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The exploration of the East African bryoflora

Tamas PAcs
Sokoine University of Agriculture, Department of Forest Biology, P.O.Box 3009, Morogoro,
Tanzania

Abstract. Duringthe past 5 yearsintensive bryol ogical explorationswere carried out
in Tanzania with special emphasize on hitherto undercollected areas (e.g. Nguru
mountains, Mafialsland, unknown accesses of Mount Kilimanjaro and Meru) and on
special habitats (e.g. rocky semi-desert or heath vegetation and alkaline tolerant
epiphytic vegetation along the Rift Valley). These coll ections (above 8000 numbers)
resulted in numerous records, some of them new to the African continent and at | east
8 speciesnew to science. Thedatapoint tointeresting phytogeographical linksand help
to explain the evolution of the flora of East African volcanoes and crystalline
mountains. Hitherto unknown oil bodies of more than 50 liverwort species were
investigated. Thispaper doesnot giveafull account of these studiesbut only provides

examplestoillustratethe above points.

I ntroduction

The latest accounts of the exploration of
the East African bryofloraweregiven by
P6cs (1982) for the Hepaticaeand by Kis
(1985) for theMusci. Sincethentheauthor
hashad avery good opportunity to collect
and to make ecological and
phytogeographical observations in
Tanzania.

Duringthistimemorethan 8000 numbers
of bryophytes(insetsof at |east four) have
been collected. Thefirst duplicatesfrom
thesesetswill bedepositedinEGR, SUA,
MO, and G. The remaining duplicates
will be deposited in KRAM, BP, BR,
TNS. In addition, an exsiccata based on
thismateria will beeditedinco-authorship
with R. Ochyra. Thespecimenshavebeen
collected at a number of sites which are
giveninmap 1.

Data on montane bryofloras

Theexplorationof hithertobryologically

unknown areas (Mafia Island, Mahenge
Plateau or Uzungwe Mountains), little
known mountains (Nguru or Pare) or
poorly known parts of otherwise well
known mountains (Uluguru, Meru or
KilimanjaroMountains) resultedinamore
thorough phytogeographical pictureof the
area. A few examples - Chandonanthus
cavallii (Gola) S.Arnell, Gymnomitrium
laceratum (Steph.) Horik., Riccardia
compacta (Steph.) S.Arnell and
Hylocomiumsplendens(Hedw.) B.S.G. -
were considered to bevery rare el ements
of the afro-alpine bryoflora previously
known in Tanzania only from Mount
Kilimanjaro. Mount Meru, described as
thedriest atimontanehabitatin East Africa
(Hedberg 1951), was one place these
bryophytes were not expected. During
repeated visits to the rainy side (the
southwest and south) of Mount Meru the
abovespeciesprovedto becommon (Pécs
8687/BN, 8687/Al, 8687/AT, 87169/AB)
indeepgorgeswithrelativewet subal pine
Erica arborea stands at 2900-3400 m
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Map 1: The sites in Tanzania bryologically explored during the past five years. 1: Ngorongoro
Conservation arca,, 2: Lake Natron basin, 3: Longido Hill, 4: Monduli Hill, 5: Mount Hanang, 6:
Mount Meru, 7: Killmanjaro mountain, 8 South Pare mountains, 9: West Usambara mountain, 10:
East Usambara mountains, 11: Nguru mountains, 12: Ukaguru mountain, 13: inselbergs N of
Morogo, 14: Uluguru mountain, 15: Mpwapwa basin, 16: Usagara mountains, 17: Image Mits., 18:
Mufindi Highland, 19: Southern Highlands incl. Mbeya, Rungwe, Poroto and Livingstone
mountains, 20: Uzungwe mountain, 21: Mafia Island.
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Map 2: The distribution of Stenorrhipis madagascariensis (Steph.) Grolle

1975a, 1982). Intensive collecting in other arcas
of the Precambrnian crystalline arc of Tanzama
resulted in many examples of a similar type of
distribution, especially from the Nguru Moun-
tains which wall be thoroughly examined by the
SAREC sponsored Integrated Rain Forest
Project. Examples:

Bazzania borbonica (Steph.)Steph

Nguru mountains: Chazi and Dikurura Valleys,
1900 m, on shadv rocks and on branches in
mossy forests (Pocs 89054/U, 89056/5). Known
distribution: Madagascar, Reunion, Mauritius,
on the Afric an continent only from the Ulugu-
ru and Ukaguru mountains

