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Abstract: Life strategies of epiphytic bryophytes are studied along an altitudinal gradient from the
eastern Congo basin (tropical lowland zone) to the mountains of the East-African graben (tropical
subalpine/apineZone; BRY OTROPI1-transect). Threestrategies, Colonists, Perennial shuttlespecies
and Perennial stayers can be observed, which are further subdivided according to their reproduction
tactic (high sexual reproductive effort, high asexual reproductiveeffort, moderately or low sexual and
asexual reproductive effort). Of these, only taxawith along life span (perennials) are of importance,
indicating the unchanging and constant ecological conditionsand long-lasting microsites, provided
by the epiphytic habitats.

The basisfor the life strategy pattern analysis along the atitudinal gradient were plant sociological
investigationsand the determination of themean percentage cover valuesfor thedifferent lifestrategy
categories. By this, the distribution and occurrence of the different strategieswithin the communities
and the altitudinal zones can be shown.
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Typical for theepiphytesof the primary rain-forestsof thetropical lowland andlower montanezoneare
Perennial shuttlespeciesand Perennial stayerswithmoderately or low sexual and asexual reproductive
effort. Thisstrategy obviously isfavoured by thewell balanced, high temperatureand humidity regime
of these zones and typical of most of the liverworts, dominating the epiphytic communities. They are
replaced in the montane rain-forests and cloudy moss forests of the upper tropical montane zone by
Perennial shuttlespecieswith high asexual reproductiveeffort, regenerating mainly by propagulesand
clonal growth. Withinthesecondary woodlandsof thiszoneand theuniqueericaceouswoodlandsand
subparamo of the African volcanos, Perennial shuttle species and Perennial stayerswith high sexual
reproductiveeffort reachamaximum, building regularly sporophytesunder thea ready xericand strong
diurnal climatic conditions of the subalpine/alpine zone. This reproduction strategy is typical of
epiphytic communities of xerophytic woodlands. Thefrequent changewithinthelife strategy spectra
of thedifferent atitudinal zonesindicates, that lifestrategiescan be seen asaset of co-evolved adaptive
traits, which grow and evolvewithin different taxaunder similar ecological conditions.

Zusammenfassung: Aufbauend auf einer pflanzensoziol ogischen Analysewurden die L ebensstrate-
gien epiphytischer Bryophyten entlang eines Hohenstufentransektes im dstlichen Kongobecken
(Tieflandstufe) biszum zentral af rikani schen Grabenrand (tropi sch subal pine/alpine Stufe; BRY OTROP
[11-Transekt) aufgezeigt und in Beziehung zu den verschiedenen Moosgesellschaften und dem
Okologischen Gradienten gesetzt. GrundlagefUr diel nterpretationist der mittlere Gruppenmengenanteil.
Drei Lebensstrategien, Besiedler (Colonists), Ausdauernde Pendler (Perennial shuttle species) und
Ausdauernde (Perennial stayers) kdnnen unterschiedenwerden, dieaufgrund ihresReproduktionsver-
haltens [hohe generative Reproduktion, hohe vegetative Reproduktion, niedere generative und
vegetative (passive) Reproduktion] weiter unterteilt werden kénnen. Von diesen erreichen nur die
beiden Strategien, diedurchlanglebige (perennierende) Sippen gekennzeichnet sind, hoheWertigkei-
teninden Gesellschaften. Diesdeutet auf konstante Umwel tbedingungenund firr lange Zeit verfiigbare
Mikronischen hin. Kennzel chnendfiir dieEpiphytengesell schaften primérer Regenwa der der tropischen
Tiefland- und der unteren Bergwal dstufe sind Ausdauernde Pendler und Ausdauernde mit passivem
Reproduktionsverhalten. Dieses Reproduktionsverhalten wird durch die sehr ausgeglichenen hohen
Temperatur- und L uftfeuchtigkeitsverha tnissein dieser Stufegeférdert undist typischfir diemeisten
der in diesen Epiphytengesellschaften dominierenden Lebermoose. Im tropischen Bergregen- und
Nebelwald der oberen montanen Stufe wird diese passive Strategie durch Ausdauernde Pendler mit
vegetativem Reproduktionsverhalten ersetzt, die sich v.a. aus vegetativ gebildeten Diasporen und
einem ausgepragten klonalen Wachstumregenerieren. Innerhal b der sekundéren, offenen Bergwél der
dieser Hohenstufeund in den auf diezentral afrikani schen V ulkane beschrankten Heidebuschwéaldern
und der Subparamo-V egetation erreichen Laubmoose mit der L ebensstrategie Ausdauernde Pendler
und Ausdauernde mit generativem Reproduktionsverhalten hohe Anteile. Sie bilden in der bereits
trockenerenund durch Frostwechsel klimagekennzei chneten subal pinen/al pinen Hohenstuferegel méldig
Sporogoneund vermittel n mit dieser Strategi e bereitszu den Epi phytengesel | schaften xerophytischer
Offenwélder. Dieser auffallende Wechsel im Lebensstrategienspektrum entlang des
Hohenstufengradienten zeigt, dal’3 Lebensstrategien einen Komplex gemeinsam erworbener
Anpassungsmerkmale darstellen, die sich unter dhnlichen bzw. gleichen Umweltbedingungen
heraushilden.



