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The Congo River basin

D. CAMPBELL

Southeastern Louisiana University

The Congo River has the second greatest discharge of any river in the
world after the Amazon. It drains 3.7 million km? of the African continent.
Through its middle course from Boyoma Falls near Kisangani to Malebo Pool at
Kinshasa/Brazzaville, the river drops only 115 m over 1740 km as it crosses the
cuvette centrale congolaise, a vast, shallow depression along the equator in the heart
of Africa (Hughes & Hughes 1992). Throughout the cuvette centrale, great swamps
extend behind the river’s levees and along the banks of the numerous tribu-
taries that drain it (Fig. 5.1). These swamps and other wetlands are estimated
to cover at least 69000 km? in the Congo and 120000 km? in the Democratic
Republic of Congo (D. R. Congo, formerly Zaire; Hughes & Hughes 1992), for a
total of ¢. 190000 km. To put these swamps in perspective, they are larger than
the states of Louisiana and Mississippi put together or over four times the size
of Switzerland. This makes them the fourth- to fifth-largest area of wetlands in
the world.

In contrast with their striking size, these swamps are poorly studied and
understood. Older reviews of African wetland ecology hardly mention them
(Thompson & Hamilton 1983, Denny 1985). Most of the primary research on
the swamps themselves dates from the colonial era and is found in obscure pub-
lications in France and Belgium. In recent years, scientists in the Congo, and
to a lesser extent the D. R. Congo, have been conducting research in African
tropical rain forests, but with apparently little emphasis on swamps.’

! Several bibliographies exist on science and conservation of central African rain forests in
general: Job (1994), Institut Royal des Sciences Naturelles de Belgique and Centre d’Echange

The World’s Largest Wetlands: Ecology and Conservation, eds. L. H. Fraser and P. A. Keddy.
Published by Cambridge University Press. © Cambridge University Press 2005.

149



150 Campbell, D.

d : “ ] /be’@a

Kouyer

\}\\“xa

e e R .

. S
A CENTRAL S
| Arica *.. AFRICAN Eanguig . N
— \ _ REPUBLIC
\ = ol

CONGO § e Y DEMOCRATIC
i sy
S o REPUBLIE—~__~
o C = OF CONGO
Bréazzaville 4 S
,,'\. ,-‘—" WKinshasa i =
¢ ]

0 100 200 km

(S

Figure 5.1 The location of swamps within the cuvette centrale congolaise based on De
Grandi et al. (2000b). Areas with a mosaic of swamp and terra firme forest are also
included. Protected areas are hatched: they include the Salonga National Park in
D. R. Congo, which is one of the largest national parks in the world, and the Lac

Télé/Likonala-aux-herbes Community Reserve in the Congo.

The Congo basin has had a dark, turbulent history since pre-colonial times
(Hochschild 1998, Bobb 1999). The resultant political instability, social unrest,
and poor infrastructure may account in part for the scientific inattention.
Another great obstacle is the difficult terrain in these swamps. It is easy to under-
stand why they have remained so unexplored. Modern-day explorers recently
crossed the Congo basin on foot to the Atlantic Ocean; taking over 15 months
to document and bring attention to the unexplored rain forests of this region
before they are cleared or lumbered (Quammen & Nichols 2000, 2001a, 2001b).
Even so, their progress was so poor in the swamps because of bad terrain that
they had to skirt around them. Another telling image of our knowledge of these

d'Informations de la République Démocratique du Congo (1998-2002), Wilkie et al. (2001b),
Royal Museum for Central Africa (Undated).
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The Congo River basin

swamps is the “Mokele-Mbembe,” a 9-m-long sauropod dinosaur reputed to live
in the swamps around Lake Télé in northern Congo (Agnagna 1983). The vast,
unexplored nature of these swamps gives credence to the suggestion that such
a creature might exist beyond the spiritual realm.

Location

Remote sensing has led to the greatest recent advances in our knowledge
of the swamps of the cuvette centrale congolaise. Previously, vegetation maps only
roughly delimited the area of swamps in the region (White 1983). Within the last
decade, remote sensing has provided an accurate picture of forest cover in the
region. Early efforts failed to distinguish between swamp forests and lowland
rain forest because of the resemblance of the two (Mayaux et al. 1997a, 1997b,
Laporte et al. 1998). Recent advances using combinations of satellite imagery
have succeeded in identifying swamp forests (De Grandi et al. 2000a, Mayaux &
Malingreau 2000, Mayaux et al. 2000) and can even distinguish between period-
ically flooded and permanently flooded swamps (De Grandi et al. 2000b, Mayaux
et al. 2002). Although they have yet to be ground-truthed, and the actual area of
swamp has not been published, these maps provide a revolutionary glimpse of
the extent and location of swamps in central Africa.

The swamps and wetlands of the cuvette centrale occur within a vast matrix of
lowland rain forest, and both habitats often intermix in a mosaic (Fig. 5.1; De
Grandi et al. 2000b). To the northwest from the Congo River, wetlands extend
in an almost contiguous block to a rather abrupt limit in northern Congo and
D. R. Congo. Several river systems slowly drain this area, many of which anasto-
mose near their confluences with the Congo River. Southwest of the Congo River,
swamps extend far upstream along rivers but form less of a continuous block
and are most often separated from adjacent river systems by terraces of lowland
tropical forest. Extensive swamps also occur adjacent to two large shallow lakes
south of the Congo River, Lake Tumba, and Lake Mai-Ndombe.