Chiloscyphus decwrens (Reinw., Blume ¢t Nees)
Nees

West Usambara mountains: Balangan Wesl,
1800 m, ramicolous in Ericaceous heath; Nguru
mountains: ridge W of Dikurura Valley, 1900

m, ramicolous in mossy forest (P6cs 88119/E).
A species with a palaeotropic distribution (vide
P6cs 1976); on the African continent only from
the Uluguru and Nguru mountains

Odontoschisma africanum (Pears.) Sim
Nguru mountains: summit on side ridge W of
Magole willage, 2000 m. On overhanging rock
among Kurzia capillaris (Sw.) Grolle ssp. ste-
phanii (Renauld) Pécs (Pécs 89056/E). A South
Alrican species known from the Uluguru and
Ukaguru mountains Kurzia capillans ssp. ste-
phanii is a subspecies of Madagascar-Mascare-
ne (Lemurian) distribution, on the African
continent only known from the Uluguru moun-
tains and Malaw.

Pleurozia gigantea (Web) S.0.Lindb.

Nguru mountains: elfin forest at the W end of
Dikurura Valley, 1900 m, ramicolous (Pécs 89056/
E). A Palacotropic speaes (vide Pocs 1976)
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known only from the Ukuguru mountains on
the African continent.

Stenorrhipis madagascariensis (Steph.) Grolle
Uluguru mountains: Mwere Valley, 1600 m, on
pebbles in streambed, montane rainforest (Pécs
and van Zanten 86117/D), Mgeta Valley, on
shady riverside rock in montane mossy forest,
2160 m (Pocs and Ochyra 88113/B(); Nguru
mountains: Chaz spring valley, 2100 m, on wet
rocks near waterfall in montane mossy forest
(Pécs and Orbdn 89170/W). This species was
known previously only from Madagascar (Grolle
1963) and the Mascarene Islands (Grolle &
Onracdt 1974). lts occurrence in mainland Africa
therefore has great significance (see map 2). In
addition, some of the African material is fertile,
so that data on its sex organs will complete the
description of this species which hitherto was
known only in a sterile condition.

Map 3: The distribution of Calyptrochaeta asplenioides (Brid.) Crosby (Cape localiies not
shown). Black signs mark previously known, open ones new localitics.

Calyptrochaeta asplenioides (Brid.) Crosby
Nguru mountains: Chaz1 Valley, 1400 m; “Spirit
Lake”, 1900 m, Divue headwaters 1800-2000 m,
on wet ground of submontane and montane
rainforests (Pécs 89051/C, 89052/AM, 89054/
M). Known from Madagascar, the Mascarenes,
the Cape region of South Africa and the Ulugu-
rus (vide Crosby 1976 and map 3).

Other interesting clements:

Anastrophyllumn piligerum (Nees) Spruce

Uluguru mountains: Lupanga, NW ridge, on
granitic cliffs at 1780 m (Pécs and van Zanten
86113/G); Ukaguru mountains: clfin forest on
Mnyera ridge, 2100 m, corticolous (Pdcs 6871/
W). A pantropical specics, previously known
on the African continent only from Zimbabwe.

Andrewsianthus bilobus (Mitt.) Grolle
Uluguru mountains: Mgeta river, valley at the
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Map 4: The distnbution of certain Colura species in Tanzama. 1: C. berghenii S. Jov.-Ast, 2: C.
cylindrica Herz., 3: C. hedbergiana Pb6cs, 4:C. sp. nov. in press. 5: C. usambarica E-W Jones, 6: C.

kilimanjarica Pocs & SJov.-Ast, 7: C. saroltae Pocs
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submontaneand montanerainforests(Pocs
89051/C, 89052/AM, 89054/M). Known
from Madagascar, the Mascarenes, the
Caperegion of South AfricaandtheUlu-
gurus (vide Crosby 1976 and map 3).

Other interesting elements:

Anastrophyllumpiligerum (Nees) Spruce
Ulugurumountains; Lupanga, NW ridge,
ongraniticcliffsat 1780 m (Pocsandvan
Zanten 86113/G); Ukaguru mountains:
elfin forest on Mnyera ridge, 2100 m,
corticolous(Pocs6871/W). A pantropical
species, previously knownontheAfrican
continent only from Zimbabwe.

