caused by human activities and by natanases.
) The use of fish community structure in environmentanitoring

programs of freshwater systems (as opposed to ryishe
management programs) has increased in recent years.

) Monitoring is technically defined as systematicailyecking or
scrutinising something for the purpose of collegtispecified
categories of data.

6.0 TUTOR-MARKED ASSIGNMENT

Explain the methods of aquatic biodiversity monitgr

Explain the advantages and disadvantages of morgtésh.
Explain the design considerations for a fish nummig
programme.

W
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1.0 INTRODUCTION

The assessment of the size and state of the stoghgited by fisheries
is one of the pillars of modern management. Digdagervation of fish
populations over a wide area is impossible withepgcialised remote
sensing electronic instruments (such as echo sosindad echo
integrators used in acoustic surveys). Fisherigaengsts have also
developed techniques to estimate the nature, aboedalistribution,
structure and population dynamics of fishery resesifrom catch data.

In most fully developed fisheries, a sizeable pdirthe fishable stock,
often close to half of it, may be available for gding, identification
and measurement at the place of landing. This n@ybe possible
when the catch is processed on board (e.g. onrfastops) and is
particularly difficult for dispersed small-scalslieries. When the age of
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fish can be easily determined, e.g. from the fiaidiparts (e.g. otholiths
or vertebrae) or analysis of size frequency, groatid death rates
(resulting from both fishing and natural causes) loa readily estimated
and fed into models. When this is not possiblegitagy methods can be
used to obtain the same result plus informatiomggration).

A complete stock assessment is a stepwise pro&isps include;
defining biological and geographic extent of theck{s) in question;
choosing data collection methods and collecting da&; choosing an
assessment model and its parameters and condubi&ngssessment;
specifying performance indicators and performintgraktive action
evaluations; presentation of findings (NRC, 1998jock assessment
models attempt to predict changes in biomass apduptivity based on
yield data collected from a target fishery. Stoskessment relies on the
estimation of many parameters, which require a dbtdata from
historical fishery and independent biomass survéigcher and
Preikshot, 2001). Fundamentally, stock assessmedeis are based on
rates, which imply time, which is why an estimatk fish age is
required. Conventional stock assessment techniqgmployed in
tropical lotic systems often use length-based dh&cause the
technology necessary for direct age determinatien otolith/scale
preparation and analysis is unreliable, expensivenat available.
Length-based analyses require a lot of data, argthes not a desirable
variable, as its relationship to age is non-lineai, length data is easily
taken in the field, with simple measuring boardd eetording forms.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

demonstrate the method of assessing fish stock

explain the sampling methods of stock under exgiioih

list the methods for measures of biodiversity

identify the main problems with aquatic biodiveysassessment.

3.0 MAIN CONTENT

3.1 Assessing Stocks

Stocks are assessed using two alternative apprafd@metimes
simultaneously), depending on data available. Stitimethods use the
theoretical relationship between the level of fghintensity and the
total catch. Analytical methods use the relatiotwieen recruitment,
growth and mortality.
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With both approaches, the starting point for assgdhe state of a fish
stock is to determine the size of the total catdeally, data must be
collected on all the age classes of fish removemnfrthe stocks
concerned. Apart from commercial landings, any siésce catches or
fish discarded at sea by fishers in pursuit of osgmecies ought to be
recorded or estimated. Statistics from commercsalefries are easiest to
obtain in the form of the landed weight of fresiozen, gutted or filleted
fish. These landed weights are converted backecetjuivalent of live
weights to give the nominal catch. This figure tunn, is converted to
the gross catch by adding estimates of fish lagtsamed or discarded
at sea.

Fishing reduces the abundance of the virgin stoalsing the catch per
unit effort to fall. It also reduces the lifespamdathe average size and
age in the population, increasing however its lgmal productivity
(production per unit of biomass). According to teynthetic models
theory, for a large range of fishing levels, losf&®ugh fishing and
natural mortality can be balanced by gains througbwth and
recruitment in the population, maintaining the pagan in equilibrium.
At some intermediate level of fishing, the popuatiis “fully
exploited”, i.e. exploited at the maximum levelpsbductivity.

3.1.1 Effort, Catch Rate and Abundance

The gross catch per se is usually not a good itwloaf the size or
health of an exploited stock as it depends botktook size and fishing
intensity. Therefore, catch information must be borad with that of its
corresponding fishing effort to generate a catch yet of effort (or
catch rate)..Unfortunately, fishing effort is nosianple variable as the
vessel effectiveness in catching fish depends wida range of factors
known to influence the capacity of a vessel to ltdigh. These include
the behaviour of the target fish (e.g. shoaling avesur, dial and
seasonal migration, vertical distribution), as veallthe characteristics of
the vessel (e.g. type, engine power, age, storaaeactdy), the
characteristics of the gear (length or area, mézsh snaterial, gear-
borne instrumentation) and the way it is used {ffiglpractices), the size
and skill of the crew and the use of technical gslsunders, global
positioning systems, helicopters and aeroplanes).

3.1.2 Standardising Fishing Effort

Some of these characteristics cannot be measuredtlgi and their
effects on fishing power and fishing capacity avenplex. Nevertheless,
it has proved possible to compare and standartsedlative fishing
power of different vessels (e.g. using vessel kenghgine power, or
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other relevant indicator as an index of power), bming it with fishing
time to calculate standardised fishing effort, vatime problems.

For example, for a given stock size, the catch byawler depends
almost entirely on the time that the gear is toweadthe bottom, The
catch of a purse seiner, however, fishing on wesgirface shoals, may
depend more on the time and effectiveness of #scheng, detecting,
and approaching a shoa, than on the time it takesiffcircling and
hauling it on board. As a result, the relation ledw vessels
characteristics, fishing time and fishing powen@ simple. While the
number of days at sea or on the fishing ground imdication of fishing
effort for any fishing vessel, measures of effextiishing time will be
“soaking time” for vessels using fixed nets, potslanglines, total
duration of hauls for trawlers, searching time porse seiners, etc. All
of these have a complex relation with fishing poesed fishing effort.

As a consequence, fishing effort needs to be stdisdal (across vessels
and fleets) so that one unit of standard fishinfgrefremoves a fixed
proportion of the stock, i.e. generates a fixed &ndwn amount of
fishing mortality. The parameter that relates staddishing effort and
fishing mortality is known as the catchability cheaknt. After
standardisation, the catch per unit of effort (atsdled catch rate)
provide an indirect measure of stock abundanceaisx of the many
assumptions needed in the computations, this measuaffected by
statistical variance, and possibly by bias, tha&n® be accounted for in
the stock assessment process.

Nevertheless, with a standardised measure of tlgnitoae of fishing
on the stock, the final part of the assessmentlpuzm be completed
using a synthetic (production) model to establtsh trend in the stock
and the fishery, their present state, the stockmnii@l, and the catch and
effort regulations needed to maintain the stockaahigh level of
productivity.

3.1.3 Analytical Methods

Length-frequency distributions are a first step determining the
numbers and sizes of different ages or year cldasé® catch that are
needed for an analytical assessment of a stockselheasurements,
based on samples taken regularly over a numbegarkycan be used to
establish the age structure of the population gtiosvth of the fish, the
age at which the fish become liable to capture, laoa quickly the
population is reduced as a result of fishing andunad mortality.
Samples of the catch are obtained on landing sitelsare sometimes
supplemented by information from scientific survegsncerning
abundance, size and age structure, spawning bipraggsand larvae
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abundance). The ratios of the numbers in varioassels in successive
years indicate the rate at which the fish die, supatural reasons (e.g.
predation) or due to fishing. Together with indeghemt calculations of
natural mortality, this information provides a [saéor calculating the
population available for capture and the effectsfigiiing. It is then
possible to proceed to using analytical models ¢ach similar
conclusions regarding catch and effort regulatiasswell as other
interventions regarding mesh size, minimum landsige, closed
seasons, etc.

3.1.4 Modern Approaches

Modern approaches forming the basis for multispgeaigsessments are
now taking into account the feeding patterns ofd anteractions
between target and associated (or dependent) spenieaddition to
possible interactions between fishing gears andisheries. The
ecosystem-based management of fisheries as novg bequired by
most modern fisheries agreement imply an even leroddsis for
resources assessment including the analysis of stage of the
environment, critical habitats, ecosystem varisibiliclimate change,
impacts from land-based activities, and impactspecies composition
(including trophic chains) and biodiversity (incing genetic diversity).
In addition, the growing requirement for a moretsysc approach to
fisheries assessment, including an assessmerg paitiral, human and
governance components, call for more integratedcgases of
assessment and elaboration of advice, with a nuineegparticipation of
stakeholders, and the collaboration of many moseiplines that those
involved in conventional management.

3.2 Sampling Methods
3.2.1 Passive Methods

These are methods that rely on the movement otdislapture them.

Gill nets

Lengths of netting stretched out vertically in watey weights and
floats. Swimming fish collide with net and get caugvhile trying to
pass through. Different mesh sizes catch fishftérént sizes.
Advantages

Easy to use and commercially available. Very effecon many larger

bodied fish. Can operate in deep open water as agelhallow open
waters.
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Disadvantages

Very small mesh sizes are not very effective on llemdish sizes

biasing method towards larger fish species. Mesbinfish can cause
damage to fish. Some species such as banded gamdebony bream
can be difficult to remove without significant dageato the fish. Great
care is needed if repetitive sampling is to beiedriout so that the
sampling does not affect numbers available at e sample times.
Mortality can be minimised by operators stayingrmegts and removing
fish soon after they are captured. Holding reledisédin fine mesh pens
can prevent them re-entering nets and allows etraluaf short-term

mortality.

Provides only CPUE measures of abundance.

Trammel nets are similar to gill nets but have rows ofksis along the
net for fish to get wrapped in. May have advantaigeshallow tidal
situations

Fish traps: (Bait fish/minnow traps, Fyke nets, Tra nets)

Mesh enclosures with funnel shaped entrancesdw dish to enter and
inhibit their exit. There are many different desgFyke nets and trap
nets have panels of “lead” net to direct the frgio ithe trap.

Advantages

Can operate in most habitats except very densetatgge Size and
species bias differs greatly between types of ttass bias with finer
mesh size on fyke and trap-nets (Hayes 1989) aggkthave less size
bias than gill nets. Mortality rate is very low nnad it easy to identify
and return fish.

They can be left in place for prolonged periodeifjuired. This enables
the sample to encompass are range of diurnal pattdrfish movement
and can allow more than one site to be sampledeatime. Access to
the surface for air breathing fauna should be piedi This is easier to
do in shallower water.

Disadvantages

Gear for larger traps is bulky and cumbersome abdur intensive to
set up. It is generally not commercially availalitgarovides only CPUE
measures of abundance. It is based towards mase dith and some
species less trappable than others. Minnow trapsreadily available
commercially but they are highly selective and aile in effectiveness
even when baited.
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3.2.2 Active Methods

These are methods that somehow seek out the fésleraploy a device
to capture them. They are not reliant on the nhtuavement of fish to
effect the capture.

Seine (Drag) nets

Length of netting weighted at the bottom and suggabby floats at the
top which is set to enclose an area and then ddagg¢he shore. On
larger nets there is often a deep pocket (pursi)ibto the centre for
fish to collect in and minimise their escape.

Advantages

Short sampling time. Low fish mortality. Some nate commercially
available and any design is easy to obtain fronmrakers. Low cost.

Disadvantages

Not very effective in even moderately vegetatedessitCatch is
dependent on mesh size but is also biased towand#es/slower fish
that are less able to avoid the net. Provides @IJE measures of
abundance because of difficulty in standardising trea fished.
Typically involves operators entering water and asyre to crocodile
risk. Shorelines are often not suitable for beagthine seine.

Trawls

Cones of netting that are dragged through the wadédnind a boat,
usually at or close to the bottom with devicesdefkthe entrance funnel
extended and the trawl net at the required depth.

Advantages

Easy to use. Can sample large areas of habitat.rhomality with short
trawls.

Disadvantages

Can operate only in open water with a relativelgaclbottom Limited
use in freshwater streams and wetlands becausettdnb structure.
Ineffective in vegetation. Small beam trawls candfiective in tidal
reaches with clear bottoms. Not commercially a\ddaBias in fish size
related to mesh size which affects minimum sizainedd and speed of
tow and hence ability of fish to avoid trawl. Pides only CPUE
measures of abundance.
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3.2.3 Electro Fishing

Electrofishing is now one the most widely used radthfor sampling

freshwater fish for both biodiversity and populatimeasurements. It
involves the use of pulsed electric current to teraply immobilise fish

enabling their capture with a hand net as they cturibe surface, or to
cause fish to swim along a directional field towsardne electrode
(galvanotaxis) where they can be captured by a hahd

Advantages

Can provide estimates of density. Can capture & wadge of fish sizes
but catch biased towards larger fish. Relativelgrslsampling time.
Easy to target specific habitats and times. Comialgr@available

Disadvantages

The impact on fish is unclear. Variation in pulseisture is required to
sample different size fish. The higher frequengumed for smaller fish
can kill larger fish. Multiple passes through fidh&reas using different
pulse settings can reduce this risk (Pusey et@8)19

The equipment can be very expensive ($30,000 -$8(dr a large boat
mounted unit) but small back-pack units are leggengive and can be
hired. Difficult to use in dense emergent vegetatio

Effectiveness is reduced at very low temperaturesia high and low
conductivity waters. Also it is less effective iarlhid waters where
stunned fish under the surface cannot be seen.

Boat based units powered by generators are uselfplilarger streams
and open water lagoons and billabongs. In smatlelasis back-pack
battery operated units are generally used butitivglves entering the
water and exposing operators to crocodile risk. réxpes need to be
well trained in use and safety procedures. High af electric shock.
The need to wear insulating gloves and wadershepdtential to cause
rapid weight loss in operators in the tropics.

3.2.4 Fish Poisoning

The use of fish poisons is widely used in fish sys/by taxonomic
researchers in situations where rapid dilution iokaltmovement can
occur eg in inter-tidal rock pools. Whilst fish pons are used by
indigenous peoples in northern Australia for gatigerfood in

freshwater pools they are not widely used by s@&nin fish surveys
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because of the difficulty of either diluting thexiio or neutralising it.
Rotenone, the active ingredient of derris root pemyds the most
common commercially available product used for thigpose. This acts
on the gill membranes blocking the uptake of oxybggraffected fish.
There are a number of native Australian trees wHumdk produces
extracts that can induce fish kills (Bishop et 282).

Advantages

Can sample all species, especially more crypticispeand mobile
species that are difficult to capture when alive.dgecies or size bias.

Disadvantages

It kills every fish in pool or reach of stream @agbon. Risk of killing
fish in non-target areas. Cannot be used whereatepampling is
required.

3.2.5 Visual Census

This involves counting fish by observation withotapturing them.

Various counting techniques have been used sudnaasects, fixed
plots, random point observation in a manner sintdavisual census of
large terrestrial fauna. Widely used in marine aditns such as coral
reefs where visibility underwater is very good. iWikty in freshwater is

generally not good enough and large predators eam deterrent in the
tropics. Clear flowing water in Top End streamdhet end of the wet
season provides some opportunity for this technigised effectively in

some situations in Kakadu.

Advantages

Does not harm fish and is ideal for repeated sargplihich is desirable
in some politically sensitive situations. No size species bias. Can
provide density measurements.

Disadvantages

Visibility and water depth. Discrimination of phgally similar species
often difficult or impossible.

Pop-net traps

Bottomless enclosures of netting that can be plateduatic vegetation
to be later triggered to rise and trap fish wittiia enclosure. Vegetation
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Is subsequently removed and then the fish are rechtwy dip nets or
small seines.

Advantages

It is one of few methods that work in dense vegataiNo species bias.
Little bias in fish size. However, when very smaticlosures are used
larger fish are difficult to trap. Provides measneats of fish density.

Disadvantages

Depth limitation to water <1 m deep. Vegetation dgm Larger nets
can be heavy and labour intensive to set and chatr.commercially
available. Cost is dependent on chosen size angndé¥ading in water
Is required and provides risk of exposure to crdesd(may require
expensive safety nets).

