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ABSTRACT

The study setout to investigate the uses of macrophytes iwitGhepkoilel river
swamp, the impact of those us@ms macrophyte community sicture and to dealop

an index for monitoring thecological integrityof the swamp Macrophyteswere
sampled at sevestations alongChepkoilel river swamp one of which became the
reference statiorStations were chosen to correspond to diffenemban ativities and
intensity of human presenceai@pling was done at each station for six months
Selectedpbhysicachemical parametexs waterwere measured at each sampling site.
Sampled macrophytaesere identifiel, and taxon diversity, abundance, evenness and
nontaxonomic attributesestimated for each station. Composition and distribution
results were ugkto develop a Macrophyledex of Bioticlntegrity thatwas used for
bioassessment ofcelogical integrity of the swampren metrics were tested using
box-ard-whisker plots to determine their variability across a gradient of human
disturbanceThe riparian community was found bave diverseises for macrophytes
from this swampwith animal grazing, fuelwood collection, wild fruits, anckdmcinal
uses showinghigh respondent proportioan frequency ofuse and use preference.
Results showed sigfitant (p<0.05) spatialvariation in macrophyte community
attributes and water quality parametef$ie macrophyte attributes further showed
significant relationships witlwater quality parametersStations with high human
disturbance recorded low abundance and diversity compared to those with low human
disturbance Nine metrics met the test criteria and were uskddeveloplndex of
Biotic Integritydevelopment along thevemp These were total abundance, diversity
index, evenness index, vascular plant diversity,-vestular plant diversity, grasses,
sedges, true aquatic plants, and plants with persistent $tiion 1 obtained a total
macrophyte index of Biotic Intedy score of37 while station3 obtaineda totl
score of 11. This resulhdicated thatmore disturbed stations got low IBI scores
compared to the lesslisturbed ones. Conclusions from the stabdgwedthathuman
disturbance influenced macrophyt®nposition and abundance alor@hepkoilel
river swamp consequently influencing the ecological integoitythe swamp. The
macrophytesn the swamp carbe considered tdoe reliable indicators of disturbance
and the IBldeveloped shoultherefore be usetb canstantlymonitorthe ecological
integrity of the swamp
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CHAPTER ONE

INTRODUCTION
1.1 Background Information
Wetlands play an ecological role and have the potential of great economic, cultural
and scientific value (Minisy of Envronment and Mineral Resources (MENR
2010) They provide habitats for a wide range of flora and fauna and are important
sources of water for human consumptiéurther, wetlands also providgod soils
for agriculture, livestock grazing, hydrological function of recharge and discharge of
water, waer purification, flood control, ah stratum of carbon dioxide while the
economic benefits include fisheries, recreation, and also serve as spawning grounds

for fish and resting ground for birds (Ambasa, 2005).

In Kenya, wetlands face rapid degradatiae a result of both anthropogenic
disturbanceand natural causes likerbanization, climate @nge, overexploitation,
inadequateawarenes®n conservation of wetlandsnd unsustainable management

together with inadequate legislative framework (MEMR, 2010)

Macrophytes are aquatic plants, growing in water and wseally emergent,
submergent or dlating (Achieng 2011). They include macrcalgae, mosses and
liverworts (bryghytes), fern (Pteridophytes) andatheophytesSpsiak 2002. The

life forms of maaophytes which includemergent floatingleafed and submerged
together withzonation and community patterns of these aquatic plants are also useful
in describing theplants structuresas well as the form and condition of the

environment $osak, 2002.



Macrophytes have for a long time been used iamdicators of aquatic health for
example Charophytes have since 1930 bewsed as indators of good ecological
stateof water (Pelechatgt al, 2004) and eelgrass is regardecaseful indicator of
water quality since wateclarity influences its distribution within a specific habitat

(KrauseJenseret al, 2005).