Environmental history

The tropical forests of central Africa, including these swamps, have
greatly changed their distribution and extent over recent millennia. They have
repeatedly undergone episodes of expansion and contraction since the Middle
Pleistocene epoch, around 1.05 Ma (Dupont et al. 2001). The underlying climate
change was induced by glaciation cycles in higher latitudes. During glacial max-
ima, central Africa became cooler and more arid (Preuss 1990, Jahns 1996, Maley
1996, Dupont et al. 2001), and the tropical forests of the central basin retreated
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towards the highlands of east and west equatorial Africa. These repeated climate
shifts may also be responsible for the relatively low proportion of endemic
species in the central parts of the Congo basin as compared with the Cameroon
highlands to the west and the Albertine Rift highlands in eastern D. R. Congo,
Rwanda, Burundi, and Uganda to the east - which are biodiversity hotspots
(Diamond & Hamilton 1980, Kingdon 1989, Sayer et al. 1992, Linder 2001, de
Klerk et al. 2002). However, there is some evidence for a lowland refugium in the
central basin during arid glacial periods, based on the present-day distribution
of plants and primates (Ndjele 1988, Kingdon 1989, Colyn et al. 1991). Swamps
appear to have persisted in the lowlands of the cuvette centrale through these arid
phases but to a greatly reduced extent.

Climate and hydrology

The climate of the cuvette centrale congolaise and its hydrology have been
well studied. The region has a wet tropical climate and a permanent Atlantic
monsoon (Leroux 1983). Mean annual temperatures are 25 to 27°C, and there
is little seasonal change (Bernard 1945, Leroux 1983). Annual rainfall is high; it
exceeds 1600 mm throughout the basin and exceeds 2000 mm in the central
region over the Momboyo and Busira rivers (Befnard 1945, Bultot 1971, Leroux
1983). Rainfall tends to have a bimodal seasonal pattern throughout the central
basin with two wet seasons and two dry seasons, but their timing alternates and
their extent changes on either side of the equator (Bultot 1971, Leroux 1983).
Annual evaporation is also high as a result of evapotranspiration from the forest

‘cover and direct evaporation from water bodies and swamps. Evaporation is of

the order of 1050 mm, which leaves between 600 and 900 mm of water to drain
as annual runoff (Bultot 1971).

The hydrological system of the cuvette centrale congolaise is complex; it is com-
prised of the Congo River, the numerous tributaries, and these extensive swamps.
The rivers have an extremely low gradient; they drop 3 cm km™! on average in
the central basin. Water flows between watersheds during high-water periods
and flow can even reverse within water courses (Laraque et al. 1998a, 1998b).
Furthermore, the pattern of river discharge differs across the cuvette centrale.
North of the equator, tributaries such as the Oubangui and the Giri show uni-
modal patterns of discharge with peaks in October and November (Rosenqvist
& Birkett 2002), while other tributaries such as the Sangha or the Likouala
show bimodal patterns with a lesser peak in May (Laraque et al. 1998a, 2001).
Southern-hemisphere tributaries have bimodal discharge patterns as they cross
the central Congo basin with a peak from November to January and a lesser

peak in March to May (Rosenqvist & Birkett 2002). The Congo River itself shows
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a strong bimodal pattern as a result of the alternating patterns and timing of
discharge from either side of the equator. )

A major consequence of the bimodal discharge is the low amplitude of water-
level fluctuations in the cuvette centrale congolaise relative to other tropical river
systems. For instance, the Congo River at Mbandaka has an average annual
amplitude of 1.8 m; contrast this with up to 15 m at Manaus on the Rio Negro in
the Amazon basin (Marlier 1973). Water-level fluctuations are, however, greater
along tributaries toward the edges of the cuvette. In 1996 for example, the differ-
ence between high- and low-water stages on the Congo River at Mbandaka was
of the order of 2.5 m, while on the Oubangui near the mouth of the Giri River,
it was 5.5 m (Rosenqvist & Birkett 2002).

Soils and water quality

The soils underlying these swaﬁlps vary from mineral to organic depend-
ing on the deposition of alluvium from rivers, the progression of river me-
anders across the floodplains, and the accumulation of organic matter, mineral
to organic soils underlie these swamps (Evrard 1968). Coarser mineral material
accumulates near rivers to forms levees, while finer materials are deposited away
from the rivers. However, river meanders shift across the floodplain with time
and rework these sediments; thereby creating diverse sediment deposits across
floodplains. In the D. R. Congo for instance, wide and active alluvial plains form
along the Congo River, the pubangui, and the Giri (Evrard 1968). Their soils
range in texture from coarse sands to clays, often with high organic matter.
Along tributaries to the south of the Congo, sands dominate. In backwater areas
that remain waterlogged, organic matter accumulates, forming extensive muck
and peat deposits. These peat deposits are variable in depth, typically around 1 m
deep, but can extend to 17 m (Evrard 1968). Organic deposits are acidic (pH 3.9 to
5.2) with high carbon:nitrogen ratios (C:N = 10) and low exchangeable mineral
cations.

Swamps and lakes, as well as the rivers that drain predominantly swamp
watersheds, have tea-colored waters with high dissolved organic matter content.
Their “black waters” are strongly acidic (pH 3.5 to 5.2), with low conductivity (10
to 140 uS cm™?!) and very low mineral content (<1 mg 171) (Marlier 1958, Dubois
1959, Berg 1961, Matthes 1964, Moukoulou et al. 1993, Laraque et al. 1998a, 1998b).
Where rivers first enter the cuveite centrale, their waters have higher pH and
mineral content and lower dissolved organic matter content (Probst et al. 1992,
Moukoulo et al. 1993, Laraque et al. 1998a). Smaller tributaries mix with waters
from swamps and soon become acidified, especially during high-water periods
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(Berg 1961). However, the Congo, and major rivers such as the Oubangui, have
higher pH and mineral content (Berg 1961, Moukoulou et al. 1993).

Alchortien condifolin, Bridelin spp., Ficur anper(iita,
Memecylon kpp., Davinurinm congennin, Raphia xpp.

canopy height. Finally, there are the periodically inundated forests, which occur
higher in the floodplain and are only periodically flooded during high waters.
These forests grade slowly into upland terra firme forests through extensive tran-
sitional areas because of the flatness of the land.

