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Campylopus, a modern and successful genus !?
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Abstract. Campylopuswith nearly 200 revised speciesisone of thelargest generaof
mossesin theworld and has extremely broad geographical, altitudinal and ecological
ranges. Factorsto beconsideredfor therich speciationare 1) theenormousanatomical
plasticity of thestructureof thecosta, 2) theability for vegetative propagation utilizing
different methods, and 3) the specia twist mechanism of the cygneous setae.
Phytogeographical interpretationsof present ranges of speciesof Campylopusleadto
the conclusion that thisgenusisof Gondwanalandic origin. Most of the speciesseem
to be cool temperatein origin. They have adapted to dry habitatsin the M esozoic and
invaded the tropical mountains during the Tertiary, accompanied by rich speciation.
Thisis supported by the physiology of these species. According to preliminary gas
exchangemeasurements, tropical montanespeciesdo not differ fromtemperatespecies,
and are not able to stand climatic conditions of the tropical lowland rainforests; a
relatively young habitat for bryophytes. A cladistic analysis of the infrageneric
categoriesof Campylopususing phytogeographical eval uationsof apomorphi ccharacter
states shows that the section Homal ocar pus seems to be the most primitive and the

subgenera Campyl opidulumand Thysanomitrion the most derived.

1. Introduction

Thesomewhat provocativetitlegoesback
to Schuster (1984), who (as a
hepaticologist) interpreted some
distribution maps of Campylopus and
calledthisgenus‘ modernand successful’.
Soitwouldbeinterestingto provewhether
a moss genus such as Campylopus is
really modern and successful.

In total, more than 1000 species of
Campylopushavebeendescribed. Twenty
years ago, Index Muscorum (Wijk et a.
1959) listed more than 700 legitimate
species. Since that time, the number has
been reduced by worldwide revisions to
lessthan 200. Thisisacommon effect in
bryophytes, especially in tropical ones,
where rates of reduction owing to
worldwide revisions, are about 60-70%.
This indicates that there are not 25.000
species of bryophytes in the world as

givenintextbooks, but probably nomore
than 10.000 (4.000 species of hepatics
and 6.000 species of mosses). There are
only afew generaof mosseswithnumbers
of species comparable to Campylopus,
but thesehavenotyet beenrevisedcritically
on a worldwide basis, and therefore
Campylopus may be one of the largest
genera of mossesin theworld. Based on
anestimatedtotal of about 6000 speciesof
mosses, i of every 30. mosses (or 3.3% of
all mosses) belong to the genus
Campylopus.

The genus Campylopus has a wide
latitudinal range between 65°N (Alaska)
and and 65°S (South Sandwich Islands)
andanenormousaltitudinal rangebetween
sealevel and morethan 4500 melevation.
Thespeciesoccur onavariety of different
substratessuchasnutrient poor sand, humic
soil, peat, rocks, rotten and living wood,
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Fig. 1: Formulas explaining the different morphological types of costae in the genus Campylopus by
stepwise cell division. H = hyalocysts, C = chlorocysts, S = stereid cell.

period, when mostly acidic substrates were
present. Accordingly, the morphology varies
from a few millimeters to 15 cm tall plants, and
from small, Dicranelia-like species to large
Dicranum-like species.

The question now 1s, which factors made this
genus successful

to occupy this large horizontal and vertical
geographical range,

to occupy such a broad variety of habitats,

to produce such a broad variety of morphologi-
cal cxpressions, and to have such a high number
of speaies.

How has this genus evolved? Which are the
carliest representatives of this genus; which are
the most advanced ones? Is the genus a modern

one as suggesied by Schuster?

To answer these questions, different approa-
ches shall be applied by examining the morpho-
logy, the phytogeography, the physiology and
the evolution of this genus.

