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INTRODUCTION 
  
Since 1993, three pairs of  black rh ino (Diceros b icornis  minor )  have been re-
introduced into L iwonde Nat ional Park  (NP).  This was the f irs t  s tep in re-
establ ish ing the spec ies in th is country where they were of f ic ial ly dec lared ext inct  
in 1990 (Anonymous 1993, Bhima 1996, Bhima & Dudley 1996).   W hile these 
introduct ions have been part ia l ly successfu l wi th four young born dur ing th is per iod,  
two adults ,  one male and one female wi th an advanced fetus , have d ied.  These 
deaths were not caused by poaching but perhaps to a lack  of  in formation on the 
ecological requirements of  the spec ies and weakness of  the park ’s management  
capac ity.  
  
In  an attempt to address th is  problem, R. Bhima,  requested assistance to develop 
and support  a professional management sys tem for the long- term survival of  the 
b lack rhino in Malawi.   As a f i rs t  s tep in th is p lan, the SADC Rhino conservat ion 
programme provided funding to def ine ecological guidel ines for  the development of  
a management p lan for  rhino conservat ion in L iwonde NP.  The repor t  which 
fol lows, rev iews past vegetat ion surveys and habitat s tudies  in  L iwonde NP, maps 
the park ’s vegetat ion at su i table scale for  GIS format and, on th is bas is,  produces 
est imates of  the rhino carrying capac i ty for  the ent ire L iwonde NP so as to be able 
to form a v iable populat ion.  In addi t ion,  recommendat ions are made for  a long-term 
ecological monitor ing and evaluat ion programme.  A fu l l  account  of  the terms of  
reference for  th is  work  is  given in Appendix  1. 
 

BLACK RHINO IN MALAWI 
 
HISTORIC AL ACCOUNT 
Johnston (1897) ,  in h is  c lass ic account of  Br i t ish Central Af r ica (now Malawi) ,  wrote 
“Although nowhere very abundant,  the ord inary two-horned rh inoceros is  probably 
found pret ty general ly over  a l l  Br i t ish Centra l  Af r ica except  on the h igh p lateau.”   In 
the most recent review of  the h istor ica l distr ibut ion of  rh ino in Malawi,  Ansel l  &  
Dowsett  (1988) repor t  that they were “ In the past,  found vi r tual ly throughout  the 
country, except for  the montane areas”,  even as h igh as the footh i l ls  of  the Nyika 
Plateau (McClounie 1903) .   Their  d is tr ibut ion map (map 100) shows that rhino, pr ior  
to 1975, were recorded in 38 of  Malawi ’s  ~170 1/4 degree squares wi th records 
extending f rom Karonga in the far  north to the Mwabvi area in the southern end of  
the Lower Shire Val ley.  An ear l ier  h is tor ica l rev iew regarding the past d is tr ibut ion 
of  Malawi ’s rh ino (and other  large ungulates) is  provided by Sidney (1965 c ited by 
Hobbs 1976).  
 
By 1984, Malawi ’s rhino were now conf ined to Kasungu NP in the country’s Centra l  
Region and Mwabvi Game Reserve (GR) in Nsanje Dis tr ic t  (Jachmann 1984).   
Mwabvi GR (formal ly Thangadzi  River Reserve in 1929) was pr imar i ly es tabl ished 
to conserve the few (6-7) remaining rh ino in the southern par t  of  the country.   This 
was not cons idered a v iable populat ion, but  rather part  of  a larger metapopulat ion 
in the adjacent wi lderness of  Moçambique (Jachmann 1984) .   In  fact ,  according to 
Jachmann over the last 50-60 years i t  was unl ikely that more than 10 indiv idual 
ever  occupied the area of  Mwabvi GR.  Simi lar  low numbers were est imated for  the 
reserve by Ridding (5 animals , 1975)  and Parker (4-7 animals,  1976).  
  
In the same paper,  Jachmann s tates that the Kasungu NP populat ion (10-20 
animals)  was fa ir ly stable due to s trong ant i-poaching act iv i t y,  a wel l- run research 
uni t  and low numbers  of  rhino re lat ive to dense vegetat ion.  Yet ,  with in 5-6 years 
th is  spec ies  was ext inct in the country.  
  
Hal l-Mar t in  (1969) and I  are unaware of  any records of  rh ino being present in  
L iwonde NP.  However , there are a number  of  his tor ica l accounts of  rhino in nearby 
locat ions.  These were reviewed by Hobbs (1976) and Stead & Dudley (1977) .   
Probably the f irs t  publ ished record was that of  O’Nei l l  (1884)  who reported the 
spec ies present in the area f rom Lake Amaramba to Lake Shirwa (=Chi lwa) , an area 
l i t t le more than 30-50km f rom Liwonde NP.  Johnston (1895) recorded that on the 
Chi lwa and neighbour ing pla ins “rh ino st i l l  range” .   This was supported for  the same 
per iod (1894) by Maugham (1929).   Duf f  (1903) reported four rh ino being shot  in  
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the Zomba Dis tr ic t ,  the adjacent d istr ic t  to the present Machinga Dis tr ic t ,  which 
contains the park .  Perhaps more re levant to the park  is  the repor t  in the Handbook 
of Nyasaland  (Murray 1922) that “ rh inoceros would occas ional ly be tracked to the 
Masanje River” ,  a perennial  r iver whose lower reaches pass through the nor thern 
sect ion of  the park  where i t  empt ies  in to Lake Malombe.   Ear l ier  edit ions of  the 
Handbook  (Murray 1908, 1910) repor ted rh ino in the Kirk  Range 75km away on the 
western edge of  the Ri f t  Val ley.  Ansel l  & Dowsett ’s  (1988) map of  rh ino dis tr ibut ion 
inc ludes quarter degree squares 1435-C2 and 1435-C4,  both squares inc lude 
approx imately 90% of  the park  and much of  the Mangochi Forest Reserve.  I  do not  
know the actual  records substant iat ing the presence of  rhino in these squares. 
  
Cons ider ing the wide h is tor ical  d is tr ibut ion of  th is spec ies in the country and i ts  
to lerance of  a great range of  habitats (Smithers  1983) f rom grass lands (Serenget i ,  
Frame 1980) to deser ts  (Lout i t ,  et a l.  1987) the spec ies assuredly was present in  
the area that  is  now Liwonde NP in the ear ly par t  of  the last  century.  
 
MODERN RE- INTRODUCTIONS 
The ini t ia l  in troduct ion of  rhino into L iwonde NP, were a pair  f rom Kruger NP in 
South Afr ica (Anonymous 1993) .   They were re leased into an e lectr i f ied fenced 
sanctuary (no 1, 15km 2) in  la te 1993 and at  that t ime were about  four  years  o ld.   
Three years later in June 1997 they produced the f irs t  ca lf  (a male).   A second calf  
(male) was born in 1999 (Bent ley Palmer pers. com.).   Dur ing th is  per iod,  a second 
pair  of  rh ino was placed in a second enc losure (no 2,  14km 2) to the south and 
adjacent to the f irs t .   In ear ly 2000,  th is pair  produced a calf  (sex unknown) . 
 
Late in 2000, a th ird pair  of  rh ino was introduced into a th ird sanctuary (no 3)  
adjacent to and to the east of  the f irs t  two enc losures.  The th ird s i te was 
del ineated by Dudley (2000) at  approximately 17km 2 but  in  ac tual  layout in  the f ie ld 
by J & B Circ le personnel proved to enc lose near ly 20km 2 (Labuschagne pers . 
com.).  
 
In  1999, the fence d iv iding the sanctuar ies no 1 and no 2 was removed.   The 
arrangement  and p lac ing of  the three sanctuar ies  is  shown in F ig.  1.  
 
Unfor tunate ly,  the year 2001 saw some setbacks to these re- introduct ions.  Not 
long af ter  the fence div id ing the two sanctuar ies had been removed, the f irs t  
introduced male was found dead.  I t  was f irs t  thought that th is might have been due 
to aggress ion f rom the male in sanctuary no 2.  I t  has been found in other  
sanctuary s i tuat ions that adult  bul ls  of ten wi l l  k i l l  one another in restr ic ted areas of  
less than 25km 2/bul l  (W alker 1994) .   According to Knight et  a l  (1998 as c ited by 
Pienaar & Dudley 1998) ,  i t  is  South Afr ica NP management  pract ice to f i rs t  
separate new introduced b lack rhino through fencing and only remove the fenc ing 
once newcomers have establ ished themselves complete ly.   At L iwonde NP, the two 
sanctuar ies tota led no more than 29km 2, wel l  under the 50km 2 W alker c la imed was  
needed.  W hile many people in Malawi fe l t  that the removal of  the fence lead to the 
death of  the f irs t  male through conf l ic t  wi th the second, M. Labuschagne (pers . 
comm.) feels that the cause of  death was due to tr yps (Trypanosoma  sp) infect ion.  
Rhino are known to d ie f rom such infec t ion i f  they have not had pr ior  exposure to  
certa in s trains of  t r yps, part icu lar ly when under s tress (Taylor 1986 and Mihok et  
a l.  1992 as c ited by Dunham 2001) .  Labuschagne said that the skeleta l remains of  
the male showed no s igns of  damage.  He repor ted that K.  Lorenz,  a vet based in 
Blantyre and wi th considerable wi ld l i fe  exper ience,  said that the int roduct ions of  
buf fa lo f rom Kasungu NP in 1999 may have introduced the more aggress ive s tra in 
of  t r yps, T. brucei ,  into L iwonde NP where only T. congolens is ,  a less v iru lent 
stra in had previous ly been present.   He suggested that th is might have been the 
cause of  death, part icu lar ly i f  the male was under some type of  s tress as wel l .  
 
A second death was more unfortunate s ince i t  was a female in la te s tages of  
pregnancy.   This  was a member of  the th ird pair  in  sanctuary no 3.  Due to var ious  
problems in selec t ion and trans locat ion, and perhaps due to her pregnancy, she 
was considered to be under stress and not set t l ing wel l  wi th in the enc losure.   
Labuschagne again suggested that f rom s ite observat ions, death might have been 
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f rom tryps.  W hile neither s i tuat ion is  proven, Trypanosoma  infect ions must be 
cons idered a poss ib le factor  in  the deaths of  the two animals . 
 
Recent good news is that another calf  was born in the sanctuary October 2001.  I t  
has not been sexed ye t.  
 
LIWONDE NATIONAL PARK 
 
GEOMORPHOLOGY 
The geomorphic  features of  L iwonde NP have been interpreted and mapped by 
Dudley (1976) and Schroder (1979) .   I  produced a revised map in 1978 that now 
forms part  of  this  consultancy.   Such maps assist  in  the rat ional use of  the phys ical 
and b io logical environment through their  symbol ic incorporat ion of  the mater ia l  
compos it ion and dynamic processes governing the evolut ion of  re l ief .   This map 
was der ived f rom 1:20,000 a ir  photos wi th ground truth ing and conta ins most ly 
morphogenic  informat ion.  Such maps interre late with a l l  aspects  pert inent to the 
analys is of  the resources of  the NP inc luding cur rent and potent ia l  soi l  eros ion and 
depos it ion pat terns,  hydrological character is t ics  and vegetat ion d ispers ion,  
s truc ture and f lor is t ics (Dudley 1976) .   Furthermore, such a map may highl ight  
pract ica l  features such as problems of  access ib i l i t y,  and pecul iar  and d if f icul t  
topographical features that  have a bear ing upon fence, br idge (or dr i f t )  and road 
construct ion and a l ignment. 
 