Introduction

Lifestrategiesin bryophytes can be envisaged as
a system of co-evolved adaptive traits (Stearns
1976,During1979,1992, Frey & Kirschner1991a)
implying numerous adaptations to the
environmental conditions. Their classificationcan
be very useful for making comparisons of the
ecology of species and communitiesin different
habitat sitesand geographical regions. A general
concept of a life strategy system to bryophytes
hasbeen applied by During (1979), consisting of
six life strategy categories (Annual shuttle spe-
cies, Fugitives, Colonists, Short lived shuttle
species, Perennial shuttlespecies, Perennial stay-
ers, Tab. 1). It is based on several characters,
amongwhichlifespan, reproductiveeffort [ poten-
tial life span of the gametophyte, which is
negatively correlatedwiththereproductiveeffort;
avoidance strategy (discarding the gametophyte,
andsurvival of thedifficult sesasonassporesonly)
versus tolerance strategy (survival of the
gametophyte)] and dispersal mechanisms (few
large spores with decreasing long-distance
dispersal versus many small spores with chance
dispersal) are of great importance (During 1979,
1992). Thisprovisional systemwasfurther subdi-
videdby Frey & Krschner (1991a) withrespectto
thedominating reproductivetacticand compl eted
by a seventh category, the geophyte life strategy
(Tab. 1).

Despiteof oftenincompletely known aspectslike
lifehistory, theimportanceand potential adaptive
valueof asexual reproduction (clonal growthand
propagules) and the dispersal capacity of the
diaspores, withinthelast yearsdifferent bryophy-
te communities of various habitat sites and
geographical regionshavebeenanalyzed (During
1981, During & ter Horst 1985, Frey & Kirschner
1991a,b,c,1995a,b, K Girschner 1994) demonstrating
key factors and interactions between plants,
communitiesand environment.

Withthisstudy, for thesecondtimewe present an
analysis of life strategies of tropical epiphytic
bryophytes and their life strategy distribution
patternaonganaltitudinal gradient of thetropics
(eastern Congo basin and adjacent mountains,
BRY OTROPI|I-transect).
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M aterial and methods

The life strategy analysis of the epiphytic bryo-
phytes (shade epiphyte synusia) is based on a
plant sociological analysis (Kurschner 1995a),
whichwascarried out alongandltitudinal gradient
fromtheeastern Congobasin[Irangi (850)-900m,
upper tropical lowland zone] to the mountains of
theEast-Africangraben[Mt. Biega(2790m), Mt.
Kahuzi (3308 m), tropical subal pine/al pinezone;
BRY OTRORPIII-transect]. Withinthisaltitudinal
gradient, comprising the upper tropical lowland
zone(Caesalpiniaceaelowlandforests, Pluviisilvae
Kl6tzli 1958, forét ombrophile Prioul & Sirven
1981), thelower and upper tropi cal montanezone
(montane rain-forests, Laurisilvae, forét
ombrophile de montagne and bamboo-forests),
thetropical subal pinezone(ericaceouswood ands,
Ericifruticeta, étagedesbruyéres) andthetropical
alpine zone (Dendrosenecio-subparamo,
Frigorideserta), 11 associations and 9
subassociations occur (Fig. 1), which
synhierarchically canbeclassifiedinto4alliances.
The vertica distribution of these 4 aliances
correspondswell with the altitudinal zonation at
the eastern Congo basin, the distribution of the
different forest types, aswell asthe ordination of
the different bryophytes (ecological groups,
K urschner1995b) characterizing thetransect.

For theanalysisitself, theplant material collected
duringthefieldtrip, older collectionsfrom Central
Africa(B) andsomefew datafromliterature(Correns
1899, Fleischer 1900-1922, Schuster 1988) were
available. Dataconcerningtheasexua and sexual
reproductiveeffort oftenweresparse, thusmaking
the classification to the different life strategy
categories more difficult. The quantitative
calculation of thelife strategy spectraisbased on
the mean percentage cover value of each species
and category (Frey & Kirschner [991a,b) within
the different atitudina zones and the different
bryophyte associations. By this, the biological
relevance of each life strategy within the entire
spectrum, as well as the different life strategy
patterns of each zone can be shown, which are
strongly related toandinfluenced by theecol ogical
gradient.
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Tab. 1. Lifestrategy categoriesof bryophytes (after During 1979, Frey & Kirschner 1991a).

Fig. 1. (p. 133) Zonation of epiphyticbryophytecommunities(C) ineastern Zaire(Mt. Biega, Mt. Kahuzi)
and Rwanda(Forét deNyungwe). [A atitudina zonation; B forest formations(cf. Hedberg 1951, K16tzli
1958, Prioul & Sirven 1981; 1 Caesalpiniaceae lowland forests, forét ombrophile, Pluviisilvae; 2
Julbernardia-Ocotea transition forest, forét detransition; 3 montanerain-forest, foré ombrophilede
montagne, Laurisilvae; 4 bamboo-forest, étage a Arundinaria alpina; 5a Podocarpus-Syzygium-
Psychotria forest; 5b ericaceous woodlands, étage a bruyéres, Ericifruticeta; 6 Dendrosenecio-
subparamo, paramo aSenecio et Lobelia, Frigorideserta. * synhierarchical positionuncertain]. (After
Krschner1995a).
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Resultsand discussion (Tab. 2-4, Figs. 2-5)

Theepiphyticbryophytesof theBRY OTROPI I 1-
transect (Parc National de Kahuzi-Biega/Zaire,
Forét de Nyungwe/Rwanda), together with their
main characters(e.g. lifeform, sexual and asexual
reproductiveeffort, dispersal strategy, distribution
of gametangiaand lifestrategy) arelisted in Tab.
2. Altogether, only three categories of life
strategies, Colonists (3 taxa), Perennial shuttle
pecies(48taxa), Perennia stayers(99taxa) occur,
indicating the more or less stable ecological
conditionswithinthedifferent epiphyticbryophyte
communitiesof each altitudinal zone.

