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ABSTRACT

Fishes of African floodplains typically comprisepudations having short life cycles,
relatively few age groups, more generalised feebggaviour, and which experience
spawning success that is strongly influenced byptabfactors such as hydrological
regime of the river, climatic seasonality and habitharacteristics. In addition,
African river-floodplain ecosystems do not have rappate predictive models for

estimating yield in these ecosystems. While maostlistive models developed to date
for floodplain fisheries have taken into accountrpihm-edaphic factors, they have
generally excluded climatic factors as a mega-deteant of the variability of

floodplain fisheries.

The principle aim of this thesis has been to dgvelgredictive management model
that incorporates data on essential biological espeof the target species,
characteristics of the habitat as well as overathatic factors, and thus allow for
adaptive management of the fisheries in a contislyodluctuating floodplain
environment. Lower Shire Floodplain (8445' — 35° E and 16’ 00-17° 15’ S) in
Malawi, one of the major rivers-floodplains in tdeambezi Basin, was used to test
this type of model. The major hypothesis testethis study was that “the dynamics
of the fishery of Lower Shire Floodplain are driviey and adapted to the seasonal,
but predictable, hydro-climatic regime of the flptain”. The specific objectives
were: to describe the floodplain’s climate and loalgical pattern; to develop a
guantitative characterisation of the major habit#tshe Lower Shire Floodplain; to
assess the fishery in terms of size, gear utibsatjear selectivity and yield; to assess
the biological parameters of the target speciesesmary for the management of the
fishery; to analyse how water fluctuation in theoffiplain affects the recruitment and
life history of the two target species; and to depeof a predictive hydro-climatic

model to benefit the management of the fisheries.

The climate of the floodplain was characteriseddwy (765 + 198 mm) and fairly
variable (G = 27%) rainfall, which largely occurred betweencBber and January.
The area was generally humid (mean RH 68%), withl @ hot (25- 33°C) and
variable monthly mean diurnal (12°C) temperatureurFquarterly hydro-climatic

seasons were identified and comprised: QuarteuliS@p) characterised by hot, dry



weather with a low flood regime; Quarter 2 (Oct-Phot, windy, wet weather with
low-but-rising flood regime; Quarter 3 (Jan-Mar)t htmmid, wet weather with the
flood regime at peak; and Quarter 4 (Apr-Jun) huard cool weather with receding
flood regime. The annual hydrograph of the floodplaas represented by four
categories of flood regime as: low (Jul-Sept), low-rising (Oct-Dec), peak (Jan-
Mar), and falling (Apr-Jun). The floodplain expere=d a water deficit of 95.1
mm.year', and it was hypothesised that ground water reehargintained water in

the floodplain the rest of the year.

Three major habitats were identified in the floaipl The river-floodplain,
characterised by deep fast-flowing water, sandystsate and little emergent
vegetation; the permanently connected lagoons, wealow (<2 m) with sandy-
mud bottom and slow flowing water; and the seadpmainnected lagoons had slow-
flowing stagnant water, with comparatively more egeat and floating vegetation.
Physicochemical characteristics of the habitatsiedarsignificantly with hydro-
climatic seasons (one-way ANOVAy, < 0.05), indicating the influence of flood
regime, which joined the habitats in a non-equdibrspatial distribution.
Consequently, during receding and low flood regimeger-floodplain and
permanently connected lagoons exhibited similarrattaristics while all three
habitats had similar characteristics during thangisand peak flood regimes. It was,
therefore, concluded that in floodplains, habitaksft horizontally and vertically

according to the water level.

Gill nets, cast nets, long line, and fish trapsoacted for 99% of the total count of
gears, and hence considered the major fishing rsectavo principal species in the
floodplain were the catfishClarias gariepinus and the cichlid Oreochromis

mossambicud_ength-at-maximum-selectivityg) and length-at-50%-sexual-maturity
(L,so) for each of the two species showed that althougly there selected into the
four fishing sectors at lengths above maturity, masn selectivity into the long line

occurred at a length before maturity @r mossambicudn addition, the width of the

gamma selectivity functiorfo) indicated that a considerable proportion of juvesil

of the two species were also selected. Thereforeas decided that management for
the floodplain be centred on controlling over-fiehiand preserving the spawner



stock, by banning seine and mosquito nets, andingosiver-floodplain and
permanently connected lagoons to fishing duringldhe flood regime. There were
significant seasonal variations in CPUE, lowestha low flood, and highest during

the peak flood regime.

Sectioned otoliths were used to determine the agegaowth of the two principal
species in the floodplain. Marginal zone analysigerled that annulus formation in
all the species occurred during the period of lowaad water temperatures, high
evaporation and receding water levels, hence a faghof desiccation and negative
water budget. FoO. mossambicysmaximum age reached was 6 years whil€in

gariepinusit was 9 years. The 3-parameter von Bertalanfeymgin model adequately

described growth ad, =1776(1-e *“**3) mm TL for O. mossambicusand

|, =5029(1-& 1 *1%2) mm TL for C. gariepinus FemaleO. mossambicuseached

50%-sexual-maturity at 109 mm SL, while males meduait 105 mm, and both male
and femaleC. gariepinusreached Ly at 249 mm SL. The breeding seasons of both
O. mossambicuand Clarias gariepinuswere between September and March, with
modal peaks in January and November, respectiVély.annual total mortality rates
(Z) were 0.62 + 0.18 yrfor O. mossambicuand 0.93 + 0.47 ¥rfor C. gariepinus
The mean empirical estimates of natural mortality) (were 0.46 yi* for O.
mossambicusand 0.50 yedr for C. gariepinus and fishing mortality (F) was
calculated as 0.16 yrfor O. mossambicuand 0.43 yi for C. gariepinus The overall
exploitation level (Z/K) was 1.41 foD. mossambicuand 3.01 forC. gariepinus
Given that the Z/K ratio was >1, it was asserteat thothO. mossambicuand C.
gariepinuswere mortality-dominated and fairly heavily expéal. However, potential
for sustainable exploitation existed since bothceseshowed signs of resilience due

short longevity and high rate of natural mortality.

Given the limitation of simple exponential modefdish mortality and growth under
the situation of seasonal fluctuation of water lsvex simple predictive hydro-
climatic-fisheries model was developed. The modeldgted the life-history and
production parameters fairly accurately (0.58 <« 0.98,p < 0.05), and showed that
environmental and biological events in the floodpkignificantly (0.43 <?>0.91,p

< 0.05) followed the periodic function of time (dajtbe-year), hence, strongly

Xi



seasonal. In addition, the flood-pulse precededhallmajor biological events, with
predicted phase lags established at 55.6° for fleall, 157.2°, 260.1°, 334.6° and
341.4° for condition factor foD. mossambicuygecruitment, spawning period fQ.
mossambicusand C. gariepinus respectively. Therefore, it was recommended that
water obstruction on the Shire River must ensuf@cgnt water flow during the
peak flood and spawning period to allow floodingl amundation of the floodplain in
order to create habitat favourable for spawning &etliing as well as improve

recruitment.
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Chapter 1
General Introduction

The aim of fisheries management is to obtain th&mam (or optimum) sustained
yield of fish from a water body without depletinget capital (standing stock or
biomass) (Lowe-McConnell 1987), thereby promotingstainable economic and
social well-being of the harvesting fisheries (ldilb & Walter 1992). While the
fertile floodplains of the Nile formed nuclei forady civilisation in Africa
(Welcomme 1985), the importance for their aquaifie Wwas only recognised by
science just over a century ago (Forbes 1895, mt&ayley 1991).

Unlike lake fish populations where the environmisnstable, in floodplain fisheries
the populations are heavily influenced by abiotivimnmental factors such as
flooding (Welcomme 2001). For proper managementfl@bdplain fisheries, the
extent and duration of flooding must, therefore, thken into account (Botnariuc
1968, Welcomme 1985). Also, the floodplain cannetdonsidered in isolation but
must be treated as an integral part of a largetesygWelcomme 1979, Botnhariuc
1967 cited by Welcomme 1985, Bayley 1981 & 1991yneal986). In addition to
knowledge of the physical dynamics of a floodplagmpper management of the
system’s fisheries also requires an understandinthe biology, life history and

distribution of the target species (King 1995).

Since riparian communities have generally exploiteer-floodplain fisheries in
Africa for centuries, it is important to developiestifically sound quantitative
methods and models that allow for adaptive managen#itimately, these methods
must embrace the new vision for management, whadudes on science-based
decision-making tools, while allowing the local arman communities the
responsibility to utilise and manage the fishesestainably (Welcomme 2001). Such
management incorporates response of the stockartgels in abiotic variables such as
climate and hydrology, as well as natural mortaltyd fishing mortality. Thus,
before contemplating the adoption of suitable m®delthe Lower Shire Floodplain
in Malawi, the nature and dynamics of the floodpland its fisheries must be

understood and taken into account.



African river-floodplain fisheries

Seventeen major floodplains have been recordedrina) covering an estimated area
of 196,000 km at peak floods (Welcomme 1985). Yields in tropiédrican
floodplains have been reported to be lower (15%98.7 kg.h&.yr?) than those in the
temperate region (205800.3 kg.hd.yr!) (Welcomme 1985). No specific
explanation has been put forward regarding the r@mpadow productivity of African
floodplains. There have been major attempts irptst by Blanet al (1955, cited by
Welcomme 1985), Welcomme (1972 & 1985), Jacksorb11& 1963), Bell-Cross
(1968), Carey (1971), Chapmaat al. (1971), University of Michigan (1971),
Kapetsky (1974), Willoughby & Tweddle (1978), Brot& Jackson (1983) and
Merron (1991) to study the floodplains of Niger,ld\i Okavango and Kafue.
However, only minor studies have been carried outhe Zaire, Shire and the
Zambezi, such that data on catch and biology ofifiieare scanty. In essence, since
1985, little has been published on tropical Afridloodplains. Management of most
African floodplain fisheries has, therefore, noebeaguided by scientific knowledge.
The fact that there are bound to be differencedlaadplains depending on the
systems, and that the available information onroffigcan floodplain fisheries may
not be satisfactory for Malawi to develop a managenstrategy for the Lower Shire
Floodplain, points to the need to understand thigepain which the floodplain
operates.

Location and characteristics of the Shire River tiedLower Shire Floodplain

System
The Shire River is the only outlet from Lake Mala@@5°15'E and 14°25'S) from

which it meanders southwards for a distance of @pprately 700 km to its

confluence with the Zambezi River (35°20'E and @B% About 95% of the Shire
River is situated in Malawi and the rest in Mozaguid. The Shire is generally
divided into three sections, the upper, middle laweer sections (Pike 1972, Cantrell
1977, Tweddlest al 1979) (Figure 1.1).

The Upper Shire is the stretch from the outlet fiomke Malawi and Lake Malombe
(35°10' -35°15'E and 14°26'-14°42'S). The ShireRiwws from the southern tip of



the south-east arm of Lake Malawi at approxima#hd meters above sea level
(m.a.s.l.), across a submerged sand bar, 4 km nbtangochi town (Figure 1.2a).

Fifteen kilometres from Lake Malawi the Shire RifEws into Lake Malombe (29

km long and 14.5 km wide) (Pike 1972). The seci®meharacterised by low-lying

sand banks.

The Middle Shire stretches from the outlet from édWalombe to Kapichila Falls,
where the Kapichila hydroelectric dam is situat&#°60'-35°10'E and 14°40'-
15°29'S). The river flows from Lake Malombe sousiteshen south into Liwonde
National Park for about 30 km up to the LiwonderBge (Pike 1972) (Figure 1.2Db).
This forms the first section of the Middle Shirehi§ portion of the river has low
banks and two major tributaries, the Likuzi and Kevunguti Rivers. During the
rainy season this section of the Middle Shire bsedk levees to form Likuzi and
Kavunguti swamps. The second section of the Mi&Hee is approximately 50 km
long, stretching from the Liwonde Barrage to Matdgredge. The river meanders
over a fairly flat terrain with a number of smadbids. In this section there is only one
major tributary, the Rivi Rivi. The third sectior the Middle Shire stretches for a
distance of approximately 80 km, between Matopeldriand Kapichila Falls (Pike
1972) (Figure 1.2c). This section of the Shire drofo a gorge, characterised by 10
rapids and 5 falls (Tweddle & Willoughby 1979), dafls by approximately 384 m in
altitude (Pike 1972). The two major tributarieshis section are the Wamkurumadzi

and the Khongodzi.

The Lower Shire extends from the Kapichila Fallshe end of Ndindi Marsh on the
border with Mozambique (34°50'-35°17'E and 15°790%'S). Its boundaries are well
defined by dominant physical features. To the é&as bordered by the intensely
eroded Thyolo Mountains; to the north by the Kajpéckalls; to the west, by low-

lying hills that include the southern-most endlad Kirk Range; and in the southwest
by the Matandwe and Namalombo hills extending sdutin Bangula. Here, the

floodplain system is characterised mainly by thepBhant, Eastern and Ndindi
Marshes.

The Kapichila Falls marks the boundary betweenMiddle Shire and Lower Shire.
The Kapichila Falls and the Middle Shire rapids afladls are recognised as



environmental and ecological barriers to the upstremigration of the Lower
Zambezi fauna (Tweddle & Willoughby 1979). The Lovi&hire falls in altitude from
about 107 m.a.s.l. at Chikwawa to 61 m.a.s.l. aanjs where the Shire enters
Mozambique (SVADD 1975). The river meanders in g@stion, frequently changing
course through the Lower Shire Floodplain, formox¢pow lakes, lagoons and islands
(Figure 1.2d).

Below the Kapichila Falls, the Shire is dominated the Elephant, Eastern and
Ndindi Marshes and flows to its confluence with thewer Zambezi River for a
distance of 200 km. The Elephant, Eastern and Ndmarshes occur at
approximately 60 m.a.s.l. The Elephant Marsh exdednoim southeast of SUCOMA
Sugar Estates (34°45'-35°12'E and 15°59'-16°4®'Shiromo (Shire/Ruo confluence)
covering a total area of 473-500 niThe Eastern Marsh (35°09'-35°20'E and
17°45'S) situated below the Shire/Ruo confluenceth® Mozambique side of the
river, covers an area of approximately 200%kmhe Ndindi Marshes (35°16'E-
17°55'S) stretch to the border with and into Moz&mué, covering an estimated area
of 150 knf on the Malawi side, and an estimated 20¢ kom the Mozambique side
(see Figure 2.1, Chapter 2).
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Figure 1.1. The Profile of the Shire River from gwurce in Lake Malawi to the Lower Shire FloodpJashowing the upper, middle and
lower sections, major tributaries, gauging statitnwyslroelectric dams and floodplains.



Figure 1.2 Aerial and ground pictures of various sectionghefShire River showing (a) the
source of the Shire at the south-east arm of LakéawW (upper Shire), (b) the Liwonde
barrage (middle Shire) with the barrage gates dlogg the border between middle and
lower Shire, showing the section where the rivaapdrin altitude through a series of falls
and rapids, (d) the lower Shire section, showirgrtteandering and swamps.



From the border with Mozambique, the Shire (or €las it is known in Mozambique)
forms a series of lakes and swamps, covering amasd area of 350 KmThe Shire

River finally flows into the confluence with the @aezi River near Mutarara.

The Lower Shire Floodplain, one of the seventeejomnfoodplains in Africa, directly
benefits an estimated 1 million people in riparisommunities in Malawi and
Mozambique,. It covers an estimated area of 1100dérwhich approximately 650-700
km? are in Malawi and 400-450 Knare in Mozambique. The floodplain is the source of
approximately 11% of Malawi’'s fish catch (Malawi jtment of Fisheries 1989;
Bulirani et al. 1999), 70% of irrigation water for the country’sgsr plantations, and
grazing land for about 80% of the country’s livestgroduction (Kalowekamo 2000).
Hydroelectric power stations on the Shire Riverptymll Malawi’'s electricity, while
about 75% of the population along the Lower Shiralléy are engaged in fishing
(Kashau & Chimatiro 1997, Chimatiro & Mwale 1998).

The increase in the number of uses, such as ioigaind hydroelectricity generation is
putting pressure on many of the world’s river flptadns (Welcomme 1985, Bayley
1991). The Shire River in Malawi is no exceptiomeTconstruction of Liwonde barrage
in 1965; the three hydroelectric dams (Nkula 196&dzani 1972 and Kapichila 1999)
(Hastings 1973, Karua pers. Comm.), a 75% incredsarban water demand, and
siltation of up to 1 metre.yeain the Shire River (Sibande 2001) has put pressarehe
fisheries resources of the Lower Shire Floodplaims is happening at the same time as
the fisheries of the floodplains face increasirghifig effort and infestation of water
hyacinth (Eichhornia crassipes)(Harley 1991, Terry 1991, Tweddlet al. 1994,
Chimatiro & Mwale 1998). Since the sustainabldisg#tion and management of the
floodplain is a high priority of the Government Mialawi (Malawi Government 1997,
2001), there is a need to develop appropriate rdetHor predicting the impact of
climatic, hydrological and anthropogenic changegtanfisheries, as well as a need to

develop methods for the rapid assessment of thessbathe fisheries.



General characteristics of river-floodplain fislesri

A number of factors, which characterise the comipleaf river-floodplains, have been
identified (Bonetto et al. 1969, Lowe-McConnell 8 elcomme 1979, 1985, 2001,
Bayley 1981, Goulding 1981, Hollared al. 1983, Payne 1986, Kolding 1994, Hoggarth
et al. 1999, Kvist & Nebel 2001). Firstly, as a resulthagh natural mortality, selection
pressure tends to favour species with high fecyndépid development and growth.
Consequently, the populations contain relatively feear classes, life cycles are short
and generation turnover is fast. Secondly, the stadeasonal variations in primary and
secondary productivity requires fishes at higheplic levels to adopt a more generalised
feeding behaviour with little time or opportunity develop complex life-history patterns.
Thirdly, abiotic factors influencing the spawningcsess of floodplain fishes are variable
(e.g. geology of the catchment area, hydrologicadime of the river, climatic
seasonality) (Rydeet al 1974, Henderson & Welcomme 1974, Schindler 19068ve-
McConnell 1979). In this regard, Kolding (1994) ebsd that the close empirical
relationship between fish production indices arick léor river-floodplain) water levels
strongly suggests that the environment, more tharfishery, is the dominant agent of
change. Although a relationship between fish catath water flow has been reported for
the Lower Shire Floodplain (Ratcliff 1972, Hastirng®73, Willoughby & Tweddle 1978,
Tweddleet al. 1979, Tweddlet al. 1994), no quantitative evidence has been preseénted
show the seasonal dynamics of this relationshipoimbination with the vital biological

parameters (e.g. spawning, recruitment) of thedaegmercial species.

Management challenges and options for African fi@vdplains

Apart from a general paucity of data regarding &dn river-floodplain ecosystems, there
are no appropriate predictive models for estimatiryd in these ecosystems. While it
has been recognised that models of population dysaand production derived from
studies of lakes may well be applied to rivers tieate a stable hydrological regime (e.g.
reservoir rivers), simple exponential models of talitly and growth are generally
inconsistent with the biology of floodplain fishesi because of fluctuating water levels
(Welcomme 1985 & 2001). Where such exponential risodee appropriate, however,
their applicability has been limited by the methlogdacal difficulties experienced by



many African floodplain experts, in determining Bucital rates as age, growth and
mortality (May 1984, Kolding 1994, Weyl 1998).

The first attempt to adopt and develop age-baskefies models for Malawian lakes and
the Lower Shire Floodplain was made over twenty wem (Tweddle 1975, Willoughby
& Tweddle 1978) but this never materialised int@ thevelopment of management
strategies. Buliranet al. (1999) reported that the application of precawtigreference
points based on a time series of age-dependent Isnd@del not been used for the
management of fish stocks in Malawi because of latlge-based data. Only more
recently (Kanyerere 2004) has progress been madwiimg fish from Lake Malawi.
While recognising the technical limitations of ugihese models to develop a sustainable
management plan for floodplain fisheries, it is ethreless, pivotal to identify ecosystem-
specific (Lowe-McConnell 1958, Le Roux 1961, He&BB0) biological parameters for
the key commercial species of the Lower Shire Rbbaid, such as growth rate, length-
at-maturity and spawning periodicity. These biobadji parameters are critical for
deciding on minimum legal size for the commerciaftyportant species as well as the

seasonal restrictions of fishing aimed at protgckrood stock and juveniles.

Two approaches have been used to evaluate fishresearces in rivers and floodplains,
which include (i) evaluation of the performancetlué fishery (stock assessment based on
a series of biological parameters, catch assesstientigh sampling catch and
fishermen, market analysis, analysis of consumptowl (ii) estimation of the magnitude
of the stock using habitat environmental qualitg guantity (Welcomme 2001). These
resources evaluations can be achieved by use dicpvwe models, and simulations based

on theoretical concepts of the ecology of the islnmunity (Welcomme 1985).

Huet (1964) proposed the morpho-edaphic index (IMBH model that predicted annual
fish production (kg.kml) as a function of average width of the river, wa@mperature
and acidity. The model was later modified and apkextensively to European rivers
(Lassleben 1977, cited by Welcomme 1985, Kolbing89MEI has shown that African
floodplains yield much less (60 kg:Hahan Asian floodplains (100 kg.ha(Welcomme



2001). Another method is known as the “Habitat @uahdex”. This method was later

developed in North America to predict standing ktfRinns & Eisermann 1979, Rabern
1984) as a function of stream flow, temperaturbstate type and food index. Although
each of these models takes into account a compsefearange of parameters, their utility
is limited by the limited knowledge of biologicah&racteristics of a particular stock and

its interaction with environmental parameters

Surplus production models, which are holistic antcapsulate the net effect of
recruitment, growth and mortality in terms of bissahave been employed to estimate
levels of fishing effort that will maximise yielchaa sustainable basis (Welcomme 2001)
in river systems (MRAG 1994). Special dynamic med#lat simulate variation in fish
growth, recruitment, mortality and fishing with dld regime have been developed
specifically for floodplain fisheries (Kapetsky M@AVelcomme & Hagborg 1977). Halls
(1998) used the Welcomme & Hagborg model to devdlop floodplain fisheries
simulation model (FPFMODEL), which was developed earplore the effects of

hydrology and hydrological modification on floodpidisheries productivity.

Other more complex and data-demanding approachel, as the ECOPATH approach
(Polovina 1984, Christensen & Pauly 1992) have lreloped and applied to aquatic
ecosystem (Christensen & Pauly 1995, Moretal. 1997). However, due to paucity of
data in many African fisheries, use of ECOPATH haen restricted to fisheries where
data is available, such as Lake Kariba (Moretal. 1997).

Therefore, less complex but powerful empirical mMedeve also been developed using
correlations between fisheries and environmentalabkes like climate (Sissenwine
1984). These correlation models have been usemimyhvariable upwelling fisheries of
West African sardinella (Freon 1991), in Lake KarifKolding 1989, Marshall 1992,
Kolding 1994, Karenge & Kolding 1997), and in Lakanganyika (Plisnier 1997). The
importance of using environmental variables in elatton model of fisheries in
fluctuating water bodies has been reinforced bynibigon that even for the most heavily

exploited populations, natural mortality rates (Mhd to be higher than the rates of
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fishing mortality (Kolding 1989, Marshall 1992),dicating that fishing mortality only
plays a minor role in the total mortality of fish these ecosystems. While static models
have been criticised for ignoring dynamic processed for being unable to predict
structural changes under perturbation, even complic dynamic models that explicitly
account for ecological processes and simulatedifiions are regarded as having very

limited predictive power (Kolding 1994).

To address the scant success of the classical sméatepredicting yield in floodplain
fisheries, it is proposed that the development ainagement tools requires that
floodplains be viewed holistically by considerirglavant factors they interact with, in a
hierarchical order (Figure 1.3). The hierarchy aftérs affecting fish communities in
floodplains can be separated into the followingegaties: (1) climate, (2) morpho-
edaphic structures of the habitat, and (3) biotenponents (including fish). As an
ecotone (aquatic-terrestrial transitional zone)flbedplain also affects various aspects of
the local ecology, by changing values of many \deis such as humidity, temperature
and sedimentation (Kolasa & Zalewski 1995). Paldsicthabitats often accelerate or
intensify such processes as mineralisation of ocgamatter and sediment build-up
(Ranwell 1974). Most predictive models for floodpldisheries to date have taken
morpho-edaphic factors into account, but have igddhe climatic factors that are a
mega-determinant of variability of floodplain fisies. Therefore, the comprehensive
understanding and management of the Lower Shiredplain fisheries can be best
achieved by adopting a hierarchical order approéElyure 1.3). Hierarchical
ecosystems theory stipulates that pattern and gsamaerate on different levels or scales,
and determining cause-effect requires a hierarthpeaspective, or examining all
interacting components (Allen & Starr 1982, O’'Neitlal. 1989). Hierarchical approach
has been reported to be of great importance gocttimprehensive study of complex
ecological systems (Allen & Starr 1982, Allen & Hs&ra 1992) such as aquatic systems
(Costa-Pierce 2003).
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Therefore, four stages must be followed in ordeddeelop the management plan for the
Lower Shire Floodplain. Firstly, the climate of thheodplains must be understood since
climate affects the rainfall, which in return detémes the hydrology of the river and
floodplain. Secondly, it is necessary to have aAudoberstanding of the hydrology of the
system and the way in which it affects the comnadisciimportant fish species of the
floodplain. Thirdly, an assessment of the statugheffloodplain fisheries is necessary in
order to determine the key indicator species aeddfel of fish catches in the systems,
as well as their relationship with the hydrologiparameters. The final stage is to decide
on the best way to manage the fisheries of thedfin, by manipulating the
relationship between climate, hydrology and theioter biological aspects of the key

indicator species through systematic analyses @tidtecal modelling.
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Thesis outline

The overriding hypothesis tested in this studyhat tthe dynamics of the fishery of the
Lower Shire Floodplain are driven by and are adhptethe seasonal, but predictable,
hydro-climatic regime of the floodplain”. The pripte aim of this thesis was to develop
a predictive model that incorporates data on emdeniblogical aspects of the target
species, characteristics of the habitat as wethvasall climatic factors, to allow for the
adaptive management of the fisheries in a contislyouluctuating floodplain
environment. There were three major reasons foosihg this type of model for the
Lower Shire Floodplain. First, despite fish beinyexy important source of food and
livelihood for many Malawians, current fisheriesmagement strategies are ad hoc, and
have not been reviewed since their formulation 086r years ago, despite major
environmental changes (e.g. increased water olsinicinvasive weed, siltation,
increased fishing effort) that have occurred in$ihére River system. Secondly, there is a
lack of quantitative data regarding certain undegyecological variabilities of the
floodplain (e.g. water levels, climatic, habitalated variables), which are necessary for
developing a model for informed management of iBbery. Thirdly, vital biological
data of key species necessary for the formulatifoa fishery management plan for the
floodplain was lacking.

The thesis is presented in eight chapters. Ch@mdescribes the climate and hydrological
pattern of the floodplain. This chapter also tefits ecological theory concerning
predictability of the environment namely that: $eseasonal environments tend to be
more constant and predictable” (Lowe-McConnell )98i Chapter 3, a quantitative
characterisation of the major habitats of the LoBhire Floodplain is developed. The
hypothesis tested in this chapter is that “the taébiof the floodplain are not fixed but
their characteristics change seasonally accordirfgrtare in “phase-transition” with) the

hydro-climatic regime”.
Chapter 4 assesses the biological parameters oftvwibe principal target species

(Oreochromis mossambicasd Clarias gariepinu¥, as input parameters for the hydro-

climatic fisheries model. In Chapter 5, an analyisismade of the impact of water
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fluctuation on the recruitment and life historytbé two target species in the floodplains.
The hypothesis being tested is that “recruitmenthim floodplain is not random but a

consequence of life history strategies adoptechsumre that the young are produced at a
time of year most favourable for survival”. In Chep6 the fishery is assessed in terms

of gear utilisation, gear selectivity and yield.

Chapter 7 considers the development of a preditijro-climatic fisheries model. The
hypothesis being tested is that “there is a cloggical relationship between overall fish
production indices and the climatic and hydrolobidaaracteristics of the floodplain”.
Finally, in the concluding chapter a set of guidimgnciples for the management of
African Floodplain fisheries and the utility of thhew hydro-climatic fisheries model are
considered.
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Chapter 2
Climate and Hydrology of the Lower Shire River Floalplain

2.1 Introduction

Climate is the most important factor controllingterahed processes (Lotspeich 1980).
Its three elements (temperature, precipitationsaar radiation) form the most important
links in the hydrological cycle and are considei@drive ecosystem production (Cramer
et al. 1999, Aber & Freuder 2000), since these providerggnand water necessary for
life processes (Gordast al. 1992).

Research in floodplain ecosystems is often disu@$ipecific, generating results that do
not offer fisheries managers the opportunity toedigy an integrated management plan.
For example, climatologists are concerned with agyerand extreme variations in the
state of the atmosphere over a period of time (&b& Pollak 1950); hydrologists are
concerned with modelling water movement both akerve below ground (Gordcet al.
1992); and fisheries biologists are interestedvarrand floodplains as habitat essential
for the survival of fish stocks (Holcik & Bastl 187Welcomme 1979, Bayley 1981).
However, there is a growing realisation that adimiunderstanding of the climate and
hydrology of the three most important African indarecosystems (shallow lakes,
floodplains and pelagic upwelling zones), which emyb climate-induced fluctuations
(Sarch & Allison 2000), is an important step towsaslistainable management of their
fisheries (Kalk, McLachlan & Howard-Williams 1978larshall 1982, Lae 1992, Plisnier
1997, Kapetsky 1998, 2000, Sarch & Birkett 2000¢cB& Allison 2000).

Before the climate and hydrology of a floodplaim dz understood comprehensively, it
is necessary to identify the links between the emtties. Pringle (2001) reported that
the climate and the hydrology of floodplains ar&kdéid at a landscape, regional or even
global level through the hydrological cycle. Theer and the floodplain are linked
through hydrologic connectivity (Ward 1998). Hydygic connectivity is defined as the
water-mediated transfer of matter (energy or orgyas) between the river channel and

the floodplain and between surface and subsurfacgpartments (Ward 1998, Pringle

15



2001). The transfer of matter can also occur withlibetween elements of the hydrologic
cycle (Pringle 2001).

While the hydrologic cycle is the link between dite and hydrology of floodplains, the
link between the river, floodplain and biota isahgh the concept of the “flood-pulse”
(Junket al. 1989). The flood-pulse is the pulsing of riveratiiarge, which facilitates the
lateral exchange of water and matter between tiwdfilain and river channel and aids
nutrient recycling within the floodplain (Jurdt al. 1989). Lateral exchange between the
river and floodplain occurs when the river overflouts banks. The water level or
discharge at which this occurs is known as “bark{lleopold et. al 1960, Wolman &
Leopold 1957, Leopold & Skibitzke 1967, Emmett 198peight 1965, Harvey 1969,
Pickup & Warner 1976, Williams 1978).

The flood-pulse is manifested in a number of waysst, the hydrological regime,
chemistry and nutrient status of the river-floodpleo a large extent reflect the climate
and seasonality of precipitation of its upstreantclument area (Junlket al. 1989).
Secondly, the life cycles of biota inhabiting theofiplain are related to the flood-pulse
in terms of its annual timing, duration and theeraf rise and fall in water level.
Consequently, floodplains are dominated by fishcigse that depend on seasonal
colonisation of floodplain habitat (Bonet&t al. 1969, Welcomme 1979, Bayley 1981,
Goulding 1981). Spawning of many species occuthebeginning or during the rising
flood, resulting in timely colonisation of the fldplains by juveniles for feeding and
shelter (Bruton & Allanson 1974, Willoughby & Twdddl978, Bruton 1979, Hollaneét
al. 1983, Welcomme 1985, Lowe-McConnell 1987, Weyl &dHdt 1998). Moreover,
many floodplain fish species show seasonality iodfaptake related to flood cycles
(Lowe-McConnell 1964, Willoughby & Tweddle 1978Goulding 1980, 1981, Junk
1982, Ribeiro 1983, Merron 1991).

A holistic understanding of the climate and hydgylef the Lower Shire Floodplain, in
particular the link between the two, is importastiamay provide the basis for a better

understanding of the life history and biology oé tfish species. Currently, neither the
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climate nor the hydrology of the Lower Shire Flotadip has been quantitatively
described. The only previous description (SVADD 3Rig based on observations of the
entire Lower Shire Valley and does not provide adée and detailed information and

data for the climate of the floodplain.

The climate of the Lower Shire Valley is characted by two well-defined seasons; the
hot-dry season from May to October, and the warrhsgason from November to April.
Rains are generally low and erratic (between 65D7G0 mm per annum) with the onset
dates varying significantly from year to year (S¥B 1975). In wetter years, the Lower
Shire receives light rains from April to July cadd®y the intrusion of moist maritime air
from the Indian Ocean (Lineham 1972). Mean maxinmiomthly temperature in October
and November is 27°€, while mean minimum temperatures are in the rarige3.3 and
22.8C, in January and late October, respectively (SVATID5).

The hydrology of the Shire River was dominated by trought of 1992 and below-
average rainfall over five subsequent years (19883}, which reduced the level of Lake
Malawi to a record low of 473 m.a.s.l. This in tueduced the daily mean flow in the
Shire River to as little as 130%mec’ in 1997 (Sibande 2001). Since 1998 river flow has
increased, remaining well above the minimum flowl @0 n¥.se¢" required for operation

of the hydroelectric power stations (Sibande 2001).

It has been reported that flooding in the Lowerr&liloodplain is caused by the Ruo
River tributary which holds back water flow of tishire at the confluence of the two
rivers. This causes the Shire to fill the Elephifarshes (Halcrow 1954, Pike 1972,
Tweddleet al. 1979). These observations are, however, largealitqtive and are not
based on detailed analyses of critical hydrologiemeters such as monthly, seasonal or
annual variation in water level, the bankfull lelthe floodplain, or factors affecting
the floodplain’s water level. The current, mostlyatitative understanding of the
floodplain’s hydrology does not provide an adequzsis for the development of water

and fisheries management strategies.
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Assuming climatic and hydrologic events in the Low®hire Floodplain repeat
themselves each year, then a predictable seasait@trpmust emerge. Reshal. (1988)
reported that predictability of river flow is ecgloally important since it is thought to
influence the evolution of behavioural mechanismd the timing of life-history stages in
stream biota. A number of predictive models havenbeased in studies of climate,
hydrology and general ecology. These include simpieariate and multivariate
regression models used mainly by ecologists (Rig#82, Fisher & Grimm 1991) or
more complex periodic regressions by climatolog{§&enrad & Pollak 1950, Roosen
1973), hydrologists (Cluis 1972, Toner & Keddy 19€aissieet al. 2001) and fisheries
biologists (Bellet al. 1995). Generally, regression methods are useftdus® they help
to determine relationships between variables asd edveal relationships whereby one
variable can be predicted from others (Hann 197@rdGn et al. 1992). Sustainable
management of the Lower Shire Floodplain requites development of a simple
predictive model that is able to predict the dyraof hydro-climatic events. Such a
model can, for example, be based on variablesctiyature the timing, duration and rate
of the flood-pulse in relation to key climatic pareters. Giverthe relationship between
climate and hydrology (Junét al. 1989, Ward 1998, Pringle 2001), it is hypothesised
that the dynamics of the flood-pulse of the Lowkir& Floodplain can be predicted using

data concerning key climatic variables.

The objective of this part of the study was to diéscthe climate and hydrology of the
Lower Shire Floodplain and to develop a hydro-ctimaredictive model for the timing,

duration and rate of the flood-pulse of the flo@dpl This information formed the basis
for understanding the influence of the flood-putse spawning, feeding, growth and

recruitment of the key commercial species of thedblain.

2.2 Materials and methods

Type and source of data

The climate of the Lower Shire Floodplain was stddusing daily mean values of ten
major climatic elements recorded at the Makhanggebfelogical Station (Fig. 2.1), in

the floodplain. The climatic elements were; preeifpon (rainfall) (mm), thunder days
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(days.montH), temperature (°C), relative humidity (RH%), winelocity (m.sed),
evaporation (E mm), evapotranspiration (ET mm)eptéal evapotranspiration (PE mm),
cloud cover (octans), and sunshine (hour®ay¥he hydrology of the Shire River was
determined using daily mean water level (m) at seyauging stations. These stations
were at Mangochi (the only existing gauging stafiorthe Upper Shire), Liwonde and
Zalewa in the Middle Shire, and Chikwawa, ThangaRzio and Chiromo in the Lower
Shire (Fig. 1.1). Water temperature was measurethénShire at Chiromo daily, at a
depth of 0.30 m, with a calibrated hand-held YSIdelo51 B oxygen meter. The
meteorological and water-gauging stations are mdrtthe World Meteorological
Organisation (WMO) network; thus, the recording qadures are accredited by and
comply with the technical regulations specifiedtbg WMO on climate (WMO 1988)
and hydrology (WMO 1980). The Malawi DepartmentMéteorological Services and
the Hydrology Division of the Malawi Ministry of Wer Resources kindly provided the
climate and water-level data, respectively. Themate data cover a 30-year period from
1960/61 to 1990/91, plus additional data for 19685(091999/2000 (5 years), covering the
period of the field research. Daily water-leveladabver the period between 1980/81 and
1999/2000) (20 years).

Climate of the Lower Shire Floodplain

Analysis of the climate data was geographic (ConkadPollak 1950), so that the
description of the climate of the Lower Shire Flpkain would be consistent with and fits
into any systematic geographic description. Otlgpes of descriptions are agricultural
(Schnelle 1955, cited by Jaagus & Ahas 2000), hd@uestet al. 1999), aerologic and
biologic climate (Conrad & Pollak 1950). Monthly camnnual averages and standard
deviations were calculated for each element ofctimeate data according to methods of
Conrad & Pollak (1950). In order to assess longiteariations in the daily climate
variables, the coefficient of variation (JCwas calculated. Some of the data were
presented in the form of graphs and charts (Ellekkd®87) in order to show monthly

variations and some data were presented in tabie fo
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In order to demarcate the calendar year into ialgrruniform climatic seasons that are
clearly different from each other (Jaagus & Aha8®0“constant thresholds” (Conrad &
Pollak 1950) were used to set point limits so thay mean values of the climatic
variables below or above these points mark the sfaanother season. In this study,
annual mean of daily values were used as “consita@sholds” (Ward & Brooks 1936).
In this way the temperature curve was divided pdds below and above the temperature
threshold. Deviations from the annual means weleutzded by subtracting the annual
mean from the monthly mean. Lastly, monthly rekatigercents were obtained by
calculating the percent of the monthly mean reéatiy the month with the highest value

above the constant threshold.

For example, using air temperature for the monthJohe (20.2°C). The constant
threshold of air temperature in the Lower ShireoBlgain was 25°C; the months of
highest temperature were October and November 9@8.4A monthly deviation from
constant threshold was 20.2-25 =-4.8°C and thdivelgpercent was 4.8/28.4x100=
71.1%. This means that the June temperatures refté&ebelow the threshold.

Hydrology of the Shire River and the Lower Shiredéplain

(i) The flow regime or hydrograph

A water (or hydrological) year in Malawi, starts Movember and ends in October.
Monthly averages, standard deviations and vartglfitioefficient of variation, ¢) were
calculated in order to determine the pattern ofuahmwater level in the Shire River
according to McMahon (1979). Records of monthlyiataon in water level were used to
draw flow regimes or hydrographs (a graph of wéteel with time) by plotting mean
monthly water level (m) at each gauging stationirsgiamonth. The section of the
hydrograph where flow increases is called the rigsimb” and where flow is falling is
the “falling limb”, while the portion depicting ribier rising nor falling flow is called
“baseflow” or estimated average minimum flow neeegdo maintain the flow in the
main river channel (Hawkes 1975). The baseflowxn@@) was calculated according to

Hamilton & Bergen (1984) as follows:
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_lowestmean monthlyflow
meanannual flow

Baseflow index

x100 (Equation 2.1)

(i) Water budget

In order to determine the factors affecting waeael in the floodplain, a water budget
comprised of two parts was calculated. One pareszesl the water supply generated
within the basin originating from components thang in (precipitation, runoff) and
take out water (evaporation). The other part irdiyeassessed the net supplies to the
basin as a residual of inflow and outflow into anam the floodplain. Water supply
generated within the basin, after evaporation iragted from precipitation and runoff,

is known as Net Basin Supplies Compone(nNﬁS{C]) and the supply from inflow and
outflow is known as Net Basin Supplies Resid(MaIBS[ R]) (Brinkman 1983). Thus:

NBYC]|=P+R-E (Equation 2.2)
where P is over-floodplain precipitationR is runoff into the floodplain ancE is

evaporation from the floodplain, and :
NBYR]=AS+0-1+D (Equation 2.3)

where AS is the change in water storage (©tS) computed from the difference in
floodplain levels over a time interval, in this edke beginning and end of a month,is
the outflow, | is the inflow, andD is total monthly diversion of water from the

floodplain.

(i) Mean annual runoff (MAR)
MAR represents the difference between evaporatimh grecipitation (Gordoret al.
1992). It was calculated according to McMahon ()982

meanannual row(miIIion mz)

MAR (mm) =
(mm) catchmentrea(knt)

x 1000 (Equation 2.4)
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where mean annual flow (MAF) is the measure of the anwater delivered from a
catchment relative to its surface area. It was calculatedénaging daily flows over a 10
year period from 1980/81 to 1999/2000. Where thereewsarissing data on
discharge/flow (due to malfunctioning measuring equipmerdjemw level data was
converted to flow using a regression model: Y=a + bXs thelded a = 2.05, b =
0.00482, T = 0.99, SE- 0.054 (1.3%), and was highly significapt0.0000).

(iv) Estimates of the Bankfull level

The level at which the river overflows its banks into fleodplain (bankfull) was
established using a number of empirical methods, whidhded the following:

a) Mean annual water level Welcomme (1985) proposed that bankfull can be
established at the mean annual level. It is assumed th#t\aiyabove the mean
annual level will be large enough to overflow the riveksarSince arithmetic
mean showed annual variability, the “mesor” was usedead. Bell (1999)
described the mesor as a superior measure of centtanignbecause it corrects
for the bias in the mean due to sampling times. The nwasrcalculated using
periodic regression according to Bell (1999).

b) Water level with a return period of 1 — 2 years Return period is the average
length of time, in years, between two flows of given gi@erdonet al. 1992).
Numerous workers have proposed that bankfull disehasgthat flow which
occurs at a return period between 1 and 2 years (@rol& Leopold 1957,
Woodyer 1968, Williams 1978, Rowntree & Wadeson 1998).

(v) Estimating return period or recurrence intervaltfe Bankfull level

Return interval (T-years) is defined as the maximusamdaily flow that would be
equalled or exceedetﬂodl— p) percent of the time (Stedinget al. 1993) and is
described as:

=— (Equation 2.5)
where P is the probability andT is the average recurrence time.

The water level with a return period of 1 — 2 years idastified using two methods.
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a) Fitting log-normal distribution to the observed wassel distribution curve

The first method fitted a log-normal frequency distributfanction to the frequency
distribution curve of the maximum mean daily levelse(f8tgeret al. 1993). The log-

normal distribution function (Haan 1979) was of therfo
P(X)= (2;7)( 205)% ex;{—%(ln X —,uy)zlaj} (X >0) (Equation 2.6)

where P(X) is the probability density function, and and o2 are the mean and variance

of the normal distribution, respectively.

The maximum mean daily water levels were rankedhfemallest to largest, and then
grouped into classes. The observed water levele wleen assigned to the groups
depending on their size. Later the frequency dateewplotted on a graph where the y-
axis represents the frequency and the x-axis repteslass interval (see example in Fig.
2.5a). Finally, the log-normal distribution funatiowas fitted to frequency of the

maximum mean daily water levels.

b) Use of non-parametric quantile of the observatkwlevel distribution curve

The second method estimated return periods usingngparametric quantile estimator
(Porthet al. 2001) of the cumulative distribution function dfet maximum mean daily
water levels. The probability distribution functioof the non-parametric quantile
estimator was described by Stedinger (1993) agvist!

P=1-= (Equation 2.7)

whereP andT have been described in equation 2.5. The cumaeldtequency curve is
generated as described above, except that underative distribution, the frequencies
are progressively summed up. For example, a fiwe-yeturn period is the 1-1/5 = 0'80

quantile (Porthet al. 2001). The next stage is to check on the cumudatisgtribution
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curve, or any computer spreadsheet programmendotifie value of water level or flow
corresponding to 0.80quantile.

(vi) Seasonal analysis of climatic and hydrologicgmeters

Mathematical and periodic regression techniqueseweed to assess and predict the
seasonality of hydrologic parameters of the floadpl The following is a brief
explanation of the steps in periodic regressionoating to Bliss (1970), Batschelet

(1981), Zar (1984), Bebt al.(1995) and Bell (1999).

Periodic function of time (month of the year) sehas the independent variable, while
water level was a dependent variable. Analysisasfance (ANOVA) was used to test
the best-fitting curve (Bliss 1970), assuming thesiduals were independently and
normally distributed, or that least squares prodicden unbiased fit even if those
assumptions were not met (Batschelet 1981). Aigtied model was derived using three
parameters (i.e. length of the cycle or fundamepéaiod, its amplitude, and the phase
lag angle) according to Bliss (1970). The lengthtloé cycle in this case is the
hydrological year (12 months), the amplitude is rtieimum and maximum variation in

the climatic and hydrological variables, and thexgeh angle is the time at which the

hydrologic parameters are at peak. This is expdeissa cosine regression format as:
Y =b+m(co{RX + ) (Equation 2.8)

where:RXis the angular transformed independéhvariable (Month of year: MOY)b

is an interceptm is the slope, and is the phase lag. Transformation Xf variable into
circular variables (RMOY) was done by multiplyingdW (0-12) by 2/12 to obtain an
equivalent radian measure. Equation 2.8 can beenrih equivalent Fourier-regression
format (Baschelet 1981) as:

Y = 3, + B,sin(RX) + B, codRX) (Equation 2.9)
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where3; andf3; are coefficients, anflpis a mean (mesor), equivalent to an intercept in a
non-periodic regression. In an azimuthal systemer&han anglex is measured in a
clockwise direction from the positive Y-axis as ancompass (Belet al. 1995 Bell
1999), location of peak (P) hydrological parametean be determined by visual
inspection of plots, or else by algebra providedBayschelet (1981), where the position

of the peak (F) is 0 units, in degrees, after the nominal zero of §ec(t),

Po=tb +0 (Equation 2.10)

0'= arctar('é%[)7 ) (Equation 2.11)
2

=0 +QC (Equation 2.12)

where QC is a “quadrant correction factor” to beeatitod’. That is QC = 0° if(4,, 5,)

are (++) (first quadrant), QC = 180° if (+-) (sedajquadrant) or (--) (third quadrant) and
QC = 360° if (-+) (fourth quadrant).

