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Abstract. A bryophyte inventory along an altitudinal gradient on Cerro Pirre (1200 m), Darién
National Park, Panama, demonstratesthat thedifferent rainforest typesal ong thegradient (inundated-
lowland, hillside-lowland, submontane, montaneelfinforest) havevery different speciesassembl ages.
The montane forest has the largest number of exclusive species and the largest bryophyte biomass.
Speciesrichnessis greatest in the submontane forest.

Thebryophytefloraof Cerro Pirreisnot exceedingly richin speciesowingtotherather low elevation
of the mountain and the seasonal climate in the adjacent coastal plain. Nevertheless, the distinct
altitudina diversificationandtheoccurrenceof aconsiderablenumber of rarehepatictaxa, demonstrate
the importance of Darién National Park as an area of plant conservation. Forty hepatic species are

reported as new to Panama.

Darién National Park, created in 1980, is the
largest naturereservein the Republic of Panama
and one of the largest in Central America. It is
locatedinthe Provinceof Dariénalong theborder
with Colombiaand hasasurfaceareaof 579.000
hectares (Fig. 1). The park contains the largest
hydrographic watershed in the country, that of
theTuirariver anditstributaries. In1981 thepark
was included in UNESCO's list of World
Patrimonies and two yearslater, in 1983, it was
declared a Reserve of the Biosphere.

Thealtitudinal gradient inventoried waslocated
at Cerro Pirre (1200 m). Thisisthe highest peak
of theSerraniadePirre, amountainridgelocated
in the central portion of the park. The ridge
extendsnorthwardsfor about 35 kilometersfrom
the Colombian border and iscomposed of Creta-
ceous igneous rocks (Myers 1969, Dalfelt and

Morales1988). Theclimateof theareaishumid-
tropical ,the mean annual temperatureat thebase
of the mountain ranges between 22-25 degrees
Celsiusandthemean annual rainfall isover 2500
mm, withapronounced dry season during January-
April. Northern winds prevail from the end of
December to April, while mild and variable
southern winds predominate from May to
December (Dalfelt and Morales 1978). A cooler
climate with frequent clouds and mist occurs at
thesummit of Cerro Pirre. Virginevergreenrain
forest covers the slopes of the mountain and an
elfin-typemontaneforest isfound at the summit.
The bryophytefloraof the Darién National Park
is very poorly known. In recent years some
bryophyte collecting in the park has been done
by Panamanian and North American collectors
but virtually nothing hasbeen published onthese
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collections. The present study is the first one
dealing with the bryophytes of the park.
Fieldwork was carried out by the authors during
4-8 June 1991 based on the INRENARE field
station at the northwestern foot of Cerro Pirre, 4
km SE of the indian village of Pirre (Salazar
1989). Collections were made along the trail
leading fromthestationtothesummit, and along
the path from the station to the town of El Real
(Fig. 1). Five collecting sites were defined, as
follows:

1. Trail El Real-Pirre, along Rio Pirre, ca. 50 m.
Cultivatedlowland areawith orchards, degraded
woodland and isolated trees.

2. Periodically inundated lowland rain forest at
the northwestern foot of Cerro Pirre, around
INRENARE field station, ca100 m. Pamsarea
conspicuous understorey element in thisand the
next forest type.

3. Hillsidelowlandrainforest onthelower slope
and ridge of Cerro Pirre, along trail to Rancho
Mojado, 400-500 m.

4. Submontane rain forest on the ridge to Cerro
Pirre, above Rancho Mojado, 800-1100 m.

5. Montane cloud forest (“elfin forest”) at the
summit of Cerro Pirre, 1100-1200 m.

Sites 2-5 are located within the boundaries of
Darién National Park and constitute the investi-
gated altitudinal gradient on Cerro Pirre. Habitats
inventoried include tree trunks from the base to
3 m above ground level, shrubs, lianas, vines,
living leaves, decomposing logs, and soil. Some
specieswere gathered from the crowns of fallen
treesbut aninventory of theforest canopy wasnot
attempted.