2. Morphological and anatomical specialities
2.1 Gametophyte
2.1.1 Costa

The most conspicuous vegetative character of
the genus Campyiopus is the broad costa with
extreme diversity of internal differentiation.
There 1s no comparable range of variation in
the structure of the costa in any other moss
genus. All the different expressions between




2.1 Gametophyte
2.1.1Costa

Themost conspi cuousvegetativecharacter
of the genus Campylopus is the broad
costa with extreme diversity of internal
differentiation. There is no comparable
range of variation in the structure of the
costa in any other moss genus. All the
different expressions between typeswith
two stereid bands and a median deuter
band (ascommonly foundintheDicrana-
ceae and also other families) and costae
withno stereidsat all can beexplained by
a few cell divisons (fig. 1). Thus the
mechanism behind this broad variety of
structuresisrelatively smple.

What aretheadvantagesof thesedifferent
costal structures?

a. mechanical stability. Stereidswithfirm
thickened walls, provide mechanical
support either in layers on the adaxial
surfaceorinbundlesintheabaxial part of
the costa. They are supposed to be good
protection against shrinking caused by
desiccation and are therefore are found
frequently in dry adapted species. In
species pairs (often sympatric species
differing mainly in one character of the
costa and the habitat), the species of the
wetter habitat has ventral hyalocysts,
whereasthat of thedrier habitat hasventral
stereids. One of many examples is
Campylopus comosus (Reinw. &
Hornsch.) Bosch & Lac. growingon soil,
with small ventral hyaocysts and C.
flagelliferus (C. Mll.) Jaeg. growing in
the samerangebut epiphytic with ventral
stereids (Frahm 1985, Frahm et al. 1985)
b. Photosynthesis. Assimilationiscarried
out by amedian band (theso called deuter
cells) and a dorsal band of chlorocysts.
Since the width of the costa is usually
more than half of the leaf width, and the
basal laminal cells are often
nonchlorophyllose, the costaisthe main
sourcefor photosynthesis.

c. Water uptake and storage. Water is
easily taken up and stored by hyalocysts,
especialy the large ventral ones. This
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seems to function only in wet habitats,
sincethecell wallsof largehyalocystsare
very delicate and can probably not stand
desiccation. I nspeciespairsthespeciesof
wet habitats have larger hyalocysts than
speciesindrier habitats, asexemplified by
Campylopus shawii Wils. growing in
swamps and C. setifolius Wils. growing
on wet cliffs (Frahm 1985). It seems,
however, to beparadox that speciesof wet
habitats should depend on storing water,
where there is no dry daily or annual
season. Thusit may bethat thefunction of
thehyal ocysts (aswell inthe Leucobrya-
ceae) havebeen misinterpretated. AsRo-
binson (1985) hasobserved, thehya ocysts
in the Leucobryaceae often show air
bubbles, and the major function may not
be water storage but gas exchange. This
hypothesi sissupported by thelocation of
the chlorocysts, which are situated in the
middleof theleaf without any direct contact
to theatmosphere.

Another method of water storage is
between the dorsal |amellae of the costa.
Inspeciespairs, thespeciesof drier habitats
have the longer lamellae, for example
Campylopuspilifer Brid. and C.introflexus
(Hedw.) Brid. (Frahm 1985).

d. Water conductingisprobably possible
not only from cell to cell or through the
pectinelamellaeof thewallsbut alsomore
efficiently through bundlesof stereids. In
somespeciestheaar cells(functioningfor
water uptake from the water conducted
along the stem) bulge into the costa,
indicatingaconducting pathway fromthe
alar cellstothe costa.

e. Gas exchange combined with photo-
synthesis. Effectivegasexchangerequires
a large surface. Lamellae (being
chlorocysts) seemtofunctionnot only for
water storagebut alsofor gasexchangeas
shown by Campylopus pilifer Brid. var.
lamellatus (Mont.) Gradstein & Sipman,
which isnot found in arid environments
like C. pilifer s.str. but in rainforests. In
thiskind of habitat, water storage is not
required, but gas exchange in high
humidity may be aproblem.



94

Thusthe plasticity of different structures
of the costaallows adaptationsto abroad
variety of habitats. Thefacility to modify
such structures has promoted the broad
ecological and geographical ranges and
enhanced the high number of species.