1.2 Statement of the Problem and Justification

Chepkoilel River originatesdm Kaptagat forest and along @sursevarioushuman
activities are known to take placehdse activiis include crop cultivatioranmal
grazing and brick makingctivities thatoftenleadto wetland degradation (Ambasa,
2005). The swamp supports a big flower farm, a university fish farm and the
university sewagereatment ponds also drain into it. Despite the presence of these
activities, little effort has been done to characterize this swamp in terms of its
ecological integrity. Most of the studies done in this swamp have largely been on
water quality status usj physicechemical parameters and its fauna such as
macroinvertebratesand fish with few studies workingon macrophyte diversity
(Mulei, 201). None of he studies previously done hagkived to develop a
biomonitoring index usingnacrophytes which isgeially reliableas fish and macro

invertebrates.

Plants are now being usddr bio-assessment of ecological integrity therefore
currently the focus as bimdicators (Penniung, 200&lowever much of thevidence
to support their positve response anckliability is only documented in developed

countries where tensive critical examination smployed to develop universal index



that can be used for measuring aquatic ecological integrity (Goethals 2001,
Hrivnak et al, 2007andPenniung2008).

Plants in Chepkoilel river swamp are directly affected by human disturbance and
changes in water chemistry. Their utilization for -essessment will therefore be
important since they are organisms found either seasonally or permanently within the
area and can provide reliable information. Macrophytes are sedentary, sensitive to
environmental variations, convenient for sampling (Mason, 1981; Zhal, 2008),

and react more rapidly to the presence of pollutants than higher organisms €Ferrat
al, 2003). They are important in nutrient cycling, control of water quality, sediment
stabilization and shelter for aquatic organisms and wildlife (Japn206d.; Demireze
and Aksoy 2009, bioaccumulations(Camargo and Aloso, 2006) and good
indicators of the lesanges occurring in water bodigMelzer, 1999). Many
communityhabitat relationships have not only regional but also general
characteristics (Balazset al, 2009). Marophytes respond easilyo hydro

morphological degdation with multiple stressor§Masa, 1981). Perennial

macrophytes are good indicators of long term habitat changes; an integral of temporal

effect of disturbance (Heringt al, 2006). Despite these facts, plant use as
biomonitors ofEcaoxicological studies in wetlands is scanty (Radgral., 2001).
This study therefore used macrophytes to assess the ecological integrity of Chepkoilel

river swamp along different disturbance gradients.



1.3 Objectives

The overall objective of this study was to assess the variation in macrophyte
communitywithin different disturbance gradients along Chepkoilel river swamp with
an aim of developing &io monitoringtool for assessing ecological integrity of the

swamp.

Specific objectives
I.  To document the various uses and use prefereheeacrophytesalong of
Chepkoilel river swamjpy the ripariancommunity.
ii. To determine the diversity and abundance of macrophytes within Chepkoilel
river swamp
iii. To determine the relationship between water quality parameters and
macrophye attributes like diversityabundanceevenness, grasses, sedges,
plants with persistent litter, vascular and n@scular plants
iv. ~ To develop a macrophyte based index of biotic integrity for monitoring the
ecological integrity of the swamp
1.4 Hypothesis
Hi: The communitiesalong Chepkoilelriver swamphave varioususes anduse

preferencdor the vairous macrophytes occurring in the swamp

H,: There is variation iniglersity and abundance ofacrophyteslongChepkoilel

river swamp.

Hs: Water quality parameters along Chepkoilel river swampamgfluence on
macrophyte community attributefke diversity, abundancegvenness,
grasses, sedges, plants with persistent litter, vascular andasoular

plants



H4: The response of macrophytes in Chepkoilel river swaomghanges in water
quality is sufficient enough to be used to monitor changes in ecological

integrity.