Drop net traps and throw traps

These are devices that enclose areas of aquatetateEm in shallow
waters by dropping from above. Drop nets are ngtamclosures
dropped from a supporting frame standing abovendwer. Throw traps
are heavy metal enclosures that are thrown froma to cut through
vegetation to surround fish. Fish are removed ftaps using dip nets
or small seines, as with pop-nets.

Advantages

No species bias. Little bias in fish size. Howewshen very small
enclosures are used (throw traps) larger fish afiecudt to trap.
Provides measurements of fish density.

Disadvantages

Similar to pop —nets. Depth limitation to water 4 deep and
vegetation damage. Not commercially available. Goddependent on
chosen size and design. Wading in water is req@netprovides risk of
exposure to crocodiles (may require expensive afets). Do net
penetrate very dense vegetation very well.

Cast nets

Weighted circular pieces of netting that are thrdwnhand to extend
over water surface and drop to surround fish aaol them inside the net
or entangle them in the mesh. Widely used arouadubrld in artisanal

fisheries and in recreational bait fish capture.
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Advantages

Commercially available and relatively inexpensi@nce operators are
trained they are easy to use from boats or shomrevhubstrates are
suitable.

Disadvantages

Difficult to quantify area sampled. Not effective deep water, dense
vegetation or areas with rough bottoms or locatisith snags. Very
low capture efficiency.

3.3 Measures of Biodiversity

The most common measures of biodiversity are spemkness,
Simpson's index and Shannon-Wiener index.

o Species Richness

This is the simplest of all the measures of spediesrsity. All you do
is count of the number of species found in a comtyufe.g., the
number of the species found on a bio film plate).

However, this does not indicate how the diversityhe population is
distributed or organised among those particulacisge For example, if
there were 4 different species on a plate fromMagina and a plate
from Pier 4 the richness would be equal. This dugsndicate what %
of each species there were of the 4 species idahtiAt the Marina
80% of the total number of species could have ls¢emor while at Pier
4 there could have been an even 25% of each species

. Simpson's Index

A measure that accounts for both richness and ptiopdpercent) of
each species is the Simpson's diversity indexadtibieen a useful tool to
terrestrial and aquatic ecologists for many yeadswaill help us
understand the profile of biofilm organisms andrtlelonisation

pattern in the Inner Harbor.

The index, first developed by Simpson in 1949, lesen defined three
different way in published ecological research. Tirst step for all three
is to calculate Pwhich is the number of a given species dividedhzy
total number of organisms observed.
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1. Simpson's index: D = sum(P): The probability that two
randomly selected individuals in the community lbgldo the
same category (e.g., species).

2. Simpson's index of diversity: 1 - D
The probability that two randomly selected indiatki in a
community belong to different categories (e.g. cH®.

3. Simpson's reciprocal index: 1/D
The number of equally common categories (e.g., ispedhat
will produce the observed Simpson's index.

D is influenced by two parameters - the equitabibt percent of
each species present and richness. For a giverespatness, D
will decrease as the percent of the species becomae

equitable. The example illustrates how these thneees are
influenced by these two parameters. The reseamhbst observe
the species patterns carefully to interpret theesieffectively.

3.4 The Main Problems with Aquatic Biodiversity
Assessment

Several weaknesses are apparent in the existingdniater statistics.
Some of these are listed below.

3.4.1 Inadequate Data-Collection Systems

Many countries do not have the financial or manpovesources to
establish adequate sampling systems. Moreover, riighgry landing
sites are so dispersed that they defy conventi@a&th-recording
methods, so require altogether different approachgsoxy indicators.
As a consequence, the data are absent, fragmamiddrreported, or
misreported.

3.4.2 Selective Data Collection

Data are only collected from commercially importaiés such as major
landing places or markets or from commercial fighiperations. This is
often linked to some sort of revenue collectionwbger, so may be
subject to misreporting. Focusing on these siteanmethat whole
sectors, such as subsistence, artisanal, and tiec@afisheries, are
frequently excluded from national estimates. Ini@oiol most reporting
Is limited to finfish, whereas other incidentaltargeted species such as
crustaceans, molluscs, amphibians, and aquatictsisnd plants go
unrecorded.

76



AFM 505 MODULE 5

3.4.3 Double Counting of Landings

This may arise when the same fish are presentachamber of landing
sites or markets and is a special problem in istigsnal lakes and rivers
such as Lake Victoria, Lake Chad, or the interfae®veen the Brazilian
and Colombian Amazon, where the same fish may terded in more

than one country. There is also a problem with gmesd fish which, if

not sold, are reprocessed and returned to themnapktet.

3.4.4 Confusion with Aquaculture

The distinction between capture fisheries in thdédwculture-based
fisheries, and aquaculture is not clear, but itghs largely on the
ownership of the waters fished. This is a problespecially with regard
to stocked, enhanced, or culture-based fisheriegaiter bodies without
clear ownership.

3.4.5 Political Pressure

There are often political pressures to inflate lcadstimates, either to
meet centrally dictated quotas or to raise the ilpradf the sector.
Further, deliberate underreporting to conceal the value of a fishery
to evade taxes and levies is also a widespreadopiemon. This is
particularly the case in concessionary or leasatefies.

3.4.6 Piracy and Unrecorded Catches

In addition to the probably enormous quantity ofeaorded fish caught
for home consumption or local markets by the amasand subsistence
sectors, fish may be caught and sold illegally megulated markets.
For example, Egyptian authorities estimate thatualwlf the catch
from Lake Nasser is illegal and unrecorded, @oavx (2005)estimated
that some 30% of the catch of Nile perch in Lakectdfia was
unreported and passed through informal markets.

3.4 Other Problems

These arise because some national statistics ddistotguish between
the different lake and river basins, or betweeratid” and “coastal
marine” catches, despite the latter often beingnfinland estuaries or
freshwater coastal lagoons. Furthermore, catches rat usually
reported by species or species-group in a compsareemanner.

4.0 CONCLUSION

Stock assessment models attempt to predict changbsomass and
productivity based on yield data collected fromaegét fishery. Stock
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assessment relies on the estimation of many paeasyethich require a
lot of data from historical fishery and independé&mmass surveys
(Pitcher and Preikshot, 2001). Fundamentally, stsdessment models
are based on rates, which imply time, which is vahyestimate of fish
age is required. Conventional stock assessmentitpeds employed in
tropical lotic systems often use length-based dh&cause the
technology necessary for direct age determinatien otolith/scale
preparation and analysis is unreliable, expensivenat available.
Length-based analyses require a lot of data, argthes not a desirable
variable, as its relationship to age is non-linear, length data is easily
taken in the field, with simple measuring boardd eecording forms. A
relationship between length (size) and age is redui(Kolding
references in Mosepele and Kolding 2003). Lengiedaassessments
are valid over a narrow time frame and if measypadameters are
relatively constant. NRC, 1998 conclude that staskessments do not
always provide enough information

5.0 SUMMARY

. The assessment of the size and state of the stogkeited by
fisheries is one of the pillars of modern managdmen
o Length-frequency distributions are a first steml@termining the

numbers and sizes of different ages or year classt#®e catch
that are needed for an analytical assessmenttoth s

) Fish sampling methods for assessment include passathods
and active methods

. Electro-fishing is now one the most widely used hods for
sampling freshwater fish for both biodiversity apdpulation
measurements

o The use of fish poisons is widely used in fish sys/ by

taxonomic researchers in situations where rapigtidin by tidal
movement can occur eg in inter-tidal rock pools.

. Problems with Aquatic Biodiversity Assessment id@udouble
counting etc

6.0 TUTOR-MARKED ASSIGNMENT

Explain the method of assessing fish stock.

Explain the sampling methods of stock under exatimn
Explain the methods for measures of biodiversity

Explain the main problems with aquatic biodiversissessment

roONPE
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1.0 INTRODUCTION

There are mainly three reasons why biodiversityukhbe studied. First,
the need has come as many countries are signatortee Convention
on Biological Diversity. For various reasons thengnave forests have
been ruthlessly exploited and cleared. Coral rebfsre been
indiscriminately mined. The fishery resources hbeen overexploited.
Many other organisms have been exterminated fomroemtal and
medicinal purposes. There has been widespread dgma of the
habitats. Due to industrial development and laigdesuse of pesticides
and insecticides in agriculture, the pollution ldaas increased in the
estuaries, mangroves backwaters and seas. Measugersity are
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frequently seen as indicators of the wellbeing oblegical systems.
Secondly, despite changing fashions and preocanstdiversity has
remained the central theme of ecology. The weludwented patterns of
spatial and temporal variation in diversity whiahtrigued the early
investigators of the natural world continue to stiate the minds of
ecologists today. Thirdly, considerable debate csurds the
measurement of diversity. It is mainly due to tlaetfthat ecologists
have devised a huge range of indices and modelsmieasuring
diversity. So for the various environments, habitahd situations the
species abundance models and diversity indiceslé¢euused and the
suitability evaluated.

2.0 OBJECTIVES
At the end of this unit, you should be able to descthe:

biodiversity indices
species richness indices
species diversity indices
species evenness indices

3.0 MAIN CONTENT
3.1 Biodiversity Indices

Given the large number of indices, it is often idiift to decide which
the best method of measuring diversity is. One geagto get a feel for
diversity measures is to test their performancds wite’s own data. A
rather more scientific method of selecting a dikgrgdex is on the
basis of whether it fulfils certain functions criteability to discriminate
between sites, dependence on sample size, whatocempof diversity
is being measured, and whether the index is widebed and
understood. The various diversity measures arengredow.

3.2 Species Richness Indices

3.2.1 Simpson’s Index

Simpson gave the probability of any two individudlmwn at random
from an infinitely large community belonging to féifent species. The
Simpson index is therefore expressed-&sdr 1/D. Simpson’s index is
heavily weighed towards the most abundant speniéisel sample while
being less sensitive to species richness. It haa bkown that once the
number of species exceeds 10 the underlying spezimsidance
distribution is important in determining whetheetindex has a high or
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low value. The D value which is standing for therdlmance index is
used in pollution monitoring studies. As D incregsaliversity
decreases. That way it is effectively used in Eorvinental Impact
Assessment to identify perturbation.

3.2.2 Margalef Index

It is having a very good discriminating ability. Wever it is sensitive to
sample size. It is a measure of the number of spgmiesent for a given
number of individuals. However it is weighed towsaspecies richness.
The advantage of this index over the Simpson indekat the values
can come more than 1 unlike in the other index whlee values will be
varying from O to 1. This way comparing the speciebness between
different samples collected from various habitatsasy.

3.2.3 BergerParker Index

This simple intrinsic index expresses the propodlamportance of the
most abundant species. As with the Simpson indexreéciprocal form
of the BergetParker index is usually adopted so that an increasiee
value of the index accompanies an increase in sityeand a reduction
in dominance.

3.2.4 Rarefaction Index

Even though it is used for standardising the sarsye, it is also used
an index (Hsieh and Li, 1998). This index relatamgle size (number
of organisms) with numbers of species. This is vewych helpful in

comparing the diversity of organisms living in hbgl and degraded
environments.

3.3 Species Diversity Indices

3.3.1 ShannorAWiener Index

Shannon and Wiener independently derived the fanctwhich has
become known as Shannon index of diversity. Thie&d assumes that
individuals are randomly sampled from an indepetigenarge
population. The index also assumes that all theispeare represented
in the sample. Log2 is often used for calculatimg tiversity index but
any log base may be used. It is of course esséati@@ consistent in the
choice of log base when comparing diversity betwsamples or
estimating evenness. The value of Shannon divessitgually found to
fall between 1.5 and 3.5 and only rarely it surpas4.5. It has been
reported that under log normal distribution, 108ases will be needed
to produce a value of Shannon diversity more thaexpected Shannon
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diversity is also used (Exp H’) as an alternatieeH’. Exp H’ is

equivalent to the number of equally common spe@gaired to

Produce the value of H' given by the sample. Theeoled diversity
(H) is always compared with maximum Shannon dikgrégHmax)

which could possibly occur in a situation wheresglécies were equally
abundant. Shannon diversity is the very widely usedex for

comparing diversity between various habitats (Gadnd Warwick,

2001)

3.3.2 Brillouin Index

The Brillouin index is used instead of the Shanmalex when diversity
of nonrandom samples or collections is being estimated.ifstance,

fishes collected using the light produce biasedpdasnsince not all the
fishes are attracted by the light. The Brillouirdex is used here to
calculate the diversity of fishes collected by geahich use light for

fishing.

3.3.3 Log Series Index

This popular method is very widely used because itef good
discriminant ability and the fact that, it is nobduly influenced by
sample size. It is reported to be a satisfactorgguee of diversity, even
when the underlying species abundances do notwodolog series
distribution and it is less affected by the aburmgsnof the commonest
species.

3.3.4 Log Normal Diversity

It is reported to be independent of the sample arm that way very
efficient for comparing the biodiversity of one Itab from another.
However it can not be accurately estimated whenstimaple size is
small. Therefore it can be used when the sampkeisifarge. It is also
used as a measure of evenness.

3.3.5 MclIntosh’s Measure of Diversity

Mcintosh proposed that a community could be enédaas a point in an
S dimensional hyper volume and that the Euclidigstadce of the
assemblage from the origin could be used as a meatdiversity.

3.3.6 Jackknife Index

It is a technique which allows the estimate ofuatty any statistic to be
improved. The beauty of this method is that it nsake® assumption
about the underlying distribution. Instead a serms Jackknife
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estimates and pseudo values are produced. The q@sealdes are
normally distributed and their mean forms the bestimate of the
statistic. Confidence limits can also be attaclueithé estimate.

3.3.7 Q Statistic

An interesting approach to the measurements ofrgliyewhich takes
into account the distribution of species abundamhctsioes not actually
entail fitting a model is the Q statistic. This @éxdis the measure of the
inter-quartile slope of the cumulative species abundanome and
provides an indication of the diversity of the coomty with no
weighting either towards very abundant or very sgrecies.

3.4 Species Evenness Indices

Evenness index is also an important componenteofliversity indices.
This expresses how evenly the individuals are idigied among the
different species. Pielou’s evenness index is conynwsed. Heip
evenness index is also there but comparativelyussd.

3.4.1 Hill Numbers

Hill (1973) proposed a unification of several dsiey measures in a
single statistic. While N1 is the equivalent of 8han diversity, N2 the
reciprocal of Simpson’s ¥& and NjA is the evennamiex. The
advantage is that instead of calculating variowdices for diversity,
richness and evenness, it can be used to cal@lldkeese measures.

That is its advantage.
3.4.2 Caswell Neutral Model /*V’ Statistics

This is helpful in comparing the observed diversitgh the diversity
provided by the neutral model (Caswell, 1976). Tinigdel constructs
an ecologically neutral community with the same banof species and
individuals as the observed community assumingacertommunity
assembly rules (random birth/deaths and random
immigration/emigrations and no interactions betwsgecies).

3.4.3 Newly Introduced Indices

Taking into consideration the demerits of the noelly used
conventional indices, new indices have been regemtroduced.
Conventional indices are heavily dependent on sangite effort.
Indices with similar effort only can be comparedit Bith respect to the
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conventional indices, the effort is not mention&i$o the old indices do
not reflect the phylogenetic diversity.

3.4.4 Taxonomic Diversity Index

It is defined as the average taxonomic distancevdmt any two
individuals (conditional that they must belong wotdifferent species)
chosen at random along the taxonomic tree drawiowolg the
Linnaean classification. When the sample has maegiss, the values
are on the higher side reflecting the taxonomiadtie.

3.4.5 Taxonomic Distinctness Index

It is defined as the average path length betwegntan individuals
(conditional that these must belong to two différepecies) chosen at
random along the taxonomic tree drawn using the naéan
classification. Here also the higher values refteet higher diversity of
samples. Another advantage of this index is thakimgause of the
average taxonomic distinctness and variation imraric distinctness
index, biodiversity between healthy, moderatelyrddgd and heavily
degraded habitats could be compared using the 95%6gham, 95%
funnel and ellipse plot. Another feature of thiglem is that in the
absence of quantitative data, the above could benagglished based on
gualitative data.