2.1.2 Vegetativepropagation

Compared with other genera of mosses,
vegetative propagation is relatively
important in Campylopus. In this genus,
all different kindsof vegetativepropagation
from microphyllous branches and
deciduousleavesto special brood |eaves,
broken leaves and stem tipsare found. If
40% of all speciesareknownonly sterile,
theimportanceof vegetative propagation
is evident. The vegetative propagation
allowsaspeciesto survivein ahabitat as
aunisexual clone. It also alowsclonesto
survive long unfavourate climatic
conditions with no sexual reproduction.
At least it allows propagation over short
distances until clones of different sexes
meet and allow fertilization. Apparently
most of the species (if not all) are ableto
vegetative propagate by more than one
kind of vegetative propagation.

2.1.3Perichaetia

Differentiatedbud-likeperichaetiafunction
for splash cup dispersal of spermatozoids
and also as protection for the young
sporophyte during the stage of
development when the setaiscurvedinto
the perichaetial leaves. Such perichaetia
arefoundinall infrageneric categoriesof
Campylopus.

2.2 Sporophyte

The major characteristic of thisgenusis
the seta which is curved sigmoid in the
middleandtwistedintheupper and lower
part and uncoils when moistened. This
character which isalso present in genera
such as Microcampylopus,
Campylopodium, Dicranodontium or

Campylopodiella(but notinother closely
related generasuch as Atractyl ocar pusor
Pilopogon).

Thesigmoid curveinthesetaiscaused by
itsdevel opment (Frey & Frahm 1987figs.
1-7). Whenthesetahasreached half of its
final length, it curves down, the capsule
developes, often leaves the calyptra
betweentheperichagtial |eavesand curves
up again.

In this way the young sporophyte
developes protected in the perichaetial
leaves which is an advantage, especially
in exposed or dry habitats.

The twist mechanism of the seta causes
wide movements of the capsule in a
moi stened state at the sametime aswhen
the peristome is open. The function of
thesecircular movementsof thecapsuleis
not clear. It may enhance spore dispersal
to all directions, but this is a relatively
small advantage compared with the
anatomical structuresnecessary for these
movements. Sporedi spersal inwet weather
conditions also prohibits long distance
dispersal. However, since Campyl opusas
many other genera of Dicranaceae are
dioicous, maleand female sporesneed to
land near tooneanother inorder toestablish
new male and female clones which are
situated closeenoughtoallow fertilisation.
The mechanism for these uncoiling
movements have not been known yet but
could be explained by a study of the
ultrastructure of the setae (Frey & Frahm
1987). The epidermal cell layer of the
Setae possesses athree layered wall with
asymmetric lumens. SEM and TEM
studies revealed a distinct lamination in
the second layer and small pores in the
outer, asymmetrical ly thickened epidermal
cell layer of the seta, and a firm inner
teriary cell wall. Indry statethe setae are
coiled by spirally arranged microfibrilsin
the secondary cell wall. Water (or water
vapour) istaken up through the outer cell
wall, stored between the microfibrils of
thesecondary wall, causing el ongation of
the setae and uncoiling movements.
Oppositetwist directionsintheupper and



lower part of the setae prevent the setae
from being twisted off.

3. Distribution and Speciation

Campylopusisan ideal genusfor phyto-
geographic interpretations because of its
widedistribution, broad ecological range,
widealtitudinal rangeand high number of
species. Insofar it isequivalent to several
other generaor even one or moresmaller
families.

