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Summary: Of the 65 species of Campylopus known from tropical America, 33 are andine in
distribution, 16 arefound only in SE Brazil, 8 have wide rangesthrough Central and South America,
3speciesaredigiunctin SE-North Americaand Brazil, 3areconfinedtothe Caribbean and onespecies
bel ongstothecircum-pacific and onetothetethyan element. For different partsof theNeotropics, the
composition of phytogeographical elementsis calculated. For thefirst time, bryophytedistributions
are compared to the Pleistocene forest refuges proposed by zoologist and phanerogamists. The
distribution of several rainforest speciesof Campylopus coincideswiththe mgjor part of themontane
refugia. Using aninterpretation of the present-day ranges, ahypothetical survey isgiven of theorigin
and evolution of thisgenusin tropical South and Central America. Theranges of part of the species
canbeexplained only by long distancedispersal, whiletherangesof other speciesseemtoberelictual.

1.Introduction

A phytogeographical analysis of a single genus
may be of limited value and not be useful for any
generalized conclusions. However, this may be
different for the genus Campylopus because of
the following reasons:

1. Campylopus is one of the largest genera of
mosses, with approximately 180 species world-
wide, 65 of them in the Neotropics.

2. Taxaof this genus have an enormously wide
ecological range, occupying habitatsall over the
world from the subantarctic to the subarctic and
from sealevel to more than 4500 m.

3. Itissupposedly anrelatively old genus(Frahm
1988), with relatively recent diversification.
4.1toccursinvirtualy all partsof theNeotropics
and in al types of habitats from savannahs to
rainforests, and coastal desertsto the alpine.
The only limitations iare the restriction of all
speciestoacidic substratesand thelack of species
in the interior of lowland rainforests. The
restriction to acidic substrates (which also
concerns related genera such as Dicranum,
Chorisodontium, Dicranodontium, Atractylo-
carpus, Pilopogon and others) may indicate an
origin of these groups in a geological period,

when only acidic substrates were available.

The preparation of a taxonomic treatment of
Campylopodioideaeand Paral eucobryoideaefor
the Flora Neotropica series (Frahm in press)
allowed for the first time an examination of the
distribution of the neotropical speciesof Campy-
lopus, based onarevision of about 320 binomina
reported from Central and South America. 65
speciesarerecognizedintheNeotropics, offering
a solid base for a phytogeographic evaluation.

These 65 neotropical speciesof Campylopuscan
begroupedintothefollowingdistribution patterns
(Fig.1):

1. Andine species: 33 (approx. 50%) (3 disjunct
in SE-Brazil)

2. SE-Brazilian species: 16 (25%)

3. Neotropical andwidetropical species: 8(12%)
4. SpeciesdigunctinBrazil and SENorth America:
3(4.6%)

5. Caribbean species: 3 (4.6%) (one speciesalso
in Europe)

6. Circum-pacific species: 1 (1.5%)

7. Tethyan species: 1 (1.5%)

For ageneral geol ogical andfloristicbackground
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Fig. 1: Number of species of Neotropical Campylopus referred to different

phytogeographic elements.

7. Tethyan species: 1 (1.5%)

For a gencral geological and floristic back-
ground (based on phanerogams) for the Neo-
tropical flora sce Gentry (1982).

2. Phytogeographic elements

2.1. Andine Species (fig. 2)

Most of the species of Campylopus in tropical
Central and South America belong to the andi-
nc clement, mostly confined to the montane
and the alpmne belts of the Central and South
American Cordillera, partly disjunct in SE-
Brazil. The Andes stretch through the whole
continent and provide an idcal pathway for
migration and a broad vanety of habitats. In
contrast, there are only a few montane to alpine
species in tropical Africa and therefore the
higher richness of species of Campylopus of
South America (65 species) as compared with
Alfrica (50 species) goes back on the more
numerous andine species.

The uplift of the Andes took place during
Phocene and the present day elevation was
attained about 3 Mio years ago (van der Ham-
men 1982).

Three of the andine taxa (C. jamesonii (Hook.)
Jaeg., C. reflexisetus (C. Muell.) Broth., C. cu-
spidatus (Hornsch.) Mitt. var. dicnemioides
(C.Mugell) J.-P.Frahm) also occur in the Sierra
do Itatiaia in SE-Brazl, where they are found
in comparable habitats as in the Andes in the

(sub)alpine belt confined to a small (less than
one squarckilometer) range. Another andine
species (C. heterostachys (Hampe) Jaeg.) has
been found only once in the coastal mountain
rangeé of Brazil. It remains an open question
whether these species came to SE-Brazl by
long distance dispersal or by a connection of
the now disjunct range during a cooler (pleisto-
cene) climatic penod.