CHAPTER TWO

LITERATURE REVIEW

2.1 Useof Macrophyte

Macrophytes colonize many types of aquatic ecosystems, such as lakes, reservoirs,
wetlands, streams, rivers, marine environteemd even rapids and falls (Geothetls

al., 2001) They are important components of aquatic systems, influencing ecological
processes like nutrient cycling and attributes of other aquatic attached assemblages
such as species diversity. Macrophytesridwide have several human and
hydrological uses. They are harvested for the purpose of mat making, making fishing
traps and crop mulching (Orwet al, 2012). The macrophytes are also commonly
harvested for medicinal value in most rural areas of Kenya (@bteal, 2012). The

rural communities during the low rainfall period not only clear wetlands for crop
cultivation but also collect fuel wood and graze livestock within wetlands, activities

that have direct impact on macrophyte structure (Maseak 2009).

Animal grazing reduces the abundance and diversity of macrophytes in addition to
increasing nutrient concentrations through urine and dung deposition éAwl

201Q Orwa et al, 2012). Reduction in diversity and abundance of grasses in a
wetland is an indicatorof reduced habitat quality (Balazs, 200%ollection of
macrophytes for whichever purpose has been found to reduce the integrity of
wetlands. Macrophyte harvesting reduces plant cover thereby exposing the fauna
within the system to harstonditions like direct sunlight which increases temperature
and increase nutrient concentration as a result of reduced absorption capacity (Balazs

et al, 2009andHering et al, 2006). Macrophytes offer shoreline protection and trap



sediments before enteg the water column. This protection capacity is greatly

reduced when the plants are removed (Néibal, 2001).

A wetland where the riparian community greatly depends on its macrophytes for
livelihood is likely to be of poor ecological integrit{Geothal et al, 2001 The
situation is worsened when the use is extractive that is removal of plants since the
buffering capacity is reduced. It is thus imperative to investigate the uses under which
the swamp is put for the purpose of regulation. Althotigh buffering capacity of
Chepkoilel river swamphas been studied before (Orw2009; this could have

changed with plant use changes.

2.2 Macrophyte Diversity and Abundance

Macrophyte species and distributions are diverse worldwide (Wétbgl, 2000).

Over the last decades, various biological traits have been used to group plant species
into coherent groups which have provided a valuable alternative approach for
studying the ecology of a wide range of vegetation types (Wétbgl, 2000). The
impactof habitat perturbation can also be predicted with broad sensitivity rather than
being dependant on the presence of an individual species which may merely reflect
chance dispersal and seasonal colonization events (Rblin 2008). The study of
variation in macrophytes community attributes at different disturbance gradients is
therefore essential for biomonitoring (Hrhak, 2005). Chepkoilel river wetland
though has numerous benefits for the riparian community has not received sufficient
attention regaridg its conservation in term®f macrophytestrucure at various

disturbance gradients



The richness of plant community in aquatic and wetland habgatslatively low
compared to terrestrial communities (Raderet al, 2001). Adaptation and
specializatn to the aquatic habitat has been achieved by only a few angiosperms and
pteridophyteswvhich arethough afew speies float freely in water (Hvnak, 2005).
Wetland vegetations are also very sensitive to changes in environmental conditions in
terms of spaal and temporal scales (Hrinvak, 2005). When considering plant
sampling techniques for biomonitoring, it is important to consider their morgicalo
adaptation (Hrinvak, 2005).ack of macrophytes in a system where they are expected
to occur suggesta reduced population of fish and weatow! (Ervin and Wetze|

2002.

2.3 Water Quality Parameters

The physical and chemical characteristics of aquatic environments are influenced by a
number of processes. Tlbaracter of rivers often reflecés integratio of physical

and biological processes occurring within the catchments. Some of the landscape
properties that contribute directly to the structure and function of aquatic systems
include prevailing climate, riparian lange or cover patterns, channel €ppspect,

and bedrock geology, and hydrography (Richadal, 1997). The physical factors

that affect aquatic environments are temperature, discharge, turbidity, PH and

conductivity (Boney, 1989).

