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Origins of Neotropical Leafy Hepaticae

Rudolf M. Schuster
Cryptogamic Laboratory, Hadley, Mass. 01035

Abstract. Theneotropical hepaticflora, predominantly constituted by membersof the
Jungermanniales and Metzgeriaes, includes a disproportionate number of genera
which are endemic (over 38) and anumber which evidently originated here but have
showndlight andinageol ogical sense, moderndispersal by solitary species. Endemism
is confined amost to the Jungermanniales; it is to a large degree of a unique sort:
confined to highly apomorphic derivatives, often extremely reduced, sometimes
confervoid or thalloid (aside from 'normal’ sexual branches). These endemics are
derivatives of basically cool-Gondwanal andic suborders, chiefly L epidoziineae and
Cephaloziineaewhich, inthe Antipodestoday include awiderange of plesiomorphic
taxa. The highest proportion of endemic genera, often stenotypic (1-3 species each)
occursinthe upper montanezone: from upper Andean forest to paramo, to the edge of
permanent snow and ice; asmaller number occurs at upper elevations of the Guyana
Shield, but more occur in theriverine systemsthat dissect thisshield. Thetaxafound
there (i.a., Zoopsidella, Pteropsiella, Schusterolejeunea, Cephalantholejeunea) are
among the most apomorphic of all hepatics.

The amount of endemism is shown to be higher than in any comparableregion of the
globe. Itisassumedthat thisisowingto: (a) isolation, exceeding 40 m.y. and probably
exceeding 60 m.y.; (b) continuoustectonic activity, preserving the'raw' and 'pioneer’
habitats which are necessary for the survival of 'fugitive, 'shuttle’ and other types of
pioneer taxa; (c) theantiquity of the GuyanaShieldanditsriverinesystem; (d) creation
of striking ecological gradients, many bioticislands; (€) fluctuationinextent and degree
of isolation of these 'islands,, leading to (f) rapid evolution due to genetic drift and
perhapsenhanced sel ection pressures. It isconcluded that part of thecompl exity of the
floraisdueto preservation of someelementsonthe old GuyanaShield but most isdue
torelatively rapidevolutionduring Tertiary times. A final contributing element hasbeen
thefact that movement of the South A merican platehasbeen primarily fromeast towest,
sothat therelevant |land areahasnot beenraftedintoregionswith very different climatic
parameters. thedegreeof extinctionseenin, e.g., Indiaand Australiaisnot evident here.
Itisconcluded that theamount of endemism seen, anditsextremekinds, 'need' inexcess
of the40-60 m.y. time span which seemsavailable. In particular, thelarge number of
high elevationendemics, some(such asRui zanthus) very isolated, cannot besati sfactorily
explained by assuming their evolutioninthefew million yearsavailable since alpine
regionswere created by the rise of the Andes. It isalmost necessary to conclude that
limited 'pre-Andes must have existed and that the ancestors of the isolated taxa seen
today in apineloci in Colombiaand Venezuelaoriginated el sewhere. The other side
of theoutlined scenarioisthat with thenear-total i sol ation of tropical Americauntil the
Andeswere elevated, and until the Pliocene connection to North Americaarose, one
would expect to seefew and scattered i ntrudersfrom cool -Gondwanal andi c areasand
from Laurasia. Themodern florareflectsexactly this.
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|. Introduction

Attemptsat adiscussion of the origins of
theneotropical hepaticflorarunintoahost
of problems which are only partially —
and imperfectly — solubletoday. Some,
but not all, of the limitations are briefly
discussedinPart|| of thispaper. Inessence,
the asymmetry of the avail able data base
limitsitsuse.

Althoughthepoor taxonomicknowledge
of neotropi cal hepaticsisaseriouslimiting
factor, this is counterbalanced by
accumulation, sincethe1960’s, of alarge
pool of data dealing with tectonic events
in the area. The asymmetry between a
defective understanding of the pertinent
taxonomy and themodern, highly sugge-
stivedataavailablefromtectonicsisbriefly
outlinedinPart I1. Inthisessay | largely
limit myself to Jungermanniales, and
specifically tothemorestenotypicgroups
whose taxonomy is reasonably well
known. Admittedly, thismay appreciably
distorttheconclusionsarrivedat, yettrying
to derive phytogeographical generaliza-
tions based on demonstrably defective
taxonomy (asin Fulford, 1951) leadsone
to predictably fallaciousconclusions.

Il1. Taxonomicvs. Tectonic Data Bases

Taxonomic Perimeters and their
Validity

SinceSpruce(1884-85), essentialy single-
handedly founded neotropical
hepaticology, the field has had a
discouraging history. After the excellent
start made by Spruce, the 'nadir’ was
reached with Stephani (1898-1924) who
practicedthe'geographical’ speciesconcept
to the point of absurdity; he redescribed
thesametaxon, oftenrepeatedly, sometimes
in 3-4 or more 'wrong' genera. Oneresult
is that we have been submerged in a
plethoraof ill-founded species, especially
in Lejeuneaceae and Jubulaceae, lost in
incorrect genera and/or families.

Unfortunately, therehasbeenlittleworthw-
hile revisionary work on neotropical
hepatics. Isolated exceptions are more
limiting than helpful: thus even though
Castle(1937-69) revisedthecumbersome
genus Radula on a world-wide basis
including numerous neotropical taxa his
work hasprovedroutine, whennot down-
rightbad. Atthelevel of floristics, Herzog
between 1923 and 1960 published
numerous papers on neotropical
bryophytes, describing scores of new
species. He, however, spread his net too
far: thus he never caught the nuances of
genericconcepts, especialy inthecomplex
L ejeuneaceae, with the consequencethat
a high proportion of the 'new' taxa he
described aresynonymsand/or described
in the wrong genus. An end result has
been alimited pattern of activity which
fallsinto two categories: (a) coincidental
revisionsof neotropical taxawhen entire
genera are revised; (b) taxonomy best
characterized as'hitandrun’: describethe
seemingly obviously new genera and
species, and'forget’ therest. | myself have
beenguilty of thelatter: thussome10new
generaand 40 new species are described
fromVenezuelain Schuster (1978,1978a),
the most readily recognizable elements
amongsevera thousand collectionsmade,
the bulk of which (especially in genera
like Lejeunea, Frullania, and Plagiochi-
la) remain undetermined, or are given
provisional names.

This sad litany of limitations could be
amplified but | have made my point.
Verdoorn(1950) hadmadeit earlier, noting
that perhaps only about 25% of 'exotic’
(chiefly neotropical) taxa can be 'named
easily’ and another 25% be named
‘approximately' whilefully half ‘cannot be
named by any responsible, modern
worker.' Thisappalling situation hasbeen
eased only marginally inthe nearly forty
years which have el apsed.

In one sense the problem has worsened:
we have learned in the last third of the



century that wereally donot know enough
about neotropical hepatics, inthemodern
sense, to name even 50% of our material.
For this reason | have felt compelled to
base my conclusions on a very limited
database, almost exclusively on recently
revisedgenerawhich, invirtually all cases,
are small (with an average of under 10
species). Recognitionof our very imperfect
knowledgeof neotropical hepaticscomes
from basically two sources: (1) Intensive
study of supposedly stenotypic and well-
known ‘textbook' hepatics like Pellia
endiviifoliaand Marchantiapolymor pha
has shown that they are indeed highly
‘complex’ speciesgroups, theformer may
includeat |east threetaxonomically distinct
entities, only oneof which (P. megaspora
Schust.) has yet been described and
intensively studied (Schuster, 1981,
Newton, 1981, Krzakowa, 1981,
Mendelak, 1981). Marchantia
polymor phaincludesevidently threewel |-
defined species(Schuster, 1988), separable
anatomically, geographically, and
ecologically. Even the ubiquitous
Conocephalum conicum apparently
includes a series of cryptic taxa which
may possibly represent distinct species.
(2) Cytological study of in excess of 120
Colombian Jungermanniales, in October-
December, 1988, hasshownthatingenera
like Taxilgjeuneaand Cheilolg euneathere
isawholeensembleof speciesthat may be
difficult, if not impossible, to separate
from dead gametophytes, i.e. herbarium
specimens, but which have drastically
different oil-body criteriaand are, without
doubt, good and repeatedly recognizable
species. In short, herbarium-based
phytogeography will likely lead to only
partialy valid conclusions.

Extrapolatingfrom dataof thistypeleads
usto assumethat neotropical hepaticsare
very poorly understood. Therehasbeena
recent, admirableattempt at consolidating
thenumerousill- founded speciesbut the
nagging suspicionremainsthat, acentury
from now, when our knowledge of
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neotropical hepatics will approach our
comprehension of European and North
American taxa, rescucitation of
synonymizedtaxawill becomenecessary.
A fully satisfactory analysisof theorigins
of theneotropical liverwortsisthusnot yet
feasible; only part of the needed data is
evenmarginalyreliable.

Of countless examples which could be
cited, threesuffice. (1) A suiteof antipodal
species which had been placed (by, i.a.,
Spruce and Stephani) into the largely
holarctic genus Cephal ozia were shown
(Schuster, 1965, 1969) to belong to
Geocaycaceae (Xenocephalozia Schust.),
Lepidoziaceae (Pseudocephalozia
Schust., Zoopsidella Schust., Bonneria
Fulf. & Tayl., s. lat.) as well as
Cephaloziaceae (Metahygrobiella
Schust.). (2) Neotropical species here
assigned to the single genus Zoopsidella
Schust. weredescribed by Fulford (1968)
under Zoopsis and Regredicaulis, and
placed in 2 separate families. (3)
Neotropical species| regard asbelonging
inthesinglegenusParacromastigumFulf.
& Tayl. are placed by Fulford (1966) in
part in two genera, Paracromastigum s.
str. and Bonneria Fulf. & Tayl., in the
Lepidoziaceae; yet in Fulford (1968)
species assigned to theformer are placed
in a separate family, the
Paracromastigaceae, and assignedin part
to athird genus, Leucosarmentum Fulf.
Thus any phytogeographic conclusions
based onthe Fulford paperswouldlead to
vastly differing conclusions from those
drawn from more ‘conservative' genus
and family concepts.

| donot wishto belabor suchinstancesbut
we need to note that these examples are
drawn from stenotypic groups where
taxonomic problemsareresolvabletoday,
Thereisno sensewhatsoever intrying to
uselarge, polytypicgroups(e.g., Leeunea
s. lat., with perhaps 11-12 subgenera;
Plagiochila with perhaps 150-175
neotropical taxa and perhaps 600 taxa
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world-wide) inany attempt at deciphering
the origin or origins of the neotropical
hepatic flora. Drawing distribution maps
and, especialy, trying to derive far-
reaching conclusions from such an
unreliabledatabaseareexercisesinfutility.
Some perspective on these limitationsis
availablefrom consideration of onefact:
there are fewer workers dealing with the
estimated 250+ generaand perhaps 2500+
speciesof neotropi cal Hepaticaethanthere
are those, today, concerning themselves
with the single genus Sphagnum!

Pertinent TectonicHistory

A cardinal principleimplicitly adopted by
the biogeographer is that the length and
degree of isolation condition the
evolutionary process: if afloraisphysicaly
isolated, especialy if associated with the
isolation are physical and/or climatic
changes which act as stimuli on the
sel ection process, that floraundergoespro-
gressivedifferentiationfromthe® undiffe-
rentiated” parent flora. This effect of
isolation is admittedly more strongly
expressed when populationsizesaresmall
(theSewall-Wright Drift, or geneticdrift)
rather thanlarge. Wemust almost assume,
however, that the areatoday comprising
tropical America has never been
biologically aunitary area, but consisted
of alarge number of biological islands.