Theworldwidedistribution of thegenusis
unevenonboth sidesof theequator. There
are 14 speciesinthesubantarctic but only
1 speciesinthesubarctic(Frahm1988).1n
thetropics, thespeciesof Campylopusare
mostly confinedtothemontanebelt. There
are only a few species occurring in the
lowlands, mainly insavannahsand notin
lowland rainforests. The species in the
temperatebelt of thenorthernhemisphere
are (1) either mainly tropical montane
species occurring as remnants of the
Tropical Tertiary florainoceanicregions
(cf. many species of North Americaand
Europe, Frahm 1980, 1984), or (2) are of
subantarctic origin and probably
introduced into the northern hemisphere
(cf. Campylopusintroflexus(Hedw.) Brid.
in North America and Europe, Frahm
1980, or C. pyriformis (Schultz) Brid. in
Europe, cf. Corley & Frahm 1982), or (3)
are endemics related to sister species of
tropical areas (cf. Campylopus setifolius
Wils. derivedfrom C. shawii Wils., Frahm
19854). Thisleadstothesuspicionthat the
genusmay haveitsoriginonthesouthern
coast of Gondwanaland and hasspread to
thetropics. Thispathway isillustrated by
several subantarctic species, which have
closely related species in the tropics,
sometimes 3 such species derived from
the same (still present) ancestor in South
America, Africa and Australia (Frahm
1988), representingaspeciesgroupwitha
species mosaic of several small, mostly
allopatric but al so sympatric species.
Thereareapparently several waysof spe-
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ciation:

1. adaptationstodry habitats. For example,
Campylopusintroflexus(Hedw.) Brid. can
be regarded as the ancestor of C. pilifer
Brid., adapting to dry habitats by longer
costal lamellae for storing water. Both
speciesshow agondwanalandicrange: C.
introflexus along the south coast (today
circumsubantarctic), C. pilifer in the
interior (today from South America to
India). By thesameway, C. julaceus Jaeg.
(withonesubspeciesin SE-Brazil andone
in E-Africa) and C. aemulans (Hampe)
Jaeg. (in SE-Brazil) can be derived.
Campylopus surinamensis C. Muell., a
neotropic savannah species, is derived
fromthe subantarctic C. vesticaulisMitt.
2. Adaptations to alpine habitats. There
seemto betwo pathwaystoa pinehabitats,
one from the subantarctic, especialy
through the Andes, which iswell known
for many other tropical al pinebryophytes,
and another one from montane species.
There are several pairs of species or
subspecies, one of them confined to
montane, the other to alpine habitats.
Examples are C. albidovirens Herz. in
subalpine forests of the Andes and C.
pittieri Wils.intheParamos; C. flexuosus
(Hedw.) Brid. ssp. flexuosusinthemontane
regionsand ssp. incacorralis(Herz.) J.-P.
Frahm in the subalpine regions of the
Neotropics and Africa, C. cuspidatus
(Hornsch.) Mitt. var. cuspidatus in
montanerainforestsof theNeotropicsand
var. dicnemioides(C. Mll.) J.-P. Frahm
in the alpine. Other examples are C.
amboroensisThér. inthehigh Andesand
C. johannis-meyeri (C. Mdll.) Kindb. in
the afroalpine mountains, both derived
from C. pilifer Brid. The origin of the
alpinetaxamay beexplained asecol ogical
adaptations, which may have been
supported by extensionsof theal pinebelt
duringthefluctuationsof vegetationbelts
inthe Quaternary.

Interestingly, one new habitat like the
paramo has been colonized by different
taxa from different relationships within
the genus, resulting in very similar
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adaptations. For instance, Campylopus
pittieri Williams and C. cavifolius Mitt.
both grow oftenintermixedand canhardly
be distinguished in the field. Only
transverse sectionsof the costashow that
these two species belong to different
systematic groups. There are similar
analogous developments in Dicranum.
Species adapted to alpine habitats show
thesamegrowthform (compact cushions,
orthophyllousappressed|eaves, subtubular
leaf apices). They show, however,
significant differencesin the structure of
thecostaand theshapeof thecapsules(for
example D. groenlandicum Brid. with
erect capsules and two stereid bands, D.
brevifolium (Lindb.) Lindb. with curved
capsules and two stereid bands, and D.
muehlenbeckii B.S.G. with curved
capsules and two stereid bands and two
epidermal layers). Thisdemonstratesthat
speciesfrom different evolutionary lines
have adapted to similar habitats.
Theonly speciesof Campylopusoccurring
in the subarctic and a pineregions of the
northernhemisphere, C. schimperi Milde,
surprisingly showstheclosest affinitiesto
subantarctic species. It is, however, not
found in the Andes of South Americaor
the African mountains. This may be an
example for a species which has drifted
fromthesouthern hemisphereto Asiavia
the Indian subcontinent and has spread
through the northern hemisphere. This
pathway hasbeen pointed out by Schuster
(1972, 1976) for hepatics, Smith (1972)
for Polytrichaceae, and Raven & Axelrod
(1974) for Angiosperms.