In aquatic ecosystems pH and dissolved oxygen plasnpartant role in determining
the biotic community structure as it regulates metabolic processes (Busulwa and
Bailey, 2004). In streamand the rivers amount of dissolved oxygen in water is

controlled by a number of factors. High dissolved oxygen valaede maintained in



upland streams as a result of their characteristic cascade, rapids and riffles as water
moves from higher altitudes (Busulwa and Bailey, 2004). Temperature also affects the
amount of dissolved oxygen in water (Kalff, 2002). Increagenmperature lowers its

solubility resulting in low values.

The amounts of nutrients in the water play a significant role in influencing the
chemistry of aquatic ecosystems particularly those that are often in short supply and
those that limit primary proauivity, like phosphorus, nitrogen or both (Kalff, 2002).
Moreover, nutrient limitation is mostly reported in lakdmit not in rivers and this is
attributed to the enriching effect of water velocity and turbulence. Another reason is

that streams are ep systems with a large capacity to retain nutrients (Kalff, 2002).

Most of the nutrients in streams and rivers are supplied from the catchmeniudeand
activities like agriculture serve as possible sources of nutrients. Problems of nutrient
enrichment lhat cause eutrophication have, thus, been repanechost riverine
systems of_ake Victoria basin (Osanet al, 2003; Raburu, 2003) and tlake itself

(Okungu and Opang@005).

2.4 Macrophyte Index of Biotic Integrity

Ecological Indicators are measite entities that are used to assess the status and
trend of key ecological attribuideor other factors (Wray and Bayla®006). A good
indicator meets the criteria of being measurable, precise, consistent, relevant and
sensitive (Groonet al, 2005). Patntial indicators of wetland health may be physical,

chemical or biological in nature (Wray and Bayl2906).
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The physical changeas wetlandhydrology may occur slowly over timend can be
difficult to monitor sine wetland functions such as flood cook ground water
storage and peat accumulation may be disrupted by physical disturbance which might
be difficult to quantify and more when natural physical conditions gddofogy are
variabldWray and Baylay, 2006 Reflection or impact of physical digsbhance may

be more easily quantified by the chemical and biological parameters of the wetland
systemfor instancechange in water table can lead to change in plant species (Wray

and Baylay, 2006).

Water chemistry is a very useful indicator for overaktland health however
difficult, time consuming and expensive to measure the numerous chemicals
parameters related to water chemistry (Ngtual,, 2008). Chemical interactions are
furthermore complex and may be difficult to measure in terms of tegjadation

and transformatio(Wray and Baylay, 2006}t is also not cost effective to frequently

measure chemical paramet®ver a long period of time.

Biological assessments of water quality have proved very successful and easy to do as
compared to raine chemical sampling (Mason, 1981). The biological indicators
most useful and in consideration for assessment of wetland health condition include
microbes, vascular and nwmascular plants, invertebrates amitds (Wray and
Baylay, 2006).Wetland macropytes are directly influenced by water quality and
therefore, any impairment in wetland quality should be reflected by taxonomic
composition of aquatic plant community (Croft and CHeraser, 2007). Since plants
function as an energy source for higher orgran they can indicate trophic status of a

wetland and therefore, nutrient loading (Wray and Baylay, 2006). Change in
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community composition, biomass and change in plant health are therefore very useful

as indicators.
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CHAPTER THREE

MATERIALS AND METHO DS
3.1 Study area
Chepkoilel river swamp (Figure 1) lies between latitulet® 6 N and 0 3556
longitude 3376 E°5#0Md EO at an altitude of 2180 m
volcanic soils in a gentle sloping terrain bordered by undulatimigs The soils are
rich in montmorillonites and clays thereby encouraging extensive cracking during dry
periods and water logging during wet seas@@dongo, 1996)The swamp covers
aproximately 5.6 ki Wetland vegetation is dominated by a central bahdense
Cyperus papyrufianked by shorter emergent vegetation dominated by Giperus