Based on modern tectonics, a number of
workingassumptions, all relevanttosuch
an appraisal, seem germane. They, in
essence, inform usastowhen aflorawas
isolated, and from where it may have
derived. Working assumptions
(oversimplified because of spatial
congtraints) areasfollows; tentative conc-
lusionsfollow:

(2) Priortoca. 90m.y. BP South America
wasjoined with Africa; prior to thistime
there was an Afro-American
undifferentiated Gondwana and-derived
florathat characterized thearea.

(2) Until ca 60m.y. BPtheSouth American
Plate was united, tenuously at least, with
theAntarctic Platespecifically withWest
Antarctica, which then presumably was
much more extensive (abroad and rather
shallow seatothewest of West Antarctica
is assumed by some geologists to have
been above water much as the Bering
Land Bridge; the current submersed
conditionisassumed to beduetoisostatic
pressurederived fromtheextanticeshest).
Thisbroad land bridge began to disappear
with Oligocenespread of theAntarcticice
sheet. Early in the Tertiary westward
movement of South Americaresultedin
the ScotiaArc— formerly constituting a
bridge between South America and
Antarctica — being progressively
'stretched' so that former almost vertical
and complete connections were broken.
Thusuntil early Tertiary timesmigration
from South America across Antarctica
remainedfeasible.

(3) Asidefromtenuousand at least inter-
mittently broken connections, South
America was isolated from the North
American Plate until some time in the
Pliocene. The existence of connecting
island ‘filters,’ or ‘archipelagic filters,’
remainssomewhat conjectural —although
vertebrate zoologists such as Simpson
insist on them. The two principal
contending moderntheoriesdealing with
creation of such archipelagicfiltershave
been dealt with by Buck (thissymposium).
In any event, as succeeding pages show,
for hepatics, transgression of Laurasian
typesintotropical Americahasbeenvery
limited and may not have occurred until
late in the Tertiary, coincident with
elevation of the Andes, and creation of
cool, moist niches.

(4) If South America and Africa were
joined, prior to 90 m.y. BP, then this
considerableland masshadtodraininpart
toward the West. The Amazonian Basin
represents what is left of a formerly



extensiveand complete E-W seaway. At
least as regards Hepaticae, this served
presumably asavery effective barrier to
N-Sor S-N migration of all but lowland
taxa

(5) With opening of the South Atlantic
andwestward drift of the South American
Plate, the leading edge of the western
margin of that plate came into collision
withthePacific Plate. With subduction of
the latter, the western edge of the South
American Plate was progressively
elevated. Only well after initiation of this
elevationwastheformer seaway blocked
in the west.

(6) Theredlatively latecreation of theAndes
andtheir precursor served, simultaneoudly,
to (a) bridge the former gap between
southernand northern sectors; (b) createa
wide range of new environments; (C)
continuously make available for ecesis
pioneer sites — the kinds of sites most
hepaticsrevel in. Asthefollowing pages
suggest, the degree of endemism in the
hepatic florasuggeststhe'need for apre-
Cordilleranepoch.

(7) For a considerable period, thus, the
principal if not only contact between South
Americaand other land massesappearsto
have been to the south— with Antarctica
and, through it, to Australia. A rough
guess — which will form the operating
basisfor what follows—isthat by 80m.y.
BP agap existed between South America
and Africa; fromthenuntil ca. 60m.y. BP
the only biogeographically relevant land
connection appears to have been to the
south, and this appears to have been
operative until thestart of the Tertiary.

Thus, until the requisite movement west
of the South American Plate and
concommitant subduction of theadjacent
sectors of the Pacific and Nazcaplates, a
sea way existed that cut across South
America, E-W—muchliketheCretaceous
embayment that cut North America, N-S.
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This E-W sea way must have been a
significant barrier toN-Smigration of all
but lowland taxa with suitably efficient
modesof dispersal. Thisbarrier seemsas
real to me asthat to the east (the opening
South Atlantic), west (the Pacific) and
north (the remnant of the Tethys Sea
separating North and South America).
Essentially, the bulk of the areaconstitu-
ting today’ s tropical Americaexisted in
isolation — and the hepatic florareflects
thisdegreeof isolation.

(8) Thebroad picturel amtrying to paint
isoneof aregion strikingly isolated until
firmlinkswithNorth Americawereforged
inthe Pliocene.

Central tothisregionistheancient Guyana
Shield, embracing areas from tropical
lowlands to cloud forest summits — the
nucleus of an area that was biotically
rather isolated from at least 80 m.y. BP
until perhaps3-5m.y. BP. Only, perhaps,
New Zealand was equally, if not more
strongly, isolated for an equal length of
time. The degrees of endemism among
Hepaticae, chiefly at the generic level,
which characterize both regions, | think
reflect comparablelevelsof isolation. The
east-west nature of the water barrier, in
effect, separated the evolving South
American hepatic flora into a southern
component, with persistently very strong
Gondwanalandic links (and clear
similaritiestothefloraof smilar latitudes
in Australasia) and into a northern flora
which, as we shall see, evolved a high
degree of individuality. The time of
evolutionof suchanorthern, tropical ele-
ment in the northern portions of South
Americacanbededucedwithafair degree
of precisiontoday, thanksto the physical
geologist.

(9) I havedrawnanoverly simplepicture,
above, becausetheisol ated northern sector
of the South American Plate was in
abrasive contact with not only the Pacific
Platebut withtwo other smaller plates, the
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Antillean and the Nazca Plates. The
influence of the biota of theland areas of
theseplatesonthe South American one—
the amount of reciprocal exchange —
remains highly uncertain. In part, as the
example of Phycolepidozia, cited later,
shows, because our inventory of thebiota
remains very fragmentary. If the
‘contribution’ of these plates to the
Hepaticae of the South American plateis
uncertain, however, thecontact pointshave
been very important in resulting in com-
plex mountain orogeny — a pattern of
land el evationthat profoundly influenced
the floraof the Northern Andes.

[Il. Some General Effects of the
Tectonic EventsOutlined

Inan essay onthe'Phytogeography of the
Bryophyta (Schuster, 1983, pp. 463-626)
| had thetemerity toinclude, almost asan
after-thought, a few pages (pp. 616-20)
dealing with 'Tectonics and Diversity:
Some Speculations.” What | had to say
then| said'with considerabletrepidation’;
my reservations remain amost as strong
today — yet, then as now, the subject
matter is 'fascinating and the correlation
seems... compelling.’

| found that therewas aconsiderabl e cor-
relation betweentectonicinstability (and
itsconsequences, e.g., mountainbuilding,
erosion, valley cutting, climatealteration,
the creation of a very rapid climatic
zonation coincident with creation of high
mountains) and (a) richnessand diversity
of thehepaticfloraand (b) preservation of
at least some generalized, if not archaic,
types. Thisistruenot only of the specific
areahereunder discussion, but it seemed
to be true along the entire 'Ring of Fire
peripheral to the Pacific. Thus, from the
rangeof Takakia (cf. maps, figs. 27,50in
Schuster, 1983) it is obvious the extant
dispersal, from the Himalaya to British
Columbia, accurately mirrors the
distributionof plateinteractions—running
from contact pointsof thelndian-Eurasian

Platestothat of theNorth American-Juan
de Fuca-Pacific Plates. The only three
hepaticgeneraendemictoNorthAmerica,
all phylogenetically isolated organisms,
are Schofieldia, Geothallusand Gyrothyra
—thelast theonly member of anisolated
family; thesegeneraoccur strictly alonga
western fringe of the continent where
Pacific, North Americanand JuandeFuca
Plates are in contact (cf. map, fig. 6, in
Schuster, 1983).

Diversity andrichnessof thehepaticflora
— a phenomenon that may have dual
causes (preservation + evol ution) — thus
appearsto accurately reflect theextent to
whichtectonicinstability hasoccurredin
thepast. Indeed, | suspect thereisarather
good quantitativecorrelation. Thusall of
eastern North America virtually lacks
endemicHepaticaeandtherearenogenera
or familiesendemictoit. Endemicgenera
of mossesin eastern North Americaalso
are lacking (the few described, known
only from sterile gametophytes, remain
suspect). This may reflect the effects of
stability. Itisoftenassumed'old' areasare
centers of both endemism and diversity,
but the perhapsparadoxical fact isthat the
reverse is the case. Thus the rapid and
continuing elevation of the Andes is
correlated with arich and diverse flora,
includingendemichepaticgenera; theold
Appalachian ranges, which have been
eroding for about 400 m.y. are notable
chiefly for thelack of significant levelsof
endemism. | am not proposing that
geologically old and stable areas are
wholly devoid of endemictypes, but as—
is noted later — even in tropical South
Americatheoldest area, theGuyanaShield,
seemsrelatively poorerinendemicgenera
thanthetectonically unstableareasgoing
from Venezuela and Colombia south all
theway to southern Chile. Theanswer to
the paradox appearsto reside— and this
ismy chief point— not in preservation of
isolated taxa in stable areas, but in
preservingand, indeed, continuoudly crea-
ting the pioneer loci to which many of the



'fugitive' and 'shuttl€' species seem to be
confined.

A number of factorsappear tobeinvolved
in the dual combination of enhancement
and preservation of diversity, briefly:

(a) Creationof climaticdiversity. Intropical
Americaonegoes, inshort distances, from
hot and humid tropical climates to
permanent snow andice—asnear Merida,
Venezuela, or Santa Marta, Colombia
One can aso go from hyperhumid areas
withhighprecipitationlevelsall yearlong
(east slope of the Peruvian and Bolivian
Andes) to areas where rain hardly ever
falls (west slopes of these areas). Thus
temperature and precipitation gradients
canbevery steep. Thedegree of climatic
diversity alongasinglegradient (e.g., the
westerndopesof theCordilleradeMerida,
above Merida, Venezuela) going from
over 4200 meters (permanent snow and
ice) to 2000 meters (humid, tropical rain
forest) isroughly the sameasgoing from
Greenland to the Antilles. Asisobvious,
the'steepness of thegradientisafactorin
also producing almost unbreachable cli-
maticbarriers.

(b) Withrecent elevation of the Andes—
and simultaneous preservation of theold
Guyana Shield — we have the best of all
possibleworldsasregards(1) 'stimulation'
of diversity and (2) preservation of
diversity. Thetwo phenomenaaredifficult
to separateat times. But, for example, the
presence of isolated generic types,
apparently found nowhere el seexcept on
the Guyana Shield, such as Haessdlia,
Trabacellula, Odontoseries, suggeststhat
preservation, asdistinct from creation, of
new typesisavery different phenomenon.
Onthefollowing pagessomeattempt will
be made to separate these phenomena.

(c) There has aso been creation of a
diversity of rock types— aside from the
old rocks of the Guyana Highlands and
thelir periphery we seetheexposureinthe
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Andesof immenselayersof awiderange
of sedimentary rocks. Any onewho takes
thetrainfromLimatoHuancayo— oneof
the great experiences of theworld— can
hardly fail to beimpressed by thetortured
and folded layers of sediments exposed,
e.g., near LaOroya, between 3000-4000
meters — sediments which were once
ocean bottom.

(d) With very complex folding patterns,
northern portionsof South Americahave
avery complex seriesof mountains. Thus
we see three Cordillerasin Colombia, as
well asisolated high massifs like that of
SantaMarta; weseerather strongly isolated
mountain ranges in Venezuela, the
Cordilleranear Meridabeingquiteisolated
from the high, though somewhat lower,
mountainsof the Colombian-V enezuelan
border, near Cucuta and San Cristobal.
This complexity reflects complicated
tectonicinteractionsbetweenfour plates:
the South American, Pacific, Nazca, and
Caribbean Plates.