SOILS 
A reconnaissance soi l  survey was under taken by Mi tchel l  & Ntokotha (1974)  in 
1969/70 to assess the agr icu l tura l potent ia l  of  the land before i t  was committed as 
a NP.  Their  conc lus ion was that  l i t t le more than 30-45km 2 of  the surveyed land 
could be c lassed as suitable for  ra in fed agr icul ture.  Perhaps hal f  the survey area 
might  be suitable for  r ice cul t ivat ion but  the costs  of  soi l  improvements  and 
dra inage probably would be h igh and not just i f ied.  No other s ignif icant soi l  s tudy 
for  the L iwonde NP area has been done. 
 
Mitchel l  & Ntokotha (1974) mapped a tota l  of  seven soi l / land types and provided a 
par t ia l  analys is f rom 17 auger holes (pH, exchangeable sodium and sal in i ty) .   Three 
quar ters of  the area surveyed proved to be deep immature sandy c lays with shal low 
topsoi ls  and impeded drainage.  Extremely hard, compact surface hor izons (at 7-
15cm) with impermeable sub-soi ls  predominated.  The soi ls  were commonly sodium 
def locculated. 
 
Mitchel l  & Ntokotha  (1974) accompanied their  repor t  wi th a map and an extremely 
br ief  descr ipt ion of  the vegetat ion of  the mapped soi l  t ypes.  The d istr ibut ion of  soi l  
features provides some explanat ion to the d istr ibut ion of  vegetat ion communit ies 
wi thin L iwonde NP ( i .e .  ta l l  grass tree savanna (soi l  t ype 10) ,  the mopane 
woodland/th ickets (soi l  t ype 14) and the mopane woodland and mopane c lump 
( termitar ia)  savanna (soi l  t ype 6b)) .   The re lat ion of  vegetat ion to their  so i l  t ypes 13 
and 6c is  not c lear .  A copy of  their  map at a scale of  1:50,000 has been produced 
for  th is repor t .  
 
VEGETATION 
The ear l iest  recorded vegetat ion descr ipt ion with any usefu l  deta i l  for  Liwonde NP 
is that of  Hal l-Mart in (1969).   Other reports ( i .e .  Shaxson 1977),  where they ex ist ,  
are too superf ic ia l  to  be of  any use at th is  scale.  Hal l-Mar t in d iv ided the park ’s 
vegetat ion into s ix  communit ies with several subdiv is ions wi thin two of  these.  (1)  
River ine and f lood p la in vegetat ion inc luded f ive wet land habitats :  (a)  aquat ic  
communit ies  ( lagoons, edges of  Shire River and Lake Malombe),  (b)  f loodpla in 
grass lands, (c)  r iver ine th icket ,  (d)  forests  (a long Shire banks and most east-west 
watercourses) and (e)  Hyphaene  palm savanna (wi th in the southern f loodpla ins).   
(2)  Tree savanna inc luded two types: (a)  mixed deciduous tree savanna-Adansonia 
d ig i ta ta  and (b) dec iduous tree savanna-Terminal ia ser icea  (on better-dra ined soi ls  
towards the escarpment)  which grades into the Brachystegia  woodland of  the Rif t  
Val ley wal ls .   A more mesic (3)  Combretum  savanna woodland was noted on the 
Chiunguni  and Naf iu lu h i l ls .   Approx imately 70% of  the area was covered by (4)  
Colophospermum mopane  woodlands.  Al l  t ypes of  stands occurred f rom true 
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woodland wi th t rees up to 15m or more h igh.  Grassy dambos were common.  The 
mosaic ef fect seemed to depend on the pos i t ion of  dra inage l ines and on the 
resul tant so i l  catena.  The las t two communit ies were the ubiquitous (5) termitar ia  
communit ies ( thickets)  and (6) dry forest (Namalembo) s imi lar  to that of  Lengwe 
NP. ) .   Most  of  these communi t ies , a lthough here very superf ic ia l ly descr ibed, fal l  
wi thin those proposed by Dudley (1994).   The tota l  f lora l is ted by Hal l-Mar t in was 
very small  (33 spec ies).  
 
A more detai led c lass if icat ion of  the vegetat ion and f lora of  L iwonde NP is that of  
Dudley (1994).   This study remains the most in tens ive botanical research that has 
been under taken wi th regards to the f lor is t ics and phys iognomy of  Malawi ’s  
dec iduous woodlands.   The f lora proved to be cons iderably r icher than might be 
expected f rom the l i terature descr ibing other dry dec iduous woodlands (part icular ly 
mopane woodland areas) and the smal l  homogenous nature of  the park ’s 
landscape.  I t  s tands at 1040 taxa.  This is  greater than the recorded f lora of  the 
much larger Tsavo East NP (931spp, 12,000km 2, Greenway 1967 vs. 1040spp,  
548km 2, Dudley 1994).   The Selous NP at 45,000km2 (almost 100X larger)  records a  
f lora only about 2X as large at 2065 spec ies  (Vol lesen 1980) .   For  i ts  s ize, L iwonde 
NP has a much r icher f lora than that recent ly descr ibed for  South (1094spp,  
9,000km 2, Ast le et  a l .  1997) and North (924spp, 4,636km 2, Smith 1997) Luangwa 
NPs in Zambia,  parks wi th s imilar  vegetat ion to L iwonde. 
 
Monocots comprise approx imately 23% of  the f lora (237 spp,  21 famil ies) of  
L iwonde NP whi le d icots account for  76% (783 spp, 87 fami l ies) (Dudley 1994) .   
The legumes are prominent ly represented wi thin the 15 largest  famil ies  of  d icots:  
Fabaceae (1s t ,  80spp) ,  Mimosaceae (6 t h ,  32spp)  and Caesalp in iaceae (11 t h ,  21spp).   
Other important fami l ies are Euphorbiaceae (2nd ,  46spp),  Rubiaceae (3r d ,  42spp) , 
Asteraceae (4 t h,  41spp) and Acanathaceae (5 t h,  35spp). 
 
Dry dec iduous vegetat ion communit ies predominate in L iwonde NP and occur  
roughly as north-south “bands” para l le l  to the Shire River.   Soi l  moisture, sal in i ty,  
chemistry and tex ture strongly inf luence the d is tr ibut ion of  these communi t ies  as  do 
f ire and e lephant.   Dudley (1994) p laces the f lora of  L iwonde NP into seven 
vegetat ion assoc iat ions or communit ies, one of  these, the mopane woodland 
complex,  is  fur ther  d iv ided into s ix  fac ies or subtypes. 
 
Floating meadows, lagoons and reed swamps  
These occur a long the Shire River and the south eastern shore of  Lake Malombe, 
being most ex tens ive in the south.  More than 42 species  of  p lants  have been 
col lec ted in these habitats (Blackmore et a l.  1988) that occupy approx imately 4.5% 
of  the park . 
 
Floodplain grasslands/grasslands and associated communit ies 
The boundary between the f loodpla ins and the more mesic grasslands is of ten 
indis t inc t and can vary great ly over the years due to changing water levels of  Lake 
Malawi and to the act ion of  the barrage on the Shire River,  just south of  the park .  
Associated wi th the grass lands are smal ler  communit ies of  Hyphaene  palm savanna 
and palm th ickets.  Again, the f loodplain grasslands are much more extens ive in the  
south.   The tota l  area of  these communit ies  is  l i t t le more than 3%. 
 
The most  important genera of  the grass lands are Setar ia ,  Digi tar ia ,  Sporobolus ,  
Echinochloa  and Panicum .   In some areas these grasses form near ly monospec if ic  
s tands, occupying preferred soi l  moisture s i tes paral le l  to the swamps.  Poaceae, 
wi th 98 spec ies known, is  the largest  family in the park ’s f lora. 
 
The Hyphaene  pa lm savanna has never been extens ive and has fur ther been 
reduced through past  act ions of  palm tappers that k i l led numerous trees and 
through f ire,  inh ib i t ing recru itment of  young p lants . 
 
Hyphaene  palm forest / th ickets vary in s ize f rom 0.1-1.0ha and are r ich in spec ies  
(40spp/0.25ha) .   They are found on ‘ foss i l ’  a l luv ial sand depos its ,  provid ing good 
penetrat ion of  water .   A long wi th 16m palms, other t ree spec ies  inc lude Adansonia 
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dig i tata ,  Afzel ia quanzens is ,  Erythr ina  and Acacia  spec ies.   Smal ler  (8-10m) t rees 
of  the subcanopy inc lude Diospyros  spp, Grewia  spp and Vanguer ia in fausta .  
 
Mixed woodlands (MxW) 
These woodlands are found on a l l  the stony inselbergs of  the park  with some 
degree of  var iat ion in f lor is t ic  compos it ion, canopy cover  and tree height .   
Dominant genera are Combretum ,  Terminal ia ,  Diplorhynchus ,  and Stercul ia .   On 
Chiunguni Hi l l  (909m) the woodland approaches that descr ibed by Shaxson (1977) 
as “open canopy woodlands of  hi l ls  and scarps”.   Here can be found ta l l  emergents  
(20-25m) trees of  the spec ies of  Brachystegia ,  Burkea ,  and Kirk ia .   F ire damage to 
smaller  trees (<10m) is  cons iderable, par t icular ly on the lower  inselbergs.  The 
community is  smal l  cover ing no more than 2.5% of  the park . 
 
Tall  grass tree savanna (TGTS) 
This vegetat ion type is more dif f icu l t  to precisely def ine and shows great var iat ion 
in percent tree cover (<5->20%).  I t  is  found along the narrow ‘ f loodpla ins ’ of  the 
east-west seasonal  (Mwalas i ,  Namandanje,  Nangondo and Ntengai)  and perennia l 
s treams (Masanje and Likwenu) and in the northern ex tens ion of  the park .  Tal l  
t rees (16-20m), occurr ing indiv idual ly or  as  small  groups, are widely spaced and 
grass cover is  th ick  (100%) and ta l l  (2-3m).  Impor tant trees are of  the genera 
Sclerocarya, Cordyla ,  Adansonia ,  Combretum ,  Stercul ia ,  Lonchocarpus ,  Xeroderr is ,  
Acacia  and Pi l iost igma .   Some spec ies  are twisted and s tunted by f ire and are of  
only moderate height  (4-6m).  Seasonal  regenerat ion of  f i re coppiced individuals of  
the spec ies  above can be v igorous.   In spite of  f ierce seasonal  f i res, the community 
in many s i tes  is  s lowly g iv ing way to encroachment by woody spec ies  of  the 
adjacent woodlands (Colophospermum mopane  and Dalbergia melanoxy lon amongst  
others) (Dudley 2000).  In some locat ions in the nor thern ex tens ion, along the 
park ’s  southern boundary and in the central  eastern area around the Naf iu lu Hi l ls ,  
the openness of  th is  community is  due to the act ions of  cu l t ivators pr ior  to the  
parks es tabl ishment .  I t  is  in these more open fac ies , that f i re seems to be forc ing  
the success ion towards a more grass land habitat .  
 
The vegetat ion type covers about 14% of  the park ’s area but contr ibutes l i t t le in the 
sense of  adding new woody spec ies to the f lora.  I t  is  an important feeding area for  
e lephant  in  the wet season. 
 