€3
. = £ =
Vegetation < é E
The botany of these swamp forests is poorly explored (Ndjele 1988, E s E ;
Hughes & Hughes 1992). The swamps are thought to harbour a diverse flora, E g’ ‘_§t §
although they are somewhat poorer in species numbers relative to other African H E g ';; E
rain forests (Evrard 1968, White 1983). Trees are mostly evergreen and many have = g :.’E': % E:
adaptations to withstand the prolonged flooding, including stilt roots and pneu- P
matophores (Evrard 1968). The canopies of mature communities are commonly :: ;: 2 2 -
30 m tall, with emergents reaching 45 m. Lianas and epiphytes are common. - '% z %- é ==
The vegetation of these swamps has only been characterized broadly. The best : :E % 'é § = ig
studies are those of Lebrun and Gilbert (1954) and Evrard {1968), who provide ; % 4’-:: g % ‘g‘ ::E
phytosociological syntheses of swamp plant communities in the D. R. Congo, % 2 f; ‘;;.‘: % % f =
but even they considered their studies to be preliminary. There has been little = i § E § _; g ..Z
published work on the swamp vegetation since that time, and no equivalent is - ‘_E ? E § § z- :
available for the Congo, although the swamp vegetation there is similar (Hughes f'_ Ejs2=249
& Hughes 1992). B ;5;.
According to Lebrun & Gilbert (1954), three main ecological factors con- 5 2 _faf
trol the forest vegetation: the water-level variation, including water depth and ;; g é f;
hydroperiod; the degree of alluvial deposition; and the intensity of dry-season f: 2 T’f é E
drainage. They identify four general classes of wetland forest in the central basin: = g ?E-' g % g
(1) pioneer riparian associations; (2} riverine forests; (3) permanently flooded :: E -
swamp forests; and (4) periodically flooded forest (Table 5.1). The pioneer ripar- =
ian associations are variable. They occur along rivers and shores, usually in high- i E =2z E
energy environments with periodically fast-flowing waters and large water-level z 2 -f H 3
fluctuations. The numerous aerial roots and pneumatophores in these pioneer :: B g ? g *g ‘g
riparian associations help to trap sediments and form land. The second general = i £3E 3
vegetation class is the riverine forests. They occur in slightly higher, more-stable & || = £2%E 3
situations along rivers where flow still occurs, such as on river levees. These river- =' M Y
ine forests often flood, but they will drain periodically during low-water periods. = é é s °§ 5% ;-
Swamp forests form the third major class of vegetation and dominate the cuvetie = & ;- g2 : :
centrale congolaise. They occur in stagnant, permanently flooded depressions. The % % £ g % i. ;’_. -;
swamp forests are variable in terms of dominant species, ground cover, and s % § -;Z -‘.;‘2 ";"E g\é
z
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Non-forested wetlands also occur in the central Congo basin. Wide expanses
of wet prairie ocuppy permanently inundate(i habitats along rivers, such as the
lower Likouala, the Likouala-aux-herbes, and the Giri (Hughes & Hughes 1992;
De Grandi et al. 2000b). Such prairies are dominated by the grasses Echinochloa
pyrimidalis, Leersia hexandra, Oryza barthii, and Vossia cuspidata, and by large sedges
(Hughes & Hughes 1992). These plants root in the mud, but also can form floating
rafts along river channels. Along the western edge of the cuvette centrale congolaise,
patches of open, peaty, boggy steppe and savanna occur; these form a mosaic
with swamp forest (Hughes & Hughes 1992). Some of these patches may dry out
seasonally and even burn. They include the “esobes” near Lake Tumba (Bouillenne
et al. 1955, Deuse 1960) and the “bais” of northern Congo.

wildlife ae—nsas A
The Congo River basin as a whole has the second-most-diverse fish fauna
in the world after the Amazon (Welcomme 1979). and this richness is evident ey 2
within the cuvette centrale congolaise (Hughes & Hughes 1992). Several species pro-
vide locally important fishery. Diverse aquatic habitats are present: from large e
rivers to forest streams; from calm oxbows to great shallow lakes; and from open = pemans N
wet prairie to permanent forested swamp (Matthes 1964). During the high-water = e Sl

season, aquatic habitats expand by over 85 000 km? as the swamps flood (Hughes
& Hughes 1992). With the exception of a few pelagic and benthic species of large
rivers and lakes, fish species migrate toward wet prairies and swamps at the start
of the flooded seasons in September and October, and to a lesser extent in May
to June (Matthes 1964). They enter the swamps and marshes to breed as the
waters rise. The fry then use these areas as nursery habitat until the waters
recede. Some fish species remain in the permanently flooded swamps all year

round, especially those in the families Protopteridae, Clariidae, and Anabanti- e i
dae (Matthes 1964); they have specialized organs that allow them to breathe air T Tt
in hypoxic waters. N

The herpetofauna of the Congo basin is rich (LeBreton 1998), but it is not Epornies 3.

well documented in the cuvette centrale congolaise (Hughes & Hughes 1992).
Many snakes and turtles and three species of crocodile inhabit these swamps,
including the endemic African dwarf crocodile Osteolaemus tetraspis (Hughes &