3. Adaptationsto different habitats: This
concernssympatric specieswhichoccurin
different habitats, especialy epiphytic
species, that are derived from terrestrial
ones. Examples are C. comosus (Reinw.
& Hornsch.) Bosch & Lac. and C.
flagelliferus (C. Mll.) Jaeg. in SE-Asia,
or C.lamellinervis(C.Mdll.) Mitt.and C.
huallagensisBroth. in South America, the
| atter speci esbeing epi phytes. By thesame
differentiation, Campylopus setifolius
Wils. seemsto have split from C. shawii

Wils. in the British Isles by changing
habitats from swampsto wet rocks.

4. Physiology

The cool-temperate origin of the species
of Campyl opusasthat of many bryophytes
(Schuster 1984) and probably most tropical
montane mosses is supported by their
physiology. Thesespecies|ack theability
to descend to the tropical lowlands, as
measurements of the gas exchange have
shown (Frahm 1987, 1987a), dueto high
ratesof respiration. Physiologically seen
tropical montane bryophytes react as do
cool-temperatespecies. Only afew species
were able to adapt to the humid tropical
lowlands, probably the youngest in
evolution. In Campylopus, there are no
lowlandrainforest species, andonly afew
lowland savannah ones. Themajority are
montanein distribution. Testsin climate
chambers show that species such as
Campylopus flexuosus cannot stand the
ecological conditionsof tropical lowland
forestscharacterized by hightemperatures
andlow light intensities.

5.Cladistics

A cladistic analysis could give an idea,
which species posses the most primitive
characters and which have the most
advancedfeaturesinthisgenus. Thiscould
alsoprovideahypothetical background of
theoriginof thisgenus. Itrequires, however,
the evaluation of primitive and derived
characters. Thisisamajor probleminthis
genus because of the enormous variation
of characters. For example, the capsules
may be asymmetric or symmetric, the
calyptras ciliate or nonciliate, the basal
laminal cells hyaline and thin-walled or
incrassateand pitted.

Thereis some support for the evaluation
of morphological character states by the
interpretation of ecological,
phytogeographical phytochemical,
devel opmental and pal aeobotanical facts.
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Fig. 2: Transverse section of the leaf tips of the youngest leaves in the stem tips of a. Campylopus
flexuosus (Hedw.) Brid., b. Dicranum spadiceum Zett. i
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\\'.

Fig. 3: Cladogram of the infrageneric categories of the genus Campylopus.
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Itisinecological evidencethat epiphytic
species (found only rarely in this genus)
show apomorphous character states such
asincrassatelaminal cellsand stereidsin
transverse section of the costa. Theseare
thesameadaptionsasfoundindry adapted
soil species.

Thereisphytogeographical evidencethat
the subgenus Thysanomitrion hasmost of
itsrepresentativesin SEAsiabut only one
inthe subantarctic, whichisthe probable
ancestor and its character states can be
regarded asplesiomorphous.
Thereareonly afew phytochemical data
present for thisgenus(Frahm 1983). These
datashow that certainspeciesinthesection
Homalocarpus have no flavonoids
whereas the highest diversity isfound in
the subgenus Thysanomitrion.