The N-S extension of the ranges of the andine
specics vary considerably. Part of them extend
from Central or Southern Mexico to Bolwia or
even Northern Argentina. (C. albidovirens Herz.,
cuspidatus (Hornsch.) Mitt.,, heterostachys
(Hampe) Jacg., jamesonii (Hook.) Jacg., niva-
lis Brid., oblongus Ther., pauper (Hampe) Mitt.,
pittieri Williams, reflexisetus (C. Muell.) Broth,
zygodonticarpus (C.Muell.) Par.) or have shght-
ly smaller ranges from Guatemala to Bolivia
(C. anderssonii (C. Muell.) Jacg., concolor
(Hook.) Brid.) or Mexico to Peru (C. sharpii J .-
P. Frahm, Horton & Vitt, tallulensis Sull. &
Lesq.). These include species from the alpine
as well as from the subalpine and high montane
belt (for altitudinal imits see Frahm & Grad-
stein in prep.). Since there is a gradient in the
humidity of these habitats from the equator to
the North and South, it might be supposed that
these species are drought resistant species.
This might be true for widespread species with
a broad ecological range such as C. nivalis Bnd.
occurring from wet paramos to dry punas, but




only in SAm

alpine 14

high montane

also in CentralAm

2
12

Tab. 1: Number of tropical-alpine and high montanc specics of Campylopus confined to South
America or occurring in South and Central America.

not for hygrophytic species such as C. pittieni
Williams.

Other groups of species are confined to ranges
between Costa Rica and Bolivia (C. aspenifolius
Mitt., cavifolius Mitt., densicoma (C. Muell.)
Par., huallagensis Broth., trivialis C. Muell. ex
Britt.) or to the continent of South America,
ranging from Venezuela to Bolivia (C. ambo-
roensis Ther., areodictyon (C. Muell.) Mutt.,
argyrocaulon (C. Muell.) Broth., capitulatus
Bartr., edithae Broth., jugorum Herz., luteus (C.
Mucll.) Par., perexilis (C. Muell.) Par., subjugo-
rum Broth., trichophylioides Ther.). Even smal-
ler ranges (according to the present state of
knowledge) are found i C bryotropii J.-P.
Frahm and C. incertus Ther. (found between
Venezuela and Peru), or in C. cleefii J.-P.
Frahm and C. longicellularis ].-P. Frahm, hi-
therto found only in Colombia.

The main reason for the different extensions of
ranges may be the fluctuation of vegetation
belts in the Pleistocene. For the Northern Andes,
about 20 colder periods alternating with war-
mer periods have been identified by palynolo-
gical analysis, resulting in changes of the altitu-
dinal forest limit between 3300-3600 m and less
than 2000 m (van der Hammen 1982). In this
way, the paramos expanded in glacial times and
fused to larger areas.

The species stretching from South America
into Central America could have reached the
northern parts of their ranges first in the late
Tertiary after the fusion of North and South
America. At first, a comparison of species
confined to South America and those exten-
ding to Central America gives no explanation
for this successful invasion of Central America.
Species of these both groups belong to diffe-
rent morphological groups and are rarely or

often found with sporophytes. However, most
of the andine specics occurring in Central
America are high montane and not tropical
alpine species (Tab. 1).

The two alpine species (C. nivalis Bnd., C.
pittieri  Williams) were presumably able to
spread by spores or fragments attached to birds
from South to Central America, because direct
migration of paramo species was possible only
in elevations above 2500 (the lower limit of
Paramos in glacial times, cf. van der Hammen
1974). Since there 1s no land connection n
elevations above 2500 m between South And
Central America, a direct migration to Central
America was not possible and long distance
dispersal must be accepted as a possible means
of dispersal. This seems to be easy in C. nivalis,
which is a weedy species producing sporophy-
tes frequently and which is also found once in
the Caribbean (and in Africa), testifying its
ability for long distance dispersal. In contrast,
the occurrence of C. pittieri in Central America
(found only once in Chiapas close to the Gua-
temalan border) scems to be the result of
occasional dispersal. It seems also to indicate
that most montane species came from South to
Central America by stepwise migration and
that long distance dispersal has not been the
common method of range extension, otherwise
the number of alpine species in Central Ameri-
ca (with no chance for stepwise migration)
would be higher.

A comparison of the forest species (confined to
the Andes as well as specics with a wide neotro-
pical range) of Campylopus on the Eastern and
Western slope of the Andes (especially in
Ecuador and Northern Peru) shows considera-
ble differences. Some species are found onlyon
the E-side of the Andes (C. anderssonii (C.




Fig. 3: Ranges of speaies of Campylopus confined to SE-Brazl




Jaeg., jamesonii (Hook.) Jaeg., reflexisetus (C.
Muell.) Broth.). Thereareno Campylopusspecies
confined to the W-side of the Andes.
Conspicuously, the species occurring on both
sides are species which also occur at higher
elevationsinthe Polylepisforests. Thisseemsto
indicatethat theforest speciesof the E-sidehave
survived the glaciation periodsin refugiaon the
humid East slope. Part of these specieswere not
abletospreadtotheWest sidebecauseof thelack
of ability for sporedispersal over longer distances,
sinceadirect path for migration from one side of
the Andes is prohibited by dry inner andine
valleys.

A few andine species are also found in the
mountains of Africa (Frahm 1982, 1985):
Campylopusnivalis Brid., C. flexuosus (Hedw.)
Brid. var. incacorralis (Herz.) J.-P. Frahm, C.
jamesonii (Hook.) Jaeg. For these species long
distancedispersal shouldbeconsidered. However,
according to van Zanten (1983), the trade winds
go from East to West and and origin of these
species in the scattered mountains of tropical
Africaseemsunlikely.