The amplitude(A) is the maximum positive or negative departure mdjcted Y
(hydrological parameter) from the mesor, such ttieg maximum is 5, + A, the
minimum is 5, — A, and the entire range .., — Y., = 2A. Where the coefficient;

andf3; (for sin and cos) are two sides of a right triartlen A is the hypotenuse and can

be calculated using Pythagoras’ theorem as:

A= ,/il[y’f + ,[;’22) (Equation 2.13)

(vii) Conceptual hydro-climatic model

Regression analysis was performed to identify thationship between climatic and
hydrological parameters in the floodplain, with #id of computer software Statistlta

(StatSoft, Inc. 1999). Water-level data from ther&iRiver at Chiromo gauging station
(the only outlet for the floodplain) and climatetaldrom Makhanga Meteorological
Station were used for modelling the relationshipMeen climate and hydrology in the

floodplain.
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Independent variables

In the model, eight climatic parameters (relativemidity, rainfall, air temperature,
evaporation, wind speed, sunshine, thunder dayscémdl cover) were independent
variables. These parameters were selected to treflater input (rainfall, relative
humidity, thunder days), output (evaporation), &actors influencing the water budget

(air temperature, wind, clouds) of the floodplain.

Dependent variables

Seven hydrologic parameters i.e. water temperataean water level, minimum water
level, sum of water fluctuationrSWH, river stage RS, level-above-bankfull Lv-BF),
and slope of change in water level (Slope), wepeddent variables. These parameters
were selected to reflect the water level, timindgledd, duration of inundation and rate of
rise and fall of the flood regime. The followingasorief description of the calculation of

the hydrological parameters:

Water level (daily mean) (meters) was obtained fittva gauging station records. The
bankfull was established using the method outliabdve. Sum of water fluctuation
(SWH (m) as a measure of daily differences in wateellées the sum of the differences
between daily water level and a benchmark levell@det al. 1995), in this case the
bankfull level:
swr=Y"(x -x) (Equation 2.14)
i=1

whereiis the monthly mean daily water level, andis the bankfull level. River stage
(RS is the number of days in the month when the wiatezl is above the bankfull level,
and it is an indication of the duration that theofiplain is inundated. Slope is the rate at

which the water level is changing (rising or faif)n
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2.3 Results

2.3.1 Climatic conditions of the Lower Shire Floodfain

General climate

Table 2.1 and Figure 2.2 summarises data that giyeatescribe the climate of the
Lower Shire Floodplain. The floodplain is generalyow-rainfall area (765 + 198 mm),
fairly variable (G = 27%), with the largest amount of rainfall ocaogr between
December and January (Figure 2.3). The area isrggnéumid (mean RH 68%), mild
to hot (25 - 33°C) variable mean monthly diurna2°Q) temperature (Table 2.1 and
Appendix 1). Evaporation and potential evapotramaioin levels were generally higher
than rainfall, more especially in October when wapeed, sunshine and air temperature
were highest (Figure 2.2 and Appendix 1), indiga@nrelationship between evaporation,
air temperature and wind speed. Wind speed incsefasm July (2.6 m.sé&9 to reach a
peak in October (5.5 m.sécand then tapers off in November at the beginmihghe
rainy season. Apart from enhancing evaporationdveilso brings rain to the floodplain
between May and July (locally known as “Chiperoni&s maritime winds from the

southern Mozambican Channel blow through the sonthambezi Valley.

Hydro-climatic seasons

Flood regime and weather data were used to diVideg/éar into hydro-climatic seasons.
Four quarterly hydro-climatic seasons, distincinfreach other, were identified (Table
2.2).

i) Quarterly season 1 (Qrtl) (July - September)

This season is characterised by hot (20-25°C),wkgther (4.5-17.5 mm) with a low
flood regime (4.3 m). During this quarter, rainfi@lels are the lowest, below 10% of the
constant threshold of 63.7 mm.monthwhile temperatures are above 80% of the

constant threshold of 28.4°C per month.
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Table 2.1 Summary of the climatic elements of ltbever Shire Floodplain

Climate element

Characteristics

Rainfall (mm)

Mean annual £SD of 765+198 mm with a coefficienvafiation of 27%
Rainfall due to inter-tropical convergence zoneJZ) and maritime moist air from south Mozambique

Rainy season from Nov. to Mar. (47% of rain in Dased Jan.)

Relative humidity (%)

Monthly daily mean relativarhidity ranges from 76 to 79% (Jan. to Apr.) and®X3% (May to Feb.)

Surface air temperature (°C)

Hottest months are Oct. and Nov. (28.4 + 6.8°Clde=si months are June and July (20.2 + 6.6°C)
Daily mean 25 + 6.8°C; daily minimum 20 + 3.3°Cilglamaximum 33 + 2.8°C
Monthly mean diurnal 12 + 3.3°C

Evaporation (E) (mm)

Mean annual 2203.6 mm
Highest in Oct. (314.9 mm) when the sunshine (94r$) and wind (5.5 m.sérare highest

Evapotranspiration (ET) (mm)

Mean annual 1836.1 mm
Highest in Oct. (217.6 mm) when sunshine (9.4 Hoamsl wind speed (5.5 m.s8and air temperature (28.4 °C

are highest

Potential Evapotranspiration (PE) (mm)

Mean annual 2345.2 mm

Highest values in Oct. (268.2 mm) when wind sp&e8l fn.sec) and air temperature are highest (28.4 °C)

Sunshine (hours)

Mean annual 8.1 hours (range: 7.1 — 9.4); higme€idt. (9.4+1.0 hours)

Cloud cover (octas)

Mean annual 4.1 octas (range: 2.1-5.9); highest(3a9t0.42 octas)

Thunder (days)

Mean annual 78 days (range:0-111.2); highest numitiec. (18+7.6 days)

Wind (m.set)

Falling pressure over southern Mozambique causek-easterly winds, while rising pressure causeshso
easterly winds and brings low cloud witlzde known as “Chiperoni” in Jun-Jul.
Mean monthly speed 3.3 m.8egange: 2.4 - 5.5) highest in Oct. (5.5+1.07 ni3ec
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Table 2.2Hydro-climatic seasons for the Lower Shire Floadipl The values are deviation from constant thrigsffy) and relative

change from constant threshold &% for selected climatic (1961-91) and hydrologl®80 — 2000) elements. Water temperature
values are for the period (1999/2000)

Hydro-climatic Month Rainfall Relative Air temperature Evaporation | Wind Water level | Water
season (Quarterly) (mm) Humidity (%) | (°C) (mm) (m.sec) (m) temperature (°C)
A %A | A LZJAN A %A A % A %A A %A A %
Quarter 3 January 1194 100| 9.4 98.7 20 95|11 -7/4 560 -0.47.3 | 0.77 | 91.0| 2.6 98.3
Peak flood, rainy,  mropr o338 53.3] 104 | 100 1.7 940 -32.3 4809 -0.436 | 1.31| 100 | 3.0 100
hot, humid March 480 | 61.0| 9.4 987 1.1 916 226 511 -093.64] 0.86 | 925| 2.6 985
Quarter 4 April 246 | 21.4 | 7.4 96.2| -0.2 879 -38/9 460 -0[7473 | 057 | 87.7| 1.7 95.0
Humid, cool, May 293| 79 | 44 924| 2.7 | 7885 5018 422 -0l9 .643 -0.07| 77.0| -06 | 872
receding flood June 4700 91 | 34 9011 -48 | 718 -711 3597 -0.93.64 -031] 73.0| -20 | 821
Quarter 1 July -46.2] 96 | 1.4 88.6| -4.8 711 -612 389 -0/77.34| -0.29] 732 -35 76.7
Hot, dry, low flood =700t 546| 50 | 6.6 785 2.6 789 -112 547 0p63.6 | -0.37| 71.9| -4.4 73.6
September| -59.2 25| -14.6] 684 0.7 90,5 559 7p.14 1 855 | -0.61| 68.0| -35 76.7
Quarter 2 October 422 11.7] -17.6| 646 34 100 131.3 190 2[2100 | -0.53| 69.4| -0.9 86.1
Hot, windy, rainy,  "November | 4.6 | 37.3| -9.6 747 34 100 84/6 892 1/57.38 -10 | 615 2.1 96.7
lowfrising flood December | 117.4 989 2.4 89.9 2.4 965 241 660 0518 | -0.34] 725| 2.8 99.2
Constant threshold 63.7 68.6 25.0 183.6 33 4.68 24.8
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i) Quarterly season 2 (Qrt2) (October — December)

Characterised by hot (27-28°C), windy (3.4-5.5 wi‘sewet weather (21.5-181.1 mm)
with low but rising flood regime (4.1 m). Rainfélas started, air temperature, wind speed
and evaporation are at their highest.

iii) Quarterly season 3 (Qrt3) (January - March)

This is a season identified by hot (26-27°C), huifni8-79%RH) and wet (97.8-183.1
mm) weather with the peak flood regime (5.7 m). i, relative humidity, flood
regime, air temperature and water temperature 888lof the constant thresholds.
Evaporation and wind are at their lowest levels.

(iv) Quarterly season 4 (Qrt4) (April — June)

This season is characterised by humid (73-78%RId) caol weather (20-24°C) with a
receding flood regime (4.7 m), and water tempeestuabove 80% of the constant
threshold of 25°C per month. Although it is hot airgt, evaporation levels are below
60% of thresholds (183.6 mm per month), probablyabbse of high humidity and low
wind speed.

2.3.2 Hydrology

(i) General characteristics

The three sections of the Shire River have uniquaacteristics that result in different
flow and runoff patterns. The annual hydrographihef Upper Shire River at the source
(Mangochi gauging station) shows the lowest meamuanwater level in December,
which rises steadily to peak in April (Fig. 2.3)hd Upper Shire River has the highest
baseflow (74%) (Table 2.3), which might be causgdthe buffering effect of Lake
Malawi on the flow of the river. The annual hydraghs at gauging sites in the Middle
Shire River show peaks in February and August (Bi§). The peak in February is
probably caused by inflow of water from the catchings result of local rainfall, while

the one in August could be due to the rise in w#eel in Lake Malawi, which is
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experienced at the Mangochi site in April. The tilag of four to five months is probably
due to the distance over which the water mass mawed ake Malombe, which acts as a

water sump.

Annual hydrographs of the Lower Shire River at @akva, just below Kapichira Falls,
shows the lowest mean annual water level in Decemlith peaks in February and
March (Figure 2.3). The water level declines frorarlbh, but maintains a stable level of
approximately 2 m up to August, then declines toaamual minimum of 1.7 m in
December. The Shire River at Chiromo has a low dl@egime between July and
September and peak flood between January and Mafttangadzi River, one of the
numerous small tributaries of the Shire, showspacat hydrograph of small Lower Shire
tributaries, which experience flash floods, witlwlbaseflow (9%) (Table 2.3) and almost
dry riverbeds during parts of the year. The Rutheslargest and single most important
tributary of the Shire River. It has a fairly stabével because of having its source in
Mulanje Mountain; the lowest being in November,26rt and highest in February (7.53

m).

Generally, mean annual river flow is a reflectidritee size of the catchment; the larger
the catchment the larger the mean annual flowsyeadversa (Table 2.3). Mean annual
runoff (MAR) is also a reflection of the size ofetltatchment area; generally MAR
increases as the catchment area decreases. Tidscaa be seen in the various sections
of the Shire River, where smaller catchment ared®uo and Thangadzi tributaries have
the largest MAR 435.7 mm and 596 mm, respectivEable 2.3).

(i) Annual hydrograph of the Lower Shire Floodplai

Rainfall and water level

The relationship between rainfall at Makhanga amadewlevel in the Shire measured at
Chiromo, for the 4-year period (July 1996 to JuA8® can be seen in Figure 2.4. Water
level in the Shire at Chiromo and rainfall at Makba represent the hydrological and

rainfall status of the floodplain, respectively.r@eally, water level is highest during the
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rainy months and lowest during low-rainfall montfite annual hydrograph representing
the flood regime in the Lower Shire Floodplain fit$o four flood regime categories that
correspond to the quarterly hydro-climatic seasdihese four categories are: low (July
to September), low-but-rising (October to Decembesak (January to March), and
falling or receding (April to June) (Fig.2.5).
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(ii)) Water balance

Bankfull water level was empirically establishedb within the range of 4.7 to 5.15 m
(or 549.79 - 643.15 ks') (average of 4.87 m or 584°m") with a return interval of
between 1.4 and 2 years (Table 2.4). Thereforedfia is likely to occur in the Lower
Shire Floodplain if the water level exceeds 4.7re®t549.79 rhs?) (p < 0.01). This is
the critical minimum water level, which is only exdied or exceeded between January
and April (4.8 m) in the Shire River at ChiromodFR.4). Overall Net Basin Supplies
Components (NBS[C]) shows that the Lower Shire &fdain loses more water than it
gains from rainfall. Annual evaporation (2,203.6 )nis far greater than precipitation
(764.5 mm) and runoff (1301.7 mm), resulting inaamual water deficit of -137.4 mm
(Table 2.5). However, there are monthly variatioRer example, from December to
April, the floodplain’s water budget is positivedagise of the rainy season, as well as in
June due to “Chiperoni” rains brought by maritiménas from the Mozambique
Channel. Heaviest water losses are experiencecebat®eptember and November when

both rainfall and runoff are low (Table 2.5).

Three patterns emerge from Table 2.5 regardingfldo&lplain’s water budget. First,
during the months of high rainfall (December to bkgr precipitation drives the monthly
net basin supplies (NBS), resulting in a positivatev budget. Secondly, during months
of low rainfall (April to July) when flood regimesireceding/low, runoff drives the NBS,
resulting in a low but positive water budget. Thigans that although rainfall is low,
evaporation is not excessively high. Therefore,ewatpply in the floodplain remained
higher than the amount lost through evaporationtdiyy during the transition between
the hot-dry and hot-wet months (August to Novemlvelnen flood regime is low but
rising, evaporation drives tiéBS resulting in a negative water budget. As forrble of
inflow and outflow in the floodplain’s water budget is necessary to focus on the
change in water storage (CIS) (Table 2.5), bec@lSerepresents the net basin supplies
computed from residual of the water balanBlB§R]) after taking into account the

outflow and inflow as well as the monthly changdlaodplain water level.
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Table 2.3Characteristics of streamflow in selected sectafrthe Shire River and its tributaries (1980/81999/2000)

River Gauging Catchment | Mean Mean Baseflow | Mean Mean Max: min C, (mean
section station area (km®) | annual annual index maximum minimum | ratio annual
flow runoff (%) water level | water level | (max/min) level)
(m3.sec") | (mm) (m) (m)
Upper Shire | Mangochi 126,500 830.9 207.145 74 6.551 5.523 1.2 0.08
Middle Shire | Liwonde 130,200 400.3 96.9 53 4.32 3.928 1.1 0.03
Zalewa 133,769 553.9 130.6 52 5.463 4.55 1.2 0.07
Lower Shire | Chikwawa 138,600 510.6 116.6 56 2.983 1.2315 2.42 210
Chiromo 149,500 509.1 107.6 59 6.421 3.5035 1.83 20 0.
Ruo River 748 10.3 435.7 30 8.199 5.95 1.38 0.12
Thangadzi 45.5 0.86 596.1 9 1.518 0.444 3.42 0.75
River
Table 2.4Empirically calculated bankfull for the Lower ShiFloodplain.
Bankfull level Discharge (nt.se¢") | Return interval (years) | Method
(m)
4.7 549.02 1.4 Periodic regression
4.765 562.51 15 Flow duration curve
4.85 580.14 15 Percentile 0.33
5.15 642.39 2 Percentile 0.5
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Table 2.5 Monthly mean + standard deviation of the water deidcomponent in the
Lower Shire Floodplain (mm). Net basin suppliesiv from the estimates of its
components (NBS[C]) and Change in water storag8)&Equations 2.2 and 2.3.

Month Precipitation | Runoff Evaporation | NBS-C CIS

Jan 183.1+75.6| 1379+16.2 176.2+12/6 14482 1011.5 +417.7
Feb 97.5+854 158.4+135 151.3+11]3 104.487 | 517.1+510.1
Mar 111.7+759| 151.8+10.9 161+12.7 102.5 463 | -116.5 + 650.9
Apr 39.1+34.8 134.8+14.8 144.7+16.83 29.3#18 -404.9 + 708.5
May 144 +13.1 111.9+129 132.8+16.1 -6.5%2. -518.2+714.3
Jun 16.7 £ 14.5 101.5+10.8 1125+155 5.7+0.9 -243.3 + 586.9
Jul 17.5+£14.9 98.9+11.1 122.4+58.8 -6.1+4.8 |-54.6+4814
Aug 9.1+7.9 90.2+14.8 172.4+£56.2 -73.1+48.2] -196.9+191.9
Sep 45+6.9 80.1+114 239.5+576 -154.1 50, -218.9+2754
Oct 21.5+30.9 77.3+11.7 314.9+53.y -135.@%2 | -80.4 +450.7
Nov 68.3 £ 34.9 64.3+134 268.2+53.6 67.1518. | -297.5+ 335.7
Dec 181.1+£65.2| 93.7+13.2 207.7+545 -1371408 644.9 £ 95.7
Annual total | 764.5 1301.7 2203.6 -137.4 42.3

In Equation 2.3, outflow@®) and inflow () from and into the floodplain are assumed to
balance because mean annual water discharge av&hk (inlet to the floodplain) and
Chiromo (outlet from the floodplain) are almost ab(range: 507 — 510 fisec’) (Table
2.3). Total diversiond) over the year is assumed negligible because trer@o major

diversions in the floodplain. This establisiéBS-Ras equal to the difference in water
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levels in the floodplain NBYR] = AS). Overall, there is an annual positive water
balance (42.3 mm) generated BBJR]. This means that more water appears to be
retained in the floodplain than the amount flowiogt (Table 2.5), although monthly
variations do occur. From December to Februaryindua rising/high flood regime, more
water is generated ByBSthan is let out by between 50 and 100% (Table Zg&perally,
between March and November, the reductioNlBSis greater than the amount of water
kept in the floodplain by >100%. Putting togethes factors that affect the water supply
to the floodplain (e.gNBC], NBIR]) shows a water deficit of 95.1 mm per year. Yet i
there is a net loss, how does the floodplain mainteater throughout the year? This

question is addressed in the next section.

(iv) Seasonal changes in water levels

A summary of the relationship between water levadl &easons is reflected in the
periodic regression models in Table 2.6. The Cati@h between water level (0.44r* >
0.90) and the month of the year (MOY) were sigaific (0.0000< p = 0.05). Seasonal
cyclic trends in water level in the floodplain, bdson the level in the Shire River at
Chiromo, can be seen in Figure 2.6. Water leveHlithe study sites on the Shire River
and its tributaries vary seasonally. The variatiares strongly positive (0.44 r* > 0.90);
significant (0.000G p = 0.05); and in phase with each other (Table 2.6).

(v) Inter-sectional relationship of water leveltire Shire River with the floodplain

Forward stepwise multiple regression of water lgwe) of the Shire River at Chiromo
(the dependent variable) and water levels at therogauging stations (independent
variable) revealed that only the levels at MangoZhlewa and in the Ruo River had a
significant impact I = 0.84;p < 0.01) on the level in the Shire River at Chirgrand

hence the floodplain. The following regression made best describe the relationship:

CH = - 4.126 + 1.451RU - 0.304MH + 0.315ZW - 0.639
p=0.0003p= 0.0000p= 0.059 p=0.095 p=0.302 (2= 0.84:p<0.001)
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where CH = on Shire River at Chiromo, RU= Ruo (Lov&hire), MH = Mangochi
(Upper Shire), ZW = Zalewa (Middle Shire), CK = @wawa (Lower Shire).

Figure 2.7 shows bivariate regression lines forividdal sites. Judged from the
coefficient of determinationr{ = 0.90;p < 0.001), the Ruo River exerts the greatest
impact on the water level of the Shire River atr@mo, and hence the level in the Lower

Shire Floodplain.
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Figure 2.7 The relationship between water levels of the Lo@kire Floodplain and Ruo River (RU), Shire River

at Mangochi (MH), Zalewa (ZW) and Chikwawa (CK).eltvater level in the Lower Shire Floodplain is lthea
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Table 2.6Relationship between water level (m) and seaddii®Y() in the various sections of the Shire River @sdributaries. The

peak and amplitudes are calculated from Equatidr0(3 13), 7 = coefficient of determinatiomp=level of significance, Int = intercept
2r

Sections and
tributaries of

Parameter

Predictive equation

Amplitude

Peak

p

Shire River
Upper Shire | Mean Y = Int + B;sin(RMOY) +B,cos(MOY) 0.82m 39May | 0.90 | 0.0000
level = 6.07 + 0.346sin(RMOY) — 0.215cos(RMOY)
p = 0.0000 p =@Q
Middle Shire | Mean | Y = Int + B;sin(RMOY) + B,cos(MOY) +Bsin(HMOY) + Bcos(HMOY) 0.07m 1 0.71 | 0.0437
level = 4.07 + 0.004sin(RMOY) — 0.007cos(RMOY) + @08in(RHMOY) +0.0121cos(RHMOY March
p = 0.0067 p =9B&
Middle Shire | Mean Y = Int + B;sin(RMOY) +B,cos(MOY) 0.1767 15" 0.70 | 0.0043
level =4.71 + 0.1247sin(RMQY) + 0.125cos(RMQY) February
p = 0.0099 p =28
Lower Shire | Mean Y = Int + B,SiIN(RMOY) +B,cos(MOY) 0.39 19" 0.57 | 0.0220
level =2.02 + 0.189sin(RMOY) + 0.044cos(RMOY) March
p = 0.0082 p =314
Lower Shire | Mean Y = Int + B;sin(RMOY) +B,cos(MOY) 1.63m 26" 0.73 | 0.0028
Floodplain level =4.677 + 0.671sin(RMOY) + 0.46cos(RMOY) February
p = 0.0028 p =210
Ruo River Mean Y = Int + B;Sin(RMOY) +B,cos(MOY) 0.96 m 5N 0.72 | 0.0035
level = 6.811 + 0.431sin(RMOY) + 0.216cos(RMOY) March
p = 0.0021 p =G20
Thangadzi | Mean Y = Int + B;sin(RMOY) +B,cos(MOY) 0.48 m 231 0.64 | 0.0105
River level = 0.85 + 0.191sin(RMOY) + 0.032cos(RMOY) March

p = 0.0035 p =205

Note: RMOY = MOY(2/12) (i.e., MOY transformed to radians of year)
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2.4 Discussion

Local climate of the Lower Shire River and its ughce on the floodplain

The climate of the floodplain seems to be influehdeternally by the topography,
altitude and floodplain itself, and externally byamtime pressure belts in the Indian
Ocean. Situated at an altitude of about 70 metarseasea level (m.a.s.l.) the floodplain
generally has high average temperatures. Thisdascise because there is a general
decrease in temperature with increasing altitudaboiut 0.55 °C for every 100 meters at

night and increasing about 0.92°C for every 100 umingd the hot part of the day
(Torrance 1972).

Topography influences the climate because the filzidl lies in a valley bordered by
hills that act as a funnel, fanning any air magbkas pass through the valley. Bordering
the floodplain are Thyolo Escarpment on the eastKirk Range and Matandwe hills on
the west and the Namalombo hills in the southw®8W¥DD 1975). As a result, maritime
air masses that enter the Zambezi valley are farm#dard along the Shire River
(Lineham 1972). These air masses have two effedtser they bring rain (May- July)
(Lineham 1972) or coupled with high air temperasuréhey increase the rate of
evaporation from the floodplains (Appendix 1). Ligathe floodplain acts as a
temperature reservoir, due to the low diurnal wegerperature range (Table 2.7).

Table 2.7Maximum and minimum air and water temperaturetélLower Shire Floodplain.

Month Air temperature (°C) Water temperature (°C)
Min. max. A Min. Max. A
January 15 28 13 26 30 4
February 16 29 13 25 30 5
March 19 35 16 26 29 3
April 21 36 15 26 29 3
May 23 34 11 22 28 6
June 23 32 9 20 27 7
July 24 34 10 19 23 4
August 23 34 11 18 24 6
September 23 33 10 19 24 5
October 21 32 11 22 27 5
November 17 30 13 25 30 5
December 17 28 11 26 29 3
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Despite its relatively small size, it is possitiiattcool air from the floodplain moves over
the heated land during the day (floodplain breeme) at night cool air from the land
moves over the floodplain. Such air exchange beatwagy and night has also been

reported to reduce diurnal temperature fluctuatiorisake Malawi (Torrance 1972).

Proposed classification of the climate for the Lo®hire Floodplain:

(i) Koppen classification System

A widely used method for classifying climate is tkeppen system (McKnight 1990).
The method uses easily acquired statistics on meanthly values of temperature and
precipitation (Gordoret al. 1992). The nomenclature for labelling each clintgpe uses

a combination of letters according to Chapnearal. (1985) (Table 2.8). Based on this
system, the climate of the Lower Shire Floodplaam de classified as “tropical hot-

rainy” or “Awa”, where:

“A’ = a tropical rainy climate with no month cooléah 18°C (Table 2.8),
“w” = winter drought (i.e. winter is the period ofk rainfall) (Table 2.8), and

“a” = warmer summer temperatures (Table 2.8).
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Table 2.8Description of letters and nomenclature of the p@pclimate system, adapted from Chapetaal. (1985).!The first letter refers to the
general category of climaf@he second letter refers to the season of leagathiThe third letter fine-tunes the description of suentemperatures
(Gordonet al.(1992).

First letter! | Description Second| Description Third Description
letter? letter *

Tropical rainy climate, with no month cooler tha8°C “s” Summer drought “a” Warmer than “bp”
B Arid climates, where evaporation exceeds rdli{d¢&ssification | “S” Semi-arid “h” Hot

by rainfall) “W” Arid “Kk” Cold

“H” Highland climate

C Humid warm climate, with temperatures in the coohenths “w" Winter drought “b” Warmer than “c”

less than 18°C but more than -3 °C
D Humid cool climate, with the coldest month beloRGand the | “f" Rain all year round

warmest above 10°C
E Tundra climates, with the warmest month belo®C10 “m” Monsoon-type rains
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(i) Hydro-climatic seasons

The climate of the Lower Shire is characterisedhigh temperatures, with two well-
defined seasons: a hot-dry season from May to @ctahd a warm-wet season from
November to April (SVDD 1975). This description séasonal characteristics of the
climate fits well with the (Awd’) classification proposed above. However, both the
description and classification are not sufficielatsaon which to base water management
of the floodplain, because they leave out distfeatures of the flood regime that shape
the climate of the floodplain. By adopting a hyatonatic approach, the two seasons
have been further divided into four. The hot-drgsm has two parts: April to June that
is humid and cool with a receding flood regime ([€a®.2). It is only the second half of
the season that qualifies for “hot-dry” with a Idlwod regime. The warm-wet season is
also subdivided into two periods, both of them Wwet- However, October to December
is further characterised by strong winds and rigiagd regime, while January to March

is a hot-wet-humid season with peak flood regime.

This new hydro-climatic season classification igevant for the management of the
floodplain’s water and fisheries because it hasilmsmonstrated that climate is linked to
the dynamics of the floodplain hydrology. Furthermahis link provides the basis for
future research on climate change because the dgmaifithe floodplain water and biota
can be used as reference points for changes tigat mécur due to a rise in temperature

or changes in any of the climatic parameters.

This is the reason why hydro-climatology has relgebecome a prominent field of

research. This has been due to the realisation tteah a hydrological perspective,
regional variations in precipitation and potent@aporation tend to be mutually
reinforcing since low precipitation is usually asisted with increased potential
evaporation (Fowler 1999). Furthermore, the sedswadables of the hydrological

cycles (e.g. annual runoff, flood and flow) aregkely determined by mean annual rainfall
(Zhanget al.2001).
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Impact of climate and water supply on the waterdgai@f the floodplain

Hydrological characteristics of a river are prirhag reflection of the size and climate of
the catchment (Pike 1972, Welcomme 1985, Goreloal. 1992, Knighton & Nanson
2001). It is important to note that while theraidirect relationship between rainfall and
water level in the floodplain, the relationship nst significant p > 0.05), yet the
relationship was significant with the slope of charin water levelf < 0.05) (Table
2.10). This means that although rainfall bringsexdb the floodplain, the quantity of
rain does not immediately result in a rise in wadéeel, rather it is the rate of change in
the level that is most affected. This is undersadtel since the quantity of water reaching
the river (runoff) is the difference between raihéand evaporation (Chow 1964, Gordon
et al. 1992, Brinkmann 2000). Ecologically, this is venyportant. Younget al. (2000)
reported that changes to the incidence of floamly flariabilities and rates of change of
flow were more important than reduction in discleairy providing important cues to fish

for life-cycle events such as spawning and migratio

It is also interesting to note the inverse relalop between air temperature, wind speed,
evaporation, evapotranspiration, potential-evapsipaation and water level (Table 2.9).
This indicates that an increase in any one of thdseatic parameters leads to a
significant p < 0.05) reduction in water level in the floodplairhe relationship is more
complex than it appears, since evaporation occues euring months of high rainfall
(Table 2.2).
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Table 2.9The correlation coefficient (r) between mean mbnttydrologic and climatic parameters in the Lov@ire Floodplain, and between
catchment areas (K¥nand flow parameters (runoff, mean annual flow badeflow) of the three sections of the Shire Ram tributaries. The

relationship between parameters is linear unlelsroise specified as P = power relationship, RH 8%) relative humidity, PE=potential
evaporation, E=Evaporation, ET=evapotranspiratidasignificant at p<0.05.

Hydrologic parameters Climatic parameters Catchment
. _ _ _ area (km?)
RH Rainfall | Air PE E ET Thunder | Wind Sunshine | Cloud
(%) (mm) temperature | (mm) | (mm) | (mm) | (days) (m.sec’) | (hrs) cover
(°C) (octas)
Water temperature (°C) 0.54 0.79 0.66 0.48 70/00.44 | 0.85 -0.22 -0.44 0.88
Mean water level (m) 0.81| 0.45 0.10 -0.11 -049.18 | 0.34 -0.69 -0.56 0.68
Mean minimum water level (m) 0.78/ 0.25 -0.08 8.2-0.60 | -0.35| 0.15 -0.73 -0.54 0.55
Sum of daily water fluctuation | 0.60 | 0.17 -0.03 -0.1g -045 -0.22 0.09 -0.55 310. 0.42
(SWF) (m)
River stage (days) 0.53] 0.01 -0.28 -0.37 -0/5®.4% | -0.13 -0.58* -0.28 0.20
Level above bankfull 0.87 0.42 -0.01 -0.22 - |-0.29 | 0.29 -0.77* -0.62* 0.67*
0.59*
Slope of change of level 0.06 0.79* 0.44 0.44 .270| 0.45 | 0.77* 0.12 -0.39 0.51
Mean annual runoff (mm) 0.92 *
Mean annual flow (fhse¢’) 0.99 (P)*
Baseflow (%) 0.91 (P)*

Table 2.10Comparison of climatic parameters in selecteddjdains in Southern Africa.

Floodplain | Rainfall Evapotranspiration | Temperature (°C) Reference
(mm) (mm)
Water Air
Shire 765 1836 18-30 15-36 This study
Kafue 762 1650 15-32 20.5-37 Tait (1967)
Okavango 650 1800 9-38 7.0-35|5 Wilson & Dincer7@p
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Compared to the Kafue and Okavango floodplains vingzeive more or less a similar
quantity of rainfall, and have similar general dimc status (Ellenbroek 1987; Merron
1991), the Lower Shire Floodplain experiences fierater evapotranspiration than the
other two, and also has a relatively narrow diuteahperature variation (Table 2.10).
This could be caused by the invasion of the Shakey by the maritime winds that
accelerate evaporation as well as air and heataegghbetween the water and land. The
insignificant contribution of rainfall to the watbudget of tropical floodplains has been
recognised by Welcomme (1985), which leads to e#ineoverall water budget deficit or,
with a few exceptions, to a just balanced budget @kavango). Due to methodological
difficulties few studies have been carried outrowpical African floodplains, hence few
studies are cited in this chapter (Table 2.10). ey, using a net basin suppli®&BE)
approach it has been possible to isolate the impaftt precipitation, runoff and
evaporation. Th&iBSapproach has been widely used in assessing watigrets of the
North American Great Lakes (Brinkmann 1983, 2000).

Three major results have emerged from W&S water-budget analysis of the Lower
Shire Floodplain. Firstly, during months of highepipitation, rainfall accounts for the
greatest supply of water to the floodplain; durimgpnths of low rainfall runoff is
important, and during the hot-dry and hot-rainyigds evaporation has the greatest
impact and hence, drives thBBJC]. It was shown that the Lower Shire Floodplain has
an overall annual negative water budget of -137m.ymaf". It is important to note that
the floodplain experiences the highest water lbssugh evaporation between October
and November, once rains have started (Figure 2.2)milar scenario was reported in
the North American Great Lakes by Brinkmann (20@@hjch he attributed to strong
winds during the rainy season that led to eventgreavaporation during such wet
seasons. Secondly, the floodplain’s overall watéiow and outflow NBYR]) results in

a net positive water budget of 42.3 mm.yeatespite the fact that the difference between
water inflow and outflow is negligible (i.e. meanrmal inflow is 510.6 fhse¢' and
outflow is 509.1 mse¢") (Table 2.3). This points to the fact that thesainet rise in
water level in the floodplain despite the volumeoaftflow cancelling that of inflow.

Similarly, the Okavango Delta experiences high evaipon with outflow (2% of the
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inflow), which almost balanced inflow (Wilson & Dder 1976, Welcomme 1985,
Merron 1991). Thirdly, summing estimatesMBJC] andNBJR] results in a net water
budget deficit of -95.1 mm.year

Although one might, therefore, expect the floodplto dry up completely every year,

this does not happen. This might be explained ljetstanding the hydrological cycle.

In the hydrological cycle, a large proportion oé twvater that falls to the ground in form
of rainfall evaporates directly (evaporation) orotgh plants (evapotranspiration), and
this process of water loss depends on solar ere@y's of sunshine per day) (Davis &
DeWiest 1966). The difference between rainfall wated the amount that is retained on
the surface of the soil is called “runoff”. Parttbe water which continues to infiltrate

below the surface soil (subsurface water) mightflaterally into the streams, then into
the ground-water table and eventually reach theastrchannel to provide the baseflow
(Hawkes 1975; Hamilton & Bergen 1984) (Equation) 2Alternatively, some subsurface

water may remain above the water table in the zdnensaturated flow; or might even

move farther below the water table to become “gdowater” in the zone known as the
“phreatic zone” (Davis & DeWiest 1966).

The water level in the floodplain may likely be mi@ined by the recharge from the
groundwater or the phreatic zone. Welcomme (198§yssted that permanent pools and
lagoons (in the floodplain) must either be fillethaally to a depth greater than the loss
by evaporation, or receive inflow from groundwatBne possibility that the Lower Shire
Floodplain receives an amount of water exceedirgperation does not seem feasible,
since evaporation is high during the period of higinfall. Therefore, this leaves
recharge by groundwater as the most plausible mptithe likely recharge from
groundwater is reflected in a high estimated baseftf 59% (Table 2.3). This volume
enables the floodplain to have water throughoutyér. Determination of the status of
groundwater in the floodplain is beyond the scopeéhts work, but such information
would make an important contribution to a betterdaenstanding and ultimately,

management of the floodplain.
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Seasonal predictability of the flood regime

Seasonal predictability of flow is one of the masportant ecological and economic
factors in river floodplain fisheries and water rmgament (Welcomme 1985, Restal.
1988, Gordonet al. 1992, Younget al. 2000). Predictable river flow is important
ecologically because flow influences evolution d@imting of life-history cycles in river
and floodplain biota (Lowe-McConnell 1964,1987, 297985, Bayley 1981, Junk 1982,
Hollandet al. 1983, Reslet al (1988) (see Chapters 4 and 5).

Annual hydrographs of the various sample gaugiagjast on the Shire River depicted
variability of factors that contribute water to thger (such as rainfall and baseflow).
Furthermore, it has been shown that the flood regimthe Shire River and the Lower
Shire Floodplain is seasonal, as confirmed by thembnic analysis and periodic
regression that showed a positive (04# > 0.90) and significant (0.0009 p = 0.05)
variation (Table 2.6). Therefore, it can be conellithat the water level and flood regime
of the Shire River and the Lower Shire Floodplarhighly predictable at a confidence
level of 95%.

This finding fulfils one of the most important d@tites of river ecology “predictability”.

It confirms the theory which states that “if dakew that a seasonal pattern repeats itself
nearly the same way each year, then the pattepredictable” (Reshet al. 1988).
Seasonality in river flows is a natural pattern ethiin the absence of anthropogenic
influence, is normally broken or altered by naturhhnges in seasonal events, such as
rainfall (Welcomme 1985, 1986, Petts & Foster 19Rket al. 1989, Bayley 1991). In
practice, it means that the predictability of tHeofl regime of the Lower Shire
Floodplain will remain as it is now as long as thare no major changes in the climate,

or alteration of the river flow by constructionadms or irrigation channels.

Effect of hydrological characteristics of the cateint on the flood regime

Inter-sectional differences in the quantity of watkat the upper, middle and lower
sections of the Shire River contribute to the flolath flood regime became clear when

difference between gauging stations were analy®edthe basis of forward stepwise
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multiple regression analysis, the data showed ttiatstations closer to the floodplain
(e.g. Ruo and Chikwawa) have more significant inip@@50< r* > 080, p < 001) on
water level in the floodplain than those farther agw (e.g. Zalewa and

Mangochi)(020< r® > 027, p < 001) (Fig. 2.7).

Working in semi-arid zone rivers, Knighton & Nans(901) reported that inter-station
differences in hydrological characteristics of theers were related to distance and area,
and that variations could be explained by the distafrom the river source. There are
similarities between Knighton & Nanson’s (2001) ehstion and the inter-sectional
difference recorded here. It appears that intetisgal differences in terms of
contribution to water level in the floodplain asdated to (a) the location of the section in
relation to the floodplain, and (b) the durationdstance that the water travels. This is
confirmed by the significant relationship foundweén water level in the floodplain and
the river sections of the Shire River as followsoRr? = 0.80) > Chikwawarf = 0.50) >
Zalewa (* = 0.27 > Mangochirf = 0.20), in the order of proximity to or distar@eay

from the floodplain (Fig. 2.7).

Such inter-sectional variation of hydrological caeristics with area (location) and
duration of travel have been called “scale-depetidarents (Knighton & Nanson 2001).
A synopsis of scale theory is provided below aseduge to a better definition of the
hydrological characteristics of the three sectiohthe Shire River as they relate to the
floodplain. This will improve the understanding thie predictions of the flood regime

and suggestions for management of the floodplain.

“Scale” has been defined as temporal (duration) spatial (area) dimensions at which
phenomena are observed (Peterson & Parker 1998ale'S’Theory” is one of several
emerging ecological theories that have been praptzsexplain observed patterns which
might be the result of numerous processes witleudifft origins and scales in space and
time (Wiens 1989, Peterson & Parker 1998). In manoplogical studies, scales of
observation are set priori (e.g. water level at one site). However, movingang down

the scales, dominant patterns and processes magelad as a result, important aspects
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of the system can be easily overlooked (Peters&tadker 1998, Rietker&t al. 2002). It

has been recently recognised that quantitativeraotens between different sub-
components of ecosystems can only be adequatetyiloed by observing phenomena at
scale both above and below the focal level (Ri&tl2802). Therefore, it seems plausible
that the hydrological characteristics of the Lo&ire Floodplain can be best explained

through scale theory.

First, the spatial aspect of scale can be explaimgdhe relationship between the
catchment area (Kinand the discharge characteristics of the vars@asions of the Shire
River. Baseflow (%) and mean annual flow*(ec') varies significantly as a power
function of catchment area (i.e. y=pxwhile mean annual runoff (mm) varies
significantly as a linear function of catchmentaafee. y=a+cx) (Table 2.9). Thus, on
one hand, the quantity of water flowing from theicbaent (runoff) into the river
increases with decreasing catchment area. On liee band, the quantity of mean annual
flow and baseflow increases at a much higher rate imcreasing catchment area. A
similar type of relationship has been observedewesal large rivers from all continents
(McMahon 1982, Gordoat al. 1992, Knighton & Nanson 2001).

Secondly, the temporal aspect of scale can be ieedldy the inter-sectional variation in

water level, where the water levels at stationsalao the floodplain (e.g. Ruo and
Chikwawa) have significant impact060< r® > 080, p<0.01) on water level in the
floodplain  than those farther away (e.g. Zalewa anilangochi)
(020<r? = 027, p< 001) (Figures 2.7 and 2.8). This indicates that althofligbding in

the floodplain might be caused by locally generatedoff, the water level in the
floodplain is likely to depend on inputs from Lakkalawi as well as catchment areas in

the middle and lower sections of the river.
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However, the farther away from the floodplain tleet®n of the river is, the less is the
impact. This could be explained by transmissiorsdssas the distance from the source
increases. The transmission losses were first tegday (Pike 1972), who noted a time
lag (four months) between high water levels in Lakalawi at Mangochi (April/May)
and the Shire River at Liwonde (August). It is lik¢hat the flood wave gets attenuated
(Shaw 1988, Knight & Shiomo 1996) by the time icbes the Lower Shire Floodplain.
Similar observations on flood-wave attenuation vdistance from source were reported
for the Okavango Delta (McCarthy et al. 1998), Migelta (Welcomme 1985) and the
Kafue floodplains (Ellenbroek 1987).

2.5 Conclusion

The Government of Malawi is planning constructidmmore barrages and dams on the
Shire River for the generation of electricity andgation (Ministry of Water Resources
2003). Planners need to ensure that current rieer fegime is maintained in order to
avoid serial discontinuity (Ward & Stanford1983)wsll as maintaining the hydrologic
connectivity (Junket al. 1989, Ward & Stanford 1995, Heilet al 1995, Pringle 2001).
Serial discontinuity defines the effect a dam hasaaiver by disrupting the continuum
and causing upstream-downstream shifts in biotdt @potic parameters and processes
(Hauer & Stanford 1982, Stanfoed al. 1988, Ward & Stanford 1983).

Since the bankfull water level of the Lower Shitedélplain was established empirically
to be within the range of 4.7 to 5.15 m (or 54964%.15 nm.s’) (Table 2.4), water
regulation on the river should allow these levelsbe maintained, especially between
December and March (the normal flooding season)is M™ill allow hydrologic-
connectivity between the river and the floodplam pgrovide breeding cues for fish
(Rowntree & Wadeson 1998) and create favourabl@dtah the floodplain for feeding

as well as enhancing recruitment success (Chaed ).
The scale-dependence of inter-sectional variatiang/ater level is important for the

management of the Shire River particularly as mgdisheries in the floodplain. First,

sections of the river and tributaries with smatlatchment areas are prone to flash floods
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that reach the floodplain with minimal transmisslosses, while flow in large catchment
areas takes more time to reach the floodplain. &fbeg, the smaller catchments are more
sensitive to any form of river regulation, suchtlas construction of dams. For example,
dam construction on the Ruo would be detrimentatht floodplain because it would
alter the flood-pulse of the Ruo and consequethiit of the floodplain. Secondly, the
effect of catchment proximity to the floodplain meathat alteration of flow in river
sections nearer to the floodplain will cause sigaift changes in the hydrology of the
floodplain. This is coupled to flow variability ithe catchments of lower sections, which
are relatively unstable (.20 — 0.75) (Table 2.3). Therefore, constructbrdams on
the Lower Shire as proposed by the Minstry of W&esources, would have significant
changes from the norm and hence, serious consesgiénicthe fisheries and livelihood

of the riparian communities of the Lower Shire Flptain, and requires careful planning.

The knowledge of climate and hydrology of the Lowéire Floodplain generated in this
study sheds light on the impact of climate andriher flow on the flood regime of the
floodplain. This knowledge forms a strong basis fiwe understanding of the
characteristics and dynamics of the habitats offldaplain, the life history cycles and

strategies of the fish and ultimately the managerokthe floodplain fisheries.
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Chapter 3

Characterisation of habitats in the Lower Shire Fladplain

3.1 Introduction

Seasonal changes in water flow make floodplainesgstcomplex, dynamic and diverse
habitats. This is mainly caused by the processdinsent deposition, which forms bars,
levees, swales, ox-bow lakes, and backwaters, edbhdifferent small-scale habitats
having dynamic physico-chemical and nutrient coodg (Lorenz 1997, Wareét al
1999, Schramnet al 2000). Habitats of river-floodplain systems areamarily defined
by the periodic inundation of the system, whiclnituenced by the seasonal and cyclic
pattern of rainfall, runoff, groundwater rechar¢f;al and regional climate as well as
river discharge or flow. River flow has been deertsal “maestro that orchestrates the
pattern and processes of the river” (Graf 1988)iarektremely important in terms of the
distribution of biota (Mulholland 1981, Welcomme8H) Junket al. 1989, Bayley 1991,
Fisher & Grimm 1991). The seasonal flood regime dsgs constant but repetitious
habitat instability (Odum 1967). Therefore, effeeti management strategies for
floodplain fisheries are best developed after arabhgh consideration of the

characteristics of the habitats that make up tlosystem.

