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Chapter I: Introduction 

ranzania. Zambia, and Zimbabwe. and there is strong evidence of Wattled Crane 

movements between these countries (Figure 1.1, Konrad 1981). 

" 

" 

Figurd.l. The distrihution of Wattled CI'llne~ in Africa. 
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Chapter I: Introduction 

historically in southern 'vl<lLamhique. 

Figure 1.2. Map showing the recent Wattled Crane records as wen as their historical 
distribution in Mozambique 
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Chapter I: IntmdlH::tion 

prolonged inundation of the floodplain tor up to six months. independent ofZambeLi 

floodwaters (Beilfuss 200 I). 

Figuret.3. Map ofthe Zamb~zi Oelta showing the l\Iarrom~u Buffalo Reserve and 
foul' hunting unib. 
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'Ul1a'U'''1 II: The 1" ... ,U". pU!-"U1a'<1V" trends and VVIJ'."a'"vu structure of Wattled Cranes in the Zambezi 
Delta 
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ChaplCr II: '11,., di'dtibulion, populOlion trend. and P<lpulalion ,tructure ofW~ttled Cranes in the Zombezi 
~b 

Figure 2.1. I.ocarions oftransects flown in 1995-1999 and 2000-2001. 

Surveys were centred on the tloodplain grassland hahltat hetween the Zarnb~7i River in 

the east and the ecotone between the !)ella and miombo \modJand in the west. 
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'-""'"U'':;' II: The rli~llTih"ti,'\" P"P""""'-'" trends and jJUIJ'u,a'uvu structure of Wattled Cranes in the Zambezi 
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'-'U,,",!J .. ;;i II: The }lUI""''''''''''' trends and pUjJ''''''''''uu structure of Wattled Cranes in the Zambezi 
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'"'" .. ." .... II: and VVIJ'U""""U structure of Wattled Cranes in the "" .. ,u",",,,,, 
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Chaprer j(: The distribution. pop~1atioI1 ".."d., ond population , tructure of Wattled Cfl!IIe'< in the Zambez:i 
~ .. 
(i.e. doser to !he escarpment) and were more dispersed than during 1999, <;uggesting that 

the distribution of suitable habitat diflered between the t \.\0 years. 

Figure 2.2. Th~ l''',ovemher 1999 "'attl~d Crane Distribution. 
r---r---
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Chapk.'T JI: The distribLI!ion, population trends and population structur. ofWottlod Crones in the Zomb.,i 

"""" 
Figure 2. 3. The November 2000 Wattled Crane distribution, 

, 
" 

i River 

In 200 I. crane distribution across the Cheringoma f:leocharis bedscbanged again, 

'With the birds being concentrated in the soulll and clos<:rlo the -.ea (Figllre 2.4), 
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ampler 11: The di.tribution, population [m>d; 000 population slructure of wooled Cranes in the ~be:zi 
~ .. 

Figure 2.4. The November 2001 Wattled Crane distribution. ,-r-=--
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In tenns of habitat. breeding Wattled Crnne~ were alway~ a,sociated with 

Ele()charis along small ~treams Or at pans. During the dry season, ~eveTaI pair> were aho 

observed furaging in areas of bumt Eleoc!wf;s. The occurrence of large fOTaI,";ng flocks 
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II: The vv~, ... ,,> .. v. trends and '"'VIJ'u,a,",vu structure of Wattled Cranes in the Zambezi 
Delta 
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II: The t'v},'""""vu trends and IJUIJIU!i:II~IUH structure Cranes in the Zambezi 
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'--''''"U''''' II: The .U ..... V ... UVVUUlIc'V" trends and IJV~'''''''.''V' structure of Wattled Cranes in the Zambezi 
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areas 
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on transects 
across the Delta fll ...lI •• 1. lin durin2 the dry season. 

Steps TI T2 T3 T4 T5 T6 T7 T8 T9 TIO 
SI 1 2 3 0 2 3 0 1 2 3 
S2 1 0 2 3 3 0 3 2 0 2 
S:! 4 0 1 2 4 2 2 3 2 1 
S4 3 3 0 1 3 6 5 5 3 6 
S5 5 3 3 2 5 3 2 3 4 7 
S6 3 4 2 4 4 4 4 2 5 4 
S7 4 5 4 3 3 2 6 7 6 3 
S8 5 2 3 6 2 6 4 5 2 2 
S9 3 3 5 3 5 7 3 7 5 4 
S10 3 2 2 1 8 4 4 8 6 3 