Andrewsianthushbilobus (Mitt.) Grolle

Ulugurumountains: Mgetariver, valley at
the E edge of Lukwangule Plateau, on
rocksat 2270 m (Pocsand Ochyra 88113/
AZ).

An Afro-montane species found above
2400 m, new for Uluguru.

Andrewsianthuskilimanjaricus (S.Arn.)
Grolle& Vana

Nguru mountains. summit above Chazi
Falls, 2000 m, ramicolousinmossy forest.
An afroal pine-Andean element, new to
theNgurumountains, inEast Africaknown
only from 2850-3990 m alt.

The above data serve only as examples,
thelargest part of thematerial collectedis
still unnamed. Many earlier collections
fromEast Africaarenow beingidentified
by the author or else have aready been
worked up (Bizot et al. 1979, 1985,
Meenks & Pocs 1985, Ochyra & Pocs
1985a, 1985b, 1986, Ochyra & Sharp
1988). Neverthel ess, the material known
from the Kilimanjaro and Usambara
mountains seem to be adequate for a
phytogeographical evaluation along the
lines previously done by Spence & Pocs
(1989) and by Pocs(inpress). After all of
thecollectionshavebeenidentified more
comparative studies will be done on the
montanebryoflorasof East Africaandon

intra-African continental digunctionsthat
will supplement previousresultsattained
by P6cs(1976) and Gradsteinet al. (1983).

Taxonomicstudies

Theauthorispresently carryingout detailed
studiesontheL epidozioideaeand Colole-
jeuneoideae (Pocs 1975b, 1980a, 1984b
1984c, 1985, Jones & P6cs1987). These
and future studies will contribute to the
BryologiaAfricanaProject. However, the
following example will serve to show
how far arewefrom obtainingacomplete
knowledge of the taxonomy of critical
taxaintropical Africa

Beforethe present research period only 4
species of Colura were known from
continental Africa, namely C. berghenii
S.Jov.-Agt, C. digitalis(Mitt.) Steph., C.
dusenii Steph. and C. tenuicornis Evans
(Jovet-Ast 1953, 1954, 1976). Colura
ber ghenii inhabitstiny branchesof Erica-
ceae in Afroalpine habitats, the other
species are commonly epiphyllous.
Intensive collecting in habitatssimilar to
that of C. berghenii has resulted in the
discovery of 7 additional speciesof Colura.
Two of thesespeci esrepresent distributio-
nal extensions: C. calyptrifolia (Hook.)
Dum. new to tropical Africa and C.
cylindrica Herz. new to Africa. The
remaining five represent species new to
science, four haveal ready been described
(C. hedbergiana Pacs, C. kilimanjarica
Pbcs & S. Jovet-Ast, C. saroltae Pocs,
and C. usambarica E.W.Jones) and one
will be described in the near future.

Thefollowingdistributional dataarenew
(seemap 4).

Colura berghenii S. Jov.-Ast

Mount Rungwe, Southern Highlands of
Tanzania: N slopeof thecaldera, 2400 m,
on branches of Ericaceae in subalpine
heath (P6cs 89130/G). This specieswas
previously known only from Mount
Kilimanjaro.



thisquestion.

Colura hedbergiana Pécs

Mount Meru: SW ridge between Engare
Narok headwaters, 3050 m, W ridgeabove
Laikinoi, 3200 m, on Ericaarboreatwigs
and branches in subalpine heath (Pécs
89186/AW,P, 89194/AJ). Thisspecieswas
previously known only from its type
locality onMount Kilimanjaro.

Colura sp. nov.

Nguru mountains. heat above “Spirit
Lake’ at Chazi headwaters, 2140 m, on
twigs (Pocs 89165/X), SW ridge of
Mafulumula, 2280 m, ramicolousinelfin
forest (P6cs and Orban 89168/AG). A
distinct new species belonging to section
Eucolura S.Jov.-Ast, which seemsto be
restrictedtothecrystallineblock of Nguru
mountainsin eastern Tanzania.

