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INTRODUCTION

Climate-changs is one of tha most oritcal and
urgant global cfalkengo of this il ke Tha
Eartin's climata is Changing mecdh Fasres than meoe-
maly ooods naturally, primarily due po hisman
SCtwitiess [l rremieeniall Parsd on Chimane
Change [IFCC]. 2003, 2018 Aapedly rising em-
parabungs, M predpilaion paitens, and oih-
& Chargos ans Iranalonming SCosyshaTs af Tast
rates, affecting hisdiversiny and many a6pecs
ol hiuman sodaty. Peopke, whathed i naenal sat-
THngs oF i Cithess, have a doses relaborahip with
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maiure and hodisarsty, wihech inssobeas Tood,
lreing SRaod, reOmaation, SpEitual Connsced-
nass headon, clean air and sater. The Danafirs
tral Eea-ondia e B Insem Natung and mis-
rearous, inerlinkod in complas ways and hizre
provan difficult 1 guanfy. Undersianding tha
impact and effecis ol dimate-Changa is assan bal
sinca Chimane-dhiangs 3l pars. tha ol an o hignes. -
DaDa po ke aned Mo, Thi present Chagimar
imvastigaces o affecs of dimate-changs aind
fishing perastre om tha Dmnothnces masdan
fichary oin Lake Karnba, a man-made resorsodr
shaired By Taimibia amd Zimbabees.

Fresh-water eoofymiems Jmd dhdir ooreetiiuant
Speacias. aie praatly vulnerable 1o chimaie-dhangs,
bacausa wanming, seatibny, sea-lawal risa, and
acidificagion, directly afect frash Walsr orRan-
tsrs i some profound way (Maofman, Z009).
Tha mpaxct of climate-changs on Tresheanar
BLOSVEIRMS SSpsdaly fsh produccn, & of
great ooy dis 0o peotieniial disruption of che
Ireedi s ol Comimisries dearssmadant o Tehear-
it resources. Fsheries angd impomant Sounces of
Pioeced, ramrindon, | meimes and lvekheoeoads Tod hien-
dreds of milions of psople globally [Food Jind
Agriukung OrEanization of the United Mabons
[Fal] I6al indand capburs fEherdes are an
impartant sonoe of Tedh Tor Seeeral counbries
Adrica, winidh aooouns for 25% of global catcines
[F&O, 20121 In 2016, Tieh prodiuection Snoem inkaind

fsharies was 1 1.5 mel ko ooenines, wihsch
was 121.6% of ol miaring and inland Gt
(F&O, 20151 nowrms of de Graal
and Garibaldi {20145 emimated that tha Tisher-
i SeCor amploys mone oham 12 mdlli on e ple
aiher a5 full-time o DarT-aime fishars and ono-
CESEOiS.

Frash watsrs have owver the yoars axpaieEnoed
da i i biod arsicy, much greatss than dhoco
in e most JfeTd FTesiridl ooy SheTs.
Dhiadigescen o al (2006] revview and 1t tha major
drwraats undar frsa Feadings: | owar-eaploration,
(i) wianesr Deodluichom, JEi] Aow modidfcatomn () de-
sanaction of desgradatesn of habitat and [V insea-
S by eoindic Spoiecs. Roed & afl. [201%) nota tha
Perdfes dee pening of o fresh-waner biodivarsi-
Oy CriSis, aned ShoeDui i rrbad S e Miors amenging
crises, Coimprising. (i changing dimats; (i) @-Loim-
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mierce and rmeasions: (i) infectious disesses, (5
hanmfud algal blooms; [w) expanding hydropow:
er; ] emerging contamanants; (Wi enginesered
nanomaterials; (Wil mecroplastic pollutiorg o
light and noise; [x) fresh-water saliresabang ()
deeclining caloum; and (ki cumulaowe stressars.
Globally, marry fish stocks have undergone pop-
waticn declines, with over-expioetacian sderti:
fied a5 a major driver [Reynodds, Duby, & Robert,
2002). Thus, the effects of démate-change can
deeepen the burden to frshenes that are cumently
beeng threatened by many other stress factors.