Riverine semi-deciduous forest /thicket (RF/T) 
Along the banks, oxbows and r iver terraces of  perennia l and seasonal east-west 
r ivers can be found a band of  f r inging ‘ fores t ’  or  th icket  (5-100m wide) ,  the width of  
th is band d imin ishing great ly to the east where s tream channels are not so deeply 
incised.  W here these streams empty into the Shire River and the water table is  
h igh and there are larger deposi ts of  a l luv ia l soi l ,  somet imes forming h igh banks, 
the community is  wel l  developed and may cover many hectares.  In some locat ions  
a long the Shire, there are a lmost pure s tands of  Borassus  pa lms (18-20m).  Other  
s i tes are very mixed and may inc lude emergent trees such as Parkia ,  Khaya ,  
Xeroderr is ,  Terminal ia ,  Diospyros ,  Acac ia  and Ficus  spp, some reaching heights of  
33m.  The main canopy layer (12-15m) contains genera such as Trichi l ia ,  Garc inia ,  
Kigal ia ,  Diospyros and Albizia .   There are numerous l ianas of  cons iderable g ir th 
(>30cm) such as Dalbergia, Saba  and Artabotrys .   The spec ies complement of  this  
restr ic ted park  habi tat  (1%) var ies f rom place to p lace depending upon soi l  t ype 
and water avai labi l i t y.   Near the Shire a tota l  of  50-60 woody species (85% trees) 
can be found per hectare. 
 
The forest  areas are sometimes joined by th ickets on terraces and at  the forest 
woodland interface.  This dense vegetat ion inc ludes species of  Fr iesodie ls ia ,  
Markhamia  and Diospyros  wi thout  emergent  trees.  The f irs t  spec ies usual ly forms 
a band of  th icket 10-15m each s ide of  the r iverbank forest .   Fr iesodie ls ia  a lso can 
form small  th ickets in mopane woodland areas when not too far  f rom r iver-
inf luenced ground or near sumps and waterholes.   Other impor tant spec ies  are in  
the genera Byrsocarpus ,  Fret ia ,  Ant idesma ,  Jasminum ,  Lindacker ia  and Grewia .   
Some of  th is  vegetat ion may be secondary growth on past-cul t ivated land. 
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Present ly,  the r iver ine forest  e lements  are undergoing some dec l ine pr inc ipal l y 
where the seasonal st reams jo in the Shire.  These areas act as congregat ing and 
feeding s ites for  e lephant in the dry season and much of  the lower canopy trees 
and l ianas have been badly damaged.  In addit ion, the his tor ica l ly h igh levels of  
Lake Malawi in 1977-1980 (Cross ley 1980) k i l led many canopy and emergent trees.   
Consequent ly,  large proport ions of  th is vegetat ion type have been opened up 
through tree fal l  to the invas ion by grass and thicket spec ies and, thus, to the 
inf luence of  f i re.  
 
Drought  deciduous forest /thicket (DDF/T)  
In spite of  i ts  small  area (<1.5%) th is community conta ins  the r ichest and most  
interest ing vegetat ion to be found in L iwonde NP.  Several  species were new to 
science whi le many more proved to be f irs t  or  second records for  the country or 
even the F lora Zambesiaca Region.  More than 80 spec ies  of  woody p lants (80% 
trees) have been col lected at a one-hectare s i te .   Emergents inc lude Balanites  
(25m), Entandrophragma  (25m), Fernandoa  (32m), Lannea  (>20m), Newtonia  (29m), 
Terminal ia  (30m), and Xyl ia  (>20m).  Underneath are found two canopy layers at 8 
and 15m dominated by Strychnos ,  Hymenocardia ,  Mil let t ia ,  var ious Rubiaceae, and 
several l ianas of  the genera Combretum ,  Acac ia ,  Dalbergia ,  Til iacora  and 
Hippocratea .    
 
The soi l  is  deep sand and is probably der ived f rom anc ient al luv ial depos its and 
may over l ie a h igh water  table.  As wi th the r iver ine forest ,  e lephant have recent ly 
damaged th is community and a long with woodcutters f rom the nearby v i l lages, 
opened up the forest  cons iderably.  
 
Colophospermum mopane woodland complex 
This complex occupies about 74% of  the park ’s area and g ives i t  i ts  somewhat  
uniform appearance.   W hile i t  is  correct that  C. mopane  dominates these 
communit ies  (somet imes up to 80% of  woody p lants >2.0m), cons iderable var iat ion 
is  possib le.  Grass cover  is  shor t  and of ten sparse and ground cover  is  great l y 
g iven over to species of  Acanthaceae.  Very shal low near ly f lat  dra inage l ines 
d issect these communit ies in a dendr i t ic  pat tern.   Six  of  the most prominent fac ies 
are descr ibed below. 
 
Mopane woodland (MW):   There is  of ten great uniformity in mopane height (12-15m) 
and canopy cover can be greater than 50%, general ly a lways over 25%.  There is  
l i t t le evident c lumping of  the canopy trees.   Other canopy spec ies seldom reach 
10% of  the facies .  Numerous Euphorbia ingens  (6-8m) and baobabs are present .   A 
patchy second canopy layer of  Dalbergia melanoxy lon  (3-8m) and Balanites  
aegypt ica  (7-8m) may occur as scat tered stands.  Also present are spec ies of  
Albizia  and Canthium .   Dense regenerat ing patches (0.5-3.0m) of  mopane, D. 
melanoxy lon  and Acacia  spp a lso occur.   W here f ire has been inf requent,  these 
understory stands may form dense th ickets  and cover 10-30% of  the area.  The 
semi-woody Anisotes formosissimus  and Ecbol ium c larkei  may be dense at ground 
level  (1-1.5m).  Few termitar ia  th ickets  are seen. 
 
Open mopane woodland:   This is  s imilar  to the above except that the soi ls  are 
deeper  and the trees are ta l ler  (20-25m) and more widely spaced (cover 20-40%).   
A second canopy layer  is  less  in  evidence  
 
Mopane c lumped ( termitar ia)  savanna (MCS):   This is  a widely d istr ibuted subtype, 
most ly occurr ing in the eastern two th irds of  the park .  The trees (10-30% cover)  
are restr ic ted to regular ly spaced termi te h i l ls ,  many of  which may be very anc ient .   
Separat ing these termitar ia,  are wide grassy glades, of ten seasonally water logged.  
This vegetat ion type intergrades wi th other  forms of  mopane woodland complex and 
is qui te var iable.  The mopane trees can be large (20-25m) yet can number  up to 
13/termetar ia.   A well-developed secondary canopy exis ts (8-12m) inc luding 
spec ies of  Drypetes ,  Markhamia ,  Cass ia ,  Albizia,  Euphorbia ,  Lannea ,  Tamar indus  
and Dalbergia .   Fockea mult i f lora ,  Combretum k irk i i ,  Hippocratea  and Cappar is  
spec ies are wel l-developed l ianas.  The dense shrub layer (~2-3m) contains  
spec ies of  Combretum ,  Thi lachium ,  Grewia ,  Bosc ia ,  Fr iesodie ls ia ,  Fret ia  and 
Al lophylus .   F ire is  an intense modif ying force. 
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Mopane woodland/ thicket  (MW/T) :   These spiny woodland th ickets are pr imar i ly 
restr ic ted to the more compact ,  impermeable and a lkal ine soi ls  of  the southwestern 
par t  of  the park .  They inc lude many succulents, espec ia l ly Euphorbia ingens  and 
E. l iv idi f lora  as wel l  as Fockea  and Adenium .   The th icket aspects (2-5m), of ten 
assoc iated with smal l  termite hi l ls ,  are main ly made up of  spec ies of  Acac ia ,  
Commiphora ,  Ziziphus ,  Croton  and Salvadora .   Mopane is the pr inc ipal canopy tree 
(10—12m) but is  not so dominant .   In recent years e lephant have opened up th is  
assoc iat ion great ly.   In a recent survey,  one 0.25ha p lot  showed a dec l ine of  near ly 
70% in individuals of  woody species f rom 1984-2001 (Nyoni unpublished data).   The 
community is  very r ich, contain ing up to 60 woody spec ies per 0.5ha. 
 
Mopane woodland wi th coppice:   This  g ives the impress ion of  a tea f ie ld on air  
photos and cons is ts of  dense,  a lmost impenetrable patches of  mopane (1.5-2.5m, 
20-30% cover)  intermixed wi th few ta l ler  mopane (12-15m) (Dudley 2001).   
Elephant browsing mainta ins the coppice form.  In some areas there appears to be  
an addit ional inf luence of  soi l  fac tors .  These types general ly occur near the Shire 
predominate ly north of  the Mwalas i  River and on very impermeable a lkal ine soi ls .  
 
Albizia harvey i  woodland:   This  assoc iat ion ex is ts as smal l  to medium sized (0.5-
72.0ha) enc laves wi th in the mopane woodland complex and cons ists of  s tands of  
a lmost pure Albizia harvey i  (>90%) reaching 10-12m in height and wi th canopy 
cover of  40-50%.  The unders tory (1-3m) is  pr imar i ly mopane and D. melanoxy lon .   
These trees are dec l in ing rapid ly due to root d isease and e lephant browsing (as  
much as a 62% decl ine in canopy indiv iduals in 23 years,  Dudley 1999).  
 
Waterholes 
W aterholes have their  own spec if ic  character is t ic  vegetat ion.  This inc ludes trees 
spec ies of  the termite h i l ls  in the dr ier  areas and shrubs and t rees of  the 
r iverbanks, such as Diospyros mespi l i formis .   Of ten there is  cons iderable shrubby 
cover  as wel l  a t  the edges. 
 
Rhino sanctuaries 
The vegetat ion map produced for  the park  for  this  report  ut i l ized  a ir  photos at  a 
scale of  1:34,000 to 1:40,000 and taken wel l  into the dry season (August)  when 
trees had los t a very h igh propor t ion of  their  leaves.  Analys is of  the vegetat ion of  
the present sanctuar ies was under taken at a f iner scale (1:5,000 and 1:25,000) wi th 
the lat ter  taken ear l ier  in the year (May and July) .   For the invest igat ions of  the  
sanctuar ies, cons iderable f ie ld observat ions were poss ib le.  In the f ie ld, spec ies,  
height and cover of  woody p lants were important factors , par t icular ly for  those 
p lants <3m high.  For a ir  photo analys is ,  sanctuary s i tes were located on air  
photos.  Homogenous appear ing units of  vegetat ion were then marked of f  and 
mapped and the area of  each of  these uni ts was est imated.  Subsequently,  each 
uni t  was ground checked and descr ibed in terms of general structure and f lor is t ics .  
Three major vegetat ion communit ies were ident i f ied in the sanctuar ies.  These were 
fur ther subdiv ided into impor tant var iants .  Table 1 compares the vegetat ion of  the 
three sanctuar ies.   Two fac ies of  the mopane woodland complex are shown whi le 
several of  the minor  subtypes are combined.  
 
Tab le  1 .   A  compar ison o f  the vegeta t i on o f  the th ree  rh i no s anc tua r ies  in  L iwonde  NP.   Va lues  are  
in  pe rcent age cover .   RF/T  =  Ri ve r ine fo res t / th icket  combined,  TGTS = Ta l l  g ras s  t ree  savanna,  MW 
= mopane woodland wi th  o r  wi thout  copp ice,  MCS = Mopane c lump ( term i tar ia )  savanna and m isc  = 
m isce l laneous  m inor  t ypes .  
 

