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of inorganic sediment deposition, the gradual decrease in water
depth is the result of organic carbon accretion. This provides a
habitat suitable for the establishment firstly of floating=-leaved
species such as Nymphaea caerulea and Brasenia schreberi (Fiz. 6.1b)
and later of tall, bottom-rooted emergents such as Typha capensis
and Phragmites australis, which usually occur in scattered clumps
(Fig. 6.1c). This is an autogenic successional process in which the
deposition of organic matter of early successional plants leads to
a decrease in water depth and thereby facilitates the establishment
of later colonisers. These mechanisms for change correspond to those
proposed by Egler (1954) in a facilitation model of plant succassion
which was later corroborated by Connel & Slatyer (1977) and Noble &

Slatyer (1980).

The presence of emergent species, which are more refractile than
submerged and floating-leaved species (Wetze] 1983), results in the
formation of an organic layer which is generally of a coarser texture
than that formed in earlier stages (Fig. 6.1c). This upper organic
layer, bound together by the roots of the bottom-rooted species, is

associated with organic sudd initiation.

6.1.2 Sudd initiated plant succession

The formation of two types of sudds at or close to the water surface
represents an opportunity for the development of short emergent
plant communities which are largely indcpondent of the depth to the
benthic detrital aggregate, but are instead dependant on the depth
of the flecating organic laver. In the first type of sudd formation
decomposition and gas production in the inorganic detrital layer in
the rooting zone of N. caerulea and T. capensis leads to increased
buoyancy of the submerged detrital mat. The corms and rhizomes of

these species respectively, together with their roots and associated
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detritus, rise to the surface either becoming separated from the
remainder of the submerged detritus to form mobile sudds, generally
less than 2,0m in diameter (Fig. 6.1d), or else they remain attached
and form dome-shaped structures in which large areas of submerged
detritus become exposed (up to 200m2). In contrast with studies by
van der Valk (1981, 1982) who suggests that a persistent seed bank
is the important determinant of plant succession on exposed
substrata in wetlands, it was shown in this study that an input of
propagules from the surrounding vegetation result in the
colonisation and establishment of a short emergent vegetation. The
most common sudd colonisers in the Maunachira river system are
Fuirena stricta, Pycreus nitidus, Drosera madagascariensis and Xyris
capensis. A large proportion of the sudds remain afloat even during
the winter months when gas production is low, and as a result of wind
action they ultimately bank up on the leeward edge of the lediba,

thereby resulting in a reduction in the size of the water body.

The mobile organic sudds and the vegetation stabilised banks form
suitabie substrata for colonisation by the sedge P. nitidus. The
sacond type of sudd formation involves encroachment by this
stoloniferous species, which requires some degree of physical sup-
port. This is provided mainly by submerged, unconsolidated detritus
at a depth of less than 0,7m, or else by the submerged sedge
Websteria confervoides (Fig. 6.1d). Initially a loose matrix of
stolons is formed, but with the continual growt and death of plant
parts, a more coasolidated peat layer forms. Gas production from

decomposition within the sudd maintains its buoyancy (Fig 6.le).

It has been proposed in this study that both stochastic factors, such
us the chance arrival and establishment of propagules at a favourable
site, and the interactions between the species on the sudd layer

itself = rather than environmental fuctors - determine the nature
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and rate of species cclonisation and replacement until a short
emergent bog community with consolidated peat becomes established.
Species such as [£riochrysis pallida, Ficus verruculosa and
Miscanthus junceum eventually “ecome dominant at advanced stages

(Fig. 6.1f).

Vertical aggradation occurs both downwards in the form of detrital
rain from the sudd, and upwards as a resu.t of the surface accumu-
lation of undecomposed plant material (Fig. 6.1f). The peat cores
revealed a middle, loose detrital zone. It is postulated that peat
accumulation in the Maunachira river system is not yet at equilibh-
rium, but that in time the upper sudd peat and the bottom peat will
eventually meet, resulting in a more continuous but stratified peat
deposit than was observed within any of the cores within the study
area. Peat accumulation at the surfaceat present appears to be

limited by the seasonal water level fluctuations.

6.2 PEAT FORMA" ION IN THE MAUNACHIRA RIVER SYSTEM

Peat forms in areas where rates of plant production exceed rates of
decomposition (Clymo 1983). Many interrelated factors, but prima-
rily those which reduce rates of decomposition, have generally been
considered to contribute to peat formation and include (i) a low
energy hydrodynamic regime, (ii) low temperatures, (iii) a consist=-
ently high water table which results in (iv) anaerobic conditions,
(v) acid conditions (pH < 5.5), and (vi) low nutrient availabilities,

especially nitrogen and phosphorus (Moore & Bellamy 1974, Verry &
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Boetler 1978, Stach et. al. 1982, Thompson & Hamilton 1983, Wetzel
1983, McCabe 1984, Malmer 19£6).