3.4.6 Phylogenetic Diversity Index

The total phylogenetic diversity index denotes téweonomic breadth/
total taxonomic path length and the average phyletie index is
obtained by dividing the total phylogenetic diveysindex by the
number of species. In healthy environment due toch rfaunal
assemblages, (taxonomic breadth) the total phykgemiversity and
average phylogenetic diversity are always more.

4.0 CONCLUSION

Measures of diversity are frequently seen as indisaof the wellbeing
of ecological systems. Secondly, despite changiaghibns and
preoccupations, diversity has remained the ceniraine of ecology.
The well documented patterns of spatial and tenipeaaiation in

diversity which intrigued the early investigators the natural world
continue to stimulate the minds of ecologists todahirdly,

considerable debate surrounds the measurementeaskiy. It is mainly
due to the fact that ecologists have devised a haigge of indices and
models for measuring diversity. So for the variogisvironments,
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habitats and situations the species abundance shade diversity
indices should be used and the suitability evatuate

5.0 SUMMARY

o Measures of diversity are frequently seen as indisaof the
wellbeing of ecological systems.
. A rather more scientific method of selecting a diity index is

on the basis of whether it fulfils certain functsoariteriaability
to discriminate between sites, dependence on sasigde what
component of diversity is being measured, and véretie index
is widely used and understood.

. The various diversity measurement include speciebness
indices such as Simpson’s Index

6.0 TUTOR-MARKED ASSIGNMENT

Explain the biodiversity indices.
Explain the species richness indices.
Explain the species diversity indices.
Explain the species evenness indices.

PONPE
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1.0 INTRODUCTION

Conservation is defined as the management of hummarof biosphere
so that it may yield the greatest sustainable fiteiogpresent generation
while maintaining or potential to meet the neenld aspiration of future
generation. Thus, conservation is positive embracpreservation,
maintenance, sustainable utilisation, restoratmad, enhancement of the
natural environment. Wildlife resources consepratis specifically
concerned with plants, animals and micro- orgarasih with those non-
living elements of the environment on which theypeled. Living
resources have two important properties, the coatioin of which
distinguishes them from non- living resource, thag renewable if
conservation is to process to be applied crosesally not an activity
sector that own right conservation is that aspéechanagement which
ensures that utilisation is sustainable and whishsafeguards by
ecological process and genetic diversity essefaiadhe maintenance of
the resource concern.

2.0 OBJECTIVES

At the end of this unit, you should be able todibscthe biodiversity
conservation:

. methods
) strategic Directions
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o approaches
) fishery regulations
. actions for fish and development (Inland Fishe8ab-sector).

3.0 MAIN CONTENT
3.1 Biodiversity Conservation Methods
3.1.1 In-situ Biodiversity Conservation

In-situ conservation means the conservation of ispewithin their

natural habitats, this way of conserving biodivigrsis the most
appropriate method for biodiversity conservatiam.this strategy you
have to find out the area with high biodiversityans the area in which
number of plants and animals are present. Aftert ttiés high

biodiversity area should be covered in the form naftural park/
sanctuary/biosphere reserve etc. In this way bedity can be
conserved in their natural habitat from human #ets.

3.1.2 Ex-Situ Conservation Methods

Ex-situ conservation involves the conservation widgical diversity
outside of their natural habitats. This involvesiggrvation of genetic
resources, as well as wild and cultivated or sgecmd draws on a
diverse body of techniques and facilities. Ex-siRiodiversity
conservation can be done as following:

I By forming Gene banks: In this store seeds, spanthava at
extremely low temperature and humidity.

. It is very helpful to save large variety of specmsplants &
animals in a very small space. E.g. sperm and avkd) seed
banks.

Iii. Forming Zoo and botanical garden: for research qgepand to
increase public awareness collecting living orgasigor aquaria,
zoos and botanic gardens.

V. Collections of In vitro plant tissue and microbalture.

V. Captive breeding of animals and artificial propamatf plants,
with possible reintroduction into the wild.

Ex-situ biodiversity conservation strategy alsoyplan important role in
recovery programmes for endangered species. The $&ad Bank in
England has 1.5 per cent of the world’s flora -wb000 species - on
deposit.
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In agriculture, ex-situ conservation measures mandomesticated
plants which cannot survive in nature unaided.

3.2 Strategic Directions

a. Promote and enhance measures for both in-situasdie
conservation through identification, evaluation,mtaring,
research, education, public awareness and training.

b. Increase understanding of the status, geneticsltyeand
ecological relationships of species and populations
C. Expand and strengthen the network of protectedsdacemclude

all the major ecosystems: Savannah, High foreset|ands,
Mangrove, Montane, Coastal and Marine vegetations.

d. Protect watersheds along all intra and interstatergourses to
protect the water bodies and aquatic biodiversity.

e. Establish migratory corridors where practicableisotated
species and populations.

f. Establish reserves to conserve freshwater, bragkasér and
marine biodiversity

g. Establish and maintain gene and clone banks fotgknd
animals genetic diversity.

h. Implement measures to eliminate or reduce enviroahe

pollution that adversely affect biodiversity

I Monitor the effects of climate change on ecosystespscies and
genetic diversity

J. Encourage community participation in Biodiversitnservation.

3.3 Conservation Approaches

Aquatic conservation strategies support sustaina@eelopment by
protecting biological resources in ways that wilegerve habitats and
ecosystems. In order for biodiversity conservation be effective,

management measures must be broad based.

a. Aquatic areas that have been damaged or suffefgithhéoss or
degradation can be restored. Even species pomasatitat have
suffered a decline can be targeted for restoration.

b. An aquatic bio- reserve is a defined space withivager body in
which fishing is banned or other restrictions aftaced in an
effort to protect plants, animals, and habitatstimately
conserving biodiversity. These bio-reserves caa hés used for
educational purposes, recreation, and tourism adl ae
potentially increasing fisheries yields by enhagdine declining
fish populations. These bio-reserves are also \semyilar to
marine protected areas, fishery reserves, sanetjamd parks.
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C. Bioregional management is a total ecosystem styatedpich
regulates factors affecting aquatic biodiversity bglancing
conservation, economic, and social needs withinaga. This
consists of both small-scale biosphere reserves langer
reserves.

d. Watershed management is an important approach desveajuatic
diversity conservation. Rivers and streams, regasdlof their
condition, often go unprotected since they oftelsspthrough
more than one political jurisdiction, making itfittlt to enforce
conservation and management of resources. Howeveecent
years, the protection of lakes and small portiohsvatersheds
organised by local watershed groups has helpedithetion.

e. Plantation of trees in the catchment area of wiately prevent
soil erosion and subsequently reduce the problesiitaftion in
water body resulting in better survival of aquatiganisms.

f. Avoid the establishment of industries, chemical njga and
thermal power plants near the water resourceseas discharge
affect the ecology of water body resulted in losbiodiversity.

g. Various organisations and conferences that resdaothversity
and associated conservation strategies help tdifigeareas of
future research, analyse current trends in agbaiaiversity.

3.4 Fishery Regulations

Set catch limits well below the maximum sustainajéd
Improve monitoring and enforcement of regulations
Economic Approaches

Sharply reduce or eliminate fishing subsidies

Charge fees for harvesting fish and shellfish frnrblicly owned
offshore waters

Certify sustainable fisheries

Protected Areas

Establish no-fishing areas

Establish more marine protected areas

Rely more on integrated coastal management.

Coo o

—TTa o

3.5 Actions for Fish Biodiversity Conservation and
Development (Inland Fisheries Sub-sector)

1. Protection of the inland aquatic environment froollygion by
oil exploration, agro-chemicals, and pesticidesdusirial
domestic wastes

2. Enforcement of appropriate countrywide fishery leavsl edicts
for the inland fisheries, their conservation andstamable
development and management.
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Encouragement of the private sector to investénDistant Water
Fishery through:

I Preferential reduction of costs of lubricants andofotive Gas
Oil (AGO) used by licensed fishing trawlers to lgridown the
cost of fishing operation

. Reduction of duty on imported fishing materialstbmard motor
engines, used trawlers canoes etc. in the inshatersv

Iii. Promotion of export of high quality shrimps.

V. Enforcement of penalties to curb pilferage and etgpion of fish
and shrimps from trawlers in the high seas.

V. Creation of specialised funds kept with a bank lending at
special concessions to fishermen.

vi.  Training of fish farmers

vii.  Provision of simple fish feed pelleting machinefigh farmers
and fish feed millers.
viii.  Provision of fingerling through research centresyegnment-

sponsored fish hatcheries and the private sector.

IX. Establishment of at least 10ha fish farm (withsitgport hatchery
and fish seed service) by all local governments.

X. Establishment of strong machinery for enforcingredulations
and monitoring catch data.

Xi. Assistance to artisanal fishermen to organise tbbms into
viable co-operatives.

xii.  Establishment of industries for the manufacture of

xiii.  Fishing gears (gill nets, lipats, twines, etc.Nigeria.

xiv. 10. (b) Construction and maintenance of fisherytbgards.
Training of fishermen to upgrade their proficieriny catching,
handling and processing of fish.

4.0 CONCLUSION

The overall strategy employed by the Governmeniligkeria to pursue
the fisheries conservation and management objeci@re Regulation
and Enforcement. It is aimed at resource consemnvafood security,
economic efficiency, employment and income distidoy foreign
exchange earnings and socio-political stabilitye Tineasures to achieve
them will be described in the following section endthe major
fisheries.

5.0 SUMMARY

) Conservation is defined as the management of huasan of
biosphere so that it may yield the greatest susidén benefit to
present generation while maintaining or potent@lnteet the
needs and aspiration of future generation.
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o In-situ conservation means the conservation of ispewithin
their natural habitats, this way of conserving biedsity is the
most appropriate method for biodiversity conseprati

) Ex-situ conservation involves the conservation dabldgical
diversity outside of their natural habitats.
o Aquatic conservation strategies support sustaindelelopment

by protecting biological resources in ways thatl vpiteserve
habitats and ecosystems. In order for biodiversityservation to
be effective, management measures must be broad.bas

6.0 TUTOR-MARKED ASSIGNMENT

Explain the biodiversity conservation methods.
Explain the biodiversity conservation strategiedtrons.
Explain the biodiversity conservation approaches.
Explain the biodiversity conservation fishery regigns.
Explain the actions for fish biodiversity consergatand
development (Inland Fisheries Sub-sector.

arwpPE
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UNIT 5 AQUATIC BIODIVERSITY MANAGEMENT
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Guiding Principles for Developing the Fishsrie
Management Plan
3.2 Managing and Sustaining Marine Fisheries

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Fisheries management is a term that has come to meay different
things to different people. Characteristically, $boundertaking fish
stock assessment have used it to describe the gsrafedetermining
how much fish resources are available and, and amaunt of catches
should be permitted from the different stocks. Egléntly, it may be
considered as the task of determining the amouriisbing effort, or
fishing mortality €), that should be allowed on a stock basis. Those
responsible for economic and social analyses, aiidypformulation
and appraisal, also describe their activities abefies management
while departments undertaking market analysis antbdyzt
development may also claim that the term desctitas activities.

Management is the integrated process of informajathering, analysis,
planning, consultation, decision-making, allocatioh resources and
formulation and implementation, with enforcement reecessary, of
regulations or rules which govern fisheries aagegitin order to ensure
the continued productivity of the resources andabeomplishment of
other fisheries objectives.

Planning is an essential part of the managemertepsoregardless of
whether one deals with the management of a fisbetlle management
of a car assembly line. The management plan isidia instrument that
specifies how management is to be conducted infuhege. In many
fisheries, fishery management plans (FMP) are o#iso instruments
not just for planning but also for operational mger@ent. These plans
don’t just document the way to reach managemenisgoathe future
(strategic), but also describe how to manage tlgefy in the present
(tactical). This dual purpose of fishery managemetdans is not
recognised universally.
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Long-term management objectives should be tramblatato
management actions, formulated as a fishery managephan or other
management framework”. However, clarify that FMReséh a tactical
component to them that defines day to day managenidine
management plan provides detail on how the fisliertp be managed
and by whom. It should include a management praeeddnich gives
details on how management decisions are to be inadecordance to
developments within the fishery.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o explain the meaning of aquatic biodiversity manageim

) discuss the guiding principles for developing thishdries
management plan

) describe the process of managing and sustaininppensheries

3.0 MAIN CONTENT

A fisheries management plan is a formal or infornaatangement

between a fishery management authority and inedeptrties which

identifies the partners in the fishery and thegpetive roles, details the
agreed objectives for the fishery and specifiestheagement rules and
regulations which apply to it and provides othetade about the fishery
which are relevant to the task of the managemehbaity

3.1 Guiding Principles for Developing the Fisherig
Management Plan

The following guiding principles provide directidar the development
of fisheries management goals, objective and agtion

Ecological Approach An ecological approach to fisheries management
will be followed to ensure conservation and useth&f resource in a
sustainable manner.

Landscape Level Management Fisheries will be managed on a
landscape scale. However, in some limited casespopents of the
resource within a FMZ may need to be managed eiffiy.

Balanced Resource Managementtrategies and actions will consider

the ecological, economic, social and cultural bigmednd costs to
society, both present and future.
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Sustainable Development The finite capacity of the resource is
recognised in planning strategies and managemerdnacwithin a
FMZ. Only natural resources over and above thosendl for long-
term sustainability requirements are available dee, enjoyment and
development.

Biodiversity: Fisheries management will ensure the conservation
biodiversity by committing to healthy ecosystem®tecting our native
and naturalised species and sustaining the gedietcsity of fisheries
in the FMZ. All species in the FMZ including nonespfish and Species
at Risk must be considered.

Natural Reproduction: Priority will be placed on native, naturally
reproducing fish populations that provide preditdand sustainable
benefits with minimal long-term cost to society. tetery-dependent
fisheries will also play a role in providing fislyropportunities.

Habitat Protection: The natural productive capacity of fish habitait
be protected and habitat will be enhanced whersilples

Valuing the Resource Stakeholders and other users will be invited to
understand and appreciate the value of fisherssurees. They will be
encouraged to participate in decisions made by MINR may directly

or indirectly affect aquatic ecosystem health.

Responsibility: Local, regional, provincial and federal cooperatand
sharing of knowledge, costs and benefits will begéd to manage
fisheries at a FMZ level.

Multi-Party Involvement: A wide range of stakeholders, Aboriginal
peoples and interested parties will provide fiskemanagement advice
to ensure an open and transparent process thabwlddges their
valuable role in the process.

Aboriginal Interests: Ontario is committed to building better
relationships with Aboriginal peoples and in invialy them in decisions
that affect them.

Direct Action: All possible options must be considered and exdty
implementation actions that are feasible.

Knowledge The best available information will be used féiZbased
objective setting and strategy development andemphtation.

Adaptive Management FMZs will be managed using an adaptive
management approach. Objectives will be set, mongowill occur,
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results will be compared against objectives and agament regimes
adjusted as necessary and where possible to erdta@mment of
objectives.

Precautionary Principle: When an activity raises threats of harm to
human health or the environment, precautionary oreasshould be
taken even if some cause-and-effect relationships ot fully
established scientifically.

3.2 Managing and Sustaining Marine Fisheries

(@). Over fishing is a serious threat to biodiwtgrén coastal waters
and to some marine species of open-ocean waters.

(b). One way to prevent over fishing is to devehmiter means to
project fish populations. The maximum sustainedeldyi
mathematical model is used, but indications arat th has
hastened the collapse of most commercially vakiabdcks for
several reasons:

I Populations and growth rates are difficult to measu

. Sizes of fish stocks are often based on
unreliable/underreported catch figures

iii. Harvesting a species at maximum sustainable yiald c
affect other target and non target fish species

\Y2 Fishing quotas are difficult to enforce

(c). Optimum sustained yield is a concept thatsaknto account
interactions with other species and allows mom@rdor error.
Another approach is multi-species management ofiaber of
interaction species, which accounts for competiaod predator-
prey interactions.

(d). There has been limited management of seVarge marine
systems, such as the Mediterranean Sea.

(e). Many fisheries scientists and environmertwlge interested in
using the precautionary principle for manageméifiisberies and
marine systems.