The highest percentage of andine species be-
longs to the section Homalocarpus with erect
capsules and ventral hyalocysts in transverse
sections of the costa. This section isrepresented
most frequently in the subantarctic, where 11 of
14 species belong to this section (Frahm 1988 ).
Thus a subantarctic origin of most of the andine
species of Campylopus can be proposed, asitis
the fact in many well documented examples of
bryophytes and angiospermsfound in the Andes
(Cleef 1978, Griffinet al. 1982).

2.2. SE-Brazilian species(fig. 3)

The SE-Brazil phytogeographicelementis(with
16 species) the second largest element in the
genusCampylopus intheNeotropics. Itincludes
C. aemulans(Hampe) Jaeg., controver sus(Hampe)
Jaeg., cryptopodioides Broth., dichrostis (C.
Muell.) Par., gardneri (C. Muell.) Mitt. gastro-
alaris(C.Muell.) Par.,gemmatus(C.Muell.) Par.,
griseus(Hornsch.) Jaeg., julaceusJaeg., julicaulis
Broth., occultus Mitt., sehnemii Bartr.,
trachyblepharon (C. Muell.) Mitt., uleanus (C.
Muell.) Broth., viridatus (C. Muell.) Broth. and
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widgrenii (C. Muell.) Mitt. Of these species, C.
dichrostis, gardneri and gastro-alaris are
elements of the Caatinga(C. gastro-alarisbeing
aspecies of gallery forests) and are not foundin
the coastal areas. The others show more or less
concentric ranges around the coastal range, and
most of themare montanespeciesconfinedtothe
humid mountain chainsalong the coast or rarely
withsomerefugiaon cloud covered mountaintops
in drier regions (‘brejos) in Espirito Santo or
Bahia Lowland specieswith awider rangeinto
the interior of Brazil include C. julaceus, C.
aemulans, and C. griseus, which even extend all
threetotheeasternd opesof theAndesin southern
Bolivia and northern Argentina. This seems to
indicateaformer closed rangefrom SE-Brazil to
the Andesin cooler climatic periods of the Plei-
stocene, when the vegetation belts were lower
than today. So species ranging today in Brazil
between 600 and 1000 m elevation have ranged
between 100 and 500 m elevation in the Quater-
nary when the temperatures were 5°C lower
worldwide, and thus may have reached the
foothillsof the Andesthroughthelowlandsof the
Paraguay river basin. Thesespeciesarenot found
in the intermediate lowlands of Paraguay today.
Thefact that thesespeciesdonot occur in Paraguay
nowadays does not preclude their occurrence
there during the Pleistocene.

Two species occur disiunct in E-Africa, where
they are replaced by vicariant subspecies. So
Campylopus trachyblepharon ssp. trachyble-
pharon isreplaced in E-Africaby ssp. comatus
(Ren. & Card.) J.-P. Frahm and C. julaceus ssp.
julaceus by ssp. arbogastii (Ren. & Card.) J.-P.
Frahm. Both subspeciesdiffer only inthelength
of thedorsal |lamell ae of the costa. These species
arefoundin both parts of their rangein the same
habitat: on sandy soil closeto the seashore. This
disjunction presumably dates back to the end of
the Mesozoic when the South Atlantic Ocean
opened and there was a continuous range along
the coasts of South Americaand Africa
Campylopus fragilis (Brid.)B.S.G., which is
common through the Neotropics and tropical
Africa, isreplacedin SE-Brazil (high elevations
of the Serrados Orgaos and Serrado Itatiaia) by
avicariant subspecies, ssp. fragiliformis (J.-P.
Frahm) J.-P. Frahm. Thisisoneof thefew casesof
narrow endemic taxain Campylopus (the other
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Fig. 4: Ranges of species of Campylopus widely distributed in the Neotropics.




being Campylopuspilifer Brid. ssp. galapagensis
(J-P. Frahm & Sipman) J.-P. Frahm on the
Galapagos Islands). Although Campylopus
fragilisssp. fragilisiscommoninCentral America
andthe Andes, isdoesnot occur in SE-Brazil, but
is replaced by a vicariant subspecies. This
demonstratesthat parts of apossiblerangeisnot
occupied by this species and therefore long
distance dispersal isnot asmuch frequent asone
might consider. The subspecies might have
reached SE-Brazil by a connection of the now
disjunct range during a cooler (pleistocene)
climatic period.

The richness of the Campylopus flora of SE-
Brazil (and probably of thebryofloraof SE-Brazil
in general) may be due to a continuous humid
climate through the Tertiary and Quaternary.
Especidly during glacia times, many parts of
Brazil had arid climates because of displaced
climate belts (Damuth & Fairbridge 1970; for
palaeoecological climate maps see Nacib
Ab’ Saber 1982). Only afew species could stand
theclimatic changeinthepresent cerradoregion
(C.dichrostis, C. gardneri) or survivedingallery
forests (C. dichrostis). Thusthe persistence of a
uniform climatecould haveledtothepersistence
of the Campylopus flora since the end of the
Triassic (180 Mio years ago). This may have
occurred a ong the south coast of Gondwanaland,
whichissituated now betweenthearidareasof E-
Patagonia and the Cerrado region of Brazil. In
addition, long isolation combined with
geological and ecological changes such as the
uplift of the SE-Brazilian mountains could have
led totheevolution of new taxa. Of the 13 species
of Campylopusendemictothehumid partsof SE-
Brazil (thusexcludingthethreeBrazilian Cerrado
species), thefollowing can easily be recognized
as derived from present subantarctic species:

- from either C. introflexusor C. incrassatus: C.
aemulanus, C. julaceus, C. julicaulis, C. sehne-
mii. All these speciesare characterized by leaves
withhyalinehairpointsand hyalinebasal |laminal
cellsand differ by the shape of the upper laminal
cells and appearence (for example appressed or
distant leaves).