Total: 32 24 25 25 39 37 33 43 35 35 
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Ch~pln TIT: Habitat selection and u<;e by WUltled Cranes 

Figure 3.1. (irequeu9 distribution of ~oi1 pelletrabilit~' measured at the cxad 
positions used by feeding WalLled Cranes (r =0.93; S - 10.97; n = 997; 1'<0.001; 

S=stalldard error). 
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Figure 3.2. Variation in water depth al the exact positions used by feediug 
Wattled Craues (r - 0.99; S - 15.51; n=680~ 1'<0.001; S=standard error). 
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However. the shallow water favolUcd by eran<:8 uho chanl~lCrizes the edges of the 

Cheringoma Iloodplain. where Fleochuris bed, ure con~enlrated, Thus. il is difficult 

45 
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Chapter III: Habitat selection and u~e by Wattled Cranes 

to Ix ~crtain whether the emncs' avoidance of deeper water i~ a phy~i~al constmint on 

foraging or mcrd), a response to the disper:<:ion of 100<.1. 

Figure 3.3. The relationship betweenl>ater depth and soil pcnetrabilit), in 
Wattlcd Cranc roraging areas (r = 0.95; S = 8.46; n=98, 1'<0.001; S- standanl 

error). 
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The relationship between Eleo(:n(ll'is ~tem <len~ity (a measure of the above-gnnLlld 

producti ,ity or the ~edge) and tuber <len,it)' (the productivity variable to \vhich cnme, 

re~p<Jnd) wa~ ~trongly non-linear (Figure 3.4), Tuber density peaked between 

approximately 65 and 90 stems.nf': both above and below this stem density, tuber 

den,ity decrea~ ed rapidly, Although the X-axis of Figure 3.4 is presented as ,tem 

den,ity, it eqLJally well repre~ent~ a tr,msect moving from a river channel (nLt onto the 

t1oodplain. ThLLs, tuber density is maximal from close lo the ~hanneb out to the mid 

t1oodplain, decreasing at the channel margin and on [he oLLter n<X><lplain. Figure 3.4 

represents the sitLLation at the end of the dry season in '1ovemher when mo,t of the 

t100dplain is accessible to cranes, 
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Chapter JJl: Habitat sele~tion and ww by Wattled Cr~nes 

Figure 3.4. Relationship between tuber density and stem density of Ele(Jd!(lri8.(r 
= 0.88; S = 11.14; n=1 1, 1'<0.001; S=standard error). 
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!"he annuat cJde ur E/eodlUri.l· and the responses of Cranes 

(Jrowth. reproduction and tuocr prOOlwtiun or Ele(J(:iJan,,. ~re strongly influenced by 

the flooding regime. Tubers are produ~e d by mature plant, in re'JXlnse to water ~tr~>s 

(a, a mean of <;toring water) (Lavery and Blackman 1969. Bl~kers c/ al 1984) ami it 

can thn, oc predicted that the distribution 01' tuber-producing p lanl, on the floodplam 

will change seasonally. Below I de>crih~ this >e~sonal v~n~tion by mean, of a ,eric, 

or ~chemati~ diagr~m~, ~tarting III lh~ early dry sea~on at the end of tbe ,ummer rain, 

These diagr-<lm> illu>lr<lte ~ross·sections oflhe noodplain. referenced to the position 01' 

a river channel and a~socialed waler level. Are~s of high and low soil penetrability are 

ind i~ated, ~long wi th zones of water stress and lU ber availability. 

47 
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Chapter Ill: Habitat selection and use by Wattled Cranes 

The early dry season (May - July) 

As water levels start to recede at \h~ enu of the rains, threc differcnt "malcgic~;" "re 

evident among Eleocharis, resulting in 3 clear /,onaliOIl or tuber and nOll tuber" 

producing plants (Figure 3.5). At the outer edges of the floodplain, young plmm ll\3t 

have become established during the rainy season occur at high densities. These plants 

avoid desiccation by a combination of high stem density and the fact that they are 

mostly covered by several layers of dead plant materiaL The effect of this "matting" is 

to create a sponge-like matrix that is efflcient at tnl]1]1mg and retaining atmospheric 

water in the form of dew, fog and rain. 'Ibese plants do not produce mbers. Closer to 

the channel margins, Eleocharis stem density is lower and other sedge species are 

interspersed in the matrix. These communities do not have the spongy strudure of the 

outer Eleocharis beds and are exposed to increasing desiccation stress as the dry 

season progresses, in response to which they produce tubers. 