Casmae——g
Hughes 1992, Riley & Huchzermeyer 1999). Mammals have received the great- v
est research interest, especially the large mammals and primates. According T re
to Hughes and Hughes (1992), large mammals include forest elephant (Lox- = - o B
odonta africana cyclotis), hippopotamus (Hippopotamus amphibius) along waterways, =S e e
duikers (Cephalophus spp.), dwarf antelope (Neotragus batesi), waterbuck (Kobus - ST T

ellipsiprymnus), water chevrotain (Hyemoschus aquaticus), forest buffalo (Syncerus
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caffer nanus), bushbuck (Tragelaphus scriptus, T. spekei), giant forest hog (Hylochoerus
meinertzhageni), pangolin (Manis gigantea, M. tetradactyla), blotched genet (Genetta
tigrina), golden cat (Felis aurata), and leopard (Panthera pardus). Many species of
monkeys are found throughout the swamps (Allenopithecus nigroviridis, Cercocebus
spp., Cercopithecus spp., Colobus spp., Miopithecus talapoin) (Hughes & Hughes 1992).
Chimpanzees (Pan troglodytes) are found throughout the region, but bonobos (Pan
paniscus), the rarest of the great apes, are only found south of the Congo River.
Bonobos are endemic here and threatened, but populations remain in remote
areas such as Salonga National Park (Van Krunkelsven et al. 2000, Van
Krunkelsven 2001). In contrast, western lowland gorillas (Gorilla gorilla gorilla)
are only found north of the Congo River, where healthy populations
remain in the swamps (Fay et al. 1989, Blake et al. 1995). Unlike other gorilla
populations, they use swamp habitats year-round, especially those habitats with
abundant Raphia palms.

Human populations

Human populations in the cuvette centrale congolaise are low (mostly
<25 persons per km?; Singh et al. 1999), and areas dominated by swamp are
far more sparsely populated (Hughes & Hughes 1992). Populations are largely
restricted to riverside communities as a result of the poor quality of the land
for agriculture {(Hughes & Hughes 1992). Mbandaka and Impfondo (Fig. 5.1}
are the only cities, the remaining communities being smaller towns and villages.
Most are Bantu-speaking peoples, although pygmies and related groups are also
present (Colchester et al. 1998). Pygmies have traditionally led a hunter~gatherer
existence in the forests and swamps while maintaining associations with Bantu
in.riverside communities; however, the traditional pygmy lifestyle is at risk. No
data are available for population growth within the cuvette centrale itself, but
the population of the entire Congo basin (Congo and D. R. Congo, and parts of
Central African Republic, Gabon, Cameroon, and Angola) is growing rapidly at a
compounded annualized rate of 3.3% since 1960, doubling every 22 years (Singh
et al. 1999). This is amongst the highest rates of population growth in Africa.

Conservation concerns

The region remains one of the last great regions of wilderness on Earth
(Myers et al. 2000). The rate of deforestation in tropical Africa - in terms of
forest area lost per year ~ is modest compared with Latin America and southeast
Asia (Achard et al. 2002), although the high population growth in the region
will increase this pressure. The swamps themselves have not experienced much
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deforestation and remain in a relatively pristine condition (Hughes & Hughes
1992). They are unsuitable for agriculture, althz)ugh in a number of sites adjacent
to the banks of large rivers - where flooding is distinctly seasonal - there are
extensive local clearings for rice production (Hughes & Hughes 1992).

Forests in the region are increasingly exploited to satisfy the demand for tim-
ber exports. The logging industry has concentrated on a few species in upland
habitats (Plouvier 1998, Wilkie et al. 2001c). Desirable species are sparsely dis-
tributed in the forests, so logging is only practiced on a selective basis. In upland
logging concessions in northern Congo, only one tree per 6.6 ha was removed,
with an overall reduction of the canopy of less than 7% (Wilkie et al. 2001c).
This low level of disturbance is not unlike that of natural treefalls. However, it
is unclear to what extent swamps and periodically flooded forests are exploited
since they pose serious access problems for logging equipment, at least season-
ally. Among the dominant trees in these swamps, several species are of poten-
tial commercial interest, including Lophira alata (azobé), Mitragyna stipulosa and
M. ciliata (abura), Guibourtia demeusei (bubinga), Dyospiros spp. (African ebony),
Alstonia congensis, Symphonia globulifera, Uapaca spp., and Berlinia spp. (Chudnoff
1984). In upland habitats, companies do not practice any sustainable forestry
practices and simply move on once a logging 'concession is depleted (Plouvier
1998). Therefore, once the upland forests have been high-graded of desirable
species, swamps and periodically flooded forests may become attractive to log-
ging companies, despite access problems.

The biggest impact of logging is not deforestation, but defaunation (Plouvier
1998, Wilkie et al. 2000, 2001c, Fa et al. 2002). The logging-road network greatly
increases the ability of hunters to enter the forests and hunt. What was once a
three- to four-day trip for a hunter on foot is now a single-day event on logging
roads with vehicles (Wilkie et al. 2001c). Some 24 species, mostly monkeys and
small ungulates, have been recorded as bushmeat in northern Congo (Wilkie
et al. 2001¢). Logging camps and the fast-growing urban centers provide a ready
market for bushmeat, where it is an important protein source (Irefon 1998,
Wilkie et al. 2001c). The extraction rate of bushmeat is 2.4 times that of the
production rate in the central Congo (Fa et al. 2002). These pressures are unsus-
tainable, and commercial hunters eventually deplete logging concessions and
adjacent lands. It is unclear to what extent different habitats, such as period-
ically flooded forests and permanent swamps, escape these hunting pressures.
Gorillas in swamp habitats are now more common at greater distances from
roads (Blake et al. 1995).

Future construction of dams and hydroelectric development pose threats to
African fresh waters in general (Welcomme 2003), including tributaries that
feed the cuvette centrale congolaise (Chapman & Chapman 2003). Besides blocking
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fish movement, the main impact of dams to wetlands is to prevent the regu-
lar inundation of floodplains downstream (Welcomme 2003), which would dis-
rupt the hydroperiods and the distribution of sediments and nutrients in these
swamps.

Other resource-extraction activities may have future consequences on swamp
habitats. The Congo basin in general has great potential for mining (Moody 1998),
but little information is available on the prospects in the central basin. This is
not the case for oil and gas. The outlook for oil and gas in the central Congo
basin is promising (Lawrence & Mbungu-Makazu 1988). Oil and gas exploration
and exploitation may have a significant impact on swamp communities in the
coming years.