-from C. aureonitens: C. griseus differingby firm
basal laminal cells.

- from C. pyriformis: C. occultus differing by
comal tufted perichaetia and quadrate upper

laminal cells;

- from C. acuminatus: C. uleanus;

- from C. purpureocaulis: C. controversus.

In addition, Campylopus surinamensis (exten-
ding to Amazonia and SE-North America) has
strong affinitiesto the subantarctic C. vesticaulis
and seems to be one of the more successful
descendentswhich remained not confined to SE-
Brazil but extended northwardsintodrier habitats.
Fivespecies(C. cryptopodioides, C. viridatus, C.
widgrenii, C. trachyblepharon and C. gemma-
tus) cannot be directly related to present day
subantarctic species. C. gemmatus has a strong
relationship to the andine C. asperifolius. This
speciesand C. cryptopodioides are some of the
few epiphytic speciesof Campylopus. Therange
of C. trachyblepharon (withavicariant subspecies
in E-Africa) reflectsapreviously larger range.
Some of the SE-Brazilian species are quite
common throughout their range (for example C.
occultus, C. griseus) but others have been found
sofar only inavery few localities (C. uleanusin
2, C.viridatusinthree, C. widgrenii in4), which
demonstratestherelictual statusof thesespecies.

2.3. Neotr opical and wide-tr opical species(fig.
4)

Eight species (C.arctocarpus (Hornsch.) Mitt.,
subcuspidatus (Hampe) Jaeg., fragilis (Brid.)
B.S.G., flexuosus(Hedw.) Brid., lamellinervis(C.
Muell.) Mitt., pilifer Brid., richardii Brid.,
savannarum (C. Muell.) Mitt.) are distributed
throughout the neotropics; al occur in montane
regions with the exception of C. savannarum.
Thelatter species, together with C. surinamensis
C. Muell., is the only one of the 65 neotropic
speciesfoundinthe Amazonlowland, whereitis
confined to open, savannah-like-habitats
(‘Pseudo-Caatinga’, '‘Campina). Campylopus
species are entirely lacking in the equatorial
lowland rainforest, which indicates an
extratropical origin of the genus.

Half of the neotropical species are also found
outside the Neotropics: in Africa (C. pilifer,
fragilis, flexuosus, savannarum) or even exten-
ding to southern Indiaand Sri Lanka (C. pilifer,
C. savannarum). Campylopus arctocarpus is
replacedintropical Africaby avicariantrace(ssp.
madegassus (Besch.) J.-P. Frahm). Thistype of
range may be regarded as Gondwanalandic, and
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in fact most of the species of Campylopus with
such wide tropical ranges may be considered of
Mesozoic origin. It seems especially betrue for
drought adapted speciessuchasC. pilifer andC.
savannarum, which may have evolved as a
response to the dry Mesozoic climate in the
interior of Gondwanaland. Campylopus pilifer,
C. fragilis and C. flexuosus have an even wider
distribution, ranging into the oceanic parts of
Europe and North America. This range should
extend to at least to the Late Mesozoic or Early
Tertiary, when the northern continentswere till
connected.

Whereasmost of these specieswith aneotropical
typeof rangehaveavery widedistributionthrough
Central and South America, usualy including
the Caribbean, C. subcuspidatus is the only
exampleof amontane speciesoccurringin Costa
Rica, Venezuela(outsidethe Andes), PuertoRico,
the Guyanas and SE Brazil but not in the Andes.
It indicates perhapsan old montanerangein SE-
Brazil and the highlands of Guyanawith arecent
extensionto Puerto Ricoand CostaRica. It might
indicate a species which originally occupied a
wider rangeand hasbecomeextinctinpartsof its
former range, for exampl e during the vegetation
fluctuations and climatic changes during the
Quaternary.

2.4. Caribbean species(fig. 5)
Threespeciesaremoreor lessconfinedwithinthe
Neotropics to the Caribbean: Campylopus
cubensis Sull., C. cygneus (Hedw.) Brid. and C.
shawii Wils. Campylopuscubensis isapparently
thenearest relativeof C. arctocarpus and canbe
considered asavicariant speciesof thelatter (for
discussionof differentiating charactersseeFrahm
& Gradstein 1988). Although C. arctocarpus is
foundintheCaribbeanislands, itislessfrequent,
which probably indicates alater invasion in this
regionafter C.cubensis hadbecomewel| separated
and ecologically established.
Campylopuscygneus isalsofound ontheyoung
volcanic islands of the Acores, which may be
interpreted asan introduction (for examplewith
flowering plants) or a long distance dispersal
event. A relationship to or derivation from any
other speciesis not apparent.