(e) Rapid and recent elevation of these
mountainshasoccurred— andisoccurring
— during atime of climatic instability.
Not only were steep climatic gradients
created, but superimposed werethewell-
documented cooling episode of the
Oligoceneandrapidclimaticfluctuations
inthe Pleistocene. Itisbeyond the scope
of this paper to document this history in
detail. Relevant isrecognition of thefact
that existing al pine areas — paramo and
areas above permanent snow and ice —
expanded during each pleistocene
maximum (migration from one paramo
system to the next was then facilitated);
duringinterglacia stheparamoandal pine
areasbecameprogressively morerestric-
ted to progressively moreisolated higher
elevations and the floras of each system
wereisolated. It istempting to speculate
that each such biotic island, limited in
extent, exhibited all the preconditions
necesssary for rapid genetic drift. The
well-documented history of many
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angiosperms(e.g., endemisminEspeletia)
servesasamodel.

The occurrence of endemic species of
chiefly tropical groups such as
L ejeuneaceae at high elevations on such
alpine islands may also reflect these
complex phenomena. Thusin the Sierra
Nevada de Merida an isol ated species of
the tropical genus Dicranolejeunea was
found, frozen solid, at 4100 meters and
higher; in and just below the Paramo de
Tama occur 'dwarf' species of
Cheilolgjeunea (C. erostrata Schust., C.
invaginata Schust.) and Ceratolejeunea
(C.andicola Schust.) —thelast uniquein
being soil-inhabiting— at ca. 2500-3200
meters. Such endemism appearstoreflect
the 'sland phenomenon.’

(f) Finally, one must recognize the
relevance of the fact that the majority of
hepati csareplantsof unstableenviroments
— many occur on exposed rock faces or
on soil where other vegetation either
cannot or hasnot yet invaded. A high and
significant proportionislimitedto pioneer
or near-pioneer loci, ranging from living
leavestotwigsand unstablebanks. There
isagrowingliteratureonthe'opportunistic
or ‘fugitive nature of many taxa, with the
life strategies characterized as those of
‘fugitives,'colonists, and 'shuttlespecies
(During, 1979; Longton & Schuster,
1983). With the complex and rapid
mountainorogeny outlined above, thereis
essentially continuouscreation of 'new' or
'raw’ sitesor r- selecting environments. [ |
have, with my friend Lewis Anderson,
often made invidious remarks about
'roadsidecollections.'Y et, initsdefense, a
considerablerangeof taxaarefoundthere
precisely because of rather recent
disturbance. Thus, for example, in New
Zealand, Haplomitriumgibbsiae (Steph.)
Schust. occurs principally on unstable,
moist roadside banks; in Australia the
ancient H. intermedium Berrie was seen
only onledgesat theedgeof aroad.] With
increasein elevation, cascading streams,
hyperhumid streams deenvironments, and

similar diverse and ‘favorable' loci are
createdwhichcanbeexploited by delicate,
mesophytic 'pioneer’ plants like the
Jungermanniales, Metzgeriales, and Mo-
nocleales.

Fromtheforegoing, thus, | think itisfair
to conclude that the dual (and | think
nearly inextricable) phenomena of
preservation and enhancement of biotic
diversity has, at least in the case of the
Hepaticae, had very complex and closely
interdigitated causes.

In essence, both opportunity (duetolong
isolation) and stimulus (due in part to
sel ection pressuresinduced by rather rapid
climatic changes, in turn induced by (a)
mountain building and (b) late Tertiary
and Pleistocene climatic changes) have
operatedjointly. Thebulk of theHepaticae
that lend suchauniqueaspect tothehepatic
floraof tropical Americahavehadalong
time, inisolation, toevolveintothestrange
and unique patterns that impress the
student, evenwithsuperficial examination.

| donot meantoimply that thisistheentire
story. Endemic elements which evolved
in situ have been 'enhanced’ by two other
chief sources. (a) taxa belonging to the
basi cally cool-temperate Gondwanaflora,
foundfrom southernmost South America
into Australasia; (b) taxa of the cool to
cold zones of the Holarctic. As a
consequence, the origins of the present
flora seem to be derived from three
disparatesources.

An examination of these three primary
sources suggeststhat thefloraof tropical
Latin Americahashad acomplex origin:
thus, asthetitleof thisessay suggests, the
florahashad origins— notasingleorigin.
However, the cool-Gondwana-derived
intruders, and those of the cool to cold
sectors of Laurasia, are both relatively
recentimmigrants, reflectingtherel atively
recent geological originof the Andesand
volcanic mountains of Central America



Probably most of the immigration from
thesetwo sourceshasbeeninthelast 2-10
m.y., and some probably much more
recently. Proliferationof montaneareasin
otherwise tropical and subtropical zones
hassurely facilitatedintrusion of taxalike
Blepharostoma trichophyllum and
Antheliajuratzkana.

Cyclonic tracks and wind patterns in
general, however, mitigate against any
amount of migration from north to south.
Itismuch morelikely that such elements
in the flora of the Appaachians and
westernmost Europe such as Anomylia
cuneifoliaand Plagiochilaexigua (P.tri-
denticulata) are derived from Latin
Americansources, andwerecarried north
and northwest by cyclonic disturbances,
rather thanthereverse.

IV.Major ElementsintheHepaticFlora

As noted, three elements constitute the
bulk of the leafy hepatics in tropical
America: (1) endemic taxa, often with
only remote relationshipsto thefloras of
other regions; (2) elements derived by
migrationfromthecool Gondwanaflora;
(3) elementsdrived by migrationfromthe
cool to cold-adapted flora of Laurasia.
Fromtheprior discussion of tectonicsitis
evident that the factors (1ofty mountains,
moisture-trapping clouds) which made
ecesis of theselast two elementsfeasible
aregeologically rather recent events: the
rather small number of taxa constituting
the second and third elements (and their
brief treatment) reflect these time
constraints.

A veryfewtaxadonotfit comfortably into
thesethreecategories; thesearecited under
(4) Disharmonic elements. A brief
discussion of the Afro-American
‘connection’ (5) concludesthisanalysis.

1. Endemic (Autochthonous) Taxa

A series of genera (in some cases,
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subgenera) areendemictotheNeotropics,
s.str. (heretakenastheareaincludingthe
Amazonian Basin, northward). | assume
that thisensembleof groupsdifferentiated
froman*undifferentiated” andrelatively
generalizedflorathat existed, probably by
theEarly or Mid- Cretaceous, when— by
extrapolation — groups like the
L epidoziaceae, Calypogei aceae, and Ba-
lantiops daceaehad beguntodifferentiate.
At that time Africa + South America
remained joined, and thewestern edge of
themegaconti nent fringed on Panthallassa,
theancestor of today’ sPacific. Theeastern
edgesof South Americaandwesternedges
of today’ sAfricawerepart of aninterior,
continental land mass and must have had
relatively inimical climates: at least
seasonally arid and probably of quite a
continental character. If oneexaminescon-
temporary reconstructions (e.g., that of
Dietz& Holden, 1970; cf. Schuster, 1976,
p. 58, fig. 2) it is evident that only
northernmost sectors (the Guyana
Highlands) and westernmost sectors of
present-day South Americahad anoceanic
locationand, reasonably, could havebeen
expected to enjoy an oceanic climate in
appropriate latitudes, with appropriate
prevailing winds. If one maps current
distributionsof isol ated endemicelements
present today in South America, all but an
insignificant number still exist along this
oceanicfringe, extendingfromthepresent-
day Guyanas to Chile. Such a
reconstruction, also, makes evident the
fact that drainage of thewestern sector of
this megacontinent must have been
westward. By the start of the Tertiary,
South Americawasclearly isolated, except
for persistent tenuous connectionsviaits
'tail' to Antarctica (cf. fig. 3 in Schuster,
1976). If weconsider thisfigure, onevery
relevant detail stands out: the physical
isolation, by the start of the Tertiary, of
South America, was more nearly total
than that of any other comparable land
mass. It seems reasonable to assume that
onthisisolated land areaahighly unique
and specializedflorashould haveevolved.
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In Schuster (1982, pp. 19-20) some 40-
odd genera/subgeneraarelistedasendemic
to this area; the more outstanding are as
follows; wheremoderndistribution maps
exist, thesearecited in square brackets, [

I

(1) Zoopsidella Schust. Including at | east
7 neotropical taxa in 2 (perhaps 3)
subgenera: Z. antillana (Steph.) Schust.,
Z.cynosurandra(Spr. ex Steph.) Schust.,
Z. integrifolia (Spr.) Schust., Z. macella
(Spr.) Schust., Z.richardsiana Schust. (of
Guyana), Z. dichotoma Schust.
(Colombia) and, probably Z. serra (Spr.)
Schust. An eighth taxon, much less
derivative morphologically, is the
AudtralasianZ. ceratophylla(Spr.) Schust.
In this genus there is a well-entrenched
tendency for leaf lobes to be reduced to

papillae.

The allied genus Zoopsis occurs from
Australasia to the Philippines and
southernmost Japan. No taxa of either
genus occur in the cool parts of South
America

(2) Pteropsiella Spr. Including 2 taxa,
both of the Amazonian and Orinoco
drainages: P. frondiformis Spr. and P.
metzgeriaeformis Schust. A well-known
and unique endemic, with secondarily
'thallose’ vegetative gametophytes. Lea
vesareal soreducedtoephemeral papillae.

(3) Protocephalozia (Spr.) Schiffn., a
monotype with only P. ephemeroides
(Spr.) Schiffn. This nearly unique taxon
has a confervoid gametophyte, with
uniseriate branched filaments that give
riseto leafy sexual branches.

(4) Phycolepidozia Schust., also
monotypic, with only P. exigua Schust.,
also an algal-appearing taxon with
polyseriate axes and leaves reduced to
slime papillae. Known only from
Dominica

(5) Monodactylopsis (Schust.) Schust.,
bitypic, with only M. minima (Schust.)
Schust. and M. monodactylus (Spr.)
Schust., a genus of highly reduced taxa
withleavesof only 2-5(6) cells. Although
similar to Arachniopsisin somerespects,
thetype species, with a12+4-seriate seta
differsfrom all preceding generain seta
anatomy: 8+4-seriate seta (Zoopsidella,
Pteropsiella, Protocephalozia ; all
Lepidoziaceae) or a 4+4- seriate one
(Phycolepidozia , Phycolepidoziaceae).
Theprevalent axial anatomy (4 cortical +
1 medullary cell rows) may recur in
reduced taxa of Arachniopsis eg., A.
confervoides Schust. (compare Schuster,
1988, figs. 1:6 and 2:10).

The five genera, al strictly endemic to
tropical Latin America (aside from one
primitivespeciesof Zoopsidella, foundin
Australasia), represent some of the most
apomorphictypesthat existinthe Suborder
Lepidoziineae — a suborder which is
highly polytypicincool er sectorsof former
Gondwanaland. The suborder almost
surely is of Gondwanalandic derivation,
and | assume ancestral types were wide-
spread thereprior tothebreakup of Gond-
wanaland. Theaboveensemblepresentsa
unique constellation of features: all show
massive reduction or loss of leaves, with
photosynthesis largely a function of a
thallus (Pteropsiella) or of a vastly
expanded, hyalodermous axis, or of
persistent protonemal filaments. All also
show varying degrees (or loss) of a
gametophyticaxisand reduction or lossof
leaves or lobes. All but Protocephalozia
show elaboration of papilliformleaf |obe
apices(or, Phycolepidoza, Pteropsiella,
reduction of |leavesto papillae). Although
the Lepidoziineae are subcosmopolitan,
only in tropical America has there been
such experimentation with
paedomorphosis and neoteny in the
L epidoziineae. The same phenomenonis
exhibited by two endemic species of
Radula:



(6) RadulayanoellaSchust. (cf. Schuster,
1984, fig. 11, p. 799) of the Serra
Curicuriari, Brazil and (7) R. aguirrei
Schust. (cf. Schuster, 1990) of Colombig;
bothareepiphylls, of thesubg. Metaradula
Schust., with highly reduced axes, very
limited devel opment of gemmiparous|ea-
fy axes, whichdevelopfromanextensive,
|obed and furcate monostromaticthallus.
Neither developsgametangia.