About 200 coll ectionsweremade, themajority of
them hepatics. Even though mosses were much
lessprominent than hepati csat higher elevations,
they are under-represented in the collections. In
all, 124 species were collected, including 92
hepaticsand 32 mosses(Tablel). Almost 90% of
the species could be named; a few species of
Legleuneas.|. and Plagiochilaandthemossgenera
Acroporium, |Isopterygium, Lepidopilum,
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Macromitrium and Pireella could not be
identified. | dentificationof themosseswascarried
out by Salazar Allen, of thehepaticsby Gradstein
with help from Dr R. Grolle (some species of
Lejeunecideae and Tylimanthus) and Dr K.
Y amada(somespeciesof Radula). Thespecimens
have been deposited in the Herbarium of the
University of Panama(PMA), with duplicatesin
the Herbarium of Utrecht University (U).

Resultsand discussion
Hepatics
Sitel. Cultivated lowland region, 0-50 m.

Fifteen species of hepatics were collected,
including Frullania gibbosa Nees, Radula flac-
cida Lindenb. & Gott. and 13 species of Lejeu-
neaceae (Table 1). They are small corticolous
speciesgrowing asappressed matson the bark of
fruittrees, treeletsand shrubsin partial shade. All
arewidespread neotropical or pantropical species
and most of them arexerotolerant taxawhich are
commoninthecanopy, ingapsand at themargins
of primary rainforest, aswell asinopen, degraded
habitats. Onespeciescollected here, Frullanoides
liebmanniana (Lindenb. & Gott.) van Slag., is
new to Panama.

Site 2. Periodically inundated lowland rain
forest, 100 m.

Thehepaticfloraintheforest understorey ispoor
and consists mainly of small, inconspicuous
specieswhich grow strongly attached to thebark
of treesand on living leaves. Seventeen species
were collected, including one species of
Plagiochila, two of Radulaand 14 L e/ euneaceae
(Table 1). Epiphyllous taxa collected are
Cyclolgjeuneaconvexistipa(Lehm. & Lindenb.)
Evans, Radulaflaccidaand Taxilgjeuneasp. The
corticolous species include several shade
epiphytes characteristic of moist lowland rain
forest in the neotropics: Archilejeunea parviflo-
ra(Nees) Schiffn., Bryopterisfilicina(Sw.) Nees,
Echinocoleaasperrima(Spruce) Schust., Radula
kegelii Gott. ex Steph., Prionolejeunea murica-
to-serrulata (Spruce) Steph., Stictolejeunea
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squamata (Willd.) Schiffn. and Symbiezidium
barbiflorum (Lindenb. & Gott.) Evans. All are
widespread neotropical taxa, except for Echino-
colea asperrima, Radula kegelii and Prionole-
jeunea muricato-serrulata which are South
American speciesnew to Panama.

Site3. Hillsidelowland rain for est, 400-500 m.

The forest understorey on the lower slopes of
Cerro Pirre, between 200-400 m, isvery poor in
bryophyte species but on the ridge towards the
summit of ahill (500 m), beforereaching Rancho
Mojado, amorediversified hepatic floraoccurs.
The?21 speciescollected hereinclude Calypogeia
miquelii Mont., Micropterygium pterygophyl-
lum(Nees) Trevis., PlagiochilaexesaLindenb.&
Gott. and 18 L ejeuneaceae(Tablel). Thespecies
grow on bark or living leavesexcept Calypogeia
miquelii whichinhabitsbaresoil. Thecorticolous
bryophyte flora is rich in species of
Ceratolejeunea (C. cornuta (Lindenb.) Schiffn.,
C. laetefusca (Aust.) Schust., C. patentissima
(Hampe & Gott.) Evans, and C. spinosa (Gott.)
Steph.) while two species of Cyclolejeunea, C.
convexistipa and C. peruviana (Lehm. &
Lindenb.) Evans, are common on leaves. All
species are rather widespread neotropical taxa
except for Calypogeia miquelii and
Micropterygiumpterygophyllum, whichareSouth
American speciesnew to Panama.