Colurasaroltae Poécs

This very isolated species from section
Linguahassinceitsdescriptionbeenfound
inafew new localitiesinthesubal pinebelt
of various volcanic mountains.
Kilimanjaro: Machame Route2800-3300
m (near type locality), on Erica arborea
bark ( Pécs & Pocs 87172/C, 88173/K),
Marangu RouteaboveMandaraHut, 2820
m, on Ericaarboreabark (Pocs & Orban
89115/AC); Mount Rungwe, Southern
Highlands, N slope of calderaat 2400 m,
on Ericaceae bark (Pbcs & Pdcs 89130/
H,L).

Colura usambarica E.W. Jones
Since being described from the West
Usambaras, it hasbeendiscoveredinboth
volcanic and crystalline mountains.
Kilimanjaro: Marangu Route near
MandaraHut at 2620-2750m, insubal pine
heath, on Erica arborea bark (Pocs &
Orban 89145/AA, AB and AM); Nguru
mountains: Mafulumula, SW ridge, in
subalpine bush at 2280 m, ramicolous
(P6cs & Orban 89168/AC).
ThegenusColuraisonly oneexampleof
how much is still to be learned about the
bryoflora of tropical Africa. Revisions
done by other authorsin the same period
provide similar examples. Jones (1985)
reported Calycularia crispula Mitt. new
toAfrica, andwhenrevising Cheilolgjeu-
nea(Jones1988) described an East African
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species new to science (1988). Ochyra
and Pocs (1985a, 1985b) reported
Papillaria flexicaulis (Wils.) Jaeg. and
Homalia pygmaea new to the African
continent. Orban (198I, 1985, 1987)
surveyed the East African Syrrhopodon.
Vana(1985) workedontheAfricanspecies
of Syzigiellaand Gymnomitriaceae. Van
den Berghen (1984) revised the genus
Lophol g eunea, and described several new
Africantaxa. Thelist doesnotincludeall
of thework that hasbeendoneon African
brophytes, amorecompletelist of papers
published since 1984 from the area is
contained in the Conspectus of bryolo
gical taxonomicliterature(Greene& Har-
rington 1988, 1989).

Studieson oil bodies

Oil body formisagood specific character
that is important in understanding the
intergeneric and family relationships in
theHepaticae. Theoil bodiesof numerous
East Africanliverwortswerestudiedduring
theresearch period. Asaresult additional
information on the oil bodies of many
species have been made as well as
observations on oil body form for more
than 50

species whose oil body form had
previously been unknown. In the
following afew examples are given (see
MPatel):

Bazzania borbonica Steph.

Oil bodies3-7 per cell, simple, Bazzania-
type, oval. Specimen examined from the
Uluguru mountains, Bondwa-Nziwane
ridge, 2100 m (P6cs8569/N). SeeFig. 1.

Calypogeia afrocaerulea E. W. Jones
Oil bodies2-8per cell, dark indigobluein
color, Calypogeia- type. Jones (1976)
describes

them, as “bright blue” and refers to the
relationship of thisspeciesto C. peruviana
Nees & Mont. Theoil body color of this
groupvariesfrompaleazuretodeepindigo
andfrom purplishviolet throughbrownish
violet to sepia and blue black (Schuster
1969, Breil 1970, Gradstein, Cleef &
Fulford 1977, Kis & Pb6cs 1981). Only a
comprehensive revision using living
material can determine the value of oil
body colorinthedelimitation of speciesin
thisgroup. Specimen
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Coluracalyptrifolia (Hook.) Dum.
Porotomountains, Southern Highlandsof
Tanzaniaa SW of Isongole on Mount
Ngozi, ramicolousin montane rainforest
at 2000 m (P6cs89128/U); Kilimanjaro:
MwekaRoutenear MandaraHut, onErica
arborea bark and twigs in giant heath at
2700-2800 m (Pdcs and Orban 89145/
D,Z and AD). Previously known only
from the West Usambara mountains in
East Africa

Coluracylindrica Herz.
Ngurumountains: Dikururaat 900m (Pécs
89058/H, 89117/A), Divue, NNW of
Mlaguzi village at 1060 m (Pécs and
Orban 89160/F). Thisspecieswasfound
at both localities on twigs of streamside
trees in submontane rainforests. The
species was hitherto known only from
South America. Jovet-Ast (1953:259)
remarksonitscloserelationto the Asian
C. mosenii Steph., but as both species
were sterile, she maintained them as
separate. TheAfricanspecimensarefertile,
thereforeoncefertile Asian material is it
will be possible to answeee examined
from West Usambara Mts., Mazumbai,
University Forest Reserve, onshady road-
cut surface, at 1540 malt., (Pocs8544/A).
SeeFig. 2.