A major problemisintheinterpretation of
thecostal anatomy. Aretransversesections
without stereids and large hyalocysts or
thosewithventral and dorsal stereidsplei-
siomorphe? Within the Dicranaceae, the
most common type of costais that with
ventral anddorsal stereid bands. Therefore
for genera such as Dicranum, species
with tendenciesto larger cellsinstead of
stereidsareregarded asderived (Peterson
1979). However, this seemsnot to bethe
fact in Campylopus. As shown for the
epiphytic species and species of the
subgenus Thysanomitrion, thesesupposed
young species have bands of stereids. So
the genus Campylopus may be derived
from a dicranoid ancestor by evolving
hyal ocysts(asit might havebeenthesame
with the genera of Paraleucobryaceag),
but within Campylopusthere seemsto be
support for theoppositeevolution, that is
reducing thehyal ocysts.

Transverse sections of theleaf tips of the
youngest | eavesin Campylopusflexuosus
show that theapical cell developesintothe
median chlorophyllose deuter band. The
deuter cells produce abaxia and adaxial
hyalocysts (fig. 2a). By this way the
transverse section in an early stage of
development of a Campylopus leaf re-
sembles that of a mature leaf of

Paraleucobryum enerve. Stereids are
produced in later stages of development
by cell divisionsof hyalocysts. Incontrast,
inyoung leaves of Dicranum spadiceum
Zett., the median deuter cells produce
abaxial and adaxial stereids(fig. 2b). The
ontogenesis of stereids in Campylopus
seemsthereforetobedifferentfromthatin
Dicranum.

There might also be palaeontol ogical
evidencefor thefact that hyalocystsinthe
costae are a plesiomorphous character
state. Smoot & Taylor (1986) described a
mossfromsilicifiedpest of thelatePermian
of the Antarctic that possessed a
multilayered costa. Theareolation (figs.
11-13) isquitesimilar to present speciesof
Dicranum. Onetransversesection (fig. 2)
resemblesmuchthestructure of aspecies
of Campylopus with a median row of
deuter cdlls, ventral hyalocystsand smaller
dorsal, nonstereidal cells. The other
transverse section (fig.5), which I would
not refer tothesamespeci es, showsventral
and dorsal hyalocysts with two median
clustersof stereidssimilar tocostain present
speciesof Brothera or Campylopodiella.
Thereforemultilayered costaewithhyalo-
cysts were aready present in the Late
Palaeozoic.

Inconclusion, costaewithhyal ocysts, erect
capsules, a dicranoid peristome with
elongate triangular striate teeth split
halfway are regarded as plesiomorphic.
Tothecontrary, costaewithdoublestereid
bands, asymmetric capsules or filiform
peristome teeth are regarded as
apomorphic.

Forthecladisticanalysis, theinfrageneric
categories (subgenus Thysanomitrion,
subg. Campylopus with sections
Campylopus and Homalocarpus) as
proposed by Frahm (1983) have been
used along with the subgenus Campyl opi-
dulumdescribed later by Vital (1984).
Theanalysisusing Henningian cladistics
(fig. 3) shows that the subgenera
Campylopidulum and Thysanomitrion
havethehighest number of apomorphous
character states, whereas the subgenus



Campylopusisthe most primitive onein
which the sect. Homal ocar pus turns out
tohavethemost plesiomorphiccharacters.
This does not automatically include any
conclusion about the age of these
categories. As explained by its rich
speciation in SE—Asia, the subgenus
Thysanomitrion seemsto betheyoungest
branch, indeed. However, the two
representatives of subgenus
Campylopidulum each with one species
inthedry savannahregionsof theNeotro-
picsand Africa(Frahm 1986) seemto go
back onanorigininthedry climaticperiods
of the Mesozoic and seem to have
devel opedfromthesameGondwana andic
ancestor. At least therewas considerable
speciation in subg. Campylopus sect.
Homal ocar pusinthe Andes, probably by
a spreading of subantarctic ancestors in
thismountainchainin Tertiary, although
thisgroup is considered here as the most
primitiveand probably al so oldest group.

6. Origin and evolution of the genus

It would be worth to specul ate about the
age of the genus and species and the
probabletimeof itsorigin. Sincethereare
no speci esin Campylopuswithapangaean
distribution, the genus itself should be
younger than 200 Mio years.