Lake Kanba was created by the dammang of the
2ambez River at the Kanba Gorge in December
1958, The lake reached its maximum reenbon
level in September 1963 (McLachlan & McLach-
lan, 1971]. Limnrotfirisse miodon [locally Enown
asz kaperta] wees imroduced into Lake Kariba
in 1947/6H from Lake Tangaryika (Bell-Cross &

Bell-Crass, 19711, 5o as to fill the nic he:
of the newty-created Laie since none of the n-
digenous Zambez rivenne fish fauna show po-
tential to oocupy the pelagic emaranment ( Man-
dirma, 19950 After its mbroduction iro the lafos,
kapenta quicidy established commercially fish-
able stocks, commercial exploitation commend:
ing by 1974 and according to the FAD (20718b]
the kapenta fishery accounts for over 90% of
Zimbalbrwe’s total capture frshery landengs Earky
caiches were so specacular to such an exent
that many viewsed the fishery as a guaranteed
sowrce of quick proft. However, ower the last
two decades, there have been a sharp declne in
kapenta catches, and the fishery is no konger as
lucratewe as it used to be. Several reasons have
been advanced to explain the dedine in kapen-
ta matches which include over-capitalisation and
the effects of climate-change.

Chmate-change progectsons for Sub-Saharan Af:
rica poirt o a warming trend, partcularly in the
inland subtropics, frequent oocurrenoe of e
treme heat events, increassng aridity, and chang:
es m rainfall, weth a particulardy pronounced de-
dine in southern Africa and an increase in East
Africa (Serdecony er. @, 2017} Unganai [1996)
who analysed ambeent temperature data from
nine stations across Zimbabwe, obtained ower
a &0-year pericd fram 1933 to 1553, found that
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the mnational amneal manimum  temperatene

trend decreased, whilst there was a wanmi
trend in maximum temperatures. At nationa

level, maximem temperatures increased by up
te OLE°C, withh maximum temoerature for mest
stations increasing by 0.4 to 0.6*C, and miremum

temperature decrea 0.2 to OL4"C [Un
nial, I:l;il&] These cl‘:EElt;lrﬂ liedy o I'm'cﬂ:lrn
impact an fish productan

The impact of cemate-change has been report-
ed in some African lakes. According to Coben et
. [2018), the ongoing dechnes in fish iches
in Lake Tanganyika can be explained by dimate
warming. Similardy, on Lake Kariba, the dedine
in fish catches, espedially those of kapenta,
have, according to Magadra (2010, 2001) and
Mdebele-Munsa, Mashonjowa and Hill (201 1a, b)
were as a result af chmate-change. Ndebele-Mw-
risa ef of. 201 1a) analysed rainfall, lake bevel, and
temperature data from 1964 to 2008, and data
on evaporation from 15643 fo 1999, Using mow-
ing averages analyses, they report that rainfall
dedined at a rave of 0.62 mm per year, which
equaied to a decrease of about 271 mm from
1964 to 2008 Furthermore, they repart that
there were sgnificant noreases in both mini-
miem and maomum stmospheric tem peratures
arcund Lake Kariba, which increased by about
329% and 3.58°C respectively, and a significant
increase in the evaporation rabe of .14 mm per
year. Using general linear maodels, Ndebele:-Mu-
risa o o [2011a) noite that all climabc factors
framnfall, temperature, and evaporation) and
lake |level cowld explan the decrease in kapenta
catches in Lake Kariba, with water levels having

the greatest impact, followed by maximum tem-
perature, ewaparation and ramfall. Moreawer,

snce they found that water levels were sgnifi-

cantly assoosted with temperature and rainfall,
they concluded that nutrients, which are infle-

enced by water levels, and dimate particularty
maximum temperature, are the premany deter-
minants of kapenta producton in Lake Kariba.

Magadza {2011} used linear to anak
yse temperature data from 1 to 2000, and
faund that both menimum and maximuem atmo-
spheric temperatures for the September?Oio-
ber/Movemnber season noreased significantly,
at a rate of 0.0446%C and 0.0525°C per year re-
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spectively, whach were used to gve an estimate
of mean inorease n temperature of 0U32E5C

per year. Thes was then used to al
warming estimate of 4.8 “C for the Lake Kariba

area. Magadzra [2011) condudes that there has
been a warming trend around Lake Kariba, with
seasonal rabes 2 *C above the 1990 baselne that
actording to Parmy ef ol (2007) & likely to cause