Campylopus shawii isrelated to and has proba-
bly derived from C. subcuspidatus. This species

isalsofoundontheAcoresandintheBritishisles
(Frahm 19854). Although adisjunction between
tropical Americaandtheoceanic partsof Europe
is also found in other bryophytes (e.g.
Cyclodictyon laetevirens (Hook. & Tayl.) Mitt.,
Adelanthus decipiens (Hook.) Mitt, Leptoscy-
phus cuneifolius (Hook.) Mitt.), such a
distribution pattern seems to be difficult to
explain, since the Caribbean islands are of
relatively young age (late Mesozoic), and there
was no landbridge to North America and no
longer aland bridge between North Americato
Europe.

According to Coney (cited in Brown & Gibson
1983) the Caribbean I slandsoriginated aspart of
the Caribbean plate which developed from a
seriesof vol canicislandsbetween theisthmusof
Tehuantepec and Colombia and was pushed
eastwards, becoming the Greater Antilles. Since
the Greater Antilles achieved their present
position in Eocene time, the Caribbean Islands
andtheir floraarerelatively young. Thisiswell
documented by a relatively poor Campylopus
flora represented by some common neotropical
species, afew later occasiona extensions from
Centra or South Americaby specieswithalimited
range and the few number of speciesendemicto
the Caribbean Islands, which have evolved from
common neotropical species.

2.5.Brazil -North Americadigunct species(fig.
6)

Three species of Campylopus occur in the arid
parts of SE-Brazil and digunct in SE-North
America (C. carolinae Grout), scattered in the
Caribbean and also in SE-North America and
Brazil (C. angustiretis (Aust.) Lesq. & Jam.) or
widespread from Brazil through the Amazon
lowlands to the Guianas, and also in the Carib-
bean (rare) and SE-North America(C. surinamen-
sisC. Muell.). Thestationsin North Americaare
confinedtothecoastal plain. All of these species
arecharacteristic of openwhitesand. Duringthe
Cretaceous, North And South America were
continously separated, even wider than today
(Raven & Axelrod 1974), and the present coastal
plain in North America was submerged during
Cretaceousand most of the Tertiary times. Coney
(cited in Brown & Gibson 1983) considers it
unlikely that a landbridge has ever existed
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Fig. 6: Ranges of species of Campylopus disjunct in South America and SE-North America.
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between Florida and South America via the
Caribbean Islands or the Greater Antilles.
Therefore, the disjunct stations were never
connected (or only if a Pangaean age of these
species is considered). Long distance dispersal
must be taken into account. Spore dispersal,
however, is unlikely in present times for C.
angustiretis, of whichno sporophytesareknown,
or C. carolinae, of which sporophytes are
extremely rare and have been found only afew
timesinBrazil, but notintheNorth American part
of its range. In addition, C. carolinae has
extremely short setaewith capsulesburiedinthe
perichaetial leaves (Vital 1984, Frahm 1986).
Dispersal of gametophytefragmentsby hurricanes
or birds may perhaps be taken into account for
these species. Thelatter seemsto beunlikely on
thefirstview, butisthemost probabl eexplanation
for the occurrence of C. trachyblepharon onthe
Bermudas during afew years at the begin of this
century. Thisspeciesisfound alongtheseashores
of SE-Brazil and rarely also inthe Guianas. The
latter localitiesmay alsobearesult of dispersal by
birds along acoastal migration route. Therefore
theoccurrenceof thesethreespeciesonthecoastal
plain of SE-North America may be regarded as
extensionsof theSouth Americanrangesat atime
when suitable and very similar habitats to those
in South America were established along the
coast of Alabama, Florida, Georgia and the
Carolinas.

2.6. Circum Pacific species

Thistype of range has been well documented by
Sharp (1972) and Sharp & Iwatsuki (1965) for
disiunctions between Japan and Mexico. The
only example in the Campylopus flora of the
NeotropicsisC. japonicus Broth., described and
reported from a few localities in Mexico as C.
saint-pierrei Ther. The range in Australasia
extends from Queensland to Japan. The limited
occurrence in Mexico is due to the lack of
sporophytes in this part of its range, where this
species probably survives as arelict of awider
rangein Tertiary times.

2.7.Circum-Tethyan species
Only one species of Campylypus, C. oerstedia-

nus, can be referred to this type of distribution,
which is more common in Marchantiaceae,
Pottiaceae, and pleurocarpous mosses. This
species is known only sterile and from a few
localitiesin CostaRica, Jamaica, Georgia, France,
Spain and Italy. If theserecords are plotted on a
map showing the extension of the Tethyan

sea (fig. 7), they are all situated along the north
coast of themesozoic ocean. Theclosest affinities
of this species are to C. pilifer, a presumably
Gondwanalandic species with a wide tropical
distribution. Campylopus oerstedianus was
probably derived from the latter as a vicariant
species separated along the northern coast of the
Tethyan Sea, by reduction of thedorsal lamellae
of the costa under a more humid climate, It,
however, remained unsuccessful inthefollowing
geological timesand it seemsto be aleft over of
the Mesozoic. In contrast, C. pilifer extendedits
range northwardsto Laurasia.

3.Composition of phytogeogr aphical elements
indifferentregions

Percentage diagrams are given showing the
composition of phytogeographical elementsin
different regions of the Neotropics including
Mexico, Costa Rica, Venezuela, Guianas,
Caribbean, Bolivia, and Brazil.(fig. 8).
Intheandineregions, thetotal number of species
increases from Mexico (19) to Costain Bolivia,
2Brazilianspeciesarefoundinthefoothillsof the
Andes. Thus the composition of
phytogeographical elementswithinthe Andesis
very homogenous.