An indication of the presumed origin of
the genus may be aregion with the most
primitive forms, with a maximum of
continuity of theclimatethrough the past
geologica periods and a continuity of
habitats. The most primitive forms
according to the cladistic analysis are
speciesof thesection Homal ocar puswith
acenterinthesubantarctic, where12of 14
species belong to this group.

A reconstruction of the palaeoclimate
allowsconclusionswhether theclimateat
any timewashumid, either cool or tropical,
or arid, and thus less favourable for
bryophytesingeneral or only for adapted
species. Furthermore it is important to
know to which extent humid climates
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were present and whether they were
continous (allowing migration) or
separated by aridregions. Aninterpretation
of geological sediments allows such
conclusionsintheway that coal deposits
indicatehumidforests, coral reefstropical
climates, and sandstones, evaporites and
Red Beds desert climates. Maps of the
coa deposits from different geological
periodsby Seyfert & Sirkin (1973) show
that there must have been a continuous
humid climatein the present subantarctic
since the late Palaeozoic, which may
indicate(together withthehigh percentage
of primitivetaxa) anoriginof Campylopus
along the south coast of Gondwanal and.
The next diversification is indicated by
dry adapted species with a present wide
(gondwanal andic) range from South and
Central AmericatoAfricaandIndia. This
type of rangemay go back to the Jurassic
period about 150 Mioyearsago, whenthe
continentswherestill connected. Examples
are Campylopus pilifer Brid., C.
savannarum(C. Mll.) Mitt., or ancestor
of species pairs occurring in savannahs
such as C. carolinae Grout in Brazil and
C. perpusillusMitt. in Africa. It could be
that also mesic forest species such as C.
fragilis (Brid.) B.S.G. or C. flexuosus
(Hedw.) Brid. werederivedinthisperiod
by invadingthedrier interior of Gondwar
naland. A reason for this migration and
adaptation to drier habitats could be the
drainage of swamp forest pressing the
species into new habitats (probably
combined with aconsiderable number of
extinctions). It could beargued that these
widespread rangesarebased onrelatively
recent long distance dispersal. However,
thiswould not explain why Campylopus
fragilis, forinstance, doesnot occur inthe
mountainsof SE-Brazil (which shouldbe
easily accessible for long distance
dispersal) butisreplaced thereby alocal,
morphologically different subspecies. It
would also not explain why Campylopus
flexuosus is not present in SE-Brazil,
allthoughit hasawide, nearly pantropical
range. Thereforethesewiderangesseem
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nottobetheresult of long distancedispersal
but of previously continuous ranges at a
time when the continents where still
partially connnected.
Therearesomeexamplesfor digunctions
of species between SE-Brazil and E-
Africa, where they occur in vicariant
subspecies or species. Examples are
Campylopustrachyblepharon (C. Mill.)
Mitt. ssp. trachyblepharon in SE-Brazil
and ssp. comatus (Ren. & Card.) J.-P.
Frahmin E-Africa, C. julaceus Jaeg. ssp.
julaceusand ssp. arbogastii (Ren. & Card.)
J.-P. Frahm, C. controversus (Hampe)
Jaeg. and C. stenopelma (C. M ll.) Rehm.
ex Par. These species must have been
present when the South Atlantic had just
opened and therewasacontinuousshore-
linestretchingfrom SE-Brazil toMaagasy,
about 135 Mio years ago. Separation of
the continents lead to isolation and to
geographical races.

Relictsof theformer Campylopusfloraof
the coastal areas of South America just
after the split of Gondwanaland are
preserved in SE-Brazil. This region is
characterized by 13 endemic species, of
which8caneasily bederivedfromspecies
with present subantarctic ranges (Frahm
inprep.). SE-Brazil had alsoacontinuous
humid climatethroughthepast geological
periods (Nacib Ab’ Saber 1982) and thus
speciescouldsurvivehere(atleastinpart)
sincethe Mesozoic.