sgnificant ecosystern changes. Furthermore,
Magadza (2010, 2011} notes that the changes
im clmate have resulted in Lake Kariba warming
at a rate of 0.62 *C betwesn 1945 and 1990, re-
U in a reduction in the depth of the epilm-
ruan, the upper and generally more productive
water layer of the lake, a5 well a5 a strong and
stable siratificabon. Magadza (2011} suggesis
that due to global warming-induced thermal
changes to the lake, the phytoplankton commu-
ruty has changed from one dominated by green
algae [Chiorophyrese) ta one largely compnsed
of biue-green algae (Cyanophyceae)l Cyanophy-
cea, unlioe green algae, are guete resistant io
degestion by rooplankton grazers (Parter, 1973
Haney, 1587, Lampert, 1987), can suppress the
gromth of other algae (Keabng, 1972] and some
strairs produce tooons that adversely affect a
broad range of argansms mduding protozos,
plants, invertebrates and vertebrates (Dber-

emm ef al. 199 Falconer, 2013}, Thus, accord-
ing to Magadza (2011), the likely doménance of

Cyanobacteria due to warming has resulted in
reduction in entomostracan zooplankion that
graze on phytoplankton and are the principal

food of kapenta, and conseguently the decline
in iapenta catches.

There are some wha have disagreed with the
findings that dimate-change has had a ssgnifi-
cant im on African Fishenes, with Sarvals
ef of. [2006) argueng that the declning trend in
fish catches on Lake Tanganyika are largely due
to changes in fishing practices and not climabe
Likewsse, Marshall (2012} has argued that the
decrease in kapenta catches on Lake Kariba has

nat been due to the effects of climate-change
but rather due o increase n fishing pressune.

Fishing s ane of the major factors that has mod-
ified aquatic ecosystems {|adison o of, 2000]
and high fishing pressure can enhance the risk
of a population collapse [Shoener, Spdler, &

Losos, 2001) The studies by Magadza (2011)
and Ndebele-Muriza et. al [2011a, b) argue

that fishing effort/pressure has had no sgnifi-
cant impact on kapenta catches on Lake Kariba

Mdebele-Mumsa of ol (200112 &) rule out fishe
ing pressure an the basis of kapenta catch and
effart data from the Zmbabwean side of Lakos

Kariba. They note that between 1992 and 2002,
thesre wias a decresse in the number of fisher-

men on the fimbabwean sice of Lake Karba,
and hence a reduction in fishing effort. Magad-
za (2011] analyses catch data fraom 1979 to 2000
and =u that there was na trend in relatian
between effort and catch per unit effort.

Thus, the-debate on the effects of climate-change
and fishing effort on kapenta catches in Laioe
Kariba is still to be resolved. This study explared

tremnds i chmate varisbles Jminimuem and mas-
imwm temperatwre, rainfall) and lake kevel snce

thee early years of Laioe Kariba, a5 well as trends
in tntal kapenta catch, fishing effort and catch
per unit effort since commercial explostabon af

kapenta began. The aim of the study was to as-
sess the relationships that kapenta catches an

Lake Kanmba have with dimabe wariables, ke
level and fishing effort, and hence determine
the effects of climate-change and fshang effort
on kapenta catches.

DESCRIFTION OF THE STUD'Y AREAS AND
METHODOLOGY

study Area

Lake Kariba lies on the international boundary
between Zimbabwe and fambea and s main
axis runs ina Sowth West-Narth Exst directian
(Fgure 11 The kaie, which is amang the largest
mar-made resersoers in the world, has a sor-
fare area of 4 364 km? at the narmal cperatian

level of 484 m as.l, a length of 276 km, an &
erage width af 1% km and an average depth af
Ham. The Famben Reeer, the main water source

for the Lake, drairggs catchment area of 1 153
500 km* abowe the Lake. it recesves water from

much of fsmbabwe, Zambia, eastern Angala,
and a small part of Botswana (Marshall, 19823
The kaie hasts two emportant commercial cap-
ture fisheries which are the inshare gill net-fish-
ing industry and the pelagic semi-industriaksed
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fishing mndusiry. The latter = based on the exploitation of L. miogon.
Research Methods

Data Sources and Collection Methods

Chmate data from january 1964 to December 2018 comprising monthiy avwerages for rainfall, minemum
and mammum temperature were abtained from the Meteorological Senaces Deparoment of Zimbabrese.
Mverage monthly ke bevel data for the same period were obtaned from the Zambezi River

{ZRaA), whilst the data for Kapenta fishing effort and annual catches for both Zambia and Ximbabese
were supplied by the Lake Kanba Fisheries Research institute, a research unit of the Zimbabwe Farks
and Wildlife Management Autharity (ZPWMA). Commercial kapenta-fishing on Lake Kariba commenced
on the Fimbabesean side of the kaie in 1974, and in 1982 an the Zambian side. Thus, the fsheng data
chtaned was from 1974 to 2018 and 1982 to 2018 for the two countries, respectieely. The data from
the two countries was combined to obtain the total kapenta catchiin tornes) for each year and the tatal
fishing effart (nights of fishing)l. The annual total fishing effort was obtaned by calcudating the total time
of night-fishing by all the kapenta fishing ngs for that year.