Recent civil war in the D. R. Congo and the Congo has had serious envi-
ronmental consequences in the central Congo basin. In the short term, civil
war may limit the exploitation of timber and mineral resources in this region;
however, the availability of automatic weapons over the past decade has dramat-
ically escalated the hunting of wildlife, including apes, in part to feed guerrilla
armies (Dudley et al. 2002). The poaching of elephants for ivory has also increased
in regions of conflict as a consequence of the weaponry and lawlessness (Van
Krunkelsven et al. 2000, Vogel 2000, Dudley et al. 2002). Over the longer term,
even once the fighting is over, lasting political instability may impede the sus-
tainable exploitation of resources in the central basin and the efforts to conserve
its biodiversity (Dudley et al. 2002).

Several national parks and reserves with swamp habitats have been estab-
lished in the central Congo basin. In the D. R. Congo, Salonga National Park was
created in 1970 in the central basin (Fig. 5.1) (UNEP World Conservation Moni-
toring Centre 2001). At 36 000 km? in size, it remains one of the largest parks in
the world and is a World Heritage Site. It is mostly terra firme forest, but wide
stretches of swamp habitat occur in the park along the Salonga and Luilaka
rivers. In the Congo, the Lac Télé/Likouala-aux-herbes Community Reserve was
established in 1998 and covers 4389 km?, almost exclusively wetland habitat
(Frazier 2002). It is designated as a RAMSAR Wetland of International Impor-
tance (Frazier 2002).

Although these parks exist on paper, in practice they fall far below any conser-
vation ideal. Protected areas in the Congo basin are severely under-financed and
neglected (Wilkie et al. 2001a). Salonga National Park was in the front line dur-

ing the recent civil war (Vogel 2000). Gangs of poachers with automatic weapons
controlled the rivers and hunted bonobos and elephants (Van Krunkelsven 2001).
Logging and the clearing of land along access roads also remain a problem in the
Salonga (UNEP World Conservation Monitoring Centre 2001). The situation in the
Congo is perhaps more stable; yet bushmeat hunting and the illegal burning of
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floodplains remain serious problems in the Lac Tél¢/Likouala-aux-herbes Reserve
(Wildlife Conservation Society 2001).

Concluding remarks

The swamps of the central Congo basin are vast and relatively pristine
wetlands in the heart of the African tropical rain forest. However, the numerous
references cited in this review are misleading and lie in striking contrast to the
paucity of primary research from these swamps. They remain largely unexplored.
Our lack of knowledge will remain a handicap for the long-termn management
of these swamps. Rapid population growth, underdevelopment, and regional
conflict will place increasing pressure on the integrity of these swamps over
the coming decades. Considering their vast extent; their rich biodiversity; their
importance to local economies for supporting fisheries, hunting, and logging;
and the threats they face, they deserve far-more attention from the scientific
community.

From another perspective, these swamps present a great opportunity. They
remain relatively undisturbed, so it is not too late to develop sound plans for
their management and conservation. From thié perspective, there are two oppor-
tunities. As a result of their vast size and relatively contiguous extent, they form
a vast nucleus for the conservation of lowland ‘tropical forests in central Africa.
Secondly, by their very nature, they are not easily accessible to humans, and as
such, they may escape the land clearance occuring in surrounding terra firme
forests. Conservation planning efforts should build upon these strengths. The
Congolese governments, in cooperation with each other and the international
community, should place these strengths at the center of planning efforts for the
management and conservation of lowland tropical forests in the Congo basin.

Acknowledgements

This chapter would not have been possible without support from the
Schleider Chair for Environmental Studies at Southeastern Louisiana University.

References

Achard, F, Eva, H. D., Stibig, H.J. et al. (2002). Determination of deforestation rates
of the world’s humid tropical forests. Science, 297, 999-1002.

Agnagna, M. (1983). Results of the first Congolese Mokele-Mbembe expedition.
Cryptozoology, 2, 103-12.

e =i ]




#z-aux-herbes Reserve

=2 relatively pristine
fiewer, the numerous
#king contrast to the
i Bargely unexplored.
BteTm management
mment, and regional
" these swamps over
=5 biodiversity; their
ming, and logging;
 from the scientific

i opportunity. They
#op sound plans for
theve are two oppor-
== extent, they form
s in central Africa.
- #0 humans, and as
wunding terra firme
Bese strengths. The
< the international
ming efforts for the
. the Congo basin.

- support from the
misiana University.

- deforestation rates

ibe expedition.

The Congo River basin 161

Berg, A. (1961). Role écologique des eaux de la Cuvette congolaise sur la croissance de la
jacinthe d’eau [Eichhornia crassipes (Mart.) Solms]. Académie Royale des Sciences
d’Qutre-mer, Classe des sciences naturelles et médicales, Mémoire in-8°,
Nouvelle série 12, pp. 1-120.

Bernard, E. (1945). Le climat écologique de la cuveite centrale congolaise. Bruxelles,
Belgium: Institut National pour I'Etude Agronomique du Congo Belge.

Blake, S., Rogers, E., Fay, M. J., Ngangoué, M., and Ebeké, G. (1995). Swamp gorillas in
northern Congo. African Journal of Ecology, 33, 285-90.

Bobb, FE. S. (1999). Historical Dictionary of Democratic Republic of the Congo (Zaire).
Lanham, MD: The Scarecrow Press.

Bouillenne, R., Moureau, ]., and Deuse, P. (1955). Esquisse écologique des faciés forestiers
et marécageux des bords du lac Tumba (Domaine de I'LR.S.A.C., Mabali, Congo belge).
Académie Royale des Sciences coloniales, Classe des sciences naturelles et
médicales, Mémoires in-8°, Nouvelle série 3, pp. 1-120.