Peat formaticon w..hin the Maunachira river system has taken place
in areas which have a consistently high water table and negligible
flow rates. It does however appear to have taken place under rela-
tively aerobic conditions. Evidence for this is provided by the
abundance of fungal hyphae within the peat cores which appear to have
facilitated the oxidative decomposition of the pollen grains as de-
scribed by Klein & Dupre (19£0). Temperatures in the waters of the
delta also appear high; they were always in sxcess of 12°C at a depth
of 1,0m, which is well above the temperatures which depress decom-
position (Stach et. al 1982). The pH of peat waters was greater than
6,0 and the pH preferences of the diatom assemblages during peat
deposition indicate a slightly acidic but close to neutral environ-
ment. These values are too close to neutral to sufficiently inhibit

rates ot decomposition (Thompson & Hamilton 1983).

These environmental factors therefore appear to play little or no
part in promoting organic matter accretion and thus peat formation
within the Maunachira river system. It seems likely however that
low nutrient concentrations in the system play a crucial role. Se-
veral important processes contribute to the poor nutrient status of
the waters of the river system. Firstly, the catchment of the
Jkavango delta is nutrient poor being essentially of Kalahari sands
and crystalline rock (Smith 1976), and water entering the delta via
the Okavango river may be classified as oligotrophic. Secondly, the
Maunachira river system receives the bulk of its flow from "filter"
communities (Wilson 1973) which serve to trap any suspended material

and effectively remove plant nutrients (Smith 1976, Gaudet 1977).
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Once the already nutrient poor waters enter the Maunachira river,
further depletion of available nutrients takes place by the forma-
tion of peats which are recognised to be nutrient sinks (Moore &
Bellamy 1974). It is therefore not surprising that the measures of
both total nitrogen and total phosphorus obtained in this study were
both within the range of "ultra-oligotrophy" (Wetzel 1983) and are
likely to severely limit the decomposer component in the system

(Chamie & Richardson 1978).

& further very important constraint on decomposition is the
refractile nature of the plant material. Although no work has been
done in the Okavango Delta on the nutrient content of plant material,
studies elsewhere have indicated a hlg ceil wall fraction (up to
83% for the tropical sedge Scirpus cubensis loeppig & Kunth ex Kunth,
Howard-Williams & Junk 1977) and a correspondingly low protein :on-
tent (less than 5%, Howard-Williams & Gaudet 1985). These are :!so
considered to limit the rate and extant of decomposition, since the
plant material itself forms the main nutrient source for the

organisms of decay (Clymo 1983).

It is therefore suggested that both nutrient limitations and the
refractile nature of organic matter produced within this system may
provide severe limitations to the decomposer component, and may thus
be primary determinants of peat formation and accumulation. Since
peat formation in a subtropical, low altitude environment such as
the Okavango Delca is an unusual feature (Thompson & Hamilton 1983)
and yet is sucn a dominant process in the Maunachira river system,
rates and determinants of peat accumulation are regarded as impor-
tant aspects of the delta's structure and functioning, and should

be investigated in detail in further studies.

o P

DY T



6.3 CONCLUSIONS

The Okavango Delta experiences periodic but major shifts in the
distribution of water flow, with an increase in inundation in one
area usually being ¢ :companied by a decrease elsewhere (Wilson
1973). This study has examined part of a single river system in
which past changes in flow patterns, namely an increass in flow
during this century, have resulted in the formation of a mosaic of
habitats at different stages of development. Since the results in-
dicate that water depth is the major determinant of the distribution
of{ the aquatic macrophytes, the depth and extent to which an area
becomes inundated are the most important factors influencing the
establishment of the initial colonising communities. The mechanisms
for change once these communities become established are, firstly,
the gradual decrease in water depth by autochthonous hydroseral in-
filling and, secondly, the formation of a floating sudd layer at or
close to the water surface., A better understanding of each of the
stages of change can be gained by further autecological studies of
key species (such as P. nitidus), in which various aspects of
vegetative growth, plant competition, propagule dispersal and

germination requirement. are examined.

Although there is obviously at present a general trend in reduction
of open water due to peat formation in the Maunachira river system,
the histories flow in other river systems indicate a f ~dback loop
in which both peat accumulation and inorganic sedimentation further
upstream will result in dramatic changes in the anydrological regime
within this river system with flow being diverted elsewhere in the
delta (McCarthy et. al. 1986a). To gain a better understanding of

these processes at the broad ecosystem level, further work is re-
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quired to eiucidate the major determinants and rates of peat forma-

tion and accumulation.
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APPENDIX A

List of diatom taxa present i1 peat cores talcen from

the Maunachira river system

Acnanthes buccula Choln.

Acnanthes spl and 2

Cocconeis placentula Ehr

Cocconels spl and 2
Cyclotella spl, 2, 3, and &

Cymbella cryptocephala Hustedt
C. perpusilla A. Cleve
Cymbella spl

Eunotia asterionelloides Hustedt
. exigua (Breb.) Rabh.