At this time, the tuber-producing zone of the Cheringoma floodplain aCCOUTLl~ lor 

approximately 17% of its total area and has an average tuber density of >8 tubers.m-l 

(8 tubers.m-:: measured after cranes had foraged in the area). At this time of the year, 

most cranes fed singly or in pairs, were highly territorial and chased intruders away 

from their foraging areas. No flocks of cranes were seen on the noodplain in the early 

dry season, although a flock of29 birds, mostly juveniles and immatures, was located 

on the Ooodplain of the nearby Savana River. 
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Chapter lIl: Habitat selection and usc by Wattled Cran~s 

Figure 3.5. Profile diagram of Eleochari.~ beds in the early dry season (May· 
July). 

~0=r"" +- o Density (n.m·2) I 

, 

, 

( 

The mid dry sea~on (.,,"ugust - Odob~r) 

As water levels cOIltinue to fall, young plants on the outer floodplain - which is now 

completely dry - become dormant, but do not produce tubers. These plants, which are 

of no value to Wattled Cranes, cover approximately 17% of (he entire floodplain. At 

the same lime the zone of water stress closer to (he river channels expands 10 cover 

about 65% of (he floodplain. However, most of the tuber-prodncing plants that were 

exploited by cranes early in dry season have now become unavailable because the 

increasing desiccation has reduced soil penetrabIlity and hence compromised the 

birds ' ability to dig up the tubers. As a result. about 35% of the floodplain is now 

available to foraging cranes (Figure 3.6). As in the ~'lrly dry s~asOll, tuber density in 

these areas measured after cranes had fed there was 8 lubers.m-1
. 
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Chapter Ill: Habitat selection and use by Wattled Cranes 

This is the season in wbicb young Wattled Cranes hatch. At the same time, 

flocks of 4-6 "floaters" were rq,'lliarly seen, as was a flock of 25-29 juvenile and 

immature birds, aswmed to be the flock that was located on the Savana River 

floodplain early in the dry season. 

Figure 3.6. Prolilt lIiagram or Eleocharh" beds ill tht middle of the dry wilson 
(August - October). 

~ 

'+=0) ° 8.1 8.1 ° Tuber Density (n..:m"1,) 1 
I 

I 
" .. , , 

I 
, . 

I 
., 

I 
~ 

, 
'.- . , 

.J ... . ~ 
, , 

I , 

r 
' I -; ( ' >:'f , 

" . - " ', , 
." , .• : ' _ • .-1 •. , L 

, 
I ,,- "" J8 

I 
-" '-I : , 

'w c,o, .l " '1'. Jj 

+ 
~ . ~ , , ' , 

,.1"' t,.""" 

1 00 % 84 % 67 % 33 % ij"O:%~-:O~F'iI~oo~dwplain Proportion 

lhC Intc dn' sen,on ('\ovcmbcr) 

By this time, more than 85% of the Cheringomll floodplain is dry. Dormant 

Eleocharis plllilts cover 70% of the floodplain and the proportion of the area wbere 

soil penetrability is higb enough to IIllow cranes to forage decreases concomitantly, In 

total, about 85% of the floodplain is under water stress and the area available to 

cranes bas decreased to 15% of the total; the remaining 15% close to the cbannels is 

pennanently flooded and the plants here produce no tubers (Figure 3.7). Although the 
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fIt>.'a :I1<ail:J.b1c 10 foragi ng L"11l1leS IS al liS h>I'''~'1 poinT of The dry season, lub~ ;IO:Il~i l } 

.;ll:lIrr 3.7< Protile diagram or F./c(I,·/iari$ bl~l~ at the end oflhe dry scu~l)n 
(l\owmher). 

1lr=rr~o~I~81.'~I=·~8 I, ~r38Ar 0 

I 
I~ Teb" DonSTty(n. m·2j ~ 

'·1 " 

, 

r bis ~riod of high tu}x,r d~nslly t;()(Ol dd~. I' ith the fledging p.:nud of Waul«l 

Although IUbcr d<!nsity i~ hiGh lit this umc Olf the year, Ihe pl .. ms prod ucmll' 