(). Some fishing communities regulate fish hatsesn their own
and others work with the government to regulagthinflux of
large modern fishing boats and fleets has weak#redbility to
regulate and sustain local fisheries. Many comiguni
management systems are now co-managed, where aatymu
and government work together to manage fisheries.

I Central government sets quotas for various species,
divides the quotas among communities

. Government may also limit fishing seasons and eggul
gear to be used.

iii. Each community then allocates its quota among mesnbe
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(9).

(h).

Individual transfer quotas (ITQs) are assijteeeach fisherman,
and these can then be bought, sold or leased, dikeate
property. This has resulted in some reductionveir dishing, but
it is hard to enforce, and wasteful bycatch haseen reduced.
Four problems with the ITQ system are:

I It transfers public ownership to private fishersit Istill
makes the public responsible for cost of managemaedt
enforcement. Remedy this by collecting fees fornotgu
holders to pay costs of enforcement.

. Small fishing vessels and companies may be squemted
if they can’t afford to buy ITQs from others

Iii. Poaching may increase. Remedy this by strict record

keeping and observers on all vessels with quotas.

V. Fishing quotas often set too high, so leave 10-80%e
estimated MSY as a buffer to protect the fishemynir
decline.

Protecting, Sustaining, and Restoring Wetlands

a.

b.

Coastal and inland wetlands are important vessr of aquatic
biodiversity; they provide ecological and econosgevices.
Despite their ecological value, the U.S. has thoore than half of
its coastal and inland wetlands since 1900

Wetland loss in the U.S. will get worse as glolvarming leads
to rising sea levels which will put many coastathands under
water.

In the U.S., a federal permit is required tbdr deposit dredge
material into many wetlands

The U.S. federal policy is a zero net loss jgoitigation banking
allows destruction of some wetlands as long asestype of
wetland is created elsewhere.

An ambitious restoration project is trying tmdo the human
damage in South Florida's Everglades. The natavarglades is
half its original size and is drying out, leavingulnerable to fire
and invasion by non native species

Protecting, Sustaining and Restoring Lakes andrRive

a.

Invasions by non native species have upset ett@ogical
functioning of the Great Lakes for decades withrenmvaders
coming.

. At least 162 non native species have invaded theatGr
Lakes since the 1920’s.

) Measures have been taken to control a number skthe
species.
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. Sea lampreys are one of the biggest threats and hav
depleted a number of the sport fish species iratkes.
b. Zebra mussels were brought into the lakes Itagiaand have

become very aggressive pests since they have ewrknatural
enemies. They have displaced native mussel speciegged
pipes, piers, and fouled beaches and have spoeattid¢r parts of

the U.S.

C. Quagga mussels invaded the Great Lakes in 4d88MAsian Carp
may be the next invader.

d. Rivers/streams are important ecological anch@cuc resources,

but they can be degraded by over fishing, poliytidams and
water withdrawal.

e. The Columbia River has been altered by 119 damd
withdrawal of water for agriculture.

f. Sustainable management of freshwater fish ve®lkencouraging
populations of commercial/sport fish species, pres over
fishing, and reduces or eliminated less desirasihepopulations.

) Regulate fishing seasons and the number and siishof
taken.
. Improve habitats, breed genetically resistant ¥igheties,

and judicious use of antibiotics and disinfectatds
control predators, parasites and diseases areodwth
suggested.

o Some individuals have worked to restore degraded
streams.

f. The national Wild and Scenic Rivers Act wassaakin 1968 to
protect rivers and river segments with outstandsaenic,
recreational, geological, wildlife, historical cultural values.

g. Congress established a three-tiered classticatheme:

. Wild rivers are relatively inaccessible; they aret n
permitted to be widened, straightened, dredgeedfior
dammed.

) Scenic rivers are free from dams, mostly undevelppé
great scenic value, and accessible in some placesals.

o Recreational rivers are readily accessible by roald
may have some dams or development along their shore

. Only 0.2% of the 3.5 million miles of rivers areopected

under the Act, and 17% of the total river lengtls dams
and reservoirs on them.

) Environmentalists want to add 1,500 additional mrive
segments for a total of 2% of the total river syseThere
is opposition from several groups.

h. Threats to aquatic biodiversity are real anowgng. We must
greatly increase research and expand effortsa@gtrand restore
aquatic biodiversity and promote integrated edcklg
management.
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4.0 CONCLUSION

The main objective of aquatic biodiversity managetig to manage the
aquatic resources and provide for sustainable éaptmn of the same.

Equitable allocation among users and Biodiversiontml are also

important. A useful feature of inland fisheries mgement is that it is
localised, permitting the participation of resouoseners, which in turn

enhances the ability to monitor and enforce reguiat The provisions

of the national legislation are de-centralised égi@nal and State edicts,
community acts and by-laws, as may be appropriate.

A fisheries management plan is a formal or infornaatangement

between a fishery management authority and intdeparties which

identifies the partners in the fishery and thegpetive roles, details the
agreed objectives for the fishery and specifiesth@agement rules and
regulations which apply to it and provides othetade about the fishery

which are relevant to the task of the managemethbaity.

5.0 SUMMARY

1. Management is the integrated process of infaomagathering,
analysis, planning, consultation, and decision4nk

2. Planning is an essential part of the managenmotess
regardless of whether one deals with the managemtra
fishery.

3. A fisheries management plan is a formal ornmia arrangement
between a fishery management authority and inestgsarties.

4. Over fishing is a serious threat to biodivgrsit coastal waters
and to some marine species of open-ocean waters.

5. Coastal and inland wetlands are importantrvess of aquatic
biodiversity; they provide ecological and econosgevices.

6. Sustainable management of freshwater fish uegkncouraging

populations of commercial/sport fish species, pres over
fishing, and reduces or eliminated less desirasihepopulations.

6.0 TUTOR-MARKED ASSIGNMENT

=

Explain the meaning of aquatic biodiversity managein

2. Explain the guiding principles for developing theéshkries
management plan.

3. Explain the process of managing and sustainingn@adisheries.
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MODULE 6 VULNERABLE TRANS-BOUNDARY
AQUATIC SYSTEM AND LEGISLATIVE
FRAMEWORK FOR AQUATIC
BIODIVERSITY
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Unit 2 Legislation or Legislative Framework fogiatic
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1.0 INTRODUCTION

Trans-boundary aquatic area is an area of watérstnaddles one or
more boundaries between states, sub-national soih as provinces
and regions, autonomous areas and/or areas bdyatichits of national
sovereignty or jurisdiction, whose constituting tpalare especially
dedicated to the protection and maintenance obgioal biodiversity,
and of natural and associated cultural resourced, managed co-
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operatively through legal Trans-boundary water 68 Anternational
rivers in the world constitutes 60% of the wateyuard the globe (Wolf
et al., 2005). 40% of the river basins around tledvare transboundary
water-ways shared by two or more countries worléwi@olf, 1999).
Most of these rivers have many problems that maylrén international
disputes. The rivers that may cause disputes smreadfive continents
of the world and most of them are in Asia and Afnghere developing
countries are located and where there are fewnatenal treaties on
the development and utilisation of trans-boundargtens signed
between the states. Historical records showedniwae than 400 water
treaties and water related agreements were sigeweebn 1820-2002.
60% of these treaties and agreements were concludé&dirope and
North America whereas Asia and Africa, with nearny% of global
population and more than 40% of international sydérave only 30% of
the treaties due to lag in legal system developnagigt cross border
cooperation. Therefore, the shared water vulnetahd much more
prominent in Asia and Africa than in North Ameriaad Europe. (Yan
et al., 2008)

Water in border setting is a regional public gobattis non-excludable
but rival in consumption. Asymmetries over time apace between the
countries are important to determine sustainablieoones for water
resources. (Fernandez, 2000). The border regiomeleet United States
and Mexico shares its surface water resources betW®lorado River
and Rio Grande river basin. The boundary betweentwo states is
3300 kilometres. In 1944, water treaty was signesvben United States
and Mexico for resolving the water sharing issuesibdid not do so.
The problem was the groundwater withdrawal on bsittes of the
borders and the deteriorating water quality. Tlaquires bi-national
cooperation that addresses water quantity and tguaksues
simultaneously. The variation in water bodies spdms variation
elsewhere on earth in terms of some surface waysrilawving north to
south, some flowing south to north, deep and sWalipoundwater
aquifers along the borders.

China is one of the most important upstream coesin terms of trans-
boundary waters in the world, especially in Asidir@’s terrestrial
boundary measures approximately 220,000 km anceb®dd} countries,
making trans-boundary water issues as a key commpaneChina’s
international relations. The shared water among ldbeders has the
problems of variability in water demand due to ab@nd economic
development.

Pakistan shares most of its water resources witjeldi. Major River,

river Indus enters to Pakistan from Nigeria. Waigltution is the major
problem in Pakistan by the water resources entefingn Nigeria.
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Hudiara drain entering to Pakistan from Amritsarries a lot of
pollution and ultimately pollutes the rivers anceaims of the country.

20 OBJECTIVES

At the end of this unit, you should be able to expthe:

o instability in water availability

) problem of trans-boundary water

) regional cooperation and shared water

) cross-border water pollution management
) trans-boundary marine protected areas.

3.0 MAIN CONTENT
3.1 Instability in Water Availability

Instability in availability of water is a major drem of trans-boundary
waters. The variability and availability of wateregtly affects the
regional, social and economic development of thenty. The
availability of water is greatly affected by the nditions of the
surrounding water resources such as the effectglaiddal warming,
human activities and water regulation by dam opamnat (Yanet al.,
2008). Past results verifies that the natural emvitent is subject to the
influences of a changing climate. Most of the in&tional rivers were
fed by melting glaciers, which were affected bylbglbclimate change.
For example, the Himalayan glaciers were recedirgnaaverage speed
of 10 to 15 m per year due to global warming. Tikers’ flow would,
therefore, notably increase in short term becaus¢éh@® increase in
glacial melt, but over the long term, glacial skage would likely result
in greater problems, including floods, wetland dgyiand unstable river
systems. Instability of water is also brought fdritm the social aspect,
including population growth, immigration, and tramsundary
management of water resources. (Wetlfal., 2005). Availability of
water also varies with different seasons. MoshefEast Asian region is
subject to the monsoon climate, the warm and watlsvin spring and
summer times bring most of the annual precipitatidowever, in the
winter seasons, the climate tends to be cold andTde water problems
become worsened when climate change brings high@pdratures
reducing amount of precipitation but increasing & of evaporation.
(Jayakumar et al., 2008). These conditions makeethien vulnerable to
floods, water logging, droughts, storms, hurricamvestland drying and
unstable river systems. (Yan et al., 2008)
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3.2 Problem of Trans-Boundary Water

3.2.1 Decreasing Outflow of Rivers

Decreasing outflow of rivers is the major probleft@ns-boundary
water across the globe. Riparian states are payiegter attention to
water shortages in dry regions after the increasgemand, growth in
population and economic development. In the norgtwegion of
China, it was a great problem of international msvihat the use of water
Is over 40% of the total water resources in 198062(Liu and Chen,
2001). In the face of water shortages in all thganian states of this
region, there were great differences in trans-banndvater utilisation
among the riparian states. For example, the Kamghdgeservoir,
capable of multi-year water storage, is locatecKarakhstan on the
downstream of Ili River. The discharge regulatiatia of the reservoir
is 56%. On the downstream of the Irtysh River, wherseries of large-
scale hydraulic projects were constructed, the fflumgulation ratio of
Bykhtarmo Reservoir among these projects was 1780o0f these
reservoirs control the entire outflow from the tethrivers of China
(Chen et al., 2005).

3.2.2 Eco-System Vulnerability

Ecosystem security and river basin health has nfiaciprs, including

limited water flow and its time-space distributiomater quality and its
maintenance; land use and soil erosion. Trans-kmynavaters on

ecosystem vulnerability and security are mainlyeatéd by the floods,
droughts, species invasion and loss of habitatmbst parts of the
world, drought, decreasing outflow, and degradeslogry and natural
environment resulting from competition for watetvieeen humans and
ecosystem are the major issues (Yan et al., 20DBna is facing a
serious trans-boundary water pollution problemhe nhortheast region
because more than 60% of river reaches were pd|laied it is getting

worse day by day. In the southwest of China, esfigdn Tibet, glacial

lakes resulting from rivers blocked by landslides/dn released floods
into international rivers in recent years when rth@tural dams have
broken. These disasters caused significant harntheéodownstream
countries (in this case, Nigeria, Nepal) and a#dcthe relationships
among China and its neighbouring countries. Pakiatao experiences
water pollution problems as it receives waste wateym its

neighbouring country Nigeria (Swaran, 2005). Watpecies are very
much affected by the quality of water and it isheeat to the aquatic
ecosystem. But this also affects other activitesheck mats of the plant
reduce oxygen content, degrading water qualityafipratic species and
curtail recreational activity such as boating aisthihg and clog water
intakes for irrigation (Fernandez, 2000). During thast two decades,
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the rapid economic boom and growing agriculturaldusstrial and
municipal development in the region leads to sutigthaccumulation
of toxic organic compounds and a significant enwinental impact has
been imposed on the ambient conditions. Untreatedage is
discharged in an expeditious rate and large quesitiof various
pollutants have been released which is more thmeggeto the
ecosystem (Chau, 2005).

3.2.3 Water Scarcity and Water Quality Deterioration

The vast amount of trans-boundary water in the dvasl facing the
problem of increasing water scarcity and aggrawatithrough
competitive utilisation for growing populations arfths produced
headlines warning of “water wars.” In the arid MieldEast, water is the
prime driver for military strategies and territdremnquests, particularly
in the ongoing conflicts between Arabs and Israekteadlines
surrounding the trans-boundary water issues in £hiave, in recent
years, been alarmist at times as the regional ggdarimplicated by
water development projects (Yan et al., 2008). $taki and Nigeria are
also facing water problems as Nigeria is constngctlams on the rivers
which are coming towards Pakistan and this willseawater scarcity in
the region in the coming years.

With untreated sewage and salinity travelling asttbe border, there are
serious water quality problems in most of the stefavaterways along
the border. Urbanisation in border cities next itens leads to urban
runoff and sedimentation that is causing serioutemguality problems.
(Yan et al., 2008) The Tijuana River Watershed ikashared border
with the upstream 2 / 3 of the watershed in Mexnd the remaining in
the U.S. is threatened by degradation water qudlig wetlands of this
watershed is an asylum for endangered and threhteind, fish, and
plant species and it was recently named as a Rasiteaf international
importance. The three most significant aquiferslude the Hueco,
Bolson extending 3000 square miles in the CiudadrehiEl Paso
region, the Mesilla Bolson extending 7450 squardesnibetween
Chihuahua and New Mexico, and the Mesa de San hquifer
extending 3000 square miles across Arizona andd@aila in the U.S.
and Sonora and Baja California in Mexico (Frisvaitdl Caswell, 2002).

3.2.4 Physical Changes and Socio-Economic Conditions
Affecting Water Availability

Climate change has the potential to make a sigmfiempact on both
the availability of and requirements for water imstpart of the world.
Rising temperatures and increasing variability afnfall generally

affects surface waters, increasing drought in soegéons and causing
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floods in others, as well as influencing groundwatecharge. The
probable effect is greater evapo-transpiration amde stress on arid
and marginal zones.

Runoff is highly dependent upon changes in rainfatid groundwater
recharge even more so. Parts of Africa could egpeg reductions in
runoff and/or stream flow of up to 10%, which colld evident in the
western parts of the country in as soon as 2016.dBtrease in runoff
would move progressively from west to east, anddcbe expected to
reach the east coast by 2060. Even if the avergtal were to remain
the same, increased variability of stream flow wiordsult in reduced
natural yields and reliability, and an increaseha unit cost of water
from dams.

From 1980 to 2006, the total water resources inntbrgheast region of
China changed greatly compared with the normal syeeausing the
most serious recorded flooding in a century (199#)jch was then

followed by severe drought for four consecutivergedVater resources
are becoming even scarcer, as population and dawelat pressures
grow, and it is increasing tensions regarding waiglisation and

degradation of aquatic environments. In China, wagources are over-
exploited. The construction of large number of laydic projects

interrupted the flows of some rivers; it decreasatflow and results in
the destruction of the riverine ecological syster{S8ergei Blagov,

2005).