Old specieswithan ageof 100 Mioyears
or lessmay bethosewhichareconfinedto
the Neotropics or tropical Africa, where
they have a wide range. Examples are
Campylopus subcuspidatus (Hampe)
Jaeg., C. richardii Brid. and C.
lamellinervis(C. Mll.) Mitt. inthe Neo-
tropics.

Y ounger species (with an age of 70 Mio
years or less) are presumambly those of
young Mesozoic islands such as the
Caribbean Idlandsor of mountainmassifs
of Teriary age. 50% of all neotropical
speciesbelong to the andine el ement and
thereforetherichest speciationtook place
during Tertiary.

Themost recent speci ation probably took
place at the subspecies level on isolated
mountain massifs such as the Serra do
Itatiaiain SE-Brazil (Campylopusfragilis
(Brid.) B.S.G. ssp. fragiliformis (J.-P.
Frahm) J.-P. Frahm) or young volcanic
islands such asthe Galapagos|slands (C.
pilifer Brid. ssp. galapagensis(J.-P. Frahm
& Sipman) J.-P. Frahm).
Thereisnoconvincingindicationfor spe-
ciation during the Quaternary, in spite of
strong climatic changesand fluctuation of
vegetation belts. It could be that alocal
endemiclike Campylopusclesfii fromthe
colombian paramoand apparently derived
from the montane C. arctocarpus
(Hornsch.) Mitt. hasevolved only inone
paramo system, which extended to lower
€levationsin cold phasesof the Pleistoce-
ne. However, thesefluctuationshavepro-
bbaly only had an influence on the
expansion of present ranges.

Based onthisdistribution-based estimation
of theage of the 65 neotropical speciesof
Campylopus, 60% have been evolved in
the Tertiary, 30% in Cretaceous, 2% in
Jurassic and 8% in the Triassic,
demonstratingthat the Tertiary speciation
wasthe most important (Frahm, in prep).
This should not, however, lead to the
conclusion that the number of species of
Campylopus has raised through the past
180Mioyears. Therewerealmost certainly
numerousextinctions, for exampleinthe
Quaternary by lowering or raising of
sealevels, lowering and raising of
temperatures causing splitting of
continuous vegetation belts (like
rainforests), and expansionof a pinebelts.
There areindications of speciesshowing
scattered distributions, whichprobably are
extinct in parts of their ranges, like C.
subcuspidatus in South America. Other
species are confined to extremely small
rangeslike C. uleanus (C. Mdll.) Broth.,
C. viridatus (C. Mdll.) Broth. and C.
widgrenii (C. Mll.) Mitt. in SE-Brazil,
each known from only 2-4 |ocalities, or
have a wide range but with only a few
recordsof small, sterile populations, like



C. oerstedianus (C. Mll.) Mitt. arelic
tethyan range from central America to
Europe, or the Mexican population of C.
japonicus Broth. trapped in Mexico asa
relict of apreviouscircum-pacificrange.
These are the really endangered species
and may be the next candidates for
extinction.

6. Conclusion

Coming back tothestatement by Schuster
(1984), who called Campylopusamodern
and successful genus. Apparently it is
successful. Thisisexpressed by the high
number of species, and the broad
geographical and ecological amplitude.
This success is due to anatomical and
morphological features, of which the
structural plasticity of the costaprobably
playsthe most important role. Thegenus
itself, however, cannot becalledamodern
genus. Theinterpretationof theworldwide
distributionshowsthat it probably evolved
onthe Gondwanacontinent and therefore
has probably been already present in
Mesozoic ages. The main speciation,
however, may beof Tertiary origin, caused
by the uplift of mountain systems and
continental drift, and thusdiversification
isrelatively modern. Insofar Campyl opus
might becalled oneof themost successful
genera of mosses with relatively recent
diversification.

Partsof themanuscript havebeen prepared during astay at the
University of Alberta. | wishtothank Dr. D.H.Vittfor providing
mewithworkingfacilitiesfor thistime, supportwithliterature,
valuablesuggestionsanddiscussions, andalsofor correctingthe
Englishtext. Microtometransversesectionsweremadeby M.
Campenot.
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