IlIbcn. 111\.' also wry 1311, rnal<ing it more dim~\l1l I"r c ... n<!~ 10 access tit.:: tuber.; It " 

aL~o the tunc of the year 31. ",11II;h tir<:c ~q\l""'y i:; hiGhest: mw.:h u f th" n "ha I~ 

btlf!\cd. mdudwg marly arcas of lub<:r-producing liI"tJ<.-hari.,·. BurmliS Iml'ro~~ 

ac~c;s ibilltl of the lub~rs Iu ,·ran ~" and nwnv birds fomgcd nll burm ar~~, at Ihis . . 
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Chapter lIl: Habitat :;election and lise by Wattled Cranes 

lime. Burning al~o provides additional food sources in the form of inseC\~ and small 

mammal~ that have been killed by the fire:;, 

The early wet season (December-January) 

At this lime of year the floodplain receives the first significant rain it has experienced 

for 7-8 monlh,; 

Figure J.8. Prolile diagram of Hleocharis beds early in the wet season 
(November-J an uary) 
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Within three days of lhe fir';t rainfall. lhe entire t100dplain is covered in Eleochw-is 

shoots. At the IXIme time. lhe l"ber-bearing planlS thaI were inac~es.~iblc to erane~ 

becau~e of low soil penetrability now become lIvmlable and crane'; can forage over 
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Chapter ill: Habitat selection and use by Wattled Crane~ 

2000}. Poor nutrient supplies elsewhere result in low plant productivity (Bunting and 

Elston 1966, Guime and Curti~ 1976, Sykora 1979). 

Figure 3.9. Distribution of good runoffcoudirioUll from the Cheringoma rivers 
and the drought areas associated with Zamhezi River tributaries. The dark 

green areas indicate where El"IJchari .• beds under the influeuce of the Zambezi 
River are assumed to have beeu lost. 
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Chapter IV: Simulation modeling ofth~ Lambezi Delta Wattled Crane population 

Methods 

Models were constnlctcd \1"in8 rainfall a" the dl'ivin8 variable_ The Wattled Crune 

population can be broadly (j,vl(ied into lWO sedors. those br~eding on the Cheringoma 

t100dplain and those on the Lamhezi floodpl ain. Both sectors respond positi\ely (0 wd 

season rJ,iniall in knns ofth~ number "fpalco attempting 10 br~~d (Figures 4.1. 4.2). 

Figure 4.1. Relationship hetwtenmonthly wet <;tason rainfall and number of crnnc 
pairs attempting to breed on the Cheringorna nootlpJain (r=l; S = 0) . 
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Figure 4.2. Relationship bdllecn monthly "cl sra~on rainfall and numbrr of crane 
pairs attemptillg to breed on the Lamhezi noodpJaill (r - 0.91; S - 2.0ts). 
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Chapkr TV: Simulation modeling orlilc Lambe?i 1)':lta WallkJ Cmne population 

In kmlS 01' proJuctivity. however. the 1\\0 sectors resporl(! diller~ntJy to dry season 

rainfall. On the Cheringom3, produc\iVlly 1$ hig:hest III wettcr years (Figur~ 43), but on 

the Z:amb~~i, i\ is maxima! III dry years (hgure4.4). 
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Figure 4.3. Relationship betwcen monthl} dr} s('ason rainfaH and chicks per 
brceding pair on the Cheringoma t1oodp!ain (r - 1; S - 0). 
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Figure 4.4. Relationship bcll\'C('n munthly dry season rainfaH and chicks per 
breeding pair un the Zambezi lloodpluin (r - O.IlIl; S ~ 0.36). 
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Chapter IV: Simulation modeling of the Zambezi Delta Wattled Crane population 

Wattled Crane numbers are far higher on the Cheringoma than on the Zambezi 

floodplain (Chapter Il). For lhis reason, a simple simulation model was developed for the 

entire Delta using "average" relationships belween rainfall, breeding numbers and 

productivity, In a second set of simulations, the Cheringoma and Zamb~~1 w~re 

modelled separately, driven by site-,pecific regressions of population parameters on 

rainfall (Figures 4.5). Thi, enabled more detailed comparison of the contrihurioll made 

by each sector to lhe lolal population 

Models were built using Stella Research Software 5.1.1 (HPS 19%). rhe crane 

stock was divided into two components - "bre~ders" and non-breeding "mature" birds (

floaters) - apportioned on the basis of rainfall (regression equations from Figures 4.1-2). 

Mature birds were defined as being more than five years old. Because of a lack of 

knowledge about Waltkd Crane movem~nts in Southern Africa. the worst-case scenario 

was modelJed in which there was no Immigration 1nlo th~ Delta. 