Bultot, F. (1971). Atlas climatique du bassin congolais, vol. 2, Les composantes du bilan
d’equ. Bruxelles, Belgium: Institut National pour 'Etude Agronomique au Congo.

Chapman, L. J. and Chapman, C. A. (2003). Fishes of the African rain forests:
emerging and potential threats to a little-known fauna. In Conservation, Ecology,
and Management of African Fresh Waters, eds. T. L. Crissman, L. J. Chapman, C. A.
Chapman, and L. S. Kaufman. Gainesville, FL: University Press of Florida, pp.
176-209.

Chudnoff, M. (1984). Tropical Timbers of the World. Madison: US Department of
Agriculture, Forest Service.
http:/[128.104.77.230/TechSheets|tropicalwood.html (accessed February 2005).

Colchester, M., Jackson, D., and Kendrick, ]. (1998). Forest peoples of the Congo
basin: past exploitation, present threats and future prospects. In The Congo
Basin, Human and Natural Resources, eds. C. Beselink and P. Sips. Amsterdam, the
Netherlands: Netherlands Committee for IUCN, pp. 53-63.

Colyn, M., Gauthier-Hyon, A., and Verheyen, W. (1991). A re-appraisal of
palaeoecological history in Central Africa: evidence for a major fluvial refuge in
the Zaire basin. Journal of Biogeography, 18, 403-7.

De Grandi, G. F, Mayaux, P., Malingreau, J.-P. (2000a). New perspectives on global
ecosystems from wide-area radar mosaics: flooded forest mapping in the tropics.
International Journal of Remote Sensing, 21, 1235-49.

De Grandi, G. F,, Mayaux, P., Rauste, Y. et al. (2000b). The Global Rain Forest Mapping
Project JERS-1 radar mosaic of tropical Africa: development and product
characterization aspects. IEEE Transactions on Geoscience and Remote Sensing, 38,
2218-33.

de Klerk, H. M., Crowe, T. M., Fjeldsd, J.. and Burgess, N. D. (2002). Patterns of species
richness and narrow endemism of terrestrial bird species in the Afrotropical
region. Journal of Zoology, 256, 327—42.

Denny, P. (ed.) (1985). The Ecology and Management of African Wetland Vegetation: a
Botanical Account of African Swamps and Shallow Waterbodies. Dordrecht, the
Netherlands: Junk.



1wz Campbell, D.

Deuse, P. (1960). Etude écologique et phytosociologique de la wégétation des Esobe de la région
est du lac Tumba (Congo belge). Académie Royale des Sciences d'Outre-Mer, Classe
des sciences naturelles et médicales, Mémoires in-8°, Nouvelle série 11, pp. 1-44.

Diamond, A. W. and Hamilton, A. C. (1980). The distribution of forest passerine birds Lacague.
and Quaternary climatic change in tropical Africa. Journal of Zoology, London,
191, 379-402.

Dubois, T. {1959). Note sur le chimie des eaux du Lac Tumba. Académie Royale des Lo

Sciences d'Outre-Mer, Bulletin des Séances, 6, 1321-34.
Dudley, J. P.,, Ginsberg, J. R., Plumptre, A. J., Hart, J. A., and Campos, L. C. (2002). -

Effects of war and civil strife on wildlife and wildlife habitats. Conservation Loz
Biology, 16, 319-29.

Dupont, L. M., Donner, B., Schneider, R., and Wefer, G. (2001). Mid-Pleistocene

environmental change in tropical Africa began as early as 1.05 Ma. Geology, 29, e
195-8. '
Evrard, C. (1968). Recherches écologiques sur le peuplement forestier des sols hydromorphes de Lefieetum

la cuvette centrale congolaise. Série scientifique 110. Bruxelles, Belgium: Institut
National pour 1'Etude Agronomique au Congo.

Fa, J. E,, Peres, C. A, and Meeuwig, J. (2002). Bushmeat exploitation in tropical Lebwam,
forests: an intercontinental comparison. Conservation Biology, 16, 232-7.

Fay, ]. M., Agnagna, M., Moore, |., and Oko, R. (1989). Gorillas {Gorilla gorilla gorilla) in o

the Likouala swamp forests of north central Congo: preliminary data on u;!m'

populations and ecology. International Journal of Primatology, 10, 477-86. Ll
Frazier, S. (ed.) (2002). A Directory of Wetlands of International Importance. Ramsar

Convention Bureau and Wetlands International. Maley.

http:/jwww.wetlands.org/RDB/Ramsar Dir/1 Introduction/Introduction.htm#title
faccessed February, 2005).

Hochschild, A. (1998). King Leopold’s Ghost: a Stor}; of Greed, Terror, and Heroism in Ml 2
Colonial Africa. Boston, MA: Houghton Mifflin. o

Hughes, R. H. and Hughes, ]. S. (1992). A Directory of African Wetlands. Gland llm<
Switzerland and Cambridge, UK: International Union for the Conservation of Afriy
Nature and Natural Resources (JUCN). =

Institut Royal des Sciences Naturelles de Belgique and Centre d’Echange Mam
d’Informations de la République Démocratique du Congo (1998-2002). Etat de la élegl
diversité biologique en République Démocratique du Congo: Bibliographie. G
http://bch-cbd.naturalsciences.be/congodr/cdr-frajcontribution/monographie/ Moy

biblio.htm (accessed February, 2005).
Jahns, S. (1996). Vegetation history and climate changes in West Equatorial Africa

Dows

during the late Pleistocene and Holocene, based on a marine pollen diagram Mays
from the Congo fan. Vegetation History and Archaeobotany, 5, 207-13. -

Job, D. A, (1994). Global climate change, natural resources management and Py

biodiversity conservation in the Congo Basin: preliminary literature review. MayallL_
http:f/carpe.umd.edu/products/PDF files/Biblio-Job.pdf (accessed February, 2005).
Kingdon, ]. (1989). Island Aftica: the Evolution of Africa’s Rare Animals and Plants. A Mayaus

Princeton, NJ: Princeton University Press.