1. Colonists

SpecieswiththeColonists' strategy arecharacte-
rized by amoderately short life span of only afew
years(pauciennial-pluriennial taxa), ahigh sexual
and/or asexua reproductive effort, small spores
(lessthan 25 um) indicatinglong-rangedispersal
with sporesand short-rangedispersal withasexual
diaspores. Intropical epiphyticcommunities, taxa
with thislife strategy consist of truly colonizing
species with a pioneer-character, appearing in
early succession series or mainly disturbed
communities (Frey & Kirschner 1991b). In the
transect analyzed, thisstrategy isconfined to the
tropical lowland (900m) andtropical montanezone
(1900 m, 2300 m, Tab. 3), but reaching hereonly
very low mean percentage cover values(lessthan
1%). According to the reproductive tactic, the
Colonists can be subdivided into Colonists with
asexual and sexual reproductive effort (vag; only
Octoblepharum albidum), Colonists with high
sexua reproductive effort (Bg; only Aneura
pseudopinguis) and Colonists with high asexual
reproductive effort (B; only Syrrhopodon
gardneri), all being of lessimportancewithinthe
lifestrategy spectraandtheir distribution pattern
(theColonists' strategy isnot showninaseparate
figure).

2. Perennial shuttlespecies

Thelifestrategy Perennia shuttlespeciescompri-
sestaxawithalonglifespan (pluriennial -perennial
taxa), amoderate, sometimeslow toabsent or high
sexual and/or asexua reproductive effort, a
normally rather highageof first sexual reproduction
(morethan 5years), and rather large spores (> 25

pm) inregularly sporulating species. Inaccordance
withDuring (1979), Frey & Kirschner (1991a,c),
Miles & Longton (1992) and Stoneburner et al.
(1992), the probable dispersal distance rapidly
decreasesby sporeslarger than 25 um, indicating
short-range dispersal and an atelechorous
tendency. This, andtherelatively high number of
taxabelongingtothisstrategy (48taxa, Tab. 1) is
in contrast to Grime et al. (1990), who postul ate
small spores with long-range dispersal as an
important regeneration strategy of epiphytic
bryophytes. The Perennial shuttle strategy is
typical of unchanging and constant ecological
conditions and long-lasting microsites, as it is
provided by many epiphytic habitats.

The further subdivision of the category clearly
shows an dtitudinal zonation (Fig. 2), whichis
reflected also by the different proportionswithin
the ecological groups (Fig. 4) and the different
proportionswithintheepiphyticcommunities(Fig.
5).

Theepiphyticcommunitiesof thetropical lowland
zone (Caesalpiniaceae lowland forests and
Julbernardia-Ocoteatransitionforest) aredomi-
nated by species of the life strategy Perennial
shuttlespecieswithmoderately or low sexual and
asexual reproductive effort (Pp, Tab. 3, Fig. 2).
M ost of the species characterizing syntaxonomi-
cally theMarchesinio-Plagiochiletum salvadori-
caeandtheL gjeuneo-Plagiochiletumdivergentis
plagiochiletosum fusiferae, like Marchesinia
excavata, M. moelleriana, Plagiochila fusifera,
P. salvadorica, Porella subdentata, Radula
appressa, R. boryana and Syrrhopodon armatus
belong to this strategy, showing alow or nearly
absent asexual and sexual reproduction. Their
dominance on the phorophyte and within the
epiphyticcommunitiesmainly isaresult of clonal
growth of the often unisexual populations
(dioecious species), which is supported by the
balanced climatological conditions (isothermie,
highand stablehumidity) of thisaltitudinal zone.
In contrast, Perennial shuttle species with high
sexual reproductive effort (Pg) reach their maxi-
mum within the epiphytic communities of the
upper tropical montane zone (montane rain-fo-
rests and bamboo-forests, Tab. 3, Fig. 2). This
strategy istypical for Plagiochila divergensand
P. squamulosa, the leading species of the Lejeu-
neo-Plagiochiletum divergentis typicum, the



Plagiochiletum squamul osae and the two subas-
sociations of the Drepanolegjeuneo-Microlejeu-
neetum africanaeof theprimary rain-forestsof this
zone (Tab. 4, Fig. 5). Also various mosses like
Brachymenium nepalense, B. rigidum,
Hylocomiopsis cylindricarpa, Neckera
platyantha, N. remota, Macrocoma abyssinica
and Syrrhopodon incompletusfall into this cate-
gory, which istypical of the more or less open,
secondary montane forests (Nuxia floribunda-
Agauriasalicifoliacommunity, Hageniaabyssi-
nica fragments), dominated by the Frullanio-
Hylocomiopsietumcylindricarpae(Tab. 4, Fig. 5).
Obvioudly, the more open and aready xeric
conditions in these forests favoured regularly
sporulating species. Their relatively large spores
havealow dispersal capacity, but probably better
chancesof successful establishment and alonger
lifespaninthediasporebank (During 1992).
Perennial shuttlespecieswith highasexual repro-
ductive effort (P) mainly are restricted to the
tropical subalpine/alpine zone (Podocarpus-
Syzygium-Psychotriaforest and ericaceouswood-
lands, Tab. 3, Fig. 2). In contrast to the previous
category, the sexual reproductioninthisgroupis
low to absent, but asexual diaspores (mainly
flagellae, gemmae, breaking-off of leaf tips and
shoots) areregularly produced in large amounts.
To this strategy, some of the most conspicuous
afro-apineepiphytesbelong, e.g. Anastrophyllum
auritum, Andrewsianthus bilobus, Herbertus
doggeltianus, H. lobatus or Plagiochila barteri
ssp. colorans, which are typical components of
the humid Plagiochilo-L g euneetum hepaticolae
and the Plagi ochil o-Evansiol jeuneetum roccatii
(Tab.4,Fig.5). Thisgroup showsastrongtendency
towards reduced sporophyte production and
increased reliance on asexual propagules for
population maintenance.