Population size (assuming no immigration or emigration) is a function of hirth 

and death rales. Whilst birth rate could be empirically incorporated into the model, no 

data exist on survival rates of Wallled Cranes in the Delta. Tn South Africa, annual 

mortality rale of adult Wallied Cranes is 6% (based on a Populalion and Habitat Viability 

Analysis - McCann el al 2000). However, a substantial proportion of this mortality 

results from collisions with power line, and from poisoning. Neither of these factors is 

operative on the Delta, and the annual mortality rate of breeding adults was assumed to 

be 3%. Mortality rates of chicks were assumed equal to those of Whooping Cranes Grus 

americana (Boyce 1987, Kuyt and Goossen 1987, Mirande er al 1997). Mortality rate in 

the first year was 9%, decreasing by 1% alllually. Mortality rate in the sixth year is thus 
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Chapter IV: Simulation modeling uf the Zambezi Della Wattled Crane populmioll 

4%. This value oC 4% was abo applied to member, of the floater population >5 years 

old, based on the assumption that the In0l1ality rate of mature floaters (which, by 

definition, are mobile and opportunistic) is ,lightly higher than that ofterrirorial breeders. 

\Vct and dry season rdinl"alb, expressed as mm per month. were entered as 

separate variables in the models. Values were randomly generated, but constrained both 

to have a nonnal distribution and to fall within the ranges experienced on the Delta since 

the completion of the Cahora Bassa Dam in 1974. The modelled rainlhll distribution was 

not significantly dilTcrent fwm nonnality (wet season rainfall: Xl = 12.6, d.f. 10. 

P-O.7S; dry season rainfull: X' = 12.6, d. f. = 10; P=O.75; Appendix (4) I). 

Flow diagrams ~lUTUllarizing the model~' structures are presented in Figures 4.5. 

Rectangles indicate stocks of breeder, floater, and birds <6 years old. Circles indicate 

rates, defined by simple cquations (Appendix 4 Il)) and bold lines indicate tnmsitions 

from one state to another. The end points of all bold lines indicate death. All modds 

generated two key outputs on an annual basi,: size uf the breeding populatiOll, and size of 

the floater population. 

The model stm1ed with a stock of 240 breeders. The imtial number of breeders 

was ba~ed on the maximum number of pairs observed on territuries during the wet season 

(n- 120, Chapter II). In Table 4.1 thc initial number of one-year-old chicks (n- IO, 

Chapter il) waii ba,ed on thc minimum number oC fledged chicks observed at the 

Cheringoma and 7.ambezi sites combll1ed (Table 4.1) in years of normal rainfall 

conditions «(bapter II). "t\'nmbers of two-year-old and older chicks were based on fir,t 

year chick numbers and a m0l1ality rate of 9%, dccreasing by I % annually. The juvenile 

stock was not included in the floater population. Bctore members of olle ,;to..:k are pa8sed 
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Chapter IV: Simulation modeling of the Zambezl Delta Wattled Crane population 

along to the next stock. the total is rounded off to the nearest whole number. Number (JI 

floaters was determined as 300 (maximum tOlal numbers on Delta - Chapter U) minus 45 

(munber of 1-5 years birds based on 10 first-ye ur birds und numbers of2-5 years birds 

calculated from mOl1ality rate,) minus 240 (maximum number or breeding birds; Chupter 

II) 

I"i~ure 4. 5. l\Jodd comparing \ValUed Crane produclivily bl'lween Ihe Cherlngoma 
and Zambc~i floodplains. 
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Chapter IV: Simu[ahon modeling of the Zambezi Delta Wattled Crane population 

The number of breeders at the Chcringmna Site is obtained from the total number 

of breeders into lhe Delta (n- 240, Chapter II) minus the maximum numbers of breeders 

at the Zambezi Site (n=14, Chapter II). 

Table 4.1. Initial ,tock value, u,ed in the Watt led C nllw population simulation 
model. 

Scenario: Current population Clt.'lllgoma """,,", 
STOCKS Whole Della C~enngoma Zamberi 
Breeders 240 226 14 
Floaters 15 14 I 

1 year stoe].;: II 10 I 
2 years stock 10 9 I 
3 years stock 9 8 I 
4 years stock 8 7 I 
5 years stock 7 6 I 

Total: 300 280 20 

Three model simulations and OIle sensitivity test were made. The first scenario 

models trends in the total Wattled Crane population of the Delta over the next 100 years 

for [he baseline conditions described above. TIle >ccond >cenario models these trends for 

Ch~ringoma population alone (i .e. assuming loss of the Zambezi populatioo). Scenario 

three models the furnre of the Zambezi population alone, assuming loss of the 

Cheringoma birds. The sensitivity of the model to elevated mortality rates of breeding 

adults (4 -7%) was assessed. 