3.2.5 Poor Emergency Response

Sound administrative institutions and emergencyaase is necessary
for the shared waters. Due to lack of understandintpe international
rules, duties and obligations of states set fartimiernational laws, have
led to serious shortcomings in emergency responsehamisms. This
creates tension in relations of the countries withother countries who
shared international rivers with it. There shoutdgooper institutions for
the control and management of shared water resaurce

3.3 Regional Cooperation on Shared Waters

Trans-boundary waters include any surface or graatel that mark,
cross or located on the boundaries between twoare rstates. By the
year 2006, 263 trans-boundary waters were idedtifiethe world and
the number has increased by emergence of the neddypendent states
after the breakup of the former Soviet Union. Egrgdone has 100
trans-boundary groundwater aquifers and more amected to be
identified in the future (United Nations DeveloprhelRrogramme,
2006). Due to the increasing pressure of econoraieldpment and
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competition for scarce resources, many internakiorzder basins have
to suffer serious environmental, social and pdlitiproblems. The
United Nations Conference on efforts among Europe8outh-

American and Middle-East countries for cooperatontrans-boundary
water between neighbouring countries, East Asia redetively low

number of trans-boundary waters and thus less catpe work

regarding sharing waters. China shares 12 mainrsriwgith six

neighbouring countries, including Mongolia, Pakmsta Nigeria,

Kazakhstan, the Kyrgyz Republic, Myanmar, Lao PespDemocratic

Republic and Vietnam. Pakistan shares its watauress with Nigeria
and Kashmir, United States with Mexico and Bangihdshares its
water resources with Bhutan. And to promote redia@operation

between these cross-border water resources, Emnvwaon and

Development (UNCED) in Rio de Janeiro in 1992 addpAgenda 21,
recognising the multi-sectoral nature of water veses development as
well as the diverse interests in their utilisatignited Nations

University, 1990).

3.4 Cross-Border Water Pollution Management

Over the past half a century, Western academic aamires

accumulated substantive literatures on trans-bayndater pollution

management, such as industrialised countries ssfttlysengaged in
controlling water pollution of rivers. Trans-boumgacooperation was
the core component of these studies since transelaoy water

pollution had to be addressed through trans-boyndaoperation, and
specific institutional arrangements might resultvider and sustainable
water cooperation. Focusing on the cooperation éetwcountries or
regions, Western scholars carried out multidisogoly studies from
such aspects as economics, law, politics, manageraad empirical

methodology, which involved a wide range of comndenincluding

extensive discussions on institutional and systeangements for trans-
boundary cooperation. They developed a number oflefsofor the

design of water pollution management systems, plabé& various

influencing factors on institutional choices and acbes, and
summarised international experience in the insbihal arrangements
for the water quality management of Trans-boundavers.

3.5 Transboundary Marine Protected Areas

While marine protected areas are contiguous aar@syy international
boundaries and collaboration takes place betwesm,tsome have gone
further to seek the designation of trans-boundamrime protected
areas. Lubombo TFCA, the first marine trans-frentionservation area
in Africa was established in 2007 by MozambiqueutS8oAfrica, and
Swaziland, focusing on marine turtle conservatiohhe Pelagos
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Sanctuary for Cetaceans in the Ligurian Sea of Megditerranean
involves cooperation among France, Italy, and Monac

Three trans-boundary marine sites have been irgtrdn the World
Heritage List. These include Kluane/Wrangell-Sia&l Glacier Bay/
Tatshenshini-Alsek between Canada and the U.S. High Coast/
Kvarken Archipelago between Finland and Sweden, taedWadden
Sea between Germany and the Netherlands, with Ddnraso

participating. The World Heritage Marine Programss halso focused
attention on trans-boundary marine conservatiothé central Pacific
islands and atolls of Kiribati, Cook Islands, FreriRolynesia, and U.S.
territories.

3.5.1 Marine Peace Parks

Trans-boundary marine conservation has also bessh tascontribute to
peace-building and improving relations between toes through the
concept of Marine Peace Parks. The Red Sea Ma&tgere Park
between Jordan and Israel was established as panedl994 peace
treaty. It promotes collaboration between the toes to protect trans-
boundary coral reefs and tourism. Although nottiguous, the two
MPAs in each country's waters share common speces

environmental stresses.

Marine peace parks have also been proposed foradeegions where
maritime boundaries are still in dispute or peaciding is needed.
South Korea has proposed a Korean marine peace tpajkintly

promote both conservation and peaceful resolutibnuoresolved
boundary disputes. Other marine peace parks hege proposed for
the Eastern Caribbean Island states; Gaza/Jordai/Ison the
Mediterranean coast; Pakistan and Nigeria nearrilas River delta
region; the Former republics of Yugoslavia on thdriatic Sea; Greece
and Turkey on Cyprus; and the Pratas/Spratly ISamgjion of the
South China Sea and between Japan and RussiaKutidéslands.

3.5.2 Trans-boundary to Regional Marine Conservation

Often marine conservation is necessary at a langagional scale,
involving multiple countries and boundaries. Agleas 1974, the
UNEP Regional Seas Agreements began to promotingosmmental
cooperation, although they were initially more feed on preventing
pollution than on conservation. Today, they cow&r regional seas
around the world and address conservation issuagks The Pelagos
Cetacean Sanctuary was established under the aefisthe
Mediterranean Sea Agreement (aka The Barcelona eodiow.)
Members of two regional seas agreements, OSPARHHIACOM in
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the Northeast Atlantic today collaborate with therfdeast Atlantic
Fisheries Commission to develop and manage a netwidviPAs in the
region. This is a model likely to be replicatedvieeen other regional
seas and fisheries management organisations.

In 1984, the concept of Large Marine Ecosystems EkM was
introduced to identify 64 coastal ecosystems glgballThe Global
Environmental Facility has used LMEs since 1994aasneans for
facilitating integration across sectors and gedgep in marine and
coastal regions. In many cases, these providedb#tses for trans-
boundary, regional scale marine projects involungltiple countries.
One example is the Guinea Current LME off the wesist of Africa,
where sixteen countries have formed the Guineae@u€ommission.
The Benguela Current Commission, comprised of Namingola and
South Africa provides for collective managementabftrans-boundary
marine ecosystem issues among these three countries

Some of the most significant regional marine covesgon in recent
years is taking place under the Coral Triangleidtite (CTI), a
collaboration of six countries - Indonesia, Malaystapua New Guinea,
the Philippines, the Solomon Islands and Timor tée® protect and
manage sustainable use of the richest marine laogity on earth. Built
on the foundation of previous trans-boundary caltabions in the Sulu-
Sulawesi and Bismarck-Solomon Seas marine ecorggitre CTI
countries have committed to cooperating in managg rich marine
region. Other governments, international orgaimeatand NGOs have
partnered with the CT governments to provide ovEOSmillion USD
in funding to support the goals of the CTI.

3.5.3 Trans-boundary M PA Networks

Often single marine protected areas (MPAS), evegel@nes, are not
adequate to protect the vast migratory ranges afynmaarine species.
As on land, connecting several MPAs within corrgloan improve their
effectiveness for species conservation. Recognidims need for
ecological connectivity, the Convention on Biolagi®iversity calls for
networks of MPAs to be established. This needcfmmnectivity was
behind the formation of the Eastern Tropical Pac@orridor initiative
in 2004 by Colombia, Costa Rica, Ecuador, and Panarfhese
countries agreed to protect 2.1 million sg. kmh&fit islands and marine
areas and to collaborate in marine conservatidnled to two new
marine UNESCO World Heritage sites in Panama anidr@lma. The
Commission for Environmental Cooperation under Nloeth American
Free Trade Agreement collaborates on a virtual iINArnerican MPAs
Network (NAMPAN) to address tri-national and trdsmindary marine
conservation along the Pacific coast, contributmghe proposed “Baja
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to Bering Initiative.” Other collaboration is talg place on the Meso-
American Reef among Belize, Guatemala, Hondurasvedco.

3.5.4 Marine Cooperation beyond National Jurisdiction

While much trans-boundary marine conservation tgdase between
neighbouring countries, some also involves bouedabetween the
waters under the jurisdiction of coastal states Hrel areas beyond
national jurisdiction, or the high seas. The UNh-5tocks Agreement
requires that conservation measures for straddfis stocks be
complementary in these regions. A grander scaldrafs-boundary
conservation is underway in the Ross Sea in theth®ou Ocean
surrounding Antarctica. Parties to the Commis$arthe Conservation
of Antarctic Marine Living Resources (CCAMLR) areeking to

establish a network of MPAs or even a single gMRtA to protect the
Ross Sea, one of the worlds’'s last remaining pestinarine areas,
which under the Antarctic Treaty System is con®ddrigh seas.

While protected areas feature prominently in masing-boundary
marine conservation, much additional collaboratedeo takes place
outside of MPAs. This international cooperatiom@dses issues such
as migratory species, trans-boundary fisheriesinagoollution, and the
myriad other human uses of the oceans from landzedupollution to
mineral resource extraction to shipping to discdrfishing gear and
climate change, all of which can threaten marinesgstems. Out of
necessity, trans-boundary conservation may be ewere critical in
marine realms than it is on land.

40 CONCLUSION

At the dawn of the new millennium water is becomiagstrategic,
limited resource that needs our concern and piotecWater related
problems and concerns are not new, but now theypaceming more
and more obvious and materialisation of the intéonal concern
should be applied in this field. There should begnated river basin
management which will represent a unified approtmiards water
management and includes all stakeholders within asin. Special
attention needs the trans-boundary river basinshith some specific
problems have to be overcome: legal and politicecrdpancies,
communication problems, social, cultural, histdricéfferences and
economic issues. Public participation is very intgot for the river
basin management. There is a dire need to propadwpitor the
instability in water availability.
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5.0 SUMMARY

) Trans-boundary aquatic area is an area of watesttaddles one
or more boundaries between states, sub-nationa$ goich as
provinces and regions, autonomous areas and/cs bes@nd the
limits of national sovereignty or jurisdiction.

) Instability in availability of water is a major grem of trans-
boundary waters. The variability and availabilifyveater greatly
affects the regional, social and economic develoynoé the

country.

) Trans-boundary waters include any surface or greatel that
mark, cross or located on the boundaries betweenotwmore
states.

) Trans-boundary marine conservation has also been us

contribute to peace-building and improving relasiobetween
countries through the concept of Marine Peace Parks

6.0 TUTOR-MARKED ASSIGNMENT

Explain the instability in water availability.

Explain the problems of trans-boundary water.

Explain the regional cooperation on shared watersng states.
Explain the cross-border water pollution management
Explain the trans-boundary marine protected areas.

arwnhPE
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1.0 INTRODUCTION

Nigeria has measures in place which are robustgmdo effectively
combat lllegal Unreported and Unregulated fishedesvities in their
EEZ. Many of the National Fisheries Laws Acts aagulations need to
be reviewed to enable enforcement as an effectatergbnt to IUU
fishing. Nigeria is a maritime country with a cdes of 853km. The
surface area of its continental shelf is 46,300katiZle the Exclusive
Economic Zone (EEZ) covers an area of 210,900kmighivwhich
Nigeria exercises sovereign rights for the purpoa$eexploitation,
conservation and the managing its fisheries regsuithe wide expanse
of sea is endowed with abundant fish and shrimpuees. The marine
fisheries resources made up of demersal, pelagishellfish stocks are
of economic importance. The total annual valuehef known resources
is estimated as US $233.57m--$531.64m. The knowimphfisheries
(with a total annual value of US $29.6m-- $46.6m® export oriented.
There are other marine resources yet to be idedtdnd exploited. The
principal commercial species comprising the Nigenmarine fisheries
resource are at serious risk from over-exploitabgnboth foreign and
domestic fishing vessels. There are no coordinai@tbnal fisheries
management plans in place yet to arrest this dediirestore the stocks
to the equilibrium necessary to allow for the sursthle development of
Nigeria’s fisheries for the benefit of future geaisons.
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20 OBJECTIVES

At the end of this unit, you should be able to:

o explain the Legal framework conservation of biatad diversity

) discuss the environment related international cotiwes and
protocol signed and ratified by Nigeria

) explain the environment related national legisiai@nacted by
Nigeria.

3.0 MAINCONTENT

3.1 Legal Framework

Nigeria was a party to the signing of the Convemtan Biological
Diversity. Nigeria, thus assumes obligations urttier provision of the
treaty in accordance with customary internatioaal. |

The Nigerian constitution makes fundamental praowisi for
environmental protection and clearly identifies ortant components of
environment. Section 20 of the constitution of Fexleral Republic of
Nigeria contains the country’s environmental obyeg that are meant,
“to protect and improve the environment and safedjube water, air,
land, forest and wildlife”.

In recognition of the need to protect her biologiesources, Nigeria
has put in place a number of legislations includitng Forestry
Ordinance the National Parks Decree, the Fedendtdmental Impact
Assessment Decree, and the Environmental Impaacts&asent among
others

An indicative list of laws and international sigoaés are shown below:

3.2 Environment Related International Conventions and
Protocol signed and Ratified by Nigeria

I. African Convention on the Conservation of Natand Natural
Resources, (Algiers1968

il International Convention for the Prevention Pdllution of the
Sea by QOil, 1954-62

iii. ~ Convention on Fishing and Conservation of tiveng resources
of the High Seas, 1985

Iv. Convention on the Prevention of Marine Pobuatiby Dumping
of Wastes and Other Matters, 1972

V. United Nations Convention on the Law of the , S€82
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Vi. The RAMSAR Convention on the Conservation oéti&nds of
International Importance, especially as Waterfblabitat, 1971

vii.  The Convention Concerning the Protection o ¥World Culture
and Natural Heritage, 1972

viii.  Convention on International Trade in Endaregke Species of
Fauna and Flora, (CITES) 1973

IX. Convention on the Conservation of MigratoryeSiges of Wild

Animals, 1973
X. Framework Convention on Climate Change, 1992
XI. Convention to Combat Desertification, 19.

3.3 Environment Related National Legislations Enacted by
Nigeria

I. Exclusive Economic Zone Decree 1978;

. The Forestry Ordinance, 1937

ii. Wild Animal Preservation laws of 19

V. Oil in Navigable Waters, Decree 1968;

V. FEPA Decree no. 58 of 1988, 59 of 1992

Vi. FEPA Decree no. 59 of 1992

vii.  EIA Decree (1992)

viii.  National Parks Decree no 1979, 1991, and 1999

IX. Sea Fisheries Decree 1971 and listing regulatidi9@®;

X. National Parks Decree, 1991 and revised in 1999; an

xi.  The Endangered Species (Control of Internationahffity)
Decree. No. 11 of 1983

1 Regulations

Fishing in territorial waters is reserved for Nigerflag vessels. A
Nigerian vessel is defined as one belonging torapamy whose capital
is no less than 50-percent African ownership. Tagcally, foreign

fishing is allowed only for joint ventures with &ast a 51 -percent
Nigerian interest, though in practice this requieamis waived when
there is substantial Nigerian interest in the comypaForeign flag

vessels may be licensed to fish only outside thgetn Exclusive
Economic Zone (EEZ), but they may land fish in Nige

Business permits and fishing licenses are requioedall companies
operating within Nigeria's 200-mile EEZ. To obtairfishing license, a
company must first secure approval from the Indaistevelopment
Coordinating Committee of the Ministry of Industiéen Abuja. The
applicant must then apply to the Ministry of Tramkgor registration of
fishing vessels. Finally, all approvals and docutsenust be submitted
to the Department of Fisheries, Ministry of Agricuk, for granting of
the license.
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2. Reflagging

Reflagging, registering a vessel in another coyrrg growing concern
for fishery managers around the world. By reflaggan vessel with a
country that is not a signatory to an agreementgded to manage
and/or conserve living marine resources, a vessay mavoid the
regulations/conservation measures for a regiored.afrhe problem is
compounded by the fact that many of the countrneguently used for
reflagging simply do not have the staff to monitoe fishing operations
of their flagged vessels throughout the world. Tdseie of reflagging is
gaining international attention and is the subjettthe proposed
Agreement to Promote Compliance with Internatiddahservation and
Management Measures for Fishing Vessels on the Begs approved
by the Food and Agriculture Organisation of the tedi Nations in
November 1993 for ratification by interested States

Reflagging isdone for many reasons

I The simplest case is a vessel owner in onetcpselling a
vessel to a new owner in a different country.