A

Figure 1: Map of Lake Kanba

223, Data Analysis Procedures

The data was analysed u Bverson 2481 (R Core Team, 201491 We used the TTAsnberface Trendinal-
wsis (v 1.5.5:|pact.:g=|;tl:|':i:r & Lefebrre, 2019 to perform temporal trend analysis for rainfall, min-
imum and maximum temperature, ke level, total catch, fishing effort, and the catch per unic effort
{CPUE] and obtan a Sen's slope for the estimate of linear rate of change. The change-point package
{Kalli i, Haynes, & Ecidey, 2016) was used to detect change-points in the seven variables. Generalsed
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additve modelling (GAM) was applied to determine the relationships that Kapenta CPUE had with rain-
fall, lake level temperature and fishing effort using the gam package (Hastie, 2015).

RESULTS AND DISCUSSION
Changes in climatic conditions in Kariba environs

Rainfall trend

The observed monthly rainfall and trend in annual means for Kariba from 1964 to 2018 are shown n
Figure 2. Athough there were periods of relatively low rainfall such as 1983 - 1984 and 1935 - 1996 (Fg-
ure 2), there was no change in overad trend in rainfall during the 55-year period (Table 1), and generally,
the mean annual rainfall for the period was 61.3 mm.
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Figure 2: Time series of observed manthly rainfall and the trend in annual mean rainfall (dashed ine)
for Kanba from 1963 to 2018,

Table 1. Lake Xariba trend in ranfall, mnimum and maamum temperatures from 1964 to 2078,

Variable Trend (sen slope) p value
Rainfall (mm) 0.000 >0.05

Minimum temperature {*C) 0.05M 0.0009
Maximum temperature (*C) 01174 0.0000
Lake level {m) -0.0149 00187
Temperature changes

Figure 2 shows the observed monthly minmum and maximum temperatures as well as the trends
in annual means for the two variables. There were sgnificant changes in trends (p < 0.05) for both
minimum and maximum temperature over the S5year period {Table 1). Miremum temperature de-
creased at a rate of 0.051 “Clyear {or -0.0029% “Clyear), whilst maximum temperature increased at a
rate of 0.117 *C/year, which was equivalent to an increase of 0.0037% “Clyear. Thus, between 1954 and
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2018, the minimum temperature decreased by about 2.8 *C, whilst maximusm temperature increased
by about 6.4 *C. Change-point analysis showed that for both minemum and maximum temperatures,
the change occurred around 1984 and 2014, The average minimum temperature for the period 1963 10
1984 waxs 18.28 £ 4.52 °C, whilst for the penod 1985 to 2014 it was 1 +461°C and19512428°C

from 2015 to 2018 The averages for maximum temperature were 30.43 £ 2 85 °C for the penod 196310
15984, was 35.73 £ 330 °C for 1585 to 2014, and 3233 + 3.06 °C from 2015 to 2018,

Lake water level

Trend analysis shows that from 1954 to 2018, lake level {Figure 4) underwent a sgnificant decrease {p
< 0.05) of about 0.015 miyear (Table 1). Generally, from 1564 to 1982, there was an increasing trend
in ake level, followed by a sharp decrease and low levels from 1583 to 1958. Low lake levels were also
recorded from 2005 to 2007 and 2015 to 2018, whilst periods of highwater levels were 1964 to 1582,
1999 to 2004 and 2008 to 2014 (Figure 4). The mean annual lake level for the period 1983 - 1998 was
47956 £ 1.74 m compared to 4859 £ 1.04 m and 485.08 £ 1.33 m for the periods 1974 - 1982 and 2008

« 2014, respectvely.
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Figure 3: Time senes of cbserved monthly minimum () and maximum (b} atmosphernc temperatures
and their annual mean trends {dashed line).
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Figure 4: Time senes of cbserved manthly lake levels and the trend in annual mean {dashed line) from
196410 2018
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Change in kapenta catches