Theseexampl esof gametophyticreduction
— simplificationwhennot |ossof theaxis
andrelianceon a gal-appearing structures
(filaments or thalli) as the main
photosynthetic apparatus — exist again
only in the basically Australasian genus
Zoopsis and the monotypic genus of
L gjeuneaceae, MetzgeriopsisGoebel. The
latter is widespread in and near tropical
partsof Australasia(New Caledonia-New
Guinea, into Fiji; westwardtolndonesia).
Both generaseem to be Gondwanalandic
inorigin, asare— asalready noted —the
Lepidoziineae. Thereisthusaqualitative
difference between these taxa and those
foundinLaurasia Why issomewhat of a
mystery: itisdifficultand perhapsfoolish
to assume that there is something in the
history, or climates, of Gondwanaland
that 'stimulated’ such parallel selection
paths. Goebel (1893) and Schiffner (1893)
long ago dealt at |length with such groups
in which we see persistence of 'Jugend'
manifestationswhichreproducesexually
(taxa1-5, above) or asexually (6-7).

Notonly doweseeanearly uniquepattern
of evolving unrelated ‘'reduced’ generaof
Lepidoziaceae and allied
Phycolepidoziaceae (genera 1-5, above)
but there has been evolution of aseriesof
other mono- or stenotypicgeneraendemic
in tropical America, including the
following:

(8) MicropterygiumLindenb.,withca. 18
species, found fromthe Antillesto Brazil
and southwardto Colombia. Thecenter of
diversity appears to be the Guyana
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Highlands.

(9) MytilopsisSpr., withonly M. albifrons
Spr., knownfromJamaicaandVenezuela
to Peru and recently found on the Serra
Curicuriari, neartheRioNegro, Brazil, an
outlier of the Guyana Shield.

These two genera constitute the very
isolated subfamily Micropterygioideae,
possibly avery highly derived end-group
evolvedfromastock identical withthat of
the almost exclusively cool-
Gondwanal andic L embidioideae(thelat-
ter ismonographed by Schuster & Engel,
1987; cf. map, fig. 1) Again there is a
suggestive— if tenuous— connectionto
elementsof theold cool-Gondwanaflora

Severa other endemicgenera(and species)
show morediffuseand controversial phy-
togeographical “moorings,” i.e.:

(20) Anomoclada Spr., with only A.
portoricensis(Hampe & Gottsche) Vana
inGradstein, Bryologist 92: 344, 1989. A
highly specialized derivative of Odonto-
schisma, agenuswithapeculiar range: 2-
3 Laurasian species, and awide array of
poorly known antipodal andtropical taxa.

(11) Cephaloziopsis(Spr.) Schiffn., avery
derivative genus of 2-3 spp., possibly
evolved from Cephaloziella-like
antecedents. The 1 or 2 neotropical taxa
are monographed in Schuster (1972a);
they had been treated as 'Cladopodiella
intertexta (G.) Fulf.'in Fulford (1968) but
the 4+4-seriate seta, and all other criteria
prohibit any association with
Cladopodi€lla (Cephal oziaceag).

Anadditional species, possibly belonging
to an autonomous subgenus,
Metacephalozia, is known from the
Ryukyuldands(Inoue& Schuster, 1974).

(12) Alobiellopsis Schust. (cf. Schuster,
1965, 1969b), a genus perhaps loosely
aliedtothenext, cons stsof twoneotropical
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species [A. acroscyphus (Spr.) Schust.
and A. dominicensis(Spr.) Fulf.], aSouth
African species [A. heteromorphus
(Lehm.) Schust.; cf. Schuster, 1969b and
Schuster & Engel, 1987] and one from
Japan [A. parvifolius (Steph.) Schust. ]

(13) Alobiella(Spr.) Schiffn; cf. Schuster
(1969b), Fulford (1968), with only 2
neotropical species, A. husnotii (G.)
Schiffn. of theAntillesto Trinidad and A.
campanensis Steph. of montane areas of
PeruandVenezuela. Althoughthisgenus
isassigned to the 'Family Alobiellaceae
by Fulford, thegenusisalliedtotheformer,
and is placed in Schuster (1969b) in the
subfam. Alobielloideae within the
Cephal oziaceae.

(14) Iwatsukia Kitagawa (cf. Schuster,
1968; Fulford, 1968, asCladomastigum).
Including 4 species, one (I. exigua
Kitagawa) in Borneo, one [l. jishibae
(Steph.) Kitagawa] fromeast Asia, Nepal,
islands of the Indian Ocean and Central
America, 2 from Venezuela, from the
Guyana Shield [I. bifida(Fulf.) Schust.
and |. spinosa (Fulf.) Schust., comb.
nov. (Basionym: Cladomastigum
spinosumFulford,Mem.N.Y . Bot. Garden
23:840,1972)].

Iwatsukia was regarded as a member of
the Lophoziaceae (by Grolle),
Lepidoziaceae (by Kitagawa) and, as
CladomastigumFulf., placedintoitsown
family by Fulford (1968). | regardedit as
amember of the Cephal oziaceae subfam.
Alobielloideae Schust. (Schuster, 1969b).
The diversity of opinions reflects the
isolation of the genus. The two purely
neotropical taxa are rather isolated from
theother two speciesand probably should
be regarded as forming an autonomous
subgenus, lwatsukia subg.
Cladomastigum (Fulf.) Schust.

Thethreegeneraof Alobielloideaefail to
fit'comfortably'intoany phytogeographic
'mold': only Alobiellaisstrictly endemic

totheNeotropics. Fiveof theseven species
in the other two genera (Alobiellopsis,
Iwatsukia) occur in the Neotropics. The
subfamily perhapsoriginatedinour area,
but has undergone secondary long-
distancedispersal totheareaof thelndian
Ocean, Borneo, the Himalaya, and
southern Japan. Noteworthy istheabsence
of the group from any portion of the cool
sectors of Gondwanaland. The two
GuyanaShield endemi csperhapsdeserve
segregation as an autonomous subgenus,
Cladomastigum; they surely donot warrant
adistinct 'family’ Cladomastigaceae.

(15) TrabacdlulaFulf. (cf. Fulford, 1968),
monotypic, with T. tumidula Fulf.,
endemic to the Guyana Highlands.

(16) Fuscocephaloziopsis Fulf. (cf.
Fulford, 1968) with 2 taxa, F. biloba
(Herz.)) Fulf. and F. pulvinata (Steph.)
Fulf. Considered to represent only a
subgenus of Cephaloza, i.e., Macroce-
phalozia Schust. (Schuster, 1979, p. 688).
Whatever itsstatus, thissmall group, like
genera(12-14) and (17), clearly belongs
in the Cephal oziaceae, although Fulford
ascribes them to a new family,
Trabacellulaceae. Both taxa inhabit an
areafromthe Antillesinto Colombia.

(17)Haessdia Grolle& Graddt. (cf. Grolle
& Gradstein, 1988), monotypic, withonly
H. roraimensis Grolle & Gradst. of the
Guyana Highlands. As Grolle and
Gradsteinnote, these3genera(15-17) are
clearly allied members of the
Cephaloziaceae and they fit into the
subfam. Trabacel lul oideae(Fulf.) Schust.,
testeGrolle& Gradstein— aderivativeof
the more generalized Cephalozioideae.
Again, each of the 3 generaissmall (1-2
species) and each is quite apomorphic,
contrasted to such plesiomorphic genera
as Pleurocladula Grolle and
Metahygrobiella Schust.

(18) Odontoseries Fulf., monotypic, with
O. chimantanaFulf. (Fulford, 1968). This



poorly known monotype — known only
from the Guyana Highlands — lacks
reproductiveorgans. Thepartly 3-4-lobed
leaves and underleaves with rhizoids
restricted to their bases suggest it may be
allied to Pseudocephalozia Schust. (cf.
Schuster & Engel, 1987) of the
L epidoziaceaebut— Fulford assignsitto
afamily Regredicaul aceae.

Genera 1-18 form a suggestive whole:
they all belong to two allied suborders of
Jungermanniales, the L epidoziineae and
Cephal oziineae. Inmy opinion, asidefrom
the isolated Phycolepidozia and
Cephal oziopsis(Phycol epidoziaceaeand
Cephaloziellaceae, respectively), therest
belong to L epidoziaceae (1-3, 5, 8-9, 18)
or Cephaloziaceae (10, 12-17). All of
these are basically phylogenetically
outlying elements in their respective
families; all appear to show
Gondwanalandic moorings. All are
'modern’ taxa, often highly specializedin
one or more respects.

Severa other taxacan becited that fail to
negtly fall intothepreceding pigeonholes:

(19) Stephaniella Jack. The genus has
perhaps no more than 6 species, foundin
treeless paramo regions, from Mexico to
Bolivia. One species (S. paraphyllina)
recurs in the Drakensberg area of South
Africa: | have collected it, with Shaun
Russell, at over 10,000 feet near the Sani
Pass Rd., on both sides of the Lesotho-
South Africaborder.

Sephanidlaisaveryisolatedgenus, placed
(Schuster, 1984b, p. 67) into a
monogeneric subfamily of
Gymnomitriaceae, to other genera of
which it isonly marginaly related. The
genussurely originated onthesummitsof
the forerunners of the present-day
Cordillerasand hasdiversifiedthere. The
isolated digjunction of one speciesto the
Drakensberg is surely relatively recent;
since Sephaniella reproduces only via
spores and islimited to treeless montane
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areas, sporedispersal viastrong westerly
windsiseasily conceivable.

Likemany of thegenera, 1-18cited above,
Sephaniella is a ‘peculiar’ genus: it is
unique in the Hepaticae in having
echlorophyllose leaves shielding
chlorophyllose paraphyllia that form a
carpet on the antical stem surface. The
evolution of such a strikingly isolated
genus, restricted to the intensely
illuminated paramo regions, raises very
troubling questions: if the Cordilleraare
so young, how can one account for the
evolutionof suchanisolated entity insuch
alimitedtimeperiod?

(20) Ruizanthus Schust. (Schuster, 1978,
p. 240). This isolated genus of
Balantiopsidaceae may be the most
plesiomorphic element in the
Balantiopsidineae, a suborder which is
wholly Gondwanalandic, aside from a
few Isotachis taxa, and of Balantiopsis,
that have succeeded in (probably
geologically recenttimes) migratingasfar
north as southernmost Japan and the
Philippines, respectively. Ruizanthus, with
2 Andean species(R. venezuelana Schust.
occursnorthwardto CostaRica; R. |opezii
Schust. seemsentirely Andeaninrange),
appears to be allied only to the genus
Austroscyphus Schust., whose 4 species
occur fromNew Zealand and Tasmaniato
New Caledonia, with one outlier in
Indonesia(Schuster, 1985a).

It is possible that these two genera,
constitutingthesubfamily Ruizanthoi deae
(Schuster, 1984), are the remnants of the
ancestral complex from which other
Balantiopsidineae, all apomorphicinthe
spirally coiled capsule valves, evolved.
Thejoint rangesof Ruizanthus+ Austros-
cyphus parallel that of Hymenophytum +
Monoclea, subsequently discussed as
disharmonicelements.

(21) Gymnocoleopsis (Schust.) Schust.
(Gymnocolea subg. Gymnocoleopsis
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Schust.). The sole speciesfitting here, G.
multiflora (Steph.) Schust., isanisolated
elementinthel ophozioideae, foundfrom
Boliviato Colombiaand Venezuelg; itis
apparently confinedtotheparamo-andine
forest ecotone, where it may grow under
Polylepis. | know of no direct aly. It is
apomorphic in the reduced sporophyte
seta, formed of two cell rings.