3. Perennial stayers

Asinthe Perennial shuttle strategy, thelife stra-
tegy Perennia stayers also is characterized by
specieswithalong life span (perennial taxa), but
in contrast to the shuttle strategy, the spores are
small (lessthan 25 pum) andlong-rangeaswell as
short-range dispersal is possible (chance disper-
sal). Thisstrategy istypical of most of theepiphy-
tic speciesanalyzed inthetransect (99 taxa, Tab.
1) and most frequent in later successional and
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climax stages(permanent habitats).

Two species, Metzgeriaaustralisand Plagiochila
terebrans belong to the Perennia stayers with
high sexual and asexual reproductiveeffort (Ag,v’
Tabh. 2). Their mean cover percentageval uewithin
thelife strategy spectranormally islow (Fig. 3),
exceptinthetropical montanezone(montanerain-
forests), wherethis strategy reachesahigh value
inthe Plagiochiletumterebrantis(Tab. 4, Fig. 5),
due to the high cover abundance of Plagiochila
terebrans.

Perennial stayerswith high sexual reproductive
effort (Ag) reach higher maximaespecially inthe
more xerophytic, secondary woodlands of the
upper tropical montane zone and in the tropical
subalpine/alpine zone. Various mosses like
Brachymenium speirocladum, Campylopus
hildebrandtii, C. nivalis, Chrysohypnum
frondosum, Hypnum cupressiforme var.
townsendii, Leptodontium viticulosoides,
Orthodontiumgracile, Pyrrhobryumspiniforme
or Sematophyllumstylitesbelongtothisstrategy,
whichishighly dominantintheFrullanio-Hyloco-
miopsietum cylindricarpaeand the Orthodontio-
Campylopetum hildebrandtii of the Nuxia
floribunda-Agauria salicifolia woodlands and
the Hagenia abyssinica fragments, aswell asin
the Sematophyllo-Campylopetum nivalis of the
Dendroseneciosubparamo(Tab. 4, Fig.5). These
mossessporulateregularly, but theageof thefirst
reproduction is variable, taking at least several
years. Thesmall sporesoftenareproducedinlarge
numbers, tomakesurethat many of themwill reach
the distant phorophytesand seemto servefor the
occasional establishment of new populations.
Withintheliverworts, Lejeunea confusa, L. flava,
L. helenae, L. tabularis and Metzgeria
consanguinea show this strategy, and therefore
haveawider distributionwithinthecommunities
and alongthealtitudinal gradient. Ingeneral, this
strategy is typica of epiphytic communities of
more open, xeric sites and woodlands with high
light intensities and a high diurna variation of
temperatureandhumidity (Frey & Kirschner|9953).
In the transect, one can observe an increasing
number of Perennial stayers characterized by
regularly sporulating speciesin higher atitudes
and already xeric woodlands.

Perennial stayerswith high asexual reproductive
effort (A ) by means of flagellag, stoloniferous
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Andrewsianthus bilobus We| - | - | - a Bl,fD - - h F1 Pv
Chandonanthus hirtellus tT| - | - | - D a - - - [a] [Bs] A /Pv
Lejeuneaceae
Aphanolejeunes exigua var. exigua Mal -] -| +10ON a - - Ge 1 A'J
Cheilolejeunea krakakammae Ma| -1 -1 + D 1 Ge - - 8,1 I\p
Cheilolejeunea pluriplicata Ma| + 1 - | + M a,l - - - a Ap
Cololejeunea zenkeri Ma| - - | + M a - - Ge 1 Ap