To better describe the Lower Shire Floodplain, Taved: Willoughby (1979) separated
the system into three major habitats viz. riveriagpon, and marsh. The riverine habitat
comprises the main channels of the Shire Riverisngibutary the Ruo River, the banks
of which are dominated by grasses of the gdactsinochloa Lagoons are large open
water bodies usually less than 4 m deep, contaidémge beds of main@eratophyllum
andNymphaeaseparated by small channels and subjected tolewrhtes (Tweddle &
Willoughby 1979). The marsh ecosystem comprisesasangermanently covered in
shallow, standing waters? m deep) with rooted plants of mainBchinochloa the
fringes become dry during low flood, and inundatgdpeak flood (Howard-Williams
1973). Given that these classifications are largielgcriptive and based mainly on water

depth, the distinction, for example, between maunsti lagoon is not very clear. Earlier
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efforts to characterise the Lower Shire Floodplasing physico-chemical features
indicated a tendency for the marshes to lose aimdogatain chemicals at particular times
of the year (Hastings 1973, Howard-Williams 1973&llHt al 1977). However, these

figures were based on two months of data and gaveaaequate picture of true annual
“profit” and “loss” (Hastings 1973). The qualitagivdescription of the habitats provided
by Tweddle & Willoughby (1979) and Howard-Willianis973) is not sufficiently robust

considering the fact that there is a significamtsemal water level fluctuation (Chapter 2).
Therefore, there is a need for a more acceptabigntatively and statistically robust
measure of habitat type for fisheries managersully finderstand the effect of water
fluctuation and habitat on the key commercially artpnt fish species of the Lower Shire

Floodplain.

The nutrient and water exchange between land ircdbghment and the floodplain itself
influences the characteristics of the floodplaibitet. The “flood-pulse” concept or the
pulsing of river discharge (Jurdt al 1989) has been used to explain this exchange of
energy and matter. In this regard, Jwatkal. (1989) observed that the floodplain is an
“aquatic/terrestrial transition zone” (ATTZ), witkhe inshore edge of the aquatic
environment being termed “moving littoral”. Givehat phosphorus and nitrogen are
biolimiting nutrients (Welcomme 2001) both on laf8anchez 1976) and in water
(Wetzel 1975), by comparing the levels of thesenelets in the terrestrial and aquatic
zones of the ATTZ, it should be possible to detaprthe pattern and extent of energy

and matter exchange.

The quantitative characterisation of habitats assification (Barnes 1984) can be
achieved by dividing the whole physical and cheingzta set into increasingly select
groups, or by starting with a particular data se&t aombining and recombining them to
form successively larger groups (Pielou 1977). Anhar of methods for classifying
stream habitats have been developed. These indisdeminate and cluster analysis,
where membership in a group can be predicted froseteof variables (Gordoet al
1992). These variables might be actual measuremgnigarity/dissimilarity indices or

ordination scores from a principal component analydinchin (1987) proposed another
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technique, viz. multidimensional scaling (MDS) a@thrke & Warwick (1997) have
packaged multidimensional scaling (MDS) and priatigpomponent analysis (PCA) into
a computer programme called Primer Software. Howethese classification methods
are only correlative and suggestive of cause-afetiefelationships and can be only as
complete as the list of independent variables ohetl (Fisher & Grimm 1991). For
example, if the model explains 60-90% of the var@rthen a substantial fraction (10-
40%) remains unexplained. Therefore, some workeasvehused more direct
measurements of ecosystem attributes. For exarvaelen & Zehr (1998) used lake
water chemistry and terrestrial characteristicsetogr with univariate ANOVA and

multivariate descriptive discriminant Analysis (DD#tatistics to classify watersheds.

Assuming that the flood-pulse will determine phgsiand chemical properties of the
soils, sediment and water, which in return wilball differentiation into distinct habitats,
then it is hypothesised that the habitats of theodplain are not fixed but their
characteristics change seasonally according toaferin “phase-transition”) with the
hydro-climatic regime. Therefore, there is a needdevelop a simple but robust
guantitative classification tool for floodplain httts. The aim of this study was to
determine the physico-chemical characteristicshefltower Shire Floodplain, and then
use this information to quantitatively define threas different habitats that will allow

further analysis on fish production and yield.

3.2 Materials and Methods

Sampling sites

The study was carried out in representative sitdbeofloodplain’s three major habitats
(see Figure 2.1 and Figure 3.1). Special focus putson dividing the three major
habitats according to their degree of connectitatthe river-channel, and then devising a
set of quantitative indicators, and finally a sétresponse and predictor variables to
synchronise the classification with the hydro-climaeasons developed in Chapter 2. In
the analysis throughout this portion of work, theee habitats are the main river channel
and the immediate floodplain; referred to as rifkrodplains (RF), permanently

connected floodplain lagoons (PCL), and seasomaliyected floodplain lagoons (SCL).
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Figure 3.1 Photographs showing typical habitats of the Lowrire Floodplain (a) main river channel, (b) rifleedplain, note the
extraordinarily wide river-channel, (c) seasonannected lagoon during peak flood, showing decaimgomarshes and sudds, (d) seasonally
connected lagoon during low water level, note thavy weed infestation, especially water hyacirgh permanently connected lagoon, the arrow

marks the connection with the main river channel.
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Three stations were established per sampling sftesy which two samples were
collected once every month. Samples representmgitierine floodplain were collected
at Chiromo, including the Shire/Ruo confluence. Bka® from permanently connected
floodplain lagoons were collected at Mwala and Tavéggoons. Samples representing a

seasonally connected floodplain lagoon were cakbet Bangula and Njale lagoons.

Water level, flow, depth and substrate charactesist

A record of daily water level of the Shire Rivertaé Chiromo gauging station, for the
period from July 1999 to June 2000, was obtainethfthe Hydrological Division of the

Malawi Ministry of Water Reosurces. Vegetative aowrethe habitats was identified as
emergent, submerged or floating according to Howaditlams (1973), and its

frequency measured according to a ranking scale wf 3 (0 = absent, 1 = rare, 2 =
common, 3 = abundant). Depth was measured usiimg anlarked at 10 cm interval and
weighted at the bottom with a heavy piece of m&attom sediments, collected using an
Eckman sediment sampler, were assessed for tdxyufieand texturing” as gravel, sand
and mud, according to the methods of Folk (1986j. samples were sent to the Malawi

Geological Survey Laboratory for analysis of nitag phosphorus, potassium, sodium,

carbon and silicon. Water current was ranked onatesof 0 to 4 (O = no current, 1 =

fast with water

visible but low flow, 2 = fast flow with little wat perturbation, 3

perturbation, 4 = white water) according to Rosegbe& Chapman (1999).

Water quality
Water quality parameters were measured monthlpeasample sites in the three major

habitats, for a period of nineteen months, from &wolser 1998 to June 2000, however,
only those samples from July 1999 to June 2000 wetthe analysis in this chapter.
Water samples were collected 0.3 meters below uhface. Temperature, conductivity,
dissolved oxygen (DO), hydrogen ion concentratipil)( hardness, alkalinity, total
dissolved solids, phosphorus and nitrate were medsaccording to methods outlined in
Strickland & Parson (1972) and Goltermah al. (1978). DO and temperature were
measured with a calibrated hand-held YSI model 6%iggen meter. Conductivity and

pH were measured using hand held meters, calibrdagg. Water transparency was
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measured by secchi-disc visibility according tot@whanet al. (1978). Estimates of total
phosphorus were made from 100-ml water samplesdding Hach’s reagent AccuVac
and reading the colour change on a DREL/2010 Plertatpuaculture Laboratory. Nitrate
was likewise measured by adding Hach’s reagentaNTbtal alkalinity (as CaC{)was
determined by drop-count titration of a 100-ml wasample with sulphuric acid after
adding phenolphthalein as an indicator. Total hesdn(as CaCf) was determined by
drop-count titration of a 100 ml water sample VB TA.

Seasons, statistics and classification

The year was divided into four quarterly hydro-a@dinc seasons (see Chapter 2). Qrtl
(July-September) is characterised by hot, dry weathith a low flood regime, Qrt2
(October-December) is a hot, windy, wet period vatlow but rising flood regime, Qrt3
(January-March) has hot-humid, wet weather with ftbed regime at peak, and Qrt4
(April-June) has humid and cool weather with a déog flood regime. Data (me&ar95%
confidence intervals) from each habitat were sunsadrand arranged with respect to the

quarterly hydro-climatic seasons.

Statistical analyses were carried out with the afidStatistica” computer software.
Differences in the physico-chemical parameters gmibre various habitats and over
different quarterly seasons were tested with a pemaimetric Kruskal-Wallis one-way
analysis of variance (ANOVA) (Zar 1984). Data s&is the quarterly seasons were
combined to test for overall differences in meatluesa of physico-chemical parameters
among the three habitats. Where significant diffees were found, values were
compared using a non-parametric Mann-Whitney U-t@$te relationship between
various physico-chemical and habitat parameters agagssed using forward stepwise
multiple regression analysis. In this type of ragien analysis redundant predictors are
removed to yield a final model that accounts fostraf the variance (Roy 1958, 1967).

Differences in the physico-chemical characteristtshe habits over quarterly seasons

were used to determine the characteristics of #imtdt using similarities, hierarchical

clustering (CLUSTER) and multidimensional scalifd0S). Analysis of similarities
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(ANOSIM) (Clarke 1993) was undertaken to statislyjcdetermine distinctions between
habitats. The tests were performed using the Prioétware (Clarke & Warwick 1994).
The parameters were divided into three groupshydrological (e.g. water level), (ii)
water quality and (iii) habitat structure (e.g. suibte type, vegetation), and spread over

the hydro-climatic seasons.

3.3 Results
Physical characteristics of the habitats

Table 3.1 shows the general physical charactesistiche different sampling sites. The
river-floodplain was characterised by deep fasivitm water, sandy substrate and little
emergent vegetation. The permanently connectedotegavere shallow_ (€ m) with
sandy-mud bottom and slow flowing water, while gsasonally connected lagoons had
slow-flowing or stagnant water, with comparativeiyore emergent and floating

vegetation.

Table 3.1 Summary of the physical characteristics of the danmabitats in the Lower Shire
Floodplain. Habitat type: RF = riverine floodpla®CL = seasonally connected lagoons, PCL =
permanently connected lagoons. Depth in meterseasnnt SD. For frequency of occurrence of
emergent, submergent and floating vegetation, ren&cale is 0 = absent, 1 = rare, 2 = common,
3 = abundant. For water flow, ranking scale is Bo=current, 1 = visible but low flow, 2 = fast
flow with little water perturbations, 3 = fast wittater perturbation, 4 = white water.

Sample site Habita | Mean depth | Substrate Emergent | Submerged | Floating Water

t (m) vegetation | vegetation | vegetation | flow
Chiromo RF 5.93 + 3.35| Sandy 1 0 0 3
Bangula lagoon SCL 3.8+ 0.67 Muddy-sand 3 3 3 0-1
Mwala lagoon | PCL 2.2 £0.45 Sandy-mud 3 2 2 1-2
Twaya lagoon | PCL 25+0.32 Muddy 3 2 2 1-2
Njale lagoon SCL 3.0+£0.91 Muddy-san 3 2 2 1-2

Nutrient characteristics of the soil and sediment

Table 3.2 shows the variations in nutrients in Huiatic/terrestrial transition zone

(ATTZ). Potassium (K) concentration was significantly higher (one-wajN®@VA,
p<0.05) in the water (6.40 + 1.35 mg.land sediment-water interface (12.40 + 4.3 ing.|
! than in the soils (1.80 + 0.65mi)) sediments (1.60 + 0.70 md)] and decomposing
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organic matter (1.40 + 0.52 mg)l A similar trend was observed for sodium {Na
Nitrogen was significantly lower (one-way ANOVA<0.05) in the farm soil (1.0 £ 0.37
mg.") than in the marsh sediments (3.0 + 0.84 Mahd decomposed marsh (4.0 + 0.72
mg."). Phosphate ranged from 1.7 to 1.9 mdnl the marsh sediments and sediment-
water interface of the lagoon and marshes, respgtibut only occurred as a trace in

the farm soil and water. Carbon and silicate weedmded in the soils but not in the

water. Silicate levels were significantly greateng-way ANOVA,p<0.05) in the farm
soil (525.4 + 71.2 mg?) than in the decomposing marsh (268.0 + 53.5 Mahd its
sediments (330.3 + 64.3 mg)l

Table 3.2Chemical characteristics of the aquatic/terrdsir@ensition zone (ATTZ) in the Lower
Shire Floodplain during the rising flood (Novembddata is presented as mean concentration +

Standard Deviation (SD).

4

Chemical parameter Soil Water

Farm soil Marsh Decomposing | Main Floodplain | Sediment-

sediments | marsh channel pools water
interface

Potassium (K) (mg¥) | 1.80+0.65 1.60+0.70| 1.40+0.52 6.40+1.35 7.00+2.022.40+4.3
Sodium (Na) (mg}) | 2.70+0.75 1.2040.61| 0.90+0.47 15.00+4.2 15.0045.%0.00+15.8
Nitrogen (mg.1) 1.0+0.37 3.0+0.84 4.0£0.72 0.00 0.00 0.00
P,0s (mg.") Trace 1.7+0.61 Trace Trace Trace 1.9+0.47
C (mg.I" 12.8+4.8 Trace Trace Trace Trace Trace
SiO, (mg.IY) 525.4+71.2 | 330.3+64.3 268.0+53.5 Trace Trace drac

Physico-chemical characteristics of the habitats

Figure 3.2 shows the daily mean water level (m)vabibe arbitrary datum on the Shire
River at Chiromo and the mean daily water tempeeaflC) in the three sample habitats.

Temperature was lowest in Qrtl during which theewad¢vel was receding. In Qrt2,

when water level was lowest, temperature wasriilhg. During Qrt3 both water level

and temperature were at peak, while during Qrt4h Ibioe water level and temperature
were dropping. However, the mean daily water temjpees in the three habitat types

were not significantly different (one-way ANOVA>0.05).
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Figure 3.2 Mean daily water temperature (°C) in theer floodplain (RF), seasonally connected lagodSCL) and
permanently connected lagoons (PCL); and daily mester level (m) in the Shire River at Chiromo,nfrduly 1999 to June
2000. Qrt1-Qrt4 denote quarterly hydro-climaticsees.

Figures 3.3-3.5 show the mean water depth, condtytiand total dissolved solids
(TDS), respectively, in the three habitats. In @major habitats, water depth varied
significantly between quarterly seasons (one-wayOAM\, p<0.05). Water depth was
greatest during Qrt3 (peak flood phase) and lowashg Qrt2 (low-rising flood phase)
in all habitats (Fig. 3.2 and Table 3.3). Withinbhats, water depth also varied
significantly between quarterly seasons (one-wayOAM, p<0.05) (Fig. 3.3 and Table
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3.3). Alkalinity was lowest during Qrt3 in all hitédts; hardness was highest during Qrt2

in seasonally connected and permanently conneaggbhs, and during Qrt3 in the river-

floodplain; phosphate was lowest during Qrt4 inhalbitats (Table 3.3).

Table 3.3 Seasonal variations in physico-chemical parameiéithe water in river floodplain

(RF), seasonally connected lagoons (SCL) and pesntgnconnected lagoons (PCL) of the

Lower Shire Floodplain. Data presented as mé&ai®%% confidence intervals. Qrtl- Qrt4 are

guarterly hydro-climatic seasons.

Parameter Habitat Quarterly Hydro-climatic seasons
Qrtl Qrt2 Qrt3 Qrtd
Water depth (m) | RF 5.24 + 3.52 2.32+1.73 5.93+2.46 4.44+ 3.39
SCL 3.8 £0.39 25 +£0.0 4.25+1.47 3.8+£0.0
PCL 0.8 +0.22 0.5 +0.21 2.2 +0.68 1.2+0.41
Total dissolved RF 96.5+2.47 120 +34.3 139.5+7.7 121.8+154
solid (mg.1" SCL 736.5 +657.57] 1350+ 0.0 203.5+108.718 11600+
PCL 102.83 + 2.65 132 +56.85 132.83 £3.37 155.63.1
Conductivity RF 195.83 + 3.6 274.6 £0.99 278.5+14.94 2423992
(uS.cm?) SCL 937 + 264.6 2690 +£0.0 407.5+218.54 531.232.29
PCL 204.33+7.62 227 +41.22 265.33 £ 6.63 314.28.42
Water transparency RF 27.83 + 4.89 33+13.19 17.2+9.1 19.2+951
(Secchi disk SCL 24 +0.0 13+0.0 40 + 58.8 50+0.0
visibility) (cm) PCL 23.5+2.07 24 +3.0 17.25 + 3.43 24 +2.26
pH RF 7.83+£0.21 7.718 £0.01 7.54 £0.13 6.83 80.3
SCL 79+0.2 8.1+0.0 6.955 £+ 0.03 7.02+1.1
PCL 7.7+0.2 7.58 +0.43 6.83+0.1 7.41+0.43
Alkalinity (mg.I") | RF 149.33 +48.06] 115.2 + 33.18 86.8 + 30.43 9737.92
SCL 248 + 23.84 280+ 0.0 68 £ 0.0 148 + 0.0
PCL 137 £9.85 136.67+17.29] 117.33+11.16 1B4H516.99
Hardness (mg®) | RF 194.67 £47.02] 130.4 +19.62 164.67 + 20.64 #A3B.95
SCL 303.33 £20.27] 319.5+63.74 202 +0.0 1160t 0
PCL 158.33 +33.73] 243.25+135.48 169.33 + 14.5538 + 24.48
Phosphate (mg?) | RF 1.61+1.01 0.7+0.36 0.81+0.29 0.49 +0.35
SCL 3.31+2.46 1.29+1.06 1.2+0.0 0.12+0.0
PCL 1.08 £ 0.53 1.73+£0.62 1.22+0.8 0.27+£0.11
Nitrate (mg.1") RF 1.1+0.78 0.178 £ 0.16 0.39+0.19 5.79+2.9
SCL 3.83 +6.06 1.12+£0.03 0.96+0.0 0.86 + 0.0
PCL 3.34+1.2 0.89 +0.31 0.35+0.32 6.54 +1.54
Dissolved oxygen | RF 7.99 £ 0.87 6.5+ 0.95 7.88 +£2.25 6.57 + 0.46
(DO) (mg.I") SCL 3.81 +0.66 7.46+4.8 1.99+0.45 2.64 +1.05
PCL 3.96 + 0.82 3.94+1.13 1.33+0.64 3.07+2.1
Temperature®C) RF 24.34 £ 0.48 28.75+0.75 30.25 +0.82 21.8647
SCL 23.03+0.8 28.4+1.0 29.23+0.73 23.7581.8
PCL 22.81+£0.78 24.48 £ 0.76 30.24 +0.42 22.3215
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Figure 3.3 Mean water depth ( in metetD5% confidence interval) for sample sites in theemifloodplains,

permanently connected lagoons and seasonally ctathdagoons in the Lower Shire Floodplain, duriragyrf
quarterly hydro-climatic (Qrt) seasons from Novemb@98 to June 2000. Qrtl = Jul-Sept, Qrt2 = Oae,0Qrt3 =

Jan- Mar, Qrt4 = Apr-Jun. Different letters dendifferences ap<0.05 level of significance (Kruskal-Wallis one-
way ANOVA on ranks; and Mann-Whitney U-test).

The level of nitrate was highest during Qrt4 intbtite river-floodplain and permanently

connected lagoons and highest during Qrtl in thassw®lly connected lagoon.

Phosphates levels ranged between #0® mg.' and 3.3%2.46 mg.l, with a

declining trend in all habitats from Qrt2 to Qr8easonally connected lagoons had the

highest level of phosphate (3.82.46 mg.1") during Qrtl. The permanently connected
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lagoons had the highest phosphate levels (%1362 mg.Y) during Qrt2, while the
river-floodplain had the highest level during QfThble 3.3).
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Conductivity (uS.cm?)

Figure 3.4Mean conductivity (S.cm'+ 95% confidence interval) for sample sites in tiwerefloodplains, and
permanently connected and seasonally connectedragdo the Lower Shire Floodplain, during quartényiro-
climatic (Qrt) seasons, from November 1998 to J@A60. Qrtl = July to September, Qrt2 = October to
December, Qrt3 = January to March, Qrt4 = Apriltme. Different letters denote differencep<.05 level of
significance (Kruskal-Wallis one-way ANOVA on ranksxd Mann-Whitney U-test).
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Figure 3.5 Total dissolved solid in mgtl(meant 95% confidence interval) for sample sites in themfloodplain (RF),
permanently connected lagoons (PCL) and seasooalipected lagoons (SCL) in the Lower Shire Floadplduring
quarterly hydro-climatic (Qrt) seasons from Novemb@98 to June 2000. Qrtl = Jul-Sept, Qrt2 = Oat;0grt3 = Jan-
Mar, Qrt4 = Apr- Jun. Different letters denote diffnces ap<0.05 level of significance (Kruskal-Wallis one-way
ANOVA on ranks; and Mann-Whitney U-test).

Figure 3.6 shows the seasonal variation in pH, D@ter temperature and water
transparency (Secchi disc visibility). In the rivilwodplain and permanently connected
lagoon, the levels of pH, DO and water transparewasied significantly between

quarterly hydro-climatic seasons (one-way ANO\W&0.05). DO and water temperature

also varied significantly (one-way ANOVA<0.05) with season in all three habitats.
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Figure 3.6 Quarterly variation in water temperature, transpay (SDV), dissolved oxygen (DO) and pH with
water levels (m) in river floodplain, permanentynoected lagoon and seasonally connected lagoibre ihower

Shire Floodplain, measured from November 1998 Iy 2000. Qrt1-4 are hydro-climatic seasons.

The differences in physico-chemical characteridtietsveen the three habitats of the

Lower Shire Floodplain

Table 3.4 shows the results of inter-habitat comsparof pooled samples using one-way
ANOVA. There were significant inter-habitat differees p<0.05) in TDS, conductivity,
depth, alkalinity, hardness, and DO. However, thexre no significant (one-way
ANOVA, p>0.05) inter-habitat differences in nutrient lev@osphate and nitrate), pH,

water temperature and transparency.

69



Table 3.4 Results of the Kruskal-Wallis, one-way analysisvafiance (ANOVA) by
ranks and median, and Mann-Whitney U-test for tffece of habitat (RF = river
floodplain SCL = seasonally connected lagoon, P@cr@anently connected lagoon) on
physico-chemical parameter in the Lower Shire Fidaid. Data is presented ps- level

of significance at, ns=not significant at <5% level

Parameter RF x PCL RF x SCL PCL x SCL
PH ns ns ns
Alkalinity (mg.l™?) ns p<0.05 p<0.05
Hardness (mg?) p<0.05 p<0.05 ns
Nitrate (mg.1") ns ns ns
Phosphate (mg?) ns ns ns
Total dissolved solids (mg) | p<0.05 p<0.05 ns
Conductivity (1S.cnmi’) p< 0.05 p<0.05 ns
Dissolved oxygen (mgd-) p<0.05 p<0.05 p<0.05
Secchi-disc visibility (cm) ns ns ns
Temperature (°C) ns ns ns

Table 3.5 shows the relationship among physico-atednparameters upon each other.

Although the correlation between water level, tmarency and temperature with the

other water quality parameters was relatively |®02<r?>0.49), the correlation was

highly significant (0.05p<0.01). It is important to note that there was anificant
positive correlation between water level and pH=(0.49,p = 0.0003), TDSrf = 0.36,p
= 0.01), and conductivity? = 0.22,p = 0.01), but an inverse relationship between water

level and alkalinity, hardness, nitrate, phosplaaig DO (Table 3.5).

Table 3.5Relationship among some physical and chemicahlibas in the Lower Shire
Floodplain. The data is presented as coefficiemtetérminationrf) and percent level of

significance )

Parameter Water level (m) | Transparency (cm) | Temperature (°C)
r° p r° p r> p

pH 0.49 0.0003 0.39 0.001 0.37 0.002
Alkalinity (mg.I™) -0.38 0.01 0.06 0.39 -0.08 0.29
Hardness (mg) -0.29 0.21 -0.002 0.88 0.12 0.19
Nitrate (mg./" -0.15 0.15 | 0.12 0.11 -0.23 0.02
Phosphate (mg’) -0.11 0.18 -0.02 0.55 0.26 0.02
Total dissolved solids (mg) | 0.36 0.01 | -0.13 0.04 -0.06 0.17
Conductivity {iS.cni’) 0.22 0.01 | -0.003 0.77 0.18 0.01
Dissolved oxygen (mg?) -0.29 0.0000 0.12 0.005 -0.15 0.001
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Figures 3.7 and 3.8 show the dendrogram for hibreat clustering and multi-
dimensional scaling ordination computed for thrabitats based on hydrological, water

quality parameters and habitat characteristics 6tibstrate, vegetation and water flow).
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Figure 3.7 Dendrogram for hierarchical clustering of majorbit@ts (RF = river floodplain, SCL =
seasonally connected lagoons, PCL = permanentipemiad lagoons). A, B, C and D represent quarterly
hydro-climatic seasons: A = Qrtl (Jul-Sep), B =XJfct-Dec), C = Qrt3 (Jan-Mar), D = Qrt4 (Apr-Jun)

It is apparent that the three major habitats aeart and significantly distinguishable
from each other (one-way ANOSIM<0.05) (Figures 3.7 & 3.8). The habitats were
defined in the context of hydro-climatic season#hdugh there were minor overlaps
between permanently connected lagoons and seasapnalhected lagoons, and between
permanently connected lagoons and river floodplaihe three broad groups can be
identified as comprising seasonally connected lagppermanently connected lagoons

and river floodplain (Fig. 3.8).
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Figure 3.8 Multi-dimensional scaling (MDS) ordination of thteree habitats (RF = river
floodplain, SCL = seasonally connected lagoons, BQiermanently connected lagoons in the
Lower Shire Floodplain, based on fourth-power tfamsed physical and chemical variables
and Bray-Curtis similarities (stress = 0.0%). B, C and D represent quarterly hydro-climatic
seasons: A = Qrtl (Jul-Sep), B = Qrt2 (Oct-Decy}, Qrt3 (Jan-Mar), D = Qrt4 (Apr-Jun).

3.4 Discussion

The three major habitats of the Lower Shire Floaotpseem to exhibit nutrient dynamics
which are characteristic of the different habit&aldwin & Mitchell (2000) recognised
the division between soil and sediment as arbifrangce soil and sediments of the
floodplain are differentiated by the period of swdsgence; thus, sediments are inundated
and rarely exposed to the air, while soils are sgdato the air for longer periods than
they are inundated. Therefore, sequential wetting drying process influences the
nutrient dynamics in the ATTZ. Findings from thisidy seem to support the report by
Baldwin & Mitchell (2000).

While the level of sodium (N was found to be higher than potassiuni)(ik the farm

soil, both cations were less concentrated in then feoil than in water. However, Na
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concentration (15-50 mg) was greater than the*iconcentration (6.4—12.40 mig)lin
the water (Table 3.2). Availability of cations inet soil is governed by climatic factors,
soil type and the mode of bonding to the soil plet (Maida 1985). Petts & Foster
(1985) noted that potassium usually exists in miaever concentrations in river water
than sodium, because the large size of théoK (N& is smaller and highly soluble) gets
fixed in soil minerals in layered lattice structswr®lineral with a layered lattice structure
are illites and vermiculite (Pedro 1973, Mengel &Kky 1982); these minerals are
common in soils of the Lower Shire Valley (Maida809 1985), this might explain the
higher concentration of Nahan K in the water of the Lower Shire Floodplain.

Despite high concentration of silicon, carbon aitdbgen in the farm soils (Table 3.2)
and the soils of the Lower Shire Valley in gendMaida 1985), the recorded levels of
these elements were lower in the sediments andr wétine floodplain. This could be
interpreted as being a result of a complexity athege of energy and matter in the
ATTZ. Ibanez et al. (2000) reported low nutrient concentrations in pie-Amazonian
floodplain in the rainy season and attributed thisan intensive recycling process and
dilution caused directly by rainfall. Importantlthe efficiency of organic matter
materialisation and nutrient cycling in floodplaagosystems depends on a fine balance
between aerobic and anaerobic processes (BaldwMit&hell 2000), as well as the

presence of bio-available carbon to support meitabgtivities (Gottschal 1986).

Given that the low carbon concentration in the diplain (Table 3.2) was probably a
result of drying of the sediment (during the lowdtl regime), there was likely a severe
carbon limitation and consequently a decreasearrdke of nutrient cycling. Hence, the
reduction in sediment-nutrient processing followiegisodic wetting-drying cycles
(Baldwin & Mitchell 2000) as observed by low carbooncentration in the floodplain
(Table 3.2). A higher level of phosphate in theoflplain sediments than in farm soils
may indicate an internal generation of phosphatéenfloodplain ecosystem. This could
also be influenced by the flood regime, since ldhgghes of mineral N and P have been
reported in re-wetted soils and sediment (Birth @ 96tarling & Ross 1988, Qui &
McComb 1995) as a result of drying-induced micrbball lysis (Baldwin & Mitchell
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2000). In addition, this condition could also beplexned by the nature of soils in the
floodplain, which are rich in vermiculite mineralsat have a tendency to absorb large
guantities of phosphate (Sanchez 1976).

The most significant effect of inundation is isaatof the soil from atmospheric oxygen,
and hence the potential onset of anoxia (Faulkn&ié&ardson 1989). Upon inundation
of floodplain soil, an initial increase in aerolhieterotrophy and nitrification activity are
expected, with the potential for an increase ineamlsic conditions as the flood duration
advances (Baldwin & Mitchell 2000). This procesdl wasult in a loss of N and release
of P as a result of iron (Fe (lll) (Maida 1978) asulphate-reducing bacterial activity
(Baldwin & Mitchell 2000).

Variation in quarterly hydro-climatic physico-charai characteristics of the water in the
three habitats is a clear indication of the inflceeiof the flood regime. High conductivity
(195-269QuS.cm) (Table 3.3) is an indication of high availabili§ dissolved nutrients
in the floodplain. In fact the value is one of thigthest levels recorded for southern
hemisphere rivers (Table 3.6). Talling & Talling9@b) noted that in African natural
freshwaters 60-80% of TDS concentration consistsadrbonate ions, which, at pH 6-8,
regulates pH by the calcium-carbonate bufferingesys During Qrt3 (peak flood period)
pH (6.83 — 6.95) and DO (1.33-1.99 ny.In the seasonally connected and permanently
connected lagoons were at their lowest. This may b@en caused by the decomposition
of recently inundated floodplain vegetation, crepidues from dry season cultivation and
a high quantity of organic matter brought into tliee@dplain by runoff.

Higher levels of carbon may not have been recorbedause of rapid rates of
decomposition (Table 3.2). For example, it has beported that most organic matter in
the Amazon floodplains was completely decomposethimithe first few weeks of
inundation (Furch & Junk 1985, Thomeizal. 1992).
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Table 3.6Comparison of physico-chemical characteristicefLower Shire Floodplain with other river-floodpis in Africa. Sources: 1 = Davies (1986), 2
= Petr (1970), 3 = Petr (1986), 4 = Hastings (1933) Howard-Williams (1973), 6 = This study, 7 adbe (1974), 8= Bailey (1986), 9 = Begg (1970)710

Hall et al. (1977), 11 = Seamaat al. (1978)

River system | Conductivity (pS.cm®) | pH Alkalinit | Hardness | Nitrate Phosphate | Dissolved | Temperature | Water Source
y (mg.I | (mg.I") (mg.I" (mg.I") Oxygen | (°C) transparency
(DO) (SDV cm)
(mg.I™")
Kafue 30-320 6.8-8.2 25-192 23-240 1.4-8.3 1%9-2 34.63-124.07
1
Black Volta 7.7-8.6| 76-90 29.8-31.7 2,3
Shire 240 7.1-7.8 70-80 0.1-0.45 2-11 26-30 4,5
Shire 195-2690 6.95- | 68-248 116-303 0.18-3.83  0.12-3.31 1.33-7.88 2B@&5 13-50 6
8.1
Lake Kariba 7.44-94.7 8.4 1.49-41.7 0.01-0.017 220-537 7
Zaire River 6.4-8.2 1-18.1 23-33 8
Zambezi 55-75 5.5- 12-33 7-35.2 0.0008- | 0.005-0.37 | 0.96-8.35 3-23 20-537 9
(Kariba) 8.35 0.0015
Zambezi 61-315 7.54 17-110 6-54 0.13-0.18 0.09-0.21 2.61-5 4-24 30-31 10
(below Shire
confluence)
Lake Liambezi | 23.8-27.9 - 30.9-33(6 - 0.2-0.3 -D2 10 11
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The decaying of organic matter was evident by timellsof sulphide (most likely
hydrogen sulphide) in the floodplain between Fetyruand March (personal
observation). Similarly, in the Amazon, Juakal. (1983) reported that the level of
H,S reached 1 mglduring the month of December when detritus brougtut the
floodplain lakes by floodwater was decaying.

Low pH and DO in pre-Amazonian floodplains durinte tpeak flood have been
attributed to the abundant presence of aquatic opagtes in all shallow areas and
decomposition of humic compounds (Schmidt 1973, &Hiill 1981 & 1982, Ibaez

et al. 2000). When aquatic plants take up bicarbonate fveater of pH 6-9, they

excrete hydroxyl ions into less buffered water, dadaying organic material produce
humic acid, causing the pH to drop (Welzel 1973)ergfore, reduction of pH and
DO in the Lower Shire Floodplain during the peabofl period (Qrt3) could have
been caused by both decomposition of recently iatgwd organic material and
presence of abundant aquatic macrophytes whosetlgroas been stimulated by

recent rainfall and flooding.

The decline in alkalinity and hardness in all tlabikats during the peak flood period
(Qrt3) and subsequent reduction in pH is furthédewce of the uptake of bicarbonate
from the water, and a general paucity of Gand Md" ions as these ions might have
chelated with allochthonous and autochthonous acgawatter brought in by flood
waters. Free G ions are said to be rare in the natural envirorirbegause of the
strong propensity of Gafor chelating with humic compounds that also ablsamd
precipitate phosphates (Sanchez 1976). Low pH @arcdused by a decrease in
exchangeable cations becausk tHings into the ambient solution cations such as
Mg?* and C&" by exchange reactions. These cations are suskeeptitleaching, as
they are not strongly adsorbed by soil colloids iddal985). This may best explain
why phosphate concentration in all the three h#bitkeclined from Qrtl to Qrt3
(Table 3.3). Hastings (1973), based on recordingglemonly in December and
January, reported that the Lower Shire Floodplaas Wsing chemical elements such
as phosphate by gaining oxygen and nitrate. Thainfgs in this study may offer a
more complete picture and understanding of theoreasvhy certain chemical
elements are available or absent in the floodpawmsystem, at certain periods of the

year.
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Conductivity and TDS peaked in Qrt3 in the riveoditiplain and permanently
connected lagoons, and in Qrt2 in the seasonalhnected lagoons, reflecting a
possible influx of ions brought in by the floodsorn the catchment area. High
conductivity has also been reported during peaidifoin the Amazon as a result of
nutrient-rich runoff water from the catchment (Thammet al. 1992). Similarly,
Bootsma & Hecky (1999) reported high nutrient coricgions in rivers flowing into
Lake Malawi just as flow increased at the beginrohthe rainy season.

It is interesting to note that both phosphate aitidite were generally higher during
Qrt4 and Qrtl in all the three habitats. Phosph@md nitrogen are both major
primary rate-limiting elements (Wetzel 1975) alserred to as biolimiting nutrients
(Welcomme 2001). Probably aided by a rise in phinperature and DO levels,
decomposition of organic matter was enhanced dudirtg, and hence mineralisation
of the two elements may have been faster. Duriegptiocess of decomposition, in
general, temperature will primarily affect the satef decay, whereas oxygen will
influence the efficiency and completeness of deamsitipn (Wetzel 1975; Godshalk
& Wetzel 1978). This could be the reason why theceatration of phosphate and
nitrate increased during Qrt4, and peaked in Q¥titably, fish species in the Lower
Shire Floodplain are young in Qrt4 and Qrtl, adcad by the high density of
juveniles in the littoral zone (Chapter 5); and ¢enfertile water during this time

ensures abundant food for juvenile fish.

The high concentration of nitrate and phosphat@rii could also be a result of aerial
deposition from fires, set by farmers as they ctearshland for cultivation (personal
observation). Hastings (1973) also reported maséires in the Lower Shire
Floodplain, especially in the north-eastern padisotsma & Hecky (1999) reported
that seasonal burning of grasses in the catchmiebtike Malawi stimulates soil

fertility, which in return mobilizes nitrogen anti@sphorus in surface waters.

The physico-chemical characteristics of the LowareSFloodplain are influenced by
a number of physical and chemical factors, as sgpted by coefficient of
determination listed in Table 3.5. The inverse dirdct correlations between water
level and chemical elements reflect the dilutiond aconcentration effects of

floodwater on water chemistry (Egborge 1971). lis gtudy the overall relationship
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was positive, except in the seasonally connectgdolas. Possibly, the mixing of
water from the lagoons and the river-floodplaindueces water with relatively lower
conductivity. Furch (1984) also reported that therenthe water of the lakes in the

Amazon mixed with river water, the lower was theameonductivity value.

Exhibition of a simultaneously negative and positikelationship between some
physico-chemical parameters and the flood regimppaus the hypothesis that the
habitats of the floodplain are not fixed but are “whase-transition” with the
hydrological (and obviously the climate) regime l(@a 1983; Levin & Segel 1985;
Hollandet al. 1991).

If the theory of phase transition is applicableatgarticular floodplain, then the
system must conform to a number of attributes.tlgirthe floodplain must exhibit
fundamental changes in phase or spatial structdilag et al. 1996). This can be
demonstrated by the dynamic changes in physico-ida¢characteristics with hydro-
climatic seasons, which define the characterisdigitats of the floodplain (see Table
3.3, Figures 3.7 and 3.8). Secondly, fundamentahghls in phase must occur at a
critical threshold for controlling factors (e.gntperature, density) (Milnet al. 1996).
The four quarterly hydro-climatic seasons affectimg Lower Shire Floodplain, were
established based on “critical thresholds” (Chag@erof climatic and hydrologic
parameters of the floodplain that influence thenany critical threshold of the flood-
pulse.

As demonstrated here, the flood-pulse influencesdmaracteristics of the habitats
(Fig. 3.7 and 3.8). However, critical aspects of flood-pulse are explained by
Ward’s (1998) concept of hydrologic connectivitydahhgh which the habitats are
either seasonally or permanently connected to tlaén4mver channel. This may
explain why during Qrt1&Qrt4 (receding and low ftboegime) two major habitats
(RF & PCL) exhibit similar characteristics (Fig.73and 3.8) and during Qrt2&Qrt3
(rising and peak flood-pulse) all three major haisifRF, PCL&SCL) exhibit similar

characteristics simply because they are joined hyigh water level, in a non-

equilibrial spatial distribution. This supports thleservation of Junkt al. (1989) that

floodplain habitats shift horizontally and vertigahccording to the water level. The

strong positive correlation between water level @t and conductivity points to
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the fact that the Lower Shire Floodplain reliesreag) deal on an allochthonous input
of nutrients for its productivity. This reliance @xternal input is reflected in the
strong negative correlatiorf & 0.13,p<0.05) between TDS and transparency, further
supporting the notion that the flood-pulse is therier of energy and matter (Juak

al. 1989).

Using the amount of phosphorus as one criterion féotility, the Lower Shire
Floodplain is relatively fertile compared with othéver-floodplains in the southern
hemisphere (Table 3.6). Lund (1965) noted that Wmeanorganic phosphorus is
utilised so rapidly and can be stored in excessyfstem’s immediate needs, the total
amount of phosphorus present might be an index afemfertility. The high
alkalinity, hardness, phosphate and nitrate conggonh and transparency as reported
in this study are relatively consistent with thecetoff observations reported over
twenty years ago by Hastings (1973) and ldall. (1977) (Table 3.6).

This study has shown that it is possible to usts$ital techniques to define major
floodplain habitats or ecotones. Given that therblpgjical and climatic setting were
common to all the habitats (Qrtl-4), and that thBIOVA analysis did not
differentiate between SCL & PCL (Table 3.4) andt tthee multivariate regression
analysis did not account for much of the variamcéhe models (i.e. lower regression
coefficients 0.002<r®> > 0.49) (Table 3.5), hierarchical approach was thsed to
strengthen the habitat classification methods.

The hierarchical combination into cluster and mdithensional scaling of the
hydrological, physico-chemical and habitat struetattributes overlaid over the four
hydro-climatic seasons resulted in a distinctiotwieen the three habitats (Figures 3.7
& 3.8). The univariate ANOVA and multivariate regsgon analyses show that water
level, temperature, pH, conductivity, DO and TD8& tire most important variables in
determining or defining habitat characteristicskf€éa 3.4 and 3.5). The various sets
of the positive and negative relationships betwg®ysico-chemical variables and the
habitats reflects the intricate dynamics betwedutidn-concentration effects (lhaz

et al. 2000), source-sink energetics (Forman & Moore 1998um 1993) and
hydrologic connectivity (Heileet al. 1995, Ward 1998, Pringle 2001) brought about
by the flood-pulse (Junk&t al. 1989) during the various hydro-climatic seasorse T
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cluster and multi-dimensional scaling exercise alsftects the scale-dependence
(Peterson & Parker 1998) of the habitats with tigdrb-climatic seasons (temporal

scale) and the hydrologic-connectivity to the marer channel (spatial scale).

Most importantly, the habitat classification confs the notion that floodplains are
aqguatic/terrestrial transition zones (ATTZ) (Jwilkal 1989) or ecosystem boundaries
(ecotones) (Kolasa & Zalewski 1995), in phase itemms (Zallen 1983) that form a

“moving littoral zone” (Junlet al. 1989, Bayley 1991). Ultimately the habitats of the
floodplain change due to the rising and fallingoflepulse. The classification also
defines the three major habitats as functionalsunit the ecosystems (Forman &
Moore 1992), permits further investigation on fgioduction, yield and management

with a greater degree of confidence.

3.5 Conclusion

The major habitats of the Lower Shire Floodplainenbeen identified, using a more
acceptable, quantitatively and statistically robustasure as river-floodplain,
permanently connected lagoons and seasonally cathigoons. The classification
defines these habitats as functional units, rafigcthe intricate dynamics between
dilution-concentration effects, source-sink endaogetand hydrologic connectivity
brought about by the flood-pulse, as well as ttadesdependence of the ecotones with
the hydro-climatic seasons (temporal scale) andhgdgrologic-connectivity to the
main river channel (spatial scale). The physicoatibal variables used in this study
are used routinely in water quality monitoring iquatic ecosystems. Therefore, the
methodology described here can be easily appliedrapical floodplain habitat
characterisation elsewhere. The measure of halypat developed in this study is
important for fisheries managers to fully underdtahe effect of water fluctuation
and habitat on the key commercially important figecies of the Lower Shire

Floodplain.
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Chapter 4

The Biology of Oreochromis mossambicus and Clarias gariepinus in the Lower
Shire Floodplain

4.1 Introduction

The absolute abundance of fish population is imib@el by four major factors, viz.
growth, recruitment, natural and fishing mortasti@Velcomme 2001). Therefore,
management of fish stocks requires a comprehensiderstanding of these factors
(Pauly 1981 & 1987, Beamish & McFarlane 1987, Wooi®90). However, age,
growth rates, size at sexual maturity, reproducpigeodicity and mortality rate can
vary from one water body to another (Le Roux 198é&cht 1980, Lowe-McConnell
1982, Pauly & Munro1984, Weyl & Hecht 1998), depeagdn stability or instability

of the environment (Welcomme 2001).

Rivers and floodplains are dynamic environments lzataitats that strongly influence
the life-histories of the fishes (Southwood 1977¢l¥dmme 2001). The most
important environmental factor that influences déshin floodplains is the flood
regime (Junk 1970, Welcomme 1975, Howard-William3uiak 1976, Bayley 1981 &
1991, Fernando & Holcik 1991, Hanna & Schiemer 3988r example, the timing of
breeding in many floodplain fish species coincidath the peak flood to ensure
maximum supply of food for the young (Lowe-McConned75, Welcomme 1979,
Merron & Bruton 1995). The amplitude of the flooetermines the area of floodplain
covered by water and subsequent nutrients relaastb@ habitat, while the duration
of the flood determines the exposure of the youish to food-rich floodplain
environments (Welcomme 2001). The Flood Pulse Qundescribes the process of

nutrient and energy transfer during flooding (Jehkal. 1989) (see also Chapter 3).

Furthermore, in tropical river floodplains, changespopulation size/age structure
and sexual maturity in exploited fish populationavén been associated with
environmental stresses and heavy fishing pres&agldy 1981, Welcomme 1995).
From a fisheries perspective, particular elementhe reproductive strategy are of
interest. Age-at-sexual maturity and seasonal tgnoh reproduction, coupled with
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mortality rate, determine how many fish survive tecruit into the fishery
(Welcomme 2001).

In river systems the major factors affecting maigarate are fishing, stranding,
abiotic factors and predation, all of which varyttwthe flood cycle, intensifying
during the drawdown and receding during the higtewperiod; hence mortality rate
is assumed to be density-dependent (Welcomme 198%&1989; MRAG 1994).

In Chapter 2 it was shown that the flood regiméhm Lower Shire Floodplain varies
according to the four hydro-climatic seasons. Imthr 3, it has been shown that the
flood pulse, which influences an intricate array ddution-concentration effects,
source-sink energetics, hydrologic connectivity gplaysico-chemical dynamics,
defines major habitats as functional units of to@dplain. It is expected that these
dynamic abiotic changes would have a significargdot on the biology of fishes and

the fishery itself.

The Mozambique tilapiaDreochromis mossambicu€ichlidae) and the African
catfish, Clarias gariepinus(Clariidae) are the two most important specieshe
Lower Shire Floodplain fisheries and dominate thatclies Klastings 1973,
Willoughby & Tweddle 1978 Chapter 6) For various reason§larias gariepinusis
regarded as a hardy, ecological pioneer speciegdBr1979). It has the ability to air-
breath, is well adapted to feed on a wide rangprey, is able to adapt its feeding
habits depending on food availability. It is abbewithstand adverse environmental
conditions (Bruton & Allanson 1974, Hecht 1980, Qui& Bruton 1983, van der
Waal 1985). It is also recognised as an altrigedcges (Bruton 1989). Some of the
altricial life-history style traits include high dandity; small (1.2mm) eggs, short
incubation period (about 24 hours), no parentaé.c&urthermore, the larvae hatch
and absorb the yolksac within 2-4 days, and exlailhiing larval stage of between 11
and 15 days (Bruton 1979).

On the other hand). mossambicus recognized as having a precocial life-history
style (Noakes & Balon 1982; Bruton 1989). It is @staspawning mouth-brooder;
produces large eggs, which hatch after 20-22 dagisdavelop into juveniles, which
are released when they reach a length of 9-10 nmt@B & Bolt, 1975; Arthington
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& Milton, 1986). It is an omnivore, with some pregace for detritus, plant matter
and diatoms (Bowen, 1979; Trewevas, 1983; BrutoBdi 1975; De Silveet al,
1984).