Sanctuar y RF/T TGTS MW MCS misc 
1 10 35 45 9  1  
2  8  11 75 5  1  
3  3  25 19 51 2  

 
There appear to be impor tant d if ferences with respect to areas g iven to the mopane 
complex at  the expense of  RF/T and TGTS.  As expected wi th the most eastern 
sanctuary,  MCS formed the major i t y of  the land cover .  
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Mangochi Forest Reserve 
I  was asked to h ighl ight the impl icat ions of  extending the management of  the park  
to ( in to?)  the Mangochi Forest Reserve (FR) .  
 
The Mangochi massif  l ies immediate ly to the north of  L iwonde NP, having a 
cont inuous connect ion to the park ’s northern ex tens ion (corr idor)  of  7-8km at the 
base of  the steep escarpment .   The whole mountain is  very rocky wi th i ts  h ighest  
point  1,742m a.s . l .   On the upper s lopes the ra infa l l  is  probably at least 1,300mm 
p.a. as at Namwera (900m) ra infa l l  averages ~1,100mm (W aldon 1976).   At the 
h ighest  e levat ion mists f requent ly occur in the dry season. 
 
Knowledge of  the Mangochi FR is very scarce and, to a cons iderable degree, is  
l im ited to the animal  and p lants of  the evergreen forests of  Mangochi Mountain 
i tse lf  (Chapman & W hite 1970, Dowset t  & Hunter 1980, Johnston-Stewar t 1984) 
The evergreen submontane forest  covers the upper part  of  the main peak (1580-
1740m) and covers about 2,500ha (Chapman & W hite 1970) .   W ell  below the forest 
on a p lateau between the mountain ’s peak and i ts  lower ramparts l ies the 
abandoned For t  Mangochi  bui l t  in 1896.  The forest ’s  upper canopy reaches to 36m 
and includes spec ies  of  the genera Chrysophy l lum ,  Drypetes ,  Ficus  (s tranglers) ,  
Cola ,  Teclea  and others.  A secondary canopy is conspicuous.  The 
forest /grass land edge is sharp indicat ing repeated dry seasonal f i res .  Much 
e lephant damage is in ev idence where woodlands approach the forest .   E lephant  
probably occur in small  numbers throughout the year at these upper elevat ions 
(Johnston-Stewar t 1984).  
 
The woodlands of  the lower s lopes can be general ly ca l led miombo  and 
Brachystegia/Julbernardia/Uapaca  spec ies dominate.  W aldon (1976) descr ibed the 
woodland/savanna vegetat ion and the phys ical features of  the lower reaches of  the 
mountain f rom a land husbandry/forest p lantat ion development point  of  v iew by tree 
dens ity,  photo tone and tex ture us ing a ir  photos and ground surveys.  Typical ly,  his  
groupings inc luded woodland, wooded savanna, tree savanna, t ree/bush savanna,  
grass lands and dambos.  In most s i tuat ions ta l l  dense Hyparrhenia  grass was 
present .   Tree height  ranged f rom 6-15m whi le canopy was 20 to near ly 100% 
cover .   Slopes are steep in p laces ≥25% and much d issected and showed 
cons iderable soi l  eros ion (up to 75% of  top soi ls  lost ) .   However ,  l i t t le informat ion 
was provided regarding the woody vegetat ion at  the 1-3m level.  
 
Rhino would cer tain ly be able to survive in th is habitat .   W ater should be avai lable 
throughout the year,  a l though sources would be scattered and l im ited in  the dry 
season.  Food resources fal l  wi th in the range of  sui tabi l i t y.   However,  suf f ic ient  
monitor ing and protect ion act iv i t ies would be problemat ical  because of  the 
inaccess ib le nature of  the massif  due to the lack  of  any roads and steep dissected 
topography,  part icular  a long the southern escarpment .  From a more general  
conservat ion point  of  v iew, br inging the FR wi thin the NP management scheme 
would be ecological ly sens ib le.  The conservat ion area would inc lude the fu l l  range 
of  communit ies wi th in the greater  ecosystem of  the Rif t  Val ley wal l ,  f rom the 
evergreen forest and montane ‘grass lands ’,  through the escarpment woodlands and 
their  canyons, across the p lains of  mopane, mixed woodlands and r iver ine 
forest / th ickets to the wet grass lands and marshes of  Lake Malombe and the Shire 
River .   Managing th is vast  ecosystem would be another mat ter .  
 

RHINO FOOD SELECTION AND DIET 
 
Black rh ino have a very r ich select ion of  food p lants.  Smithers (1984) states that 
over  200 spec ies  are recorded in the l i terature and the l is t  inc ludes both forbs and 
woody plants.  However,  as I  show below, at least 614 species of  p lants have been 
recorded in the b lack rhino’s d iet by researchers in East ,  Centra l and Southern 
Afr ica.   
 
Goddard (1968) recorded 120 spec ies (32 famil ies)  eaten by rh ino in  Ngorongoro 
NP, 63 species  (31 famil ies) taken in Olduvai Gorge (overal l  173 d if ferent  spec ies  
and 42 famil ies , somewhat smaller  than the 191 spec ies and 49 famil ies he c la ims 
in h is  paper)  and in 1970 l is ted 102 spec ies  (30 famil ies) selected in Tsavo NP.  In 
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al l  cases there was a large percentage of  herbaceous spec ies in the d iet but their  
contr ibut ion to the tota l food intake was hard to est imate.  Spec ies of  leguminous 
p lants  and members  of  the Euphorbiaceae, as wel l  as  other  p lants wi th high 
moisture content,  were important d ietary i tems and were stated to be the key to an 
opt imum habi tat.  
 
Muk inya (1977) observing black rh ino in the Masai Mara GR l is ted 70 species (28 
famil ies) ,  again l is t ing herbs and shrubs.  Important famil ies were Capparaceae,  
Solanaceae, Euphorbiaceae and Mimosaceae. 
 
Oloo et a l .  (1994)  made a number of  ind irect observat ions on the d iet of  rh ino in 
Laik ip ia, Kenya over  a per iod of  s ix  months.   They recorded 103 spec ies  (37 
famil ies) .   The most important famil ies,  in rank order ,  were Acanthaceae,  
Papi l ionaceae (=Fabaceae) ,  Asteraceae, Euphorbiaceae,  Mimosaceae,  
Verbenaceae, Anacardaceae and Rhamnaceae.  Acac ia  was a very impor tant  food 
p lant .  
 
Hal l-mart in  et a l.  (1982) recorded 111 spec ies (37 famil ies) in thei r  feeding study of  
the rh ino of  the Addo Elephant NP.  W oody shrubs were major  preferences but  
rh ino a lso consumed forbs, grass and succulent plants , the lat ter  being favoured in 
the dry season. 
 
Lout i t  et al .  (1987) invest igat ing the rh ino of  the extremely ar id Skeleton Coast 
Park , Namibia, noted 103 species were selected (42 famil ies),  represent ing a high 
proport ion of  p lants  avai lable in  th is habi tat .  
 
Closer to Malawi,  Dunham (2001) obta ined a small  l is t  (compi led by P. Berry)  of  
some of  the p lants (17 species , 15 genera, 9 famil ies) that rh ino have been 
observed to eat in the Luangwa Val ley, Zambia.  Legumes, Euphorbiaceae and 
Combretaceae predominate.  Furthermore,  Dunham ci tes  informat ion, provided by 
T. W oodf ine, regarding the ten spec ies most  favoured by rh ino in Matusadona NP in 
the Zambesi Val ley (Karromia tat tens is ,  Combretum zeyher i ,  C. celast ro ides ,  
Diospyros qui loens is ,  Baphia massaiens is ,  Carphalea pubescens ,  Diplorhynchus 
condy locarpon ,  Acac ia n igrescens ,  Grewia b icolor  and Colophospermum mopane  
(Catunaregam spinosa  and Croton grat iss imus .  replace D. condylocarpon  and G. 
bicolor  in the dry season.) .   In the midlands of  Zimbabwe,  Coates-Palgrave 
(unpubl ished, c i ted by Dunham 2001) noted that rh ino feed heavi ly upon 
Combretum apiculatum ,  C. mol le ,  C. hereroense  and Terminal ia prunioides  as wel l  
as Acac ia gerrard i i ,  Flueggea v irosa  and Pseudolachnosty l is  maprouneifo l ia .  
 
Our current l is t  of  61 spec ies (46 genera and 25 famil ies) eaten by the rh ino in the 
sanctuar ies of  L iwonde NP is shown in Table 2.  W ith the except ion of  Annisotes  
and Ecbol ium  that are semi-woody shrubs, the remain ing spec ies  are str ic t ly woody 
ref lect ing the dry-season bias in observat ion.  The l is t  should great ly increase once 
herbaceous spec ies are inc luded and longer ,  more in tense observat ions made.  
W hile th is l is t  contr ibutes l i t t le to our knowledge of  the impor tance of  any of  these 
spec ies indiv idual ly to the bulk  and nutr i t ion of  the rh ino’s diet i t  does emphas ize 
the s ignif icant p lant famil ies and genera that contr ibute to the d ivers ity of  i ts  d iet.   
Mimosaceae (8 spp),  Fabaceae (6 spp) ,  Euphorbiaceae (6 spp) ,  and Combretaceae 
(4 spp) are not iceable famil ies whi le Acacia  (5 spp),  Combretum  (4 spp) ,  and 
Grewia  (3 spp) , stand out as important genera.  In terms of  the number of  ind ividual  
p lants  ut i l ized throughout the year,  Colophospermum mopane ,  Dalbergia 
melanoxy lon ,  Combretum fragrans ,  Z iziphus mucronata ,  Euphorbia ingens, Acacia 
n igresens and  Annisotes formo-  
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Table  2 .   L is t  o f  p lant  spec ies  eaten by  rh i no i n  L iwonde NP,  Malawi .  
 