spp includingC. rotundusC. triandraandC. laevigatus

The wetland has a catchment of 210%leand is supplied with waterby Chepkoilel

River originating from Kptagat forest where it is referred to as Misikuri River
(Odongo, 1996). As the river moves downstream it enters the gently undulating plains
where its flow and velocity reduce resulting in deposition and widening of the
channel. The rainfall distributiois bimodal with an annual mean of 986 mm in two
distinct seasons. The daily mean maximum and minimum temperature recorded in the
area is 17.6 °C and 10 °C respectively (Jaetzold amehiSt, 1983). The main human
activities in the surrounding area inclugdheat and maize farming, horticulture,
floriculture, poultry, fish farming, animal husbandry and brick making. Shallow and
seasonally flooded sections of the wetland have been encroached by agricultural
activities wherethe cultivation ofSolanum lycopersumL. (tomatoes) andBrassica

L. (kalesand cabbages) dominata these areas ditches have been dug either to drain
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water away or supply water for irrigation. There is also settlement on the riparian
areas. The swamp receives wastewater ftbmUniversty of Eldoret sewerage

treatment ponds.

The wetland is owned by the local community who hold title deeds for parcels of land
that project into it. Because of increasing human population and diminishing land
resources in the adjacent area, there is afle@noroachment into the wetland for

agricultural activities. Land in the surrounding area is also being increasingly
subdivided for sale and inheritance increasing the intensity of human activities

(Regina, Pers.com).
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3.2 Study Sites

The study area was stratified into six stations on the basis of the types and intensity of
human activities as foll@s.

Station 1 (S1)

The station (Figure 2) was located at Koilel Bridghis is thepoint wherethe swamp
begins anCyperws spdominate exceptCyperuspapyrus The catchment of this area

is dominated by large wheat farms with a clear buffer zone.

Figure 2: Station 1. Showing(a) Point where the river enters the swamgb)
Vegetation(Source: Author, 2015)

Station 2 (S2)
This is the point whereC. papyrusbeginsto appear along the riveAt this station
there is huran settlement, crop cultivation (maize akales), animal grazing and

plantations of eucalyptus trees.
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Station 3 (S3)

This station was located at Marura Bridge along Eldet&gn road (Figure 3). There
is a shopping centre at this station resultinghtigh human presence. Various
substances originatinffom the shopping cetme such as wastewaters, and kyag

papers are deposited into the swamp.

Ce'\ttle qraz Mg at Marura
Bridge " [
% gégi Q%"
v My

T

= "l 2
washing at Marura.
Y

?‘.

: #.S b ﬁ.. :
.{ .i,; !r | B
A

Figure 3- Showing, (a) Gar wash and (b) Cattle grazingat Marura Bridge
(Station 3) (Source: Author, 2015)

Station 4 (S4)
Station 4 (Figure 4) waglacedat the University of Eldoret fish farmAt this station
the wetland was protected or buffered from external distuegbdne to restriction of

access.
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Figure 4: Showing, (a) fish ponds, (b) foot path leading to thewamp atStation 4
(Source: Author, 2015)

Station 5 (S5)
The station was located to the left Limnyomoi PrimarySchool about 600 m after

the dischargp oi nt of the University of Eldoreto

Figure 5: Showing @) Maize farmsand (b) Irrigated vegetable farms adjacent to

the swamp atstation 5(Source: Author, 2015)
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Station 6 (S6)

This staion wasplacedon the right side of Kaprobu Bridge along Eldorét Ziwa

road (Figure 6). Beyond this point the swamp disappears @ndvélr is again large

as it isat stationS1. There are large farms of wheat and maizeeatdahchment.

Figure 6: Showing @) Footpath leading to the swamp, (b) Rivechannel and(c)
Emergent vegetation along the channedt Station 6.(Source: Author, 2015)

3.3 Sampling

3.3.1 Macrophyte Uses

Dataon macrophyte usesascollectedfor threemonths using various participatory
techniques, including #depth interviews of Chepkoilel river swamp community, key
Informants, and direct observations. Similar methods were used by Gdiiexio,
(2012) to study communitperception on lake recessiamthe Nyando wetland#\
total of 300 respondents, 50 keydrmants and 250 othevgere selected among the

riparian community.
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From each category respondents were picked on the basis of availability and
accessibility (Convenience sampling). The key infants in tiis study were
herbalists, arealtiefs, shopkeepers, and macroghlgarvesters.