The trends in total catch, effort and the catch per unit effort for kapenta in Lake Kariba from 1974 to
2018 are shown in Fgure 5. The total catch increased gradually from 1974, with peak catch obtained
in 1950, followed by a gradual decrease (Figure 5). Change-paints in total catch eccurred in 1977, 1974,
1684, 1994, and 1968 The period with the lowest average total catch (840.50 £+ 279.67 tonnes) was
from 1574 to 1977, with the highest mean catches {27,826.00 £ 2,130.90 tonnes) obtained from 1985 to
1994, From 1995 to 1998, the mean total catch was 24,231.75 £ 822 35 tonnes, which then fell to about
17,580.09 £ 2354.64 tonnes between 1999 and 2018, The averall trend in total catch for the 45year
period was not significant {p > 0.05) (Table 2).

Kapentafishing effort increased from 1974 with change-ponts recarded in 1977, 1979, 1983, 1986,
1990, 2009 and 2013 {Figure 5). The mean fishing effort was 1,713.25 £ 915,15 nights fished between

1974 and 1977, had nsen to 80,520.33 £ 4,201.22 nights fished between 1584 and 1986, and was
172,161.25 £ 3478.64 and 245,721.40 £ 27,577.07 nights of fishing for the penods 2010 to 2013, and
2014 to 2018, respectively. Generally, there was a signficant {p < 0.05) positve trend in fishing effort
of 4,578.83 nghts of fishing per year from 1974 1o 2018 (Table 2). Over the same pericd, the change n
the trend in CPUE was significant (p < 0.05), and decreasad at a rate of 0.0078 tonnes/nights of fishang/
year (Table 2). Change-point analysis showed mean CPUE from 1974 to 1979 was 0.517 £ 0.020 tonnes/
reghts of fishing/year, had decreased to 0.269 £ 0.031 between 1980 and 1992, and was 0.066 < 0.008

tonnes/nightiyear from 2015 to 2018 (Figure 5).

Figure 5: The trends in total catch {tonnes), effort (nights of fishing) and the CPUE {tonnes/night) in Lake
Kariba from 1974 1o 2016. The breaks in the harizontal knes show change-ponts in the trends.
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Table 2. Trend in total catch, fisheng effort and the catch per urit effort for kapenta in Lake Kariba

from 1974 to 2018.

Variable Sen'’s slope (trend) pvalue
Total catch fionnes) 14515 03044
Effort (nights fished) 457883 L0000
EP'Ul':[I:I:IrI'III:'Ll'I'IIFIt] 00077 BRI

Kapenta-catches and relationship with fishing effort, lake level, rainfall and temperature
Analysis of the relanonship between kapenta CPUE wath fishing effort, kaiee bevel, rainfall and tempera-
ture using Generalsed Additee Modeling showed that the CPUE was significantly relsted to fishing

effort, lake level and maomum temperature (Table 2). Fishing effort and lake beved had sgnificant para-
metnc inear relationships with CPUE, whillst fishang effort also together with maosmum temperature

had significant nan-lnear relabonshi ps with CPUE. As fishing effort moreased to about 150,000 reghis of
fishing, there was a significant quadratc decrease in CPUE, but increase in effort beyond 150,000 nights
of fishing was assocated weth a sgnificant but knear decrease in CPUE (Fgure 6] An increase in maax:
imum temperature from below 30 *C to about 32 °C was assocated wath guadratic decrease in CPUE,

which was followed by anather guadratic but siower rate of decrease in CPUE as temperatures rose be-
yand 35%C{Fgure &), lake levels of about 481 m, the CPUE was relatively constant, but undenwent

a comparatiedy fast but linear decrease as lake levels increased from 482 to 484 m, which was followed
by a much siower and soll lnear decrease as lake levels continued to nse (Agure 6] Thus, this stwdy
shows that kapenta-fishing effort had strong and signeficant negative smpact on kapenta catches, with
increasang massmum temperatures and lake levels also assooated with significant decrease in catches.