Ration des Esobe de la région
mees d'Outre-Mer, Classe
fomvelle série 11, pp. 1-44.
= of forest passerine birds
sl of Zoology, London,

"L Académie Royale des

Campos, L. C. (2002).
mbitats. Conservation

Mid-Pleistocene
as 1.05 Ma. Geology, 29,

= des sols hydromorphes de
Bes. Belgium: Institut

mation in tropical

legy. 16, 232-7.

¢ \Gorilla gorilla gorilla) in
fmninary data on

2=y, 10, 477-86.
mal Importance. Ramsar

Matroduction. htm#title
== and Heroism in

#lands. Gland
7 the Conservation of

= dBchange

[1998-2002). Etat de la
mgo: Bibliographie.
fiion/monographie/

st Equatorial Africa
wine pollen diagram
S. 207-13.

m2gement and

¥ Iliterature review.
wssed February, 2005).
mals and Plants.

The Congo River basin 163

Laporte, N. T., Goetz, S. ]., Justice, C. O., and Heinicke, M. (1998). A new land cover
map of central Africa derived from multi-resolution, multi-temporal AVHRR
data. International Journal of Remote Sensing, 19, 3537-50.

Laraque, A., Mietton, M., Olivry, J. C., and Pandi, A. (1998a). Influences des
couvertures lithologiques et végétales sur les régimes et la qualité des eaux des
affluents congolais du fleuve Congo. Revue des Sciences de Eau, 11, 209~24.

Laraque, A., Poyaud, B., Rocchia, R. et al. (1998b). Origin and function of a closed
depression in equatorial humid zones: the Lake Télé in North Congo. Journal of
Hydrology, 207, 236-53.

Laraque, A., Mahé, G., Orange, D., and Marieu, B. (2001). Spatiotemporal variations in
hydrological regimes within Central Africa during the XXth century. Journal of
Hydrology, 245, 104-17.

Lawrence, S. R. and Mbungu-Makazu, M. (1988). Zaire’s central basin: prospectivity
outlook. Oil and Gas Journal, 86, 105-8.

LeBreton, M. (1998). A brief overview of the herpetofauna of the Congo Basin region.
In The Congo Basin, Human and Natural Resources, eds. C. Beselink and P. Sips.
Amsterdam, the Netherlands: Netherlands Committee for [UCN, pp. 31-41.

Lebrun, L. and Gilbert, G. (1954). Une classification écologique des foréts du Congo. INEAC
Série 63. Bruxelles, Belgium: Institut National pour I’Etude Agronomique au
Congo.

Leroux, M. (1983). Le climat de V'Afrique tropicale. Paris: Editions Champions.

Linder, H. P. {2001). Plant diversity and endemism in sub-Saharan tropical Africa.
Journal of Biogeography, 28, 169-82.

Maley, J. (1996). The Affican rain forest ~ main characteristics of changes in
vegetation and climate from the Upper Cretaceous to the Quaternary.
Proceedings of the Royal Society of Edinburgh, 104B, 31-73.

Marlier, G. (1958). Recherches hydrobiologiques au lac Tumba. Hydrobiologia, 10,
352-85.

(1973). Limnology of the Congo and Amazon rivers. In Tropical Forest Systems in
Africa and South America: a Comparative Review, eds. B. ]. Meggers, E. S. Ayensu,
and W. D. Duckworth. Washington, DC: Smithsonian Institution, pp. 223-8.

Matthes, H. (1964). Les poissons du Lac Tumba et de la végion d'lkela: études systématique,
écologique et zoogéographique. Tervuren, Belgium: Musée Royal de I'Afrique
Centrale.

Mayaux, P. and Malingreau, J.-P. (2000). Le couvert forestier d’Afrique centrale: un
nouvel état des lieux. Bulletin des Séances de 'Académie Royale des Sciences
d’Outre-Mer, 46, 475-86.

Mayaux, P., Janodet, E., Blair-Myers, C. M., and Legeay-Janvier, P. (1997a). Vegetation
Mayp of Central Africa at 1:5000000. TREES Series D, no. 1. Ispra, Italy: Space
Applications Institute, Joint Research Centre, European Commission.

Mayaux, P, Richards, T., and Janodet, E. A. (1997b). A vegetation map of Central
Africa derived from satellite imagery. Journal of Biogeography, 26, 353-66.

Mayaux, P., De Grandi, G., and Malingreau, ]-P. (2000). Central Africa forest cover
revisited: a multisatellite analysis. Remote Sensing of Environment, 71, 183-96.



164 Campbell, D.

Mayaux, P., De Grandi, G. F.,, Rauste, Y., Simard, M., and Saatchi, S. (2002). Large-scale
vegetation maps derived from the combined L-band GRFM and C-band CAMP
wide area radar mosaics of Central Africa. International Journal of Remote Sensing,
23, 1261-82.

Moody, R. (1998). The Congo Basin. The Netherlands: ITUCN (World Conservation Union).

Moukolo, N,, Laraque, A., Olivry, J. C., and Bricquet, J. P. (1993). Transport en
solution et en suspension par le fleuve Congo (Zaire) et ses principaux affluents
de la rive droite. Hydrological Sciences, 38, 133-45.

Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A. B., and Kent,

J. (2000). Biodiversity hotspots for conservation priorities. Nature, 403, 853-8.

Ndjele, M. (1988). Principales distributions obtenues par I'analyse factorielle des
éléments phytogéographiques présumeés endémiques dans la flore du Zaire.
Monographs in Systematic Botany from the Missouri Botanical Garden, 25, 631-8.

Plouvier, D. (1998). The situation of tropical moist forests and forest management in
Central Africa and markets for African timber. In The Congo Basin, Human and
Natural Resources, eds. C. Beselink and P. Sips. Amsterdam, the Netherlands:
Netherlands Committee for [UCN, pp. 100-9.