Diplasiolejeunea cornuta Ma | + M 1 - - Ge 1 Ap
Diplssiolejeunea kraussiana Ma| - M a - - Ge 1 Ap
Diplesiolejeunea runssorensis Me | + 4] a,l Ge - Ge m Av
Orepanolejeunea physaefolia Ma | + D a Bs - - h nv
Evansiplejeunea roccatii We | + D a [Bl] - - a [Fl] Ap
Lejeunea caespitosa Ma | - D a - - | BL,Ge 1 Ap
Lejeunsa capensis Ma | - D a - - - a Ap
Lejeunea confusa Ma + D 1,m - - - a Ag
Lejeunea cysthearum Ma | + Mat m - - - 8 Ag
Lejeunea eckloniana Ma | [+] Mat h - - - a ;’-\9
Lejeunea flava Ma [ + Mat h 14 - - - a Ag
Lejeunea flavovirens Ma [ - M a - - - a Ap
Lejeunea helenae Ma | - 0 a - - | [Bs] a A,
Lejeunea hepaticola Ma [ + M.D m - - - a Ag
Lejeunea isophylla Ma | + 1] a - - - a Ap
Lejeunea tabularis Ma | + M m - - - a Ag
Leucolejeunea xanthocarpa Ma | + Mat [m] - - - a Ap
Lopholejeuneca spec. Ma [ - 8 - - - a Ap
Marchesinia excaveta Ma | - D a (35-40) - - - a Pp
Marchesinia moelleriana Ma | - M a (35-40) - - - a Pp
Microlejeunea africana Ma | + D a,l + - - 1 [Fl] Ap
Migrolsjsunea kamerunensic Mo | + 0 m.h ) a Ag
Prionolejeunea serrula Ma | - M a - - - a Ap
Ptychanthus striatus Ma | + D 8,1 - - - a Ap
Rectolejeunea rhodesiae Ma | + D a,l B1,fD - Bl 1,m F1 Av
Schiffnerolejeunea altimontena Ma| + D a [81) - - a,l Ap
Lepidoziaceae
Bazzenio decrescens We | + D 8.l (15=20) 81 - + 1 [F1] Ay
Bazzania pumila Ma| - )] a (15-20) Bl - + 1 [F1] A,
Bazzania roccatii We | - D 8 (15-20) Bl - + h [F1) A,
Lepidozia cupressins We [ - D a (11-15) Bs,fD - + h Av
Lepidozia stuhlmannii We | - 1] a (11-15) Bs,fD - + 1 Ap
Metzgeriaceae
Metzgeria australis Ma | + n 1,m 16-24 Ge - Ge h Ag,v
Metzgeria consanguinea Ma| + D 1,h 20-26 + - - 1 aT Ag
Metzgeria leptoneura Ma | + D a,l 15-24 + - + 1 aT Ap
Metzgeria limbsto-setosa Ma | - D a (>30) + - - m aT Pv
Metzgeria musicola Ma | - a (>30) + - - h aT Pv
Plagiochilacese
Plagiochila barteri ssp. colorans Fa| - 0 a,h {15-28) Bl - Bl n Pv
Pagiochila corniculata Ma | - ] a {15-28) B1,fD - | B1,fD h Pv
Plagiochila divergens var. divergens Fa| + D h (15-28) - - [+] a Pg
Plagiochila divergens ver. myriocarpa Fa| + 1] a,l (15-28) [B1],fD| - [+] a,l F1 Pg
Plagiochils ericicela Fa| - D a (15-28) - - - a PP
Plagiochila fusifera Fa| + 1] a (15-28) D - 81 1 4
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Plagiochila heterostipa fa -1 - a 15-22 - - - a
Plagiochila integerrima Fa -1 - a (15-28) - - [1)
Plagiachila praemorsa Fa{ - | -| + 1] a (15-28) - - - a
Plagiochila salvadorica Fa| + | -| + D 1 (15-28) - - Ge a,l
Plagiochile squamulosa var. sinuose Fal - -] + ] t (15-28) | - - - a
I
Plagiochila squamulosa var. squamulosa |Fa| + | - | + D m,h {15-28) - - - a
Plagiachila subalpina Ma| - | -| - a {15-28) B1,fD - )% h
Plagiochila terebrans Faj + | -| + D 1,m 20-22 ) - | B1,Bs| 1,m
Porellaceae
Porella subdentata Ma| - | -| + 1) a (24-80) - - - a
fladulaceae
Raduls appressa Ma| - | - ¢+ a (15-55) Bl - Bl a,l
Radula boryana Me| +| - +] D a1 30-35 {B1,6e]| - - a1
Raduls comorensis Ma| + | -| + D a,l {15-55) [:38 - Bl a,l
Radula flaccida Ma | - [ -| + a 16-18 Ge - Ge h
Radula holstiana Ma| - | -| + M a 18-22 - - | B1,Ge| a,l
Radula javanics Ma| - [ -] + D a {15-55) Bl - Bl a,1
Radula quadrata Ma| - - + D a {15-55) Ge - Ge h
Musci
Brachytheciaceae
Brachythecium salebrosum We| - [ | +#] Mat a 12-18 - - - a
Brachythecium vellereum We |l + | | # )} m - - - a
Bryaceae
Brachymenium nepalense sT| +| -| + 1] h 25 - - - a
Brachymenium rigidum sT| +| -| + D h 19-27 - - - a
Brachymenium speirocladum sT| +| -| + D h 15-20 - - - a
Orthodontium gracile sT| w| - +| ™ h 10-18 - - | [ge] a
Calymperaceae
Syrrhapodon armatus ssp. insularum sT| - | -] + D a (15-35) - - | (Ge) a
Syrrhopodon gardneri sT| - -] + D 1 13-18 Ga - [(=-}] L]
Syrrhopodon gaudichaudii sT| - | - + D a {15-35) Ge - | (Ge) h
Syrrhopodor incompletus sT| - | -| + 0 a (15-39) - - | (Ge) a
Dicranaceae
Brychumbertia flavicome sT| +| -| + 0 a,l 14-15 - - - a
Campylopus hildebrandtii LT + | -| + o h 11-14 - - - a
Campylopus nivalis [ A I N D h 13-1R - - - 2
Campylopus perichaetialis sT| - | -| + D a - - Ge 8,1
Dicranum johnstonii LT -] - - D a Ge - - a,l
Leucoloma holstii We | -1 - + D ] - - - a