Several studies have been conducted on the bi@lndyecology of the two species in
the Lower Shire Floodplain in the pas$iastings (1973) investigated reproductive
seasonality of the two species. More detailed studn feeding and the breeding ecology
of the two species were carried out by Willoughby Bwveddle (1978, whilst
Willoughby & Tweddle (1979 investigated the growth of catfish using vertebtaough
their study was based on limited material and gnowas not related to the changing
nature of the habitat. Willoughby & Tweddle (18y8lso attempted to ag®.
mossambicusn the Lower Shire Floodplain using scales, but dot succeed. While
these studies have provided an excellent undeiisgod the biology of the two species,
especially the feeding and breeding ecology, they ribt provide a complete
understanding of the relationship between theilogip and the flood regime.

The principal objective of the study was to devealguut parameters for a hydro-climatic
fisheries model for tropical floodplains and to yide the means with which to improve
management strategies for the fisheries of the kd®lere Floodplain. Therefore, the
biological studies onO. mossambicusand C. gariepinuswere not geared towards
providing a detailed interpretation of the lifetoises of the two species per se. The
purpose of investigation was rather to quantifytaiarparameters such as age, growth,
mortality, reproductive seasonality, size-at-agelaé maturity, as input parameters for

the development of a predictive hydro-climatic &sks model for tropical floodplains.

4.2 Materials and Methods

General

Specimens ofOreochromis mossambicuand Clarias gariepinuswere collected
monthly from the Lower Shire Floodplain between Maf998 and June 2000 using
experimental gill nets and seine nets. Multifilamasply gill net fleets were used to
catch the fish. These consisted of five randomgyritiuted panels, 100 m length and
1 m deep, with stretched mesh sizes of 50, 6590%nd 100 mm. The nets were set
between 1400 and 1600 hours and lifted between @BA800 hours the following

morning. Twenty gillnetting sites were randomly esgéd from the three major
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habitats of the floodplain; four, ten and six sitesm the River-floodplain = RF;
Permanently connected lagoon=PCL, and Seasonallynected lagoon=SCL,

respectively. The sites are shown in Figure 2.la(@dr 2).

Seine net samples were also taken monthly at tites in permanently connected
lagoons and three sites in the seasonally connégedns (Figure 2.1). The seine net
was 30 m long and 2 m deep with a 13 mm mesh ba@amm mesh wings. It was
not possible to operate such a large seine néeimiain river channel. The two gears
were used on the assumption that they would cdt&iza classes. All fish species in
each catch were identified, counted and measuretbfal length (TL) and standard
length (SL) to the nearest 1 millimetre and weighednearest 0.1 gram. F@®.
mossambicusand C. gariepinusgonads were removed, weighed and categorised
according to the five developmental stages as thestrin Table 4.1, and the
eviscerated mass of the fish was later recorded.sBgittal and lapillar otoliths were
removed, fromO. mossambicuand C. gariepinus respectively, for age estimation.
All otoliths were measured for length and diametdre other fish were preserved in

formalin, later washed in water and stored in abdoh

Age and growth

Reliability of the methods used to determine lifistdry traits such as age is a
paramount requirement for elucidating fish popolatage structure, mortality rate,
and growth rate parameters (Pauly 1981, Carlan@8i7,1Beamish & McFarlane
1987, Pauly 1987). A number of methods have beed tsestimate age of fish with
varying success (Summerfelt & Hall 1987). Thesehwmas include length-frequency
analysis, and growth rings on scales, otolithsnepiand vertebrae (Foucher &
Fournier 1982, Carlander 1987, Beamish & McFarla®@7). Otoliths are considered
to be the most suitable hard tissue for age an@vtgr@stimation in tropical and
subtropical areas (Hecht 1980, Sameiehl 1987, Boothet al. 1995, Weyl & Hecht
1998).

A sample of twenty pairs of otoliths &f. mossambicuand ten ofC. gariepinuswere

used to determine whether burning them would erdn#ime growth zones and make it

easier to estimate age. One otolith of each pag lw@nt over a methylated spirit
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flame until pale brown. Care was taken not to ¢harotoliths as this may obscure the
internal structure and the margins (Booth & Mer@884@).
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Table 4.1 Macroscopic criteria used to determine the stafjgamad development i©reochromis mossambicuend Clarias

gariepinusin the Lower Shire Floodplain.

o O

der

ye,

and

Stage | Development _
Macroscopic appearance
Oreochromis mossambicus Clarias gariepinugmodified from Bruton 1979)

1 Juvenile Not possible to visibly distinguish s&anad appears| Minute gonads set close under vertebral column

as translucent gelatinous strip. undeveloped sexual products, testes and ovarie
transparent and elongate, eggs invisible to nake
eye.

2 Resting Ovaries are white or slightly yellowiS§hocytes are Gonads very small, transparent or white sacs ur
macroscopically distinguishable. Testes are disiolern| vertebral column, eggs invisible to naked eye.
as thin white strands.

3 Developing Ovaries enlarged, oocytes readilyblesand yellow. | Ovaries enlarged and oocytes visible to naked e
Testes are broadened, distended and cream colouredvary wall transparent, testes swollen and white

4 Ripe Oocytes of maximum size, yellow to greent@stis | Ovaries distend the body cavity, oocytes readily
swollen to maximum size and cream coloured. visible and opaque and orange, testes enlarged

white or pinkish with white/grey proximal edging

5 Spent Ovaries flaccid and sac-like with few Vittgenic Sexual products have been discharged, ovary d

oocytes visible. Testes reduced in size and digy

colour.

red with few remaining eggs, testes a deflated; g

white sac.

ark

=

e
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The otoliths were then embedded in clear polyaststing resin, medial side down and
transversely sectioned along the dorsoventral pllareigh the nucleus using a double-
bladed diamond-edge saw. The otolith sections @®2nm thick) were then mounted on
microscope slides using DPX as a mountant. Thethatoliths of both species were

easier to read in all cases, whereupon all otolitie burnt prior to ageing.

The number of opaque zones was read on two occa®ith a dissecting microscope
under transmitted light using variable magnificatiéf two readings were the same, the
age estimate was accepted. If the readings weierdlit, a third reading was done. An
age estimate was accepted if two of the three mgadiere similar. If the three readings
differed by two years, the average of the thredings was used. If the readings differed

by more than two years the otolith was rejected.

Marginal zone analysis (Mannoch 1982) was usedhtolate the observed growth zones
as annuli. Growth rings on otoliths are reflectsdadternating opaque and translucent
zones. The outer margins of otoliths sampled atthipintervals were examined and the
composition of the outer margin (either opaque ranglucent) was expressed as a
percentage of the monthly sample. A total of 23§itahotoliths ofO. mossambicuand

175 lapillar otoliths ofC. gariepinuswvere examined.

Length-at-age was modelled using both the threarpater von Bertalanffy and the four-
parameter Schnute growth models (Ricker 1975, Sehh®81, Punt 1993). In order to
determine and fit appropriate growth models, tttwmemendations made by Punt (1993)
were applied. A non-parametric one-sample runsfeesandomness of residuals and the
Bartlett's test for homoscedascity (Hughes 1986)evapplied. Variance estimates were
calculated using the (conditioned) parametric ompstechnique described by Efron
(2982) with 500 bootstrap iterations. Standardreremd 95% confidence intervals were
constructed from the bootstrap data using the péateemethod described by Buckland
(1984). A Microsoft Excel spreadsheet programmevéttped by Dr. A. Booth,
Department of Ichthyology and Fisheries Sciencepd®s University) was used to

execute the above procedure. The models were fitsatg a non-linear minimisation
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routine (or downhill simplex method) (Punt 1993)diotain parameter estimates for the
selected growth model. A maximum likelihood ratesttwas used to assess the model
with the best fit; where there were no significdrfterences |§ > 0.05) and the model
with the least number of parameters was choser. sphcialised von Bertalanffy growth

model is:

l, = L, (1—e"‘(t - t0)) (Equation 4.1)
wheret, is age at “zero” lengtht. is the predicted asymptotic length dnd the Brody
growth co-efficient (Ricker 1975). The Schnute mlod described by the following

equation:

o) =| 0, +(5-1) 1-et ) Equation 4.2
B R I S Y e (Equation 4.2)

where f(t) is the length at age t is the smallest age in the samplg;is the value of

¢(t) at time t=t; 7, is the value of£(t) at t=p; a andb are parameters.

To compare the growth performance of the two sgerriehe Lower Shire Floodplain
with populations from other floodplains in Southehfrica, phi-prime @) Pauly &
Munro (1984) was used. Phi-prime is described kyftimction:

@ =2log L. + log K (Equation 4.3)

where L, is the predicted asymptotic length and K the Brgdywth co-efficient from
the von Bertalanffy growth model. Pauly and Munr(1984) ¢, which is a statistical
correlation of K and L or W, , is appropriate for comparison of growth becaussvth

is a multivariate parameter: some populations maydaster than others at younger
ages, while others may grow slower when older (Mor&987). Sincep is the constant
in the regression of log K upon log.lor W, and is directly related to the maximum

slope of the growth curve, irrespective of growdkerand asymptotic size, it may reflect
differences among populations, between years aadities (which might have been

caused by environmental differences, e.g. temperatufood availability).
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Sexual maturity and spawning season

Length at sexual maturity for 407 male and 375 fen@da mossambicuand 166 male
and 128 femaleC. gariepinuswas determined using data collected during the peak
reproductive season of both species from SepterdB68 to February 1999. The
specimens showing little or no gonad developmerninduhese months were regarded as
immature, while those with gonads in stages 3ueere considered to be mature (Merron
& Mann 1995). A five-stage gonad development socabs used (Table 4.1). The
proportion of sexually mature fish was fitted taan-linear logistic ogive of the form:

_ 1
- 1+ g (L Ltmo)/ o

7/ (Equation 4.4)

wherey is the proportion of sexually mature fish by ldndtms, is the mean length-at-

50% sexual maturity, andis the width or steepness of the logistic ogiven@Ki995).

The spawning season was determined by using tleesfage macroscopic gonad scale
(Table 4.1) (Bruton 1979, Merron & Mann 1995), asllvas by calculating the monthly

gonadosomatic index (GSI) for females as follows:

Gonadmass(g)
Eviscerate mass(g)

GSI = { } x100 (Equation 4.5)

GSl is the relative mass of the gonad with resped¢otal or somatic mass (Welcomme
1985, Wootton 1990, King 1995).

All the female fish used in the GSI analysis wereater than the expected length-at-50%
sexual maturity. No males were used for the GSlyarg

To assess whether the reproductive cycle was inveamy dependent on the hydro-

climatic seasonal cycle of the Lower Shire Floodplthe GSI and the proportion of ripe
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females ofO. mossambicusind C. gariepinuswere examined in relation to the four
hydro-climatic seasons (Qrtl-4, see Chapter 2).0A-parametric Kruskal-Wallis one-
way analysis of variance (ANOVA) (Zar 1984) wasdise assess the seasonal effects on
GSI. Where significant differences were found, ealuvere compared using a non-

parametric Mann-Whitney U-test.

Mortality estimates

The estimates of the instantaneous rate of totatatity (Z) for O. mossambicuandC.
gariepinuswere obtained by using catch curve analysis (Rid8¥5) and the method
described by Butterwortét al. (1989). Before constructing the catch curve theeleggth
keys of the aged subsamples were normalised fdr lemgth class and combined with
the total length-frequency distribution of the wdatatch to give the full catch age-
frequency distribution (Butterwortlet al. 1989). Both methods were applied to the
transformed age-frequency data for mossambicuand C. gariepinusobtained from
experimental seine nets and gillnet samples anoh filwe catches of the four major
artisanal gears (cast nets, gill nets, long limesl, fish traps). This approach was used to
compare fishery-independent and fishery-dependshinfy mortalities in the floodplain.

Z was obtained by plotting the natural logarithmage frequency against age. The slope
of the straight line fitted to points greater ththe age at full recruitment to the fishery
(&) provided an estimate of instantaneous total nitytéZ). The Butterworthet al.
(1989) method is considered to be statisticallyesigp to the catch curve analysis if the
numbers of fish caught at any age are low. ThedButirthet al. (1989) mortality model

is described by the equation:

Z= In{ 1+ (ayfla)} (Equation 4.6)

where a, is the mean age at full recruitment aads the age of fully recruited fish

sampled.
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Natural mortality (M) is one of the most difficyiarameters to measure. Most studies
have relied upon empirical methods (Rihkter & Efai®77, Pauly 1980, Hoenig 1983,
Gunderson & Dygert 1988). Weyl (1998) in his studyish populations in a sub-tropical
lake in Mozambique proposed estimating natural alityt(M) using an average of the

following four empirical equations:

a) Pauly (1980) equation:
logM = -0.006- 027 logL_, +0.6543logK + 0.463logT  (Equation 4.7)

where L, and K are the von Bertalanffy growth parameterd &ns the mean annual

water surface temperature (24°€7) for the Lower Shire Floodplain (Chapter 3);

b) Rihkter & Efanov (1977) equation:

M = 1521 _ 0.155 (Equation 4.8)

072

where a,, is the age-at-50% maturity;

c) Gunderson & Dygert (1988) equation:

M = 003 + 168 x GSI (Equation 4.9)

where GSl is the gonadosomatic index of ripe ferfiake
d) Hoenig (1983) equation:

Inz = 146x101xIn(a,,) (Equation 4.10)

where(a, ) is the maximum age of fish sampled.

Fishing mortality (F) was obtained by substitutioto the equatior(F =Z- M) with

the known values for Z and M.
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4.4 Results

Age and growth

The morphometric relationships between TL, SL, Wweignd otolith length are

summarised in Table 4.2.

Table 4.2 Morphometric relationships ofbreochromis mossambicuand Clarias
gariepinusfrom the Lower Shire Floodplain. TL = total leng®L = standard length, Wt
= weight, OL = otolith length;? = coefficient of determinatiom = level of significance,
n = sample size.

Parameter Relationship r2 p n

O. mossambicus

Wt (g) = 0.00053 x TL (mmj**° 0.93 <0.001| 1168
SL (mm) =-1.541 + 0.799 x TL (mm) 0.98 <0.001 986
TL (mm) =29.026 x OL (mnfy’* 0.78 <0.0001 163

C. gariepinus

Wt (g) =0.000012 x TL (mnfy**® 0.91 <0.001| 128
SL (mm) =5.319 + 0.861 x TL (mm) 0.98 <0.001 986
TL (mm) =59.877 x OL (mnf)**® 0.85 <0.0001 61

The growth zones on the otoliths of the two speeaiesillustrated in Figure 4.1. The
monthly examination of the otolith margins reveateat one translucent and one opaque
zone were deposited every year, during the periay k October (Qrt4-Qrt2) foD.
mossambicuand from May to August (Qrt4-Qrtl) fdE€. gariepinus(Fig. 4.2). One
opaque zone and one translucent zone, thereforestitie an annulus and where
counted as such. Of the 288 mossambicuand 175C. gariepinusotoliths examined, 8
(3.4%) and 28 (16.0%) respectively, were rejecteduareadable because of unclear
rings. Length-at-age keys f@. mossambicuandC. gariepinusare presented in Tables
4.3 and 4.40. mossambicum the Lower Shire Floodplain attain a maximum afj&

years (Table 4.3), whil€. gariepinusattains 9 years (Table 4.4).
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Figure 4.1 Photomicrograph of a sagittal otolith from a 18¢hniL, 4 year-oldOreochromis
mossambicuga) and lapillus otolith from a 550 mm TL, 9 yedd Clarias gariepinus(b)
from the Lower Shire Floodplain.

There were no significant differences (One-way ANQY > 0.05) between the growth
models for males and females of both species. beagage folO. mossambicuandC.
gariepinus were adequately described by both the von Befffglagrowth model
(VBGM) and the Schnute model, and comparison oftifee models using a maximum
likelihood ratio test revealed that they did ndffeti significantly @ > 0.05). The von
Bertalanffy model was therefore chosen for fittthg growth curve since it has the least
number (3) of parameters. Furthermore, the VBGM wlassen since its parameters are
commonly used in empirical estimates of naturaltaliy (Pauly 1980) and for ease of

comparison with studies conducted on the two speniether localities.
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Table 4.3Age/length key foOreochromis mossambicé®m the Lower Shire Floodplain.

Size class Age (years)

(mmTL) O 1 2 3 4 5 6 Total
1-75 3

76-95 19 5

96-115 51 7 5

116-135 29 12 8 6

136-155 3 9 5 7 4 6

156-175 5 6 6 3 1

176-195 2 4 4 3
196-215 1 2 2 4 2

216-235 1

236-255 1

n 105 39 28 24 16 9 4 =225

Table 4.4Age/length key foClarias gariepinudrom the Lower Shire Floodplain.

Size class Age (years)
(mm TL)

0o 1 2 3 4 5 6 7 8 9 Total

200-220 6
221-240 3
241-260 1
261-280

281-300

301-320

321-340

341-360

361-380

381-400

401-420

421-440 1
441-460

461-480

481-500 2
501-520

521-540 1
541-560

561-580

581-600

601-620 2
621-640 1

W oN W N O
N OO N W
R O R 0NN
P RPNONEDNDN
N WA DR

N P, PP WO R

PN R R
H

n 10 26 21 19 19 16 15 13 6 2 147
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Figure 4.2 The monthly percent occurrence of an opaque omtargin on otoliths of (a)
Oreochromis mossambicasd (b)Clarias gariepinusn the Lower Shire Floodplain.

The von Bertalanffy growth model parameters for thhe species are summarised in
Table 4.5 and growth of the two species is illustlan Figure 4.3. Initial growth rate for
both species was rapid, with asymptotic length dpeittained within two years b§.

mossambicuand three years [§. gariepinus
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Table 4.5The von Bertalanffy growth parameters, standaror€5E) and 95% confidence
interval forOreochromis mossambicasdClarias gariepinusn the Lower Shire

Floodplain.
Parameter Estimate SE 95% confidence interval
O. mossambicus
‘E 0.44 yeard 0.01 (0.43, 0.44)
w0 177.6 mm TL 1.33 (161.7, 211.4)

t, -1.43 0.03 (-2.07, -0.83)
C. gariepinus
K 0.31 yeard 0.005 (0.22, 0.43)
L, 502.9 mm TL 1.98 (472.1, 550.5)
t, -1.92 0.03 (-2.51, -1.43)

250

(@
200 4

Total length (mm)

Total length (mm)

Figure 4.3 Observed and predicted length-at-age ofJ@ochromis mossambicasd (b)Clarias gariepinus

Samples were collected between September 1998 agulish 1999. The growth curves were fitted to

150 +

100 -

50 ~

lt =1776 (]_— e 044(t + 1.43))

n=225

700

(b)
600 +

500 +
400 -
300 ~
200
100 -

n=147

|, =5029 (1-e 03t 292))

4 5 6
Age (years)

combined sex data using the von Bertalanffy grawtfuel with an absolute error structure.
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Sexual maturity and reproductive seasonality

A total of 782 matur®. mossambicuaere sampled of which 48% were female and 52%

were male giving a sex ratio of 1 female: 1.09 malkhis ratio was not significantly
different from unity (y*= 1.28, df = 1,p > 0.05). MaleO. mossambicuseached 50%
sexual maturity (Lrgp) at 109 mm SL, and females at 105 mm SL (Fig.,44d) they
were not significantly different from each othey’= 1.33, df = 1,p > 0.05). Of 294
matureC. gariepinus55% were female and 45% male, giving a sex rdtibmale: 1.22
females, but the ratio was not significantly diéet from unity (y*= 1.22, df = 1p >

0.05). Both male and femafe. gariepinusreached 50% sexual maturity (kgnat 249
mm SL (Fig. 4.4).

100 A [ - /100 4
75 4 . 75 | b
0 Lmso ¢ 109 mm o Lmso®/ = 249 mm
S 25 A 25 A
I (]
E 0 +—=o 0 ®.
o
c
o (b) (d)
o 100 - o __a /100 - oo
o
75 ...o 75 .
50 __LMso 3% 105 mm 50 L__LMsg =*/® 249 mm
25 4 25 4
[ ]
0 Hoee . . . . . 0 N . .
25 65 105 145 185 225 265 305 0 200 400 600 800

Standard length (mm)
Figure 4.4 Length-at-50%-sexual maturity of (&reochrom$ mossambicusnales (n = 407), (bD.

mossambicufemales (n = 375), (€¥larias gariepinugnales (n = 166) and (€). gariepinusemales (n =
128) in the Lower Shire Floodplain.
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The occurrence of developing and ripe females tiinout all months, suggested ti@t
mossambicusnight spawn throughout the year when conditiorewalit to, although

peak spawning appears to occur from October to uaepr(Fig. 4.5). There were
significant quarterly seasonal variationg’€E 82.37, df = 3p < 0.01) in the proportion of

mature females that were in stages 3 and 4 dunmgising (Qrt2) and peak (Qrt3) flood
regimes or stages 2 and 5 during low (Qrtl) aneédieg (Qrt4) flood regimes. This
indicates the effect of the flood regime on repithe seasonality. The GSI data also
showed a significant seasonal pattern (one-way ANQOY< 0.01) (Fig. 4.6). The GSI
values were significantly (one-way ANOVA, < 0.01) higher during the rising (Qrt2)
and peak (Qrt3) water level; while the lowest G8lues occurred during the periods of
receding (Qrt4) and low (Qrtl) water level. Althéuthere were some breeding activities
in June, it can be inferred that the major breede@son 0©. mossambicuis the Lower

Shire Floodplain is between September and Marct, avimodal peak in January.

The occurrence of developing and ripe females sigmested that. gariepinushas a
protracted spawning season from September to M&ehk spawning activity, however,

occurs between October and December (Fig. 4.5)ngluhe rising water phase (Qrt2).
There were significant quarterly seasonal diffeesngy®= 253.33, df = 3p < 0.01) in

the proportion of mature females that were in g&@y)and 4 (Qrt2 and Qrt3) or stages 2
and 5 (Qrt4 and Qrtl).
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Figure 4.5 Monthly gonad maturity stages 6freochromis mossambicuasd
Clarias gariepinufemales from the Lower Shire Floodplain.

The GSI data for two years (Fig. 4.6) mirrored tasults on gonad maturity (Fig. 4.5)
and that the breeding seasonfgariepinusin the Lower Shire Floodplain is between
October and March, with a modal peak in DecembdrJamuary. However, the presence
of ripe ovaries in the September samples would esigtdpat breeding may begin earlier
than October.
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Figure 4.6 Gonadosomatic index (GSI) (xstandard deviationfdmaleClarias gariepinusand
Oreochromis mossambicusthe Lower Shire Floodplain, in relation to chas in water level in
the floodplain, from 1998 to 2000.

100



Mortality estimates

The age-based catch curves @r mossambicuand C. gariepinuscalculated from the
experimental gill nets and seine nets, and fromattisanal cast net, gill net, long line
and fish traps fisheries are shown in Figures 4d 48. Both species are first recruited
into the fisheries at 0 years of ag®, mossambicuwas fully recruited between 0 and 3
years of age an€. gariepinusbetween 2 and 4 years of age (Fig. 4.7&4.8). Total
mortality estimates foD. mossambicusbtained using the Butterwortt al. (1989)
equation were on average somewhat higher (Z=0.bZdoeries independent and 0.99
year" for fisheries dependent data) than those fronté#teh curve analysis (Z=0.45-0.68
year’) in both experimental gear and artisanal fishedat (Table 4.6). An overall
approximation of total mortality (Z) was obtained fast averaging Z from individual
gears and then averaging all Z estimates fromealtgjto obtain 0.62.18 year (Table
4.6).
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Figure 4.7 First estimates of the total annual mortality réf¢ for Oreochromis mossambicus the Lower Shire
Floodplain. The Z estimates were obtained by fittimearlised catch curves (closed circles) to fagguency

distributions (bars) obtained from (a) experimestihe nets, (b) experimental gillnet fleet, (¢)sanal castnet fishery,
(d) artisanal gillnet fishery, (e) artisanal lomglifishery, (f) artisanal fishtrap fishery in thevier Shire Floodplain.
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Frequency

Total mortality estimates fo€. gariepinusobtained from both the catch curve analysis
and the Butterwortlet al. (1989) methods using experimental gill net andeeiet data
were slightly lower (Z=0.43-1.44 ye3rthan those obtained for the artisanal fisheries
(Z=0.46-1.98 yeal) (Fig. 4.8). Although there were differences bewesome of the
estimates, the differences were consistent in bwthods, so it was decided that the first
approximation of total mortality be obtained byaafgst averaging the Z from individual
gears and then averaging all Z estimates fromeadt go obtain 0.980.47 year (Table
4.6). Generally, the Z values obtained using th&eBworth equation were higher than
the Ricker catch curve values for both specieshaisty as a result of the gear catching
small fish, which were not yet fully recruited, ¢iag to lower values of mean age at full
recruitment (g in equation 4.6.
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Figure 4.8First estimates of the total annual mortality r@gfor Clarias gariepinusn the Lower Shire Floodplain.
The Z estimates were obtained by fitting lineadisatch curves (closed circles) to age-frequenslyidutions (bars)
obtained from (a) experimental seine nets, (b) exmmntal gillnet fleet, (c) artisanal castnet fishe(d) artisanal
gillnet fishery, (e) artisanal longline fishery) értisanal fishtrap fishery in the Lower Shire ddplain.
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The four empirical estimates of natural mortali¥§) (obtained forO. mossambicugaried
widely (Table 4.6). Following Weyl's (1998) ratideathe average of the four estimates

(0.46 year) (Table 4.6) was taken as a first approximationattiral mortality.

Table 4.6 First estimates of the instantaneous rate of totaitality (Z) (year) and
natural mortality (M) (yeal) for Oreochromis mossambicwend Clarias gariepinus
Estimates of Z were obtained from catch curves #med Butterworthet al. (1989)
equation using age frequencies from experimenthhgt fleet, experimental seine nets
and the artisanal castnets, gil Inets, lon glingh traps fisheries in the Lower Shire
Floodplain. Methods used to estimate M are Pauly (1980)? = Rihkter & Efanov
(1977),% = Hoenig (1983) ani= Gunderson & Dygert (1988).

Species/gear z z M F
(Catch (Butterworth
curve) et al. 1989)

O. mossambicus
Experimental gill nets 0.48 0.99 135
Experimental seine nets 0.58 0.65 1.37
Artisanal cast nets 0.68 0.89 0.02

. ; 0.49 0.44 0.03
Artisanal gill nets

) . 0.45 0.52
Artisanal long lines 0.50 0.75
Artisanal fish traps ' ]
Average (yeat) 0.62+0.18 0.46 | 0.16
C. gariepinus
Experimental gill nets 0.52 0.58 0.52
Experimental seine nets 0.43 L.44 1'352
Artisanal cast nets 1.13 0.46 0.01

. ; 0.80 1.98 0.08
Artisanal gill nets

: . 0.64 1.06
Artisanal long lines 0.89 107
Artisanal fish traps ' )
Average (year) 0.92+0.47 0.50 | 0.43

Similarly, for C. gariepinus the estimate of M varied widely (Table 4.6). Hoee the
average of the four estimates resulted in M=0.58yewhich was not very different
from the Pauly estimate (0.52). Therefore, the ayerof the four was taken as a first
approximation of natural mortality. By substitutionF=Z— M, fishing mortality (F) was
calculated at 0.16 yearfor O. mossambicuand 0.43 yedr for C. gariepinus(Table
4.6).
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4.4 Discussion

Growth

C. gariepinushas been successfully aged previously by Willoyghbrweddle (1978)
using vertebrae as mentioned previously. Howeweair attempt to ag®. mossambicus
using scales was not successful. The calculatefHeat-age estimates (Fig. 4.3) showed
that bothO. mossambicuand C. gariepinusin the Lower Shire Floodplain grew fast
during their first two years of life. Both speciesture at lengths corresponding to ages
of between 1 and 2 years of age and thereaftertrdeclines. Asymptotic length in

both species was attained by more than 50% ofisheat 2-3 years after sexual maturity.

The trend of rapid growth within the first two yeas typical for botHO. mossambicus
and C. gariepinusand this has also been observed in other popoat{8ruton &
Allanson 1974, Hecht 1980, Quick & Bruton 1983, vher Waal 1985). This strategy is
common in fish populations found in unstable enwinents, such as floodplains, where
rapid growth enables juvenile fish to quickly attaisize large enough to evade predators
and early attainment of sexual maturity to ensunecsssful reproduction (Lowe-
McConnell 1967, Welcomme 2001).

The high variability in growth rate and length-&9%6 maturity inO. mossambicuss
evident when the data from this study are comptyesghrlier studies in the Lower Shire
Floodplain, as well as studies in other sub-trdploealities. Although the length-at-
50%-sexual maturity (Lga) was not calculated by Willoughby & Tweddle (187they
reported a size-at-first maturity f&@. mossambicusf 135 mm (TL) (106 mm SL),
compared to 58 mm SL in the current study (Tablg.4emaleO. mossambicum the
Lower Shire floodplain attain 50% sexual maturityassize(105 mm SL) similar to those
in Lake Sibaya (100 mm SL), but at a smaller dmtthose in Lake Chicamba (161 mm
SL) (Table 4.7). The smallest mature females ineL8kbaya were between 68-78 mm
(SL) (Bruton & Allanson 1974), which is very similé#o the size at-first-maturity as

recorded in the Lower Shire Floodplain in this studlso based on phi-primeg)

values (Table 4.7) growth @. mossambicus the Lower Shire Floodplain and Lake

Sibaya is similar.
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Table 4.7 Length-at-50%-sexual-maturity in mm (kgh (SL), length-at-first maturity (SL), von
Bertalanffy growth parameters, index of growth parfance @ (phi-prime, Pauly & Munro

1984) forOreochromis mossambiciis southern African water bodies. M = male, F m#de,
M+F = both sexes.

Locality Sex Lmsg to L, K ¢' Reference
Lower Shire| M 109 This study
F 105
M+F -0.44 | 1776 0.44| 4.14
Lake Sibaya] M 120 -0.360 217/ 0.358 4.23 Bruton &aA$on
1974
F 100 -1.054| 217 0.240 4.05
Lake M 171 Weyl & Hecht 1998
Chicamba
F 161
M+F -0.269 | 212 | 0.790 4.55
Size-at-first
maturity
Lower Shire| F 58 SL This study
F 106 SL Willoughby & Tweddlg
1978

It is common for length at sexual maturity in cidsl to vary from place to place,
depending on the ecological opportunity provided thye habitat, including food
availability (Bruton & Allanson 1974, Bowen 1979 rtAington & Milton, 1986). For
example, dwarf or stunted populations of tilapieeaes are known from numerous
natural systems, such as hot springs, droughkstritakes, isolated pools and habitats
subjected to extreme environmental conditions (L&te€onnell 1958, Hickling 1961,
Whitehead 1962, Coe 1966, Fryer & lles 1972, 118633l Bruton & Allanson, 1974;
Bowen, 1979, Legendre & Jalabert 1988). Stuntingpebeved to be an adaptation to
harsh environments (Bruton & Allanson 1974), alilothe environmental factors and/or
biological mechanism behind this switching conditiare not yet fully understoo®.
mossambicusdisplays high phenotypic plasticity; if biotic abiotic conditions change, it
has the ability to mature at a smaller or largee so that under prevailing conditions,

reproduction output and success is maximised.
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The smaller size-at-maturity €. mossambicum this study could be attributed to early
maturity and precocious breeding in a hydrologjcalhstable environment (Bruton &
Allanson 1974, Bruton 1979, Weyl & Hecht 1998). Hawar, it is also likely that the
current population in the Lower Shire matured asnaaller size, compared to those
reported by Willoughby & Tweddle (19%8due to the increase in fishing effort
(Nikolsky 1963, lles 1973, Lowe-McConnell 1982, Hilg 1994, Welcomme 1995).

This point will be elaborated later in the section.

The range in the size and age-at-first maturitydiag been reported to vary widelyGn
gariepinus(from 135 to 651 mm SL) between ages of 1 to 4/@@ruton 1979, Merron
1991, Bruton 1996). Previous studies in the Lo%eire Floodplain reported size-at-first
maturity forC. gariepinusat 229 mm (SL) Willoughby & Tweddle (19%8which is also
greater than that reported in this study (193 mr) @able 4.8). Compared to
populations in other localities, the previous andrent populations of the Lower Shire
Floodplain matured at smaller size than those & @kavango Delta (229 mm SL)
(Merron 1991), Lake Liambezi (238-264 SL) (van Wémal 1985), Le Roux dam (Quick
& Bruton 1984) and Lake Sibaya (Bruton 1979) (Ta#l8). Quick & Bruton (1983)
attributed maturity at a greater length to highdfavailability. Greater availability of

food is also reflected in a higher length-to-mag®r(Table 4.9).
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Table 4.8 Length -at-first maturity in mm (SL), von Bertaf§ngrowth parameters, index of
overall growth performancey (phi-prime, Pauly & Munro 1984) fo€larias gariepinusin

African water bodies based on published data. €hgth -at-first maturity is standard length in
mm (SL); M = male, F = female, M+F = both sexes.

Locality Sex | Size-atfirst | to L.( | K @ Reference
maturity mm)
Lower Shire M 193 This study
F 193
M+F -1.92 | 502.9 0.31 4.89
Le Roux Dam | M 820-920 1150 0.31 3.6l Quick & Bruf®84
F >740 1020| 0.45 3.67
Okavango M 255 Merron 1991
Delta
F 275
Lake Sibaya M 298 760| 0.36 3.32  Bruton 1979
F 289 670 | 0.49 3.34
Lake Liambezi| M 238 Van der Waal 1985
F 264
M+F 0.03 3.51
Lower Shire M 229 1390 0.09 3.21  Willoughby & Tarake
1978
F 229 790 0.17 3.5 Willoughby & Tweddle
1978
Lake Kariba M+F 1240, 0.17 2.97 Marshall 1990

Table 4.9The average mass (g) ©f gariepinusL000 mm TL from seven populations. The ratio

of length to mass, as an index of condition offible, is derived from length-mass regressions.

Population Mean mass (g) at Source
1,000 mm TL
Lake Sibaya 5,539 Bruton & Allanson 1974
Lower Shire floodplain 6,811 This study
Eland River 6,971 Van der Waal 1972 (cited by Bruton
1979)
P.K. le Roux Dam 7,750 Quick & Bruton 1984
Gariep Dam 9052 Hamman 1980
Phongolo floodplains 9,681 Kok 1980
pans
Lower Shire Floodplain | 11,366 Willoughby & Tweddle78
Hardap Dam 17,078 Gaigher 1977
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Notwithstanding the lower length:mass ratio, therexnt C. gariepinuspopulation in the

Lower Shire Floodplain has better growth perfornea(ye=4.89) than the one previously
reported by Willoughby & Tweddle (1998(¢ =3.21-3.5) and four others in Southern
Africa (Table 4.9). This may be attributed to higkemperatures (Quick & Bruton 1984)
as well as less variation between the minimum aadimum ranges (18-3C) in the
Lower Shire Floodplain compared to Lake Sibaya34#.5C) and the Okavango (9-
38°C), which experiences very low winter temperatufgse Chapter 2). This would
suggest tha€. gariepinusalso displays phenotypic plasticity, with the @pito adapt to

a variety of environmental conditions (Bruton 1971986, Merron 1991).

Furthermore, the reduction in length-at-first- aB@%-sexual maturation in current
populations of botHD. mossambicuand C. gariepinusin the Lower Shire Floodplain

might have been caused by the increase in fishiagspre exerted on the stocks which
might have led to change in life-history traitstbé current populations (Table 4.10),
which lles (1973) termed “a response to variationsiortality rates”. Fishing has been

reported to cause changes in population strucsueh as age and size composition,

growth rate, age of maturity and sex ratio (Nikgl4©63, Welcomme 1995).

Table 4.10Comparison of the life-history traits of past gmésent populations @reochromis

mossambicuandClarias gariepinudn the Lower Shire Floodplain.

Speciesl/Life-history trait | Willoughby & Tweddle (1978)| This study
Oreochromis mossambicus

Length-at-first maturity 106 mm (SL) 58 mm (SL

Length-at-50%-sexual-maturity - 105

Relative egg size (egg/g wet weight of ovary) 135 354

Sex ratio (male: female) 1.09:1 1.09:1

Length-at-age (first year) - 121 mm SL

Clarias gariepinus

Length-at-first maturity 260 218mm SL

Length-at-50%-sexual-maturity - 249.5

Relative egg size (egg/g wet weight of ovary) 1000 995

Sex ratio (male: female) 1.09:1 1.22:1

Length-at-age (first year) 180 301 mm SL
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For example, Lowe-McConnell (1982) attributed teduction in the median maturation
size ofOreochromis niloticusn Lake Turkana, from 28 cm to 18 cm over a penb@0
years, to the effects of intensive fishing. Sintylasignificant reductions in the age-at-
sexual-maturity have also been reported in heafiglyed stocks elsewhere (Kolding
1994). Heavy fishing pressure in the Lower Shi@oBplain is evident by the high Z and
F values (Figures 4.7&4.8 and Table 4.6). Furthedence of the change in life-history
traits in response to environmental condition shifig can be seen in the shift towards an
increase in the reproduction rate, as reflectatienincrease in fecundity (decreasing egg
size) forO. mossambicuand the faster growth in the first year in bothcspe (Table
4.10).

Influence of the flood-pulse on the reproductiveldgy of O. mossambicusnd C.

gariepinus
Reproduction in many floodplain fishes has beenomep to be governed by and

dependent on the flood regime (timing, amplitudettgrn and duration) (Jackson 1961,
Junk 1970, Chapmaat al 1971, Welcomme 1975&2001, Howard-Williams & Junk
1976, Bayley 1981, 1991, Kok 1980, van der Waals138inket al. 1989, Fernando &
Holcik 1991, Merron 1991, Hanna & Schiemer 1993ride & Mann 1995). In tropical
and sub-tropical rivers, fishes either migrate rgazsh during flood periods in order to
spawn (Olatunde 1978, Kok 1980) or spawn duringpglak flood without migrating
(Merron 1991, Merron & Mann 1995, Welcomme 2001).this study, the synchrony
between spawning and the hydro-climatic seasonghétwo principal target species has
been demonstrated. Spawningdngariepinusseems to be better synchronised with the
rising and peak flood regime (Fig. 4.5&4.6). Similabservations were made by
Willoughby & Tweddle (1979 in the Lower Shire Floodplain, as well as by Brut
(1979) in Lake Sibaya. This synchrony is thoughtb® caused by the simultaneous
change in flood regime and the physico-chemicalirenment to ensure a suitable
environment for the development of eggs and laarakadequate protection and food for
the juveniles (Greenwood 1957) and to ensure dsgpearf the species (Jackson 1961,
Fryer 1965, Lowe-McConnell 1975, Welcomme 1979)e Tédhange in the physico-

chemical environment of the floodplain is reflectedthe elevated temperatures and

109



higher levels of alkalinity, conductivity, TDS ardhrdness in all three major habitats

during the peak flood period (Qrt3) (see Chapter 3)

Although spawning inO. mossambicuslso occurs during the rising and peak flood
regimes, the data suggest that spawning can alsor a@luring the low flood regime
(Qrt4), especially in June (Fig. 4.6), similar tbservations made by Willoughby &
Tweddle (1978. This could be as a result of changes in tempezatonditions. A
number of environmental factors seem unique irfldeplain during the month of June.
Water temperature gradient is the highest (7°C)lenthe air temperature gradient is the
lowest (9°C) and the deviation from the constargghold (25°C) is the highest (-4.8°C),
resulting in overall highest relative temperatuharmges (see Chapter 2). Although the
water level is generally receding during the mooitdune (Qrt4), the floodplain begins
to experience the largest deviation from the thokestbankfull) and least number of days
of inundation. Therefore, it is likely that the higemperature gradient coupled with the
reduction in water level in the floodplain condiwa “disturbance” (Pianka 1988) in the
environment ofO. mossambicyswhich coupled with high mortality levels (Fig.74.
Table 4.6), result in catastrophic density-depenhdewrtality, which reduces the
population to levels below the carrying capacitytlod habitat. In such a “competitive
vacuum” the best reproductive strategy is oftepubthe maximal amount of energy into

reproduction and to produce as many progeny asd@s as possible (Pianka 1988).

While rising water levels provide breeding cues koth C. gariepinus and O.
mossambicui the Lower Shire Floodplain, drawdown also stimbesO. mossambicus
to breed. Therefore, the seasonal fluctuation ef flbodplain habitats provides the

template for the development of the life-histo¢she two major species.

Implication for fisheries management

The observed reduction in the length-at-first-séxoaturity (Table 4.10) shows that both
species have adapted along the r-k continuum, gfv@ucompensatory strategy (Odum
1993). A rule of thumb is that if the Z/K ratio +l, then the particular population is

growth-dominated; if >1 then it is mortality-domted; and if equal to 1 then mortality is
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balanced by growth (Etirat al 1999). Given that the overall exploitation le{(&K) was
1.41 forO. mossambicuand 3.01 foiC. gariepinus it can be asserted that both species
are mortality-dominated and fairly heavily explaoit@as confirmed by the level of fishing
mortality (O. mossambicuB = 0.16;C. gariepinusF = 0.43). However, there is potential
for sustainable exploitation of these species sihey exhibit substantial phenotypic
plasticity (see above) which may contribute towatdsr resiliency. Moreover, the short
life span and the high rate of natural mortalityboth species are typical characteristics
of river-floodplain fishes, which are kept in atstaf early succession, dominated by
strong year-classes (Welcomme 1979, Jeinal. 1989). Welcomme (2001) reported that
parameters of fish population dynamics (growth, taldy, production and biomass) are
strongly related to each other and to length, gheh a reduction in size is associated
with increases in mortality rates, growth rate gomdduction and a reduction in biomass
and catch per unit effort (CPUE). However, the comation of falling biomass and rising
production means that yield remains stable oveargel range of effort. This will be

examined in detail in Chapter 6.

This chapter has helped shed light on the lifeaystraits of the two most commercially
important species, as they relate to the hydroatitnseasons, and has highlighted
significant changes that have occurred over a 2i-geriod. Collectively these data are
important input parameters for the developmenhefhtydro-climatic-fisheries model for
the Lower Shire Floodplain. However, before suchadel is developed, there is a need
to establish the impact of the flood regime onréeuitment patterns and growth of the

juveniles of the two species.
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Chapter 5
The Impact of the flood regime on juvenile recruitrrent, fish condition factor and
growth of Oreochromis mossambicus and Clarias gariepinus in the Lower Shire

Floodplain

5.1 Introduction

Understanding the relationship between spawningkstand recruitment is crucial

particularly in heavily exploited populations, sinihis ensures the continuity of the stock
and the fishery (Pitcher & Hart 1982, Gulland 198Becruitment has also been
identified as the most important factor affectirge tdynamics of a floodplain fish

community (Welcomme & Hagborg 1977, Hadisal. 2000). The failure to recognise the
importance of this has often led to recruitmentrisieing and eventual collapse of

several stocks (Welcomme 2001).

Recruitment has been described as a response wmapatock density, which may be
controlled by biotic, or density-dependent factorsenvironmental perturbation, abiotic
or density-independent factors (Pitcher & Hart 1,988lland 1983, Mann & Mills 1985,

Hilborn & Walters 1992, King 1995, Hallet al. 2000). Although knowledge of

recruitment is critical for the management of flpain fisheries, many fisheries
scientists have admitted that it is difficult toagify the relationship (Cushing 1988,
Hilborn & Walters 1992, Welcomme 2001). Many stedieave shown a great deal of
scatter in the stock-recruit relationship, whichs Haeen attributed to environmental
perturbation that may affect one of the many stageshe recruitment process
(Welcomme 2001).

The majority of stock-recruit relationships thatvbdeen documented for freshwater fish
populations have been derived from stable lake renments. The relationships in

tropical rivers and floodplains are less well urstieod (Welcomme 2001).

Many riverine systems consist of a channel-floomplaomplex, where the two

components are intimately interrelated and linkgdadm annual cycle of flood and
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recession (Welcomme 1995). In turn, the life cydethe biota inhabiting the floodplain

are related to the flood-pulse in terms of its ariiming, duration, and the rate of rise
and fall (Junket al, 1989). Consequently, floodplains are dominatedidly species that

depend on timely seasonal colonisation of floodplabitats for spawning, feeding and
shelter (Bonettoet al. 1969, Willoughby & Tweddle 1978 Welcomme 1979&1985,

Bayley 1981, Goulding 1981, Lowe-McConnell 1987).

Many floodplain fish species show seasonality indfantake related to the flood cycle
(Lowe-McConnell 1964, Willoughby & Tweddle 1978, @ding 1980, 1981, Junk 1982,

Ribeiro 1983). The seasonality of food intake itected in the condition factor of fish

(Bolger & Connoly 1989), which manifests itselfsaasonal growth and production. This
has been reported in many floodplains world widehsas the Phongolo floodplain (Kok
1980), the Okavango Delta (Merron 1991), the Nitpdplains (Welcomme 1986), the

Piracicaba River, Amazon (Silvano & Begossi 200Bke Chilwa and shallow areas of
Lake Malawi (Furset al. 1979).

It therefore, implies that the hydrological conaiits during the year of spawning or
during the year prior to spawning have a stronfuérfce upon the availability of food,
feeding behaviour, growth (Welcomme 1985), condititactor (Tesch 1971) and
ultimately recruitment (de Merona & Gascuel 1993I¥dmme 2001) and total catch
(Welcomme 1978& 1985, Karenge & Kolding 1995). Poeg studies in the Lower Shire
Floodplain reported a marginally significant coatedn between mean annual catch and
mean annual water flow over a number of years (Theset al. 1994). While the work by
Tweddle et al. (1994) was very important, it only served as atfistep towards
understanding the dynamics of the flood regime fesidproduction. There is uncertainty
over the components of the hydrological regime Wwhiave the most influence on
recruitment and the causal mechanisms of the erapirelationship between the two
(Welcomme 2001).

The flood-pulse significantly influences the chaeaistics of the Lower Shire

Floodplain’s three major habitats (river floodplapermanently connected lagoons, and
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seasonally connected lagoons) (Chapter 3) ansiémning periodicity of the two major
fish speciesQ. mossambicuandC. gariepinus(Hastings 1973, Willoughby & Tweddle
1978, Chapter 4). These studies on the Lower Shire dflmin have certainly

contributed to our knowledge of the fisheries; hegre some gaps still remain. For
example, Buliraniet al. (1999) noted that the Lower Shire Floodplain fstbcks were

affected by various environmental factors suchlasding, but they were not able to
establish the link. Previous studies have alsofootised on the impact of the flood
regime on recruitment and abundance, thereforerebvlimiting our capacity to predict
the effects of the flood regime on the life cycledaproduction of the fish in this

important ecosystem.