Acanthaceae Euphorbiaceae Ti l iaceae 
Anisotes  formos iss imus  Ant ides mea venosum Grew ia  b ico lo r  
Ecbo l ium c lark e i  Cro t on g ra t i ss imus  G.  mont ico la  
 C.  megalobot rys  G.  s to l z i i  
Anacardiaceae Euphorb ia  ingens   
Lannea schwein f ur t h i i  
s tuh lmanni i  Phy lanthus  re t i cu l a tus  Verbenaceae 
Sc leroca rya b i r rea caf f ra  Secur inega v i rosa V i tex  ?payos  
   
Annonaceae Fabaceae  
C le is toch lamys  k i rk i i  Da lberg ia  arbut i fo l i a   
Fr iesod ie ls ia  obovata  D.  boehmi i   
 D.  me lanoxy lon  
Ascl epiadaceae Lonchocarpus  capassa  
Fockea mul t i f l o ra  Mel le t ia  usaramens is   
 Per icops is  ango lens is   
Apoc ynaceae   
S t rophanthus  n icho lson i i  Flacour t iaceae  
 Oncoba sp inosa  
Bignoniaceae   
Kige l ia  a f r i cana Malvaceae  
 A zan za ga rckeana  
Boraginaceae   
Cord ia  goet ze i  Mimosaceae  
Ehre ia  amoena Acac ia  la t i s t ipu la ta   
 A.  n igrescens   
Burseraceae A.  n i lo t i ca   
Commiphora a f r i cana A .  s ieber i ana  
 A.  xanthoph loea  
Caesalpiniaceae Alb i zi a  ant he lmin t i ca   
Cass ia  abbrev ia ta  A .  harvey i   
Co lophospermum mopane Dichros tachys  c inerea a f r i cana  
Tamar i ndus  ind ica   
 Rhamnaceae  
Capparaceae Ziziphus  mucronat a   
Cappar is  ery th roca rpos    
C.  tomentosa  Rubiaceae  
Thi lach ium af r i c anum Cant h ium f rngu la   
 Crossopteryx  feb r i fuga  
Combretaceae Fret ia  ae rug inescens   
Combretum ap icu la tum Xeromphis  obovata   
C.  f rag rans    
C.  imberbe Salvadoraceae  
C.  k i rk i i  Sa lvadora pers ica   
C.  mossamb icense   
Termina l ia  s tenoc tachya Sapindaceae  
 Al lophy lus  a f r i canus   
Cucurbi taceae Lecaniod iscus  f rax i n i fo l i us   
Momord ica foet i da   
 Solanceae  
Ebenaceae Solanum incanum  
Diospyros  t runc at i fo lea   

 
siss imus would seem to be key species .  These observat ions fal l  c losely in l ine wi th 
those of  Emslie & Adcock (1994a) and the feeding studies of  Goddard (1968, 1970) ,  
Muk inya (1977) and Oloo et a l .  (1997) and the informat ion provided by Dunham 
(2001).  
 
Combining the check l is ts  of  the above, at  least  614 spec ies (76 monocots , 538 
d icots) ,  represent ing 76 fami l ies of  p lants , are repor ted to be eaten by b lack rhino.   
Table 3 shows the ten famil ies with the largest representat ion of  spec ies.  The 
herbaceous fami l ies  Asteraceae and Acanthaceae are the largest ,  c losely fo l lowed 
by the legume fami ly Fabaceae.  The other  two legume fami l ies ,  Mimosaceae and 
Caes lp inaceae fo l low Euiphorbiaceae.  Poaceae ranks fourth!   This rank ing of  
Asteraceae,  Acanthaceae and Poaceae is at  odds with the l i terature.   However,  for  
an animal with such a wide ranging d iet ,   spec ies select ion is  probably inf luenced 
by the absolute spec ies r ichness of  the famil ies.  For example, Fabaceae with 
10.2% of  the d icot f lora of  L iwonde NP (80+ spec ies),  would be expected on chance 
alone to provide a high proport ion of  the rh ino’s d iet.   Yet,  th is  is  not the fu l l  
explanat ion as Asteraceae, Acanthaceae, Caes lp inaceae and Malvaceae are wel l  
above their  expected proport ions whi le Aizoaceae,  and espec ia l ly,  Rubiaceae, are 
wel l  under .  Overal l ,  spec ies of  the ten top famil ies are represented more of ten 
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than would be expected to be the case based on s imple spec ies r ichness of  these 
famil ies . 
 
Tab le  3 .   The number  o f  p lan t  spec ies  o f  the  10 la rges t  fam i l ies  f rom the l i s t  o f  538 k nown d icot  
spec ies  eat en by  b lack  rh i no i n  Eas t ,  Cent ra l  and S outhe rn A f r i ca .   %A = p ropor t ion  o f  538 spec ies  
wi th in  t he rh ino ’s  known d ie t ,  %B = propor t i on  o f  L iwonde NP f lo ra  (783 d ico t  spec ies ) .  
 

Fami l y No.  species % A %B 
Asteraceae 46 8 .6  5 .2  
Acanthaceae 45 8 .4  4 .5  
Fabaceae 44 8 .2  10.2  
Poaceae 36 -  -  
Euphorb iaceae 30 5 .6  5 .9  
Mimosaceae 25 4 .6  4 .1  
Caesa lp in iaceae 24 4 .5  2 .7  
Mal vac eae 20 3 .7  2 .2  
A izoaceae 18 3 .3  0 .5  
L i l iaceae 18 -  -  
    
To ta l  (8  d ico t  fam i l ies )  252 46.8  35.2  
    
Rub iaceae 11 2 .0  5 .4  

 
Using the same type of  comparison but us ing only the 153 spec ies  of  plants ut i l ized 
by rhino that  a lso occur in  L iwonde NP, g ives a dramat ical ly d if ferent resul t   (Table 
4).   Asteraceae and Malvaceae do not rank in the top ten, Combretaceae p laces 
h igh, whi le Rubiaceae remains under represented wi th few selec ted spec ies.   
Mimosaceae,  Combretaceae and Capparaceae are represented well  over  expected 
values.   The impor tant  famil ies , at  least in  terms of  proport ions of  spec ies selec ted,  
agree wi th the l i terature.  Again, spec ies of  the ten top famil ies are represented 
more of ten than would be expected to be the case based on s imple spec ies  
r ichness. 
 
I t  is  obvious then, that i t  is  much more than r ichness of  the family that expla ins  
food selec t ion.   For  example,  f rom observat ions of  many b io logis ts  (Goddard, 1968,  
1970; Muk inya 1977; Oloo et a l .  1997) Poaceae does not form an impor tant par t  of  
the b lack rhino’s d iet  even though in some studies many spec ies were selec ted.   
Absolute abundance, seasonal avai labi l i t y,  moisture content,  palatabi l i t y,  p lant l i fe  
form, presence of  f i re, bulk  port ion consumed, etc a l l  have a bear ing upon a 
ser ious analys is of  the animal ’s  diet.   In a fur ther compar ison (Table 5),  the d iet  
check l is ts in the same Afr ican conservat ion areas are measured against the f lora l  
check l is t  of  Liwonde NP (Dudley 1994) .   Not  surpr is ingly,  the spec ies  in the d iets  
of  East Afr ican rh ino have more in  common wi th L iwonde than wi th the southern 
s ites which are of  more dramat ica l ly  d i f ferent  c l imat ic  and f lora l   regions.  Masai  
Mara stands out as  
 
Tab le  4 .  The number  o f  p lant  spec ies  o f  the 10 l a rges t  fam i l ies  f rom the l i s t  o f  153 known d icot  
spec ies ,  wi th i n  the L iwonde NP f lo ra ,  eat en by b lack  rh ino in  Eas t ,  Cent ra l  and Southe rn A f r i c a .   %A 
= propor t ion  o f  153 spec ies ,  %B = propor t ion  o f  L iwonde NP f lo ra  (783 d ico t  spec ies ) .  
 

Fami l y No.  species % A %B 
Fabaceae 15 9 .9  10.2  
Mimosaceae 14 9 .8  4 .1  
Combretaceae 10 6 .5  2 .2  
Euphorb iaceae 10 6 .5  5 .9  
Poaceae 8  -  -  
Capparaceae 7  4 .6  2 .2  
Rubiaceae 5  3 .3  5 .4  
Caesa lp in iaceae 5  3 .3  2 .7  
Acanthaceae 5  3 .3  4 .5  
T i l iaceae 5  3 .3  1 .9  
    
Tota l  (9  d ico t  fam i l ies )  76 50.0  9 .7   
    
As teraceae 3  2 .0  5 .2  

 
more comparable to L iwonde wi th 32 spec ies (46%) of  the rh ino’s diet a lso being 
present in L iwonde.  In a l l  East Afr ican l is ts ,  gener ic  s imilar i t ies  to Liwonde were 



 14

high (76-88%).  Because family is  a broader taxon, s imilar i t y was even more 
marked (73-100%).  W ithout get t ing in to a deta i led d iscuss ion regarding f lora l  
compar isons, l i t t le can be said as to reasons for  the rank ings of  s imilar i t ies for  
these s i tes.  However ,  c lear ly woodland, th icket and grass land habitat propor t ions 
and c l imate (pr incipal ly ra infa l l )  are important.   W hat is  not iceable is  the narrow 
range, in a l l  areas, of  var iat ion in the actual number of  spec ies  in common with 
L iwonde NP. 
 
Tab le  5 .   A  compar ison o f  the number  o f  spec ies ,  genera and fam i l ies  o f  p lants  eaten by b l ack  rh ino  
in  var i ous  conse rvat ion a reas  in  A f r i c a .   The number  in  brackets  i s  the number  o f  spec ies  genera 
and fam i l ies  on t he l i s t  tha t  a lso  are  found in  L iwonde  NP.  
 

Conservat ions 
area 

speci es genera fami l y source 

Tsavo NP,  Kenya 102(18)  49(37 )  30(27 )  Goddard 1970 
Ngorongoro NP,  Tanzan ia  120 (18)  82(62 )  32(30 )  Goddard 1968 
Olduva i  Gorge,  Tanzan ia  63(19 )  51(45 )  31(29 )  Goddard 1968 
Masai  Mara GR,  Kenya 70(26 )  59(51 )  28(28 )  Muk inya 1977 
Ol  Ar i  Ny i ro  Ranch,  Kenya  103(18)  71(58 )  34(32 )  Oloo et  a l .  1994 
Addo E lephant  NP,  RSA 111(8 )  71(40 )  36(32 )  Hal l -Mar t i n  et  a l .  1982 
Ske le ton Coas t  Park ,  Nam ib ia  103 (10)  80(41 )  41(30 )  Lout i t  et  a l .  1987 
 *  *  *   
Luangwa NP,  Zambia  17(15 )  15(13 )  9(8 )  Ber ry  in  Dunham 2001 
Mat usadona NP,  Zambia  12(10 10(8)  8(8 )  W oodf ine in  Dunham 2001  
Z imbabwe Mid lands  7(6 )  5(5 )  3(3 )  Coat es  Pa lgraves  in   

Dunham 2001 
 
The second sect ion of  Table 5 compares, in a s imilar  fashion, the rh ino d iets for  the 
nearby Luangwa Val ley NP (LVNP),  the Zambezi  Val ley and the Z imbabwe 
Midlands.  The sample s ize is  much smaller  yet conta ins a selec t ion of  what are 
probably the most not iced food resources.  The resul ts are much c loser to L iwonde 
NP, part icular ly at  spec ies level .   This is  not surpr is ing as of  a l l  the areas 
cons idered, LVNP is l ikely to have the most comparable tota l  f lora to L iwonde NP 
( i .e .  33% North LVNP (Aste l  et a l.  1997) ,  53% South LVNP (Smith 1997)) .  
 
Table 6 g ives an analys is of  the number of  spec ies with in the f lora of  L iwonde NP 
that  are eaten by black rhino e i ther in L iwonde or in other s tudies in Afr ica.  A l is t  
of  these spec ies in provided in Appendix 1.  Near ly 15% (153/1030spp) of  the tota l  
f lora (exc luding ferns)  of  L iwonde is known to be eaten by b lack rh ino.  The present 
informat ion f rom Liwonde’s smal l  l is t  of  61 adds 23 new spec ies and 13 new genera 
to the overal l  l is t .   This suppor ts the cathol ic  d iet of  the b lack rhino and i ts  abi l i t y 
to  take advantage of  a wide range of  plant  spec ies  in  whatever habitat i t  f inds 
i tse lf .  However,  as Emslie & Adcock (1994a) point out,  only a few woody spec ies  
( i .e .  about 10) invar iably account for  the bulk  of  the b lack rh ino’s d iet,  wi th legumes 
and Euphorbia  spec ies  rank ing h ighly.    
 