(22) Pseudocephal oziella Schust. Again
an isolated monotype of the
Lophozioideae, without close affinity to
anything else in the group. The single
species (P. epiphytica Schust.) is atiny
plant epiphytic on twigs at the paramo
marginat 3140 meters,inVenezuela. Itis
very plesiomorphic in being almost
isophyllousinboth vegetativeregionsand
within gynoecia — a feature not again
seenin Lophozioideae (Schuster, 1978).

(23) Lophonardia Schust. Like the two
preceding genera, a plant of the paramo
margin, found at 4150 meters under
PolylepisinVenezuela. Theplant, known
only sterile, resembles a Marsupella
(Gymnomitriaceae) but has the terminal
branching often seen in the Lophozioi-
deae. Itscorrect dispositionremainstobe
established.

(24) Chiloscyphus subg. Fragilifolia
(Schust.) Engel & Schust. Thismonotypic
subgenus, found at ca. 3600 meters on
twigs in the shrub zone of the paramo,
contains a single species, C.
fragmentissima (Schust.) Engel & Schust.
Thespeciesisuniqueintheentirefamily
Geocalycaceaein havingfreely caducous
|eaves; perhapsan autonomousgenusisat
hand.

(25) Rhodoplagiochila Schust.
Monotypic, with only R. rosea Schust.,
known only in cold forests at 3700-3750
metersinV enezuela. Theonly member of
the Plagiochiloideae | have seen with
reddish, anthocyanin-type pigments. In-
oue, who is monographing South

American Plagiochilaceae, would even
excludethegenusfromthat family; | have
noideaastowhereelseit could beplaced.

(26) Marsupella subg. Nanomarsupella
Schust. Again, a monotypic group with
only M. xenophylla Schust. This dwarf
species, from 4160 metersin the paramo
of Venezuela, isisolated from Mar supella
by thetumid, Pigafettoa-likethick-walled
papilliform cellsand the massive system
of subterranean axes. Considered
(Schuster, 1978, p. 249) to 'possibly’
belong to 'n independent genus.'

(27) Acrobolbus subg. Xenopsis Schust.
[Map, Schuster, 1979, fig. 17]. Again a
monotype, withonly A. laceratusSchust.,
from 3140 metersintheParamode Tama
in Venezuela. Regarded as 'so isolated
from' other taxa of Acrobolbus ‘that
separate generic status may become una-
voidable... '(Schuster, 1978, p. 249).

Genera (and subgenera) 19-27 are all
montane elements, either from high
Andean forests of the Polylepis zone or
fromtheparamoitsdlf. Asrepeatedly noted,
they form isolated and 'strange’ types,
without obvious contact points to other
genera or subgenera. Endemism at this
level isbelieved to have been'stimul ated'
by intense sel ection pressureasnew high-
altitude habitats, unsaturated biotically,
were repeatedly created. They chiefly
occur in the Espeletia zone; their
proliferation is exactly analogousto that
of the numeroustaxaof Espeletia.

Ananalysisof these27 generictypes, and
of others (e.g., the monotypic montane-
Andean elementsPlatycaulisSchust. and
LeptoscyphopsisSchust., bothknownonly
fromVenezuela; Schuster, 1978), suggests
that one can differentiate, with admitted
difficulties, between taxa which seem
basically to have evolved as montane
elementsinthe Andes(Chaetocolea Spr.,
Lophonardia Schust., Gymnocoleopsis
Schust., Rhodoplagiochila Schust.,



Pseudocephal oziella Schust., Platycaulis
Schust., Leptoscyphopsis Schust.) and
perhaps'older’' elementswhich occur on
or near the ancient sandstone mountains
of theGuyanaShield (Trabacel lulaFulf.,
Iwatzukia subg. Cladomastigum (Fulf.)
Schust., MytilopsisSpr., HaesseliaGrolle
& Gradst., Odontoseries Fulf.,
Fuscocephal oziopsisFulf.).

Inaddition, 'outlier' speciesof Laurasian
generaexist whosetaxonomicisolationis
such that they fail to fit well into their
respectivegenera. Thusthelarge, polytypic
L aurasian genus Scapania Dumort. hasa
singlecommon speciesintheNeotropics,
S portoricensisHampe & Gott., isolated
fromall othersin, e.g., thestellategemmae;
it has been assigned to a monotypic
subgenus Macroscapania (Schuster,
1974). Within the similarly polytypic
LaurasiangenusNardiathereisanisolated
element formed by N. succulenta (Rich.
ex Lehm.) Spr. montane-neotropical
(Gradstein & Hekking, 1979) in range.
Suchisolated, usually monotypic outlier
species of basically circum-Laurasian
groups cannot be regarded as 'recent'
immigrantsfromLaurasia. | wouldassume
they are “old' immigrants, arriving as
'settlers on unsaturated, newly created
montanesummits. Theproblemwithsuch
ascenarioisthat | question the adequacy
of thetimeavailable(if current dogmaas
to the'youth' of the Andesisaccepted) to
account for thedegreeof taxonomicisola-
tion seen.

A third group of genera, all members of
thevery specializedfamily L ejeuneaceae,
formisolated, usually monotypic el ements
inthefamily. Theseareall rheophytes, or
grow on rocks or branches in the spray
zone. | assumetheseelementsall evolved
at relatively mid-elevations peripheral to
the GuyanaShield and/or eastern Andean
dopes.

They include:
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(28) Myriocolea Spr., with its solitary
species known only from Peru.

(29) Schusterolejeunea  Grolle
(Cladocolea Schust.) withasinglespecies
in the Amazonian drainage.

These two monotypic genera constitute
theisolated, highly apomorphicsubfamily
Myriocoleoideae Schust.(cf. Schuster,
1963).

(30) Cephalantholgeunea Schust., with
only C. temnanthoides Schust.

(31) Potamolgeunea (Spr.) Evs., with 2-
3 species of northern South America.

(32) Myriocoleopsis Schiffn., with one
species known only from Brazil.

Of these five genera, the first four show
highly reduced sexual branches and (28-
30) are highly apomorphic in all having
evolvedvery complex, sympodial systems
of sexual branches, withmaleandfemale
gametangial branches forming closely
integrated bisexual complexes in
Cephalanthol jeuneaand Myriocol ea.

These five endemic genera of
Leeuneaceae are exceedingly isolated
elements. An additional suite of general
subgenera of Leeuneaceae, endemic to
tropical America, include, i.a. (33-47)
Taxilejeuneasubg. Macrolejeunea (Spr.)
Schust., Neurolejeunea (Spr.) Schiffn.,
Dicranolejeunea (Spr.) Schiffn., s. str.,
Amphilejeunea Schust., Cystoleeunea
Evs., CyrtolgeuneaEvs., Dactylolgeunea
Schust., Amblyolejeunea Jovet-Ast,
LeiolgeuneaEvs., Trachylgjeunea(Spr.)
Schiffn. (at least subg. Trachylejeunea),
Cyclolgjeunea Evs., Symbiezidiumsubg.
Symbiezidium Trevis., Stictolejeunea
(Spr.) Schiffn. [the allied genus
Leptostictolgeunea (Schust.) Schust.,
gen. nov. Basionym: Stictol g euneasubg.
Leptostictolegjeunea Schust., Phytologia
56:70, 1984, has a wider range],
Verdoornianthus  Gradst., and
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LindigianthusKruijt & Gradst.

The suite of endemic subgenera/genera
(28-47) of Lejeuneaceae listed aboveis
even moreimpressive when we consider
that: (a) inall of Europe, North America
and Africa there fails to exist a single
endemic genusof thefamily; (b) thevery
often highly apomorphic nature of these
genera. Someof thesederived ecol ogical
and morphological speciadizations have
already been noted for genera28-31. The
remainder, inmany cases, alsoshow very
apomorphic features, i.e.: very reduced
and innovation-free sexual branches
(Taxilejeunea subg. Macrolejeunea),
reduced sexual branches bearing minute
sterile innovations (Stictolg eunea), ase-
xual reproduction via discoid gemmae
(Cyclolgeunea), longly stipitatecalyptrae
and perianths(Amphilgeunea), maximally
dorsiventrally flattened perianths
(Lindigianthus), or ocellate leaves
(Neurolejeunea,  Stictolejeunea,
Cyclolgjeunea, etc.).

A suiteof other genera, mostly alsohighly
derived, scemtohavefoundtheir originin
tropical America (at least their center of
variability isthere) but show limited, and
| think recent, dispersal toAfrica Included
are, i.e., (48) Odontolejeunea (Spr.)
Schiffn., with three species, one O.
lunulata (Web.) Schiffn. highly
polymorphous (and  probably
encompassing a species complex). All
threetaxaarecenteredintropical America,
but O. lunulata has, surely secondarily,
extended its range to Africa and
Madagascar. Included here, also, is the
(49) Omphalanthus- Aureolejeunea
complex, with Omphalanthus Lindenb.
& Nees (probably 6 neotropical species;
onespecies, O.roccatii (Gola) Schust., in
tropical Africa) and Aureolejeunea
[probably 5 species; one, A. decurrens
(Steph.) Schust. in Indomalaya, may be
mi splaced]. Thetaxonomy of thiscomplex
remainsto beclarified, but itisclear that
thecenter of diversity isintropical America

and the sole taxon in Africa may be the
result of relatively recent dispersal. (50)
Bryopteris (Nees) Lindenb., with 7 or
fewer species, has 6 reported for tropical
America [1-2 appear to recur in
M adagascar, but therecordsareacentury
or moreold; thereport of one species (B.
trinitensis) fromthe Himalaya(Stotler &
Crandall-Stotler, 1974) is based on an
error].

The point of the preceding lines is to
reinforce the impression gained from an
examination of the other genera (1-27)
previously briefly discussed. Pervasiveis
therepeated presenceof avery widerange
of clearly apomorphicfeatureswhichlend
the endemic elements of the florasuch a
very unusual and distinctive aspect. This
impression is strongly reinforced when
wecontrast thecomparably, if notequally,
richflorasof cold sectorsof South America
and of Australasia(cf. section V).

What are weto conclude from perusal of
this list of some 50 genera or generic
complexes?Numerically, only, thislisting
isimpressive. In Schuster (1982) thereisa
map (fig. 1) which gives indices of
endemism, at thegenusandfamily levels;
at that time some 39 genera and 50
subgenera were found to be endemic to
tropical America. We now know that ca.
47 generaare endemic to thisarea (vs. 3
for North America, 1 for Europe, 2 for
Africa, 11 for eastern Asia, 28 for
[temperate] Australasia+New Caledonia.
If we include genera that appear to be
neotropical in origin, with very limited
secondary dispersal subsequently (e.g.,
genera 48-50; others could be cited), the
extraordinary richnessanddiversity of the
neotropical hepaticflorabecomesevident.