The lateral exchange between the river and fload@ecurs when the river overflows its
banks at a water level or discharge known as “hdtiKLeopold et. al1960, Wolman &
Leopold 1957, Speight 1965, Leopold & Skibitzke 196larvey 1969, Emmett 1975,
Pickup & Warner 1976, Williams 1978). However, immy river floodplain ecosystems,
the exchange between the river and the floodptatonstrained by human regulation of
the river flow by construction of dams, navigatidlopd control, and irrigation schemes
(Welcomme 1985, Bayley 1991, Bryan & Rutherford 3R9 The Shire River has not
escaped such modern “advances”. Human intervemtiothe flow of the Shire River
include construction of hydroelectric dams at Tedlzikula and Kapichira falls, control
barrier at Liwonde (Hastings 1973), a 75% incre@®064 - 68,312 M in water
abstraction for urban use, siltation of up to 1nmgeat" since the 1980s (Sibande 2001)
and the infestation of the river and the floodpldop water hyacinth Eichhornia
crassipe} (Harley 1991, Terry 1991, Twedd&t al. 1994, Chimatiro & Mwale 1998).
All these factors are likely to have some sortngpact on juvenile recruitment of the two

major speciesd. mossambicuandC. gariepinu$ in the floodplain.

Given the influence of the flood-pulse on floodplaiabitats and spawning periodicity of
the two species, this part of the work examines ithpact of water fluctuation on
juvenile recruitment and abundance of the two taspecies and other species in the

floodplain. The hypothesis to be tested is thaejule recruitment in the floodplain is not
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a random activity, but exists as a consequencestifategy to ensure that the young are
produced at a time of year most favourable forrtiervival. This part of the study aims
to provide a fuller understanding of the impact$l@bd characteristics (timing, duration,
frequency, amplitude, rate of rise/fall) on reament (density-independent), and assess
the effects of feed availability, competition aslives predation (i.e. density-dependent)
on the growth of the adults and juveniles, so bediter management decision support can
be provided for the Lower Shire floodplain. Thisbhased on the assumptions that the
flood-pulse increases favourable habitat and feodHe spawning stock, which in return
produces “healthier” juveniles which grow fasternugrate to adult feeding grounds.
Due to the significant impact of fluctuating watevels on spawning periodicity of the
two species in the floodplain, it was felt that tise of the traditional recruitment models
(Ricker 1954; Beverton & Holt 1957) would not bepeagpriate because of their
underlying assumptions. For example, Beverton &’Hohodel assumes that recruitment
approaches an asymptote at high stock densitiée Ritker's model assumes declining
recruitment above some maximum level of recruitnaamd that mortality is a function of
spawner stock density. The focus here is on detémgithe dynamics of juvenile
recruitment periodicity, temporal length frequertdigtributions, condition factor and to
disentangle the relative contribution of the vasiduydrological indices towards the

growth of the juveniles before they are recruit@d ithe fishery.

5.2 Materials and Methods

Annual flood regime and hydrology of the Lower $loodplain

The Malawi Department of Water Resources kindlyated the daily water-level data.
All data were recorded at Chiromo gauging statiorthie Lower Shire (see Figure 2.3)
covering five hydrological years (1995/96 to 199®@). The water levels were analysed
to derive the following seven hydrological indicé§:monthly sum of water fluctuation
(SWF), measured as sum of differences in daily wéeel and the bankfull; (i)
Cumulative sum of water fluctuatiolCEWH is the sum of theSWF values across
months (iii) mean daily (maximum and minimum) wakevels; (iv) mean daily water
level; (v) timing of flooding measured as mean ylaihater level (m) above the bankfull

(Lv-BF); (vi) duration of floodplain inundation arver stage (RS), measured as the
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number of days in the month when water level isvabihe bankfull and (vii) rate of
change of water level (Slope), measured as dailygesIThe detail of the hydrological
regime of floodplain is provided in Chapter 2. Tééydrological indices were later used
as predictor (independent) variables in the regyassnalysis performed to identify the
relationship between the life-history traits of figh (dependent variables) and the flood

regime.

Estimates of juvenile recruitment

As a measure of juvenile recruitment, estimatemohthly relative abundance of early
juveniles were obtained using a (2m long x 0.9nplléarval seine net with 1-mm mesh.
Samples were collected monthly from six lagoon @valriverine sites in the littoral zone
(<1m deep) between July 1998 and June 2000. THrdee sites were in the seasonally
connected lagoons (SCL), three were in the perniBneannected lagoons (PCL), and
the other two were in the river floodplain (RF) d&ie 2.1, Chapter 2). Three hauls,
covering a total area of 10°reach, were made per site per month. All fish veenented,
identified to the lowest possible taxon, weigheth® nearest 1 gram and measured to the
nearest 1 millimetre total length (TL) and standardyth (SL).

To effectively sample for juvenile fish in areaseder than 1 m, three sites in each of the
two lagoons (PCL and SCL) were chosen. Three haaisering an area of 180°reach,
were made at each site using a (30m long x 2m dseipe net with 13-mm mesh.
Sampling was done once a monilii. Clarias gariepinus<150 mm TL andDreochromis
mossambicus’75 mm TL were weighed and measured as describ@eeaThe variation

in fish abundance in relation to the four hydravatic seasons was assessed using these
data.

Condition factor

To determine the possible effect of the flood regiom food availability and intake, as
reflected by the condition of the fish, mean montbbndition factors were calculated
mainly for matureOreochromis mossambicys$100 mm TL) andClarias gariepinus

(>200 mm TL) collected from experimental gill nasid seine nets as outlined in Chapter
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4 from July 1998 to June 2000. Condition factor Y@fs calculated using the equation
recommended by Bolger & Connolly (1989) and MurghWillis (1996), based on the
assumption that the heavier fish of a given lengére in better condition (Bolger &
Connoly 1989):

FISh weight(g) «10°
Fish length(mm)®

Condition factor(K) = (Equation 5.1)

It was hypothesised that changes in monthly camditiactor of fish reflects food

abundance and that this would manifest itself ertitonthly length-weight relationship.

Growth response of fish to water-level fluctuation

It was further hypothesised that the flood regineuld in some way or other have an
effect on the growth pattern of the fish and thathsevents may be revealed by an
analysis of the growth pattern of the otoliths. &mamine whether and how the flood
regime affects the growth rate of the fish, se@wsagittal otoliths o©. mossambicus
were prepared and examined according to procedurtied in Chapter 4Clarias
gariepinuswas excluded from this analysis since they wereeagy to handle. Otolith
length (OL) and width (OW) were measured alongltimgitudinal and transverse axes,

respectively.

Otolith sections with clearly defined annuli aloagneasuring plane from the medial to
the lateral margin across the nucleus (Figure Wvé&je scanned under a scanning
microscope using the software package Winstor S&M, later converted to Tag Image
Files (TIF). These were loaded into the Sigma SgEftware using a 1-mm calibration
bar. All measurements were done at a resolutiof.@®1 mm. The thickness of each
otolith was measured from the medial to the lateratgin across the nucleus. Annulus
width (Aw) was measured as the distance betweefirteand the second annulus, from
the beginning of the translucent zone to the enth®fpaque zone along the same plane

as the sectioned otolith thickness (Fig. 5.1).
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Lateral margin

i S

Medial margin

Figure 5.1 Photomicrograph of a section€ mossambicustolith showing the measuring plane used in
the determination of the annulus width (Aw). Anrailwidth (Aw) = distance between the first and
second annulus from the beginning of the transiurene to the end of the next opaque zone

All readings and measurements were done twice, thedaverage measurement was
adopted if the two differed by not more than 0.08&, otherwise the otolith was
rejected. Comparison of growth was confined topgagod between the first and second
annuli (two years’ growth) because the speciesnati@symptotic length within the first
two to three years, and hence growth during trst jiear represents the best measurable
period (Figure 4.3, Chapter 4). The annulus widtd ather morphometric variables of
the otoliths (length and width) were used as dependariable while hydrological
indices as independent variables in a linear regyesanalysis, to assess the relationship
between growth of the fish and flood regime.

Statistical analysis

Statistical analysis was carried out with the aid Statisticd” computer software
(StatSoft, Inc. 1999). Values for seasonal abuoelsrwere compared using a non-
parametric Kruskal-Wallis one-way analysis of vada (ANOVA) (Zar 1984). Where
significant differences were found, values were parad using a non-parametric Mann-
Whitney U-test. A two-step procedure was appliethtostatistics of regression analysis.
First, Pearson product-moment correlations (Neteal. 1979, Zar 1984) for pairs of

dependent (biological parameters of the fish) amependent variables (hydrological
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indices) were obtained in order to explore the fimmal relationship between various
pairs of variables. Secondly, forward stepwise ipl@t regression analyses were
conducted to determine the relationship betweemwsirsuites of independent variables
and a single dependent variable in order to cocistrest possible predictive models. In
forward stepwise multiple regression analysis; nefdunt predictors are removed to yield
a final model that accounts for most of the var@ar(®oy 1958, 1967). Otolith
dimensions, condition factor (CF) and relative atancte acted as dependent variables

while hydrological indices were used as indepengariaibles.

5.3 Results

Hydrological indices

Figure 5.2 shows a typical hydrograph for the Lo®aire Floodplain over four hydro-
climatic seasons (details in Chapter 2), and Fidghu® summaries the hydrological
parameters of the floodplain. Water level in theodiplain is lowest in November, as
reflected in the mean level as well as Sum of Whtectuation (SWF). The water level
is at its highest between December and March, maurtdation of the floodplain occurs
between January and April when the water is abewdfoll (Figure 5.3b). Theoretically,
the floodplain is inundated for most days of tharyéFigure 5.3c), but taking into
account the sum of daily water level fluctuatioB%\F) the floodplain is effectively only
inundated between January and April (Figure 5.3W)is can be seen for May to
December when mean monthly water levels are belwsv ankfull and designated
negative, while those above bankfull are designasdpositive. For example, the
empirical bankfull level is 4.7 m (Chapter 2), thire, if on day of the month the level
is 3.7, then this day will be designated —1 m, eewmater rises to 5.7 m the following
day, the SWF for the two days will be (5.7-4.7=13£0 m). The period between August
and November is critical for fish in the floodpldircause the water level is progressively
receding as reflected by the SWF (Figure 5.3b),ngoshe risk of desiccation and

stranding in dry areas.
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Figure 5.2 An annual hydrograph (flood regime) for the Lov@hire Floodplain. The mean monthly
data is based on water levels (mean above seaiteveétres) recorded at Chiromo gauging station,
Lower Shire River, for the period 1995/96 to 199@Q. Double arrows indicate the status of the flood
regime; the horizontal line indicates the bankieMel.
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mean water level (MWL) and water balance (WB), gbjn of daily water fluctuation (SWF) and
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on mean daily water recorded at Chiromo, Shire Rilvging the period 1995/96 to 1999/2000.

121



Relative abundance of juvenile fish

Juvenile cichlids and clariids collected from titéotal zone with the 1-mm mesh seine
were not easily identifiable to species level (leerthey were categorised as cichlids and
clariids), but those captured with the 13-mm mestwere easily identified. Estimates of
mean monthly abundance (numbers.tadbr the early juveniles collected with the 1-
mesh mm net are shown in (Figure 5.4), while thenadées of mean monthly density
(numbers.nf) and the length frequency distribution of earlygnile cichlids and catfish

collected with the 1-mm mesh net are shown in FEg&.5a&b and 5.6a&b, respectively.
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Figure 5.4 Estimate of mean monthly relative abundance df freean number of fish per haul) in the littoraheaf
the Lower Shire Floodplain. The fish were samplsithgia 2-m long 1 mm mesh, larval seine net, beiviedy 1998
and June 2000.
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Figure 5.5 (a) Mean £ SD) monthly density (fish.if) of early juvenile cichlids and (b) length distition of juvenile

cichlids in the littoral zone (<0.1 m) of the lagoand riverine habitats of the Lower Shire Floodplaollected using a
1-mm mesh seine net (2m x 0.90m), between July E@BJune 2000. The open circles afepBrecentile, closed
circles are means, the cross bars are SD, anduthbers above the SD points are the size of the Isaitiig boxes
depict the length distribution below mean.

Since there were no significant differences inyeaubenile fish densities among the
sampled sites (one-way ANOVA, > 0.01), the samples were pooled and analysed as a
composite sample. However, there were significamrigrly seasonal differences in
juvenile fish density (one-way ANOVAp < 0.01). There were significant differences
(one-way ANOVA,p < 0.01) in the density of early juveniles in the lanseine net
hauls, with the highest density recorded betweeguatiand November (Figure 5.4).
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Figure 5.6 (a) Mean (+ SD) monthly density (fish.?nof early juvenileclariids and (b) length
distribution of juvenile catfish in the littoral mes (<1 m) of the lagoon and riverine habitatshaf t
Lower Shire Floodplain, collected using a 1-mm mssime net (2m x 0.90m), between July 1998 and
June 2000. The open circles are fercentile, closed circles are means, the crossdre SD, and the

numbers above the SD points are the size of theleatihe boxes depict the length distribution below
mean.

The monthly relative abundance of juvenile fishvafious species in the littoral zone
collected with the 13-mm mesh seinenet can be seBigure 5.7. The bulk (58.5%) of
the fish assemblage constituted three cichlid sgewith Oreochromis mossambicus
comprising 34.7% Astatotilapia callipteral.7% andTilapia rendalli 21.2%. Three
catfish speciesSynodontis zambezensis, Clarias gariepilamsl Schilbe intermediys
were the second largest component making up 16WRHle four cyprinids,Labeo

altivelis, L. congoro, Barbus paludinoswsd B. afrohamiltonj constituted the third
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largest group at 9%. Early juvenile abundance (remnbauf of all species) was highest
(602 — 1127 fish.f) between the period of low and low-but-rising fio@gimes in 1998

(August and November 1998) and in 1999 (July andelder 1999) (184 — 353 fish.m
%) (Figure 5.7).
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Figure 5.7 Mean monthly relative abundance of juvenile fiste&an number of fish per haul) in the littoral
zone (<1 m) of the Lower Shire Floodplain, samgtedh July 1998 to June 2000 using a 13-mm mesh

Although there were no significant interannual lotdlimatic seasonal differences in
early juvenile density (for example Qrtl in 199&1&@rtl in 1999 (Mann-Whitney rank
sum testp > 0.01), there were significant quarterly seasoifér@énces, Mann-Whitney
rank sum tesfp < 0.01). It is apparent therefore, that there isoae@ment of new recruits
into the littoral zones of the floodplain duringetperiod of low and low-but-rising flood
regime. Juvenil®. mossambicuwere fairly abundant throughout the year, an iation
that it can breed throughout the year, while juke@i gariepinusshowed clear seasonal

patterns of abundance (Figure 5.7), probably &c&fin of distinct breeding seasons.

The length frequency distribution for larg€r. mossambicug>75 mm, TL) andC.
gariepinus (>150 mm, TL) is shown in Figure 5.8. Larg&. mossambicusvere
dominant from July to November (1998/99), the trahaost repeated itself in July to
November (1999/00) (Figure 5.8), correspondindheogeriods of low flood and low-but-

rising flood regimes. Similarly, fo€. gariepinuslarger individuals appeared between
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December and March in 1998/99 and during the saeniegthe following year (Figure
5.8), corresponding to the period of rising andkpkaod regimes. Fo©. mossambicus
and C. gariepinus the length frequency distributions exhibit sindsb patterns with
peaks and troughs. In December, smallemossambiculargerC. gariepinusnvere more
abundant (Figure 5.8). This shows an apparent samebus movement of larg€s.
gariepinusand smallerO. mossambicuito the littoral zone between September and
November. In some ways, this mirrors the situasbown in Figures 5.5 &5.7, where

cichlid andO. mossambicugiveniles are most abundant between August anerkeer.
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Figure 5.8 Length distribution ofOreochromis mossambicasd Clarias gariepinusin the littoral
zone (<1 m) of lagoon and riverine habitats of lthever Shire Floodplain, sampled with a 13-mm
mesh seine net (30m x 2m) between July 1998 and 2000. The closed circles indicate mean
length; the error bars indicateSD and the open circles are set df pbrcentile. The boxes indicate
lengths recorded above the mean length.
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Condition factor

Figure 5.9 shows the mean monthly condition fa@B¥) for Oreochromis mossambicus
andClarias gariepinus Although there were no significant (one-way ANOMz#: 0.05)
monthly differences in CF in both species, thergewsignificant quarterly seasonal
differences between the receding (Qrt3) and lowtlQiflood regimes (one-way
ANOVA, p < 0.05). ForO. mossambicysondition was lowest (1.40.04) during the
peak flood (Qrt3) between January and March andéhdsigduring the receding flood
regime (Qrtl) (2.721.23), April to June, with a peak in June.
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Figure 5.9 Mean monthly condition factor +95% confidence m#ts forOreochromis mossambicus

and Clarias gariepinusin the Lower Shire Floodplain between August 1898 July 1999. The
number of fish sampled is presented above the dende bar.
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The monthly condition o€. gariepinuswas a reverse mirror image of the pattern@or
mossambicuslt was lowest (1.2#0.12) during the receding flood regime (Qrt4), and
highest (1.80.11) during the low-but-rising (Qrt2) and peakoflioregimes (160.27)
(Qrt3), but the two seasons were not significauiifyerent from each other (one-way
ANOVA, p= 0.05).

The relationships between the hydrological indi@ed fish condition factor and juvenile
abundance using Pearson product-moment correlagi@ashown in Table 5.1. Relative
changes in water level as measured by daily waietuation in the form of cumulative
sum of daily fluctuation (CSWF) and the rate of @ in water level (slope) were
highly correlated with the biological parameterdist (0.64 <r?> 0.85,p < 0.05), while
absolute changes in water level (or timing of flioggd in terms of daily mean, maximum
and minimum levels, as well as bankfull level (L¥AB was highly correlated with
juvenile abundance (0.59 € > 0.71,p < 0.05). However, the relationship between the
density of juvenileO. mossambicuand C. gariepinuswith water fluctuation (CSWF)
and the rate of change of water level were the reevéTable 5.1), indicating that
densities were highest during the low flood regamd visa versa, just as it was shown in
Figure 5.4. The rate of change in water level nyaaifected the condition factor &.
gariepinus while absolute change in water level (daily méavel) had a significant

effect on the density of juveniles of all specespecially catfish (Table 5.1).

The relationships between hydrological indices (Hihd CF and juvenile abundance
using the forward-stepwise multiple-regression wsed in which the hydrological
indices were independent and life cycle parameteese dependent variable, are
summarised in Table 5.2. While the timing of theofl regime, reflected in the absolute
change in water level, had a direct and significefféct on the condition factor &.
gariepinus(r® = 0.69,p < 0.001), it had an inverse but no significant effec= 0.08,p >
0.05) on the condition factor @. mossambicu@lrable 5.2). Although the monthly water
fluctuation, depicted as sum of daily water flucioia (SWF), had no significant effect

on early juvenile density of all species, the ielathip was inverse{ = 0.20,p > 0.05)
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indicating that densities were highest during the flood regime and visa versa as in
Figure 5.4.

Table 5.1 Summary of Pearson product-moment correlation ficterfts for pairs of dependent and
independenvariables. Dependent variables are fish biologpgzabmeters. Independent variables
are hydrological indices. The data is presentedCks= Condition factor, Juvenile density
(fish.m?), Mean = mean monthly water level, Max = maximuailyd water level, Min =

minimum daily water level, SWF = sum of daily watkrctuation (m), CSWF = cumulative sum

of daily water fluctuation, RS = river stage (days)-BF = level above bankfull.

Dependent variables (Biological Independent variables (hydrological indices)
factors of Fish)

Mean Max.| Min. | SWF| CSWF| RS Lv-BF Slope
CF of C. gariepinus 0.36 049 | 0.17| 0.23] -0.75* 0.1 0.31 0.65*
CF of O. mossambicus -0.31 -0.42| -0.21| -0.47 0.21 -0.44 -0.22 -0.13
Juvenile abundance (mean number0.68** | - - -0.45 | 0.01 -0.49] -0.71***| -0.08
of fish.haut') (all species) 0.63* | 0.60*
Juvenile density (mean number of| -0.64* | - - -0.46 | -0.18 -0.50, -0.68** 0.01
fish.m?) (Cichlids) 0.59* | 0.60*
Juvenile density (mean number of| -0.50 -0.54| -0.40| -0.28 0.49 -0.9 -0.54 -0.16
fish.m?) (catfish)

Table 5.2 The relationship between hydrological indices h## floodplain and condition factor
(CF), and juvenile density (fish:f of Oreochromis mossambicasmdClarias gariepinus Data

is presented as CF-Om = condition factor @rmossambicsCF-Cg = condition factor fo€.
gariepinus Lv = mean monthly water level (m), SWF = sum daiilg water fluctuation (m),
Fish.m? = juvenile densityr? = coefficient of determination, anp = level of significance
(ns=not significant; * = 0.05; ** = 0.01; *** = 0@1). The models were obtained through forward
stepwise multiple regression analysis.

Relationship r P
O. mossambicus

CF-Om =4.16 — 0.46Lv 0.08 | 0.380 ns
C. gariepinus

CF-Cg =-1.50 + 0.52Lv 0.69 | 0.0008***
Juvenile density

Fish.fn= 377.45 — 14.06SWF 0.20 | 0.145ns
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Seasonal growth patterns

The relationships between fish length and otolitmeshsions ofO. mossambicusre
shown in Table 5.3 and the relationship betweenrdigdical indices and seasonal
growth patterns is shown in Figure 5.10. Total tangf the fish accounted for most of
the variation in otolith length, otolith width, dith thickness and annulus width
(0.3%r?>0.78, 1£0.001) (Table 5.3). Although total length of thshfidid not account for
much of the variation in annulus widtif£6.35), the relationship was very significant
(p<0.0001) (Table 5.3).

Table 5.3 Morphometric relationship of otolith dimensionsdawtal length of0. mossambicus
sampled from the Lower Shire Floodplain. TL = tokahgth, OL = otolith length along the
longitudinal axis, OD = otolith diameter along ttiansverse axis, OT = otolith thickness from
the medial to the lateral margin, Aw = annulus Widtom the first to the second annulus,
beginning at the translucent zone to the end of rteet opaque zone? = coefficient of
determinationp = level of significance (ns=not significant; * =08, ** = 0.01; *** = 0.001).

Relationship r? P n

O. mossambicus
TL (mm) = (29.026) * OL (mnf)®*2

0.78 <0.0001*** | 163
TL (mm) = (40.161) * OW (mn)** 078 <0.001** | 167
TL (mm) = (143.689) * OT (mnf)*** 068 <0.001%* | 187
TL (mm) = (240.62) * Aw ()™ 0.35 | <0.0001*** | 176

A summary of the relationships between individugadifelogical indices and age of the
fish (independent variables) and annulus widti©omossambicu@ependent variable),
using Pearson product-moment correlations, are showTable 5.4. Although the
relationship was significant £@.05), however, the independent variables did nocbant

for much of the variation in annulus width (0s63>0.09), pointing to the fact that there
might be other factors being responsible for charigeannulus width, which were not
captured in this study. There was a more signifidaend towards annulus width

increment in younger fish than older individuafs=0.09,p<0.001) (Table 5.4).
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Table 5.4Summary of the relationship between of water Ipahmeters and annulus width in
otoliths of O. mossambicudVater level parameters are: SWF = Sum of watet'aton; RS =
River stage (period of inundation in days; Lv-BFLevel-above-bankfullr?> = coefficient of
determinationp = level of significance (ns=not significant; * =08, ** = 0.01; *** = 0.001).

2

Parameter of water level | r p

Mean water level (m)*** | 0.05 0.004
SWE*** 0.04 0.009
RS* 0.03 0.04
Lv-BF*** 0.05 0.002
Agerr* 0.09 0.00009

All the independent variables tested together thinodorward stepwise multiple-
regression, identified the mean monthly water le(dWL), sum of daily water
fluctuation (SWF) and mean monthly water level abahe bankfull (Lv-BF) as

accounting for most of the variation in annulustwigFigure 5.10).

Although the three hydrological indices (MWL, SWE-BF) did not account for much
of the variation in annulus width (0.84>0.05), these relationships were very significant
(p<0.01) (Figure 5.10). Thus, the following linear megsion models could describe the

response of annulus width ©f mossambicu® changes in hydrological indices:

a) Annulus width (mm) = 0.086 + (0.015 x MWLY)?(= 0.048;p = 0.004)
b) Annulus width (mm) = 0.15 + (0.001 x SWR)? € 0.04:p = 0.009)
c) Annulus width (mm) = 0.159 + (0.016 x Lv-BFj?& 0.05;p = 0.002)
where : MWL = mean monthly water level (m),

SWF = sum of daily water fluctuation)(

Lv-BF = mean monthly water level abalve bankfull (m)
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Figure 5.10 The relationship between annulus width (Aw) (mm) Oreochromis
mossambicusind (a) daily mean water level (MWL) (m); (b) swidaily water fluctuation
(SWF) (m) and water level fluctuation above the Kfalh (Lv-BF) (m) in the Lower Shire
Floodplain. The solid lines are regression lines.
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The response of annulus growthGn mossambicu® changes in daily mean water level
and duration of inundation of the floodplain is ®moin Figure 5.11. The increase in
annulus width was greatest when the water leveljustsabove the bankfull (but below
5.5 m) and after about 23 days of floodplain indimta(see dotted line in Figure 5.11).
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Figure 5.11 Contour plot representing the relationship betwaanulus width (mm) of sectione@.
mossambicustolith (between the first and second annulus) daily mean water level and river stage
(days). (?=0.06,p=0.007). 0.05-0.20 denotes annulus width (Awim.

5.4 Discussion

The seasonal dynamics of water fluctuation in fldaths and their effects on food
availability, growth, reproduction, juvenile devphloent and eventual recruitment into
the floodplain fisheries has been the subject ahenous scientific studies (Lowe-
McConnell 1975&1987, Welcomme 1985&2001, MRAG 19%alls et al. 1999
&2000). It has been demonstrated that fish conditfactor, growth and juvenile
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recruitment in the Lower Shire Floodplain is asateil with the flood regime. To fully
understand some of these complicated associatjowsnile recruitment, growth and
condition factor must be carefully examined in tiela to the impact, which the flood
timing, rate of fluctuation and inundation of thHeddplain have on food availability,

survival from predators and growth.

Effect of the flood-pulse on fish condition

The relationship between flood regime and conditbthe fish becomes apparent when
one examines the seasonality of dietary items aadifg intensity of the fish in relation
to the flood regime and duration of inundation. Tdoadition of O. mossambicus/as
highest during the receding flood between April dode, and lowest during peak flood
regime. This clearly mirrors Willoughby & Tweddlg$978) observation that maximum
food intake ofO. mossambicus the Lower Shire Floodplain was between Apridan
June. Since feeding rate has been shown to betldiggoportional to temperature for
several fish species, including tilapia (Davis & Wéam 1971, Caulton 1978) one would
expect thatO. mossambicug the Lower Shire Floodplain would have been iegd
more intensely from, say August during which tintemnperature in the system is
increasing. However, intensive feeding ®y mossambicustarted in April (Willoughby
& Tweddle 1978) as temperature was going down from 24.8°C in I1Apri20.2°C in
June, during the receding flood regime (Chaptelt 33.well known that feeding intensity
of O. mossambicuis reduced below 20°C (Chervinski 1982). Given hifigher feeding
intensity, which is also reflected by the high citiod factor, during the period of
receding flood between April and June, it would iynihat a factor or factors other than

temperature were affecting feeding rate.

It has been reported that intensity of feedinguwepile O. mossambicus Lake Sibaya
was significantly affected by lake level. At higike level it was less than half that found
during low lake level period, while the protein ¢temt of benthic detrital aggregates
showed a strong inverse correlation with depth (BoW979, Bowen & Allanson 1982).
In Lake Chicamba, Weyl (1998) reported an incremséhe condition factor forO.

mossambicugiuring the summer drawdown period, and in partribsd this to the
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persistence of detritus during that period. Dutting falling flood (Qrt4) and low flood
(Qrt1) regimes in the Lower Shire Floodplain, theras a rise in both phosphate and
nitrate (Chapter 3). The increase in these two g@mynrate-limiting elements (Wetzel
1975) would lead to increased productivity durihs tperiod. The high feeding intensity
of O. mossambicu@eflected by the high condition factor) duringsttime could be one
of the most important adaptations ©f mossambicus the fluctuating environment of
the floodplain. The fish takes advantage of theggeof abundant food resources during
the receding flood regime to accumulate sufficiabtand body mass in order to survive

the period of scarcity during the low flood regime.

Willoughby & Tweddle (1978 recorded that fish was the principal dietfgariepinus
in the Lower Shire Floodplain, just before the tlopeak. The highest condition fax.
gariepinuswas recorded during the low-but-rising flood ardle part of the peak flood
regime (Figure 5.9), which corresponds to the merd high relative abundance of
juvenile fish (Figure 5.4). Similarly, in Lake Sima(Bruton 1979) and in the Okavango
Delta (Merron 1991) maximum food intake By gariepinuswas also recorded during

the period of low water level.

The predominance of fish in the diet ©f gariepinusduring the receding flood regime,
when juvenile fish abundance is high could be drplh by the “optimal foraging
theory” (Stephens & Krebs 1986). The theory stimdathat all things being equal, a
predator should feed preferentially in patches wiith highest density of prey. This is
likely the case since abundance and density of m@gased around September (Figure
5.4), at the start of spawning season (Chapteodpled with the concentration of prey in

pools with rapidly declining water level in the didplain (Figure 5.3).

During the high flood regime (Qrt3) in the Loweri®hFloodplain (see Chapter I},
gariepinuschanges its diet from mainly fish to filamentouga®, detritus and insect
(Willoughby & Tweddle 1978, further supporting the “optimal foraging theory&
similar shift in the diebf C. gariepinusduring high flood regime was reported in Lake
Sibaya (Bruton 1979). This shift in diet during theak flood could be due to increasing
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water level and a subsequent dilution effect ofyprethe floodplain making them more
illusive to predators.

The decline in the condition @. gariepinugFigure 5.9) could be a result of a reduction
in feeding intensity during the peak flood and #t<b algae and detritus (Willoughby &
Tweddle 1978, which have a lower nutritional value (Bowen 197Bhis has also been
observed in the Amazon floodforest, where fishesewaost ecologically separated in
terms of feeding, during the period of high wat&oglding 1980). This could be
explained by the ecological theory of “optimisatiohenergy use” (Odum 1993). The
theory states that the lower the abundance of ftoal)arger the habitat area to forage
and the greater the range of food items taken.efbe, in line with the “optimisation of
energy use” theory, the fish switch from being fagdyeneralists to feeding specialists
with increasing food abundance, and vice versa wheeaclines (Werner & Hall 1979).
In rivers many species appear more flexible, stgffiood items according to availability
(Welcomme 2001).

There have been two schools of thought regardimg sthift between specialist and
generalist feeding in fluctuating environments. oauthors consider that specialised
trophic behaviour confers a competitive advantagénd low water when food resources
are scarce; while others suggest that the competiidvantage arises at times of
abundance (Welcomme 2001). The high feeding intemsiC. gariepinus(reflected by
high condition) during the low-but-rising flood fege could be one of the most
important adaptations to the fluctuating environtnehthe floodplain.C. gariepinus
takes advantage of the period of abundant juvelidle prey, to rapidly build up

condition, in order to reproduce successfully dytime peak flood regime.

The seasonal nature of the feeding cycles as shewnhas been recorded in many other
systems (Lowe-McConnell 1964, Goulding 1980&198lbdRo 1983, Welcomme
1985). The findings of this study also supports dkeeral notion that highwater (when
food availability exceeds demand) is the feedingd gnowing period for many fish
(Lowe-McConnell 1987, Welcomme 2001). In addititime periods of low food intake
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(as reflected in the lower condition) coincide witlw or falling water levels. This is
clearly shown inC. gariepinus which had a low condition factor during the reogd
flood regime (Figure 5.9). However, the oppositesvedserved folO. mossambicuys
which showed a higher condition during the recedftapd regime (Figure 5.9).
Welcomme (1986, citing Daget 1957) similarly, repdrthat in the Central Niger Delta
Tilapia zilili gained, whileBrycinus leuscuga piscivore) lost condition during the falling
flood.

Effect of the flood-pulse on juvenile recruitment

Adaptation to conditions or opportunities that eesgreater survival of the offspring
(Reynolds 1983, Welcomme 1985) such as water teahper food availability and
habitat preferenda (Bruton 1979) are thought tosbene of the factors affecting
abundance or movement of juvenile fish into theol@l zones of floodplains. Early
juvenile density of all species was recorded tdighest between August and November
in 1998 (602 — 1127 fish.A) and between and July and November in 1999 (1883-
fish.m?) (Figure 5.7), which in both years correspondethelow flood (Qrt1) and low-
but-rising flood (Qrt2) regimes. Since the cyclpaated itself over two years, it is likely

that it represents a typical recruitment cyclehi@ Lower Shire Floodplain.

The peak-breeding season for mossambicusvas in November, during the low-but-
rising flood (Qrt2) regime (Chapter 5). Early juvencichlids (2510 mm TL)
abundance was highest in March and la@emossambicub5+ 10 mm TL) were most
abundant in August (Qrtl), during the low flood ireg (Figure 5.5). Similar
observations on the timing of recruitment was reggbin Lake Sibaya (Bruton & Boltt
1975, Bowen & Allanson 1982), Lake Victoria (Welcaora 1964) and Lake Mcllwaine
(Caulton 1975) wher®. mossambicuguveniles were reported to be common in the

littoral zones during low water level where theyeerged to feed.
While the peak-breeding season @rgariepinuswvas from October to December during

the rising flood (Qrt2) regime (Chapter 4), juven{lL50+25 mm TL) started becoming
more abundant in January. However, their densitg highest (1045 fish./) in July
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(Qrtl) during the low flood regime (Figure 5.6) wattich stage they were 190+ 5 mm TL.
The time lag between peak breeding (Nov/Dec) arst @mergence of the juveniles
(January) in the littoral zone might be explaingdBsuton’s (1979) observation in Lake
Sibaya where juvenil€. gariepinusvere reported to move into deeper waters soon afte
spawning and later migrated into and inhabited ghallow, inshore, newly inundated

areas where food was abundant.

This timing of the emergence of juveniles of the tepecies into the littoral zone could
also be explained by the “predator-prey wave” thg@avill & Hogeweg 1999), which
states that piscivorous predators suchCagariepinus generally take prey of specific
size. Hence, prey species are relatively safe fppedation once they are above that
critical size. Lowe-McConnell (1987) noted that gméon probably provides a powerful
selection pressure for rapid growth in prey spediesould appear that commencement
of predation on fish by juvenileC. gariepinusis crucial for their fitness and
competitiveness. Bruton (1979) reported that fisbdme important in the diet of juvenile
C. gariepinusvhen they were 50 mm TL. Therefore, it might be the case that safter
spawning, juveniléd. mossambicumight be growing rapidly between October (50+15
mm TL) and February (70+ 5 mm TL) (Figure 5.5b) ander to avoid predation.
Furthermore, the occurrence of high density of fuieeO. mossambicus August, a
month earlier thai€. gariepinus(July), could also be an adaptation for optimal/sal

by ensuring that there is abundant prey (cichlfids)the C. gariepinusby the time they

migrate into the littoral zone.

It is proposed that the spawning of both speciesmguhe rising (Qrt2) and peak flood
regimes (Qrt3) (Chapter 4), may be an adaptatiorertsure that juveniles colonise
recently inundated floodplain to take advantagéefrising flood-pulse and subsequent
abundance of habitat and food resources. Elsewhienas been reported that flooding
which brings an influx of nutrients into recentlgundated vegetated areas, provides
cover for the spawning fishes as well as a favdar&bod-rich environment for the
juveniles (Lowe-McConnell 1979, Bruton 1979, Brut&nJackson 1983). Decaying

vegetation during the high water level further ehess the detritus, which is a primary
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food for O. mossambicude Mooreet al. 1986, Weyl 1998) and a significant proportion
of the diet ofC. gariepinusin the Lower Shire Floodplain (Willoughby & Tweadl
1978).

While newly inundated floodplain swamp and marsgetation might provide refuge for
the juveniles (Werneet al. 1983, Ogutu-Ohwayo 1993, Chapmeinal. 1996, Weyl &
Hecht 1998, Rosenberger & Chapman 1999), in the eko®hire Floodplain these
habitats become inundated (Howard-Williams 19734 ahe lagoons completely
connected with the main river channel during theqgokeof peak flood. Therefore, the
rising river waters may enable such predatorsgesfish Hydrocynus vittatusand C.
gariepinusto invade the floodplains, hence the low relatiriradance of juveniles
during the peak flood regime (Figure 5.4). Thismgups the observation in Lake Sibaya
whereO. mossambicugiveniles were common in the littoral zone foryoal few hours
after dark in order to avoid predation & gariepinus(Bowen & Allanson 1982).
Similar observations were made in the OkavangoaD@lterron 1991). In view of the
relatively low proportion of fish in the diet of. gariepinusin the Lower Shire
Floodplain during the peak flood (Willoughby & Twald 1978). The explanation above
may not be an adequate one to explain the lowenddnce of juvenile cichlids (Figure
5.5) during this time. Therefore, the dilution effend greater rate of dispersion during
high water level (Figure 5.3) seems a more plaas#zplanation for lower abundance of

juvenile fish during peak flood (Figure 5.4).

Effect of the flood-pulse on growth of juvenileHis

Gauldie & Nelson (1990) reported that growth cheskshard structures such as scales,
otoliths and spines are formed as a response toromore environmental variables that
reduce metabolic rate and result in a slowing efdlowth rate. Although the period of
annulus formation has been reported to be variabfishes of tropical and sub-tropical
waters (Kapetsky 1974, Boott al. 1995, Booth & and Merron 1996, Pannella 1974,
Hecht 1980), there is a strong indication that fdrenation of a single opaque zone in
otoliths occurs at the end of winter, when eitleenperature or water level are low (Weyl
& Hecht 1998).
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The findings of this study revealed that one tracesht and one opaque zone were
deposited every year in the otoliths ©f mossambicuand C. gariepinus The opaque
zone was deposited during May (Qrt4XAnmossambicuand during August (Qrtl) iG.
gariepinus(Chapter 4, Figure 4.2). In both cases the pearsfodeposition coincides with
periods of low mean, water temperature 22°C (26227 June and 21°C (19-23°C) in
August and receding water levels 4.5 m (4.5-4.6@hapter 2). It is important to note
that the lowest minimum water temperatures and $bai temperature range (9°C) were
recorded in June. Similarly, in Lake Chicamba tpaque zone i©. mossambicuwas

deposited during winter drawdowns (Weyl 1998).

There was a significant increment of annulus widtlyounger fish 1?=0.09, p<0.001)
than older ones (Table 5.4). Similar observaticangehalso been made elsewhere (Dudley
1979, Booth & Merron 1996, Weyl 1998). This growdhttern is known as negative
Lee’s phenomenon (Ricker 1969). Notwithstanding’sggenomenon, the possibility
that inter-annual annulus width is correlated wittoding conditions should not be
ignored (Weyl 1998).

The direct (0.04r*>0.05) and significantp0.01) relationships between annulus width
and hydrological indices (Figure 5.10) as welltes allometric relationship between fish
length and otolith dimension (Table 5.3) makeso$gible to relate annulus width with
growth of the fish. The direct relationship betwedeaonrease in annulus width 0.
mossambicusnd the timing of flood and the duration of inutiola of the floodplain
may be a consequence of increased availability ooid fand foraging area in the
floodplain. This is illustrated by the increaseannulus width during years of water
levels above the bankfull (>4.5 m) and longer imatimh of the floodplain (20-25 days)
(Figure 5.11). However, a decrease in annulus wieis reported during years of low
water levels (<4.5 m) or excessively high waterels\(>5.5 m), coupled with longer
periods of inundation of the floodplain (>25 dagigure 5.11).
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The link between the period of rising water levelhén food is abundant) and the
increase in annulus width is illustrated by thehhegndition forO. mossambicusver the
same period (Figure 5.9). Similar observations @ fgrowth rate were made in
Bangladesh Floodplains, where much of the yeaodsvtyr was achieved at the end of the
flood season and the beginning of the drawdownogderduring which nutrient levels
were highest (Hallst al. 1999).

5.5 Conclusion

The study has demonstrated that in addition tarideeand fall of the flood regime, the
timing and duration of inundation influences theaitability of food as well as
seasonality of food intake and growth in b@hmossambicuandC. gariepinusin the
Lower Shire Floodplains. It is apparent that tleed-pulse precedes food availability,
intensity of food intake, growth and juvenile ratment of the two major species in the
floodplain. The seasonality of the flood regimemssdo be the major factor that drives
recruitment. Therefore, by understanding the sedspattern of the flood regime,
fisheries managers are likely to be in a betteitjposto explain the seasonal variation in
fish yield in tropical floodplains, including theolwer Shire. Contrary to the notion that
seemingly random retention of ecologically similant different species occurs in
floodplains pools which become isolated as thed$oecede (Lowe-McConnell 1987), it
seems likely that movement of juvenile fish, andei@ed recruitment, is a non-random
process that is governed by an intricate procegbettiming of the flood regime and
duration of inundation of the floodplain. Periodand optimal inundation of the
floodplain can only be achieved if the Shire Riierallowed to overflow the threshold
level (bankfull) and discharge water into the flptadns uninterrupted, otherwise
seasonal enrichment and availability of food, spagm@and subsequently recruitment will
be interrupted. This study has demonstrated theotitapce of the flood regime on
condition, growth and recruitment, and further eagbes the need for developing a
hydro-climatic fisheries model to predict produatiand to manage the fisheries of the

Lower Shire Floodplain.
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Chapter 6

The Lower Shire Floodplain Fisheries
6.1 Introduction
The Lower Shire Floodplain directly benefits aniraated one million people living in
riparian communities in Malawi and Mozambique.dtane of Africa’s most important
floodplains, covering an estimated area of 1,10F kfwhich 650-700 krhare in
Malawi and 400-450 kfin Mozambique. Fish production from the Malawi té@t of
the floodplain was estimated at 1,000 tonnes peun(p.a.) in the 1940s, 7,000 tonnes
p.a. in the early 1970s (Ratcliffe 1972) and anraye 5,629 tonnes p.a. between 1976
and 1998 (Buliranet al. 1999). About 75% of the population in the floodplésh for
their livelihood (Kashau & Chimatiro 1997, Chimatig& Mwale 1998).

Relatively extensive research and development wgak conducted on the floodplain
fisheries in the 1970s (Ratcliffe 1972, Hastingg2,91973, 1976, Tweddlet al. 1978,
1979, Tweddle & Willoughby 1979, Willoughby & Twelad1978, 1978, Willoughby
& Walker 1978). Since then, no comprehensive figsesurvey has been conducted in

the floodplain and hence the current status ofiiiery remains uncertain.

The first attempt to quantify fishing effort in the@wer Shire Floodplain was a survey
conducted in 1968 (Ratcliffe 1972) and follow-upl®75 (Willoughby & Walker 1978).
The 1975 survey reported a total of 2,823 fishermeing gil Inets (60%), fish traps
(22%), long lines (18%) and cast nets (9%) (Willolng & Walker 1978). Analysing
catch and effort data for 1976-1993, Twedeleal. (1994) showed that the numbers of
fishermen and fishing gears had remained considnle yield had apparently levelled at

6,000 tonnes p.a.

Poor knowledge of the floodplain fisheries is reféal in the erratic nature of reported
landings between 1980 and 1994 (Twedstl@l. 1994; Buliraniet al. 1999; Weylet al.
2000). Tweddleet al. (1994) suggested that the erratic records wasudtref poor data

collection by fisheries staff, while Buliramit al. (1999) thought it was due to reduced
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effort. However, riparian communities of the flodmip have ascribed the reduced
catches to irregular water levels, an increasingler of fishers and infestation by water
hyacinth (Chimatiro & Mwale 1998).

Apart from the poor statistics, the managemenhefftoodplain fisheries is complicated
by the diversity of the ichthyofauna and the difetrgears used by fishermen. Hastings
(1973) proposed to establish selectivity indices tfte different gears as a first step
towards regulating fishing effort in the floodplaifisheries. However, due to
methodological problems and insufficient fundingnanagement strategy could not be
developed. To date the only regulatory measuréaiceps a minimum legal mesh size for
gill nets of 51 mm (Buliranet al 1999). However, this mesh size was set on anoad-h
basis, without due consideration of current lew&isfishing or the biology of target

species.

Management of floodplain fisheries is further coivgtied by the influence of the
magnitude and frequency of flooding on catches (d®ime 1979, Bayley 1981, 1991,
Payne 1986, Junkt al. 1989; Welcomme 2001). This constraint has beengrased
previously for the Lower Shire Floodplain (Twedeékeal. 1994, Buliraniet al. 1999). An
initial attempt was undertaken by Tweddd¢ al. (1994) to establish an empirical
relationship between mean annual water level andl twatch. Overall there was a
significantly high correlationr(= 0.737,p < 0.01) between water level and fish catch
over a number of years, although in certain yehes relationship was insignificant.
Given that the Lower Shire Floodplain has a distihgdro-climatic seasonal cycle
(Chapter 2), it seems likely that the conclusioh$weddleet al. (1994) did not take into
account the intra-annual seasonal relationship dmtwwater flow and catch. The
sustainable utilisation and management of the fidaid is a high national priority for
Malawi (Malawi Government 1997), therefore, thexa@ineed to quantitatively determine
the status of effort and catch and to develop gpate methods for predicting the

impacts of changes in climatic, hydrological anthaspogenic factors on the fisheries.
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A number of fisheries assessment methods are biaildhese include frame or
inventory surveys (Bazigos 1974), catch cards (©lag O’Neil 1991), angler diary
(Anderson & Thompson 1991), fisheries patrols (@lay O’Neil 1991), roving creel
surveys (Malvestuto 1983), access point surveysivy@dtuto 1983) and aerial surveys
(Bazigos 1974, McNeish & Trial 1991). The accesipmethod is popular due to

easiness of design and calculation (Polletkl. 1994).