Entodontaceae
Entodon adyris Ma Mat h 17-23 - - - a Ag
Entodon vulcanicus Ma D h (17-23) - - - a Ag
Fissidentaceae
Fissidens borgenii sT D a,l - - - a AD
Fissidens glauculus sT ] m 8-9 - - - a Ag
Fissidens microcarpus sT a - - - a AD
Hookeriaceae
Callicostella lacerans Ma D h - - - a Ag
Daltonia mildbraedii Ma 0 h 15-17 - - - a Ag
Lepidopilidium theriotii s! a - - - a AO
Lepidopilum lastii sT a - - - a Ap
Lopidium hemiloma Fa 0 a Ge -1 (Ge) m A,
Hypnaceae
Chrysohypnum frondosum Ma Mat m - - - a Ag
Hypnum cupressiforme var.cupressiforme | Ma D m 12-18 fD - f0 m Fl Ag
Hypnum cupressiforme var,tawnsendii Ma D m 12-1R fn - n m F1 Ag
Isopterygium mbangae We Mat a - - - a Ap
Mittenothamnium reptans Fa Mat a - - - a Ap
Rhacopilopsis kilimandscharica We D 8,1 - - - a Ap
Rhacopilopsis transvaaliensis We a (D] - - a F1 Ap
Rhacopilopsis trinitensis Ma a (17) - - - a Ap
Hypopterygiaceas
Hypopterygium laricinum Fa D a - -1 (Ge) a Sc Ap
Hypopterygium mildbraedii De D 1 - - | (6e) a Sc Ap
Leskeaceae
Hylocomiopsis cylindricarpa We Mat h 40-50 - - - a Pg
Leucobryaceae
Leucobryum cf.acutifolium sT D a 15-17 - - - a Ap
Octoblepharum albidum sT Mat h 17-20 Bl1,8s - + h Bv.g
Leucophanaceae
Leucophanes angustifolium sT D a 15-20 - - Ge a Ap
Leucophanes molleri sT D a 10-15 - - Ge a Ap
Meteoriaceae
Floribundaris floribunda Pe D a 15-22 - - - a Ap
Pilotrichella profusicaulis Pe D a,l B1 - - m A‘
Neckeraceae
Calyptothecium hoehnelii Fa D a 16-42 D,Ge - Ge m F1,Hs PV
Homaliodendron piniforme Fa D a (12-25) fD - | (fD) m F1l AV/PV
Neckera platyantha Fa Mat m 35-45 D - (fD) a,l F1 Pg
Neckera remota Fa Mat m,h | 20-33(45) D - (fD) 1 F1 Pg
Porothamnium stipitatum Fa D 1 9-17 fD - (£fD) 1 F1 Ap
Parotrichum elongatum Fa 0 1 fD - (£D) 1 F1 Ap
Porotrichum molliculum Fa D a 13 D - (£D) a,l F1 Ap
Orthotrichaceae
Macrocoma abyssinica Ma 0 h 31-56 - - (Ge) a Pg
Macromitrium bequartii sT a - - (Ge) a pp
Schlotheimia cf. bequartii Cu M a - - (Ge) a [
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Zygodon intermedius Cu | + - D a,l 15-19 Ge {Ge) h A
v
Zygodon roccatii sT | + - - D 1,h - - (Ge) a A_/P
P
Pottiaceae
Leptodontium viticulosoides tT | +| - + | MD h 17-20(25) - - - a A
9
Rhizogoniaceae
Pyrrhobryum spiniforme tT |+ | +| + M h 14-16 - - - a A
9
Sematophyllaceae
Acroporium priononphylax Ma | + | -| + M a,l (15)20-22 - - - a A
»
Donnellia matutina We | - | -| + | Mat 8 - - - a A
P
Sematophyllum brachytheciiforme Ma | « | -1 + M h 22-28 - - - a P
9
Sematophyllum nebulosum Ma | -] -| + a - - - a A /P
PP
Sematophyllum stylites Ma |+ -| + ! Mat m 14 - - - 8 A
9
Trichosteleum percilleanum Ma | -| -| - | Mat a - - - a A
P
Wijkia trichocolea We [ - -1 - a - - - a A
P
Thuidiacese
Thuidium chenagonii Maj - -| - a - - - a A
p
Thuidium versicolor We | +| -| - D m - - - a A
9

Tab. 2. Charactersandlifestrategiesof thetaxaof theepiphytic bryophytecommunitiesof eastern Zaire
(Mt. Biega, Mt. Kahuzi) and Rwanda (Forét de Nyungwe). [+ present; - absent; [ ] datauncertain; ()
character of the genus; empty field: no data available; a absent, not observed; aT adventive shoots/
thalli; BI breaking-off of ledf tips; Bs breaking-off of shoots; Cu cushion; D dioecious; De dendroid;
Fafan; fD flagelliform diaspores (stoloniferous shoots or branches with agradual attenuation from
ordinary leaves at the branch base to vestigial-leaved branch tips); FI flagellag; Fr fragmentation; Ge
gemmae; hhigh; Hsheterospore; | low, M monoecious, mmiddle; Mamat; M at autoecious; Pependant;
Scshootscreeping, rhizome-like; sT short-turf; tT tall-turf; Weweft; A -P, life-strategies, cf. Tab. 1.].

For author’ snamesof thetaxacf. Kirschner 1995a.
Tab. 3. (p. 141) Lifestrategiesand mean percentage cover values (%) withinthealtitudinal gradient of

eastern Zaire(Mt. Biega, Mt. Kahuzi) and Rwanda(Forét de Nyungwe) (for abbreviationssee Tab. 1).