. mesiana Choln.

. rhomboidea Hustedt

E
£
E. pectinalis (Kutz.) Rabn. var.l, 2 and 3
E
E. tenella (Grun.) Hustedt

E

. valida Hustedt var.l and 2
Eunot ia spl, 2, 3, 4 and 5

Fragilaria pinnata Ehr.

F. constreuns(Ehr.) Grun. var. venter (Ehr.) Grun.

Gomphonema angustata (Kutz.) Rabh.

G. apicatum Ehr.
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G. gracile Ehr.

Gomphonema spl, 2, 3, 4 and 5

lantzschia amphioxys (Ehr.) Grun.

dantzschia spl

Navicula mutica Kuts.

Navicula spl, 2, 3, 4 and 6.

Nitzschia subacicularis Hustedt

Nitzschia spl, 2 and 3

Pinnuiaria borealis Ehr.

P. brevicostata A. Cleve

P. gibba Ehr.

P. sublinearis (Grun.) A. Cleve

Pinnulsrie spl, 2, 3, 4 and 5

Surirella spl

Stauroneis ~laaseniae Choln.

Stauroneis sp2 and 3



APPENDIX B

Percentages of the total of diatom taxa in a

peat core (Core Il) taken fion a2 well

established peat bog

CYCLOTELLA

___

FRAGIL *RIA
[ P | N | Y
1L PN T o
“_:&.“; lnl = - - - n!ln .
SURIRELLA P ) ) X
B -—_ | :-Pr..: st leo o lele ...
NAVICULA
—r_ — —b I ‘—I-!- — ~ ‘—.r-‘-1ibl-lnb'lrlgrb|rlul.-[J‘ e

FUNOTIA

:___ LI ﬁ_______
GOMPHONE MA

-—\—-— —-——‘b[; —- Il.1 .. | I

ACNANTHES . -
CYMBELLA — —.
— _ — — AN E _ _ | T B B »-]-\‘-II-E
NN\ZZ = ]l : =

o
] -y

o o
"0 y

PERCENTAGE

i

-

PLANKTONIC

SENTHIC

IPMYTIC

P

L



REFERENCES

ANDERSON, R.F.J. 1976. Weather of the Okavango Delta. In: Symposium

on the Okavango Delta. Botswana Society, Gaberone. pp29-31.

BARLOCHER, F., MACKAY, R.J. & WIGGENS, G.B. 1978. Detritus process-
ing in a temporary vernal pool in southern Ontario. Arch. Hydrobiol.

81:269-295.

BAYLY, I.L. & O'NEILL, T. 1972. Seasonal ionic fluctuations in a

Typha glauca community. Ecol. 53:714-719.

BEALS, E.W. 1984. Bray-Curtis ordination: an effective strategy for

analysis of multivariate ecological data. Adv. Ecol. Res. 14:1-55.

BESCHEL, R.E. & WEBBER, P.J. 1962. Gradient analysis in swamp for-

ests. Nature. 194:207-209.

BIRKS, H.J.B. & BIRKS, H.H. 1980. Quaternary Palaececology. Edward
Arnold, London. 289p.

BOYD, C.E. 1978. Chemical composition of wetland plants. In:
Freshwater wetlands. Ecological processes and management potential.
R.E. Good, D.F. Whigham and R.L. Simpson (Eds.) Academic Press, N.Y.
ppl55-168.

BRAUN-BLANQUET, J. 1965. Plant sociology: The study of plant commu-

nities. C.D. Fuller & H.S. Conrad (Eds.) Hafner, London. 439p.

109



CATALDO, D.A., HARDON, M., SCHRADER, L.E. & YOUNGS, V.L. 1975. Rapid
colormetric determination ‘ f nitrate in plant tissue by nitration

of salicylic acid. Commun. Soil Sci. Plant Anal. 6:71-80.

CHAMIE, J.P.M. & RICHARDSON, C.J. 1978. Decomposition in northern
wetlands. In: Freshwater wetlands. Ecological processes and manage-
ment potential. R.E. Good, D.F. Whigham & R.L. Simpsorn (Eds ) Aca-
demic Press, N.Y. ppll15-130.

CHOLNOKY, B.J. 1966. Die diatomeen im unterlcife des Okawango-

Flusses. Nova Hedwigia, 21. 102p.

CLEMENTS, F.E. 1916. Plant succession: An analysis of the develop-

ment of vegetation. Carnegie Inst. Wash. Publ. No. 242. 512p.

CLEVE-EULER, A. 1951-1955. Die diatomeen von Schweden und Finland

I-V. Kungl. fvensl. Vetensk. Handl. Series 4.

CLYMO, O.R.S. 1983. Peat. In: Wetland ecosystems of the world. 4A.
Mires: Swamp, bog, fen and moor. General studies. A.J.P. Gore (Ed.)

Elsevier, Amsterdam. ppl59-224.