Chandonanthuscavallii (Gola) S. Arnell
Oil bodies 2-5 per cell, isodiametric or
irregular, finely granul ose, Jungermannia-
type. Examined specimen from Mount
MeruintheEngareNarok gorge, onErica
bark in subal pineheath at 3300 m (Pocs&
Ochyra88152/C). SeeFig. 3.

Cladolgjeuneaaberrans (Steph.) Zwickel
As mentioned by Pdcs (1985), the oil
bodiesof thisspeciesaresmal, trand ucent,
Massul a-type and very numerous.

Recent examination of thisspeciesunder
oil immersion hasrevealedfinevesicular
structures in the oil bodies. Apparently,
the'ochraceousbodies described by Jones
(1974) as typical for the Lejeunea

eckloniana group develop from the
disintegration of oil bodies. Thisfact em-
phasizes the homogeneity of this group
and supportstheuniting of thetwo genera,
in which case the name Cladolejeunea
has priority. Specimens examined from
thetypelocality: East Usambaramountains
near Amani, on Trichomanes leaves in
submontane rainforest at 1000 m (Pbcs
87033, 87114/A). SeeFig. 4.

Cololgjeuneatanzaniae Pocs

5-100il bodiesper cell, transitional between
Bazzania- and Calypogeia-types. The
majority of African have Calypogeia- or
even Jungermannia-types of oil bodies,
so the few large vesicules found in this
speciesseemsto beagood distinguishing
character. Voucher specimen from the
West UsambarasaboveM azumbai at 1700
m, epi phyllousinmontanerainforest (Pocs
87033). SeeFig. 5.

Coluradigitalis (Mitt.) Steph.

Very small, Massula-type oil bodies,
numerous in each cell. These oil bodies
aresimilar to those of the related species
C.obesaS. J-AstfromMadagascar which
have been depicted by Jovet-Ast (1953).
Aninteresting new featureof theoil bodies
inthisspeciesisoil body dimorphism. In
thelower part of thelobetheoil bodiesare
small, ova and very numerous while in
the cells of lobule sack apex they areless
numerous, much longer and spindle
shaped. Examined specimenfromtheWest
Usambaras: epiphyllous in montane
rainforest aboveMazumbai Station, 1700
m (Pocs 87133/). SeeFig. 6.

Conoscyphustrapezioides (Sande-Lac.)
Schiffn.

Oil bodies very large, Calypogeia-type,
2-3 per cell. Voucher specimen from the
NguruM ountainsaboveMhondaMission,
montane rainforest (Pocs 88184/G). See
Fig.7.

Marsupella africana Steph. ex Bonner
Typical Jungermannia-type, very finely
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Plate 1: Oil bodics of Tanzanian liverworts. 1: Bazzania borbonica Steph., 2: Calypogeia
afrocoerulea E.W Jones, 3: Chandonanthus cavallii (Gola) S.Amell, 4: Cladolejeunea aberrans
(Steph.) Zwickel above living oil bodies, a few by higher magnification, below desintegrating
cytoplasm with "ochraceous %«)dits'_. 5: Cololejeunea tanzaniae Pécs, 6: Colura digitalis (Mitt.)

Steph., 7: Conoscyphus trapezioides (Sande-Lac.) Schiffn., 8: Marsupella africana Steph. ex
Bonner, 9: Stenorrhipis madagascariensis (Steph.) Grolle




granulated oil bodies, ovate or irregular,
2-4per cell. SpecimenfromMount Meru:
EngareNarok gorge, onwet lavarocksat
3400 m (Pécs & Ochyra 88152/Q). See
Fig. 8.

Stenorrhipismadagascariensis (Steph.)
Grolle

Large, shiny, irregular shaped or oval,
extremely fine granulated oil bodies
(typical for Lophozioideae), 2-8 per cell.
Examined specimen from the Uluguru
mountains. Mgetavalley, 2160m (POcs&
Ochyra 88113/BC). SeeFig. 9.