ResuJIS 

The first scenario (current baseline conditions) predicts an average population growth 

rate of 0.32 % per year (Fig, 4.6a), Should the Zambczi floodplain population be lost 

(scenario two), the Waltled Crane population is still self-sustaining with sl ightly lower 

growth rate of 0.31 % per year (Figure 4.6b). If there IS no contribution from pairs 

breeding on the Cheringoma floodplain, the population is self-sustaining (growth rate of 
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Chapter IV: Simulation mOikllllg or the Z,mlbezi Velta Wattled Crane population 

OJlQ I % per y~ar"), hut wil h v~ry ;;mall lllHllbers, IX'lentia II y 3t risk from stochaslk ~'ents 

(Figure 4.6c), 

Figures 4,6. Wattled Crane popnlation trends including breeding adull>, floaters 
and j ll,'eniles/immalu rc, <6 ycar, old, as,u m ing (a) [10 eha [1:,!;e, 10 the statu,)' qlw. (h) 
Lero l)roductiYity on th~ Zambezi Houdpluin and emigration of the ZambeLi birds 

(STatus quo on the Cheringoma), and (e) zero productivity on tbe Cheringoma 
Floodplain and ~mi:,!;ralion uf Chcringoma birds (.~lalUs quo on the Zambezi 

Floodplain). 
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rhe number of breeding adull' Iluctuale, aLlnually, with ncv" brceders recruiting from the 

floater IX'Pulalion during high rainfall ;'ean, and thc rcverse occlLrring during years of low 

rainfall (Figure .:\,7), If the ,raws quo J)!'GlSt, (Figure 4.7 a). Or if only Chcringoma bird, 

ate prcs~nt (Figure 4 .7h), the !lumber of non·breeulllg lIU ults always exceeds the number 

of bre~d~t'; at tile cnd of dry season, If the L3mbezi populari un alone renwined, there 

,"ould b~ many years in whicll Jl() birus breu (I:igure 4.7c). 
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Chapter IV: Smllliation model iug of (he Zambezl Delta IVattled Crane population 

Figures 4.7. ]'I,"umbers of l.orceding bird, and mature floater> by the end of dry season 
under scenarios of (a) rh~ s/a/u.I quo, (b) loss of Zambezi birds, and (c) loss of 

Clwringoma hil'ds ,-----------, 
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Similarly. loss 01' tillS pOPlLlation would 113vc a vcry small effcct on total chick 

prOduclion in the Delta (Figurcs 4.Ha-c), 

Because the Chcrillgmna and Z3Inbczi )X1pul31ion rcspond differently to dry 

season ruinfall (Figun:s 4.3, 4.4), numbers 01" ~l]l~ks prodlL~eJ annually by the lwo 

populations arc uot closely syn~hronlzeJ (Flgufe 4,<)). 

lllc WaulcJ Craut pupulation model is V~ [}' Icnsitj\'c tu dmngcs in thc mortality 

.-ale of breeding adults. Although thc )X1plllmion growth ClJlllinucs to bc positive up to a 

mortality rate 01' 5 %, an 1I1Cl'CaSe to 6% mortality results in a decreasing population 

(Table 4.2). 
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Chapter IV: Simulation modeling of lhe Zarnha i Dell,] Wattled Crane pop\llation 

Figure 4.8. The nurnhe~ of Iledged ~hi~ks present in [he Della If{a) the .~tatus quo 
pcrsists, (b) if onl) Chering;oma birds bred successfIlJl~', and (c) if only Zarn bc~i 

hirds bred successfIlJl~' _ 
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)<'igIlTe 4.9. Simulation sho"ing lack of synchrony in b~ecding Ilnforrnance between 
the Chcdngorna and Zarnbezi ,Tane poplll~lions . 
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Chapter IV: Simulation modeling of the Zambezi Delta Wattled Crane populatiun 

Table 4.2. Population responses of the Marromeu Wattled Crane population !n 

Mortality rate 
3% 

gi.ne.rent rate~.nf.h!.e~din.£..~d llit "mC'c'"'~'"li,ty".,--...,...,_,----,_ 
l'op~llation grmVli, rale per F'M PUJl!!~.0on tren9 __ 