Tab le  6 .   Spec ies  o f  t he f l o ra  o f  L iwonde NP that  a re  eaten by  the  b l ack  rh i no  e i ther  in  L iwonde  NP  
or  i n  o ther  reg iona l  areas  in  A f r i ca .   Only  new va lues  added a re  l i s ted f rom each area.   Sources  as  
in  Tab le  5 .  
 

Conservat ions 
area 

speci es genera fami l y 

Liwonde NP,  Malawi  61 46 25 
EA,  SA & Namib ia  73 52 17 
Zambia  &  Z imbabwe 19 12 4  
    
Tota l  153 110 46 

 
W here are these plants found and in what type of  abundance?  Table 7 records the 
number of  spec ies  eaten by rhino and present  in  L iwonde agains t p lant  community 
or  fac ies .  Tal l  Grass Tree Savanna (TGTS), Mopane W oodland (MW ), Mixed 
W oodland (MXW ), Mopane Clumped ( termitar ia)  Savanna (MCS), and Mopane 
W oodland wi th Thicket  (MW /T) are at the top of  the l is t .   Both TGTS, MW  and MWT 
are the largest habitats in area wi th in the park  and sanctuary.   Because of  i ts  h igh 
grass content ,  TGTS is regular ly burned and is  a source of  regenerat ing woody 
p lants . Muk inya (1977) remarks that in h is  s tudy rh ino concentrated between 66% 
and 90% of  their  feeding on regenerat ing plants .  Drought Dec iduous Forest Thicket  
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(DDF/T),  MXW  and MWT are not present wi th in the sanctuar ies so have not had the 
benef i t  of  se lec t ion by rh ino.  Approx imately 75% of  the species eaten in these 
communit ies  can be cons idered common to except ional ly common.  Common means 
that they are normal ly found in at least a th ird of  al l  10X10m 2 quadrants sampled 
wi thin the g iven community.   Except ional ly common spec ies are found in near ly al l  
quadrates sampled, of ten as more than one indiv idual.  
 
Tab le  7 .   Number  and commonness  o f  the 152 spec ies  known to  be eat en by  b lack  rh ino that  are  
present  in  the pr inc ipa l  p l ant  communi t ies  found i n  L iwonde NP.  
 

Habi tat  R UC C VC EC TOTAL 
TGTS 0 7  16 8  3  34 
MW  1 6  11 11 5  34 
MCS 0 8  12 7  3  30 
MXW  2 12 5  10 1  30 
MW T 0 5  15 7  2  29 
RFT 2 4  11 6  0  23 
MW C 0 2  4  6  3  15 
DFT 0  5  9  3  0  17 
Tota ls  5  49 83 58 17 -  

 
RHINO HABITAT PREFERENCE 

 
Lib ierg (1973 in Dunham 2001) s tated that the ecotone between the Combretum-
Terminal ia  and the miombo vegetat ion type was espec ial ly preferred by b lack rhino 
in Luangwa Val ley NP.  This was where the h ighest dens ity of  rh ino could be found.  
Leader-W il l iams (1985 in Dunham 2001) descr ibed the female rh ino’s  home range 
area as conta ining water at the end of  the dry season (October)  and conta in ing 
some area of  th icket .   The less s ignif icant areas were mopane, miombo and 
Combretum-Terminal ia  scrub.  Dunham’s (2001) analysis shows that the rh ino 
s ight ings of  Caughley (1973, s ight data f rom the a ir  dur ing the day, only presence 
or absence noted) were corre lated wi th c loseness of  permanent water  and percent 
of  sampl ing uni t  (10X10km 2) covered by mixed th icket and r iver ine complex.  
Nevertheless, i t  expla ined only 16.7% of  the var iance (R2 = 0.167) .  Such an 
analys is would be unsuitable for  th is smal l  park  (545km 2).   Dunham pointed out that 
carrying capac ity is  more than the propor t ions of  the var ious habi tats but is  a lso 
re lated to their  spec ia l  arrangement.  
 
From the avai lable l i terature, L iwonde NP would seem to have less th icket than 
Luangwa Val ley NP.  However , I  bel ieve that th is judgement  could change i f  the two 
parks could be compared d irect ly.   One of  the problems is  the smal l  s ize of  
L iwonde.   For instance,  only f ive of  Caughley’s  (1973) 10X10km 2 sample squares 
would f i t  into the whole of  the Liwonde area.   W hile cons iderable mixed open and 
par t ia l ly c losed woodland occurs , much of  this  has been badly damaged by 
uncontro l led bush f ires, e lephant and former  cul t ivat ion and wood removal.   Miombo 
elements are only present on Chiunguni Hi l l  and on the Mangochi FR escarpment  
outs ide the park .  Thickets , as determined by a ir  photo analys is amount to less  
than three percent of  the park ’s cover .   However,  smal ler  patches (0.5 -  1.0ha) of  
th icket ,  such as that produced by Colophospermum mopane ,  Dalbergia 
melanoxy lon ,  Acac ia n igresens ,  Fr iesodie ls ia obovata ,  Markhamia obtus ifo l ia  and 
M. acuminata,  are very common throughout the woodland sect ions of  the park  and 
adjacent to the r ivers .   Addit ional small  (0.25 -  0.5ha) th ickets  sur round the larger  
waterholes and, of  course, there are the uncountable th ickets of  the termitar ia,  
some of  which can be very large.  L iwonde NP has cons iderably more th icket 
vegetat ion than what can be assumed f rom ai r  photo analys is a lone. 
 
W ater is  more d if f icu l t  to evaluate.  The only real permanent water is  the Shire 
River and Lake Malombe.  Even the two perennia l r ivers (Masanje and L ikwenu) can 
be wi thout water  for  much of  their  length when we have a ser ies of  except ional ly 
dry years  as  we did in the ear ly 90s (Bhima & Dudley 1997).   The other sources of  
water af ter  the ra ins stop in Apr i l  are scat tered pools a long the major east-west 
f lowing seasonal r ivers and in water holes scat tered throughout the park .  In  normal  
ra infa l l  years the largest of  these dry up by September.  In dr ier  years  by August.   
This means that late in the dry season most  of  the park  wi l l  be water less and rh inos 
wi l l  have to dr ink  c lose to the Shire.  Given the narrow nature of  L iwonde NP, th is  
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should not prove to be much of  a problem for rh inos which are known to regular ly 
travel as much as 10-15Km for water ,  having to dr ink  once every three days or less  
(Adcock 1994, Ci l l iers  1989, Emslie & Adcock 1994b, Smithers 1983) .   The ra ins  
and water may not return to Liwonde unt i l  December .  To some degree rh ino are 
able to obta in some of  their  mois ture requirements f rom the succulent p lants that  
they eat (Goddard 1968, Bradley Mar t in & Bradley Mart in 1982) .   In 1994, i t  
appeared that the two rh ino in the f irs t  sanctuary obta ined a l l  the ir  water 
requirements  for  3.5 months f rom Euphorbia ingens ,  a  common plant wi th the park  
(Dudley 1997).   The destruct ion of  this spec ies was severe wi th in the sanctuary and 
i t  is  unl ike ly that such a re l iance on th is p lant for  water would be poss ib le again in  
the future. 
 
The l im ited d irec t observat ions of  rh ino in the sanctuar ies suggest that rh ino use 
r iver ine forest/ th ickets  for  shade and concealment  dur ing the middle part  of  the day 
(B. Palmer,  J & B c irc le pers . Com.).   Dur ing the n ight they move out  to feed at the  
edges of  the r iver ine vegetat ion and then wel l  into the TGTS communi t ies .  Ear ly in 
the morning they walk  to the art i f ic ia l  waterhole to dr ink  before moving back to their  
p lace of  concealment.   This conforms to the pat tern repor ted by Goddard (1967b)  
for  rh ino in East Afr ica.  Dur ing the dry season the home range of  the group of  two 
females, three calves and one male is  qui te small  as shown on the sanctuary map 
(Fig. 1) .   Somet imes the male (or iginal ly f rom the second Sanctuary) wanders into 
the former second sanctuary but does not remain long.  At present I  am unable to 
see s igns of  feeding in th is la t ter  locat ion.  Dur ing the ra iny season the animals 
move much more widely.   The male is  more commonly seen, in what looks, f rom air  
photo in terpretat ion,  as more open habi tat.    
 
I t  would appear  that the rh ino in  sanctuary 1+2 ut i l ize no more that  about 3-4km 2 of  
the resources avai lable to them and the male of  sanctuary 3 l i t t le more.   
Nevertheless, these observat ions, whi le cor rect on their  own, are rather casual ly 
made and so not real ly quant i f iab le.  At present,  even at the end of  the dry season,  
one that has had some unusual ly f ierce f ires, a l l  rh ino appear in  good health (B.  
Palmer,  J & B c irc le pers.  Com.).  
 

RHINO CARRYING CAPACITY OF LIWONDE NP 
 
DENSI TY 
There are a number of  references to rhino carrying capac ity in East ,  Centra l  and 
Southern Afr ica.  Perhaps the ear l ies t is  that of  Goddard (1969, 1970).   At  Tsavo,  
rh ino dens it ies var ied between 1/6.5-1/26km 2 (0.15-0.04 rhino/km 2) for  grasslands  
and 1/1.1–1/2.4km 2 (0.91-0.42 rh ino/km 2) for  the bush, grassland–bush and 
woodland habi tats .   For Ngorongoro he repor ted dens i t ies of  1/3.1km 2 (0.32 
rh ino/km 2)and for  Olduvai  Gorge 1/6.5km 2 (0.15 rh ino/km 2).   He bel ieved that the 
carrying capac ity of  Ngorongoro was twice that of  Olduvai.   These las t two areas 
would seem to contain more open vegetat ion than L iwonde NP. 
 
Oloo et a l .  (1994) in  a wel l  protected ranch indicated that there was approximately 
1 rh ino/2.5-1/2.7km 2 (0.37-0.40 rh ino/km 2).   The ranch appeared to be wel l  wooded 
l ike Liwonde. 
 
Dunham (2001) rev iews the informat ion of  rh ino dens i t ies for  the Luangwa Val ley 
NPs and Game Management Areas.  His best est imate of  rhino dens ity before the 
s laughter of  the la te 70s through 90s was 1 rh ino/2.5km 2 (0.40 rh ino/km 2).   He 
analyzed data taken f rom the road and a ir  surveys extracted f rom Caughley (1973),  
Kuper (1975) and L iberg (1973) .   Goddard (1967a, 1969)  and Ci l l iers  
(1989)descr ibed the shor t fa l ls  of  aer ia l census ing and showed that l ight a ircraf t  is  
of  l im ited value for  apprais ing b lack rh ino populat ions, even in open bush habitat .   
Consequent ly,  Caughley (1973) used the correct ion fac tor taken f rom Goddard 
(1967a) for  h is  aer ia l counts in woodlands. 
 
The only publ ished work  on rh ino dens it ies  in Malawi is  that of  Jachmann (1984).   
For Mwabvi GR, a much dr ier  and harsher habitat ,  he reported 1 rhino/7-8km 2 
(~0.13 rh ino/km 2) in a 52km 2 area of  the reserve.  As stated before, th is was not a 
v iable populat ion and re l ied upon immigrat ion f rom the larger  metapopulat ion in 
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nearby Moçambique.  However , Goddard (1967b)  wrote that populat ion d ispersal  
f rom adjacent,  inaccessible areas, into the avai lable n iches created by mor ta l i t y is  
probably ex tremely low due to rh ino’s sedentary nature. 
 