Preuss, J. (1990). L'évolution des paysages du basin intérieur du Zaire pendant les
quarantes derniéres millénaires. In Paysages quaternaires de I'Afrique Cenirale
Atlantique, eds. R. Lanfranchi and D. Schwartz. Paris: Editions de 'ORSTOM,
pp. 260-70.

Probst, J. L., Nkounkou, R. R, Krempp, G. ét al. (1992). Dissolved major elements
exported by the Congo and the Ubangui rivers during the period 1987-1989.
Journal of Hydrology, 135, 237-57. .

Quammen, D. and Nichols, M. (2000). Megatransect: across 1,200 miles of untamed
Africa on foot. National Geographic, 198(4), 2-29.

(2001a). Megatransect II: the green abyss. National Geographic, 199(3), 2-37.
(2001b). Megatransect III: end of the line. National Geographic, 200(2), 74-103.

Riley, J. and Huchzermeyer, F. W. (1999). African dwarf crocodiles in the Likouala
Swamp forests of the Congo basin: habitat, density, and nesting. Copeia, 2,
313-20.

Rosengvist, A, and Birkett, C. M. (2002). Evaluation of JERS-1 SAR mosaics for
hydrological applications in the Congo River basin. International Journal of Remote
Sensing, 23, 1283-1302.

Royal Museum for Central Africa (Undated). Publications.
http:/jwww.africamuseum.be/publications (accessed February, 2005).

Sayer, J. A., Harcourt, C. S., and Collins, N. M. (1992). The Conservation Atlas of Tropical
Forests: Africa. Basingstoke, UK: Macmillan.

Singh, A., Dieye, A., and Finco, M. (1999). Assessing environmental conditions of
major river basins in Africa as surrogates for watershed health. Ecosystem Health, -
5, 264-74.

Thompson, K. and Hamilton, A. C. (1983). Peatlands and swamps of the African
continent. In Ecosystems of the World, vol. 4B: Mires: Swamp, Bog, Fen and Moor, ed.
A.]. P. Gore. Amsterdam, the Netherlands: Elsevier Science, pp. 331-73.

!Igll!!!‘

lliﬂilf'lIiH{l’li

-
ti‘ir

w s % 8

' Ek

"™ & B M




£ [2002). Large-scale
i Cband CAMP
& of Remote Sensing,

Mmservation Union),
Emsport en
Eimcipaux affluents

& and Kent,
= 403, 853-8.
Memovielle des
Bees du Zaire.
= 35 631-8.
& management in
== Hwman gn4
Shakeriands:

= pendant Jes
= Centrule
= JORSTOM,

o elements
e 1987-1989.

“= of untamed
5 3-37.

e Likouala
apeia. 2,

s for
sl of Remote

The Congo River basin

Trefon, T. (1998). Urban threats to biodiversity in the Congo basin. In The Congo Basin,
Human and Natural Resources, eds. C. Beselink and P. Sips. Amsterdam, the
Netherlands: Netherlands Committee for IUCN, pp. 89-99.

UNEP World Conservation Monitoring Centre {2001). Salonga National Park.
http:/jwww.unep-wemc.org/protected_areas/datafwh/salonga.html (accessed
February, 2005).

Van Krunkelsven, E. (2001). Density estimation of bonobos (Pan paniscus) in Salonga
National Park, Congo. Biological Conservation, 99, 387-91.

Van Krunkelsven, E., BilaJsia, I, and Draulans, D. (2000). A survey of bonobos and
other large mammmals in the Salonga National Park, Democratic Republic of
Congo. Oryx, 34, 180-7.

Vogel, G. (2000). Conflict in Congo threatens bonobos and rare gorillas. Science, 287,
2386-7.

Welcomme, R. L. (1979). Fisheries Ecology of Floodplain Rivers. London: Longman.

(2003). River fisheries in Africa: their past, present, and future. In Conservation,
Ecology, and Management of African Fresh Waters, eds. T. L. Crissman, L. J. Chapman,
C. A. Chapman, and L. S. Kaufman. Gainesville, FL: University Press of Florida,
pp. 145-75.

White, F. (1983). The Vegetation of Africa: a Descriptive Memoir to Accompany the
UNESCO/AETFAT/UNSO Vegetation Map of Africa. Paris: UNESCO.

Wildlife Conservation Society (2001). Lac Télé Reserve conservation and
management.
http:/fwww.wcs-congo.orgflacres.htm (accessed October, 2003).

Wilkie, D., Shaw, E., Rotberg, E., Morelli, G., and Auzel, P. (2000). Roads, development,

and conservation in the Congo basin. Conservation Biology, 14, 1614-22.
Wilkie, D. S., Carpenter, J. F., and Zhang, Q. (2001aj. The under-financing of

protected areas in the Conge Basin: so many parks and so little

willingness-to-pay. Biodiversity and Conservation, 10, 691-709.

Wilkie, D. S., Hakizumwami, E., Gami, N., and Difara, B. (2001bj. Beyond boundaries:

regional overview of transboundary natural resource management in Central
Africa. In Beyond Boundaries: Transboundary Natural Resource Management in Central
Africa. Washington, DC: Biodiversity Support Program.
http:/jwww.worldwildlife.org/bsp/publicationsfafrica/125/125/titlepage HTML
(accessed February, 2005).

Wilkie, D. S., Sidle, J. G., Boundzanga, G. C., Auzel, P., and Blake, S. (2001c}.
Defaunation, not deforestation: commercial logging and market hunting in
northern Congo. In The Cutting Edge: Conserving Wildlife in Logged Tropical Forest,
eds. R. A. Fimbel, A. A. Grajal, and J. G. Robinson. New York: Columbia
University Press, pp. 375-99.

165