The highest mixture of phytogeographic ele-
ments is found in the Caribbean, with 42%
neotropical species, 21% endemicsand 14%each
for andine species and Brazil - North American
disjuncts, reflecting the young geol ogical age of
these islands and limited access. The latter is
expressed by the generally low total number of
species, with 14 one of the poorest Campylopus
florasintropical Southand Central America. This
is insofar surprising since the extension of the
Caribbean islands was much larger during
Pleistocene caused by lowering of the sealevel
and thus the distances to the surrounding
continentsweresmaller.

A similar heterogenous flora of Campylopus



speciesisfound in the Guiana region. Whereas
the Campylopus florasof other regionsareoften
dominated by oneelement (andinein the Andes,
SE-Brazilianin SE-Brazil), the Campyl opus flora
of the Guianas consists of widely distributed
speciesaswell as of amixture of each one of all
theother main phytogeographic elements. Of the
9speciesrecorded fromthere(Frahm& Gradstein
1987), 5 belong to the widely distributed
neotropical species (C. pilifer, arctocarpus,
savannarum, richardii, subcuspidatus), one is
andine(C. luteus), oneiscaribbean (C.cubensis),
oneisaBrazil - North Americadisjunct element
(C. surinamensis) and oneisacoastal element of
SE-Brazil (C. trachyblepharon). Together with
the high geological age of thisregion it suggests
that the Guiana region belongs to the oldest
phytogeographical unitsin South Americawith
the oldest stock (the widely distributed
neotropical species). Campylopus surinamensis
as a drought adapted savannah species must
probably beincludedinthisold group. Theother
species (caribbean, andine) are apparently
younger and/or aresult of occasional dispersal.
The only recognisable speciality in the
Campylopusfloraof Mt. Roraimaisthepresence
of 'giant forms in Campylopus richardii
(described as C. roraimae Broth.) and C.
subcuspidatus, which may be either a
modification caused by the humid climate or a
genotypic difference.

In SE-Brazil, the total number of species of
Campylopus (31) iscomparabletoandineregions.
It hasal sothe highest number of endemicsoutside
the Andes (with 55%), the rest consisting of a
mixtureof andine, neotropical or digunct species.

4. Campylopusand therefugetheory

Therefugetheory wasdevel oped by the ornitho-
logist Haffer (1969) who demonstrated the
existence of several centers of endemism in
tropical South America. Thetheory was suppor-
ted by plant distributional dataof Simpson (1975,
1976) and Prance (1973, 1982) on alarge scae
and by Toledo (1976) and Steyermark (1979) for
small areasinMexicoand Venezuela. Thetheory
suggests that certain areas were forest refuges
during arid climatic periods in the Pleistocene.
The theory has also been applied to tropical
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regionsin Africaand Australia, andissupported
by palynological and pedological data (Prance
1982). An evaluation of this theory has not yet
beenundertakenfor bryophytes. However, during
floristic and taxonomic studies on Neotropical
Dicranaceae (Frahm 1983, 1984, Frahmin press)
it became evident that there were some regions
which were much richer in species than others.
ExamplesaretheSierraJuarezin Mexico, where
half the number of the species of Campylopus of
Mexico arefound (someof them confinedto this
or afew other localities), theeastern slopesof the
Andesin Peru and Ecuador, and somemountain
areasinsouthernVenezuela. Anevaluationof the
distributionmapsof thegenusCampylopus repared
for the Flora Neotropica treatment showed that
therecordsof several montanerainforest species
(fig. 9) arepredominantly fromtheareasindicated
asmontaneforest refugiaby Prance(l.c.). These
include mainly speciesinwhich sporophytesare
not known or found only rarely, and therefore
species lack the ability to spread. The many
lowland refugiarecognised by Prance cannot be
supported by speciesof Campylopus, sincethere
are only two species occurring in the Amazon
lowland (C. savannarum, surinamensis), which
aresavannah relicts. Three of the six species(C.
huallagensis, C. luteus, C. sharpii) havebeenyet
found only inthe refugiaand may be endemicto
theseregions. Theother species(C. arctocarpus,
C. lamellinervis, C. subcuspidatus) are more
widespread but have been found so far in South
Americainrefugeareasonly. Other refugiaarenot
supported by bryophytes because there are no
collections, for example in the Choco region of
Colombia. Inaddition, bryophytesprobably have
more, but smaller refugia asindicated for forest
trees and may thus be better indicatorsfor small
refugia, whichmust not beforestsbut cliffsor tops
of mountains.

Of theeight refugialistedby Toledo (1976, 1982)
for Mexico, most of them are not explored
bryologically. Only LosTuxtlasand SierraJuarez
areknown to keep the richest Campylopus flora
in Mexico, with many species confined to these
regions (Table 2).