Present ly,  in the sanctuary at Liwonde NP, rh ino have remained in good condi t ion 
even dur ing the droughts of  the 90s and whi le suf fer ing the intense dry season f ires 
of  the las t two years .  Sanctuary 1+2 of  29 km 2 contained four adults and two 
calves pr ior  to the death of  one of  the males last  year .  W hi le th is male may have 
d ied due to a f ight wi th the second male there is  a case that death may have been 
due to tr yps.  I f  the la tter  is  true then 1 rh ino/5.8km 2 (0.17 rhino/km 2) (would be a  
poss ib le f igure for  habitat  such as occurs  in th is sanctuary.   Now, af ter  fur ther 
observat ion, i t  appears that even dur ing the height of  the dry season three adults 
can l ive health i ly in l i t t le more than 3-5km 2 (0.60-1.0 rh ino/km 2).   There is  no s ign  
of  over-browsing. 
 
HABITAT SUITABILITY 
How does th is trans late in to carrying capac ity for  the whole of  L iwonde NP?  I t  
would be very tempting to say that L iwonde NP has as favourable c l imate and 
vegetat ion as any of  the parks that I  have referred to above.  A good source of  
water  is  avai lable in the dry season whi le smal l  water  sources are scattered 
throughout the park  f rom December unt i l  a t  least August.   The Shire River or  Lake 
Malombe are wi th in easy walk ing dis tance f rom any p lace in the park  dur ing the dry 
season.  W hile extensive th ickets may be lack ing these would not seem to be a  
prerequis i te.   Goddard (1967b) s tates  that the absence of  shade d id not  appear  to 
af fect rh ino adversely at Olduvai even at h igh temperatures.  In  the wet season,  
Ngorongoro rh ino make extens ive use of  the p la ins and remain in the open.  The 
RFT habi tats are extremely l inear and consequent ly may be more useful  per  unit  
area that a more compact arrangement.  Rhino do not favour h igh grass areas yet i t  
is  in jus t such areas that much of  the avai lable food occurs in  L iwonde ( i .e .  TGTS).  
A proper ly managed f i re programme should be able to develop these areas in to a 
useful source of  browse.  Mopane is not noted in the l i terature as ideal habi tat  for  
rh ino (Dunham 2001,  Jachmann 1984) yet  th is park , near ly 75% covered by the 
mopane woodland complex,  conta ins 152 (~25%) of  the spec ies of  p lants known to 
be ut i l ized by b lack rhino in East,  Centra l and Southern Afr ica.  There is  a 50% or  
more congruence between the p lants found in Liwonde NP and Luangwa Val ley 
NPs. 
 
I  have a lready referred to f i re management.   At present there is  none and f i res are 
star ted by acc ident,  by poachers , by honey gatherers , i l legal woodcutters , and park 
staf f  or  their  famil ies .  Consequent ly,  some areas are burnt too of ten and too 
intensely whi le others  are (occas ional ly)  burnt too l i t t le (Pienaar & Dudley 1998) .   
For park  conservat ion one needs a mosaic of  burn ing st rategies so as to mainta in  
unique p lant communit ies (DDF/T, RF/T) and protec t so i l  and r iver banks f rom 
eros ion (RF/T, MXW of  hi l ls) ,  prevent invas ion of  woody spec ies in to open 
grass lands and f loodpla ins (TGTS), provide f resh regrowth for  browsers and 
grazers dur ing the late dry season, etc .   F ire management is  an act iv i t y that the 
management in L iwonde NP ignores. 
 
Compet i t ion f rom other mammals would appear  l im ited to e lephant as  kudu are in  
very low numbers.  Current ly the elephant populat ion is  somewhere around 500 and 
growing at a maximum rate as l i t t le morta l i t y occurs e ither through poaching or  
natura l death and the park ’s e lephant densi ty is  very near 1/km 2.  This h igh densi ty 
is  exacerbated by the fact that dur ing the late dry season the e lephant concentrate  
a long a narrow s tr ip of  the park  a long the Shire River .   Damage to the RF/T is 
cons iderable wi th f i re now a common element in th is community.   Elephant are a lso 
opening up the DDF/T as wel l  by their  movement and feeding.  Other potent ia l ly 
impor tant communit ies for  rhino are also showing dec l ine, inc luding the MW /T.  
Aggress ion between e lephant and rhino is  not uncommon and rh ino, part icular ly 
wi th young calves, may both be k i l led by female elephant (Ritch ie 1963) .   E lephants 
of  L iwonde NP, al though present ly calmer,  have in the past been known to be  
extremely aggress ive to dis turbance by humans and, thus,  might cause some 
morta l i t y to rh ino.  Two of  three large bul l  elephants managed to force their  way 
into (and out of )  sanctuary 1+2, but no aggress ive interact ions between these 
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elephant  and the rh ino are known.  Ri tch ie (1963)  a lso remarked that  there was 
l i t t le  d irect  conf l ic t  between bul l  e lephant and rh ino. 
 
Rhino are vulnerable to predat ion by l ion and hyena a lthough th is is  rare and 
usual ly a threat to calves unprotected by their  mothers (Goddard 1967b, Ri tchie 
1963).   
 
Buf falo and zebra have been recent ly introduced into the park  (Dudley 2000) .   They 
seem to be thr iv ing and h is tor ica l ly were very abundant in this  area (Faulkner  
1868).   Both species  should improve the habitat for  rh ino by reduc ing the rank 
grass.  There would be an interact ion wi th f i re as fuel loads would be reduced.   
Thus, woody p lant invas ions would be more aggress ive and food sources for  the 
rh ino might grow out of  their  reach. 
 
Rhino home ranges vary great ly depending upon sex, c l imate, vegetat ion type and 
water resources (Goddard 1967b) .  In the Lerai Acac ia xanthophloea  forest of  
Ngorongoro where green food and water were abundant throughout the year ,  home 
ranges were as l i t t le as 2.6km 2 whi le on the p la ins of  the caldera in open grass land 
and marshes ranges averaged 15.5km 2.  For the ar id Acacia-Commiphora  bush 
where water points were scarce and widely dis tr ibuted the home ranges averaged 
30.4km 2.  There was up to 40% over lap of  adult  home ranges wi th greater  area of  
the range used in the wet season.  Animals were very regular in movements and 
20% could be regular ly observed in the same place at the same t ime.  Animals  
appeared at tached to home ranges throughout  their  l i fe.  
 
Perhaps the las t aspect to cons ider is  in t ra-spec if ic  compet i t ion between rh ino 
bul ls .   This may be s ignif icant in a re lat ive ly smal l  enclosed area.  W alker (1994) 
found the on h is  100km 2 fenced sanctuary, four bul ls  was the carrying capac i ty.   
New bul ls  were in troduced (one at a t ime) f rom 1986-89.  Al l  four of  these bul ls  
were k i l led by the res ident bul ls .   Goddard (1967b) ,  in h is  d iscussion of  home range 
and terr i tor ia l  behaviour conc ludes that terr i tor ia l  behaviour is  not  apparent among 
indiv iduals of  the same ‘community’ .   However,  i f  a ‘s tranger ’ of  e i ther  sex enters  
the ‘community’ ,  terr i tor ia l  behaviour becomes vio lent.   In the unconf ined and 
heterogeneous space of  the greater L iwonde NP I would expect that the problem of 
terr i tor ia l i t y would not  be ser ious.  Consider ing Goddard’s (1967b)  observat ions, 
the death of  the one bul l  in sanctuary 1+2 cannot be def in i te ly at tr ibuted to an 
at tack by the second bul l .  
 
L iwonde NP is approx imately 540km 2.  Not a l l  of  th is area is  real ly usable.  The 
1km wide s tr ip  on the west  bank of  the Shire River  should not be cons idered for  
obvious reasons.  The extension may be another area that should be exc luded unt i l  
i t  is  c lear how th is area is  going to be managed.  W ell  before th is is  done the 
secur i ty of  the lower park  must be assured through fenc ing and patrols ,  etc.   This  
area probably covers  about 440km 2.  Al l  of  th is remaining area is not of  equal  
su itabi l i t y.   Pr ime areas would feature around the lower reaches of  the major  
seasonal r ivers, the Namisundu, Mwalas i,  Namandanje, Nangondo and the Ntengai .   
The Masanje and the L ikwenu Rivers being,  in par t ,  park  boundary r ivers, are less  
s ignif icant .   Of  the seasonal  r ivers  the Ntengai and the Mwalasi have the most 
luxur iant vegetat ion.  The ‘uplands ’ to the east would be areas of  lower capac i ty 
due to the more trying condit ions late in the dry season when f ierce f ires take their  
to l l  of  the vegetat ion and f ree water is  far  to the west.   Profess ional f i re  
management could modify th is s i tuat ion. 
 
Cons ider ing dens it ies  of  rhino recorded in the l i terature, the suitabi l i t y of  the 
L iwonde NP habitat ,  compet i t ion f rom elephants and the harsher condit ions dur ing 
the la te dry season in much of  the park , i t  would seem best to suggest a 
conservat ive value for  in i t ia l  rh ino dens i ty.   Under the best condi t ions, informat ion 
f rom the present  rh ino sanctuary indicates that  values in the range of  one 
rh ino/2.5km 2 (0.40 rh ino/km 2) would eas i ly be supported.  In areas of  the park  to 
the east that are less favourable,  perhaps this  dens ity should be no more than 
1/8km 2 (0.13 rh ino/km 2).   This would put  the carrying capac i ty of  the tota l park 
(440km 2) to roughly 90+ individuals .   Under better  park  management this  f igure 
might  be upgraded.  W ith a potent ia l  recrui tment rate of  about 7% (Goddard 1967b) 
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and a secure environment,  reasonable populat ion growth could be ant ic ipated.  I  
am unsure how intra-spec if ic  compet i t ion between pr ime rhino bul ls  might af fect  
these projec t ions but  am assuming that,  in the larger environment with greater 
f reedom to d isperse, the 25km 2 f igure mentioned by W alker (1994) would not be 
appropr iate and that the s i tuat ion descr ibed by Goddard (1967b) would prevai l .   In  
a l l  cases,  these values are based on great ly improved park  management and 
secur i ty.   W ithout  th is no animals  should be re leased into the open park .   
 
The present carrying capac ity of  sanctuary 1+2 might  be on the order of  8-10 adults  
and 4-6 for  sanctuary 3 provid ing that aggress ion between compet ing bul ls  can be 
avoided.  I  used the more conservat ive f igure of  1 rh ino/3km 2 (0.33 rh ino/km 2) here 
as,  when rh ino are conf ined to a restr ic ted area, their  ef fect on the vegetat ion is  
re lat ive ly more intense (Hal l-Mart in et  al .  1982) .  
 
There is  pressure to l im it  the bui ld ing of  addit ional sanctuar ies and even to reduce 
the s ize of  sanctuary 3 or remove i t  complete ly (Labuschagne 2000) .  He proposes 
that these fenced areas may h inder east-west movement of  elephant and exc lude 
needed habi tat .  
 