. In other cases, local requirements may reqaitgoint venture
fisheries' vessels to fly the flag of one partacwdountry.

iii. In some instances, and particularly for oldmrd less efficient
vessels, fishermen may not be able to operatatgnbf in one
country and may reflag their vessel in another rerliaxes, fuel
costs, and crew salaries are less onerous.

V. To avoid internationally agreed measures fog tonservation
and management of living marine resources.

3. I nter national Agreements

Nigeria is a member of the Commission for the Hast&entral Atlantic
Fisheries (CECAF). Nigeria also has fishing agresmewith three
African countries, Equatorial Guinea, Angola, andri& Leone which
allow Nigerian vessels to register to fish in thatipating country's
national waters.

Equatorial Guinea: An agreement, renewed with Eapadt Guinea,

allows 17 Nigerian trawlers to fish in its watensexchange for 50 tons
of fish per year per vessel given to the Equatdeiainean government.
The Government of Equatorial Guinea negotiated taguirement to

provide fish for its local market, as it does navé an offshore fishing
industry of its own.

Sierra Leone: Nigeria's agreement with Sierra Le@tlewing for 12
Nigerian vessels to fish the Sierra Leonean waiera reciprocal
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agreement though Sierra Leone is not currently cgssieg its right to
fish Nigerian waters

Angola: Nigeria's 1989 agreement with Angola allas licensing of
four Nigerian vessels with a minimum length of 5Ceters. This
requirement virtually nullifies the agreement sindegeria does not
currently operate trawlers of this size.

Currently, Nigerian vessels are only fishing in Btuial Guinea's
waters, as well as in local waters. Federal Depantnof Fisheries
(FDF) officials say that no negotiations over recgal fishing
agreements have taken place with any of the m&gbmfg powers (i.e.
Japan, Russia, Norway, or the EC).

4, Fleet Background

The Nigerian commercial fishing sector is dominataed five large

companies. Together they own approximately 60 perobthe majority

of all other companies, which own fewer than fivemers each. Most
companies are located in Lagos, but several op&@tePort-Harcourt,
Warri, and Calabar.

The Federal Department of Fisheries (FDF) repdrés tegistration of
the inshore and deepwater trawlers peaked in tiee1880's and has
been declining since then. The drop in the inslisfesupply caused by
overfishing and the high cost of vessel maintenar licensing fees
contributed to this drop. Rising operational costl amaller catches
force many operators to retire older vessels andapdace them. At any
given time, 30 to 40 percent of registered vesse$s not in service
because of breakdowns or maintenance problemse yzats, mostly
imported from the United States, are so expendnat tetiring and
cannibalising older vessels for spare parts is nmemenomical than
ordering new ones.

5. Enfor cement

The government considers illegal fishing a majoobtem though
estimates on the number of illegal vessels in damerare unavailable.
Frequent violations include use of illegal undexdiznesh nets, fishing
without a license, pilferage (black market saleaopercentage of the
legal catch transacted at sea by fishing crews),igfiningement of a 5-
mile, no- trawler zone. Most of these infractiomsiribute to Nigeria's
larger problems of depletion of native fish stoeksl degradation of the
environment for traditional fishermen. Fishing waith a permit in
Nigerian waters is punishable with forfeiture oé essel and detention
of the captain, or a fine of about $4,550) payabl®reign currency.
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While the FDF has the primary responsibility fof@nement of fishing
regulations, it does not have the resources negetsaatrol the waters
or apprehend violators. Currently, the FDF musy @h the Nigerian
Navy for patrolling the coast and must coordinatéhvlinistry of
Justice in the prosecution of cases. Though timnfislaws were revised
in 1992 to require stiffer fines and longer pristaims for fishing
violators, a lack of resources prevents the FDRfemforcing the laws
effectively. A World Bank loan was granted to th®F for the
procurement of four new patrol vessels, but theselsshave not yet
been delivered and, in any case, the FDF lackdrtheed personnel
necessary to man them.

The national policy on conservation and sustainaisie of biological
diversity is an integral part of the national pglen environment. The
policy was first developed in 1989 following theoprulgation of the
Federal Environmental Protection Agency (FEPA) dearo 58 of 1988
and revised in 1999. The decree provides the lgalework for the
implementation of the policies on environmental tpetion, natural
resources conservation and sustainable developmértie national
policy on conservation of biological diversity isred at:

0] Integrating Biological Diversity considerationsito national
planning, policy and decision making; and

(i)  Conserving and enhancing the sustainable uUséh® nation’s
biological diversity.

With the creation of the Federal Ministry of Enviment (FME) in
1999, FEPA was absorbed and the ministry becaméigiest policy
making body responsible for addressing environniergaues in
Nigeria, including conservation of biodiversity.

In pursuit of the policy objectives as enunciat&al,overriding concern
Is to alleviate poverty and increase the per captame of Nigerians.
Consequently, the country has developed strategidgprogrammes for
sound and sustainable management of biodiversitglving the most
vulnerable groups particularly women and childr@ie strategies have
been designed to promote sustainable and adegeadts lof funding
and focus on integrated human development programimeluding
iIncome generation, increased local control of reses) strengthening of
local institutions and capacity building includiggeater involvement of
community—based and non-governmental organisatiamsyell as the
lower tiers of government as delivery mechanisms.
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40 CONCLUSION

The national policy on conservation and sustainaisie of biological
diversity is an integral part of the national pglen environment. The
policy was first developed in 1989 following theopiulgation of the
Federal Environmental Protection Agency (FEPA) dearo 58 of 1988
and revised in 1999. The decree provides the lgalework for the
implementation of the policies on environmental tpetion, natural
resources conservation and sustainable development.

Nigeria is a maritime country with a coastline &38m. The surface
area of its continental shelf is 46,30Ckwhile the Exclusive Economic
Zone (EEZ) covers an area of 210,908kmwithin which Nigeria
exercises sovereign rights for the purpose of etgtlon, conservation
and the managing its fisheries resources. The wigmnse of sea is
endowed with abundant fish and shrimp resources MNigerian
constitution makes fundamental provision for envimental protection
and clearly identifies important components of emwment

5.0 SUMMARY

) Fish habitat is defined as a spawning grounds amdeny,
rearing, food supply and migration areas on whish tlepend
directly or indirectly to carry out their life presses.”

o Fish are defined in the Act (Section 2) as: “(ajtpaf fish, (b)
shellfish, crustaceans, marine animals, and antg drshellfish,
crustaceans or marine animals, and (c) the eggsyrsparvae,
spat and juvenile stages of fish, shellfish, creesé@s and marine
animals

. Fishing in territorial waters is reserved for Nigerflag vessels.
A Nigerian vessel is defined as one belonging tooepany
whose capital is no less than 50-percent Africanerahip.

o Nigeria is a member of the Commission for the Hastentral
Atlantic Fisheries (CECAF). Nigeria also has fighimgreements
with three African countries, Equatorial Guinea, gala, and
Sierra Leone which allow Nigerian vessels to regisd fish in
the participating country's national waters.

. The government considers illegal fishing a majabpem though
estimates on the number of illegal vessels in djmgraare
unavailable.

o The United Nations Law of the Sea says that alst@anations

have responsibility over the waters up to 19 kiltne® (12 miles)
from the shore. Also, they have jurisdiction oveeit Exclusive
Economic Zone which extends 320 kilometres (200esil
offshore.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the Legal framework for conservation of lbgcal
diversity.

2. Explain the environment related international corivs and
protocol signed and ratified by Nigeria.

3. Explain the environment related national legisiasi@nacted by
Nigeria.

4. Explain clearly on the role of environmental law aguatic

biodiversity management.
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1.0 INTRODUCTION

Nigeria started the process of preparing her owsdBersity Strategy
and Action Plan (BSAP) in 1995. The World Bankded it as part of
an Environmental Management Programme. The cudrafitis a result
of a series of consultation with stakeholders tghoworkshops at
national and zonal levels. The goal of the plartoisconserve and
enhance the sustainable use of the nation’s bicgityeand to integrate
biodiversity-planning considerations into natiopallicy and decision-
making. It identified the biggest threat to consdion of biological
diversity as poverty.

In the plan, emphasis is placed on in situ consienvdhrough protected
areas such as Forest Reserves, Game Reservesndlid®arks and
Wildlife Sanctuaries. Priority attention is placem conservation of
samples of ecological characteristics (montane,gmae, wetland and
rain forest, and endemic species across the country

BSAP also contains specific priority actions forstu conservation of
various species of plants and animals of distimcnemic importance,
including the re-introduction or rehabilitation ehdangered species of
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plants and animals and the conservation of thredtemd endangered
species. The administrative and policy reformstaioed in the plan

provide a vehicle for achieving its conservatioralgand objectives. It
emphasises the values inherent in individual, comtpuand NGOs

activities in Nigeria.

20 OBJECTIVES

At the end of this unit, you should be able to:

) explain the fishery management plan
o explain the objective of the national fishery pwlic
o explain the constraints and opportunities of Naldiodiversity

Strategy and Action Plan (NBSAP).

3.0 MAINCONTENT
3.1 Fishery Management Plans

A Fishery Management Plarspecify how a particular fishery (fish
stocks and fishing for such stocks) will be managédd identifies
important problems or issues in the fishery anctifigs conservation
and management measures to address them. One opritmary
objectives of FMPs/ is to achieve and maintain,aotontinuing basis,
the optimum yield from each fishery. The optimuralgiis that amount
of fish from the fishery that will provide the gteat overall benefit to
the Nation, particularly with respect to food protian and recreational
opportunities, and taking into account the protectiof marine
ecosystems.

3.1.1 National Standardsfor Fishery Conservation and
M anagement

The National Standards are as follows:

(1) Conservation and management measures shallvergre
overfishing while achieving, on a continuing basie optimum
yield from each fishery.

(2) Conservation and management measures shbhde=l upon the
best scientific information available.

(3) To the extent practicable, an individual stawkfish shall be
managed as a unit throughout its range, and eléded stocks of
fish shall be managed as a unit in close coorinat

(4) Conservation and management measures shallisotiminate
between residents of different states.

122



AFM 505 MODULE 7

(5) Conservation and management measures shaltevgnacticable,
consider efficiency in the utilisation of the resces; except that
no such measure shall have economic allocationtsasole
purpose.

(6) Conservation and management measures shallinédk account
and allow for variations among, and contingenamedisheries,
fishery resources, and catches.

3.2 Objective of the National Fishery Policy

The main objective of the national fishery policy to achieve self-
sufficiency in fish production. Others include:

i development and modernisation of the means of tamu and
handling;

I promotion of export trade in fish and fish products

iii provision and improvement of employment opportesitin rural
communities;

v improvement of the quality of life in fishing villgs;

Vv provision of opportunities for training of operatdn the fishing
industry;

Vi acceleration of research to provide required in&drom for

development and resource management.

The overall strategy employed by the Governmeniligeria to pursue
the fisheries management objective is Regulati@hEmforcement. It is
aimed at resource conservation, food security, @mon efficiency,

employment and income distribution, foreign exclergarnings and
socio-political stability. The measures to achi¢liese fall under the
major fisheries sectors.

Finally, the Action Plan makes concrete provision & programme of
research, extension and education that will enhahee sustainable
development of Nigeria's new legal instruments, tiingonal
collaboration and responsive financial mechanism.

0] Sustainable use of components of biologicakdsity especially
the aspects concerning the protection and enceoragt of
customary use of biological resources in accordamdth
traditional cultural practices that are compatibleith
conservation and sustainable use requirements.

(i)  Incentive measures for the conservation anstasoable use of
components of biological diversity.

(i)  Access to genetic resources.

(iv)  Access to and transfer of technology.

(v)  Handling of biotechnology and distribution ¢$ benefits.
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In addition, adequate strategies are yet to betiitksh and plans
developed to address the gaps in the draft NatiBmaliversity Strategy
and Action Plan (NBSAP). The gaps arose as a trafulsome
constraints encountered in the course of prepdhn@glocument.

3.3 Constraintsand Opportunities

The major constraint to the production of a comprsive NBSAP in

Nigeria is financial. However, the country recgrgbught and obtained
assistance from GEF to update and complete thegatpn of the plan.
The purpose of the GEF support is to enable Nigaddress all the
provisions of the Convention in the NBSAP. Theuatimplementation
of the NBSAP may also be limited by finance. Othparceived

constraints include inadequate capacity, lack ofalsise and poor
understanding of the importance of biological dsvgrin the national

economy. Support from international partners gl a long way in

addressing these constraints.

Nigeria has a lot of opportunities for internatibmevestors, multilateral
and bilateral donor agencies, the private sectdrN@Os to participate
in biodiversity activities. Among some of the aites identified in the
NBSAP are:

0] Wetland Conservation and Management;

(i)  Bio-prospecting;

(i)  Rehabilitation of degraded ecosystems;

(iv) Development of Biodiversity Centre in each Egpcal zone;
(v)  Support Zone Development of Protected Areas;
(vi)  Management of National Parks;

(vii)  Sustainable Fisheries management;

(viii) Agro-biodiversity;

(ix)  Medicinal Plants Conservation;

(x)  Captive breeding of a variety of animal specaw
(xi)  Plantations of indigenous tree crops.

40 CONCLUSION

A Fishery Management Plarspecify how a particular fishery (fish
stocks and fishing for such stocks) will be managédd identifies

important problems or issues in the fishery anccifigs conservation
and management measures to address them. One opritmary

objectives of FMPs/ is to achieve and maintain,aocontinuing basis,
the optimum yield from each fishery. The optimuralgiis that amount
of fish from the fishery that will provide the gteat overall benefit to
the Nation, particularly with respect to food protian and recreational
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opportunities, and taking into account the protettiof marine
ecosystems.

The major constraint to the production of a comprsive NBSAP in

Nigeria is financial. However, the country recgrgbught and obtained
assistance from GEF to update and complete theatpn of the plan.

The purpose of the GEF support is to enable Nigaddress all the
provisions of the Convention in the NBSAP.

50 SUMMARY

1. The goal of the plan is to conserve and enhanceubtinable
use of the nation’s biodiversity and to integréiediversity-
planning considerations into national policy aedidion-making.

2. The biggest threat to conservation of biololgidaversity as
poverty.

3. Action Plan makes concrete provision for a paogme of
research, extension and education

4. The major constraint to the production of a poghensive

NBSAP in Nigeria is financial.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the fishery management plan.

2. Outline the National Standards for Fishery Congsesaeand
Management.

3. Explain the objective of the national fishery pwlic

4. Outline the constraints and opportunities of NaidBiodiversity

Strategy and Action Plan (NBSAP).
5. Appraise the role of national biodiversity actidarpon
biodiversity management.
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UNIT 2 INTERNATIONAL LAW AND
ADMINISTRATION
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3.1.1 The Sea Fisheries Decree (ACT) No. 71 of
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6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

The Sea Fisheries Decree makes it illegal for aeytmn operate or
navigate any motor fishing boat within the Nigerimritorial waters
and the EEZ without licence. It stipulates the pesm and vests the
enforcement in the Minister of Agriculture. The émrsing supplement
stipulates the requirements and procedure for siognand penalties for
default. The Fishing supplement puts a restrictinrirawling in the first
five nautical miles area of the coast and pressrilm-end mesh sizes
for trawl nets. The Inspectorate and Quality Assoea supplement
regulates all fish handling procedures, subjeceratprs to inspection
and prescribes the requirement of a quality asseraertificate issued
by the Federal Department of Fisheries.