Muchof thisessay, however, isdevotedto
not documenting numbers,; rather thenature
of the endemics is a recurrent theme to
which | havereturned at interval s above.
Thiscanbest besummarized by anoverall,
encompassing generalization: the



neotropical hepatic flora has shown
explosive diversification in the case of a
number of families (L epidoziaceae, Ce-
phaloziaceae, Lejeuneaceae) and the
generic types which have evolved in the
Neotropics are among the most
apomorphic known in these groups. It
would take many pages to adequately
document, for each of the genera cited,
this assertion; in each case the evidence
may be different. A single example
illustrates the problem: the cool
Gondwanalandic Tuyamaelloideae were
until recently known only from southern
South America into Australasia (one
species'crossed’ Wallace' sLine; cf. map
12 in Schuster, 1969), asidefrom the east
Asiatic-Indomalayan Tuyamaella Hatt.
More recently a genus Haplolejeunea
Grolle was described from the Afro-
Americantropics, thetwoincluded species
are apomorphic vis-a-visall other Tuya-
maelloideae in being ocellate— ahighly
derivative feature whose significance is
unknown. The hepatic flora of the
Neotropics, which | have stated to have
acquired its basic features due to its
evolution in long isolation, can thus
perhapsbe best compared tothemammal
faunaof Australia: both, associated with
similarly impressive periods of total
isolation, havedevel oped'peculiar' biotas
—for probably many of thesamereasons.
As with the case of the mammals of
Australia, the distinctive qualities of the
neotropical Hepaticae, asrepeatedly em-
phasized, arein part due not only to what
Is present, but to what islacking. Thisis
briefly examinedin section V.

Part of the striking nature of the hepatic
floraa soresidesinthefact that, for reasons
already examined, therehasbeenintrusion
of only alimited number of disharmonic
elements, almost all fromLaurasiaor from
cooler partsof Gondwanaland. Theseare
briefly examined next.

2. Laurasian Elements
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A very finitenumber of specieshavebeen
able to cross from appropriate montane
loci inNorth Americasouthward, someof
them|eavingisolated populationson, e.g.,
the volcanoes of central Mexico, the
volcanic mountains of Costa Rica, and
perhaps elsewhere. The timing of this
‘crossing' isdebatable; sometaxa, suchas
Anthelia juratzkana and Cephalozia
pleniceps(for thislast see Schuster, 1986),
and perhapsBlepharostomatrichophyllum
may have madethe migration asearly as
theOligocene; thefirst specieshasreached
Fuegia(Schuster, 1966; cf. map, fig. 1,in
Schuster, 1983a) and occursin interme-
diatestations(Bolivia, Venezuela, Mexi-
co); the second occursin Magallanes —
but sofarisunknowninintermediatesites
between boreal North America and
Magallanes (Schuster, 1986); the third
occurs from Peru (Schuster, 1966),
Venezuela and Costa Rica (Schuster,
1985), Colombia(Gradstein & Hekking,
1979) and Mexico (Schuster; unpublished)
and probably at high el evationsin between.
ThusJamesoniellaautumnalis, previoudy
reported only from Laurasian|oci, occurs
at the Paramo de Tama, in Venezuela,
near the Colombian border (Schuster,
1978, p. 245); Nowellia curvifolia,
previously reported only from Laurasian
loci, recursinVenezuela(Schuster, 1983,
cf. map, fig. 63) and Colombia(Winkler,
1976). A plant alied to Lophoza incisa
(Schrad.) Dumort., described as subsp.
austrigena Schust. (Schuster, 1978, p.
242)isreported as'new'toL atin America.
It also occursin Colombia (Gradstein &
Hekking, 1979). Finally, Anastrophyllum
minutum, circumholarctic in range and
found far northward into the Arctic
(Schuster & Damsholt, 1974; Schuster,
1969a), has been found at single stations
in Mexico and Venezuela (cf. map, fig.
65, in Schuster, 1983).

The'ntrusion’ of thesecool - to col d-adapted
Laurasian elementsseemsclearly related
to both tectonic factors (the recent rise of
theNorthern Andes, and of vol canic peaks
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in Central America) and thereproductive
biology of thetaxainvolved. Thecasesof
Anthelia juratzkana and Anastrophyllum
minutumarediscussedindetail in Schuster
(1983a); these taxa exhibit differing
adaptationsthat enhancedispersibility. The
Anthelia is paroecious and copiously
produces bisexual spores; the
Anastrophyllum copiously produces
gemmae(andincoldaress, oftensporesas
well). Of the other taxa cited, the
Cephalozia, Blephar ostoma, Nowel liaand
Lophoza al produce gemmae; only the
Jamesoniellaisboth unisexual and lacks
asexua modes of producing diaspores.

Therdativerarity, bothinnumbersof taxa
and in the frequency of populations, of
these taxa in our area deserves some
emphasis. | collected both the Anthelia
and the Anastrophyllum asingle timein
the Sierra Nevada de Merida; the
Jamesoniellawascollectedasingletime,
alittlelater, in the Paramo de Tama; the
Nowellial recall collectingasingletime.
An additional, paradoxical case may be
cited: Marsupellarevoluta, withahighly
digunctrange(low arctic-apinein Europe,
Japanand Taiwan, Borneo, theHimalaya,
Mt. Wilhelmin New Guinea, Greenland,
Baffin 1., Alberta; cf. Schuster, 1974)
occursinthe SierraNevadade Meridain
Venezuel a(collected thereby Josef Poelt).
Thistaxonlacksany capacity toreproduce
asexualy and has never been found to
produce sporophytes in the Western
Hemisphere. Only the Blepharostoma
appears to be relatively frequent in both
Venezuela(Schuster, 1985) and Colombia
(Gradstein & Hekking, 1979) southward
to Peru(Schuster, 1966). Plantssimilar to
thecircumboreal Cephal oziabicuspidata
occur in Colombia (Fulford, 1968) and
Venezuela (Schuster, 1978a; as C.
venezuelana Schust.) — their taxonomic
status needs careful investigation. [Early
reports (Kunth, 1822) of Cephalozia
connivens, another circumboreal taxon,
from Colombia, are surely due to some
error.] Chiloscyphus cuspidatus (Nees)

Engel & Schust. [=Lophocoleacuspidata
(Nees) Limpr.] is also reported from a
single station in Venezuela (Schuster,
1978, p. 246); thisisthe'typical autoecious
plant, sensu Schuster (1974 and earlier
authors).

Thereareafew other reportsof Laurasian
taxafrom northern South America, e.g.,
Jungermanniasphaerocarpa, J. hyalina,
Lepidozia reptans, Metzgeria conjugata
(cf. Fulford, 1966; Gradstein & Hekking,
1979); the bases for these reports should
beverifiedfromadequate, fertilematerials.

*)
3. Gondwanalandic Elements

Thetaxafoundintropical Americawhich
have Gondwanalandic roots are of two
kinds: (a) thosewhichrepresent probably
relatively recent immigration and appear
identical at the species level with those
found in southernmost South America;
and (b) presumably relatively early
immigrants, which have evolved into —
sometimesstrikingly — distinct endemic
Species.

Thefirst group isrepresented, i.e. by:

(1) Pseudocephaloziaquadriloba (Steph.)
Schust. [maps in Schuster, 1979, fig. 9

and Schuster & Engel, 1974], found in
Venezuela(Schuster &

(*) Noteby theeditors: additional dataonthissubjectareprovided
by Gradstein & Vana 1987: On the occurrence of Laurasian
LiverwortsintheTropics. Mem.N.Y . Bot. Garden45: 388-425.
Engel, 1974), Colombia(Gradstein& Hek-
king, 1979), northward to Volcan Poas,
CostaRica(Schuster & Engel, 1974). The
bulk of thetaxaarein southernmost South
Americaand Australasia.

(2) Hygrolembidium andinum (Herz.)
Schust. (cf. Schuster & Engel, 1987),
found in central Chile (type) and in
Venezuela at 3850 meters. The
V enezuelan popul ation appearstodiverge



appreciably from the Chilean one. [The
map, fig.2, in Schuster, 1982, showsthe
then-known range. The Venezuelan
station wasfound later.]

Pseudocephal ozia Schust. and Hygrolem-
bidium Schust. aretypically subantarctic
genera of the isolated subfamily
Lembidioideae[cf. themap cited above];
theformer occurs south to Tasmaniaand
southern New Zealand and to Fuegia; the
latter, tothePrinceEdward I dands, Fuegia,
the Antarcticand Campbell Island, andto
Kerguelen. P. quadrilobaoccursat 3200-
4100 metersin Colombia, H. andinumat
3850 meters in Venezuela. Both taxa
appear to have been able to make their
northward migration only after (a)
Oligocenecoolingand, perhaps, aslateas
Pleistoceneglaciation; (b) elevation of the
Andestonearly their present height. Both
are limited largely to 'unstable' environ-
ments, or difficult loci (e.g., late snow
areas).

(3) Triandrophyllum subtrifidum (H.f.
& T.) Fulf. & Hatch. Thisspecies, s.lat.,is
widespread in cool- or cold-
Gonwanal andicareasfrom Tasmaniaand
New Zeal and to southern South America;
it extends northward to Colombia, where
itispredominantly aparamo species.

The second group is represented by
endemic species whose 'moorings are
clearly with cool-Gonwanal andic groups.
Included are, i.e.:

(4) Temnoma chaetophylla Schust. (of
Venezuela); all other taxa are
Gondwanalandic, withonly T. setigerum
(Lindenb.) Schust. secondarily expanded
northwardto the Philippinesand Hawaii.

(5) Telaranea (Neolepidozia)
rectangularisSchust. (of Venezuela). The
only neotropical member of subg.
Neolepidozia; the other 3 taxa [T. (N.)
capilligera (Schwaegr.) Schust., T. (N.)
seriatitexta (Steph.) Schust., T. (N.)
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oligophylla (L. & L.) Schust.] occur in
southernmost Chileto South Georgiaand
Fuegia.

(6) Lophozia(Protolophoza) verruculosa
Schust., aparamo speciesfound at 3130-
3140 meters in Venezuela. Allied to L.
crispata Schust. of Fuegiaand M agallanes.

(7) Marsupidium latifolium Schust.,
known only from 3100 meters in the
Paramo de Tama, Venezuela (Schuster,
1978, p. 249); perhaps allied to M.
urvilleanum (Mont.) Mitt. and M.
renifolium(Haessal & Solari) Schust., both
of southernmost South America. The
genus, s. gtr. (asdistinct from Tylimanthus),
is exclusively cool-Gondwanalandic,
aside from M. knightii Mitt., which
penetrates into New Guinea and across
Wallace's Line. A second species, M.
gradsteinii Grolle hasjust been reported
asan endemicin Guyana(Grolle, 1989).

(8) Paracromastigum granatensis (G.)
Schust. [Bonneria granatensis(G.) Fulf.
& Tayl.; probably includingassynonyms,
Leucosar mentum portoricense Fulf. and
L. bifidum (Steph.) Fulf.]. The genus, s.
lat.,to include Bonneria, is widespread
and polytypicintheareafromNew Zealand
to southernmost South America, with
perhaps 5-6 species. [P. pachyrrhizum
(Nees) Fulf. extends north to southern
Brazil].

Theabovelist could besupplementedtoa
modest extent. Our taxonomic
understanding of many groups, however,
prohibitsamoremeaningful analysis.

Within group (b) above, are also several
groups which may have been cool
Gondwanalandic in origin, dispersed
relatively early into our area, and there
underwent diversification, sometimes
explosive diversification. Included here
arei.e.

(9) Adelanthus Mitt. (s. lat.) [Map, in
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Schuster, 1979, fig. 11]. The greatest
diversityisintheareafrom Australasiato
southern South America(threesubgenera
represented), with a second center in
elevated areasof tropical South America.
[ Twotaxahaveshown presumably recent,
secondary dispersal to Macaronesia and
hyperoceanic westernmost Europe; two
to Africa + Madagascar.] The tropical
American taxa are, in part, highly
apomorphic (e.g., A. aureomarginatus
Schust. of Venezuelaand Colombia— a
species with highly specialized,
pigmented, swollen and pluridentate | eaf
margins).