 

RHINO POPULATION MANAGEMENT, MONITORING AND EVALUATION 
 

Brooks (1989) and Emslie & Brooks (1999) d iscuss many of  the important  
parameters to evaluate and manage in order to successfu l ly mainta in a heal thy 
b lack rhino populat ion.  In addi t ion, Books (1989) provides a rat ing procedure for  
re introduct ions, this  rat ing cover ing b io logical ,  genet ic  and secur i ty concerns.   
Although I  have referred to management  concerns ear l ier  in th is repor t  I  wi l l  t r y to 
more c lear ly h ighl ight them in th is  f ina l  sect ion. 
 
I t  is  unfor tunate that  ecological management and evaluat ion at  any level wi th in 
L iwonde NP, inc luding the sanctuar ies , has been much neglected and l i t t le in 
ev idence.  This wi l l  have to change i f  a v iable populat ion of  black rhino is  to be 
establ ished and mainta ined in the wider park .  Of  fundamental importance is the 
qual i t y of  the habitat .   Pr imar i ly th is means the structure, dispers ion and f lora l  
compos it ion of  the vegetat ion and the amount and d is tr ibut ion of  water.  
 
Water  
Outs ide the sanctuar ies f ree water is  present throughout the park  for  normal ly n ine 
months of  the year and for  the remain ing months the Shire River provides an ample 
source.  As the Shire f lows a long the length of  the park ’s western border, i t  may set 
some l im its  to the conf igurat ion of  rh ino home ranges.  Dunham (2001) and others 
pointed out that home ranges normally inc luded a source of  water dur ing the late 
dry season.   This  would mean that home ranges for  rh ino in L iwonde NP might  have 
to always inc lude sect ions of  habitat  near or adjacent to the Shire River.   
Addi t ional ly these perennial ly wet areas also mainta in lusher vegetat ion.  This  a lso 
may attract rh ino dur ing the dry season. ( i .e.  Ngorongoro, Goddard 1968).   I t  m ight 
be sui table to mainta in a number of  ar t i f ic ia l  waterholes in the dr ier  uplands dur ing 
the months of  September through December  to encourage rh ino to ut i l ize th is area 
more ef f ic ient ly and cons is tent ly.  
 
Habitat 
As discussed in an ear l ier  sect ion,  L iwonde NP contains a h igh propor t ion of  the 
spec ies of  p lants known to be eaten by b lack rhino in East,  Centra l and Southern 
Afr ica.  Cons ider ing the good condi t ion of  the rh ino in the sanctuar ies, even dur ing 
the drought years, i t  would seem that the other character is t ics of  the vegetat ion,  
such as st ruc ture and d ispers ion, are a lso adequate for  a moderate populat ion 
dens ity.  
 
Once rh ino move in the wider park , a ser ious feeding study should be commenced 
so as to obta in a more cr i t ica l evaluat ion of  the rh ino’s d iet inc luding spec ies of  
p lants  selec ted and preferred and their  re lat ive impor tance in the d iet .   
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The si tuat ion in the wider park  may not be as sui table in the long run wi thout c lose 
evaluat ion and moni tor ing of  the vegetat ion.  The sanctuar ies , unt i l  the las t few 
years , have had only small  proport ions burnt.   In addit ion, except  for  2-3 e lephant 
bul ls  that forced their  way in on several occas ions, the areas have avoided the 
impact of  e lephant browsing.  Consequent ly,  the or ig inal sanctuary 1 is  not iceably 
better  vegetated than s imilar  adjacent areas outs ide fence.  Sanctuar ies  2 and 3 
have been protec ted for  a shorter  t ime and th is d if ference is not so apparent.  
 
In the park  at large, a very large ( though unknown) propor t ion of  the vegetat ion is  
burnt by f i res annual ly.   These f ires happen inc identa l ly and haphazardly,  their  
or ig ins usual ly being outs ide the park  and certa in ly outs ide the park  management ’s  
ini t ia t ion. 
 
Elephant now number  over 500 or c lose to 1/km 2.  This  is  wel l  in access of  the 
dens ity (1/0.5km 2) cons idered destruct ive to savanna woodlands and forests  
(Cumming et a l.  1997) .  Dens it ies increase dramat ica l ly late in  the dry season when 
elephants begin to spend most of  their  t ime in the v ic in ity of  the Shire River and the 
RF/T areas of  the lower reaches of  the east-west seasonal  r ivers .   The RF/T areas 
are showing cons iderable dec l ines in tree and under canopy cover with f i re 
becoming an important factor .   A cont inued trend of  th is nature would certa in ly be 
detr imental to the park ’s carrying capac i ty for  rhino.  On the other hand, heavy 
browsing pressure in the mopane woodland a lters i ts  s tructure markedly (Dudley 
2000) and consequent ly maintains many woody spec ies  with in height ranges 
favourable to rh ino feeding. 
 
As a f i rs t  and perhaps easier pr ior i t y,  f i res throughout the park  need to be 
control led.  At one t ime, the park ’s research sect ion had a burning p lan and a 
number of  burning research p lots .   These need to be re-establ ished and re-
evaluated and,  perhaps, re- formulated.   As Pienaar & Dudley (1998) noted rh ino do 
not favour habitat with h igh dense grass.  In th is s i tuat ion f ire would be benef ic ia l  
as i t  would burn away the herbaceous cover  and keep the intermixed woody shrubs 
at preferred feeding height .   On the other  hand, the var ious th icket and h i l ls ide 
woodland communit ies need protect ion through ear ly burn ing (Dudley 1985a, b & 
c) .   F ire breaks may need to be establ ished.  
 
Elephant management,  through populat ion reduct ion, is  a much more d if f icu lt  
problem.  Elephant numbers may need to be cut in half  to  a l low a recovery of  
th icket vegetat ion (provided f ire is  contro l led).   How th is is  to be done wi l l  need to 
be d iscussed by others more knowledgeable than myself .   Cul l ing would cer tain ly 
be very controvers ial  whi le trans locat ion ( to Majete W R ?) would be expens ive and 
qui te technical .   Even ser ious dec l ines in  vegetat ion parameters are l i t t le not iced 
by most people.   These dec l ines, where they ex ist ,  need to be measured and 
quant i f ied.  I  would recommend that the numerous monitor ing p lots establ ished in 
var ious habi tats in the park  in the late 70s and ear ly 80s and in sanctuary 1 in the 
ear ly 90s be re-evaluated to es tabl ish the ser iousness of  the vegetat ion dec l ine.   
As these p lots do not cover  a l l  habi tats equal ly,  I  suggest  that new plots be marked 
out in  areas that need informat ion such as RF/T, MXW  and CCS.  Vegetat ion 
changes through browsing, f i re and natura l success ion have a marked ef fect  on 
rh ino carrying capac ity in  savanna areas (Emsile & Brooks 1999).  
 
I  ment ioned ear l ier  in th is repor t the poss ib i l i t y of  rh ino morta l i t y f rom Liwonde NP 
elephants .  These are more aggress ive, at least to humans and cars , than is  
common elsewhere.  W hether th is would trans late in to ser ious aggressive 
behaviour towards rh ino is  unknown.   Nevertheless, cons ider ing the very h igh 
e lephant dens it ies in  the park , encounters between the two spec ies would be 
common and th is may be another reason to reduce the e lephant populat ion. 
 
Given the low populat ion of  kudu, I  do not see any competi t ive threat  between 
these two spec ies.  Similar ly,  wi th l ion number being extremely smal l  (2-4) and 
suitable game dens i t ies high,  th is spec ies  is  unl ike ly to be a predator of  rhino 
calves. 
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Rhino population management 
I t  is  assumed that once secur i ty and suf f ic ient management capacity is  present in 
L iwonde NP that a founder populat ion of  20+ near ly mature rh ino wi l l  be 
s imul taneous ly in troduced into the greater  park .  This populat ion in i t ia l ly wi l l  be 
made up of  a balanced sex rat io.  At this  t ime, every indiv idual should be marked 
for  easy ident i f icat ion la ter in the f ie ld.   Cons ider ing the poss ib le problem due to 
tr yps, the source of  or igin of  the animals should be cons idered v iz a v i  the st ra in of  
Trypanosoma .   A lso, microchip transponders should be transplanted into horns and 
shoulders of  each indiv idual to a l low tracing of  horn and ident i t y of  the body of  any 
animal  that  d ies.    
 
Once the populat ion is  re leased a number of  parameters  wi l l  have to be measured, 
ini t ia l ly at three year  in tervals ,  but as numbers grow, perhaps annual ly.   These 
parameters inc lude, amongst other var iables , populat ion s ize, age and sex 
struc ture and body condi t ion.   Al l  morta l i t ies must be carefu l ly recorded inc luding 
detai ls  of  cause and place of  death.  Skul ls  must be col lected and reta ined.  Any 
new rh ino immobi l ized for  any reason should be ear notched for  indiv idual  
recognit ion.  Personal  h is tory records should be kept of  al l  rh ino,  i f  possib le,  and 
include photo ident i f icat ion informat ion, sex, age, reproduct ive data, movement , 
terr i tor ia l  behaviour,  morta l i t y etc .   Such information provides s tandardized 
populat ion growth character is t ics and al lows the assessment of  progress towards 
nat ional goals.   A pr imary goal should be to reach 75-80% of  the ecological  
carrying capaci ty so as to mainta in populat ion growth rate at  maximum levels.  
 
Final ly,  a committee or body should be formed to es tabl ish, in a more rat ional  way,  
the pol ic ies and goals of  rhino conservat ion and management in Malawi.   This  
committee should br ing together  a l l  the re levant s takeholders concerned wi th th is 
goal.   At t imes, var ious interested and committed partners are pul l ing, of ten 
unknowingly,  in d if ferent di rec t ions and th is reduces the ef fec t iveness of  the rh ino 
programme. 
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APPENDIX 2 
 
TERMS OF REFERENCE 
 
ECOLOGICAL EVALUATION AND DEVELOPMENT OF GUIDELINES FOR FUTURE MANAGEMENT OF BLACK RHINOS AT 
LIWONDE NP, MALAWI 
SADC RPRC Task 1.2-4.1 
 
Component: Ecological Evaluation 
 
 
1. Use existing information, including field visits and ground truthing, to update and prepare a vegetation map of Liwonde National 

Park, redefining vegetation boundaries and highlighting the vegetation and critical habitat types important for black rhino. 
 
2. Work closely with the WWF-SARPO GIS Section in the production of the vegetation maps which incorporate the available 

geomorphic and soil survey information. 
 
3. With the use of an updated vegetation map and identified critical vegetation components important for rhino survival, estimate the 

potential carrying capacity for black rhino within the existing sanctuaries as well as and the entire park. The Adcock Model for 
estimating black rhino carrying capacity may be a useful aid in the estimation of the carrying capacity. 

 
4. Provide recommendations for long term integrated ecological guidelines for monitoring and evaluation of black rhino conservation 

in the park, taking into account the habitat/vegetation components and interaction with other browsing herbivores such as kudu and 
elephant. Highlight the implications of extending the management of the park to the Mangochi Forest Reserve. 

 
5. Coordinate with WWF-SARPO and SADC consultants to produce a consolidated evaluation report containing all elements of an 

integrated management plan for future rhino conservation in Liwonde. 
 
6. Collaborate and work closely with Dr Roy Bhima, and ensure that his terms of reference are fully implemented. 
 