Ecological observations

Theauthor hashad agood opportunity to
continuehispreviousstudies(P6cs1976,
1980b) on the epiphytic bryovegetation
withintheframework of the Ngorongoro
Ecological Monitoring Program. The
biomass, interception, humus
accumulationandtheoverall composition
of the epi phytic vegetation have been ex-
amined in permanent plotswith aspecial
referencetopossi blechangesthroughtime.
Theinvestigation arealiesat theleft side
of the eastern, so called, Gregory Rift
Valley. The author has observed for a
longtimethepeculiaritiesof theepiphytic
vegetation in the mountains along this
branch of the Rift Valley. These
peculiaritiesaremanifestedintheabsence
of numerous, mostly acidiphilous,
elements and in the large, localized
occurrence of species otherwise not
commoninthemontanerainforest or other
habitatsrichin bryophytes.

Group 1, epiphytes absent or rarely en-
countered inthemontaneforestsnear the
EasternRift.

1. Absent: Lepidoziaceae (e.g.
Arachniopsis, Bazzania, or Lepidozia);
Calymperaceae (e.g. Calymperes or
Syrrhopodon); epiphyllous liverworts
(withtheexceptionof Metzgeriaagnewii.)

2. Rarely encountered: Dicranaceae

(e.g. Dicranoloma and Leucoloma are
absent but afew Campylopus do occur);
Hookeriaceae (except Lepidopilum and
Lepidopilidium which are found on
bamboo).

Group 2, epiphytes of indifferent
distributionthat occurinlargequantity in
montaneforestsboth near to and far from
theRift.

In montane dry evergreen forests and
woodlands: Frullania ericoides;
Plagiochila squamulosa; Braunia
arbuscula (as well other species of the
genus); Cryphaea robusta; Erythrodon-
tiumsubjulaceum; Forsstroemiaproduc-
ta; Leptodon beccarii; Leucodon
dracaenae; Macrocoma abyssinica and
M. tenuis; Orthotrichum rupestre;
Pterogonium gracile; Ramalina celastri
and R. hoehneliana; and species of
Parmotrema.

In montane rainforests. Metzgeria
limbato-setosa; Plagiochila sinuosa;
Porella hoehnelii; Ptychanthus striatus;
Aerobryiidium subpiligerum; Papillaria
africana; Pilotrichellaampullaceaand P.
cuspidata; Prionodon ciliatus; and
Squamidiumbrasiliense.

Group 3, normally rareepiphytesthat are
very commonintheGregory Rift Valley:
Cololgeuneaminutissmassp. myriantha;
Metzgeriaagnewii; Metzgeriaquadrifaria;
Streptopogon erythrodontus ssp.
rutenbergii; Tortulafragilis, Heteroder-
mia comosa.

There are a number of possible
explanationsfor thesepeculiarities.

a. Thefirst explanation centers on the
geological age of the mountains. This
theory, which hasbeen discussed by P6cs
(1982) works best in explaining the
differences that are found between the
bryofloras of the old crystalline massifs
(e.g. Uluguru) and theyounger vol canoes
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cpiphytic bryophytes, 4: Ngorongoro, epiphytic (aenal) humus, 5: Nguru mountains, epiphytic
bryophytes, 6: Mkata basin, soils, 7: Ngorongoro caldera bottom, soils
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(e.g.MountKilimanjaro). Thistheoryfails
in the case of the Gregory Rift Valley
because the rainforests of Mount
Kilimanjaro have the epiphytic
components(L epidoziaceae, Calympera-
ceae, etc.) that are missing in the nearly
same-aged Ngorongoroarea. Ontheother
hand, the mossy forests on the isolated
precambrian crystalline block of the
LongidoHillsat theedgeof theRift do not
have the same elements found in the
bryoflora of the Ngorongoro volcanoes.
So the age of the mountains aloneis not
helpful in solving thisproblem.

b. The second explanation is based on
an analysis of climatic conditions,
especialy the relative precipitation and
other causesof variableair humidity. But
many forests on the outer slopes of the
Ngorongoro calderaand especially onthe
SW dlopes of the Oldeani volcano have
thesameamount anddistributionof rainfall
asthe slopes of Mount Kilimanjaro.