The Exclusive Economic Zone Decree delimits theemixbf the zone
under the Nigerian government jurisdiction, in ademce with the
United Nations Convention on the Law of the Sesa.slipplement, the
EEZ Fishing Regulation, states the conditions fpl@tation of the
resources by Nigerian-owned boats or partnerstipaay be permitted;
and for conservation with penalties attached tauwlef

The Inland Fisheries Decree regulates capture artlire fishing

activities in the inland waters. Its provisionslude licensing of fishing
crafts, identification mark on crafts, restriction use of certain gear,
prohibition of obnoxious fishing methods, declavatiof catch, control
of international trade in live fish and other agua&nimals/weeds,
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declaration of closed areas and seasons, constiuftidams, weirs and
barriers and protection of fish and fish produaaiast contamination
and infection. In accordance with the constitutlgravisions on power
sharing, the decree clearly spells out the respecesponsibilities of
the Federal Minister and State Commissioner of @dture in the
enforcement of above provisions. Its supplementl®@®5 prescribes
methods for fish handling, processing and presenvaprohibits the
harvest or culture of fish in contaminated watersl ahe sale of
poisonous fish species.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

explain the types of fisheries laws/regulation

state the laws guiding licensing of motor fishiraats
discuss the law of Sea Exclusive Economic Zon&Z)EE
point out the sea fisheries decrees

apply the inland fisheries act.

3.0 MAINCONTENT
3.1 Typesof Fisheries Laws/Regulation

Four sets of fisheries laws regulate fishing ati@siwithin the territorial
waters and the EEZ of Nigeria.

1. These are the Sea Fisheries Decree (ACT) Nof 1292

2. The Sea Fisheries (Licensing), Regulation2199

3 The Sea Fisheries (Fishing), Regulations oR18@8 Turtle
Excluder Device (TED), Regulations of 1992

4. The Exclusive Economic Zone Decree (ACT) 1978.

3.1.1 The SeaFisheries Decree (ACT) No. 71 of 1992
A typical State Fisheries Edict in Nigeria reads:
a. No fisherman shall:

a. Catch any of the freshwater fish species below silze
specified in Schedule | of this Edict.

b. Fix stationary fishing structures across the rif@r the
purpose of cultivating, culturing or propagatingiti

b. No person shall take from or destroy any fish witthe water
bodies by any of the following methods:
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3.2

128

The use of any explosive substance or electricity

The use of any poisonous or noxious matter

The use of gillnet or drawnet of less than 3 incbe¥.62 cm
mesh size

The use of clapnet, castnet or any webbing trapess than 2
inches or 5.1 cm mesh size

Lift net of not less than 1.5 inches or 3.8 cm n&Egh.

No person shall:

Preserve fish by use of insecticide or other takiemical
Transport, display or sell fish under unhygieniaditions.

No person shall fish within the territorial watefsthe State
unless he obtains a licence so to do.

Licensing of Motor Fishing Boats

Subject to the provisions of this section nspe shall operate or
navigate any motor fishing boat for the purpotéshing or a
reefer vessel for the purpose of discharging fndh within the
territorial waters of Nigeria or its exclusive @omic zone,
unless that boat or reefer vessel has been dedistered and
licensed.

Any person operating or navigating or causimdpe operated or
navigated a motor fishing boat or a reefer vessebntravention
of subsection (d) of this section shall be guilfy an offence
under this Decree and on conviction shall be d&alb
imprisonment for five years or to a fine of $25W0or both such
fine and imprisonment and in addition forfeiture tbe motor
fishing boat andhe fish or shrimp catch onboard

The provisions of this section shall not applyny motor fishing
boat or a reefer vessel entering the territoriatens of Nigeria
not for fishing or disposal the disposal of fiflut solely for re-
fuelling at any port or for shelter or solely besa the motor
fishing boat or reefer vessel is in distress @rghis any other
emergency.

Every unlicensed motor fishing boat in trangitemjoying the
right of innocent passage within Nigeria's terigbwaters or its
exclusive economic zone shall have its -

(@) Fishing gear stowed wholly inboard;
(b)  Nets and trawl boards disconnected fromirigwarps or
hauling ropes; and
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(2)

6. (1)

(@)

(b)
(©)

MODULE 7

Fishing gear above deck firmly secured ®oubassel's
superstructure as it is customary when steanairad
from the fishing ground.

Any person, being the owner of aandishing
boat may apply to a licencing officer for a hce
in respect of the motor fishing boat to -

(@)  trawl for fish or shrimp in Nigeria's
territorial waters or Nigeria's exclusive
economic zone; or

(b)  navigate for the purpose of discharging
imported frozen fish in any Nigerian port; or

(© navigate Nigerian or foreign waters fog th
purpose of processing or discharging wet
fish caught from such waters in any Nigerian
port.

An application for a licence shall be irtkdorm and
manner as may be prescribed and shall:-

(@) contain the particulars and descriptionghefmotor
fishing boat in respect of which the applicatisn
made; and

(b) astatement in detail as to -

(1) the methods employed for taking fish,

(i)  the area within which it is proposed thhé
motor fishing boat shall operate;

(i)  the arrangements that are to be madeHer
preservation and marketing of the catch in
Nigeria;

(iv)  such particulars as may be required from
time to time by regulations made under this
Decree.

On being satisfied that -

an application for a licence has been niadee
prescribed manner and contains all the informatthat is
required under section 3 of this Decree;

the prescribed fees have been paid;

the applicant is the lawful owner of thetordiishing boat
in respect of which the application is made, #rad he is a
fit and proper person to be granted a licencd; an
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(d)

(2)

3)
(@)
(b)

(4)

(5)

(@)
(b)

(6).

AQUATIC BIODIVERSTY

the operation of the motor fishing boat Ire tterritorial
waters of Nigeria or its exclusive economic zesienot
likely to be prejudicial to the interests of $eshing
industry in Nigeria, the licensing officer shisbue a
licence in respect of the motor fishing boat.

Subject to the provisions of this Decreecarce shall be
in the prescribed form and may be issued suldgestich
conditions as the licencing officer may thinktétimpose,
and any conditions so imposed shall be endavsdtie
licence.

A licence shall be a yearly licence or artgrdy licence
and -

if the licence is a yearly licence, it $teadpire on the 31
day of December in the year in which it is issued

if the licence is a quarterly licence, ltaf expire on the
31 day of March, the 30day of June, the 3tday of
September or 31day of December, which ever day falls
next after the date of the issue of the licence.

When the ownership of a motor fishing baatespect of
which a licence has been issued is transferret fane
person to another person, the licence shall aotabid in
respect of the new owner of the vessel, untihduroe as a
licensing officer has approved the transfer ef th
ownership of the motor fishing boat and has eselbthe
licence to that effect.

A licensing officer may, without assigniagy reason -
cancel a licence; or

suspend a licence for such period as héshin

Any person who operates a motor fishiogttwith an
expired licence shall be guilty of an offence dable on
conviction to a fine of N 50,000 and forfeituriecatch.

The Provisions of this Decree relating to agapion for a licence
and the issue of a licence shall apply in relatman application
for the renewal of the licence and to such renewal

(1)

(2)

Any person aggrieved by any refusal by angieg officer
to issue or renew a licence or by the cancefiair
suspension of a licence or by any condition eselbion a
licence may within fourteen days of receivingio®tf the
refusal, cancellation, suspension or endorseiagneal to
the Minister in respect thereof.

After considering any appeal made undessation (1) of
this section the Minister shall take such decidioereon
as he deems fit and the licensing officer shiai geffect
thereto, accordingly.
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The decision of the Minister on any appealarmnthis
section shall be final.

The owner of a motor fishing boat in respafctvhich a licence
has been issued shall -

(@)

(b)

(1)

(@)

(b)

()

(d)

(@)

(3)
(@)

(4)

render to a licensing officer such periatireturns
concerning the operation of the motor fishingtlasa
many be prescribed; and

permit a licensing officer or any personhauised in
writing by a licencing officer to inspect the datof the
motor fishing boat either before or after thechatas been
landed and shall give the licensing officer cattperson
all reasonable facilities for the inspectionlo tatch.

An authorised person may, within the terral waters of
Nigeria or its exclusive economic zone for thepose of
enforcing any provision of this Decree.

require the owner or the person in charge mitor
fishing boat in respect of which a licence hasrbssued,
to exhibit his licence fishing apparatus and lcatc

require the owner or the person in chargangf motor
fishing boat .or any person engaged in fishingxabibit
his fishing apparatus and catch;

go on board any motor fishing boat, seansth examine
the motor fishing boat and any fishing apparaat may
be therein;

where there is reasonable suspicion thaifeance under
the Decree has been committed, take the allefjedder
and the motor fishing boat fishing apparatus eadh to
the most convenient port police station.

The powers vested in an authorised persoiemu
subsection (1) of this section may be exercisedim
without warrant summons or other process.

Any motor fishing boat or apparatus takemfran alleged
offender under the provisions of paragraph

of subsection (1) of this section, may le¢athed or kept
pending the trial of the alleged offender anddaeh may
be sold and the proceeds of the sale detainkepar
pending such trial.

Any motor fishing boat, apparatus or moneyathed or
kept under subsection (3) of this section shalkkss
forfeited under the provisions of sections1(2)L8rof this
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(5)

(6)

(a)
(b)

(©)
(d)
(e)
(f)

(1)

(@)
(b)
(2)
(@)

AQUATIC BIODIVERSTY

Decree be returned to the person from whom theesaas
taken or the lawful owner thereof.

If a motor fishing boat after detention undabsection (3)
of this section proceeds to sea before it is reldds/ an
authorised person or a court, the master of theomot
fishing boat and also the owner and any person semals
the motor fishing boat to sea, if the owner or perss
privy to master's offence, shall be guilty of arfeate
under this Decree.

In this section "an authorised" person nsean

a licensing officer;

any commissioned officer in the Nigeriam#s, Navy or
Air  force;

a police officer not below the rank of iatant
superintendent of  police;

a customs officer not below the rank ofistast
preventive  superintendent;

a surveyor or examiner appointed under tlogigions of
the  Merchant Shipping Act; and
any other person authorised in writing by tMinister in
that behalf.

No person shall take or destroy or atteropéke or
destroy any fish within the territorial waters Idigeria or
its exclusive economic zone by any of the follogvi
methods, that is -

by the use of any explosive sahse; or

by the use of any noxious or poaus matter.
Any person, who contravenes the provisiohsubsection
of this section, shall be guilty of an offenand liable on
conviction to imprisonment for two years or aefiof
N50,000.

Any person who -

(@)
(b)
(©)
(d)

Contravenes or fails to comply with anytloé provisions
of this Decree; or

Contravenes or fails to comply with anyuggment made
under this Decree: or

Contravenes or fails to comply with any citiod
endorsed on a licence; or

Is in breach of any regulation made untex Decree. For
which no penalty is prescribed shall be guikyao
offence under this Decree and liable on conwctio a
fine of N 50,000.
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13.

14.

(a)

(b)

15.

If any person in furnishing any Information fpurposes of
procuring a licence, makes a false statement whechknows to
be false in any material particular, that persballsbe guilty of
an offence under this Decree and liable on coiridb a fine of
N50,000.

A court before which any person is convicted of afence
under this Decree may -

order the forfeiture to the Government of EBegleration of any
fishing boat, apparatus or catch employed in th@rission of
or derived from any act in respect of which thatson is so
convicted.

where the fishing boat employed in the Consimis of the
offence is a motor boat in respect of which arge had been
issued, cancel the licence or suspend the liclarcauch time as
the court may think fit.

(1) The Minister may make regulations -

(@) for furthering the interests of sea fishingustry in
Nigeria; and

(b)  for giving effect to the provisions of tHisecree.

(2)  Without prejudice to the generality of floeegoing
provisions of section, regulations under thigisacmay -

(@) regulate, prohibit or restrict the takirfgish in any
specific areas within the territorial waters agéria

(b)  prohibit or restrict the use of any fishingat, apparatus or
method of taking fish that is considered harmdéulhe sea
fishing industry in Nigeria.

(c) prescribe limits to the size of nets or thesh of nets that
may be employed in the taking of fish within teeritorial
waters of Nigeria or in any specific area therein

(d)  prescribe the form of a licence and the amod fee to be
paid in respect of a licence;

(e)  provided for the inspection of buildingsdgremises
used for the curing, preservation, storage a¢ eélfresh,
cured or preserved fish;

) provide for the seizure and destructiorany fresh, cured
or preserved fish that is that is unfit for hun@nanimal
consumption.

(g) provide for the exemption of specified p&sdrom any
provision of this decree where such exemption is
considered necessary for scientific or experiaent
purposes in connection with the sea fishing itrgusa
Nigeria or otherwise for the furtherance of thational
interest of the Federation;
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16.

17.

18.
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(h) regulate any other matter relating to tbaservation and
protection of the stocks of sea fish.

In this Decree, unless the context otherwise reguir'exclusive
economic zone" has the meaning assigned to itanEtkclusive
Economic Zone Act. "fish" means any aquatic creatwhether
fish or not and includes shell fish, crustaceamdles and aquatic
mammals; "fishing boat" means any ship, boat, eamoother
craft used for the taking of fish for sale or bgrtécence" in
relation to a motor fishing boat means a licensies under
section 4 of this Decree; "licensing officer" medms Minister of
Agriculture, Water Resources, and Rural Developmentany
persons appointed by him to carry out any of thevigrons of
this Decree; "Minister" means the Minister chargeadth
responsibility for fisheries; "motor fishing boatheans any
fishing boat propelled by means of steam, intecaoahbustion or
other machinery except one or more portable outbeagines;
"port" includes a place and harbour; "prescribedéans
prescribes by regulations under this Decree; "takimsh"
includes any method of catching fish; "territorahters of
Nigeria" has the meaning as in section 1 of theifbelal Waters
Act.

(1) The Sea Fisheries Act is hereby repealed.

(2)  The repeal of the enactment mentioned irsascion (1) of
this Decree shall not affect anything done urider
repealed enactment prior to the commencememiof t
Decree.

(3)  Accordingly any licence issued under theesed Act
being a licence that was in force immediatelyobefthe
date of the commencement of this Decree shath filoat
date have effect as if it were a licence issuedeu this
Decree.

(4)  Any licence, which under subsection (2)to$

section has effect as if it were a licence issueder this
Decree, shall from the date of commencementisf th
Decree be read and construed with such adapsatiod
modifications as may be necessary for the pugpokghis
Decree, and subject to section 6 of this Dedfrezlicence
may on or after that date be cancelled or susgzkid be
made subject to the new conditions, by a licemsificer.

This Decree may be cited as the Sea Fisheries ©49@2.
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3.3 Exclusive Economic Zone (EEZ)

Under the law of the sdaxclusive Economic Zone (EEZ) is a sea zone
over which a state has special rights over theogapbn and use of
marine resources. It stretches from the edge obtide's territorial sea
out to 200 nautical miles from its coast. In casus¢, the term may
include the territorial sea and even the contirlestialf beyond the 200
mile limit.

Generally a state's EEZ extends to a distance Of ridutical miles
(370 km) out from its coast. The exception to thite occurs when
EEZs would overlap; that is, state coastal baselinee less than
400 nautical miles (740 km) apart. When an ovedeagurs, it is up to
the states to delineate the actual boundary. Giyneaay point within

an overlapping area defaults to the most proxirstee.

The Exclusive Economic Zone starts at the seawalge eof the

territorial sea and extends out into the sea tastamtce 200 nautical
miles (370 km) from the baseline. Thus, the EEZrlayethe contiguous
zone. States also have rights to the seabed afotfinental shelf up to
350 nautical miles (650 km) from the coast, whéis &xtends beyond
the EEZ, but this does not form part of their EEZ.