COHEN, A.D. 1973, Petrology of some Holocene peat sadiments from the
Okefenokee swamp-marsh complex of Southern Georgia. Gecl. Soc. Am.

Bull. No. 84. pp3867-3878.

COHEN, A.D., ANDREJKO, M.J., SPACKMAN, W. & CORVINUS, D. 1984. Peat
deposits of the Okefenokee Swamp. In: The Okefenokee Swamp: its na-
tural history, geology and geochemistry. A.D. Cohen, D.J.
Casagrande, M.J, Andrejko & G.R. Best (Eds.) Wetlands Surveys, Los
Alamos. ppé93-553.

110



CONNEL, J.H. 1972. Community interactions on marine intertidal
shores. Ann. Rev. Ecol. Syst. 3:169-192.

CONNEL, J.H. & SLATYER, R.O. 1977. Mechanisms of succession in na-
tural communities and their role in community stability and

organisation. Am. Nat., 111:1119-1144,

CONWAY, V.M. 1949. The bogs of Central Minnesota. Ecol. Monogr.
19:173-206.

COCKE, H.J. 1976. The palaeogeography of the middle Kalahari of
northern Botswana and adjacent areas. In: Symposium on the Okavango

Delta. Botswana Society, Gaberone. pp2l1-28.

CRABTREE, K. & ROUND, F.E. 1967. Analysis of a core from Slapton Ley.
New Phytol. 66:255-270.

CYPERT, E. 1961. The effects of fire in the Okefenokee Swamp in 1954
and 1955. Am. Mid. Nat. 66:483-503.

CYPERT, E. 1972. The origin of houses in the Okefenokee prairies.

Am. Mid. Nat. 87:448-458.

DANSEREAU, P. & SEDAGAS-VIANNA, F. 1952. Ecological study of the peat
bogs of eastern North America. I. Structure and evolution of vege-

tation. Can. J. Bot. 30:490-520.

DENNY, P. 1985a. Wetland vegetation and associated life forms. In:
The ecology and management of African wetland vegetation. P. Denny

(Ed.) Dr. Junk, Dordrecht. ppl-18.

O T TUSP e mdeh



DENNY, P. 1985b. Submerged and floating-leaved aquatic macrophytes
(euhydrophytes). In: The ecology and management of African wetland

vegetation. P. Denny (Ed.) Dr. Junk, Dordrecht. ppl9-42.

DRURY, W.H. & NISBET, I.C.T. 1973. Succession. J. Arnold Arbor.
Harv Univ. 54:351-368.

EGLER, F.E. 1954, Vegetation science concepts: I. Initial floristic
composition, a factor in old-field development. Vegetatio.

4:412-417.

FL.LERY, W.N. In prep. Channel blockages in the northeastern Oka* 1go
Delta: the role of Cyperus papyrus L. Unpubl. MSc thesis. Univ.

Witwatersrand, Johannasburg.

ENGSTROM, D.R., SWAIN, E.B. & KINGSTON, J.C. 1985. A
palaeolimnological recorc of human disturbance from Harvey's Lake,

Vermont: geochemistry, pigments and diatoms. Freshw. Biol.

15:261-288.

FLORIN, M.B. 1970 Late-Glacial diatoms of Kirchner Marsh, south=-

eastern Minnesota. Nova Hedwigia, 31. 667p.
GALLOWAY, W.E. & HOBDAY, D.K. 1983. Terriginous clastic depositional
systems. Applications to petroleum, coal and uranium exploration.

Springer-Verlag, N.Y. 4.3p.

GAUCH, H.G. 1982, Multivariate analysis in community ecology.
Cambridge Univ. Press, Cambridge. 298p.

GAUDET, J.J. 1977. Uptake, accumulation and loss of nutrients by

papyrus in tropical swamps. Ecol. 58:415-422.

112



GIBBS-RUSSEL, G.E. & BIEGEL, H.M. 1973. Report on the botanical
collecting trips to Maun and the northern Okavango Delta. Botswana

Notes Rec. 5:154-169.

GILLER, K.E. & WHEELER, B.D. 1986. Peat and peat water chemistry of
a floodplain fen in Broadland, Norfolk, U.K. Freshw. Biol.
16:99-114.

GLASER, P.H. 1983. Vegetation patterns in the North Black River

peatland, northern Minnesota. Can. J. Bot. 61:2085-2104.

GLEASON, H.A. 1927. Further views on the succession concept. Ecol.

8:299-326.

GOSSELINK, J.G. & TURNER, R.E. 1978. The role of hydrology in
freshwater wetland ecosystems. In: Freshwater wetlands. Ecological
processes and management potential. R.E. Good, D.F. Whigham & R.L.

Simpson (Eds.) Academic Press, N.Y. pp63-78.

GRIFFIN, K.O. 1977. Paleoecological aspects of the Red Lake

Peatland, northern Minnesota. Can. J. Bot. 55:172-193.