Table 3- Results of the GAM test for the relationshep of kapenta CPUE to fishing effort, lake level, rainfall,
and temperature (maximwm and minmum].

anava for Parametnc Effects

bf Sum 50 Mean 5g Fualue Bri=F
sEffoet) 1 045514 045518 2564122 255714
oM _bemip) 1 QA& 0002 16 12168 028043
S{han_temp) 1 049 {0.0607.45 08352 {1, 358581
ciLake level) 1 d.027Tes 0.0ZT5H 15 5607 0. 00E055
| ezl 1 (AR HEEE] {0 D0 agas o8 as Ty
Resdusals A4 0.0 254 0031 77
Anava for Nonparametric Effects

Wpar Df Npar F PriFi
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Gntercept)
siEffort) 3 6.1623 0.00294
<Max_temp) 3 11.0805 9.3046.05
={Min_temp) 3 0.5170 0.67457
siLake_level) 3 1.0227 0.40006
siRainfal) 3 1.9872 0.14278
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Figure & Graphikal presentation of the relationship of kapenta CPUE wath fishing effort, lake leved, rain-
fall and temperature (menimum and maximum).

impact of rainfall on kapenta yield
Our analysis shows that kapenta catches in Lake Kariba drastically decreased between 1974 and 2018,

with fishers harvesting about 0.066 tonnes/night from 2015 to 2018, compared to 0.517 tomesmg:
between 1974 and 1979. We show that there has been no significant change in ranfall trend from 1

to 2018, and concurrently no significant redationship between rainfall and kapenta CPUE. Athough we
looked at ranfall data from cne metearclogical station, our results on ranfall trend are supported by
findings by Muchuru et al. (2016) and Kampata, Panda and Moalafhi {2008). Muchuru et af. (2016) anal-
ysed rainfall data from 13 stations n Zimbabwe across the Lake Kanba catchment for the peried 1570
to 2010, and found that there were no significant shifts in annual and seasonal ranfall. Simiarly, Kam.

pata et al. (2008) who analysed ranfall data from five stations in the headstream regions of the Zambezi
Rever basin in Zambea, found ne significant trend in rainfall




Iimpact of water level fluctuations on
kapenta yield

Water kewed fluchuatiors are an smportant factor
in lakes as they affect many ex ical process:
es, including productivety and biodmersity | Gaf.
vy, Gasith, Goren, 1992 Gafry & Gasith, 19594
Waniren of al, 3332} Ini lakes, fluciusticns ooowr
naturally through seasonal or long-term imbal:

ance bebwesn water entenng by smflaw, preop-
itation, runoff, and groundwater} and |eaving

{by evaporation and outflow) Additionally, for
man-made lakes such as Lafke Kariba that are
used for hydroelectric power-generabon, a sub-

startial amaunt af water is lost through turbenes
used for power-generation. in lakes and reser:

wairs that are intimately associated wath rvers,
production = domanated by changes in the hy-
dralogical regime [Taling, 1584; Welcome er al,
2006), and nutriern supples from affluent

ers and the flooded marginal areas are ontical
in stimulating fish-production (Kolding and van
Zwieten, 2012 Bayley, 1991)

The cumrent study shaowed that fallowing a pe-
ricd of high-water levels from 1964 o 1982
Lake Kariba expenenced a 1&6.year period from
1583 to 1994, during which it was charactensed
by relatively low water bevels. Since then, water
levels as well as the magnitude of water lewel

fluctuations hawe moreased. Thearetcally, the
resulitant increase in inundated srea dee o the

increased water leveds, and the greater fluctua-
teans from 1999 to 200 8, resulbng in what Bay ey
{1591} called the ‘lood pulse advantage’, should
have been assodated weth increase in CPUE for
kapenta. Owr analy=es thowgh, shaowed that this
was not the case a5 increase in ke level was
negative and sgnificanty related to the CPUE.

Ndebele:-Muriza e o, (2011) reported a sigref:
icant negative relationship for water level wath
kapenta catches (not with CPUE], but a nonesig:
naficant refation between water level and kapen-
ta CPUE. An earlier study by Karenge and Kolding
(1298} showed that kaperda CPUE was nat car:
related with absolute water bevels but showed
hagh corredation with different time-lagged indi-
ce=s of water level, whillst Chifamba ( 2000) repor:
ed posiive correlatson for Kapenta CPUE wath

l@ By A praiar- i

weabes leveha Tl dis epa iy Leiveeen oo sludy
results and those by Karenge and Kalding (199%)
and Chefamba (2000) are argely due o differ-
ences in the time periods covered by the studies.