The otherespondents were grouped into high income earners, middle income earners
and low income earners in the ratio 1:2:2. The high ircearners were characissd

by possession opermanent houses, assets such as personal vehidesaran
machinery and large tracbf land. Those with grass thatcHealisessmall pieces of

land and no machineryof any kind were grouped as low income earners. Those
respondents ith semipermanenthousesand fewer machinery than high income
earnersveregrouped under the middle income earners. This categorization was done

in consultation with theraa Qiefs.

Two differentquestionnaires (Appendix) 2vere designed and administdrfor this
research, one for the key informaiatsd the other for the other respondeittseach
guestionnaire type there were both closed and -epeded questions. The

guestionnaires wergelfadministeredo avoid ambiguity and no answer responses.

Questions administered to the respondents mainly touched on age, gender,
occupation, use of macrophytes, frequency of use, use preference and reason for the
preference. The herbalists were specifically interviewed on macrophyte usage in
curing diseases.

3.3.2Composition, Diversity and Abundance of macrophytes

In order to capture spatial variation in macrophyte community structure, data was
collected for six months at the sites correspondmnthé different human disturbance

along the wetland.
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Triplicate quarats of 5rfi were marked at each site for plant community attribute
assessment. From each quadrat, threegsalrats of 1fmwerefurther markedvhere
macrophytes were identified to species level and the count of each species recorded.
Voucher specimensfoeach species werdeposited atthe University of Eldoret
herbarium for verification and future reference. Identification of macrophytes was
done according to keys develapby Agnewand Agnew {994); Beentje (1994);
IbrahimandKabuye (987) Haines and.ye (1983) Clayton (97Q 1974, 1982)The
plants were further categorized using +t@ronomic groupings. The groupings
included categories such asrbs, grasses, sedges, shrubs, creepers, trees, climbers,
and algaeThe other grouping usedas macrophye habitatwhere the macrophytes
were either classified as terrestrial, semuatic and aquatic plants. Aquatic plants are
those that occurred in permanently wet habitats whereas terrestrial plaetthose

located on dryandadjacento the wet habitat

The ShannoiWiener diversity index was uséd evaluate macrophyte diversity in all
the sampling stations along Chepkoilel river swamp. iltlex measures the average
degree of uncertainty of predicting the species of a given individual pickeddatnan

from a community|t is calculated usinghe standard equatiorfMagguran, 1988)
H-x ((n/ N) BékdéewkbMEryréé (Equation 1)
Wheren = number of macrophytes of a species
N = total number of macrophytes in a station.

In = the natural logarithm
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The evenness index (e) is @asure of how evenly the numbers of species are
distributed in a statio(Magguran, 1988) Theoretically, in an ideal stream maximum
evenness is attainable when (e) is equal to 1.0, meaning that each taxa is equally

represented in the population.

The idex was calculated as:

////////////////////

e=HINN éé6ééé6é6é6ééééééééééééé Hguation?2)

WhereHYand N are as used inthe Shantde i ner | ndex equation a

the natural logarithm.

Relative abundance (R.A) is a composition measure that provides information on the
makeup and the relate contribution of theopulationsof macrophytego the total

composition (Barbouet al, 1995). This was calculated using the formula:

_ Number of individuals of one grouping 100
" Total number of individuals in a station é é é (Equation 3)

3.3.3Physicachemical parameters and Nutrients

Physicochemical parameters

Physical and chemitagparameters were measured in triplicates at each station.
Conductivity was measureih situ using conductivity meter (OAKTON Model
WD-3560%10, Singapore), whereas the temperature and pH were meassiecby

a combined pkandtemperatureneter, (OAKTON®, Model pH/Mv/°C METER,

Singapore).
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The Winkler titrationmethod(APHA, 1998) was used to determine dissolved oxygen
(DO) and biological oxygen demand (BOD). Two sets of triplicate water samples
were collected in glass stoppered bottles at each sagrgtation. The first set used to
determine DO was fixed using 21 nManganous Glphate followed by 2 mof

Winklerds reagent .