GRIME, J.P. 1979. Plant strategies and vegetation. Wiley-

International, N.Y. 222p.

HAINES, R.W. & LYE, K.A. 1983. The sedges and rushes of East Africa.

East Afr. Nat. Hist. Soc., Nairobi. 4lé4p.

HALL, T.F., PENFOUND, W.T. & HESS, A.D. 1946. Water level relation-

ships of plants in the Tennessee Valley with particular reference

to malaria control. J. Tenn. Acad. Sci. 21:18-59,

113



HAWORTH, E.Y. 1969. The diatoms of a sediment core from Blea Tarn,
Langdale. J. Ecol. 57:429-439.

HAWORTH, E.Y. 1976. Two late-glacial (Late Devensian) diacom

assemb.age profiles from northern Scotland. New Phytol. 77:227-256.

HENJY, S. 1971. The dynamic characteristics of littoral vegetation
with respect to changes in water level. Hidrobiologia (Bucuresii).

12:71-86.

HILL, M.0. 1979a. TWINSPAN - A FORTRAN program for arranging
multivariate data in an ordered two-way table by classification of
the individuals and attributes. Ithaca, N.Y. Cornell University.

48p.

HILL, M.0. 1979b. DECORANA - A FORTRAN program for Detrended Corre-
spcndence Analysis and Reciprocal Averaging. Ithaca, N.Y. Cornell

University. 30p.

HILL, M.0., BUNCE, R.G.H. & SHAW, M.W. 1975. Indicator species
analysis, a divisive polythetic method of classification, and its
application to a survey of native pinewoods in Scotland. J. Ecol.

63:597-613.

HILL, M.0. & GAUCH H.G. 1980. Detrended correspondence analysis, an

improved ordination technique. Vegetatio. 42:47-58.

HOFSTETTER, R.H. 1983. Wetlands in the United States. In: Ecosystems
of the world. 4B. Mires: Swamp, bog, fen and moor. Regional studies.

A.J.P. Gore (Ed.) Elsevier, Amsterdam. pp201-244,

——



HOWARD-WILLIAMS, C. & GAUDET, J.J. 1985. The structure and func-
tioning of African swamps. Ir: The ecology and management cof African

wetland vegetation. P. Denny (Ed.) Dr. Junk, Dordrecht. ppl53-176.

HOWARD-WILLIAMS, C. & JUNK, W.J. 1977, The chemical composition of
central Amazonian aquatic macrophytes with special reference to

their role in the ecosystem. Arch. Hydrobiol. 79:446-464,

HOWARD-WILLIAii., C. & LENTON, G.M. 1975. The role of the littoral
zone in the functioning of a shallow tropical lake ecosystem. Freshw.

Biol. 5:445-459,

HOWARD-WILLIAMS, C. & WALKER, B.H. 1974. The vegetation of a tropical
African lake: Classification and ordination of the vegetation of

Lake Chilwa (Malawi). J. Ecol. 62:831-854.

HUSTEDT, F. 1920-19A6. Die Kimselagen. In: Kryptogumen-ilora von
Deutschland, Osterreich und der Schweiz. Band 7, 1-3. L. Rabenhorst

(Ed.) Akademische Verlagsgesellschaft, Le.pzij.

HUTCHINS, D.G., HUTTON, S.M.R. & JONES, C.R. 1976. The geology of
the Okavango Delta. In: Symposium on the Okavango Delta. Botswana

Society, Gaberone. ppl3-20.

HUTCHINSON, G.E. 1953, The concept of pattern in ecology. Proc. Acad.
Nat. Sci. Phila. 105:1-12.

JAVAKUL, A., GRIMES J.A. & RUSHFORTH, S.R. 1983. Diatoms in sediment
cores in Utah Lake, Utah, U.S.A. Hydrebiol. 98:159-170.

JUNK, W.J. 1970. Investigations on the ecology and production=

biology of the "floating meadows' (Paspalo-Echinochloetum) on the



middle Amazon. [. The floating vegetation and its ecology. Amazonia.

2:449-495,
JUNK, W.J. 1983. Ecology . swamps on the middle Amazon. In:
Ecosystems of the world. 4B. M . Svamp, bog, fen and moor. Re-

gional studies. A.J.P. Core (Ed., "isevier. Austerdam. pp269-294.

KLEIN, J.P. & DUPRE, W. 1980. Depositional environments of
Quaternary peats, Yukon Delta, Alaska. Proc. 4th Symp. Geol. Rocky
Mountain, Coal, Resource Series 10. Colorado Geol. Surv., Denver,

Colorado. pplé-16.

KRATZ, T.K. & DEWITT, C.B. 1986. Internal factors controlling

peatland-lake ecosystem development. Ecol. 67:100-107.