With the exception of C. richardii, which hasa
wider range, all of these species are of andine
distribution and occur in the high montane belt.
There seems to be another refugium at least for
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Fig. 7: Present records of Campylopus oerstedianus plotted on a map showing the continents at
the end of the Jurassic, 135 my BP, and distribution of species with a Gondwanalandic range
such as C. flexuosus, C. fragilis and C. pilifer (extending to Europe) or C. savannarum. Dotted
hine: range of C. introfiexus, the probable ancestor of C. pilifer (Map after Dietz & Holden in

Stott, 1981).
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Fig. 7a: Ranges of taxa disjunct between SE-Brazil and E-Africa such as C. trachblepharon ssp.
trachyblepharon and ssp. comatus and C. julaceus ssp. julaceus and ssp. arbogastii, shown on a
map of the location of continents at the end of the Triassic (180 my BP), indicating an
onginally closed range along the south coast of Gondwanaland (Map after Dietz & Holden in
Stott, 1981).




Fig. 8: Percentage diagram for the phytogeographical elements of species of Campylopus n
different parts of the Neotropics.
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Campylopus L.%T.
andersonii
zygodonticarpus X
tallulensis X
sharpii

richardii X
reflexisetus

pauper X
oblongus

jamesonii

S.J.

X also in Chiapas
Guatemala to Bolivia

pq M

Venezuela to Peru
next in Costa Rica

Costa Rica to Bolivia
Costa Rica to Bolivia
Costa Rica to Bolivia

Mo oMM

Table 2: Occurrence of species of Campylopus in two of the refugia indicated by Toledo (1976,
1982) for Mexico. L T. = Los Tuxtlas, SJ. = Sierra Juarez

have been yet found only in the refugia and may
be endemic to these regions. The other species
(C. arctocarpus, C. lamellinervis, C. subcuspida-
tus) are more widespread but have been found
so far in South America in refuge areas only.
Other refugia are not supported by bryophytes
because there are no collections, for example in
the Choco region of Colombia. In addition,
bryophytes probably have more, but smaller
refugia as indicated for forest trees and may
thus be better indicators for small refugia,
which must not be forests but cliffs or tops of
mountains.

Of the eight rcfugia listed by Toledo (1976,
1982) for Mexico, most of them are not explo-
red bryologically. Only Los Tuxtlas and Sierra
Juarez arc known to keep the nchest Campylo-
pus flora in Mexico, with many species confi-
ned to these regions (Table 2).

With the exception of C. nichardii, which has a
wider range, all of these species arc of andine
distribution and occur in the high montane
belt. There scems to be another refugium at
least for bryophytes in Cerro Tres Picos, Chia-
pas, close to the Guatemalan border, where C.
andersonii and C. oblongus are found for a
second time in Mexico (here cited for Sierra
Juarcz) and in addition contaming the only
records of C. cuspidatus and C. pittiei In
Mexico.

5. Disjunctions with tropical Africa.
Six species of Campylopus found in the Neo-

tropics also occur in Africa (Frahm 1982, 1985).
They are either lowland species (C. savanna-
rum), montanc species (C. fragilis, C. flexuosus,
C. piilifer), subalpine (C. jamesonii, C. fleaiosus
ssp. incacorralis) or alpine species (C. nivalis).
Some other neotropical taxa are replaced n
tropical Africa by vicariant taxa, which are
distinguished at a subspecies rank (C. arctocar-
pus ssp. madegassus, C. trachyblepharon ssp.
comatus, C. julaceus ssp. arbogastii).

6. Evaluation of possible long distance disper-
sal

It is still an open question of how effective long
distance dispersal is in mosses and what n-
fluence it has on the present-day ranges. Al-
though the ability for long distance dispersal in
mosses has been shown by the experiments of
van Zanten (1983), long distance dispersal may
not necessarily occur. In the Neotropics, the
ranges of Campylopus allow or even require
the assumption of long distance dispersal events
in the following cases:

- colonization of the Canbbean Islands from
South or Central America,

- migration of alpine species from South to
Central Amenica,

- extension of ranges into SE-North America,
- dispersal of caribbean species to the coasts of
the continent,

- occasional occurrences of andine species in
the Caribbean (C. nivalis and C. albidovirens)
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Fig. 9: Records of montane rainforest species Campylopus huallagensis, C. sharpii, C. luteus, C.
lamellinervis, C. arctocarpus and C. subcuspidatus plotted on a map showing the forest refugia
proposed by Prance (1973, 1979). Hatched: probable additional refugia indicated by these
bryophyte species.
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7.Hypothetical survey of theevolution of Cam-
pylopusintropical Southand Central America.
For the genus Campyl opus, an origin at the south
coast of the Gondwanal and continentisproposed
here based on the following interpretations of
recent ranges:

(1) Thewidedistribution of somespeciessuchas
C. fragilis, flexuosus, pilifer or savannarum
ranging from the Neotropics through tropical
Africatolndiaisthat of Gondwanal andic species
and seems to indicate a Gondwanalandic origin
of these taxa. Since some of them (C. pilifer, C.
savannarum) aredry adapted species, they seem
to have evolved from ancestors under wetter
conditionsal ong thesouth coast of the Gondwana
continent.