Owr study explored a much longer penod than
the other studies, compnsing the period before

1980 when water bevels were high and magne
tude of fluctiuatons relatively low, to the period
1983 to 15992 when weater levels were low, and
fram 1599 to 2008 when bkevels were rzh'hﬂ
tac

hegh. As has been already noted, kapen

has generally undergone a deorease since the
commencement of commeroal fisheng in 1574
As kapenta CPUE decreased when lake levels
were high fram 1974 to 1982 and conbinwed o
dedine dwring the drought years (1583 - 1584,
1994, 1992 znd 199%) when levels were low, it
is therefore not surprising that water level was
nat significarmly assocated with kaperta CPUE
Akhough there was an increase in mean water

level from 1559 to 2018, the kapenta CPUE mn-
tinued to decrease. Therefore, our study found
an overall negative and sgnificant relatonship
betaeen water level and kapenita CPUE.

impact of temperature on kapenta yield

Owr analyses showed that both maximem and
minemum air temperatures changed significant-
ly between 1962 and 2018, weth maomum air
temperature increasang by about 0.117 *Ciyear,
wihichi was an increase af abouwt 6.4 *C, whilst
minamum air temperature decreased by 0.051%C
year, a decrease on average of approssmately
28%C. The growth aof fish is strongly dependent
on waier temperaine. In an errironment wath
abundant food, fish growth rate generally tends
to inorease wath increase in temperatuneg, up o
an opmal temperature, after which it rapadly
decreases [Jobling. 19571 In natural ermaron-
memnts, food & not always abundant such that
gromth deoreases with increasing tempera-
ture due to noneased en ¢ demands from
hegher metabeolic rate at higher temperatures.
Temperature akso affects virbually all aspects of
reproduction i fish incleding gametogenesis
and gamete maturation, ovulation/spermaation,
spawneng and subsequent early dewelopment
fvan Der Kraak and Pankhurst, 19597), thereby
affecting recruitment success and yield.
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Ouwr analysis showed that maximum ar temperature refationshio to kapenta CPUE was significant, neg-
atrve and nan-bnear, whilst the red ations hep with minimuem air tem perature was snsgnificant. Generally,
a5 maxi mwm temperature increased there was a guadratic deorease in kapenta CPUE. Chifamba (2000)

alzo suggesied that masmum air temperature defined by a quadratic functon is the best predictor
of kapenta CPUE when compared to rainfall, mver inflow and the water leved, whilst according Mde-
bele-Muriza e of. (2011} maximum temperature together wath nutrients are the primary determinams
of kapenta productan

impact of fishing pressure on kapenta yield
COher the 45year period from 1574 to 2018, fishing effort on kapenta on Lake Kanba ncreased at a

rate af 28113 nights of fisheng per year. The most recent studees that have been done to determine
the trend in kapenta catches have tended to sgnore or discount the effect of fishing effort'pressure,

or if they did (e.g., Wdebede:Murisa et of, 200 1] they tended to only consder fisheng effart from esther
Zambia or Zimbabwe, but not both. In thes study the annual fisheng effort consdered the twao couniries.

Generally, fishing effort was relatively low and steady from 1974 to 1978, but steadily rose thereafter,
and the increase in effort was significantly and negatively amsociated with kkapenta CFUE.

COMNCLUSION

The results of this study suggest that mamimuwm air temperature, lake besel and fishing effort had ssgnif-
icant impact an kapenta catches in Lake Kariba. Generally, snorease in Makimam S CEmMperatures wene
associated weth decrease in kapenta catch per unit effort. Thes i in agreement with assertion by Magad-
za (20710} and Ndebele-Murisa e o, (201143, b) that climate-change, in partcular norease in tempera-
ture, hars had a mpact on kapenta catches in Lake Kariba. High water kevels and greater waber
level fluctuations not been associabed with greater kapenta OPFUE as would hawve been expected

with the flood pulse advantage’ (see Bayle, 1991) The comtinual decrease in kapenta CPUE snoe come
meroal fishing began, and even before demate warmeng was an Esue of concern, suggests that fishing
effort (pressure), whach has grown tremendausly has also had significant negative impact on kapenta
yields in Lake Kanba. Unlike Marshall {2012} who asserts that the impact of fishing is the only factor that

cane the dedine in kapenta CPUE, we conclude that increased fishing effort'pressure has been a
major factor, but ndeed warmeng of the dimate has worsened the declne in kapenta catches.
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