LAHTI, T. & VAISANEN, R.A. 1987. Ecological gradients of boreal
forests in south Finland: an ordination test of Cajander's forest

site type theory. Vegetatio. 68:145-106,

LECK, M.A. & GRAVELINE, K.J. 1979. The seedbank of a freshwater tidal
marsh. Amer. J. Bot. 66:1006-1015.

LEVIN, S.A. 1976. Population dynamic models in heterogeneous euvi-

ronments. Ann. Rev. Ecol. Syst. 7:287-311.
LIEFFERS, V.J. 1984, Emergent plant communities of oxbow lakes in
northeastern Alberta: Salinity, water-level fluctuation and suc-

cession. Can. J. Bot. 62:310-316.

MALMER, N. 1986. Vegetational gradients in relation to environmental

conditions in northwestern European mires. Can. J. Bot. 64:375-383.

116

SR

B D —



MASON, C.F. & BRYANT, R.J. 1975. Preduction nutrient contert and
decomposition of Phragmites communis Trin. and Typha angustifolia

L. J. Beol. 63:71-9°.

McCABE, P.J. 1984. Depositional environments of coal and coal-
bearing strata. In: Sedimentology of coal and coal-bearing se-
quences. R.A. Rhamani & R.M. Flores (Eds.) Spec. Publn. Int. Ass.
Sedimentologists, 7. Blackwell, London. ppl3-42.

McCARTHY, T.S., ELLERY, W.N., ROGERS, K.H., CAIRNCROSS, B. & ELLERY,
K. 1986a. The roles of sedimentation and plant growth in changing
flow patterns in the Okavan;» Delta, Botswana. S. Afr. J. Sci.

82:579-584.

McCARTHY, T.S., McIVER J.R. & CAIRNCRCSS, B. 1986b. Carbonate accu-
mulation on islands in the Okavango Delta, Botswana. §. Afr. J. Sci.

82:588-591.

MEEKS, R.L. 1969. The effect of drawdown date on wetland plant suc-
cession. J. Wildl. Mgt. 33:817-821.

MIGAHID, A.M. 1947. Report on a botanical excursion to the "Sudd"

region. Cairo Univ. Press, Cairo. 159p.

MINCHIN, P.R. 1987. An evaluation of the relative robustness of

techniques for ecological ordination. Vegetatio. 69:89-107.
MITCHELL, D.S. 1985. Surface floating aquatic macrophytes. In: The
ecology and management of African wetland vegetation. P. Denny (Ed.)

Dr. Junk, Dordrecht. ppi109-124,

MOORE, P.D. & BELLAMY, D.J. 1974. Peatlands. Paul Elek, London. 220p.



MOSS, B. 1980. Ecology of freshwaters. Blackwell, Oxford. 332p.

MUELLER-DOMBOIS, D. & ELLENBERG, H. 1974. Aims and methods of vege-

tation ecology. John Wiley, Toronto. 547p.

NOBLE, I.R. & SLATYER, R.0. 1980. T+ wuse of vital attributes to
predict successiona! changes in plan ommunities subject to recur-

rent disturbances. Vegetatio. 43:5-21.

NOY-MEIR, I. 1979. Graphical models and methods in ecology. In:
Contemporary quantitative ecology and related ecometrics. G.P. Patil
& M. Rosenzweig (Eds.) International Co-operative, Burtonsville, Md.

pp453-472.

ODUM, E.P. 1969. The strategy of ecosystem development. Sci.
164:262-270.

ORLOCI, L. 1978. Multivariate analysis in vegetation research. 2nd

Ed. Dr. Junk, The Hague. 451p.

PATRICK, R. 1977. Ecology of freshwater diatoms and diatom communi-
ties. In. The biolegy of diatoms. D. Werner (Ed.) Bot. Monogr. Vol.
13. Blackwell, Oxford. pp284-332.

PATTERSON, L. 1976. An introduction to the ecology and zoogeography
of the Okavango Delta. In: Symposium on the Okavango Delta. Botswana

Society, Gaberone. pp55-60.

PEDERSON, R.L. 1981. Seed “ank characteristics of the Delta marsh,
Manitoba: Applications for wetland management. In: Selected pro-
ceedings of the midwest conference on wetland values and management.

B. Richardson (Ed.) St. Paul, Minnesota. pp61-69.

118



PENFOUND, W.T. 1953. Plant communities of Oklahoma lakes. Ecol.
34:561-583.

PICKETT, S.T.A. 1976. Succession: An evolutionary interpretation.

Am. Nat. 110:107-119.

PIELOU, E.C. 1984. The interpretation of ecological data: a primer

on classification and ordination. John Wiley, N.Y. 263p.

PRENTKI, R.T., GUSTAFSON, T.D. & ADAMS, M.S. 1978. Nutrient move-
ments 1in lakeshore marshes. In: Freshwater wetlands. Ecological
processes and management potential. R.E. Good, D.F. Whigham & R.L.

Simpson (Eds.) Academic Press, London. ppl169-194.