Presently statistical data on artisanal fisherredMialawi are collected using methods
developed by Bazigos (1972 & 1974). For the Loweiré&SFloodplain, the method was
revised by Willoughby & Walker (1978) and is stised now. The method is briefly
described below. The floodplain was divided intagghe¢i minor strata based on
topographical and biological features by WilloughtyWalker (1978). Total catch and
fishing effort for each stratum are estimated bynbimming data obtained in a monthly
catch assessment survey (CAS) and an annual frameys respectively. However, it
has become evident that the CAS, in its currenhfas not suitable for monitoring the
fisheries of the floodplain (Alimoso 1988, 1994).particular, the method does not take
into account the uneven distribution of fishing rgeavhile the number of canoes, as a
measure of effort may also not reflect true efféttwever, no alternative method has

been put in place.

The aim of this study was to quantitatively assestsh and effort of the major gears
types of the Lower Shire Floodplain and to reldtes tto prevailing hydro-climatic
seasons. Specifically, the study attempted to estirtotal catch, assess selectivity of the
gears, develop protocol to estimate total catclthen Lower Shire Floodplain and use
these data together with the hydrological data p@&ra2) and the biological data of the
two dominant species (Chapter 4) to develop an nstaleding of the dynamics of the

Lower Shire Floodplain.
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6.2 Materials and Methods

Frame survey of fishers, fishing crafts and gears

Total effort in the floodplain was determined dgrim frame survey conducted in all eight
minor strata of the Lower Shire Floodplain {88-35°E and 1600'-17°15'S) (Figure
6.1) between 12 and 23 July 1999. The strata cadesccording to those used by the

Malawi Department of Fisheries (Table 6.1).
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Figure 6.1 The eight minor strata (11.1-11.8) for fisheritgistics monitoring of the Lower Shire Floodplain

11.1-11.8 Minor strata

The frame survey was conducted by counting alkefishfishing craft and gears in all the
eight minor strata. Two enumerators were assigoezhth stratum and completed their

portion of the survey within two days to reduce tisk of double counting gears and
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crafts if fishers migrated to other areas. Evendiag site was visited and fishers were
interviewed using a questionnaire (Appendix 2). Omaensions of fishing gears were
measured and recorded. This included the stretdhmize of gill nets, cast nets and
seine nets and also the numbers of fish traps peedisher, the number of hooks and

hook size per long lines and hand lines.

Table 6.1 Location of the eight minor strata (11.1-11.8) faaheries statistics of the
Lower Shire Floodplain.

Stratum code | Location of the stratum

11.1 North-western Elephant Marsh

11.2 North-eastern Elephant Marsh

11.3 South-western Elephant Marsh

11.4 South-eastern Elephant Marsh

11.5 Bangula Lagoon

11.6 Shire River between Elephant and Ndindi Marsh
11.7 Western Ndindi Marsh

11.8 Eastern Ndindi Marsh

Catch and effort survey

Considering the size of the Lower Shire Floodpkama time and budgetary constraints, it
was not possible to conduct an intensive catchedindt survey in all eight minor strata;
hence, three strata (11.3-South-western Elephanshyidll.4-South-eastern Elephant
Marsh and 11.5-Bangula Lagoon) (Figure 6.1) weeseh as sites for an intensive daily
catch and effort survey. In total the three sangpiittata covered approximately 310%m
representing 52% of the total area of the floodplan the Malawi side. The area
accounted for approximately 61% of the total nurabef fishers and gears in the
floodplain. The sample strata also representethtfee key floodplain habitats: viz. river-
floodplain (RF), permanently connected lagoon (P&hdl seasonally connected lagoon
(SCL) (see Chapter 3). Sampling sites around Choramd Mwala lagoon in stratum
11.3 represented the RF and the PCL, respectivélife Twaya and Njale Lagoons in
stratum 11.4 represented PCL and SCL, respectaredyBangula Lagoon in stratum 11.5
was a seasonally connected lagoon. Furthermorestthg represent ideal sites to study
the impact of the flood regime on catches sinaea$ shown that the water level in this

area was significantly responsive to flooding (§#eapter 2). Since the sample strata
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were large enough and covered a large proportidgheofishers, it was assumed that the
data from the daily catch and effort survey werdicgant enough to represent the whole

floodplain. Therefore, the mean catch and effotadeom these sample strata were used
to calculate the total catch for the whole floodpla

Random selections (Hayne 1991, Pollock et al. 18994ight major landing sites were
randomly selected: two in stratum 11.3, four in4land two in 11.5. The number of
sample sites was relative to the size of the stratnore in larger and fewer in smaller
strata. The landing sites were selected from th@7’§9annual frame survey (AFS)
(Malawi Department of Fisheries, unpublished daia 1997 AFS). This was done
because Hayne (1991) recommended that for santpke tei be statistically sound, they
must be selected from a current and complete fistllcavailable accessible sites. The
survey was conducted over a 28-month period betweln1998 and June 2000 (making

for a complete overlap of 2 hydrological and fighirears).

Four fisheries enumerators working in pairs wemedomly allocated to each site and
visited the sampling sites on randomly selectedsdagth equal probability (Heggenes
1987, Hayne 1991, Pollockt al. 1994). Each site was randomly visited at leastehr
days in a week. Malvestugt al. (1978) recommended that about 180 days per sample
site per year were statistically sufficient foriestting CPUE of anglers. Although most
fishers landed their catches by around 1400 hearallow traders enough time to travel
to markets, enumerators worked on the sites fro0G6 1800 whether or not fishers
brought in catches, to ensure equal amount of guiwee per site regardless of the level
of fishing. The author accompanied the enumeratars& random basis for 4 days per
month throughout the 28-month sampling period.

Gear utilisation and species composition

To describe gear use and utilisation patterndijsiders landing their catch on sampling
days were interviewed using a questionnaire (Appe2). The total catch of each
fisherman was sorted by species, weighed to theesed kg, and all fish measured for

total length (TL) or fork length (FL) depending, time species. Initial analysis of gear
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utilisation and catch data revealed that gill ne@st nets, long lines, and fish traps
accounted for over 85% of the total catch and tat speciesClarias gariepinusand
Oreochromis mossambicusade up over 70% of the catch. Therefore, these dear
types and two species, respectively, were considéne major components of the
fishery. The other types of gears and species matréncluded in such detailed analyses
as length frequency distribution and gear selggtiiowever, all gears, including seine
nets and mosquito nets, and all species were iaedlud the overall calculation of

estimated total catch from the floodplain.

Estimation of fishing effort and catch rate

Procedures outlined by Polloé€k al. (1994) were used to determine catch per unit effort
(CPUE), total annual effort and annual catch farthegear. Fishing effort was calculated
by multiplying the progressive count of number @fys in the fishing week with the
number of gears used. Unit effort was standarditsed00 m net.night for gillnets
according to Weyl (1998), 5 traps per fishing fop traps, 90 hooks per line per fishing
trip for long lines, and 1 trip per fishing day foast nets. Mean CPUE per gear type was
calculated using the following equation:

20e)

CPUE= (Equation 6.1)

where C, is the catch in numbers or kilograms on dagnd E; is the fishing effort on

day i and nis number of days (Polloakt al. 1994).

Variations in CPUE with quarterly hydro-climatic as®ens were compared using
parametric one-way analysis of variance (ANOVA) wheaean CPUE values were
normally distributed, otherwise non-parametric KwlsWallis was applied on ranks and
Mann-Whitney U-test used for pair-wise comparisdar(1984). All tests used a 95%
confidence interval in order to determine the ranofjestimated catch and effort values.

Proportion of days fished was estimated from theelcsurvey data as weekly effort

(days-fished), and the mean weekly eff(wt_E) as days per gear, was calculated using the
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equation developed by Polloek al. (1994) and modified by Weyl (1998):

n

__2vE
WE = |:1n (Equation 6.2)

The estimated mean weekly effo(ntWE) per fishery was expanded for each quarterly

hydro-climatic season by multiplying the value witte number of fishing weeks per
season. The annual effort by all the gears wasnattd by multiplying the weekly
hydro-climatic season’s effort by the counts ofgalrs recorded in the Frame Survey.
The daily fishing effort in each sampling area,rove quarterly season was estimated by
expanding the frame survey gear counts by multmglythe value with the total effort on
thei™ fishing days using the equation developed by ki al. (1994) and modified by
Weyl (1998), as follows:

O

eg=1,xT (Equation 6.3)

O
wheree is the fishing effort for thé" day, I, is the frame survey count of the number of

gears in thé™-sample unit and is the fishing day. However, in this case a fishitay
was expressed in terms of one completed fishiqgdince it was difficult to estimate

number of hours fished. Since there were significhifierences in quarterly effort (one-
way ANOVA, p < 0.05), the total annual effo(ﬁotal) for the fishery was calculated
using the equation developed by Pollethal. (1994) and modified by Weyl (1998):

B = 2.&/7 (Equation 6.4)
i=1

where 7 is the total probability that th& fishing period will be included in the sample
(Pollocket al. 1994). The variance associated with the estimftetal quarterly effort
was calculated using an equation developed by Hgetial. (1993):
N*S?

n

\Y ( Ié[otal) =

(Equation 6.5)
whereN is the number of days in the quarter &ds the estimated variance of the daily
estimates of effort (Polloct al 1994) :
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S = f}% Z(qk -8)° (Equation 6.6)
k=1

wheren is the sample size (days), is effort on day k an@ is the daily mean fishing

effort.

Standard errdiSE) associated with estimation of daily eff@twas calculated according
to Pollocket al. (1994) using the equation:
SHé)=Veé (Equation 6.7)

where V is the variance associated with the estimatioradf e&ffort.

To obtain total annual yield, annual effort was tiplied by the mean CPUE as follows:

C

total

= CPUEX E_, (Equation 6.8)

Gear selectivity

Individual gear sizes (e.g. mesh sizes of gill nets hook size) could not be
assessed/measured accurately due to wide variatiotigeir dimensions. Mending of
damaged gill nets and cast nets resulted in a veidge of mesh sizes, while infrequent
replacement of damaged hooks and hook repairs nieanihooks of similar sizes ended
up with different dimensions (width and length)rExample, while the mean mesh size
of gillnets was 73 mm the sizes ranged from 3818 hm within single net panels, and
hook sizes ranged from 9 to 18. Consequently, & decided to determine selectivity
patterns of each gear as a whole. To determinedteetivity of cast nets, gill nets, long
lines and fish traps, a re-parameterised Gammatsaf function (Puntet al. 1996) was
fitted to the observed length frequency distribotof the two major specieSlarias

gariepinusandOreochromis mossambicuBhe selectivity function is described as:

| '; (0-i)
S :(—'J e’ (Equation 6.9)
@
. @+doi - ¢
2
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where S; is selectivity of the gear on fish of length gis the length-at-maximum

selectivity ando is the width of the selectivity function. With thessumption that
catches were Poisson random variables (Kirkwood &R&f 1986), expected catch-at-
length proportions were fitted to the observed ltaiclength proportions using a method
called SELECT (Share Each Length’s Catch Total)ll@vli1995), using the maximum
likelihood function developed by Kirkwood &Walket486) of the form:

L= ii[nij |n(/113.j )—,UJ- S ] (Equation 6.10)

wheren; is the number of fish from length clgssS; is mean relative selectivity of the
geari for fish from length-clasg andy; is the relative proportion in the population from

length-clasg and it is expressed as :

| |
M, = Z‘n” Z_l“SU. (Equation 6.11)

Substituting equation (6.11) into equation (6.1@hd taking the logarithm of the
likelihood, the function to be maximized becomes:

o o
|nL:ZZ[Ci.j|nCi.j_Ci.jj (Equation 6.12)
i

whereC, ;and C, |, respectively, are the observed and expected-edtlemgth for geay.

ij
In addition to gear selectivity, similarities oisdimilarities in the frequency of particular
species in the catches in the various habitatsasasssed using hierarchical clustering
(Clarke & Warwick 1997). Bray-Curtis similarity dgais for both species abundance
and biomass was used. The tests were performed tlenPrimer Software (Clarke &
Warwick 1994). A non-parametric analysis of simtias (ANOSIM) (Clarke 1993) was
undertaken to determine the statistical distinctadnspecies abundance and biomass
among the various habitats.
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6.3 Results

Gear utilisation

A total of 2,394 fishers and 741 assistants (cresmivers), 938 dugout canoes and 42
boats were counted during the frame survey (AppeBjli There were three times as
many fishermen than fishing crafts. This is becawsay fishermen borrow canoes or
fish from the shore or fish by wading into the watéffort was concentrated in the
eastern and southern portions of Elephant Margieagaly in minor stratum 11.4 which
had the largest number of fishers, crafts and gesppendix 3). Table 6.2 shows the
types of fishing gears used in the floodplain. Ldings, gill nets, fish traps and cast nets
were the most commonly used gears, while seineareismosquito nets were the least
common. Although driftnets were not recorded dutting frame survey, the daily creel

survey revealed that they were commonly used imrthia river channel.

Table 6.2 Summary statistics for fishing gear dimensionsnesasured in the Lower Shire
Floodplain between July 1998 and June 2000. Datarésented as mean values $5%
confidence interval); n=sample size. Gill nets, qt nets, seine nets, reed fence and drift nets
are presented as length (m); cast nets are diametees for fishtraps refer to numbers; values
for longlines refer to number of hooks, and hareflimefer to number of lines. The length of
gillnets, castnets and seinenets represent algtceftanel of net.

Type of gear | Mean length/numbers of traps| Average meshor | n

and hooks ¢ 95% CI) hook size (range)
Gill nets 107.8+6.3 m 76 (38-89) mm 2121
Seine nets | 115.9+32.9 m 40 (6-75) mm 16
Cast nets 2.7+ 0.06 m 38 (25-76) mm 524
Mosquito nets| 61.1+11.6 m 0.5-0.2 mm 17
Longlines 92 + 16.8 hooks No. 10 (2-16) 12374
Handlines 3.2+ 1.3 lines (1 hook/line) No. 16 (10-18) 67
Fish traps 5.8+ 0.4 traps - 760
Reed fences | 9.7+5.3 m - 75
Drift nets 108.5+ 10.5 m 51 (50-75) mm o4
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Of the nine commonly used gears, gill nets, ca, heng lines and fish traps accounted
for 99% of the total gear count during the framevey. The gears were categorised as
being active, semi-active or passive gears. Acgears included cast nets, hand lines,

reed fences, mosquito nets and seine nets (Table 6.

Although scoop nets were observed, they were usadrely (encountered only twice)
that they were left out of the analysis. Scoop aetsmade from a sheet of fine-meshed
net with a bag, mounted flat on a Y-shaped polee §bar is operated by fishermen

standing on the edge of the river channel or iaree and scooping fish from the water.

Hand lines consist of either a monofilament or &aply multiflament nylon line to
which a single hook was attached. Commonly uset$a@re Japanese No. 9-18 round-
bend, spade-end, Kirby sea brand (No. 1225). Adlpaisually a piece of reed, is tied to
the line, and any movement of the floater is a sigrfish biting or being hooked.
Sometimes a rattle is attached to alert the figlean a fish takes the hook. When fishing
in the main river channel, a platform made of paed reeds is erected over the edge of
the river, on which the fisher sits. Fishermen uaadaverage of 3.2 (range: 1-9) lines
(Table 6.2).

Drift nets are gill nets used as a semi-active gedhe main river channel only, where
there is enough water current and no obstacles.sidleeof the net is left to float freely,
while the fisherman holds the other end from a eaand drifts downstream with the
current. Regularly, the net is lifted into the cao remove the fish, which get entangled.
Drift nets are mainly used at night. Fishermen asetaverage of 108.5 (range: 7-300)

meters of driftnet overnight, with a mean mesh sizgl1 (range: 50-75) mm (Table 6.2).

Cast nests are circular nets with a holding lin¢him centre of the net. Weights, usually
stones, are fixed on the edge of the net suchwhah the net is swung and thrown, it
opens, falls and covers fish over the area it ladsen the holding line is pulled, the fish

get trapped, though some are entangled in the mes€last nets are operated from a

canoe where fishermen work in a team of two, ordgd{es the canoe and the other one
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throws the net. Figure 6.1 shows the meshsize é&mru distribution of cast nets.
Fishermen used cast nets with an average diamie2et (range: 3-7) meters with a mean
mesh size of 38 (range: 25-76) mm.

80
516 Castnets

60 -

40 | 274
>
2
2 0 B ==
I=
o 80 _ 1529
o Gillnets
[}
o

25 38 51 64 76 89

Mesh size (mn

Figure 6.1 Mesh size frequency distribution for cast nets gifichets in all eight strata of the Lower
Shire Floodplain.

Reed fences are made of thin bamboo woven with palsisal strings into a fence. The

fence is operated by standing it upright in the ewadnd stretching it to make an

enclosure. The enclosure is then folded until ffeee is reduced to an extent that the fish
are trapped and then scooped out. The averagehlerigteed fence was 9.7 meters

(range: 7-17) (Table 6.2).

Seine nets are made from panels of multi-filameplyy nylon mounted on a head line

with palm leaf floats and a foot line attached wstbne sinkers. The head and foot ropes

are attached to a pole, to which a long warp mddeaven palm leaves is tied for
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hauling the net. The average length of seine natsM6 (range: 100-200) metres, with a
mean mesh size of 40 (range: 6-75) mm (Table Mayquito nets are made from sheets
of mosquito nets mounted in the same way as three sets. The average length of a
mosquito net is 61.1 (range:3-100) metres (Tal¢. &Geine nets and mosquito nets are
either operated on the beaches in the open lagoornis vegetated floodplains after

vegetation has been removed.

The major passive gears were long lines, gill aets fish traps (Table 6.2). Gill nets are
multi-filament 18-ply nylon, set overnight, anchdr® bamboo pegs, with rock sinkers
on the bottom line and palm leaf floaters on thelioe. Figure 6.1 shows the mesh size
frequency distribution of gillnets. Fishermen set average of 108 (range: 25-700)

meters of gill net overnight, with a mean mesh sizé6 (range: 38-89) mm (Table 6.2).

Long lines consist of an 18-ply multifilament twinginline, on average 90 meters long,
tied to a bamboo pole stuck in the bottom, with 900-cm ganglions of 18-ply
multifilament twine spaced at an average of 1 mapart. Similar sized hooks were used
on hand lines and long lines. An average of 92gean4-413) hooks are used per line
(Table 6.2), baited mainly with earthworms, set roight and lifted the following

morning.

Funnel -valve fish traps are made from bamboo, wavih palm strings. An average of
5.8 (range: 1-24) fishtraps were set per fisherrpgit (Table 6.2). Fish traps are either
set on the edge of the river channel or in the dagaoon anchored to a fence or barrier
made of reeds or grass, which only open into tap, tthat way deflecting fish into the

trap. They were either unbaited or baited usindkedamaize bran placed inside the traps.

155



Catch composition

The four major gears (gillnets, longlines, castnatd fishtraps) accounted for 83% of
total catch by mass (Table 6.3).

(i) By mass

The passive gears (gill nets, long lines, fishsjagccounted for approximately 63% (by
mass) of the total catch, while 37% (by mass) veagjht with active or semi-active gears
(seine nets, cast nets, hand lines, reed fencefnetk). Clarias gariepinusand
Oreochromismossambicusnade up the bulk of the catch and together acedufar
93%, 88%, 72%, and 73% of the gill net, cast nist) frap and reed fence catches,
respectively (Table 6.3). Other important specie=re Labeo altivelis Synodontis
zambezensisand Hydrocynus vittatuswhich accounted for 28%, 34% and 21%
respectively, of drift net fisheries in the mainvei channel, andDistichodus

mossambicuwhich made up 59% of the hand line catch (Talg. 6.

(i) By numbers

The abundance of fish species was determined biyah&pe (Table 6.4). While botD.
mossambicusndC. gariepinusoccurred in all three habitats, they were morendant

in the seasonally connected lagoons (SCL) andsess the river floodplain (RF). The
cyprinids (abeo altivelis, L. cylindricus, L. conggroas well asSynodontis zambezensis
andHydrocynus vittatusvere themost abundant species in the river-floodplain (R¥l,
they were remarkably rare in the seasonally comdeand permanently connected
lagoons (PCL).
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Table 6.3Percent (by mass) of species caught by variousggifl nets, seine nets, long lines, hand line,

cast nets, fish traps, reed fences, drift nets,napstjuito nets, sampled between March 1998 and2n0@
in the three major strata (11.3, 11.4, 11.5) ofitberer Shire Floodplain; n = number of fishers skadp

Species Gill nets| Long Fish Seine Hand Cast Reed Drift Mosquit
(n=959) | lines traps nets lines nets fences | nets 0 nets

(n=221) | (n=236) | (n=25) (n=40) (n=394) | (n=75) (n=54) (n=28)

Cichlidae

Oreochromis 8.6 0.3 43.8 18.0 8.0 85.0 37.0 2.0 6.0

mossambicus

Tilapia rendalli 0.000 0 0.00 1.0 0 1.0 0 0 0

Astatotilapia calliptera | 0.000 0.00 0 0 0 0.00 8.0 0 0.00

Clariidae

Clarias gariepinus 68.4 92.6 23.0 23.0 18.0 3.0 36.0 0 23.0

Clarias ngamensis 0.5 0.8 0 0 0 0 0 0 0

Heterobranchus 0 0 0.00 0 1.0 0 0 0.00 0

longifilis

Schilbeidae

Schilbe intermedius 0.7 0.00 1.0 0.00 1.0 0.00 1.0 1.0 0

Mochokidae

Synodontis zambezensis 0.4 0.1 12.0 0.00 1.0 0.00 6.0 34.0 0

Cyprinidae

Labeo altivelis 6.4 0.3 4.0 4.0 0 7.0 1.0 28.0 0

Barbus afrohamiltoni 0.1 0 0 0 0 0.00 0.00 0 0.00

Labeo congoro 0.2 0 0 0 0 0 0 0 0

Barbus paludinosus 0 0 0 0.00 0 0 0 0 0.00

Barbus choloensis 0 0 0 0 0.00 0.00 0 0 0

Labeo cylindricus 0 0 0.00 0 0 0 0 0 0

Mormyridae

Marcusenius 7.7 0.1 5.0 2.0 0 1.0 4.0 2.0 0

macrolepidotus

Mormyrus longirostris 1.8 0 0.00 0.00 0 0.00 0 0.00 0

Hippopotamyrus 0.2 0 0 0 0.00 0.00 0.00 0 0.00

ansorgii

Mormyrops anguilloides| 1.8 0.00 1.0 0 12.0 0.00 2.0 7.0 0

Distichodontidae

Distichodus shenga 0.00 0 0.00 0.00 0 0.00 0.00 0.00 0

Distichodus 0.8 0.4 0.00 0.00 59.0 1.0 2.0 2.0 0

mossambicus

Characidae

Brycinus imberi 0.1 0 0.00 0 0 0 0.00 1.0 0.00

Hydrocynus vittatus 0.2 0 0.00 0.00 0 0.00 0.00 21.0 0

Brycinus lateralis 0.00 0 0.00 0 0 0 0.00 0.00 0.00

Protopteridae

Protopterus annectens | 3.0 4.9 2.0 0.00 0 0 1.0 0 0

Malapteruridae

Malapterurus shirensis | 0.2 0 3.0 0 0 0 0.00 0 0

Others

Unidentified fish 0.5 0 0 46.0 0 0 0 0 70.0

juveniles

Total % by mass 36.8 16.98 9.5 4.04 1.7 194 3.6 9 0. 7.1
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Table 6.4 Species abundance (by numbers) in tiee thmajor habitats of the Lower Shire Floodplaine Th
total numbers are pooled samples from fishers e€isg caught by various gears: gill nets, seinsg, tatg
lines, hand line, cast nets, fish traps, reed f@ndaft nets, and mosquito nets, sampled betwearciv
1998 and June 2000 in the three major strata (11.3, 11.5) of the Lower Shire Floodplain.

Habitats
Seasonally Connected Permanently Connected River Floodplain
Family/Species Lagoon Lagoon
Number of | Percent Number of | Percent Number of Percent
individuals | abundance | individuals | abundance | individuals abundance
Cichlidae
Oreochromis mossambicys28294 54 19479 37 4329 8
Tilapia rendalli 73 53 54 39 10 7
Astatotilapia calliptera 1 17 4 67 1 17
Clariidae
Clarias gariepinus 3990 47 3076 36 1507 18
Clarias ngamensis 285 81 54 15 15 4
Heterobranchus longifilis | 1 17 1 17 4 67
Schilbeidae
Schilbe intermedius 489 31 539 34 564 35
Mochokidae
Synodontis zambezensis | 414 7 2348 39 3313 55
Cyprinidae
Labeo altivelis 871 12 3203 43 3311 45
Barbus afrohamiltoni 24 7 186 56 125 37
Labeo congoro 0 0.00 5 7 67 93
Barbus paludinosus 0 0.00 6 100 0 0.00
Barbus choloensis 0 0.00 0 0.00 0 0.00
Labeo cylindricus 1 1 14 19 60 80
Mormyridae
Marcusenius 1932 35 2574 47 941 17
macrolepidotus
Mormyrus longirostris 93 13 295 42 312 45
Hippopotamyrus ansorgii | 53 8 355 51 291 42
Mormyrops anguilloides | 0 0.00 112 65 61 35
Distichodontidae
Distichodus shenga 56 44 31 24 41 32
Distichodus mossambicug 53 7 304 41 393 52
Characidae
Brycinus imberi 16 7 57 23 173 70
Hydrocynus vittatus 4 2 12 5 215 93
Brycinus lateralis 0 0.00 0 0.00 0 0.00
Protopteridae
Protopterus annectens 14 21 33 49 20 30
Malapteruridae
Malapterurus shirensis 0 0.00 0 0.00 1 100
Others
Unidentified fish Juveniles 10 48 2 10 9 43
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The hierarchical clustering of the three major tabiin the floodplain in terms of catch
(by numbers and mass) is illustrated in the derndog in Figure 6.2a&b.

(a) Catch composition by numbers
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Habitats by quarterly hydro-climatic seasons

Figure 6.2 Dendrogram of hierarchical clustering of fish tets from the major habits in the Lower
Shire Floodplain, over quarterly hydro-climatic sea. Q1-Q4 are hydro-climatic seasons, Q1=July-
September, Q2=0ctober to December, Q3=January tih, AA=May to June. Habitats are represented
by RF=River floodplain, PCL=Permanently connectegblon, SCL=Seasonally connected lagoon.
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Catch composition by numbers and mass were signific different among all three
habitats (one-way ANOSIMp < 0.01). While fish abundance in the RF and the PCL
were not significantly different from each otheméesway ANOSIM,p > 0.05), fish
abundance in the SCL was significantly higher tttaose from both RF and PCL (one-
way ANOSIM, p < 05). This situation is depicted by the two distiolusters of catch
composition (by numbers) in the RF and PCL hahitaighe left and SCL on the right of
the dendrogram (Fig. 6.2a), regardless of the floegime. It is apparent that the
changing pattern of fish community structure in theee habitats might have been
determined by the quarterly hydro-climatic seaséas.example, RF and PCL had more
or less similar abundances during the peak flood3jQRegardless of the stage of the
flood regime, catch composition by numbers in #ésswere 30% similar (Fig. 6.2a),
mainly as a consequence of the high abundancetbfrhajor specie®. mossambicus
andC. gariepinus Therefore, it is apparent that the abundancésbfifas determined by
habitat type, although there was some overlap @ivabitats depending on the hydro-

climatic seasons.

Fishing effort
Table 6.5 shows the mean weekly effort for all gdaom the three sample strata (11.3,
11.4, and 11.5) and shows that gill nets and fiabst were the most frequently used

while seine nets and mosquito nets were the leegtiéntly used gears.

Table 6.5Mean weekly effort (fisher days) for various gearghe three sample strata (11.3,
11.4, 11.5) of the Lower Shire Floodplain betweery 71998 and June 2000. The data is
presented as Meath 95% Confidence Interval (Cl). Data on scoop netenss few that it has
been excluded from the analysis.

Fishery Mean | +95% CI
Gill nets 6.79 0.07
Seine nets 5.48 0.75
Long lines 6.15 0.27
Hand lines 5.9 0.65
Cast nets 6.16 0.19
Fish traps 6.77 0.14
Drift nets 6.69 0.29
Mosquito nets | 4.14 1.17
Reed fences 6.73 0.23
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This can be expected since seining in the floodpkdependent on season. Ideal seining

conditions only occur during the low flood regiménem receding water exposes the

shoreline. The seasonal nature of seining andteedulariation in weekly fishing effort

of seine nets and mosquito nets is also reflecteitie wide confidence intervals of the

CPUE of seine nets and mosquito nets (Fig. 6.4).

Gill nets were used for an average (+ SD) of &I93 nights.week long lines
6.15+2.08 days.week cast nets 6.152.0 days.week and fish traps 6.741.13
days.week (Table 6.5). Soak and/or fishing time was ¥#48 hours.night for gillnets,
18.5+ 13.2 hours.day for long lines, 4.&3.35 hour.day for cast nets, 20:€6.0
hours.day fish traps, 5.& 5.11 hours.night for drift nets, and 7.184.8 hours.day for

mosquito and seine nets combined. Table 6.6 shioav$otal estimated annual effort for

the four major gears (gill nets, long lines, castsnfish traps) in all eight strata (11.1-

11.8) of the floodplain, calculated using the dalt@ained during the frame survey and

scaling it up using average weekly effort data fribwa intensive sampling survey in the
three sample strata (11.3, 11.4, 11.5).

Table 6.6Estimates of total annual effort for four majoagéypes in the Lower Shire
Floodplain, between July 1998 and June 2000.

Fishery North- North-east | South- South- Bangula | Shire West East
west Elephant | west east Lagoon | River Ndindi | Ndindi
Elephant | Marsh Elephant | Elephant Marsh | Marsh
Marsh Marsh Marsh
Gillnets 25392 91790 121135 299566 54758 73560 73908 116406
(net-nights.yr)
Longlines 0 9797 10308 4882644| 3995 113390 132288 219908
(set-days.yt)
Castnets 16053 32788 35521 66507 6553 18785 16033 11271
(net-days.yf)
Fishtraps 132872 927949 136637 131566 73262 282263 474D3 27202

(set-days.yt)
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Catch rate

Figure 6.3 shows the CPUE for all species and geathe floodplain for the two
consecutive years. The data has been presenterhsscative years, and not average of
the two years, in order to show the charactersittern of the response of CPUE to the
flood pulse. Total CPUE for all species in all thine major gears varied significantly (

< 0.05, one-way ANOVA) with quarterly hydro-climatszason (Figure 6.3). Although
the magnitude of the variation differed from quattequarter, the trend was similar: low
CPUE in Qrtl (low flood regime) and high CPUE dgri@rt3 (peak flood regime).
CPUE for gill nets, seine nets and mosquito ndteréd significantly from each othep (

< 0.05), while the rest did ngp & 0.05) (Figure 6.4).

. 8.0 ~ b b All species and gears
c>5\ a
xe]
45 6.5
5
[ ac

o ac
X 5.0 ~
L a a a
5 : {
O 3.5 - I {
s
(@]
= 2.0 A

0.5 T T T T

Qrt1'98  Qrt2'98  Qrt3'99  Qrt4'99  Qrt1'99  Qrt2'99  Qrt3'00  Qrt4'00

Figure 6.3 Catch per unit effort{ 95% confidence interval) for all species and gaearthe Lower Shire
Floodplain, from July 1998 to June 2000. Differégtters denote significant differencgs € 0.05 level)
(Kruska-Wallis one-way ANOVA on ranks; Man-Whitney L-test comparison
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Figure 6.4 Catch per unit effort (CPUE 95% confidence interval) for all species by majshihg gears in the
Lower Shire Floodplain, from July 1998 to June 20D@ferent letters denote significant differendps< 0.05
level) (Kruskal-Wallis one-way ANOVA on ranks; Matdhitney U-test comparison). Abbreviations for the
gears are GN=qill nets, LL=long lines, SN=seinesnétL=hand lines, CN=cast nets, TR=fish traps, REdr

fence, M=mosquito nets, DN=drift nets.

Figures 6.5-6.8 show CPUE for tl@ gariepinis andO. mossambicug the various
gears. The CPUE for all gears differed significarfd < 0.05, one-way ANOVA) on a
seasonal basis. The highest CPUE for fish trapst wats and gillnets was recorded
during the peak flood regime in Qrt3. Although tbeg line CPUE forO. mossambicus
did not show significant seasonal variatign X 0.05, one-way ANOVA), that o€.
gariepinusvaried significantly with seasonp € 0.05, one-way ANOVA) (Figure 6.7),
being higher in Qrt2 (low but rising flood), andt®(receding flood). The combined gill
net CPUE ofO. mossambicusind C. gariepinusas well as individual CPUE dD.
mossambicusind C. gariepinuswas significantly higherp(< 0.05, one-way ANOVA)
during Qrt2 (1998) (low but rising) than in the etlseasons (Figure 6.8).
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Figure 6.5Fish trap catch per unit effort (CPUE95% confidence interval) faClarias gariepinusand
Oreochromis mossambicusd the two species combined, in the Lower Shioedplain, from July
1998 to June 2000. Different letters denote sigaift differencesp(< 0.05 level) (Kruskal-Wallis one-
way ANOVA on ranks; Mann-Whitney U-test comparison)
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Estimate of total catch for the Lower Shire Floaipl

Catch rate and effort estimates from the sampleditg sites were used to estimate total
catch for the whole floodplain. This was basedlmdssumptions, that the sample areas
were sufficiently representative since they coveaidthe three major habitats of the
floodplain (river floodplain, seasonally connectémbjoons, permanently connected
lagoons), and that the numbers of fishers samplec wufficiently representative. The
estimated total annual fish catch for all specigshe® major gears, and that for the two
major species in the whole floodplain, are showiables 6.7 and 6.8. These estimates
were based on CPUE and effort calculated for omepbete fishing season (1999/2000).
The three sample sites (strata 11.3, 11.4, 11@Eesented about 52% of the total area
and 61% of the total fishing effort of the LoweritghFloodplain (i.e. 31% of fishers,
41% of canoes, 37% of castnets, 39% of gill ned%p 4f seine nets, 50% of reed fences
and 91% of long lines). Therefore, the estimatewtaf effort and catches for the Lower
Shire Floodplain could be calculated by scalinghg data from the intensive sampling
of the quarterly CPUE and effort for each fisheegter using the total count of fishers,
gears and craft determined during the frame survey.

Table 6.7Estimates of total annual catch (kg) of all spediegill nets, long lines, cast nets, and
fish traps in the Lower Shire Floodplain.

Fishery North-west| North-east| South- South- Bangula| Shire West East
Elephant | Elephant | west east Lagoon | River Ndindi | Ndindi
Marsh Marsh Elephant | Elephant Marsh | Marsh

Marsh Marsh

Gillnets 57,000 225,000 302,000 681,000 197,0005,a0% | 188,000 306,000

Long lines | O 700 700 341,000 9,000 8,000 16,000 O

Cast nets 62,000 127,000 138,000 256,000 23,000 00@3, 62,000 | 44,000

Fish traps | 77,000 535,000 98,000 88,00( 57,000 ,0063 27,000 | 126,000
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Table 6.8Estimated total catch (kg) @reochromis mossambicasdClarias gariepinusy

gillnets, long lines, cast nets, and fish trapsrduthe 1999/2000 fishing season (July 99 — June

2000).

Species Gill net Long line Cast net Fish trap Totdlishery
0. mossambicus 343,000 | 1,000 637,000 562,000 1,543,000
C. gariepinus 1,327,000/ 350,000 16,000 234,000 1,927,000

Gear selectivity

As mentioned in section 6.2, individual gear dimens sizes (meshes and hook size)
varied greatly in all the four major gears (gilltsiecast nets, long lines and fish traps).

Selectivity patterns were, therefore, calculated dach gear as a whole. The length

frequency distribution oD. mossambicuand C. gariepinusin gill net, cast net, long

line, and fish trap fisheries are shown in Figur®. G.ength-at-maximum-selectivity

(¢) and length-at-50%-sexual-maturify.,.,) for each of the two species is summarised

in Table 6.9. Although both species were seleciedilb nets, cast nets and fish traps at

lengths greater thdh,.,), maximum selectivity into the long lines f@. mossambicus

occurred at a length below 50% sexual maturity .(Bi§c). The width of the gamma

selectivity function (g)of 19.8 mm (Table 6.9) indicates that a small propo of

juveniles ofO. mossambicuare also selected by the cast nets.

Table 6.9 Length—at—maximum—selectivit)(qt) (mm); width of the gamma selectivity function
(0); mean length-at-50%-sexual maturify,); and width of the logistic ogiv€d) of O.

mossambicusand C. gariepinusinto gillnets, castnets, longlines, and fishtraghsing the
1999/2000 fishing season (July 99 — June 2000).

Gear selectivity Sexual maturity
Species Gillnets Castnets Longlines Fishtraps Males Females
¢ g ¢ g ¢ o ¢ g Liso | O Loso | O
O. 147.8| 35.35 118.4 19/89.8 | 18. | 137.0| 45.77, 109 | 19.1] 105 22.73
mossambicus 8 3
C. gariepinus | 382.6| 53.39 335.8 72/384.2| 83. |351.6| 95.221 249.2 3498 2496 7784
1 0
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6.4 Discussion

Changes in fishing effort and selectivity

Since the earlier surveys conducted in the LowereSFoodplain in 1968 by Ratcliffe
(1972) and in 1975 by Willoughby & Walker (1978%, well as the analysis of catch and
effort data for 1976-1993 performed by Tweddteal. (1994), the situation as regards
important fishing gears has not changed. In thidystgill nets, fish traps, long lines and
cast nets emerged as the most frequently used. g&ar®ver, there appears to have been
a number of important changes. The present suratg suggest that the number of
fishing crafts had decreased by 42% and the nuoitfehers had increased by 15%, and
that the number of long lines and fish traps hateased by more than 2,000% and
800%, respectively since 1975 (Tables 6.10&6.11pfoddunately, it is not known
whether these observed differences are real orhehehey are a reflection of a more
structured and precise assessment of effort in eosgn to the previous surveys. For
this reason the comparison of CPUE between thispaadious assessments should be

viewed with a certain degree of circumspection.

Table 6.10Comparison of gear counts during the frame surirey=eb-Nov. 1975 (Willoughby
& Walker 1978), 1985 (Tweddlet al. 1994) and July 1999 (this study). (nd = the geay imave
been used by fishers, but was not recorded inthey).

Type of effort | Total count

1975 | 1985 | 1999
Fishers 2,823 | 2,719] 3,135
Gillnets 1,693 | 1,692| 2,873
Seine nets 0 38 30
Castnets 254 575 608
Mosquito nets 0 0 24
Longlines 508 340 15,642
Handlines nd nd 62
Fishtraps 621 1,721} 5,600
Fishing crafts 1,700 1,673 980
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Table 6.11 Comparison of total gear counts during the framevey in Feb-Nov. 1975
(Willoughby & Walker 1978) and July 1999 (this wyrkand CPUE in 1975 (Willoughby &
Walker 1978) and 1999/2000 (this work). (nd = tleargmay have been used by fishers, but was
not recorded in the survey).

Type of gear

Number of gears

Percent

Catch per unit

Percent

Tgig 1999 | change (% iggg (kgigggl)oo change (%
Number of gillnets 1,693 2,873 69.7 12.Q 3.5 -95.8
Mesh size of gillnets (mm)
38 0 1 100.0
51 80 32 -60.0
64 105 286 172.4
76 115 1529 1229.6
89 80 273 241.3
102 23 0 -100.0
Seinenets 0 30 100.0
Castnets 254 608 139.0 14.6 4.0 -23.0
Mosquitonets 0 24 100.0
Longlines 508 15,642 2,979 11.8 5.9 -50.0
Handlines nd 62 100.0
Fishtraps 621 5,600 801.8 11.7 3.0 -74.4
Fishing crafts 1,700 980 -42.4

The decline in the number of canoes may be reathesrice of dugout canoes has
soared from K110 in 1975 (Willoughby & Walker 1978) about K9,000 during this
study, such that many artisanal fisheries canrfotéhithem. The increase in the price of

canoes is linked to the dwindling number of largees$ suitable for canoe construction.

Low financial resources might also be the reasortte relatively small increase in the

numbers of gillnets. The number of gill nets appetar have increased by 70%. In

addition, there has been a shift towards gill mets smaller mesh sizes and a greater use

of mosquito nets. For example, minimum sizes dhiftem 51 mm in 1975 to 38 mm in
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1999, while maximum sizes shifted from 102 mm ii¥890 89 mm in 1999 and no
mosquito nets were recorded in 1975 (Table 6.11jrebit CPUE levels for gill nets,
long lines, cast nets and fish traps have declibgd96%, 50%, 23% and 74%,
respectively, from 1975 (Table 6.11). Mindful ofettomments above, the significant
decline in CPUE are probably a consequence ofrtbeease in fishing effort over the
past 20 years and concomitant changes in life iyistaits of the target species (Nikolsky
1963, Bayley 1981, Welcomme 1995&2001 (see Chapter

In view of the suggestion above that the numbdisbing crafts appear to have declined,
it might be reasonable to conclude that the curprotocol of the Catch Assessment
Survey (CAS) implemented by the Malawi Departmerit Fisheries might be

underestimating the fish landings of the Lower Sliiloodplain (Table 6.12).

Table 6.12 Comparison of estimates of total annual catchsftasf all fisheries during the
1999/2000 fishing season (this study) and the iaffi€atch Assessment Survey (CAS) by the
Malawi Department of Fisheries.

Fishery Total annual catch | Total annual catch

(this study) (Department of Fisheries
CAS estimates)

Gill nets 2141 839

Seine nets 67 21

Long lines 385 110

Hand lines 51 636

Cast nets 786 160

Fish traps 1171 494

Reed fences 3 8

Drift nets 9 0

Mosquito nets 45 37

Total 4656 2303

Alimoso (1988) and Tweddlet al. (1994) initially made the observation that the CAS
was inappropriate; however, they did not offer anprioved alternative CAS protocol.
The protocol used in this study differs from thaditional CAS protocol in three ways.

First, instead of limiting the sampling period teetbeginning of the month, sample days
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were randomly spread over a minimum of four daysrpenth. Secondly, fishers were
randomly sampled as they landed their catch andpredelected prior to the CAS.
Thirdly, the number of dugout canoes was not used ‘@aising factor” (or as a basis for
estimating effort). This presents serious stafstigroblems in that it underestimates
catches from such gear as gill nets, cast netsiriips and seine nets since the number of
canoes is dwindling (Table 6.12). Although thesargare traditionally canoe-based, it is
likely that in the Lower Shire Floodplain many gikt and cast net fishers share canoes.

A suggestion is made later in the discussion h@anQAS protocol might be improved.

Given that there was no preference among the Bsfugrany particular species, target
species can be defined only by selectivity of teargused. Due to the overall pattern of
gear selectivity,C. gariepinusand O. mossambicusvere the mainstay of the fishery.
However, these patterns varied considerably ané nbthe gears excluded other species
(Table 6.3). Juveniles df. gariepinusand O. mossambicusvere also common in the
cast nets and long lines, while gill nets selectednly adults of the two species (Figure
6.9).

The selectivity patterns in this study confirm thetion that such patterns are an
indication of the extent of the habitat occupieddifferent species (Hamley 1975, Heck
& Crowder 1991). For examplé. gariepinusoccurs in almost any habitat but favours
floodplains, andO. mossambicusccurs in all but fast-flowing water and thrives i
standing waters (Merron 1991, Skelton 1993&200hesk species were common in gill
nets, cast nets, long lines and fish traps operatédte open lagoons or along the edges of
emergent vegetation in both the PCL and SCL asagelh drift nets operated in the main
river channel of the RF (Tables 6.3&6.4). This ntigh the reason for the 30% similarity
in the CPUE (by numbers of fish caught) in all theee habitats (Fig. 6.2d). altivelis
and S. zambezensiprefer rivers and riverine habitats (Skelton 199881), while
Schilbe intermediusshoals in standing or slow flowing water with eget or
submerged vegetation (Merron 1991, Skelton 1993&20@nd indeed were caught
mainly in the driftnets (Table 6.3) operated in theer-channel (Table 6.4). Bray-Curtis
similarity (one-way ANISOM,p > 0.05) between RF and PCL during the Qrt3 (peak
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flood) and Qrt4 (receding flood) (Fig. 6.2) was whoto have been largely due to the
presence of. altivelis,S. zambezensandS. intermediugriverine preference species) in

both habitats. In addition, this could have beee tduthe fact that PCL are connected to
the main river channel all the year round, prowidiree movement of fish between PCL
and the RF.

Selection of juvenileC. gariepinusandO. mossambicum cast nets, gill nets, fish traps
and long lines (Fig. 6.9) can be attributed to pheference of the juveniles of these
species for the littoral zone (nursery area) in @l and SCL habitats (Table 6.4). In
Lake SibayaQOreochromis mossambicysveniles were reported to be common in the
littoral zones only during daylight hours at lowtealevel (Bruton & Boltt 1975, Bowen
& Allanson 1982). The juveniles were also commortha littoral zone for only a few
hours after dark in order to avoid predation®@ygariepinus during high water levels
(Bowen & Allanson 1982). Similar movements of tiagpecies were reported in Lake
Victoria (Welcomme 1964) and Lake Mcllwaine (Canltb975). Likewise, juvenil€.
gariepinuswere reported to inhabit the shallow inshore addsake Sibaya that had an

abundant food source (Bruton 1979).

The fishery of the Lower Shire is typical of manther floodplain fisheries in Africa,
being multi-gear and multi-species in nature (Welote 1985&2001), where the gears
are targeting a wide range of ecologically divespecies (Table 6.3&6.4), through all
stages of their life history (Welcomme 2001, We9b&) (Table 6.9 and Fig. 6.9). The
major gears (gill nets, long lines, cast nets, fisidl traps) targeted all length classes of
the two major species, raising fears of growth fisieing (catching recruits before they
contribute to overall biomass) (Sparre & Venema2)9%his study has also shown that
small-meshed gears (e.g. mosquito nets and g8l metre gaining in popularity (Tables
6.10&6.11), raising fears of recruitment overfighifdepletion of spawners below a
threshold for replenishing itself) (Hill 1992, Spak& Venema 1992, Harlest al. 2000).
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Effect of flood regime on catch

A significant trend (one-way ANOVAp < 05) in the variation of CPUE with hydro-
climatic seasons emerged over the two years of lgagn{-ig. 6.3). CPUE was lower in
Qrtl (low flood regime) than in Qrt3 (peak floodymme). Willoughby & Walker (1978)
also reported higher catches @f mossambicuandC. gariepinusbetween August and
December, during low and rising flood regime, amdr catches between May and July
during the receding and low flood regimes. Incregsand decreasing CPUE with a
respective rising and receding flood regime has lbéen reported in the Okavango Delta
(Merron 1991), floodplains of the Niger River (Wetome 1986) and the Piracicaba
River of the Amazon (Silvano & Begossi 2001).