Fig.2.(p. 142) Lifestrategies (P, P, P, for abbreviationssee Tab. 1; mean percentage cover valuesin
%) andtheir distributioninthealtitudinal gradient (200 m-isohypseintervalls, C) of eastern Zaire(Mt.
Biega, Mt. Kahuzi) and Rwanda (Forét de Nyungwe) (for A, B seeFig. 1).

Fig.3.(p. 143) Lifestrategies(A ;. A, A, A for abbreviationssee Tab. 1; mean percentagecover values
in%) andtheir distributioninthealtitudinal gradient (200 m-isohypseintervalls, C) of eastern Zaire(Mt.
Biega, Mt. Kahuzi) and Rwanda (Forét de Nyungwe) (For A, B seeFig. 1).

Fig. 4. (p. 144) Life strategies (mean percentage cover valuesin %) confined to ecological groups(D,
cf. Krrschner 1995b) and their distribution in thealtitudinal gradient of eastern Zaire(Mt. Biega, Mt.
Kahuzi) and Rwanda(Forét deNyungwe) (for abbreviationssee Tab. 1,for A, B seeFig. 1, for Ccompare
Tab. 3).
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shoots and gemmae and a rather low to nearly
absent sexual reproduction (tendency towards
reduced sporophyte production) also reach a
maximumwithinthetropical subal pine/a pinezone
(Fig. 3), but are confined to wetter sites. This
strategy istypical of severa liverworts(Adelanthus
decipiens, Bazzania roccatii, Chiloscyphus
muricatus, Lepidozia cupressina, Radula
flaccida) and Pilotrichella profusicaulis, which
are dominating the misty upper montane forest
(Podocar pus-Syzygium-Psychotria community),
the ericaceous woodlands and the wet
Podocar pus-Syzygium rowlandii swamp forest.
Nothingisknown about thecompetitiveadvanta
ge and the potential adaptive value of these ase-
xual diaspores, but the high dominance of these
speciesinthePlagiochil o-L & euneetum hepati co-
lae, the Plagiochil o-Evansi ol gl euneetum roccatii
andthePilotrichell o-Frullanietumangulatae (Tab.
4, Fig. 5) supposeahigh effort of thistypeinclona
growth and propagation.

Most of the epiphytic species (58 taxa) of the
transect belong to the strategy Perennial stayers
withmoderateor low sexua and asexual reproduc-
tive effort (Ap). This strategy is present in all
atitudinal zones(Fig. 3), ecol ogical groups(Fig. 4)
and communities (Fig. 5), reaching amaximum
within the upper tropical lowland zone
[Marchesinio-Plagiochiletum salvadoricaeprio-
nolejeuneetosum serrulae of the Julbernardia-
Ocoteatransitionforest, (Fig. 5)] andthetropical
montanezone(L g euneo-Plagiochiletumdivergen-
tisof the Laurisilvae, Pilotrichello-Frullanietum
angulatae of the Podocar pus-Syzygium rowlan-
dii swampforest, Tab. 4, Fig.5). Besidealonglife
span, the low reproduction tactic and the small
spores, taxa of this strategy are characterized by
dioecism(e.g. maeandfemal eplantshavetobein
close proximity for fertilization and sporophyte
formation). Most of the Lejeuneaceae (e.g.
Aphanolejeunea exigua, Cheilolejeunea
pluriplicata, Evansiolejeunea roccatii,
Leucolejeunea xanthocarpa, Microlejeunea
africana, Prionolejeunea serrula,
Schiffnerolejeunea altimontana) analyzed, but
al so Bazzaniadecrescens, Lepidoziastuhlmannii,
Metzgeria leptoneura, Plagiochila heterostipa,
Radula holstiana (liverworts), Brachythecium
vellereum, Bryohumbertiaflavicoma, Leucoloma
holstii, Leucophanes angustifolium, L. molleri,
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the Rhacopil opsis speciesand most of the Sema-
tophyllaceae(mosses) belongtothislifestrategy.
Their dominanceand high cover valuewithinthe
epiphytic communities often results on clona
growth. Within the upper tropical lowland zone
andthelower tropical montanezonethisstrategy
fitswell inthemoreor lessconstant environmental
conditions, typical of the Perennial stayer strategy.
Summarizingtheresults, andwithregardtothelife
strategy analysis of the BRY OTROP |l-transect
(Mt.Kinabalu/Borneo, Frey & Kirschner1991b),
afrequent changeof lifestrategieswithinepiphytic
bryophytes along altitudinal gradients can be
observed, and first tendencies concerning the
distributionand evolution of lifestrategiescanbe
outlined. Despite till yet, no example from the
South-American hylaea is analyzed, these
tendencies seem to be of amore genera validity,
typical of tropical and non-tropical epiphytic
ecosystems.

Perennial shuttlespeci&e(Pp) and Perennial stay-
ers(Ap)with moderately or low sexual and asexua
reproductive effort, in both tropical ecosystems
areconfined mainly totheepiphyticcommunities
of the tropical lowland and the lower tropica
montanezone. Thisstrategy istypical of epiphytes,
especidly liverworts(L g euneaceae, Frullaniacese,
Radulaceae with asimilar basic architecture) of
undisturbed primary rain-forest communities,
growing under awel| balanced, hightemperature
and humidity regime.