(10) Syzygiella Spr. [Map, in Schuster,
1969, fig. 22]. Of the 19 (perhaps 20)
species, 13 occur in our area; one (S
pseudoconnexa) occurs only in cool-
Gondwanalandic partsof South America.
Thisspeciesisby far themost plesiomor-
phic and representsadistinct, monotypic
subgenus (or allied genus). Presumably
secondary dispersal has occurred from
cool- Gondwanalandic areas to tropical
America, whereexplosivediversification
hastaken place, with limited dispersal to
Indomalaya, to Sri Lankaand Taiwan (3
species) and montane eastern Africa (1
species). The cited map abundantly illu-
stratesthemassiveexpl osiveevol ution of
this highly derivative genus (all species
are unusual in having opposed |eaves).

4. Dishar monic Elements

A few generacited above (Alobiellopsis,
Cephaloziopsis, Iwatsukia) have the
majority of taxain tropical America, but
outlier species occur inthe areafrom the
Ryukyulslandsto southern Japan, and, in
part, to Borneo and the Himalaya. Since
alied genera (Alobiella, Cylindrocolea)
are either endemic to or widespread and
diverseintropical America, it seemslikely
the East Asiatic outliers represent
secondary centers. | have cited the fact
that a considerable array of taxa is
characteristic of the area of the 'Ring of

Fire.' Both Alobiellopsis and Cephalo-
ziopsisoccur chiefly as pioneer elements
on moist rock faces and are frequent in
volcanic areas (the latter is a 'weedy'
element in partsof the CordilleraCentral
in Colombia, and in the volcanic
mountainsof Dominica; theformer hasa
similar ecology).

Whoally differentinnatureisthedistribution
of two mesophytic elementswhich occur
widespread in Australasia, then recur in
tropical America; Monoclea and
Hymenophytum. Evans (1925) reported
Hymenophytum flabellatum (Labill.)
Dumort. fromawideareaof Australasia,
eastwardtoFiji, Juan Fernandez, andthen
Huafelsland, Chile, the Andesof Bogota,
Colombia. If theancientandisolated genus
Monoclea contains only one species, as|
believe, that species, M. forsteri Hook.,
occurs digunctly in New Zealand and
from Chilenorthwardto Mexicoand Cuba.
It is conceivably possible that these two
monotypic genera — both representing
wholly isolated families (and the
M onocleal esrepresent anisolated Order)
— areamongthelast modernsurvivorsof
elements of the ancient, undifferentiated
Gondwana florathat existed prior to the
breakup of Gondwanaland. Assuch, they
may only seemtobedisharmonicinnature.

5. Afro-American Connections

In addition to a series of either sibling or
identical species, linking tropical Africa
(and Madagascar) and tropical America
(for which see Gradstein, Pocs & Vana,
1983), there are a few older, more
intriguing connections. Where identical
species occur on both sides of the South
Atlantic [e.g., Telaranea nematodes (G.
ex Augt.) Howe, Lg euneaautoicaSchust.,
Rectolejeunea brittoniae Evs.,
Caudalg/eunea lehmanniana (G.) Evs.]
or where sibling species occur [e.g.,
Cylindrocolearhizantha(Mont.) Schust.
and C. atroviridis (Sim) Schust.; cf.
Schuster, 1980, p. 27], | would assume



that thedis unctionreflectslong-distance
dispersal after the South Atlanticbeganto
open, with— at best— limited subsequent
Speciation.

Thereareseveral instancesof older and/or
more isolated elements, whose Afro-
American dispersal may reflect a relict
status today, with presumably a former
lessdiscontinuousrangewhen Africaand
South Americaweretill joined.

Among such cases are thefollowing: (1)
HaplolgeuneaGrolle, anisolated element,
presumably with two species only, one
from M adagascar to West Africa, theother
[H. cucullata (Steph.) Grolle] intropical
America from Brazil to Guyana and
Surinam (Gradstein & Hekking, 1989).
Thegenusistheonly tropical element of
the rather plesiomorphic subfam.
Tuyamaelloi deae— asubfamily (asnoted
earlier) basically dispersed over cool Gond-
wanalandic areas, with only one species
of Sphonoleeunea*” crossing” Wallace's
Line.

(2) Symbiezidium Trevis., an isolated
genusbel onginginitsown'genuscomplex’
(Schuster, 1963), with perhaps only two
well- defined neotropical taxa in subg.
Symbiezidiumand amore plesiomorphic
speciesin Madagascar, constituting subg.
Eosymbiezidium (Gradstein & van Beek,
1985).

That such putatively ancient, perhapspre-
rift connectionsbetween Africaand South
Americaarevery fewisanotablefact; the
bulk of obvious connections are clearly
recent and often formed by relatively
'weedy' taxa, e.g., Legeunea caespitosa
Lindenb., Cheilolgeunearigidula(Mont.)
Schust., Leucolejeunea xanthocarpa
(Lehm. & Lindenb.) Evs.,and L. unciloba
(Lindenb.) Evs. Only thelasttwotaxaare
sufficiently plesiomorphicthat theextant
range could be argued to reflect pre-rift
continuousdistribution patterns.
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The absence of any considerable suite of
taxalinking thesetworegionshasseveral
causes. (@) the length of isolation —
approximately 80-90m.y.; (b) the,inlarge
part, morecontinental and seasonally arid
climate of much of tropical- subtropical
sectors of Africavs. the very extensive
regionswith copious and non-seasonally
limited precipitationintropical America;
(c) the more complex and continuous
history of mountain building in tropical
America, withitscombination of creation
+ continuance of suitable niches for a
large diversity of taxa. The high African
mountains — basically all volcanic and
recent in origin— offer alimited suite of
suitable environments. There one finds
invasion, to alarge extent, of Laurasian
elements(e.g., Tritomaria, Scapaniaspp.)
or other elements lacking in tropical
America (e.g., Chandonanthus). Thus a
comparison of theflorasof thetworegions
illuminatesthequantitativeand qualitative
differencesin their hepatic floras, rather
than suggests any obvious connections.

Thelimited Afro-American connections
also suggest that much of the pertinent
evolution has occurred subsequent to the
opening of the South Atlantic. The basic
time frameinvolved — at least 80 m.y.,
perhapsasmany as90 m.y. —isabout the
same as is involved in the case of the
isolation of New Zealand. In Schuster
(1979) therearespecul ationsastoratesof
speciationand genusformation, based on
an evaluation of tectonic data +
morphological (hence taxonomic)
differences; it is concluded that 80 m.y.
has been adequate, in the case of groups
whereinternal evidence suggests!imited
ornodispersibility, for evolutionof distinct
generaor genus-pairs. Thedatafrom cool
sectorsof Gondwanaland and thosefrom
the Neotropics are thus quite congruent.

V. The Absence of Certain Families
and Suborders: itsSignificance

Oneof themoretenuous—if not profitless
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— exercises of the biogeographer is
speculating why specific elements are
lackinginthebiotaof aparticular region.
However, the absence of a diversity of
such elements may, collectively, bevery
significant and one can hardly avoid con-
sidering the topic. I am reminded of
Sherlock Holmes's famous dog that did
not bark in the night; as much fuel for
speculation can be obtained from purely
negative data. Thus the diversity which
almost overwhelmsthestudent of hepatics
in tropical America, when analyzed
closely, is seen to be of a peculiar and
grikingly limitednature: inessence, severa
obvious, or less than obvious, attributes
arenoted:

(2) Entirefamiliesand even suborders of
Jungermannial esareabsent.

(2) The groups present are, by and large,
relatively modernor evenhighly derivative
groups, with in many cases the more
generalized, or plesomorphic, groups
present in cooler parts of former
Gondwanaland.

(3) Exceptions to these generalizations
occur chiefly as a consequence of
geologically recent events.

For example, the rather generalized and
relatively stenotypi c Blepharostomataceae
(Pseudolepicoleaceae) are richly
diversifiedinsouthern South Americaand
Australasia — yet in tropical America
they arerepresented by only threeelements:
(@) a highly derived endemic genus,
Chaetocolea Spr., whose sole species, C.
pal mata Spr. occursfrom Ecuador to Co-
lombia and barely into Venezuela
(Schuster, 1985); (b) areduced, derivative
speciesof thecool-Gondwana andicgenus
Temnoma Mitt., T. chaetophyllum
Schust., belongingtoanisol ated subgenus,
(c) Blepharostomatrichophyllum, clearly
a recent immigrant from the Northern
Hemisphere. All three taxa are montane;
the last two have been previously

discussed.

If weleaveasidethelimited disharmonic
elements, and those clearly derived from
cool-Gondwana andicandcool-Laurasian
loci, theremaining el ementsinthehepatic
floraformahighly distinctivewhole. They
exhibit reproductivepatternsand ageneral
'life style’ which is distinctive. Some
examples: (1) Unlike in groups which
proliferated in Laurasian regions (e.g.,
Scapaniaceae, Lophoziaceae), asexual re-
production via gemmae is a rare
phenomenon — found principally in
Anastrophyllum stellatum Schust., and a
few Cephaloziellaand Cephal oziaspecies,
if weexcluderecent Laurasianderivatives
(e.g., Nowelliacurvifolia, Lophoziaincisa,
Blepharostoma trichophyllum, Anastro-
phyllumminutum, Cephal ozia bi cuspida-
ta). Indeed, avery disproportionate per-
centage of the taxa which reproduce via
gemmae are evidently rather recent
invaders — mostly in montane and/or
alpine environments. (2) Asexual repro-
duction, if it occurs at all, is often by
caducous or fragmenting leaves (many
spp. of Plagiochila, also Acrobolbus
laceratus Schust. and A. caducifolius
Schust. & Agu.) and such asexual
reproductionistypical evenof somefami-
liesinwhichit isotherwise not knownto
occur [thus in Geocalycaceae, gemmae
areknown in Geocalyx, Har panthus and
Chiloscyphus subg. Lophocolea, in
Laurasian taxa; in C. (Caducifolia)
fragmentissimus (Schust.) Engel &
Schust., of the northern Andes, asexual
reproduction is via caducous leaves;
caducous leaves are otherwise unknown
in the family]. Alternatively, discoid
gemmae are acommon mode of asexual
reproduction (Radula spp., nearly al of
the many Cololejeuneoideae,
Caudalejeunea, Cyclolgeunea). (3) As
noted earlier, experiments with neoteny,
initsbroad sense, arefrequent. Inaddition
totheexamplescited earlieristhenotable
oneof Plagiochilamoniliformis Schust.,
atiny species, whichisapparently wholly



sterile; itistheonly one of thisenormous
genuswhichfreely reproducesby cutting
off rowsof thick-walled, I-celledgemmae
fromteeth of |leaves(Schuster, 1978); this
species reproduces asexually when of a
sizeand configurationthat correspondsto
that seen in juveniles of more 'normal’
Plagiochila species. Similar asexual
reproduction, basically by fragmentation
from teeth of the leaves, aso occursin
Chaetocolea Spr.

My pointisthat not only areentiregroups
lacking (or represented by asingletaxon)
but thereisashiftinreproductivebiology
from what we consider 'normal’ in
Northern Hemisphere taxa. Again, this
points up the distinctiveness of the
neotropical hepaticflora.