RAUP, H.M. 1975. Species versatility in shore habitats. J. Arnold

Arbor. MYarv. Univ. 55:126-165.

RICHARDSON, C.J., TILTON, D.J., KADLEC, J.A., CHAMIE, J.P.M. &
WENTZ, W.A. 1978. Nutrient dynamics of northern wetland ecosystems.
In: Freshwater wetlands. Ecological processes and management poten-
tial. R.E. Good, D.F. "higham & R.L. Simpson (Eds.) Academic Press,
London. pp217-242.

RICHARDSON, J.L 1968. Diatoms and lake typology in east and central
Africa. Int. Ravue. ges. Hydrobiol. 53:299-338.

ROUND, F.E. 1957 The late-glacial and post-glacial diatom succession

in the Kentmere Valley deposit. New Phytol. 56:98-126.

RZOSKA, J. 1974. The Upper Nile swamps, a tropical wetland study.
Freshw. Biol. 4:1-30.

119



SANVILLE, W.D., EILERS, H.P., BOSS, T.R. & PFLEEGER, T.G. 1986.
Environmental gradients in northwest freshwater wetlands. Environ.

Manage. 10:125-134,

SCULTHORPE, C.D. 1967. The biology of aquatic vascular plants.
Edward Arnold, London. 610p.

SITA, P. 1970. Etude de la vegetation de 1'ile M'bamou (Stanley-
pool). Office de la Recherche Scientifique et Technique Outre-Mer,

Congo-Brazzaville. 94p.

SJORS, H. 1980. An arrangement of changes alunyg gradients, with ex-

amples of successions in boreal peatlands. Vegetatio. 43:1-4.

SLACK, N.G., VITT D.H. & HORTON, D.G. 1980. Vegetation gradients
of minerotrophically rich fens in wes:ern Alberta. Can. J. Bot.

58:330-350.

SMITH, P.A. 1976é. An outline of the vegetation of the Okavango
drainag: system. In: Symposium on the Okavango Delta. Botswana So-

ciety, Gaberone. pp93-112,

SPACKMAN, W., COHEN, A.D., GIVEN, P.H. & CASAGRANDE, D.J. 1976.
Comparative study of tte Okefenokee Swamp and the Everglades-
Mangrove complex of southern Florida. Coal Res. Section,

Pennsylvania State Univ. 403p.

SPENCE, D.H.N 1982. The zonation of plants in freshwater lakes. Adv.
Ecol. Res. 12:37-124.

120



STACH, E., MACKOWSKY, M-Th., TEICHMULLER, M., TAYLOR, G.H , CHANDRA,
D. & TEICHMULLER, R. 1982. Stach's textbook of coal petrology. 3rd

Ed. Gebruder Borntraeger, Berlin. 535p.

STANEK, W. 1975. Annotated bibliography of peatland forestry. En-

vironment Canada Libraries. Bibliography Series. 76(1).

STAUB, J.R. & COHEN, A.D. 1979. The Snuggedy swamp of South Carolina:
A back-barrier estuarine coal-forming envircnment. J. Sed. Petr.

49:0133-0144.

STIGAND, A.G. 1923. Ngamiland. Geogr. J. 62:401-419.

SUMMERFIELD, R.J. 1974. The reliability of mire water chemical
analysis as an index of plant nutrient availability. Plant & Soil.

40:97-106.

SWAN, J.M.A. & GILL, A.M. 1970. The origins, spread and consolidation
of a floating bog in Harvard Pond, Petersham, Massachusetts. Ecol.

51:829-840.

SWINDALE, D.N. & CURTIS, J.T. 1957. Phytosociology of the larger

submerged plants in Wisconsin lakes. Ecol. 38:397-407.
TALLIS, J.H. 1983. Changes in wetlsnd communities. In: Wetland
ecosystems of the world. 4A. Mires: Svamp, bog, fen and moor. General

studies. A.J.P. Gore (Ed.) Elsevier, Amsterdam. pp311-347.

TANSLEY, A.G. 1939. The British Isles and their vegetation.

Cambridge Univ. Press. 443p.

121



THOMPSON, K. 1985. Emergent plants of permanent and seasonally
floocded wetlands. In: The ecology and management of African wetland

vegetation. P. Denny (Ed.) Dr. Junk, Dordrecht. pp 43-108.

THOMPSON, K. & HAMILTION, A.C. 1983. Peatland and swamps of the
African continent. In: Ecosystems of the world. 4B. Mires: Swamp,
bog, fen and moor. Regional Studies. A.J.P. Gore (Ed.) Elsevier,

Amsterdam. pp331-394.

THOMPSON, K., HOWARD-WILLIAMS, C. & MITCYMELL D.S. 1985. Cross-
indexed bibliography of African wetland plants and vegetation. In:
The ecology and management of African wetland vegetation. P. Denny

(Ed.) Dr. Junk, Dordrecht. pp237-316.