0.32 +-t 

4% OIl 
5% OJ 0 
6% -0.24 
7% O.4J 

Discussion 

The model suggests that the present population of WaUled Cranes m the Zambezi Delta is 

viable despite the long-tenTI, severe hydrological degradation of large parts of the 

floodplain. Under current conditions. the pupulation is growing at a rate of 0.32 per year 

(Figure 4.6a). Even if conditions worsen on the Zambezi floooplain and only Cheringoma 

breeding pairs contribute tu the populatiun. the Wattled Crane population will continue to 

bt self-sustaining at groWtll rate uf0.31 per year and IS predicted to recover from the loss 

of Zambezi birds (Figure 4.6b), Ho\\-ever. under this scenario. the Velta's productivity is 

slightly lower. Although the Della's population growth rates under scenarios I and II 

differ slightly, the average number of chicks produced annually differs significantly 

(t~4.64; p<O.05; N'~IOI) (Figure 4.8a, mean=IO, S.o,=9,9; Figure 4.8b, mcan-'J 's' 

S,D.=9,8). 

Shuuld ~"nditions worsen on the Zambezi Floodplain. the Cheringoma population 

\\-ilI nut only increase but, assuming a carrying capacity of about 300 birds, will at times 

export birds to otller systems (Figure 4.6b). Although moods (scenario Ill) predict the 

Zambezi population 10 be stable, its very low numbers (Figure 4.6c) would make this 

jX'pui:JtiO]1 vulr><:rabk to cata;trophic events. 
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Chapter IV: Simulation modeling of the Zambezi Delta Wattled Crane population 

Although the Delta's Wattled Cmnes are currently selJ~sustaining, result, do 

highlight the importance of dfOlts to increa>e the carrying capacity of the Zambczi sector 

or the Della. At present the long-tenn sustainabili\y of\he Wattled Crane population is 

entirely dependent on the maintenance of suitable breeding conditions on the Cheringoma 

floodplain and, metaphorically, all the birds' eggs are in one basket. Any activities that 

threaten the Cheringoma directly (e.g. development of rice agriculrnre on the floodplain) 

or alter the hydrological balance of the Cheringoma (e.g. replacement of natural miombo 

vegetation with Eucalyptus plantation,) may seriously threaten the Wattled Crane 

population. Such threuts are real: the human population is increasing rapidly on the 

Cheringoma escarpment, and, in 1998, the timber company Mondi Corporation proposed 

a large Eucalyptus scheme on the escarpment within the catchment of the Cheringoma 

All suitable habitats below the Cheringoma escarpment appear to be saturated 

with breeding pairs and there is thus little opportunity for the Delta population to increase 

in the future (Chapter 3). Further, be~ause the birds are spatially restricted, they are 

vulnerable to catastrophi~ event>, swh as tropical cyclones. The Zamhezi Delta is 

frequently [If'fected by major tropical stonns, with an averag~ of 5.6 ,trikes per decade 

,inee 1950, and these have resulted in significant damage to the Delta's esrnary (Beilfuss 

e/ al 2002). Meine and Archibald (1996) note that small crane populations arc 

particularly vulnerable to natural disasters. The population of Whooping Cranes in 

Lousianna (now el>tirpated) was reduced by more than 50"10 after a single hurricane in 

1940 (Meine and Archibald 1996). 
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Chapter IV; Simul~lion modeling of the Zambezi Delta Wattled Crane population 

The .c,ensitivity unalysis indicates that the Delta's Wattled Crane population is 

potentially risk from fuctors thut increase the mortality rate of breeding adults, If the 

mortality rate reached the same level (6%) as occurs in South Africa (McCann e/ al 

2(00), then the Delta popubtion will experience a negative growth rate and decrease to 

less than 30 breeding pairs \vithin 30 years (Table 4,2), The mortality rate in South Africa 

is almost certainly higher than in the Ddta. because the Delta has relatively few 

powerline~ (one of the major sources of adult mortality in South Africa). However, the 

mortality rate of breeding adults could increase due to effects of local poverty in the 

Delta (especially hunting with dogs) und chick mortality may increase because of the 

increase in grassland fires (Chapter 3), 

The global populution of Walt led Cranes upp~ars to be decreasing (Chapter 1) and 

the potential production of surplus adults in the Marromeu could play an important role in 

sustaining populations elsewhere in southern Africa, The irr\lption of more than 2500 

Wattled Cranes, mostl}' In pairs, to the Zambezi Delta in the early 1990s (Goodman 