The seasonal variation in CPUE in the Lower Shlooéplain supports the concept of a
seasonal cycle, typical of tropical ecosystems (bfeime 1985&1986) and Lowe-
McConnell 1987, Wecomme 2001). Contrary to the amtihat catches in the Lower
Shire Floodplain might have levelled off as a residlconstant effort (Tweddlet al.
1994) or declined due to reduced effort (Buliranal. 1999), this study strongly suggests
that there are significant intra-annual variatiomsSCPUE due to changes in the flood
regime. It is, therefore, pivotal to relate ankl@PUE to the hydro-climatic seasons to

predict or calculate fish production or yield oétthoodplain.

Proposed new protocol for catch assessment survey

For future surveys of the Lower Shire floodplain tne Department of Fisheries, it is
recommended that gear-based (and not canoe-bdgatipe used. It is evident from this
study that the number of canoes in the floodplaideclining, resulting in fishers either
sharing canoes or adapting the gears to suit fishithout canoes. While current CAS
methods calculate total effort by scaling up thenthty effort, this study has found
weekly effort to be a more realistic applicatioredo large monthly variations in effort.
Furthermore, this study has revealed that thered@tnct quarterly hydro-climatic

variations in CPUE. Therefore, it is necessary thatcurrent method, used by Malawi

Department of Fisheries, must be changed, in favbtine one developed in this study,

176



where calculation of catch should be done by sgalip the weekly effort and catch to
the quarterly level.

It is apparent from this study that in order to élep a management model for the
fisheries of the Lower Shire Floodplain, it is inmfant to have a thorough understanding
of the dynamics of gear use and target specielsidimg seasonal variations in effort and
catch with the flood regime. However, applicatidntleese findings in the development
of a management strategy for the Lower Shire Fl@dpcan only be realised if a

predictive hydro-climatic fisheries model is devmed.
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Chapter 7
Development of a Predictive Hydro-Climatic Fisherie Model for the Management
of the Lower Shire Floodplain
7.1 Introduction
Floodplain fisheries have more complex interactibesveen the environment, the fish
and the fishers, than any other type of fishenyd #rey also exhibit high spatial and
seasonal variability in habitat (Hoggarét al. 1999). By concentrating only on the
population dynamics of fish species without gividge attention to the complex
interaction the species might have with others #ral environment or ecosystem in
which it exists, we risk overlooking factors thaigit help us explain certain parameters
of population dynamics (Mann 1988). Therefore, aopof an approach to fisheries
management that recognises a continuum betweenlgtigouand ecosystems ecology
has been proposed (Mann 1988, FAO 1999, Anon 1988garthet al. 1999, Degnbol
2001). It has long been recognized that the floodplainughde seen as ecologically
indivisible from and closely connected to the riead to its catchment area (Jugtkal.
1989, Bayley 1991, Furch 1997, Welcomme 1985 & 200/4st & Nebel 2001). Despite
the fact that the multiple scales interaction witrand among these ecologically
indivisible ecosystems are linked, the ability tegict ecosystem behavior in fisheries is
limited (Anon 1999).

Much progress has been made in the developmenuantigative mathematical and
statistical fisheries models, which have a popotagcology perspective (Silvert 1981,
Dickie & Kerr 1982, Kerr 1982, Rigler 1982). Howeyé¢he utility of these models in
floodplain fisheries management is limited by tmelerlying assumption that parameters

under consideration are constant and the systemaisteady state.

Therefore, fisheries scientists have recognisechéeal to develop methods that account
for the highly interactive nature of the fisheriresources. Among the new methods are
ECOPATH (Polovina 1984, Christensen & Pauly 19995) and ECOSIM (Walterst

al. 1997) approaches. ECOPATH has been widely usébdeirmanagement of aquatic

ecosystems (Christensen & Pauly 1995, Moretal 1997) and has proved useful in
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developing management strategies for Lake Karilthlaake Turkana (Kolding 1994).
Since considerable data is required in order toirately estimate production, ecotrophic
efficiency, relative food consumption and dietapmposition at all trophic levels in the
ecosystem, as well as fish yield (Moreatual 1997), the methods have, however, not

been widely adopted for management of African fisse

Thus, Plattet al. (1981) concluded that the common practice of udiifferential
equations had led to limited success in making iptieds about the consequences of
perturbing ecosystems on fisheries yield. Consefyyetiney called for a radical re-
examination of the properties of ecosystems, thiouge lines of inquiry:
thermodynamics, input-output analysis, informatilb@ory, ataxonomic aggregations and
statistical mechanisms in order to find fruitful papaches to the prediction of the

functioning of ecosystems.

Statistical analyses have been used in biologyna/tical tools to help uncover causal
relationships (Lieth 1976) or the influence of eowimental factors on key life-history
traits of exploited fish stocks (Csirke 1980, Mert882, Mann 1988). Using correlation
models, Lieth (1976) reported that environmentahpeeters were reliable predictors for
local, regional and global primary productivity fgahs. Fisher & Grimm (1991) noted
that the advantage of a multiple regression appraathat it helps identify variables that
are important in shaping of running water (loticpogystems. Numerous workers have
used regression models to examine the relationsdiyween floodplains and their flora
and fauna (Johnson et al. 1997, Toner & Keddy 18&Ml, 1974). For example, due to
the stochastic nature of the water regime, bioklgand chemical parameters in the
Rhine floodplain, Zsuffa & Bogardi (1995) recommeddhe use of correlation statistical
analysis in the hydrodynamic simulation betweemdation variables and vegetation

types and fish production.
Consequently, models that simulate variation ih §isowth with flood regime have been

developed specifically for floodplain fisheriesAfrica (Loubens 1969, Kapetsky 1974).
Welcomme (2001) reviewed a range of empirical regie models that have been used
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in inland fisheries, including floodplain fisherieShese include the Morpho-Edaphic
Index, surplus production, dynamic pool and floaaplfisheries simulation models
(PFMODEL) (Grey 1986, Montreuiét al. 1990, Hoggarth & Kirkwod 1996, Halls
1998). Welcomme & Hagborg (1977) pioneered the idgveent of a generalised model
to simulate the behaviour of floodplain fisherigslar different regimes of flooding and
exploitation. The PFMODEL has been used to stuolydplain fisheries, and recruitment
of Puntius sophoren dry season water bodies in north-central Baidegh (Hallset al.
1999 & 2001). Most of these models use hydrologaradl life-history parameters as
inputs and show that fish production is stronglypetedent on recruitment. However,
influence of external abiotic factors such as ctemand occurrence of different
characteristics of habitats within the same floadpimake it necessary for these models

to be adapted to local hydro-climatic conditionshef floodplains.

Although a relationship between fish catch and wéltev has been reported for the
Lower Shire Floodplain (Ratcliff 1972, Hastings B9Tweddleet al. 1979, Tweddleet

al. 1994), no quantitative evidence has been presd¢otskdow the seasonal dynamics of
this relationship in combination with the life-rosy parameters of the key commercial
species. This study has demonstrated that bedideffobd regime, other environmental
factors (e.g. climate and habitat characteristi{€)apter 2 and 3) are equally important
and do have an impact on the breeding (Chaptejudgnile recruitment and growth
(Chapter 5), as well as fish catches (Chapter &)erfloodplain. However, the combined
effect of the hydro-climatic and habitat charastiees on the biological and production
traits of the fish is not known. In order to firtig “missing link”, this part of the work
seeks to develop a new predictive hydro-climastidiries model. The aim is to develop a
simple model that would predict the effects of @as hydrological, climatic and habitat
scenarios on the fisheries of the floodplaépecial focus was given to determining the
relationship between life-history aspects of the twajor fish species]Q. mossambicus
andC. gariepinu$ and the abiotic factors of climate, hydrology drabitat. Finally, the
aim was to identify the key regulatory mechanismhghe life-history traits of these

species and provide an essential adaptive managéooéifor the fisheries.
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7.2 Materials and methods

Overview of the structure and functional make-uphaf model

The model was based on the conceptual hierarctireatework of the floodplain
fisheries ecosystems (Figure 1.3, Chapter 1). Tiamitthy of factors interacting with
and affecting fish communities in a floodplain wémeken into (1) climatic, (2) habitat
and (3) hydrological. The model relationships wdegived from existing information
and findings from this study. The relationship betw climate, flood regime, habitat
characteristics as well as biological and producparameters of the fish in the Lower
shire Floodplain has been demonstrated (Chapt&s42.,5 and 6).

It is well established that climate has an impactwatershed processes, the hydrological
cycle and subsequent influence on ecosystem prioduot the floodplain through the
flood pulse (Lotspeich 1980, Jurt al. 1989, Gordoret al. 1992, Crameet al. 1999,
Aber & Freuder 2000, Pringle 2001, Sarch & Allise@00). As an aquatic-terrestrial
transitional zone, the floodplain also affects eas aspects of the local ecology, by
changing the values of many variables such as htyntémperature and sedimentation
(Ranwell 1974, Kolasa & Zalewski 1995).

Construction of correlation models

Determination of causal relationship between ptedi¢climatic, hydrological, habitat)
and response variables (spawning periodicity, sedsmndition factor, recruitment) was
done using multiple regression analysis accordingi¢th (1975, 1976) and Forej al.
(1997). The analysis was based on the notion aBblke-focused ecosystems analysis
(Downing 1991), where a few characteristics of gstesns that are considered to be of
great theoretical or practical interest are idezdithrough a rigorous correlation analysis
with biological variables of interest. Sets of dhtic, hydrological (Chapter 2) and habitat
(Chapter 3) characteristics were paired with tHefng biological variables: spawning
periodicity (Chapter 4), condition factor, recrugm (Chapter 5) of the two fish species

(O. mossambicuandC. gariepinu$, and catches of all exploited species in the Lrowe
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Shire Floodplain (Chapter 6) in order to determthe relationship or relationships

between them.

Juxtaposition of data and theory

Statistical analyses were followed by synthesise €hrrelations among predictor and
response variables were used to explore possildéoreships and assess how far the
correlations confirmed or refined the hypothesiswbnteraction between the floodplain
fishes and ecosystems. A comparison of parameteat were identifiable as

characterising the biological variables of the twajor species were combined in a
theoretical framework to provide some quantitatdescription of the structure and

function of the fish population ecology.

Predictor variables: climatic

Daily mean values for eight climatic parameterscorded at the Makhanga

Meteorological Station in the Lower Shire FloodpldChapter 2, see Table 7.1), were
used. These parameters reflect the water budgetpas (rainfall, thunder days, cloud

cover), output (evaporation, potential evaporatiemapotranspiration, sunshine) and
regulatory mechanism of water gain and loss (retaliumidity, air temperature, wind

speed). The Malawi Department of Meteorological videss provided climate data

covering the period 1960/61 to 1989/90 and 19989B899/2000 (35 years).

Predictor variables: hydrological

Daily values for eight hydrological parameters,oreled at Chiromo Gauging Station in
the Lower Shire Floodplain (Chapter 2, see TablE) Were used to calculate the
hydrological variables. These were the absolutengban water level (daily mean and
minimum water level), the rate of change in wawrel Slope sum of daily water
fluctuation, SWF, and cumulative sum of daily water fluctuaticdSWH, timing of
flooding (level-above-bankfulll.v-BF), and duration of inundation (river stage RS.
The Hydrology Division of the Malawi Department \&fater Resources kindly provided
data covering the period between 1980/81 and 1999)2
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Predictor variables: habitat characteristics

Mean monthly values of selected habitat charadiesigTable 7.1) were used from
Chapter 3.

Dependent (response) variables

Biological variables (GSI and condition factor) tafo species@. mossambicuandC.
gariepinug as well as production indices (juvenile recruitiaBsh.m? fish catches-
CPUE) were used as response variables (Table Dub).to the seasonal fluctuation of
water levels in the floodplain, CPUE was used aseasure of density because of the
dilution/concentration effects of varying water éész Biological factors and indices of

recruitment and catch were obtained from Chaptebsahd 6, respectively.

Table 7.1 Parameters used for the development of the preeliblydro-climatic fishery model.
The climate and hydrology data are daily mean wltiee habitat, biological and production
characteristics are monthly mean values

Response variables

Predictor variables

Biological & Production
(Chapters 4,5 & 6)

Climatic (daily mean)
(Chapter 2)

Hydrologic (daily
mean) (Chapter 2)

Habitat (Chapter 3)

Gonadosomatic index
(GSI)

Rainfall (mm)

Water level (m)

Water depth (m)

Condition factor (CF)

Relative humidity (%)

Watewel above
bankfull (m)

Total dissolved solids
(mg.r")

Relative abundance of
juveniles (fish.nf)

Surface air temperature (°C

)  Water temperature

PQonductivity (1S.cm)

Relative density (CPUE)
(kg.day*.gear)

Evaporation (E) (mm)

Slope of daily water
fluctuation

Water transparency
(Secchi disk visibility)
(cm)

Evapotranspiration (ET)
(mm)

Sum of daily water
fluctuation (m)

pH

Potential evapotranspiratio
(PE) (mm)

N River stage (days)

Alkalinity (mg.I™)

Sunshine (hours)

Hardness (.|

Cloud cover (octas)

Phosphate (.

Thunder (days)

Nitrate (md)l

Wind (m.sed)

Dissolved oxygen (DO)
(mg.I")

Water temperaturéC)

Statistical analyses

Regression analysis was used to estimate the atiorelbetween dependent (biological

and production parameters) and independent (ckmdtiydrological and habitat
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parameters) variables using Statistit@omputer software. The basic model followed
that outlined by Neteet al.(1979):
Y =56y + BXy+ BpX, +e ﬂp—lxi,p—l (Equation 7.1)

where Y, is the response in théth observation, X, X,,, X

| i pnare values of the

independent variables in théh observation,3,, 5,---, B,-, are parameters aridranges

from1lto n.

The analysis consisted of the following two stageisstly, Pearson product-moment
correlations (Zar 1984) for pairs of dependent iad@épendent variables were obtained in
order to explore the relationship between varioasspof dependent and independent
variables. Secondly, forward stepwise multiple esgion analysis was conducted to
determine the relationship between various suiteéadependent variables and a single
dependent variable in order to arrive at a setsafful variables (Shumway & Stoffer
1999) to be used to construct various predictivedet® In this type of regression
analysis redundant predictors are removed to ydidal model that accounts for most of
the variance (Roy 1958, 1967). In both regressioalyges, analysis of variance
(ANOVA) was used to test the best-fitting curveigBl1970, Zar 1984), assuming that
residuals were independently and normally distedubor that least squares provided an

unbiased fit even if those assumptions were not(Betischelet 1981).

Sensitivity analysis

There are two methods of establishing the credjbitif a model. Firstly, sensitivity
analysis is conducted, and secondly model validatomparisons are performed
(Kastner-Maresh & Mooney 1994, Foagal.1997). Sensitivity analysis is the process of
making systematic and incremental changes in tinitopoof the model individually and
comparing the results against another simulationrwhich all model variables are
identical except for the single sensitivity testgmaeter (Milleret al. 1973, Fonget al.
1997). The process identifies the model paramesémscture, empirically derived inputs
information and initial conditions that cause thieajest change in the model predictions
(Miller 1979). The validation process of a modelsimilar to the normal scientific

process where hypotheses are subjected to moreuggdests (Popper 1962, cited by
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Fonget al. 1997). Thus a numerical model is nothing more thaeries of hypotheses set
into mathematical terms and in validation experitagthe model is altered to simulate
various conditions that reflect different naturgstems with independent databases and
predictions are compared to field observations W@#s1976, Fonget al. 1997). In this

study, sensitivity analysis was used to test tledibility of the model.

The sensitivity analysis was conducted in thregestausing modified procedures as
outlined by Fonget al. (1997). First, the predictive models were testadsensitivity to
low levels (baseline) of the three sets of predivtriables (climatic, hydrologic, habitat
characteristics) (Table 7.2). Second, the predictivodels were run under conditions
where the three sets of predictor variables wetaaed by 10% from the baseline levels.
Third, the predictive models were run under coondgiwhere the three sets of predictor

variables were increased by 10% from the maximwml$e(Table 7.2).

Table 7.2 Values of baseline, +10% and —10% of predictoliabdes used in the sensitivity
analyses. Climate data are daily means; waterdeared water quality are monthly mean values.

Predictor variable Baseline | 10% below | 10% above
baseline maximum
Rainfall (mm) 4.5 4.05 201.4
Relative humidity (%) 51 45.9 86.9
Air temperature (°C) 20.2 18.18 31.24
Water level (m) 3.68 3.31 6.58
Wind speed (m.s&d 2.4 2.0 6.05
Cloud cover (hours) 2.1 1.89 6.49
Thunder days (days) 0 0 19.8
CSWF (m) (monthly) -6.69 -6.02 97.03
Level above bankfull (m) -1.18 -1.06 1.02
Water temperature (°C) 20.7 18.59 30.89
pH 6.83 6.15 8.91
Dissolved oxygen (mg?) | 1.33 1.2 8.79

The baseline conditions were assumed to be themmmi levels (average monthly
minimum) of the three independent variables, wigleantification of sensitivity to

reduced and increased climatic, hydrologic andteabonditions by 10% below baseline
or 10% above maximum was assumed to simulate isiisatinder reduced or increased
water levels as well as extreme climatic conditjoas these in return will affect

physicochemical characteristics of the habitat. alh three scenarios of sensitivity
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analyses, predictor variables were modelled witlsirausoidal curve using periodic
regression in order to take into account the seds@riation of these predictor variables
(Fonget al.1997).

In order to assess the overall changes of respaarsgbles, as a result of the sensitivity
to either 10% above or below the baseline, overetiére year, a measure of relative

change (%) modified from (Foreg al. 1997) was used as follows:

(P, — simulatedP)

relative change(%) =
9e%) simulatedP

x100 (Equation 7.2)

where simulatedP is an average of monthly predicted levels of maal or production
X in the simulated model, and is the average of monthly observed levels of bicialg

or productionx when the model parameters were by either increaseztiuced by 10%.
Although the relative change calculated in this wlags not show the seasonal pattern, it
is a quick management tool since none of the moslalsed the timing and seasonal

pattern, but rather the medb) and amplitudém) .

Seasonal analysis of biological and production patars

Mathematical and periodic regression techniquesewesed to assess and predict the
seasonality of biological and production parametefsthe fish, as well as the
hydrological, climatic and habitat characteristidhis was based on the assumption that
if observed quantity ofY) (i.e. early juvenile density) is presumed to Epehdent on
cyclic (temporal) variableX) (e.g. time of the year e.g. months), then whereporal
waves of recruitment exist, diffusion or dispensdl always cause a positive net flux of
juveniles from the peaks to the troughs of the wauatuitively, the variation of
recruitment over months will be some function of tiate of change of the recruitment,
the wave amplitude and frequency. Working with cetiifve exclusion in populations,
Savill & Hogeweg (1999) used the following equatittvat captured the local spatial

behaviour of oscillatory dynamics:
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r(xt) = r+ A coskx — at) (Equation 7.3)
where r is the mean value of , A the amplitude of the oscillationgk the wave
number,a the temporal frequencys andtare special and temporal variables. Savill &
Hogeweg (1999)’'s equation can be substituted biynaler cosine regression according
to Bliss (1970) and Be#t al. (1995) as follows:

Y =M + Acos(Rt] - 0) (Equation 7.4)
whereY is the dependent variabl®] is the intercept,A is the amplitude (or slope),

Rt, is the angular transformation of independent timeable (time of the year) anglis

the phase lag. The angular transformation, am@itadd phase lag were calculated

according to methods outlined in Betlal. (1995) (see details in Chapter 2) as follows:
Y =b+m(co{RX + ) (Equation 7.5)

whereRX s the angular transformed independefivariable (month of year: MOY)b

is an intercept (or predicted meam), is the slope (or amplitude), ards the phase lag.
Transformation ofX variable into circular variables (RMOY) was doneraultiplying
MOY (0-12) by 2/12 to obtain an equivalent radian measure (B&R)9The results of
the analyses were presented as polar plot (aziintdfexences, with angle) of periodic

regression of water level and biological variables.

7.3 Results

Correlations

Table 7.3 shows the relationship between climatariables and biological and
production parameters of fish in the floodplain.ld&ge humidity, evapotranspiration,
wind speed, cloud cover and sunshine were highlsetaged with production parameters
(juvenile recruitment and relative abundance (CHUB)64<r%>0.77,p < 0.05), while
rainfall, air temperature, cloud cover and thundeays were highly correlated with
biological parameters (GSI and CF) (0.66*< 0.85,p < 0.05). Since cloud cover may
sometimes be a sign of thunder-storm, hence réidalud cover and thunder days do

affect the fish in a similar manner. Similarly, shime increases evaporation, which is
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enhanced by wind speed, which in turn lowers thegtive humidity, hence the negative
correlation between production parameters andivelaumidity (Table 7.3).

The relationships between hydrological variablesd dmological and production
parameters are shown in Table 7.4. Rate of chamgeater level as measured in daily
water fluctuationSWFE cumulative sum of daily fluctuatiorCEWH and Slope were
highly correlated with biological parameters ohfi€.64 <r®> 0.85,p < 0.05), while
absolute change in water level in terms of dailamenaximum and minimum levels, as
well as timing of flooding (measured as level oftevaabove the bankfull level (Lv-BF)),
was highly correlated with production parameter$40< r®> > 0.71,p < 0.05). The
significant effect of the rate of change in watrdl on the biological parameters (GSlI,
CF), might signify the importance of relative changs opposed to absolute change, in

water level as a cue for breeding in fish.

Table 7.5 shows data depicting the relationshipyeen habitat characteristics and
biological and production parameters for the figlater temperature and nitrate levels
were highly correlated with biological variables@® <r?> 0.74,p < 0.05), while DO,
water temperature, TDS, conductivity, pH and atkgti were highly correlated with
production parameters (0.58r&> 0.80,p < 0.05). The correlation between juvenile
density and TDS, conductivity, pH and alkalinity svpositive, indicating a direct
relationship between inputs of ions in the floodphlaith the emergence of juvenile fish.
However, the correlation between CPUE and both B@@EH was negative, but positive
with water temperature. Apart from indicating tladundance of fish was highest at the
time of low DO and pH, the data also confirms tlasib ecological inverse relationship

between water temperature and DO.
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Table 7.3 Summary of Pearson product-moment correlation fiooeits for pairs of dependent and independentabsdes. Dependent variables are fish
biological and production indices. Independentalalds are climatic elements. The data is preseage@S| =gonadosomatic index, CF = Condition factor
CPUE = catch per unit effort (kg.g€aday’) RH = relative humidity (%), Rain = rainfall (mm\ir Temp = air temperature (°C), PE = potentighmration
(mm), ET = evaporation (mm), ETP = evapotransmramm), WSpd = wind speed (m.8¢cSun = sunshine (hours), cloud = cloud cover (s hunder =

thunder days (days),

Dependent variablegFish biological/production) Independent variables(climatic)

RH Rain Air Temp | PE ET ETP WSpd Sun Cloud Thunder
GSI of C. gariepinus 0.19 0.85*** | 0.57 0.51 0.24 0.49 0.05 -0.40 0.65*| 0.87***
GSI of O. mossambicus 0.05 0.60* 0.51 0.51 0.33 0.50 0.15 -0.25 0.51 60.6
CF of C. gariepinus 0.32 0.85*** | 0.67*** 0.57 0.21 0.54 -0.04 -0.39 | .7/@** | 0.88***
CF of O. mossambicus 0.06 -0.33 -0.64* -0.62* -0.41| -0.60* -0.25 -0.20 | -0.25 -0.41
Juveniles abundance (fish.hau(all species) -0.73**| -0.37 0.27 0.42 0.62 0.46 | 0.74* | 0.67** | -0.46 -0.15
Juvenile abundance (fish.hay(Cichlids) -0.64* -0.23 0.35 0.49 0.63% 0.52 0¥ |0.55 0.29 0.02
Juvenile abundance (fish.hém(catfish) -0.77% | 0.49 0.08 0.23 0.50 0.27 0.67% 0.72** -0.71** | -0.42
CPUE (density) (kg.gearday™) 0.69** | 0.46 0.07 -0.13 -0.40| -0.15 -0.57 -0.52| 58. 0.38




Table 7.4 Summary of Pearson product-moment correlation fiooeits for pairs of dependent and independentabedes. Dependent variables are fish
biological and production indices. Independentalalgs are hydrologic parameters. The data is piedes GSI =gonadosomatic index, CF = Conditictofa
CPUE = catch per unit effort (kg.g€aglay’) SWF = sum of daily water fluctuation (m), CSWFamulative sum of daily water fluctuation, RS =efi\stage
(days), Lv-BF = level above bankfull, Lv-1 = watevel in current year, Lv-2 = level a year befdre;3 = level two years before.

Dependent variables (Fish biological/production)

Independent variables (hydrologic)

Mean Max. Min. SWF| CSWF| RS Lv-BF Slope Lv-1  Lv-2 | Lv-3
GSI of C. gariepinus 0.11 0.24 -0.07 -0.13 -0.80* -0.22 0.05 0.85***| -0.38 | -0.35 -0.35
GSI of O. mossambicus 0.15 0.18 0.06 -0.15| -0.64* -0.39 0.08 0.62* -0.320.32 -0.32
CF ofC. gariepinus 0.36 0.49 0.17 0.23 -0.75*  0.15 0.31 0.65* -0.050.05 -0.05
CF of O. mossambicus -0.31 -0.42 -0.21 -0.47) 0.21 -0.44  -0.22 -0.13 110, -0.11 -0.11
Juvenile abundance (fish.hd@l(all species) -0.68**| -0.63* -0.60* -0.45 0.01 49 | -0.71** | -0.08 -0.46 | -0.46 -0.46
Juvenile abundance (fish.hdu(Cichlids) -0.64* | -0.59* | -0.60* | -0.46| -0.18 -@5| -0.68* | 0.01 -0.49 | -0.49 -0.49
Juvenile abundance (fish.haylcatfish) -0.50 -0.54 -0.40 -0.28 0.49 -0.19 4.5 | -0.16 -0.32| -0.32 0.32
CPUE (density) (kg.gearday™) -0.50 0.54 0.39 0.12| -0.44 0.03 0.56 0.14 0.52 520. | 0.52

Table 7.5 Summary of Pearson product-moment correlation fictesfits for pairs of dependent and independentabbes. Dependent variables are fish
biological and production indices. Independentalzslgs are habitat physicochemical parameters. ateeid presented as GSI =gonadosomatic index, CF =
Condition factor, CPUE = catch per unit effort @eai’.day"), DO = dissolved oxygen (md), Wtemp = water temperature (°C), TDS = total aligsd solids
(mg.I"), cond = conductivity (Scmi?), SDV = water transparency (cm), Alk = alkalinitjard = hardnes, Phos = phosphorus, Nitr = nitr@ite asterisks

denote the level of significance, wher * = 5%

1%, *** = <0.01%.

Dependent variables (Fish biological/production)

Idependent variableghabitat physicochemical)

DO Wtemp | Depth TDS| Cond SDhV pH Alk Hard Phog Nitr
GSil of C. gariepinus 0.09 0.62* -0.22 -0.16/ -0.01 -0.14 0.08 -0.21 0.31 0.14 -0.40
GSI of O. mossambicus -0.29 0.46 0.13 -0.08 0.22 -0.30 0.27 -0.11 0.13-0.13 -0.47
CF ofC. gariepinus -0.02 0.74* | 0.17 -0.12] 0.01 -0.17 -0.08 -0.40 2M. | 0.08 -0.69**
CF of O. mossambicus -0.15 -0.34 -0.36 0.02 -0.13 0.18 -0.002 -0.26 270. | -0.35 0.55
Juvenile abundance (fish.hd(all species) 0.19 -0.24 -0.25 0.58* 0.85*** -0.3 | 0.64* 0.75*** | 0.55 0.23 0.13
Juvenile abundance (fish.h&@u(Cichlids) 0.08 -0.06 -0.24 0.647  0.91%* -0.38 | 0.63* 0.75** 0.58 0.15 -0.03
Juvenile abundance (fish.hay{catfish) 0.60* -0.61 -0.24 -0.05 0.07 -0.21 0.49 | 0.21 0.08 0.24 0.18
CPUE (density) (kg.gearday”) -0.80** | 0.63* 0.09 0.14 | -0.06 0.004 -0.65* -0.24 | -0.28 -0.47 0.14
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Predictive Hydro-climatic-fisheries model

Table 7.6 shows the predictive models for the lgmal dynamics of the floodplain in
which hydro-climatic and habitat factors are préaaticvariables. The relationships
identified in the Pearson product-moments corretetiin Table 7.3-7.5 also emerge in
the predictive models. Generally, the model predicthe biological and production
parameters fairly accurately (0.53%> 0.98,p < 0.05). However, the model appeared to
predict production parameters more accurately (6.75> 0.98,p<0.01) than biological
parameters (0.53 ¥ > 0.98,p < 0.05). Climate has a significant impact on the dmadal
and production parameters of the fish (0<18% > 0.75,p <0.001). Flood timing and
duration of floodplain inundation had significarfteets (0.04< r?> 0.85,p <0.001) on
the fish, likewise, nutrient and physico-chemicéhtss of the habitat also had a
significant impact (0.0 r?> 0.41,p <0.001) on the fish. It is important to note that
water level in the floodplain during the previousay as well as its seasonal effect
(cos(RMOY)) had some impact on fish catches (CPUR&ble 7.6).

Sensitivity analysis of the models

Table 7.7 show the results of the sensitivity asialy Applying baseline conditions
increased the condition factor (CF) @ mossambicudy 92.8% and the CPUE by
35.1%. Further reduction of the baseline conditlmn 10% reduced the predicted
recruitment to 72.8% while increasing CPUE by 13.3%10% increase of maximum
levels of the three predictor variables resultedaifed spawning irC. gariepinusand a

reduction by 29.5% irO. mossambicysCF reduced to 41.6% i€. gariepinusbut

increased by 2.1% inO. mossambicysrespectively, with subsequent failure in

recruitment and reduction in CPUE to 42%.
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Table 7.6 Relationship between biological and productiontdex of fish ad climatic, hydrological and habitdtaracteristics of the Lower Shire Floodplain. Taa is
presented as GSI =gonadosomatic index, CF = Gondactor, CPUE = catch per unit effort (kg.géday"), DO = dissolved oxygen (mg), Wtemp = water temperature
(°C), TDS = total dissolved solids (mg.) cond = conductivity (&cni'), SDV = water transparency (cm), Alk = alkalinitjard = hardnes, Phos = phosphorus , Nitr =
nitrate, RH = relative humidity (%), Rain = raidfglnm), Air Temp = air temperature (°C), PE = pdignevaporation (mm), ET = evaporation (mm), ETP =
evapotranspiration (mm), WSpd = wind speed (mise8un = sunshine (hours), cloud = cloud cover (s hunder = thunder days (days). The peak argli@tes are
calculated from Equation 8.3Y, = coefficient of determinatiom=level of significance. The asterisks denote thellef significance, wher * = 5%, ** = 1%, *** = <01%.

Parameter Predictive equation r* p

GSI of C. gariepinus Y = 40.57 + 0.54Thunder + 61.2Slope + 0.11SDV.#6DO + 0.56nitr + 0.001TDS — 5.09pH — 2.5Lv | 0.90 0.0001
r? = 0.75%+ r? = 0.07% r® = 0.20*

GSI of O. mossambicus Y =-41.99 + 0.001Rain + 5.41pH — 0.96Phos + R2BF + 0.21 Wtemp 0.85 0.03
r? = 0.44** r’ = 0.41*

CF ofC. gariepinus Y =0.93 + 0.003Rain - 0.05nitr 0.83 0.0003
r®=0.73** r’=0.10*

CF of O. mossambicus Y =6.33 - 0.15Airtemp — 0.07RS + 0.70sin(RMOY).36Phos — 0.0002Cond + 0.01SDV 0.98 0.0007
r’=0.41*  r®=0.41* r*=0.09*

Juvenile abundance (fish.ha(all Y =1998.44 + 0.33Cond — 26.94RH + 31.38nitr + 248v-BF — 3.79SDV 0.98 0.00003

species) r?=0.66*** r?=0.25** r?=0.04*

Juvenile abundance (fish.hap(Cichlids) Y =-327.13 + 0.29Cond + 103.6WindSpdi3.73nitr — 25.78Phos 0.98 0.00005

r?=0.82%* r?=0.13**

Juvenile abundance (fish.hal(catfish) Y = 123.53 + 23.73WindSpd — 6.94Wtemp2t37Lv-BF 0.75 0.008
r? = 0.45** r’=0.22*

CPUE (density) (kg.gedday?) Y =7.84-0.18DO + 0.01Rain + 0.07nitr — 0.79pH.84Lv-BF — 0.41c0s(RMOY) + 0.40Lv 0.98 | 0.002
rc=0.45* re=0.22*

Note : RMOY = MOY(2t/12) (i.e., MOY transformed to radians of year
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The sensitivity analysis showed that gariepinusis likely to be more sensitive to
changes in environmental factors, especially rednctn water level and other
predictor variables tha®. mossambicusVhile CPUE appeared to be less sensitive to
changes in environmental factors, especially rednctn water level and other
predictor variables, than recruitment, both thessameters were detrimentally
affected by a 10% increase of the level of prediatariables above maximum.
Clearly, increasing (+10% of maximum) and decragagimaseline or —10%) water
level and climatic conditions seems to be detrimlettt the biological parameters of

the two fish species.

Table 7.7 Sensitivity analysis for biological and productiparameters with changes in climatic,
hydrologic and habitat characteristics in the Lo®hire Floodplain. The levels are monthly averages.
Observed levels are mean * standard deviation f&)bers in parentheses are relative percentages of
the modelled parameter relative to the observedmeaters. Baseline levels are based on monthly
minimum values for climatic, hydrologic and habitdtaracteristics. GSI-CG = gonadosomatic index
for Clarias gariepinus GSI-OM = gonadosomatic index f@reochromis mossambiGu€F-CG =
condition factor forClarias gariepinus CF-OM = condition factor folOreochromis mossambicus
CPUE = catch per unit effort (kg.g€aday?),

Parameter of GSI-CG GSI-OM CF-CG CF-OM | Recruitment CPUE

change (fish.haul™) (kg.gear*.day™)

Observed level 2.95 +0.88 224 +1.18 1.02+0.42 51.9 |274.64 3.93+1.41
+0.24 +205.57

Modelled level 2.57 (12.9) 2.14 (4.5) 1.02 (0) 1.88 | 371.13 3.95 (-0.5)
(3.6) (-35.1)

Baseline level 0.81 (72.5) 1.31(41.5) 0.82(19.03B.76 -171.52 5.31(-35.1)
(-62.5) | (162.5)

Level 10% 4.87 (-65.1) | -4.48 (300) 0.84 (17.74) 4.10 | 74.83 4.46 (-13.5)

below baseline (-110.3) | (72.8)

Level 10% -1.68 (156.9)] 1.58 (29.5)] 1.43(-40.48) 1.99 | -529.83 2.28 (42.0)

above maximum (-2.1) (292.9)

Seasonality of biological and production paramedéihe fish

The periodic regression models for both dependeldirsaiependent variables used in

the model are shown in Table 7.8. It is clear thatatic parameters as well as habitat
are significantly seasonal (0.Z7*> 0.85,p <0.0001) and (0.5% r*> 0.75, 0.04>p

< 0.001), respectively (Table 7.9). Periodic regmssnodels of water level and

biological parameters are shown in Table 7.9. Theets show amplitude and phase

lag. The amplitude (i.e. a form of standard dewratin normal statistics) is the

maximum positive or negative departure of predic¥eiiom the mesor (a form of

193




average in normal statistics). The phase lag igptsition of the peak in degrees (°),
and when these degrees are transformed to morttiegfear (MOY), the output is
the time of year (month) when peak or maximum a@nge of the variable (e.g. GSI)
is recorded. Significant seasonal variation is entdn juvenile recruitment{ = 0.55,

p <0.05), GSI (O.45_<t2 > 0.63, <p < 0.01) and condition factors (O.§2r%z 0.76,
0.10 <p < 0.01) of both species (Table 7.9).

Table 7.8 Seasonal and cycling climatical, hydrological, itetb biological and production
characteristics of events in the Lower Shire FloaniplGSI-CG = gonadosomatic index fBlarias
gariepinus GSI-OM = gonadosomatic index f@reochromis mossambicuSF-CG = condition factor
for Clarias gariepinus CF-OM = condition factor foOreochromis mossambicuSPUE = catch per
unit effort (kg.geat.day'). RMOY = Radian Month of the year’ = coefficient of determination,
p=level of significance.

Parameter Predictive model r p
Water level (m) Y = 4.8 + 0.81sin(RMOY) + 0.09coMRY) 0.75 | 0.0002
Air temperature (°C) Y =24.97 — 1.67sin(RMQY) 83cos(RMOY) 0.85 | 0.0002
Relative humidity (%) Y = 68.58 + 11.15sin(RMOY ¥+ 7cos(RMOY) 0.84 | 0.0003
Rainfall (mm) Y = 63.71 + 4.29sin(RMOY) + 77.51cB8(OY) 0.77 | 0.001
Cloud cover (hours) Y =4.06 + 0.68sin(RMOY) + 1cd@(RMOY) 0.83 | 0.0003
Water temperature (°C) Y = 25.03 + 1.14sin(RMOY3.51cos(RMQY) 0.94 | 0.00001
pH Y = 7.45 — 0.52sin(RMOY) — 0.14cos(RMOY) 0.83 0@3
Dissolved oxygen (mg}) | Y = 4.76 — 2.05sin(RMOY) — 1.04cos(RMOY) 051 4#.0
GSil forC. gariepinus Y = 2.95 — 1.36sin(RMOY) + 4.05cos(RMOY) 0.63 0.01
GSl forO. mossambicus =—2.24 — 0.55sin(RMOY) + 1.16cos(RMQY) 0.4% 0®.
CF for C. gariepinus Y = 1.02 — 0.03sin(RMOY) + 0.32cos(RMOY) 0.72  (B00
CF forO. mossambicus Y = 1.95 + 0.22sin(RMQOY) — 0.52cos(RMQY) 0.32 0.17
Recruitment (fish.hat) Y = 274.64 — 294.11sin(RMQY) — 66.42cos(RMQY) 3.4 0.08
CPUE (kg.geat.day?) Y =3.93 + 0.57sin(RMOY) + 0.37cos(RMOY) 063 D.0

Table 7.9 Seasonal and cyclic relationship between wateellém), spawning seasons,
juvenile recruitment, Condition Factor 6reochromis mossambicasdClarias gariepinus
with sequential months of the year in the Lowerr&hrloodplain. Peak (phase lag),
amplitudes and time of the year the peak occursa@milated from cosine regression of the
form given in Equation &2 = coefficient of determinatiom = level of significance, (ns=not
significant; * = 0.05; ** = 0.01; *** = 0.001).

2

Parameter Amplitude Phase lag Peak time of| Quarterly | r p

the year season
Water level (m.a.s.l.) 0.81 55.6° 23 Feb Mid-Qrt3 0.67 | 0.0025
CF —Oreochromis mossambicus | 0.56 157.2° 9 June Late-Qrt4| 0.32 0.1761
Recruitment (fish.hail) 201.3 260.1° 22 Sept Late-Qrtll 0.5 0.0272
GSI —Oreochromis mossambicus | 1.29 334.6° 6 Dec Late-Qrt2 0.45 0.066
GSI —Clarias gariepinus 4.27 341.4° 13 Dec Late-Qrt2 0.63 0.01116
CF —Clarias gariepinus 0.35 355.3° 27 Dec Late-Qrt2 0.76 0.000P6
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Figure 7.1 shows a polar plot (azimuthal referene@th angle) of the phase lag
(peaks) of biological variables from Table 7.9. Tdwte of peak occurrence of an
event (e.g. recruitment) is represented by theeafgl (read clockwise), and the
ellipse representing the regression lines (orditg It is clear from Figure 7.1 that
the peak flood is predicted to take place or oceu3™ February (middle of Qrt3),
and the peak in the condition factor@f mossambicuwas predicted to occur on™
June (end of Qrt4).

CF-CG
GSI-CG 355.30
341.4° (27 Dec)
GSI-OM (13 Dec)
334.6° 360
(6 Dec)

- J
T~ . PeakFlood

y 55.6° (23 Feb)

90¢
27-0( ..... O ............
Fish.haut
260.1° (22 Sept) ——J
F-OM 157.2°
180" (9 Jun)

Bisin(RMOY)

Figure 7.1 Polar plot of periodic regression of flood reginspawning seasons (Gonadosomatic index),
juvenile recruitment, and seasonal fitness (comuliiactor) of Oreochromis mossambicumnd Clarias
gariepinusin the Lower Shire Floodplain. Recruitment is nelatabundance for juveniles in the littoral
zones for the period July 1998-June 2000. The laigée represents one year with 12 month of the yea
(MQOY) marked J-D (January to December). Angularsprgation of MOY, and lag-phase are marked on
the graph. Lag-phase is the angle of the date d&f pkavent calculated by periodic regression (Tabig,
both lag-phase and precise date are presenteeé igrdiph, regression lines are shown as circledartbie
annual circle.
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Subsequently, the peak spawning seasons (as meédsui@SI) ofO. mossambicus
andC. gariepinusare predicted to occur on"BDecember and 18 December (end of
Qrt2), respectively (Table 7.9). The peak conditiactor of C. gariepinuswas also
predicted to occur in December at the end of Qf@ble 7.9 and Fig. 7.1). The
predicted format of events is the same as thoseredd during this study (Chapters 3
— 6). For example, GSI fdD. mossambicupeaks between October and February,
while that ofC. gariepinusoccurs between October and December (Fig. 4.5pt€ha
4. The polar plot simply confirms the notion thag flood-pulse drives the life-history
clock in the floodplain, so to speak. (Note: Thee usf specific dates in this
interpretation of the polar plot only serves taslirate the capabilities of the model in

predicting the sequence of events in the 4 qugrtgrdiro-climatic seasons).

7.4 Discussion

General trends

Although climatic, hydrological and habitat paraerst were individually
significantly correlated with biological and prodien indices of the fish, the best
predictive models emerged where a combination eftlinee predictor (independent)
variables were used. The parameters from the farwtepwise multiple regression
models indicate the direction of the effect of eadhthe predictor variables. The
negative coefficient for the predictor variable gelly indicates negative effect on
the dependent variable while a positive coefficiemdicates a positive effect on
dependent variable. For example, the longer thedation of the floodplain (RS), the
higher the probability that condition factor f&. mossambicuswill be low,
conversely, the earlier the beginning of the rdintae greater the probability of.

gariepinusimproving its condition (Table 7.6).

Spawning periodicity

The strong and positive correlation between spagvrperiodicity (based on the
monthly GSI) with rainfall and timing of the floofibr both C. gariepinusand O.

mossambicugTables 7.3-7.6) signifies the complex link amartignate, hydrology
and biology of the fish in the Lower Shire FloodplaApart from bringing water into
the floodplain, local rainfall and the commencemehtflooding may also act as
spawning cues for both species. Youegal. (2000) called this the “biological

trigger” or “spawning flows”.
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Bruton (1979) reported that in Lake Sibaya, thenslus for spawning ofC.
gariepinusappeared to be associated with a rise in watesl lamd inundation of
marginal areas, either as a result of direct rHimfathe inflow of water from an
upstream source. In order for. mossambicu® breed, temperatures of at least 20°C
must be attained. However, other factors such my iseason and accessibility of
certain spawning grounds with a rise in water lalsb seem to play a releasing role
(Huet 1970, Bardacht al 1972, Balarin & Hatton 1979, Pullin & Lowe-McCaglh
1982).

Lowe-McConnell (1987) reported that spawning inerifish species, whose young
feed on floodplains, may be stimulated by eitharalorains or by floods coming
downriver from rain in the drainage basin. Youwtgal. (2000) reported that a change
in water depth and floywer sewere not limiting factors for spawning in goldeergh
Macquaria ambiguabut rather the timing of the season of flow, thie and duration
of change of water depth as well as the bankfaivfevents which ensured adequate
access by juveniles to the rich food resourceb®flbodplain. Therefore, rainfall and
timing of the flood may constitute the “spawningvils” for theO. mossambicuand

C. gariepinugn the Lower Shire Floodplain.

Condition factor

The inverse relationship between the duration ohdation of the floodplain and the
condition factor of0. mossambicug?=0.41,p < 0.001) and the direct relationship
between rainfall and CF df. gariepinus(r’=0.73,p < 0.001) (Table 7.6) confirms
the findings of Willoughby & Tweddle (1978and those in Chapter 4 of this study.
Willoughby & Tweddle (197§ reported thaO. mossambicufeeds intensively from
April (during the receding flood-pulse) whie. gariepinusbegins intensive feeding

in November (during the low/but rising flood-pulse)

The direct relationship between the condition facbC. gariepinusand rainfall is
probably a result of the apparent increase in fetake due to the higher availability
of food during the rising flood-pulse (Bayley 199Hpwever, the inverse relationship
between duration of floodplain inundation and ctiodi of O. mossambicusould be

a consequence of increased input of nutrient anglarmeec matter from the
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aqguatic/terrestrial transition zone (ATTZ) to flgaddin backwaters during the retreat
of the flood-pulse (Bayley 1991). This is apparemtthe positive and direct

correlation between condition @. mossambicusnd phosphorus (Table 7.6). A
similar improvement in condition &@. mossambicuwas reported in Lake Chicamba
as being partly due to persistence of detritusnduthe summer drawdown (Weyl
1998). Decaying vegetation is reported to enriah detritus, which is the primary

food for O. mossambicugDe Mooreet al. 1986, Bowen 1979, Bowen & Allanson
1982).