Within the montane rain-forests and the cloudy
mossforests of the upper tropical montane zone,
thelifestrategy changes. Asinthe Mt. Kinabalu
transect, in the eastern Congo basin and the
adjacent mountains, Perennial shuttlespecieswith
high asexual reproductive effort (P), e.g. an
increased reliance on asexua propagules and
clonal growth for population maintenance domi-
nate, and the sporophyte production is much
reduced. The characters, typical of this strategy
(Tab. 1) must be seen as a set of co-evolved
adaptations to the perhumid, cloudy and misty
and cooler climateof thisdistinct altitudinal zone,
favouringanasexual reproductionandthegrowth
of epiphytes.

This life strategy is replaced in the secondary
woodlandsand the unique ericaceouswoodlands
and the Dendrosenecio subparamo (upper tropi-
cal montaneandtropical subal pine/al pinezone) of



146

Associations (KUrschner 1995a) Life strategy
B B B P P P A A A A
y v,9 g v g v P g,V 9 v p
o g
N o
> 0
c e ] s . .
-9 31 Marchesinin-Plagiochiletum salvadoricae 0.1 - - 3.4 58.3 - 18.8 5.4 129
§ E _'g‘ plagiochiletosum praemorsae
[*]
g's‘ 2 Marchesinio-Plagiochiletum salvadoricae - - - - 1.1 46.9| 1.7 5.7 0.1 445
= E prionolejeuneetosum serrulae
3 Lejeuneo-Plagiochiletum divergentis - - 0.2 7.6 - 50.9{ 1.7 4.8 3.9 30.8
plagiochiletosum fusiferae
: 4 Lejeuneo-Plagiochiletum divergentis - Q.7 - |18 - 8,2 - 39,8 2,2 38.8
° E’ plagiochiletosum heterostipae
- &
§ ﬂz’, 5 Lejeuneo-Plagiochiletum divergentis - - - |31 46 2.8 7.4 7.0 5.9 34.2
> 2 typicum
L
- v
a 6 Plagiochiletum terebrantis - - - 3.9 2.4 2.4|57.8 7.9 8.2 17.4
7 Drepanolejeunec-Microlejeuneetum africanae - - - [ 31.5 - 0.6 1.1 25.8 9.9 31.1
plagiochiletosum divergentis
B - 8_ Drepanclejeuneo-Microlejeuneetum sfricanae - - - | 3.8 - 0.1 - 26.6 15.4 21.1
e plagiochiletosum squamulosae
S @
- o
= 8 9 Plagiochiletum squamulosae - - - (65.3 1.6 4.6| 3.6 12.8 - 121
= -
§ E 10 | Frullanio-Hylocomiopsietum cylindricarpae - - - 1623 1.8 5.1 - 21.2 1.0 8.6
-4
-
z V 11 Orthodontio-Campylopetum hildebrandtii - - - 1.7 6.1 0.3] 0.3 52.2 11.6 27.3
12 | Pilotrichello=«Frullanietum angulatas - - - u./7 2.8 21.3 - 5.7 26.5 43.0
13 | Plagiochilo-Lejeuneetun hepaticolae - - - 0.9 17.3 - 1.9 19.9 30.1 29.9
J
=
° @ 14 Plagiochilo-Evansiolejeuneetum roccatii - - - 0.5 28.2 1.7 - 15.6 27.6 26.4
= E campylopetosum hildebrandtii
8 &
Erg 15 Plagiochilo-Evansiolejeuneetum roccatii - - - 0.5 69.2 - - 2.7 6.1 21.5
a °© herbertetosum doggeltiani
16 Sematophyllo-Campylopetum nivalis - - - | 15.9 19.9 - - 57.0 0.2 7.0

Tab. 4. Lifestrategiesand mean percentage cover values (%) intheepiphytic bryophyj[e (_:ommunities
of eastern Zaire (Mt. Biega, Mt. Kahuzi) and Rwanda (Forét de Nyungwe) (for abbreviationssee Tab.

1).

Fig.5. (p. 147) Lifestrategies(mean percentagecover valuesin %) withinthe bryophytecommunit?es
of theL ejeuneoflavae-Plagiochilion salvadoricae(1,2), thePlagiochilion divergentis(3-7), th_ePI agio-
chilion sqguamulosae (8-12) and the Plagiochilion colorantis (13-16) in eastern Zaire (Mt. Biega, Mt.
Kahuzi) and Rwanda(Forét deNyungwe) (C). (For the syntaxonomic nomenclature (1-16) and values
below 1% seeTab. 4; for A, B seeFig. 1).
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the Africanvolcanosby Perennial shuttle species
(P) and Perennial stayers (A ) with high sexual
reproductive effort. Under the already xeric
conditions, thestrong diurnal climaticvariations
andtheheavy windsof thesubal pine/al pinezone,
numerous mosses typical of the epiphytic
communities, arebuilding regularly sporophytes.
Their small spores, produced in large numbers,
can reach the distant phorophytes, establishing
new populations. Taxa with high asexual

reproductiveeffort (e.g. Herbertaceae) inthiszone
are confined to sites, strongly influenced by the
daily mists, rising upfromtheupper montanezone.
Within the woodlands of the upper tropical

montanezone, theepiphytesmainly show ashuttle
strategy, characterized by relatively large spores.
They havealower dispersal capacity, but probably
better chances of successful establishing in the
diasporebank of thesewoodlands. Thisindicates,
that with increasing aridity, the asexual

reproductive effort of tropical, as well as non-
tropical epiphytic bryophytes(Frey & Kurschner
19953) declines.
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