Since the most obvious physical
connectionsof tropical Americahavebeen
with the temperate to cool areas to the
south, a comparison between these two
areasmay proveprofitable. If weanalyze
the nature of the cold-Gondwanalandic
taxa present in southernmost South
America, itbecomesevident that thequa-
litative differences between the tropical
belt and the cold- Gondwanalandic belt
are profound. Lacking in our area are
many genera, e.g., Isophyllaria Hodgs.,
Pseudolepicolea Fulf. & Tayl.,
Archeophylla Schust., Archeochaete
Schust. and Herzogiaria Fulf. of the
Blepharostomataceae; Grollea Schust. of
theGrolleaceage; VetaformaFulf. & Tayl.
of the Vetaformaceae; Acrolophozia
Schust. and Herzogobryum Grolle of
Gymnomitriaceae; Blepharidophyllum
Angstr., Clandarium(Grolle) Schust., and
Krunodiplophyllum  Grolle, of
Blepharidophyllaceae; Austrolophozia
Schust. of Acrobol baceae;
Pleurocladopsi s Schust., Paraschistochi-
la Schust., Schistochila Dumort. and
Pachyschistochila (Schust.) Schust. &
Engel, all genera of Schistochilaceae;
Ptilidium Nees of Ptilidiaceae;
Lepidolaena Dumort., Gackstroemia
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Trevis. and Lepidogyna Schust. of
L epidolaenaceae; Treubia Goeb. of the
Treubiaceae; PhyllothalliaHodgs. of Phyl-
lothalliaceae. Thesearedl |l typical elements
in the cold-Gondwanalandic regions to
the south. Such an analysis is relevant
because it emphasi zes the uniqueness of
the tropical American flora and its
separatenessfromthat of theregionstothe
south. It strongly suggests that the E-W
barrier between the two areas had a
profound effect. If wefurther analyzethe
taxacited aboveweseethat they basically
consist of unisexua taxa (exceptions:
isolated species of Acrolophozia,
Herzogobryumand Gackstroemia) which
nearly always lack asexua propagula
(exceptions: Acrolophozia, Austrol opho-
Ziaand Treubia, al of whichbear gemmae).
These taxa thus share, in general,
reproductive 'strategies that promote
outbreeding and that prevent successful
migration.

It would beincorrect to concludethat the
drastically differing hepaticflorasreflect
only or principally differencesinavailable
environments. Thecold, wet nichesfound
in many paramo areas exhibit most or
nearly all of theenvironmental parameters
found on the cold, foggy and rainy coast
of Chile. Indeed, one unique genus,
Eopleurozia Schust., hasthesamespecies
[E. paradoxa (Jack) Schust.] present at
high elevations in Colombia and at sea
level in southernmost Chile! Thelack of
morethanisol atedtaxawithsuchadispersa
strongly supportsthethesisthat thebarriers
(climatic: the E-W seaway) that separate
these two areas have been profound. We
must, indeed, conclude that only the
handful of taxa cited on previous pages
has been able to migrate from cool- or
cold-Gondwanalandic areas to tropical
America

Itisexactly theabsenceof awiderangeof
cool-Gondwanal andictaxathat returnsus
again to the basic questions to which |
havetriedto addressmyself: what arethe
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origins of the neotropical hepatic flora
and, implicity, when did this flora
originate?Theavailabletectonicdatalimit
us to a certain time frame; with
extrapolation from fossi| datawe can —
precariously, because of thefragmentary
nature of the evidence — also deduce a
time frame. As repeatedly emphasized,
opening of the South Atlantic, disruption
of theScotiaArcand peripheral areas, and
lack of significant connectionsnorthward
until the Pliocenesuggest isolationinthe
vicinity of 80-90 m.y. The E-W seaway
cutting South Americainto southern and
northern sectors, isolated the northern
sector during a period when the
connections of the southern sector to
Antarctica(andthroughitto Australasia)
were still functional. Recent fossil data
suggest that until some time in the
Cretaceousthetypesof Jungermanniidae
present werevery different from modern
types (cf. Krassilov & Schuster, 1984;
Schuster & Janssens, 1989), while by
Eocene-Oligocenetimesrel atively modern
typesaready existed (Miller, 1984; Grolle,
various papers on amber hepatics); see
next section. If these data have any
relevance at all, they suggest that some
timebetween90m.y. BPandearly Tertiary
times, thetropical Americanfloraattained
roughly its present form; it attained its
dimensions, qualitative and quantitative,
inisolation. | suspect— but cannot prove
— that many of the peculiar endemic
typeswereestablished sometimeafter the
mid-Cretaceousinitiation of therift now
separating AmericafromAfrica, and prior
to the late Tertiary 'creation’ of the
Cordilleran mountain systems. The
explosivediversificationinmoderngroups
(chiefly Lejeuneaceae, also Plagiochila,
Radula, and Frullania) is a Tertiary
phenomenon.

Much of the previous discussion of
absence of specific elements, or their
presence as isolated, disharmonic taxa,
has centered on the rich and diversified
flora of the uplands. If, by contrast, we

study the composition of the Lowland
Rain Forest, theabsenceof many el ements
becomes even more overwhelming.
Intensive study of two lowland areas: the
Rio Negro and tributaries like the Rio
Curicuriari andRioMarie, inBrazil, reveal
amost an identical pattern of what is
present vs. what islacking asstudy of the
pacific Lowland Rain Forest on Isla
Gorgona, Colombia. In both areas the
very large bulk of species is formed by
very few familes: Lejeuneaceae,
Radul aceae, Jubul aceae, Plagiochil aceae,
Metzgeriaceae, Aneuraceae and a few
gpeciaizedmembersof theL epidoziacese.
Lacking, or virtualy lacking, in such
lowland forestsare at |east 50 families of
hepaticsfoundinthenon- tropical partsof
southern South America (i.e.,
L epidol aenaceae, Grolleaceae,
Schistochilaceae, Gymnomitriaceae, L o-
phoziaceae, Blepharostomataceae, except
for Trichocolea, Lepicoleaceae,
V etaf ormaceae, Scapaniaceae,
Blepharidophyllaceae, Acrobolbaceae,
Cephal oziaceae, Ptilidiaceae,
Pleuroziaceae).

Thus, eventhoughinitially the student is
overwhelmed by therichnessof theflora,
analysis reveals that it is redly a very
limited flora, characterized by explosive
diversification of a very few families,
supplemented chiefly in upland areas by
geologically recentimmigrants.

VI. Some Conclusions: Origin vs.
Origins

Any analysisof theorigin— or origins—
of the neotropical hepatic flora must
concern itself with the problem of the
kinds and degrees of endemism seen in
that area.

The preceding analysis suggeststhat two
kindsof endemismarerelevant: (a) alarge
number of the poorly known taxa of the
essentially circumtropical Lejeuneaceae
(whosetaxonomy remainssoimpenetrable



that attempts at a phytogeographic
evauation seem amost senseless) and
Plagiochilaceae, and of thegeneraFrulla-
nia (no modern monograph exists) and
Radula (the revision by Castle needs
revision) — all of which seem to have
evolved countless modern endemic
species; (b) acomplex neotropical flora
whichinvolvesagreat ded of quditatively
highly 'peculiar' endemism. These
endemics include a large array of taxa
which havelittleor no affinity to those of
other areasandwhichgivetheimpression
of having evolved over long timeperiods
inisolation.

Theextant geol ogical datasuggest that the
pertinent northernsector of Latin America
showed a more nearly total physical
isolation from other land areas than any
other comparable land mass during
virtualy thewholeTertiary. A minimum
of 40-50 m.y. of physical isolation is
assumed. If the still fragmentary data
dealing with leafy fossil hepatics are
evaluated, it may be concluded that from
Oligocenetimeonwefind speciesof even
modern L ejeuneaceae that are strikingly
similar to modern taxa — and similar
species of ‘'modern,’ mostly apomorphic
generalike Cephaloziella, Radula, Frul-
lania and Bazzania occur; moss fossils
fromearly Tertiary timesonareasovery
similar to modern taxa. Yet fossil
Jungermannial esfromtheCretaceousfail
tofitintoany modernfamilies(Krassilov
& Schuster, 1984) and some Cretaceous
Jungermanniales are so isolated they are
referred to their own suborder (e.g.,
Diettertia; cf. Schuster & Janssens, 1989).
These data, still woefully fragmentary,
collectively suggest that the leafy
Hepaticae and Metzgeriales of tropical
America(a) acquiredtheir uniquespectrum
only in Tertiary times; or (b) the African
component of the presumably common
Afro-American floradied out — in part
owing to the cycles of aridity to which
most of Africawassubject. Although not
susceptible to proof, it is reasonable to
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suggest that a combination of these two
factorsobtains. Inany event, if wecompare
the amount of endemism seen in South
America, andthat of formerly adjoiningor
recently adjoined land masses (Africa,
Antarctica, North America), the paucity
of endemics in the latter three regions
standsout — that of Antarcticabeing due
to Tertiary climaticextinction.

More illuminating is an analysis of the
qualitativenatureof theendemismevident
in the area encompassing the Guyana
Shield, theAndesand outlying mountains,
and the peripheral lowlands of the
Amazonian-Rio Negro basins, and the
Antilles. If wecompareboththequantita-
tiveand quditativenatureof theendemism
to that of southern South America, North
America, Africathedistinctivenessof the
tropical American floraclearly emerges.
In Schuster (1983, fig. 42) a numerical
analysisis attempted. Tropica America
hasat | east 39 endemic hepatic genera(40,
including the recently described
Haesselia), 50 endemic subgenera, and 2
endemic families. Using admittedly
subjectiveevaluations, onecanregardonly
2 of the endemic genera as relatively
primitive; both families are, on balance,
very apomorphic (thePhycol epidoziaceae
are among the most specialized of all
hepatics).

All of North America, by contrast, has
only 3 endemic genera and no endemic
families. Southern South Americashows
many fewer (18) endemic genera (21
subgenera) but has 2 endemic families
(both primitive). Eight of the generacan
be regarded as relatively primitive. The
entireAfricanflorahas, at most, 2endemic
genera (Cephalojonesia Grolle is
monotypic; the other, Sorucella Steph.,
with 2 species, is a weak segregate;
Anomal olgjeunea has been reduced to a
subgenusof Cheilolg eunea, cf. Schuster,
1980). Both endemic genera are quite
apomorphic and the areahas no endemic
families.
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Withregardtoendemism, thereis,indeed,
only onecomparableregion: Australasia,
with 28 endemic genera (29, including
Austroscyphus) and 7 endemic families;
of these some 10 generaare primitive, as
aretwoof the7 endemicfamilies. Boththe
degree and time of isolation of New
Zeadland and New Caledonia (of the
general 'rise' that rifted off fromtherest of
Australasia) arecomparabletotheisolation
of tropical America: theformer hasbeen
isolatedfor over 60— perhapsca. 80m.y.
—thelatter may havebegunto beisolated
by 90 m.y. BP. Until the Pliocene contact
with North Americaand until the Andes
were elevated, tropical South America
appears to have been just as isolated as
AustraliazNew Caledonia. Of the two
regions, tropical Americaclearly isquan-
titatively richer in endemics, but
Australasia is far richer in generalized
types.

The ultimate conclusion, then is that the
exceptionally diverse hepatic flora of
tropical America has largely evolved in
isolation; itsorigin isto be sought in the
gradual modification, starting in the
Cretaceous and continuing during all of
the Tertiary, of a relatively non-
differentiated, widespread, pre-Oligocene
Gondwanalandicflora.

It is thus surely correct to speak of the
originof thepresent- day tropical American
hepatic floraas asingular event brought
about by gradual differentiationcoincident
to isolation. No hepatic flora exhibits a
similar degree of evolution of highly
apomorphic types — often involving
maximal reduction and simplification,
sometimesinvolving aspects of neoteny.
Intrusion of heterogeneousel ementsfrom
Laurasiahasbeen very limited; intrusion
of cool Gondwanalandic types has been
almost as limited; and what once must
havebeen closefloristic contactswiththe
African flora are now reduced to a
dwindled, insignificant number. Modern,
successful groups (e.g., many
Lejeuneaceae, Radula, Frullania,
Plagiochila) whicharesubcosmopolitan,
lendasuperficia samenesstomosttropical
floras. When these are excluded, what is
left isunique and cannot beduplicatedin
other hepaticfloras.

The preceding analysis leaves many
questionsfor thefuture. Somewill become
susceptible to analysis only after the
taxonomy of many groupshasbeenfurther
refined. Modern molecular/genetic
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