c. The third and best explanation
concerns the special kind of akaline
volcanism that occurs along the Eastern
Rift Valley. Since the pioneer works of
Blanford (1870) and Gregory (1896) it
has been known that the vol canoes of the
area produced high alkaline (i.e. with a
high Na, K, or Mg content) lavas that
release their alkaline content by surface
erosion (Baker et a. 1972). In addition,
theactivevol canoes(e.g Oldoinyo L engai
in the investigation area) spew large
amount of free sodainto the atmosphere
witheacheruption. Asaresultthesoil, the
surfacewater and the underground water
intheareaarevery akaline. Furthermore,
the undrained basins of the Rift contain
alkaline lakesthat partly or fully dry out
during the dry seasons. These variously
dried alkaline lakes are subject to wind
erosionthusmaking availableamixtureof
loose soil and salts for the further
alkalinization of thearea. Dust devilsare
especially common during the dry, hot
months(August-December). Fromthedry

bottom of theRift and adjoiningdry basins
thealkalinesaretakenintheform of dust
and aerosols high in the atmosphere and
then deposited by dustfall and rainonthe
adjoiningareas. Thealkalinedepositsthus
createaspecial, highly selectivesubstrate
for the epiphytes near the Rift Valley.

In order to test the akaline theory the
author investigated the alkaline content
of: 1. the basin soils in the bottom of
Ngorongoro caldera; 2. the epiphytic
humus and; 3. the epiphytesfound inthe
rich woodlands and rainforests on the
Ngorongoro calderarim at 2000-2400 m.
These figures were then compared with
those taken at the Mkata basin and the
NgurumountainsintheMorogoroRegion,
adistance of 400 km from the Rift. The
results of the soil and plant analyses are
summarizedongraph 1. Thisgraph shows
that near the Rift the substrates on which
the epiphytes grew contained higher
amounts of akalines than the substrates
from other habitats. Apparently, some
bryophytes growing near the Rift can
toleratesuch conditionsandafew of these
tolerant bryophytesareabletoaccumul ate
high amounts of alkalines (especialy K)
in their tissues. On the other hand, high
alkaline content appears to be able to
causetheabsenceof many epiphyticbryo-
phyteseither directly by their largeamounts
or indirectly by raising the pH to an
intolerablelevel . Regardlessof thecause,
thereappearsto bethreetypesof reactions
to increased alkaline contend that
characterize the three groups of plants
listed above: 1. alkalineavoiding groups;
2. dkalinetolerant groupsand; 3. alkaline
favoringgrops.

When the geographic distribution of the
alkaline favoring and akaline tolerant
epiphytesisexamined, it isapparent that
they belongtowidespread groups,i.e. are
cosmopolitan, pantropical or at least are
commontropical Africanelements. Some
of them have 'weedy' characteristics and
many of them are xerophytes. The
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Map 5: The African distribution of Metzgeria agnewii Kuwahara with the indication of the major
faults of the Eastern Rift. Horizontally stripped areas are the rift bottom and adjoining basins with

higher alkaline accumulation
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presence of these elementsislikely to be
explained by the very young age of the
alkalinevolcanoesinthat part of theRift.

According to Baker et a. (1972) the
alkaline volcanism of the Rift occurred
mostly intheQuaternary. Hencetherehas
not been enough timefor theevol ution of
specia adaptations to these conditions.
Thisnew akalineenvironment could select
only from the more halotolerant,
neutrophilic and basiphilic el ementspre-
sent or in some cases from xerophilic
elements a so present. Only the alkaline
preference of Group 1 shows signs of
specificadaptation. Thisisespecially true
for Metzgeria agnewii which shows
obvious correlations with other alkaline
volcanic formations of the Eastern Rift
(seeMap 5).

Itisinteresting that the alkalineavoiding
species in the Rift bryoflora are absent
onlyfor acertaindistancefromtheRift. At
about 100 km to the east of the Rift these
elementsbegintoreappearintheepiphytic
vegetation. Although these elements are
rareinsomeareas(e.g. Mount Meru) they
arecommonandwidespreadinother areas
(e.g. Mount Kilimanjaro) in which the
volcanicgroundstoneisalkalinepoor even
thoughtheclimaticconditionsaresimilar.
Further investigationsareneededtorevea
the details in distribution and alkaline
tolerance of these species.
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