(2) Theoriginof thegenusat the south coast of the
Gondwanaland continent is furthermore
supported by circum-subantarctic ranges of
specieswith primitive characters (Frahm 1988).
(3) The asymmetric distribution of Campylopus
over theworldwith 14 speciesinthe Subantarctic
but only one in the Subarctic and the fact that
nearly all northern hemi spheretemperate species
are tropical montane species and thus probably
relictsfromtheTertiary clearly supportsthetheory
of a Gondwanalandic origin. In contrast to
Campylopus, Dicranodontium has the oppposit
distribution, confined mainly to the Holarctic.
This is the genus most closely related to
Campylopus. Species of Dicranodontium can
only be distinguished from certain species of
Campylopuswith ventral stereidsinthe costaby
elongate upper laminal cells. Thus,
Dicranodontium wasprobably avicariant genus
to Campylopus in Laurasiaand both generamay
have had a common ancestor.

Speciation in Campylopus may have begun in
the Mesozoic, probably in acidic habitats, on
which the species still depend on, and probably
alsoin acool temperate climate.

During Triassictherewerestill cod formingswamp
remaininginAntarctica, Australia, Southern Africa
and Southern South America (Seyfert & Sirkin
1973) and therefore hygrophytic species could
till persist. Coal depositsin this areaare found
fromthePalaeozoictothe Tertiary and therefore
there seemed to be a conspi cuous consistency of
ecological conditionsfor hygrophytic plantsfor
morethan 200 Mioyearsuntil present. Sincemost

of thepresent subantarctic speciesof Campylopus
inhabit swamps and show large ventral hyalo-
cysts in transverse section of the costa, these
speciesmay formtheol dest stock of speciesinthe
genus. However, the major upper part of
Gondwanaland was arid and provided habitats
for dry adapted species, which could extendtheir
ranges north to the Tethyan sea.
DuringlateCretaceous, Gondwanal and startedto
split up. The common gondwanalandic species
becamedi 5junct and remained either unchanged,
perhapsby geneexchangethrough sporedispersal,
or devel opedvicariant speciesor raceswhichare
now recognised at the subspeciesrank. Examples
for speciespairsdevel oped after the separation of
South America and Africa are the dry adapted,
savannah inhabiting C. carolinae in South
America and C. perpusillus in Africa (both
membersof subg. Campyl opidulumand probably
derived from a common gondwanalandic
ancestor), and the subtropical rainforest species
C. controversus in SE-Brazil and C. stenopelma
in Transvaal. Examples of the evolution of
subspecies are taxadisjunct between the coastal
areas of SE-Brazil and E-Africa (Campylopus
trachyblepharon ssp. trachyblepharon and ssp.
comatus, C. julaceus ssp. julaceus and ssp.
arbogastii).

In Tertiary, the continental drift continued with
the uplift of mountain systems and increasingly
humid conditions. Towardstheend of the Tertiary
cool temperaturescaused renewed diversification
by

(a) Invasion of subantarctic speciesinto the high
elevations, especially inthe Andes. Thiswasthe
richest diversification of species, for 50% of the
present species in the Neotropics belong to this
element. Part of the species may have colonized
the afro-alpine mountains by long distance
dispersal, since the Andes provided a better
pathway for migration of subantarctic speciesas
compared with Africa, where only mountain
hopping was possible. This would also explain
the lower number of afro-alpine species as
compared with the andine ones.

(b) Invasion of subantarctic speciesinto tropical
and subtropical forests, sometimes from one
ancestor independently in South America, Africa
and Australia as shown for the subantarctic
Campylopus incrassatus, from which C. sehne-



mii evolved in S-Brazil, and C. cataractilis in
Africaand Australia(Frahm 1988).

(c) Evolution of endemic taxain mountains (C.
amboroensis derived from C. pilifer, C. fragilis
ssp. fragiliformis in SE-Brazil) or onislands(the
caribbean speciesevol vedfrom sporedispersal of
continental species with subsequent isolation
anddifferentiationintheEarly Tertiary, C. pilifer
ssp. galapagensis inthe Late Tertiary).

The Quaternary was a period with intensive
vegetational fluctuation caused by expansions
of savannahs, separation of forest regions and
isolation of populations, lowering and raising of
vegetation belts in the mountains, worldwide
lowering of temperaturesof about 5°C, and shifting
of climaticbeltstolower latitudes. Theseall may
reasons for extinctions of species. There is no
evidencethat speciesof Campyl opus haveevolved
inthe Quaternary.

Based on this hypothetical interpretation of
present day ranges the percentage of species of
Campylopusthat evolved in the different geol o-
gical periods can be calculated:

Quaternary: 0%

Tertiary: ca. 60% (al andine, caribbean and
cicumpacific species)

Cretaceous: ca. 32% (all SE-Brazilian species
and species disunct between Brazil and SE-
North Americaaswell asspecieswithawiderange
in the neotropoics but not occuring in Africa).
Jurassic: ca. 8% (all drought adapted Gondwana-
landic and Tethyan species).

Thesedatasuggest that most of thespeciesevolved
in the Tertiary, and also aconsiderable number
in the Cretaceous.

Consideration of the evolution of species of
Campylopus would give the wrong impression
that the number of specieshassteadily increased
through the past time. Thisseemsto be unlikely,
sincethetotal number of bryophyte species may
have been higher in past geological periodsand
probable extinctions of numerous species may
have happened.

Themanuscri ptwaspreparedwhilel wasavisiting professor at
the University of Alberta. | wish to thank Dr. D.H.Vitt for
providingmewithworkingfacilitiesandfor supportwithliterature,
andDr. S.R.Gradsteinfor valuablesuggestions..
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