1992) suggests that there is substantial movement and exchunge of breeding adult birds 

among southern African \vetbnds - such n\lmbers could only have been sourced from one 

of the large wetland systems in Zambia or Bot,wuna (Chapter 2). If the carrying capacity 

of the Zambe.ll floodplain could be increused to 35 puirs through improved hydrological 

management, the Delta pop\lbtion cO\lld become a major source of surplus adults for the 

region. Such an increuse in canying capacity may not be unreasonable. Several 

comparably sized wetland systems in Southern Africa support substantially larger 

numbers of breeding pairs than the Zambczi Delta, including the Kafue Flats (Konrad 

1981 , Kam\veneshe and Beilfuss in press) and Bang\veulu Swamps in Zambi" 
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Chapter lV: Simulation modeling of the Zambezi Delta Wattled Crane population 

(Kamweneshe 1996, Howard and Aspinwall 1984), and the Okavango Delta in Botswana 

(Allsopp and Perlstein 1998, P. Hancock, pers. cmnm.). There 1S also some evidence that 

the Delta supported more breeding pairs in the past. P. Dutton (pers. comm) claims lhat 

Wattled Cranos were "common" across the Delta floooplalll in the 1960s and early 1970s 

Chapter 1). In 2000 and 2001, ei8ht pairs of Wa1tl~d Cranes, tilree with chicks, were seen 

on the Savana River coastal floodplain. approximately 300 km south or the Delta. Several 

flocks of mixed non-br~eding adult birds and juveniles have also been seen here. Local 

inhabitants note that Wattled Cranes ha\-e only rc:cently begun breeding III the Savana 

floodplain and were previously observed only in flocks during the dry season (Floren~o 

Kembo; pets. comm.), suggesting that some breeding birds that have abandoned 

territories OIl the Zambczi floodplain h~ye moved into this r~gion. 

Bedl'uss (2002) demonstrated that there i, sufficient water available III C~h()ra 

Bassa Dam to generate a variety of Ilood pulses during the normal flood season from 

January to March. There is growing political and ~takeholder support for 1100d r~lea,es 

(Beilfuss 1997, Beilfuss and Davies 1999). due largely to the potential economic benefits 

of prescribed flood releases for suhsistence i'armers and fi,hers in the lower Zambezi 

(Chillllldo et al in press), the coastal prawn industry (Ho8uane 1997), and ecotourism and 

safari hunting operations (P. da Silva PC['S. comm.). A process is now underway to apply 

the DRIFT (Downstream Response to In5tream How Tran5fomtations) methodology to 

the lower Zambczi River and Delta (R. Beilfuss pers. comm). Thus, there may be good 

prospects for improving the hydrological management of the Zambezi Delta in the future. 

Wattled Cranes may serve as a useful indicator species for assessing the value of flood 
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Chapter IV: Simulation modeling of (he Zambezi Delta Wattled Crane population 

releases for biodiversity conservation and management in the Delta given that their 

breeding responses are triggered on an annual basis by variatioos ill water availability_ 

Summary 

Given their specialized habitat and food requift'nlents, it could have been predicted thaI 

profound changes to the Zambezi Delta's hydrological regime and herbivore megafauna 

would have had a severe impact 00 the region's Wattled Crane population. Upstream 

impoundments have, either directly or indirectly, resulted in floodplain aridification, a 

reduction in herbivory and an incrt:ase in fire frequency and extent. Qualitatively, it 

appears that this prediction is true for those cranes inhabiting areas of the Delta 

dependent on overtopping of the Zambezi River and its tributaries to inundate the 

floodplain. However, farther to the west, the floodplain below the Cheringoma 

escarpment has been largely unaffected by llpstream impollndment of the Zambezi River 

- although cnmes in this area have probably been impacted (to an unquantified degree) 

by fires. Nonetheless, based (III present performance, this remaining population is healthy 

and acts as a source (albeit small) of export of adult cranes to other Southern African 

wetlands_ Models predict that (his population will continue to be self-sufficient even if 

the few remaining patches of suitable habitat under the inlluence of the Zambezi River 

are lost. This could change in future if plans to afforest parts of the Cheringoma 

floodplain catchment, or use the wetland for rice cultivation, go ahead. Should the 

perfonnance of the Cheringoma cranes be compromised, or adlilt mortality rate increase, 

the population is predicted to enter negative growth, 
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(hapkr IV: SimI! iali on 'nodding of Ihe Lnmbai Odin v.' aWed (nm~ pupulation 

Appendix (4) I. Randomly gcncrat~d nlinfall freqnencies used in ,imulation models 
('lith normal di~tributions superimpo,ed). 
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