Dissolved oxygen was determined by titrating 1590ofsanple with a standardized
0.025M Sdium thiosulphate solution. The amduof dissolved oxygen was

calculated using the formula:

C,C, x8000
DO (mg/L) =—2°
S 666é.66é.(Equationd)
where : C, = the volume of thiosulphate used

Cp = concentration of thiosulphate
S.,= volume of sample used
$= volume of manganese+ WinklIe

8000 = a constant

Water samples for BOD were wrapped using aluminium foil immediately after
sampling, stored in a dark box and transferred to a dark cabittet laboratory. On
the fifth day the amount of DO was calculated as explained aB&® was derived
using the formula below;

BOD=DO,i DO,é 6 6 666 666éééé. (Equation 5)

Where DQ is the DO at the day of sampling while B® the DO aftethe fifth day
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Nutrients

Water samples for total phosphorus and total nitragtarminatiorwere collected in
triplicates during each sampling occasion using g%ottles, fixedimmediately
using 1nh concentrated @phuric acid and transported to trebdratory where they

were analyzed according standard methods (APHA, 1998).

Total Nitrogen and Phosphorousvas determined according to persulfate digestion
method The temperature DRB200 Reactor was set to 105 °C then three vials were
cleaned and driedor use in this experiment. Using a funnel the contentsota
Nitrogen persulfate Reagent PowdRlow andtotal Phosphorougersulfate Reagent
Powder Pillowwas added téwo HR DigestionReagent vials. To one of the vials 0.5
mL of sampleof total ntrogen persulfate Reagent Powder Pilloxs added and to
the other, 0.5 mL of deionized water was added t@repare blank and the same
was done for phosphoroubo the third vial only the sample was put into it. All the
vials were capped and shakeigorously for at least 38econds to mix. The vials
were put in the reactor and left for exactly 30 minutes. The contents blahlwas
put into the spectrophotometand reading taken. This wadollowed by the sample

vial with reagent and finallyne one without reagent.

Total nitrogen(TN) and Total Phosphorous wa¢$TP) was calculated using the

formulae:
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TN in mg/L = F (& samplei (Ep + Egy);

_ Sample concentration in mg/1

E1—-EB1 eeeéeéeéeéeéeé (Equationd)
Eo = absorbance of sample without reductant
Eg1 = absorbance of distilled water + reagent

E; = alsorbance of sample with reagent

TP in mg/L = F (& samplei (Ep + Ega)

_ Sample concentration in mg/1

,,,,,,,

E1 —EB1 € € éé ééé (Equation?)

Ep = absorbance of sample without reductant

E; = absorbance of sample with retant

Eg; = absorbance of distilled water + reagent
3.4 Index of Biotic Integrity (IBI) Development
For IBI development, metrics for the wetland health assessment were selected and
tested using Box and Whisker plots (Awgtal, 2009). All the metrics &t met the
test criteria of nofintersection of all or some 50% of the whiskers were used to
develop the index. The metrics selected (Table 1) include relative number of vascular
plants, number of nemascular plants, number of grass and gtikesplants number
of sedges, presence or absence of bladderwort, the relative abundance of aquatic plant
species, diversity of plants with persistent litter, diversity index, evenness index,
macrophyte abundance, and ratio of trees to other macropgiidbiEng, 201 and

Auraet al, 2009).