Juvenile recruitment

The direct and significant correlation between earivity, nitrate and the timing of
the flood (0.04_<r? > 0.66, 0.04p>0.001) and juvenile abundance for all species
signifies the synchrony between nutrient-enrichnadrthe habitat and the timing of
movement of juveniles to the littoral areas of l@dplain. The increase in nutrient
loading with the advancing flood pulse in the Low8hire Floodplain was
demonstrated in this study (Chapter 3). Condugtiaiid total dissolved solids (TDS)
progressively increased from low flood regime tghuast levels during the peak flood
regime, indicating an influx of nutrients and orgamatter from the catchment into
the floodplain (Chapter 3). Similarly, Jurdt al. (1983) observed an increase in
detritus loading in the Amazon floodplain lakes idgrpeak flood, brought in by

floodwater.

It is important to note the significant inverse at@nship between juvenile
abubndance for all species and relative humidit)(® =0.25,p < 0.001), as well as
the significant direct relationship with wind speéat cichlid andC. gariepinus
juveniles (0.13_<r? > 0.45, 0.0¥p>0.001). This correlation is in line with
observations in the floodplain, where high windespeorresponds to the time of low
relative humidity and no rainfall (Chapter 2) andhhjuvenile abundance (Chapter 5)

(September — November).

In Lake Sibaya0©. mossambicugiveniles were reported to move to the littoraheo
during low water levels to feed (Bowen & Allanso®82), and juveniles oC.
gariepinuswere found in newly inundated areas when food daonoce was high and

when there were no permanent population of predd&nuton (1979). Therefore, the

198



model confirms what has been reported elsewhetentbgement of juvenile fish is
governed by water temperature, food availabilitg habitat preference (Bruton 1979,
Reynolds 1983, Welcomme 1985).

Fish density
The direct relationship between the onset of réirdiad CPUE (as an indicator of

relative density in fluctuating systems) indicatbat catches are generally higher
during the rainy season. However, the inverseicglghip with the timing of the flood
(Table 7.6) suggests that CPUE would also increasereceding water level. This
model prediction is similar to the observations mad Chapter 6. Interestingly,
CPUE was shown to be positively influenced by thed of the previous year (Table
7.6). Correlations between catches and floods eWipus years have also been
reported elsewhere (Welcomme 1975, 1985, 2001; iKiyKkL975).

The relationships between hydrological indices ifign of flood, duration of
inundation, water level) and CPUE in the Lower 8Hitoodplain are complex and
differ between habitats. The results suggest tiRME is significantly related to water
level of the same year and one year before (8.40> 0.60) (0.000C< p < 0.05),
during the period between the end of the low flaodl the peak flood regimes
(September to February) (Table 7.10). The periostringer relationship is shorter in
the river floodplain (RF, 3 months) and seasonalbnnected lagoons (SCL, 4
months) but longer in the permanently connecteddag (PCL, 5 months). CPUE is
inversely related to the water level of the presigear (0.24 r? = 0.28,p< 0.05) in
the RF and SCL; but directly related € 0.47,p< 0.05) in the PCL.

Overall, it can be concluded that prolonged flogdmay upset the ecosystem in the
SCL where fish are adapted to shorter periodsoaidihg and shallower water depths.
On the other hand, prolonged flooding may delayrthgration of fish to the river;
hence prolong their stay in the permanently coretetagoons. In general, the model
concurs with the conclusion by Welcomme & Hagbd@7(7) who found that (a) fish
can be exploited under various combinations of lagt low water regimes, and (b)
the most important measure for increasing yieldhis retention of the maximum

possible water level during the dry season.
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Table 7.10Relationship between mean monthly CPUE (kg/gea)/dag water level (m) in the Lower
Shire Floodplain. In the table, n=number of daysarhplingr? = coefficient of determinatiorp =
level of significance. C=CPUEH.,, = water level of the same yeag+ water level of previous year

before. Models were obtained using forward stepwegeession analysis.

Habitat Predictive equation Period of significantn r P
relationship (months)

Seasonally connected| C = 0.57ly — 0.24l, — 27.22 | 31 August — 101 | 0.40| 0.046
lagoon P=0.0251 p=0.2978 6 January (4)

River floodplain C=0.614 — 0.28l, — 27.22 | 13 September — 123 | 0.48 | 0.000

P=0.0000 p=0.0331 31 December (3)

Permanently C=0.80l, +0.47L, — 48.18 | 6 September — 100 0.65| 0.001
connected lagoon P=0.0007 p=0.0221 5 February (5)

The complex relationship between predictor varisbénd fish catches in the
predictive model may suggest the that the flood@uletermines the occurrence, life
cycle, and abundance of primary and secondary pevdwhose abundance affect the
level of exploitation and regeneration of the rerntipool (Welcomme 1979, 1985,
2001, Lowe-McConnell 1987, Jurdt al. 1989). Lowe-McConnell (1987) reported
that seasonality in fish communities in most trapidver ecosystems is caused by
changes in rainfall, water level regimes, wind-ioeld upwelling, and the consequent
seasonal changes in habitat, which lead to qusabtaind quantitative changes in
available food. Furthermore, the extent and dumatibflooding varies greatly from
year to year. Abiotic factors such as those asttiaith the flood regime (stranding,
deoxygenation), interact with the intense predatieading to great fluctuations in
numbers of particular fish species from year ta yeawe-McConnell 1987).

Sensitivity analysis of the predictive models

All the results of the predictive models concerngmnadosomatic index (GSI) and
the condition factor (CF) for bot@. gariepinusandO. mossambicugere within the
range of the standard deviation of the means (Taflg although the variations were
very wide during certain months. Therefore, it magy concluded that the models
predicted the actual situation fairly well. The angoration of climatic, hydrological
and habitat factors into the model may likely h&vedped achieve this high level of
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accuracy. The level of accuracy might also be afication of the accuracy with
which the biological parameters (Chapters 4&5) wesémated; and that the life-
history parameters may be a true reflection ofrétgponse to the abiotic factors of
climate, hydrology and habitat. Fonga. (1997) reported that if the predictions are
mostly influenced by sectors of the model thatvaed understood, then the model is
considered more reliable. Therefore, the outputhaf models for seasonality of
spawning and condition factor of both species enftbodplain may be considered as

reliable and robust predictions.

Tested under the lowest levels of the predictoriabdes (baseline) the model
predicted a lower spawning rate f0r gariepinus(72.5% of the observed GSI value)
(Table 7.7 and Figure 7.2). A further reductiorbaeline conditions by 10% resulted
in an increase in GSI fdC. gariepinus However, a 10% increase in; say water level,
above the maximum level, resulted in spawning failior C. gariepinus While both
species could tolerate baseline environmental ¢ondi O. mossambicus/as more
sensitive to a 10% reduction a@d gariepinusappeared to be more sensitive to a
10% increase above baseline condition. Theref@.egariepinusruns a risk of
spawning failure under both extreme low and higlele of environmental conditions,
such as water level and temperature, but the ingraCt. mossambicuaould appear

to be less.

Water temperature, rainfall, bankfull level and mtherged as strong predictor
variables in the GSI model &. mossambicugTable 7.7). The pH levels under all
simulation levels (Table 7.2) never came closehw lethal pH 4 (Swingle 1961).
However, it seems likely that the temperature oP48, under baseline simulation
conditions, (Table 7.2) was below the optimum terapege (20°C) for breeding @.
mossambicugHuet 1970, Bardackt al 1972, Balarin & Hatton 1979). This is in
sharp contrast to the notion that in tropical regieemperature is rarely a limiting
factor for breeding (Jalabert & Zohar 1982).
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Figure 7.2 Model simulations and sensitivity analysis of tdro-climatic-fisheries
model for Gonadosomatic Index (GSI) in @larias gariepinusand (b)Oreochromis
mossambicuin the Lower Shire Floodplain. Obs = observed datad = predicted, -
10% = simulation using predictor variables at 1@%&slthan baseline level, +10% =
simulation using predictor variables at 10% morantimaximum level of predictor
variables, Baseline = simulation using minimum ledfepredictor variables.

The model predicted thaC. gariepinusunder baseline simulated environmental
conditions (for example temperature) still achieaet2.5% spawning rate. This could
be due to the probability that the lowest water gerature in the Lower Shire
(18.9°C) was still slightly above the minimum spavgntemperature of (18°C) fa.
gariepinus (Bruton 1979). Furthermore, the Lower Shire Fldadp receives a
minimum rainfall of 4.05 mm (Chapter 2). Hence dation of minimum rainfall
under baseline conditions meant that the minimumfat in the Lower Shire
Floodplain was greater than what Bruton (1979) reggbas the minimum (<1mm per
month) for spawning o€. gariepinusin Lake Sibaya. Simulation under extremely
high levels of water and temperature may have teguh a decline of spawning

because water temperature might have been too(aggumed to be >30°C) and an
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all-year round rainfall may have led to continuaushdation of the floodplain. These
conditions are unlikely to create the necessarynudtis for gametogensis and

spawning as suggested by Bruton (1979).

The outputs of the models for condition factor dl#ed the observed condition @.
mossambicusHigure 7.3) fairly well. While the condition &. gariepinusdeclined
when simulated at environmental baseline and 10@wbine baseline conditions, the
condition factor ofO. mossambicualmost doubled under similar conditions. The
condition factor of both species rose when the rha@s tested under extremely high
levels of predictor variables, for example, wawrel of 10% above the maximum.
This can be explained by the seasonal varianceead fntake byC. gariepinusand
less seasonal variance in the feed intakeObymossambicuysand the type of diet

items the species feed on.

Willoughby & Tweddle (1979 reported thaC. gariepinushas the tendency to feed
more actively during periods of high water levehidis reflected in the significant
relationship * = 0.85,p < 0.001) between the condition 6f gariepinusand rainfall
(Table 7.3). Therefore, it is likely th&t gariepinuswill suffer food deficiency during
reduced water levels. Conversely, with the tendeocintensively feed during the
receding and low water level (Willoughby & Tweddl®78, Bowen & Allanson
1982) and being a predominantly detritivo@, mossambicumay still thrive under
simulated reduced water levels. This might explaesignificant inverse relationship
(r? = 0.41,p < 0.001) between the condition @. mossambicusnd duration of
floodplain inundation (Table 7.6). Similarly, thenod of low water level (June to
August) coincides with low air temperatures (Cha@leand intensive feeding by.
mossambicugWilloughby & Tweddle 1978, hence the inverse relationship between
the condition of0. mossambicuand air temperature®(= 0.41,p < 0.001) (Table
7.6). Therefore, it might be concluded from the mlpthat the condition factor @.
mossambicuss less affected by adverse or unfavourable enwmiental conditions in

the floodplain, and hence more resilient.

Although the model overestimated juvenile recruiting371.13 fish.haifl), the
values were within the observed limits (+ SD) of4%54+205.57 fish.had) (Table

7.7 and Figure 7.4). Predicted juvenile recruitmappears quite sensitive to a
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reduction or an increase in predictor parameteadjqularly nutrient levels (nitrates
and phosphorus) and temperature. This suggestbdkiatspecies have adapted their
reproductive strategies to ensure greater sunaVvdhe offspring by synchronising
juvenile recruitment with suitable conditions suels water temperature, food
availability and availability of preferred habitai®eynolds 1983, Welcomme 1985,
Bruton 1979).

2.0

(a) Clarias gariepinus

1.5 4

1.0

0.5 4

—— Obs —m— Pred -10% Baseline —g— +10%

(b) Oreochromis mossambicus

Condition factor (CF

—e— Obs —m— Pred -10% Baseline —g— +10%
0 T T T T T T T T T T T
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Month

Figure 7.3 Model simulations and sensitivity analysis of hydiimatic-fisheries
predictive model for Condition factor (CF) in (&}larias gariepinus and (b)
Oreochromis mossambicirs the Lower Shire Floodplain. Obs. = observeddBred =
predicted, -10% = simulation using predictor vaesbat 10% less than baseline level,
+10% = simulation using predictor variables at 1@86re than maximum level of
predictor variables, Baseline = simulation usingimum level of predictor variables.

The model predicted an increase in CPUE at basehdeat 10% lower than baseline
conditions. However, the model predicted a 42% ceédn in CPUE to only 42% at
10% increase in the predictor parameters (Tableadd’ Figure 7.4). This sensitivity

of CPUE to environmental conditions may be expldibg the impact of the flood-

204



pulse on fish production in floodplains (Juekal. 1989, Bayley 1991), in a number

of ways.
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Figure 7.4 Model simulations and sensitivity analysis of hydfimatic-fisheries
predictive model for (a) recruitment and (b) CPWEhe Lower Shire Floodplain. Obs.
= observed data, Pred = predicted, -10% = simulaiiging predictor variables at 10%
less than baseline level, +10% = simulation usiregictor variables at 10% more than
maximum level of predictor variables, Baseline mugation using minimum level of
predictor variables.

Restricted water flow occurring through river obstion may lead to occurrence of

“serial discontinuity” (Ward & Stanford 1983), atustion where water does not

overflow into the floodplain. In addition, rapidadvdown may strand or leave aquatic

fauna vulnerable to predators (Bayley 1991). Furttoge, protracted periods of low

water can limit the production of higher aquatizrfa as suggested by the fish

production model of Welcomme & Hagborg (1977). ®@e bther hand, too much
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water entering the floodplain, either through hesamfall or prolonged opening of
dam gates, as apparently happens in the Zambeer RivCabora Bassa (Beilfuss
1999), may not be beneficial to the fish. Jwtlal. (1989) suggested that a situation
of constant high water level might in fact reducgh fproduction. Prolonged high
water level changes the floodplain into a stabMrenment, such as exists in lakes or
reservoirs, in which very little of the nutrientsdaorganic matter held in the detritus
are recycled (Bayley 1991).

Seasonal oscillation of biological and producti@mgmeters

Seasonality of fish production in floodplains haeb widely reported (Willoughby &
Tweddle 1978 Welcomme 1985, 2001, Lowe-McConnell 1987, Mert@91, Junk
1997, Hoggartlet al. 1999, Hallset al. 1999, Kvist & Nebel 2001, Kvistt al. 2001,
Silvano & Begossi 2001). When environmental coodii fluctuate seasonally,
subsequent fluctuation in fish populations is bidugbout by seasonal migrations,

spawning and natural mortality (Lowe-McConnell 1287

Since seasonality is an important element in flathg floodplain ecosystems, it is

imperative for fisheries ecologists to predict seas environmental and ecological

events in order to formulate fisheries managemgategies. The seasonal nature of
CPUE emerged in the predictive model of CPUE asts¢RMOY) (Table 7.6).

Bell et al. (1995) reported that seasonality is the causeeratiian variation in
reproductive output and fishery vyields, hence, wlessessing the relationship
between spawning and recruitment, seasonal variagtimuld be taken into account.
While Lowe-McConnell (1987) reported that seasdwyain rivers is caused by
changes in abiotic factors such as water leves, shidy has statistically proved this
concept. It is clear that not only do climatic, hgldgical, habitat, biological and
production events in the floodplain significanty.32 <r?> 0.94, 0.05 < < 0.05)
revolve around a periodic function of time (monfhtlee year) or season (Tables 7.8
and 7.9), but that the flood-pulse indeed precealéegshe major biological and
production events (Figure 7.1). Naturally, life &ypatterns ofD. mossambicuand
C. gariepinusn the Lower Shire Floodplain are temporally lidke the flood regime

in a “continuous oscillatory system” (Savill & Hogeg 1999). Therefore, any

206



alteration to the flood cycle may likely result major changes in the cycle of
biological events of the fish, including recruitnhen

Fisheries management implications

The study has four major implications for the masragnt of fisheries in the
floodplain. Firstly, four major environmental prettirs have been identified and they
can be used to predict the biological and produadtidices of the two most important
species in the Lower Shire Floodplain. These wéneatic, hydrological, habitat, and
seasonal variables. More importantly, it has beemahstrated that at the onset of
flooding, the rate at which the hydrograph charegeswvell as the length of the period
that the floodplain is inundated are critical vhtes affecting the biological and
production indices of the two fish specie in theoflplain. Secondly, issues of
seasonality, or time of the year, also have tremesdimpact on some of the
biological and production factors. The flood pulsgs been isolated and has been
statistically demonstrated to be the driving fobedind major biological cycles of the
fish. Changes to the hydrograph of the Shire Rmay result in major alterations in
the biological cycle of the species that might effine fisheries and livelihood of the

riparian communities in the Lower Shire Floodplain.

Thirdly, the use of forward stepwise multiple reggien analysis has helped to
produce a set of simple models, which provide dirde for the management of the
floodplain. A similar statistical tool has been oeled to be useful in

hydrometeorology (Wilby et al. 2004). Furthermdtese models have few variables

and are easy to measure.

Fourthly, although the model is yet to be testedravlonger period of time, (hence
the results may need to be treated with cautidn®,study has formed the basis for
guantitative predictive modelling for the floodplaiThe strong correlation between
biological and production parameters with the hydmmatic seasons as well as
habitat parameters, takes the fisheries-flood pudationship to another level. A
strong quantitative relationship has been estadlidgketween climate and seasonality
and biological/production variations of the fishtive floodplain. Given the high level
of predictability of this model, it is possible thaany tropical river floodplains may

conform to it, with minor on-site modifications.
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Chapter 8
General discussion with management considerationsifthe hydro-climatically

fluctuating fishery in the Lower Shire Floodplain

Introduction

From the procedures outlined throughout the thesiss clear that management
decision support can be obtained using differerthods. To decide upon floodplain
management objectives, managers ought to custahesaeformation management to
gain the best out of available data. Obviously, there data generated from the
ecosystem under investigation, the greater theghibty that a better management
plan will be developed for the fisheries. Howewe@gssive data requirement entails
high cost, which many African national agenciegjemheavy budgetary constraints,
can ill afford. Floodplain fisheries research irri8& has in recent times received little
funding, if any at all, hence management advicebeas derived from limited data. It
is, therefore, important to prudently define thesimoost-effective and appropriate

approach to generate information required to mattagge important ecosystems.

The generalised ecosystems conceptual model dfawer Shire Floodplain fisheries
comprises four major sub-systems of climate, hyayp| habitat and the fish (Figure
8.1). The hydrology is driven by the climate and seasonal effects, hence the need
for a hydro-climatic seasonal approach to manageofehe floodplain. The habitat
modifies the hydrological effects mainly througle fhysico-chemical characteristics
of the water. These physical elements then affectish through the impact on
feeding, breeding, growth, recruitment and produrctirhe well-being or condition of
the fish has an impact on the capacity of thetfishreed, add new recruits to the fish
stock and finally to increase in the biomass offtbedplain. Therefore, development
of a floodplain fisheries management plan shoultberpass investigations of all

these sub-systems.

FAO (1997) defined fisheries management as theyiated process of information
gathering, analysis, planning, consultation, deaignaking, allocation of resources
and formulation and implementation, with enforcetnainregulations or rules which
govern fisheries activities in order to ensure ttentinued productivity of the

resources and accomplishment of other fisheriegctibps. Welcomme (2001)
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summarises fisheries management as decisions dtsaaffecting the magnitude
and composition of fishery resources and the 8istion of benefits from its
products, based on natural scientific (resourcegd)aand socio-economic (society-
based) approaches. He further advocates the “madamagement” approach, which
seeks to reconcile the two views as tools to realshlanced decision on the resources

with the participation of all stakeholders in tighkry.

Climate

Season (time-of-the-year)

Biomass

Recruitment [

Hydrology

Spawning 4

Habitat

Condition factor

Figure 8.1 Generalised conceptual model of the Lower Shiredtain, showing the cause-
effect pattern of climate, hydrology, habitat cleéeaistics and the biological and production
parameters of the fish. Solid lines indicate diieftuences and broken lone indicate indirect
influences. The model has been derived from thedohgtepwise multiple regression analysis
of the dependency of fish biological and productfactors on climate, hydrological and

habitat variable (Chapter 7).

The conceptual model for the management of the k®bere Floodplain Fisheries
(Figure 8.2) shows that for the “modern managemapiiroach to work, there is a
need to develop an effective management protocotiéasision-makers. This entails
identifying the measurable ingredients or factorsthe “critical decision points”
(CDP), denoted by the rectangular boxes in Figule & elements of ecosystem.
Wilson et al. (1994) recommended that management needs to fotubke stable
parameters of fisheries systems, namely habitab@idgical processes. Welcomme
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(2001) adds that changes required in the use dicpkr gears, can however, be
useful. This study has also identified the needcdasider climatic and seasonal
(spatial and temporal) factors. Welcomme’s (200Bnagement approach requires
adoption of a hierarchical approach as suggesteHdggarthet al. (1999), which

highlights roles and needs to be filled by différetakeholders in order to develop an

effective management protocol for floodplain fisker

Figure 8.2 shows an improved version of the hidriaed model in Figure 1.3
(Chapter 1). It summaries the processes that areseary for the development of a
management plan for the floodplain fisheries. It dear from the chart that
management of floodplain fisheries involves coltattof information necessary for
the preparation of the plan, and operationalisirgglan by implementing it with the
stakeholders. Although the chart puts stakeholdeve in the hierarchy, it is
ultimately these stakeholders with whom a decismust be made on whether or not
and how to manage the floodplains. A number ofsstuld be taken to identify the
critical decision points, which will constitute tHecus for information collection.
Many public agencies in Africa, such as DepartmeftBisheries, often experience
funding problems. This implies that critical assessts of data requirements must be
made in order to identify information gaps so tbaty that information, which is
critical, is collected. The next stage is to ingighe floodplain assessment, following

the five lines of inquiry (Fig. 8.2).

This study suggests that the first step is to ua#tera full hydrological analysis in
order to obtain an insight into the flood regimenot only the floodplain itself, but
more importantly, the rivers which make up the @ipain (Chapter 2). This should
provide information on the hydrograph of the rivéming of the flood regime,
duration of inundation as well as the annual wdiafance of the floodplain
ecosystem. Secondly, the climate of the floodptaust be understood. The climate
data must be assessed and analysed to determiternpafor rainfall, relative

humidity, temperature, wind speed, evaporationamshine.
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Hydrological
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-Hydrographs
-Hydrological
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Climatic analysis
-ldentify elements
of climate: rainfall,
temperature,
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-ldentify/classify
climate of the
floodplain

Physico-
chemical
analysis
-Water temperature
DO, pH,
-Nutrients (nitrate,
phosphorus)
-SDV

Fishery analysis
-ldentify key species
-ldentify key gears
-Gear selectivity:
species, age/size-a
selectivity

-Catch statistics:
effort, catch rates,
CPUE

Biological analysis
-Age and growth:
age structure,
growth rate
-Reproduction:
age/size-at-maturity
seasonality
-Recruitment

A 4

Establish floodplain ecosystem
management objectives

A 4

Develop
management plan

collaborative

A 4

Develop fisheries management

plans

o~

Manaaement tyr

A 4

National fisheries rule

Local fisheries rule

Area fisheries rule

Legal A 4 A 4 A 4
framework »  Fisheries Ac Fisheries b-laws Area management aareeme
A 4 A 4
Management | Department of District Local managemen
responsibility Fisherie Administratior authorities (village

Figure 8.2. Proposed conceptual model for a fislsemanagement plan of the Lower Shire Floodplain.

211



Usually, data on hydrology and climate may be aiadi from relevant public
agencies in the countries. Interesting and valua@gliro-climatic seasonal patterns
emerge when hydrological and climatic indices amalysed (Chapter 2). Hydro-
climatic seasons are more relevant to floodplashdiies management than normal
seasons, because they offer opportunity for masagebe able to explain biological

and production patterns from a hydro-climatic pectpe.

Thirdly, the physico-chemical characteristics ofe tinabitat must be assessed
guantitatively. Choice of parameters to be assestsiends on availability of

equipment and the need to obtain a picture on t@miaf nutrient levels, temperature
and dissolved solids (Chapter 3). This type of datest be collected and analysed in
synchrony with the hydro-climatic seasons. By thige, one has a full knowledge of

the operational and dynamics of the physical emvirent of the floodplain.

Fourthly, a concerted effort is needed to collethpry fisheries statistics, such as the
types of gears and crafts being used, the speeieg lbargeted, levels of catch and
effort and gear selectivity patterns. This data leéer be used to determine the age or

size-at-selectivity.

Lastly, a comprehensive biological study of therespntative species on which the
management plan will focus, should be undertakewrder to unravel their life-
histories (Chapter 4). Particular focus should beage-at-sexual maturity, growth
rate, and reproductive biology, including seastyalnsights should also be obtained
on the indices of recruitment, juvenile growth amell-being (condition) of the fish
(Chapter 6). By comparing the size/age-at-sexualintg with age-at-selectivity, the
sustainability of each fishery may be assessed 8Siatogical data can also later be
used as inputs for modelling the fisheries. Theiah®@f conceptual, empirical or
theoretical models depends on the type of deciamhinterventions to be made on
the management of the resource. Conceptual modds tb highlight the critical
decision points of the whole ecosystem, while emmgirmodels may be used by
managers to make decisions based on the cause-eiiigguts obtained in the
simulations of physical factors of the ecosystermh liological/production parameters
of the fish.
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A series of procedures, which aim to define the ag@ment objectives and to
operationalise the plans then have to be followAd.floodplain ecosystems
management plan might include integrated watersimeanagement, habitat
rehabilitation as well as fisheries management.loddplain has a wide range of
stakeholders. Depending on their interests, aloothtive management plan might be
essential in order to ensure that complimentary andflicting objectives are
reconciled. A fisheries management plan may cdwemthole river basin, catchments
or larger sections of the floodplain or portionsadfoodplain, and these are guided by
the national fisheries Acts, district by-laws oeamanagement rules which may be
managed by local management authorities or villagespectively (Fig. 8.2).

Research activities carried out over the past thiemades (Ratcliff 1972, Hastings
1973, Willoughby & Tweddle 1978 Tweddleet al. 1979, Tweddleet al. 1994)
provided valuable sources of data. However, anrerigoroblem of the Lower Shire
Floodplain fisheries in Malawi is that the past esmsh did not generate
comprehensive biological data, and no quantitativielence has been presented to
show the seasonal dynamics of the relationship dmtwfish catches and the
hydrology of the floodplain.

This thesis has attempted to address these shanigento make a contribution
towards the development of a suitable managemehtfdo floodplain fisheries and
for the Lower Shire Floodplain in particular. Thedno-climatic fisheries model that
was developed in this study can be used to prélaécimpact of climate, hydrology
and habitat parameters on the biological and piimludndices of the fish. In
addition, it can facilitate the prediction of sgdtsequencing of abiotic factors of the
ecosystem and biotic elements of the fish in tbedplain. The model is simple but
provides a statistically robust tool that can beegmnated with existing floodplain
fisheries resources assessment methods. The medsdbged in this study is the first
step towards the development of a fisheries manageprotocol for the Lower Shire
Floodplain. However, with a little more work andputs it could be refined and
adopted for the analysis, monitoring, as well asag@ment of the fisheries resources

of the entire Lower Zambezi Basin Floodplain.
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Management of seasonally fluctuating African floodfain fisheries

The hydro-climatic fisheries model developed irsthiudy predicts that CPUE will
increase as water level recedes. Furthermore otiget the floodplain is inundated,
the greater the probability that catches will bghler in the following year (Chapter
7). This implies that for the fisheries to be effegly managed, the strategy must
centre on the hydrological management of the SRiver. The models predicted the
seasonal nature of the GSI, CF, juvenile recruitraed fish catches fairly accurately.
This emphasises the importance of using climatigdrdlogical and habitat
parameters as variables in the development of qreei fisheries models for
floodplains. Accurate estimation of biological paegters (Chapters 4&5) is of course
also essential in order for the life-history tremd$e a true reflection of the response
of the fish to the abiotic factors of climate, hgligy and habitat of the floodplain

ecosystem.

In order to avoid spurious models, independentaées should be carefully selected
prior to model fitting on the basis of meaningfabtgical hypothesis (Welcomme
2001). In addition to a careful selection of préaliocvariables, this study used rigorous
mathematical and statistical techniques. Furtheemmbust statistical tools, such as
forward stepwise multiple regression analysis, wesed to eliminate the redundant

predictors and yield a final model that accountadhiost of the variance.

Obviously, effective hydrological management of tighire River requires
considerable information and knowledge about thenatk, natural resources
utilisation activities in the catchment (e.g. agliare), as well as current and planned
activities to regulate the river. Sufficient infieation has been collated in this study,
which might allow us to embark on a further theieadt modelling exercise. This
could be undertaken by integrating this model whitn FPFMODEL of Welcomme &
Hagborg (1977) and Hallst al. (1999) to test various hydrological and climatic
scenarios. No doubt as more tropical floodplairrigystems become modified by
hydrological engineering, this type of simulatiorodel will become increasingly

pertinent to multi-sectoral planning management|féd@me 2001).
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Management considerations for the key species ing¢hl_ower Shire Floodplain

The life-history traits of particular species iffrashwater fishery can vary from area
to area and tend to be ecosystem-specific (Chd@pteQuantification of these traits
(e.g. age, growth rate, size at sexual maturifgraguctive periodicity and mortality
rate) must form the basis for sound managementheffisheries of a particular
floodplain. Despite the conclusion tHat mossambicuandC. gariepinusshow signs

of over-exploitation, there seems to be potentaliie sustainable exploitation of the
resources. Several biological characteristics eég¢hspecies show their resilience to
exploitation. Firstly, being relatively short-livednd with a high rate of natural
mortality (Chapter 4), the populations exhibitedits typical of floodplain fishes
(Welcomme 1979, Junkt al. 1989, Bayley 1991). Secondly, the annual seasonal
floods periodically increase spawning and nursimgugds, thereby expanding the
carrying capacity of the floodplain for both speci@ghapters 2 and 5). Thirdly,
protracted spawning (Chapter 4) appears to imptloeecruitment potential for both
O. mossambicuand C. gariepinus(Chapter 5), while fast growth may reduce the
impact of fishing on larger size classes of botecgs (Chapter 6). However, the
precocial reproductive strategy of mouth-broodimg some serious implications for
the management dD. mossambicusFurthermore, although age-at-50%-selectivity
occurred 2 to 4 months after the age-at-50%-sexadlirity in both species, there is a
need to closely monitor this since the differeneéween 2 and 4 months may get

even narrower depending on the inter annual flegghnes.

Considerations for collaborative management of th&ower Shire Floodplain

The fishery of the Lower Shire Floodplain is opetess (Chimatiro & Mwale 1998).
The challenges of open-access in fisheries managesmise due to the problems of
non-compliance to fisheries rule. The decision@hpliance versus non-compliance
behaviour by fishers is based on a calculationhef économic gain to be obtained
from bypassing the regulation compared to theilikeld of detection and the severity
of the sanctionSutinen & Andersen (1985) and Anderson & Lee (1988)e argued
that fishers act as rational agents and Copes [188td that fishers are often
creative in finding ways to bypass the regulatioelcomme (2001) recommends
that for fisheries where a substantial proportibthe fish assemblage is made up of

species that reproduce and live locally, managermplkamts need to reflect local stock
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status, local conditions and the needs of locdtesialder. And he advocates the
“modern management” approach, which involves akeholders in the fishery.

A sound management strategy in the Lower Shire dfitzin can only work if the
resident fishing communities comply with the redgiolas put in place. This requires
adoption of a hierarchical approach as suggesteHdggarthet al. (1999), which
highlights roles and needs to be filled by différstakeholders (see Figure 8.2). The
existing pressure to increase fish catches, couplddthe fact that there is no size-
preference among consumers, has driven fishersesmaller meshed gears, leading
to declining catch per unit effort by over 50%, otlee past two decades (Chapter 6).
While fishers acknowledge a decline in catches i@&bl), many do not, however,
attribute this directly to increased effort, buther to a reduction in water level
caused either by drought or an increase in watacihth infestation. The fact that the
fishers did not attribute lower catches to increastort is a typical response and is
not justified at all. However, they appreciate tieed to manage the fisheries and
offer to form local management authorities (Tahl2) 8By attributing low catches to
reduced water levels, the fishers demonstrated ithteitive indigenous knowledge of
the impact of the flood-pulse on fish productiongaheir willingness to participate in
management, forms a starting point for communityelda management of the

floodplain fisheries (Fig. 8.2).

Given the overwhelming evidence of the effect @& flood pulse on biological and
production parameters of the fish and the increpsifort over time, there is a need
for a two-pronged approach to management of theefiss of the floodplain. In an
open access scenario, such as it exists in the L8hiee Floodplain, it is notoriously
difficult and a lengthy process to achieve any gaga shift in fisher behaviour.
Therefore, the first step for the sustainable stion of the fisheries resources would
be the development of a joint management plan byDxapartment of Fisheries and
Department of Water Resources, to manage the saabmm of the Shire River such
that an optimal or “near optimal” hydrological regs is maintained. This would
provide the basic environmental condition for sssée@l reproduction and

recruitment.
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Secondly, the new plan could target the prevendioaver-fishing and protection of
spawner stock, by (i) setting a mesh size limitagbor near to the age-at-50%-sexual
maturity, (ii) the banning of certain destructiveags and (iii) adopting a closed-areas
approach. However, given that government resoufoesnonitoring, control and
surveillance are limited, it would be prudent toopidclosed area and banning of
certain gear types. These would be easier to datiao monitoring and controlling

mesh size regulations.

Table 8.1 Problems faced by fishing communities in the Lov@hire Floodplain. The
problems are ranked in the order of importance $gofe ranking” which was done by
respondents ranking their problems from 1= moreocirtgmt to 8 = least important. In the
table, n = number of respondents; 11.2-11.8 aresodf strata of the Lower Shire Floodplain
(after Chimatiro & Mwale 1998).

Stratum
Problem 112 |11.3 | 115 |116 117 |118
n=242 | n=90 n=92 n=31 n=190 | n=102
Poor catches 7 7 4 - - 4
Water hyacinth 2 1 2 4 3 2
Large numbers of fishermen 5 - - - - 8
Lack of fishing gears/crafts 1 5 3 1 3 6
Low water levels - 3 1 - 1 3
Crocodile menace 3 2 6 - 6 5
Hippo menace 6 8 - 2 7 -

The most destructive gears are seine nets, mosuglisoand reed fences as they select
juveniles of the two principal target speci€@geochromis mossambicasdClarias
gariepinus (Chapter 6). Although the number of operationaheenets (n=66),
mosquito nets (n= 44) and reed fences (n=4) inflt@plain are relatively small
(Chapter 6), and collectively only account for 7%tee total floodplain landings, the
bulk of the catches in the seine and mosquito iskefy, are juvenile fishes: 77% of
catch for seine nets (50 tons) and 70% (31 tongatfh or mosquito nets. Between
these two fisheries, a total of 81 tons of juverfigh are harvested before they
contribute towards biomass or spawner stock. Banointhese fishing gears will

cause negligible loss of livelihood to the ripar@mmunity.
Another detrimental impact of the seine and mosquét fisheries is the disturbance

these gears cause to the nest®©ofmossambicusAssuming that all 66 seine nets
(with a modal length of 100 m) and 44 mosquito r{etedal 30 m) recorded here
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were being used, then the area of substratum desduon a daily and weekly basis
amounts to 7.32 kfiday® or 33 knf.week' (assuming weekly effort of 4.5
days.weeK). It is also a common practice in the floodplairuse seine and mosquito
nets to encircle vegetation in the marsh or riveksawhere fish find refuge, then
progressively cut the vegetation out until all figrke trapped. Since fish use these
vegetated areas as refuge and spawning and nurabitats, the practice of cutting
vegetation on the banks is detrimental, specificah species that spawn on
submerged vegetation, such@sgariepinusand Schilbe intermediudn addition to
the direct impact of the gears on spawning groubdse riverbanks are prone to
erosion; this results in sedimentation of spawnsupstrates in the floodplains.
Although long lines and cast nets also target jugenit may not be possible to stop
fishers from using them since many poor communitiesiparian areas depend on

these gears since they are less costly.

The “closed areas” strategy is for the followingsen. Many fish species migrate
from seasonally connected lagoons (SCL) into peemty connected lagoons (PCL)
or the river floodplain (RF) during the recedingdt-pulse; fish that do not are
subjected to severe risk of mortality through desion and fishing. It is proposed
that fishers be allowed to fish down the SCL, wilile PCL be closed to fishing from
June, during the dry season, to December, at tbet @fi the rainy season (Chapter 7).
Only passive gears such as gill nets will be allduethe RF (Chapter 6). During an
aerial survey of the floodplain in November 200&tjbefore the flooding, a number
of permanent lagoons were identified, that coulddbsignated as closed areas. The
model showed that the flooding peak in Februargguaes the peak in the condition
of O. mosambicug June andC. gariepinusin December (Chapter 7, Fig. 7.1). The
hydro-climatic fisheries model predicted that psglwning forO. mosambicuand

C. gariepinuns occurs in December (Fig. 7.1, Chapter 4). Theegfazlosing
permanently connected lagoons between June andvibecevill protect the spawner
biomass and allow them to gain condition. Althowtising the PCL to active fishing
during the dry season may translate into a tempdoas in food and cash income, in
the long run the measure might promote sustaindibkdihoods to the local

communities.
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Table 8.2Summary list of major key problems, causes, effacid proposed solutions mentioned by communitiélse six minor strata surveyed in
the Lower Shire Floodplain. Total number of respanmtd interviewed (n) is 749. (after Chimatiro & Me4998).

Problems Causes or source of problem

Effects of potem

Proposed solutions to the problem

Infestation of =

floodplain by Water

Drift from Zambezi River .

Brought by Chinese rice farmers

Reduces fish catches

Reduces water level

Department of Fisheries to:

= Control the weed;

hyacinth = Brought by SUCOMA Sugar Farms = Hampers fishingand = Conduct community awareness campaigns.
water transport Fishing communities to:
» form fisheries management committees;
= Manually remove the weed.
Insufficient water = Deforestation = Low fish catches = Restrict amount of water used for irrigation;
levels in the = Obstruction of Shire River for = Afforestation ;
floodplain irrigation = Eradicate water hyacinth;
= Drought

Water absorption by water hyacinth

Lack of fishing gears

and crafts for fishers

Scarcity of trees for canoes
Low income of fishers
Theft

= Low fish catches

=  Poor incomes

Provision of loans for gears and crafts by Malawi

Rural Finance Company (MRFC)

Crocodile menaceto =

fishing community

Too many crocodiles =

Deplete fish stocks
Claim human lives

Damage fish gears

=  Government to send hunters

= Fishermen to be allowed to kill crocodiles
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An adaptive learning or co-management approachh (gt al. 2004) should now be used to create
a common understanding of floodplain fisheries. &mithis approach, the information, which has
been generated in this study, will be shared wlittha stakeholders, including the Departments of
Water Resources, Meteorology, Lands and Districidstration as well as the local fishing
communities. This process is necessary as a precurs the implementation of input

control/management measures.

Specifically for fisheries management, the Malawsheries Conservation and Management Act
(1997) provides for the participation of local coomities in the management of the fisheries.
Based on the findings of this study, regulationdém seine nets and mosquito nets have been
formulated and included in the Malawi Fisheriesd®uind Regulations. These rules will soon be
reformulated into District Fisheries By-laws, undee Decentralisation Policy (1998). The District
Assemblies (DA) must be encouraged to involve tkeholders at the districts, including the
Water Resources Officers. The management plan halle to be enforced jointly by the two
District Assemblies (DA) sharing the Lower Shireédplain (Chikwawa and Nsanje), with the
local fishing villagers, known as Local Manageménithorities (LMA) under the Fisheries
Conservation and Management Act (1997). For the LtdAenforce the rules on mesh size and
closed areas restrictions, there is a need for tioeemter into a legal management agreement with
the DA, as provided for in the Fisheries Act.

Concluding remarks

The results presented in this thesis will hopefatintribute towards the sustainable management of
the Lower Shire Floodplain fisheries. The resultsrevachieved by establishing the critical
hydrological indices for the whole Shire River ahd Lower Shire Floodplain. The hydro-climatic
seasonal framework formed the basis upon whichh#imtat characteristics, life-history traits and

parameters of fish catch were developed.

Critical life-history parameters for the two targspecies in the Lower Shire Floodplain,

Oreochromis mossambicasdClarias gariepinuswere established, and revealed that both species
exhibited typical resilient features of floodplapecies (fast growth and dominated by strong 0+
year-classes). Assessment of catch and effortarfltodplain showed that the number of fishers

and fishing gears has increased over the last 8&y€oupled with the general increase in number
of gears, there has been a definite shift towanasller-meshed nets, especially mosquito nets. It
has been shown that CPUE has declined over thevpastecades consequently; a recommendation

has been made to ban seine nets and mosquitcnatdear to conserve spawner stock and improve
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recruitment. It has also been demonstrated thatctieent systems of canoe-based-effort catch
assessment survey (CAS) used by the Malawi DepattofeFisheries is inappropriate because of
the general decline of the numbers of canoes. Tdrerea new survey protocol that is gear-based-
effort has been recommended. While the current CAlSulates total effort by scaling up the
monthly effort, this study has found that weeklyogf is more realistic due to large monthly

variations in catch and effort.

The hydro-climatic fisheries model has been dewedofor the floodplain, and it has shown that
catches are generally higher during the rainy seasowell as during the receding flood regime.
Therefore, management of the floodplain fisherigs lse aimed at increasing catches during peak
floods or ensuring sufficient water levels in theofiplain during low flood regimes. Analysis of
the seasonal and periodic hydrological events efftbodplain has revealed that the flood-pulse

precedes and drives the biological clock of theomigh species in the floodplain.

Collaborative management of the flow of the ShireeRmust ensure maintenance of “hydrologic
connectivity” whereby water level in the river rems sufficient to allow bankfull flow and
inundation of the floodplain. This must be synchsed with the biological clock of the major fish
species. The key function of management, especladyDepartment of Water resources, must be to
maintain the current hydrograph of the Shire Riwenjch allows inundation of the floodplain
during the peak spawning period of fish (DecemimeMiarch), while maintaining the receding
flood regime between April and June in order taatedavourable conditions for recruitment. This
will be done by ensuring that opening and closifndlaw-control gates on the Shire, as well as
construction of new dams, should be done in coatait with the Department of Fisheries and the

fishing communities in the Lower Shire Floodplain.
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Apendices

Appendix 1 Summary of 24-hour daily mean valuest SD of weatla¢a for the Lower Shire Floodplain based on msdrom Makhanga Station
(No. 797) for the period 1960/61 — 1990/91.

Climatic parameter Months
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Man
Dry bulb temperature | 27.0+6.9| 26.7+7.9 26.1+7/8 248+7.6 22.3|20.2+ | 20.2+ | 22.4+ | 25.7 284+ | 284+ |27.4+ |25.0
(°C) 7.0 6.3 4.9 5.0 5.5 5.7 6.8 7.0
Relative humidity (%) 78+058 79+06fF 78+0.388+2.1 76 + 73 72+ |70+ |62+6.9| 54+ 51+ 71 £ 68
15 2.3 |8.0 10.0 10.07 | 111 9.8
Wind (m/sec) 26+012 24+0.09 24018 2B¥ | 24 2.4 2.6+ |35+ |47+ 554+ 48+ 3.4+ 3.3
+0.14 | +0.09 |1.05 |1.26 |0.74 1.07 1.32 0.81
Evaporation (mm) 176.2 151.3+ | 161.0 144.7 132.8 | 1125|1224 | 172.4 | 2395+ | 3149+ | 268.2+| 2.7.7 £+ | 2203.6
+12.6 11.3 +12.7 +16.3 +16.1 | #15.5 | #58.8 | #56.2 | 57.6 53.8 53.6 54.5
Evapotranspiration (mm) 174.8 | 152.3 % 159.0 134.1 111.0 |86.7 |98.0+ | 130.8 | 174.0+ | 217.6+| 213.3+| 184.5+| 1836.1
+11.6 12.0 $11.2 +23.7 +23.8 | +235[32.1 |+35.6 |40.1 17.8 19.0 16.8
Potential 222.0 2079+ | 2044 173.4 1457 | 115.2 | 128.3 | 168.6 | 217.2 +| 268.2+| 263.7 + | 231.6 + | 2345.2
Evapotranspiration (mm) £44.5 56.8 +34.1 +19.9 +26.9 | +22.6 |+94 | %113 |85 29.1 37.8 22.0
Rainfall (mm) 183.1 975+ 111.7 39.1 14.4 16.7 | 175+ |91+ |45+ 215+ 683+ |181.1+|764.5
+75.6 85.4 +75.9 +34.8 $13.1 | +145 149 |79 6.9 30.9 34.9 65.2
Sunshine (hours) 71+035 75+0B7 7.8+0.2304#0.32| 8.1+ 75+ |75+ |86 9.0+ 9.4+ 85+ 7.4+ 8.1
0.45 0.22 |0.78 |+1.03 | 0.58 1.0 1.21 0.82
Clouds (octas) 59+04p 57%03 51+0/53 #AM57| 3.3+ |3.6+t |36+ |26 21+ 2.7+ 43+ 54+ 4.1
0.59 0.47 |10.76 |+0.88 | 0.74 1.36 1.46 0.85
Thunder (days) 17+3.6 12+43 10+ 2. 3+15 +A6 | O 0 0 1+0.7| 4+£51 12+ |18+ 78
7.0 7.6

Source: Meteorological Services, Malawi (unpublédata)
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Appendix 2 Creel survey data sheet for the Lower Shire Fltaodp

Gear Species | Weight Number Date
Length Mesh size | Time/cast] Location
Gillnet Time in
Seine net Time out
Longline Craft used
Hook-and-line Dugout
Castnet Plankcanoe
Fishtrap Others
Reedfence Days fished
Others Last week
Last month
Species TL (mm)| Species TL (mm)| Species TL (mm) Spes | TL (mm) Species TL (mm)
Appendix 3 Frame survey of the small-scale fisheries of thevér Shire Floodplain, July 1999
Name of Recorder:
Minor strata
Date :
Fishing | Name of Number of | Fishing Fishing gears owned Dimensions State of net Fiskiiatys
site Fisher assistants | craft
B|BE | D[|SCN[CN | FT | GNJ/HL |[RF[SN| MNJLL|MS|L [D G| B Y |N

Fishing crafts : B = boats; BE=boat with enginedDgout canoe; Fishing gears : SCN=seine net, CNirefa$-T=fishtraps, GN=gillnet,
HL=handline, RF=reedfence, SN=scoopnet, MN=mosgqeito.L=Ilongline; Dimensions: MS=mesh-size, L=ldngd=depth; State of net: G&8%
intact, B= < 50% intact; Fishing : Y=active, N=itize.
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