TINLEY, X.L. 1973. An ecological reconnaissance of the Moremi
Wildlife Reserve, northern Okavango Swamps, Botswana. Okavango

Wildlife Society, Cap~ Town. l4ép.

ULEHLOVA, B., HUSAK, S. & DVORAK, J. 1973. Mineral cycles of reed
stands of Nyest fishpond in southern Moravia. Polskie Arch.

Hydrobiol. 20:121-129.

VALIELA, I., HOWES, B., HOWARTH, R. GIBLIN, A., FOREMAN, K., TEAL,
J. & HOBBIE, J.E. 1982. The regulation of primary production and
decomposition in a salt marsh ecosystem. In: Wetlands ecology and
management., B. Gopal, E. Turner, R.G. Wetzel & D.F. Whigham (Eds.)
Nat. Inst. Ecol. & Int. Scient. Publs. ppl51-168.

VAN DER MAAREL, E. 1979. Transformation of cover-abundance values
in phytosociology and its effects on community similarity.

Vegetatio. 39:97-114,.

" "
“- &



VAN DER VALK, A.G. 1981. Succession in wetlands: A Gleasonian ap-
proach. Ecol. 63:688-696.

1982, Succession in north temperate wetlands. In:
Wetlands. Ecology and management. B. Gopal, R.E. Turner, R.G. Wetzel
& D.F. Whigham (Eds.) Nat Inst. Ecel. & Int. Scient. Publs.
ppl69-179.

1966. Vegetation dynamics of prairie glacial marshes.
In: Handbook of vegetation science 3. The population structure of

vegetation. J. White (Ed.) Dr. Junk, Dordrecht. pp293-312.
VAN DER VALK, A.G. & BLISS, L.C. 1971. Hydrarch succession and nct
primary production of oxbow lakes in central Alberta. Can. J. Bot.

49:1177-1199.

VAN DER VALK, A.G. & DAVIS, C.B. 1976. The seed banks of prairie
glacial marshes. Can. J. Bot. 54:1832-1838.

1978. The role of seedbanks in the vegetation dynamics

of prairie glacial marshes. Ecol. 59:322-335.

ns 1979. A reconstruction of the recent vegetational his-

tory of a prairie marsh, Eagle Lake, Iowa, from its seed bank. Aquat.

Biol. 6:29-51.

VERRY, E.S. & BOETLER, D.H. 1978. Peatland hydrology. In: Wetland
function and value: The state of our understanding. American Water

Resourc. Assoc. pp389-402.



WALKER, B.H. & COUPLAND, R.T. 1970. Herbaceous wetland vegetation
in the aspen grove and grassland regions of Saskatchewan. Can. J.

Bot. 48:1861-1878.

WALKER, D. 1970. Direction and rate in some British Post-Glacial
hydroseres. In: Studies in the vegetation history of the British
Isles. D. Walker & R.G. West (Eds.) Cambridge Univ. Press, London.
ppll7-139.

WARTENBERG, D., FERSON, S§. & ROHLF, F.J. 1987. Putting things in
order: A critique of Detrended Corresponcence Analysis. Am. Nat.

129:434-448.

WATT, A.S. 1947. Pattern and process in the plant community. J. Ecol.

35:1-22.

WETZEL, R.G. 1983. Limnology. 2nd Ed. Saunders, N.Y. 757p.

WETZEL, R.G. & LIKENS, G.E. 1979. Limnological analys.s. Saunders,
London. 357p.

WHITE, P.S. 1979. Pattern, process and natural disturbance in vege-

tation. Bot. Rev., 45:229-299,

WHITTAKER, R.H. 1967. Gradient analysis of vegetation. Biol. Rev.
42:207-264.

WHITTAKER, R.H. & LEVIN, S.A. 1977. The role of mosaic phenomena in

natural communities. Theoraet. Pop. Biol. 12:117-139,

WILLIAMSON, M.H. 1983. The land-bird community of Skokholm:

ordination and turnover. Oikos. 41:378-384.,



WILoON, B.H. 1973. Some natural and man-made changes in the channels

of the Okavango Delta. Botswana Notes Rec. 5:132-153.

WI1SON, B.H. & DINCER, T. 1976. An introduction to the hydrology and
hydrography of the Okavango Delta. In: Symposium on the Okavango

Delta. Botswana Society, Gaberone. pp33-48.

WRIGHT, H.E. Jr., MANN, D.H. & GLASER, P.H. 1984. Piston corers for

peat and lake sediments. Ecol. 65:657-659.

ZOLTAI, S.C. & POLLETT, F.C. 1983. Wetlands in Canada: Their clas-
sification, distribution and use. In: Wetland ecosystems of the
world. 4B. Mires: Swamp, bog, fen and moor. Regional studies. A.J.P.

Gore (Ed.) Elsevier, Amsterdam. pp245-268.









-




Author Ellery Karen
Name of thesis Wetland plant community composition and successional processes in the Maunachira river system of the
Okavango delta. 1987

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