Table 1- Description of some metrics used for IBI DevelopmeniAdapted from
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Melzer, 1999
Metric Description and methodology | Expected response to
disturbance
Vascular plant| Based on ecologicaprinciple | Decrease
diversity that integrated and stable natu
communities  have  great(
richness. The total number
genera at each site plus divers
index was used.
Nonvascular plan{ Nonvascular plants like mosse Decrease
diversity liverwort, lichens and
macrosopic algae depend on
healthy aquatic environment f
reproduction hence sensitive
changes in environment
Grasses and gras| A healthy wetland supporf{ Decrease
like plants several grasses and grdike
plants
Percent sedge Sedges arespecially sensitive t{ Decrease
cover changes in wetland hydrology
Presence of Bladderworts are carnivoroy Decrease
bladderworts plants that feed on microscoq
invertebrates. Their presen
suggests good health
Relative Many of these plants float or aj Decrease
Abundancef true | just below the water surfac

aguatic plants

They are sensitive to the quali

of the aquatic environment
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Macrophytes with
persistent litter

A higher cover of these plan
means slower nutrient cyclin
and lower biodiversity. A dw
abundance of these plarn
suggests rapid nutrient ar
mineral cycling.

Increase

Shannon Weine
diversity Index

A higher value for this inde
shows good health.

Decrease

Evenness Index

A non disturbed station i
perceived to be evenl
distributed thusa higher value
depicts little or no disturbance

Decrease

Total Plant

abundance

This measures the total count
the plants present at a giw
station. Due to extractive ar
destructive nature of man lo
abundance is an indication

human disturbance

Deaease

Tree: Macrophyte
ratio

This is a ratio of tree species
other macrophytes within th

swamp.

Increase

The 1, 3, 5 scoring system as used in developing IBIs (Karr, 1981; Kerans and Katrr,

1994; Barboutet al, 1999; Rabureet al.,2009) was used gending on whether the

value at a station slightly deviates from, or deviates largely from the reference values

(Karr and Chu, 1997; Barbouwt al., 1999). For those metrics that decrease with

disturbance; a score of 5 was made for values above 75% refféhence site value, a

score of 3 for values between 50% and 75% and a score of 1 for values below 50%.

For the case of metrics that increase with disturbance, a score of 5 was made for

values below the 25% of the reference value, a score of 3 for bkbseen 25% and

50% of the reference site value and a score of 1 for those above the 50 percentile

value of the reference site value. The values were then summed up to get the final
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IBI score per site and further categorized into either excellent, @@der poor
(Table 2) depending on the total IBI value score
The percentage of IBI score was calculated as follows:

Total score per site

% Score :(

Maximum possible score

Table 2: The scoring and Categorization scaléAd apt ed f r g 8011Ac hi engd

IBI Score Wetland Health
Assessment
Above 75% Excellent
60%- 75% Good
50%- 59% Fair
30%- 49% Poor
Below 30% Very Poor

3.5 Data analysis

Statisticalanalyses werperformed using SPSS, version 20 foindlows Descriptive
statistics was sed toanalyzethe datagenerated from the questionnair€neway
analysis of variancANOVA), (Zar, 2001) was used to test for differences between
stations for macrophyte abundance and watglity parameters at 95%onfidence
levels. The data on abuiahce was transformed, lpgX+1), prior © doing ANOVA

test to meet the statistical criteria for notilya Multiple comparisons of means were
doneusingDuren 6 s Mul t i pl e RastgpgishThe specifi¢ SRAORST )

that differedsignificantlyfrom one anotherSokal and Rohlf1981).
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CHAPTER FOUR

RESULTS
4.1 Respondents Characteristics
The respondents for this study were drawn from both genders with 60% males and
40% females. The respondents further represented several age groups with those
between 31 years and 40 years dominating (32.0%). Those above 50 years were only

4.0% (Figure 7)

Figure 7: Age categorief respondentsinterviewed

With respect to the respondents education IS8&I[R6 of the respondents were
secondary school leaks and a smalbropation (5.76) holdersof a postgraduate

degree(Figure 8)



















































































































