3.4 SeaFisheries Decrees
The 1971 and 1972 Sea Fisheries Decrees

As interim measures pending the collection andatiolh of scientific

information, the Federal Government through the rSme Military

Council and using advice from Federal Department Fedheries,
promulgated the Sea Fisheries Decrees of 1971, 48@21992. These
decrees were limited in scope and were directedhat following

parameters:

)] Registration and licensing of fishing trawlepperating in the
coastal waters of Nigeria. The number of trawterbe registered
required biological information on the Maximum &usable
Yield (MSY) of the exploited stock and the yeaglyota for each
trawler. The catch quota for each boat was nduded in the
decree.

i) The 1971 decree prohibited the use of explesiand poisons in
catching fish. The damages caused by explosivégaisons to
the fish stock were known and did not require &oidal
information prior to its promulgation.

i)  The 1972 Sea Fisheries Decree restrictedirfgshirawlers from
operating within the first two nautical miles dfet continental
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shelf. This was intended to prevent industrial se¢s from
competing with small-scale artisanal canoe fishefis
restriction was later extended to 5 nautical mited992. This
decree was based on complaints, by local fish&rsglamages
done to their fishing nets by industrial fishimgwlers.

iv)  The 1972 decree also placed restriction ondbdend of trawl
nets used by industrial trawlers. The minimum cobdmesh size
of trawl nets was put at 3.5 inches (or 76mm)fifdiish and 1.75
inches (or 44mm) for shrimping. This restrictiomsvbased on
experience of trawling along the West African d¢ods was
lacking in details of the sizes of fish to be dagMany
undersized fishes were caught by shrimp trawleitsally and
dumped in the sea for fear of being arrested. figsslted in the
extension of the decree to include restrictiondamping of fish
by-catch by shrimp trawlers.

V) The 1972 decree also restricted shrimp trawles operating
within the inshore waters of the Lagos-West fighgrounds.
This was intended to protect the juveniles of kesa common in
the area. It was the only restricted fishing dogdrawlers. There
are many such areas along the Nigerian coasicplarly along
the estuaries of major rivers, which constituteedling and
nursery grounds for different marine fish species.

These have to be identified and included in thésesl/law. As Neiland
et al. (2002) pointed out, weak scientific datadlega incomplete
information and knowledge, and policies based ah slata will remain
incomplete. Another crucial gap in Nigeria’s fisiesr policy is the
complete absence of stakeholders’ input duringpiblcy formulation
process. Experience shows that top-bottom appraacHisheries
management does not yield the best of results. ILooenmunities
whose livelihoods derive from fisheries resourcéktee directly or
indirectly (e.g. artisanal fishers, women tradingfisheries products),
local authorities where these resources domicibemmercial fishers,
fishing equipment manufacturers and suppliers, Ishdwe given the
chance to contribute to the policy formulation. &lig@ is now a
democracy, so it is imperative to address thesmsswhen the proposed
revision of the laws takes effect.

The Exclusive Economic Zone (EEZ) Decree of 1978

By this law, Nigeria claimed 200 nautical milesi@ssEEZ, where it has
sovereign rights over all natural resources, inceonwith the provisions
of the UN Convention on the Law of the Sea. The EleZree did not
explicitly state the role that local research woubday in the

management and exploitation of the living resouredtbough that was
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a requirement under the Law of the Sea. The ddweever provided
for the policing of the EEZ by law enforcement agen

The 1992 Sea Fisheries Decree
The 1992 Sea Fisheries Decree consists of two sggmamely:

The Sea Fisheries Licensing Regulation of 1992 lwistpulates the
conditions for granting fishing license for shrimgiand fishing. This
requires application for pre purchase assurance smmission of
feasibility studies. The 1992 decree also re-enmipldghe provision of
regulations dealing with restriction of trawlingttin the first 5 nautical
miles of the continental shelf. Trawl codend mesie sestriction was
re-emphasised together with:

0] Dumping of edible and marketable sea products axmbré
thereof. Accordingly, fish landed by shrimp travglenust not be
less than 75% by weight of the total landing inahgdthe head
on weight of the shrimp landed. This decree optsedfito wrong
interpretation and has possibly resulted in thelitzgnof more by-
catch than shrimps. The rendering: “Fish landed shyimp
trawlers should not be less than 75% by weighthis implies
that the by-catch (fish) should not be more tha%o 25 the total
catch.

(i)  Restriction on minimum sizes of fish to beught was not
available at the time. The decree did not supply iaformation
on fish sizes but made provision for the Nigerlastitute for
Oceanography and Marine Research (NIOMR), Lagopublish
the sizes of different species (minimum total kangf different
species) to be caught during each year.

The provision of such information required specammissioned
surveys by the Development Agency (Federal DepantrogFisheries)
on account of the costintensive nature of suchesgvin the absence of
such commissioned study, the gap in knowledge £xjstto the present,
despite the fact that the decree has stipulatesicin information.

The fixing of 3.5 inch codend was based only on s$eéctivity of
croakers, the most dominant species at the timelaciced scientific
information on the sizes of other species likelyoeocaught by the 3.5
inch codend of trawls. Because of this deficientyhe decree and the
lucrative trade in the by-catch of cheap small,f@bme shrimp trawlers
became more interested in the by-catches than ganmeant for export.
Such action was dangerous to the survival and mootis recruitment of
the fish stocks.
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3.5 Inland Fisheries Act

An Act to provide for the licensing of fishing ctaind the regulation of
fishing on the inland waters of Nigeria and for tee connected
therewith.

[1992 No. 108.] [28th December, 1992] [Comnenent.]

1. Licensing of fishing craft

(1) As from the commencement of this Act no persboall operate a
motor fishing craft (in this Act referred to asaaft") within the

inland waters of Nigeria unless a licence in respé that craft
has been issued to the owner or operator of thé cander

this Act.
(2) A person who operates or causes to be opkrateraft in
contravention of sub-

section (1) of this section commits an offence andiable on
conviction to a fine not exceedingbB0 or imprisonment for a
term of six months or to both such fine and impmisent.

2. Application for alicence

(1) An application for a licence under this Actahbe made in a
writing to the Commissioner in such form and mareee may be
prescribed by the Commissioner and shall-

(@) contain the particulars and descriptibthe craft in
respect of which the application is made;
(b) state in sufficient details-
(1) the method to be employedishing; and
(i)  the area within which & proposed that the craft is
to be operated,;
(©) be accompanied by such feehasGommissioner may
prescribe.

(2) The Commissioner may, before considering amliegtion
require the applicant-

(@) to satisfy him-
(1) that the craft is propedgnstructed and equipped,;
and
(i)  that the form and constian of the fishing nets,
fishing gear and other equipment intended f@& us
in fishing are adequate for the purpose of the
fishing operation;
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(b)  enable him to reach a decigia the application.
3. I ssuance and validity of licence

(1) The Commissioner shall issue to a succesgipliGant a licence
for the craft subject to such conditions as he d&gm necessary.

(2) A licence issued under this Act shall be vdbd one year and
expire on 31 December every year.

(3) Where the craft is to be operated in a bodyvater shared by
two or more States, the owner or operator of thé shall not be
required to obtain more than one licence in a paldr year.

(4) The holder of a licence under this Act shablf later than one
month before its expiration, apply to the Comnuasr for a
licence to take effect from the expiry of the
current licence.

4, I dentification mark on fishing craft

(1) The owner or operator of a craft shall exhithié registration
number of the craft on both sides of the craftoid letters with a
prefix reflecting the State of registration.

(2) A person who fails to exhibit a registratiommmber on his craft as
required under subsection (1) of this section casan offence
and is liable on conviction to a fine e2B0or imprisonment for a
term of three months or to both such fine andrisgmment.

5. Restriction on use of fishing gear, etc.

(1) No person shall fish with a gear constructett wet webbing of
less than 76 millimetres except where the geasistsof-

(@) pelagic trawl nets used for frestawatardines, that is,
clupeids, which are used with outboard enginesoof
more than 25 horsepower capable of operatingl trev
with three millimetres cod-end; or

(b) lift nets used for freshwater sardinesstructed with
three to five millimetres stretched mesh webbing.

(2) No single fishing unit shall operate with engle net or a
combination of nets exceeding 500 metres of thrdknmatres
mesh size and above.

(3) A person who contravenes a provision of sulise¢l) or (2) of
this section commits an offence and is liable onvection to a
fine of N500 or imprisonment for a term of six months obtidh
such fine and imprisonment and, in addition, thet and
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catch shall be forfeited to the government of $tate in which
the offence was committed.

6. Prohibition of unorthodox fishing methods

(2) Except for electro-fishing and the use of cloats for the
purpose of research, no person shall take orajestrattempt to
take or destroy any fish within the inland waters
of Nigeria by any of the following methods, thathe use of:

(a explosive substances;
(b) NOXious or poisonous matter; or
(©) electricity.

(2) A person who contravenes a provision of suiimedl) of this
section commits an offence and is liable on coricto a fine of
N3,000 or imprisonment for a term of two years obtth such
fine and imprisonment.

7. Declaration of catch, etc.

(1) The operator of a craft in respect of whiclicance has been
issued under this Act shall-

(@) declare his catch to a nomingt@gernment agent
when required to do so by the government agent;

(b) permit a Commissioner or a peraathorised by him or
a government agent to inspect the catch eitleéoré or
after it has been landed; and

(c) give the Commissioner, person ovegoment agent, as
the case may be, all reasonable facilities ipeesof the
inspection of the catch.

(2) A person who contravenes a provision of suiimedl) of this
section is guilty of an offence and is liable ameiction to a fine
of N500 or imprisonment for a term of three months ahisuch
fine and imprisonment.

8. Prohibition of export or import of livefish, etc.

(1) No person shall export or import a live fishamy other aquatic
animal without the permission of the Minister.

(2) A person who contravenes a provision of suiimedl) of this
section commits an offence and is liable on cadrmicto a fine of
N25,000 or imprisonment for a term of five yeardaboth such
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3)

)

2)

10.

(1)

2)

3)

11.

(1)

2)

fine and imprisonment and, in addition, the fishaguatic ani-
mal shall be forfeited to the Federal Government.
Notwithstanding the provisions of subsectidh ¢f this section,
the Minister may, from time to time, export or iomp a
specialised species of fish or other aquatic ani-
mal for the purpose of exchange of fishery infaiora or for
research.

Closed ar eas and seasons

A Commissioner may at his discretion declaselased, for the
purpose of fishing within the jurisdiction of aa#, such area or
season as he may deem fit and the Minister méysaliscretion
declare as closed, for the same purpose, a bodyvatér
shared by two or more States.

A person who fishes in a closed area or duaifpsed season in
contravention of subsection (1) of this sectiormputs an
offence and is liable on conviction to a fine of
N3,000 or imprisonment for a term of two yeargmiboth such
fine and imprisonment.

Construction of dams, weirs, barriers, etc

The appropriate authority shall regulate aodtml the building
of dams, weirs or other fixed barriers or obsinrng to ensure a
free movement of fish, and where permission ing@ to a
person to build a dam, weir or other fixed baroerobstruction,
fish  ladders shall be built to ensure free movanoé fish.
person who contravenes a provision of submeqgtl) of this
section commits an offence and is liable on cdricto a fine of
N50,000 or imprisonment for a term of ten years or hoth
such fine and imprisonment and, in addition, tlaendweir or
other fixed barrier or obstruction, if any, shadl destroyed.

In this section "appropriate authority” means the body
charged with the responsibility for matters reigtito the
construction of dams and other fixed barriers.

Protection of fish or fish products against contamination and
infection

No person shall spray noxious chemicals dm disfish products
and no contaminated, infected or spoiled fish Ishal sold or
offered for sale.

A person who contravenes a provision of suitmedl) of this
section commits an offence and is liable on cadrmicto a fine of
N200 or imprisonment for a term of two months obtdh such
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12.

fine and imprisonment and, in addition, the conteted,
infected or spoiled fish or fish product shalldestroyed.

Offences by bodies cor por ate, etc.

Where an offence under this Act is committed byodybcorporate or
firm or other association of individuals-

(@)

(b)
(c)
(d)

(e)

13.

(1)

2)

3
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every director, manager, secretary bewnsimilar officer
of the body corporate; or

every partner or officer of the firm; or

every trustee of the body concerned; or

every person concerned in the manageofeht affairs
of the association; or

every person who was purporting to aet aapacity
referred to in paragraphs (a) to (d) of this sextis
severally guilty of that offence and liable toffreceeded
against and punished for that offence in the sanaener
as if he had himself committed the offence unhess
proves that the act or omission constituting tfience
took place without his knowledge, consent or ceance.

Enfor cement

The provisions of this Act shall be enforcedduch officers as
may be authorised by the Minister or Commissioasrihe case
may be.

An authorised officer may within the inland teies of Nigeria for
the purposes of enforcing a provision of this Act-

(@) require the owner or operator afaft in respect of which
a licence has been issued to exhibit his licehseing
apparatus and catch;

(b) go on board a craft to search angnere the craft and
any fishing apparatus that may be there andaolle
statistical information; and

(c)  where there is reason to suspextah offence under this
Act has been committed, take the alleged offeaderthe
craft, fishing apparatus and catch to
the most convenient post or police station.

The power vested in an authorised officer ursiddsection (2) of
this section may be exercised by him without wasraummons
or other legal process.
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(4) A craft or fishing apparatus taken from areg#ld offender under
paragraph (c) of subsection (2) of this sectiory ba detained
pending the sale of the catch, and the proceettedale shall be
retained pending the trial.

14. Return of craft, apparatus, etc., to lawful owner

Any craft, fishing apparatus or money detained etained under
subsection (4) of section 13 of this Act shall,assl forfeited under the
provisions of this Act, be returned to the persamfwhom it was taken
or to its lawful owner.

15. Regulations
Subject to the provisions of this Act, the Ministeay make regulations-

(@) to provide guidelines aimed at encouragingsq@es engaged in
the fishing industry to make voluntary arrangersemn a
comparative or other basis for the selling of fstthe buying of
equipment, supplies and other requisites for the
fishing industry and to provide for financial other assistance
for bringing the arrangement into operation;

(b)  to regulate the handling, processing and gwmaf fish or fish
products on craft or on-shore and the times aadesl at and in
which the landing of fish may be effected,;

(c) for the registration of distributors and rktiss of fish or fish
products and of any premises used for the digtabuor retailing
and for the accounting and the records to be ket the
information to be furnished by them in relatiortheir business;

(d) for the maintenance of good order among #rsgns engaged in
fishing and in the fishing industry and the regola of any other
matter or thing relating to the protection of fignd the
administration of the fishing industry;

(e) generally for carrying into effect the prawiss of this Act.
(2) The Minister or Commissioner, as the case rbay shall

determine whether enclosures, including pens ageésused for
fish, shall attract a license fee or not.
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40 CONCLUSION

It is thus imperative that the existing Sea Fig®eriLaws and

Regulations should be updated with necessary sittetita previously

not available, in light of the non-sustainable expltion of fisheries

resources in the coastal waters. It is in this neeghat the fisheries
sector of the national economy can be rescued inaminent collapse.

Moreover, government's poverty alleviation measuresthe rural

coastal communities would suffer a great set baekabse of the
fisheries resources-dependent livelihood of theupan. In addition,

health problems related to deficiency of proteihjali is most cheaply
derived from fish diet, would attain significant neension with

increasing fish scarcity and non-affordability. Ihpaper is targeted at
highlighting the crucial scientific data needed fan effective

monitoring and control of the operation of the fih industry to

enhance sustainability of the resources.

50 SUMMARY

o The Sea Fisheries Decree makes it illegal for aeyoroperate or
navigate any motor fishing boat within the Nigerigritorial
waters and the EEZ without licence.

o The Exclusive Economic Zone Decree delimits themixbf the
zone under the Nigerian government jurisdictionaatordance
with the United Nations Convention on the Law &f hea.

) The Inland Fisheries Decree regulates capture altdre fishing
activities in the inland waters.

) Four sets of fisheries laws regulate fishing at#ési within the
territorial waters and the EEZ of Nigeria.

) No person shall operate or navigate any motorrightioat for

the purpose of fishing or a reefer vessel for theppse of
discharging frozen fish within the territorial wegeof Nigeria or
its exclusive economic zone, unless that boat efierevessel has
been dully registered and licensed.

o Under the law of the sea Exclusive Economic ZoneZ)Ethere
IS a sea zone which a state has special rightstbeezxploration
and use of marine resources.

) No person shall export or import a live fish or asthier aquatic
animal without the permission of the Minister.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the types of fisheries laws/regulation.

2. Explain the laws guiding licensing of motor fishibhgats.

3. Explain the law of sea Exclusive Economic Zone (E&Zd its
implication for fisheries management.

4. Explain the sea fisheries decrees.

5. Explain the inland fisheries act.
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