Site4. Submontanerain forest, 800-1100 m.

The submontane forest above 800 m is much
richer inepiphyticbryophytes,intermsof number
of species and biomass, than the lowland forest
and harbours avery different hepatic flora. The
dightly lower and moreopenforest canopy onthe
steep ridge, the lower air temperatures and the
increased humidity due to more frequent clouds
at these elevations are factors probably
responsiblefor thechangesinthevegetation. The
submontane forest is transitional to the summit
forestasisindicated by theincreaseinimportance
of species of Plagiochila and Bazzania and the
decrease of L ejeuneaceae.

A total of 38 hepatic species were collected,
including 26 Lejeuneaceae (Table 1). Many of
them are new to Panama. The two species of

Bazzania found in the submontane forest, B.
hookeri (Lindenb.) Trevis. and B. stolonifera
(Sw.) Trevis., were also common in the cloud
forest but the Plagiochila species, P. vincentina
Lindenb. and P. dubia Lindenb. & Gott., were
only found in the submontane forest. Further
species characteristic of the submontane forest
and not found el sewhereinclude Ceratol ejeunea
fastigiata (Spruce) Steph., Cystolejeunealineata
(Lehm. & Lindenb.) Evans, Echinocoleadilatata
(Evans) Schust., Harpal jeunea stricta (Lindenb.
& Gott.) Steph., Luteol g euneaherzogii (Buchloh)
Piippo, Pictolejeunea picta (Gott. ex Steph.)
Grolle, Prionolejeunea macrocardia (Spruce)
Steph., P. trachyodes (Spruce) Steph. and Radula
saccatiloba Steph. on bark, and the epiphyllous
Cyclolejeunea chitonia (Tayl.) Evans,
Diplasiolejeunea cavifolia Steph. and D. brun-
nea Steph.
Fulfordianthuspterobryoides(Spruce) Gradst., a
robust dendroid |ejeuneaceous specieswasvery
commononthelower basesof treetrunks. A small
form of the speciesoccurred scattered onthetop
of thehill at 500 m. Fulfordianthuspter obryoides
isa“ Chocd element” occurring alongthePacific
sideof the continent from Ecuador to CostaRica
(Gradstein 1992). Other speciesof thesubmontane
forest with restricted geographical distributions
include Cystolejeunea lineata (Caribbean
element) and Luteolgjeunea herzogii (Choco
element).

Site 5. Montane cloud forest at the summit,
1100-1200 m.

Thesummit of CerroPirreiscovered by montane
“efinforest”, characterized by avery low (ca5-
10m) and open canopy and an abundant epiphytic
vegetation. Frequent clouds, mist and strongwinds
are important climatic factors at this elevation.
Thebiomassof theepiphyticbryophytes, virtually
all of them hepatics, isdramatically greater than
at lower altitudes. Thirty two speciesof hepatics
werecollected, of whichonly 13arel gjeuneaceae
(Table 1). Almost half of the species are new to
Panama. Inthemontaneforest L ejeuneaceaeare
nolonger animportant element of theflora. M ost
of themaretiny specieswhich producevery little
biomass. Theimportant epi phytic hepaticswhich
produce most of the epiphytic biomass include



Bazzania hookeri, B. stolonifera, Calypogeia
lechleri (Steph.) Steph., Herbertus divergens
(Steph.) Herz., Lepidozia patens Lindenb.,
Metzgeria albinea Spruce, Plagiochila
adianthoides (Sw.) Dum., P. rutilans Lindenb.,
SymphyogynabrasiliensisNeesand Trichocolea
tomentosa (Sw.) Gott. Anundetermined, probably
new species of Plagiochila, characterized by
strongly caducous untoothed leaves, was also
very abundant. On roots and rotten wood
Cephalozia crassifolia (Lindenb. & Gott.) Fulf.
and two species of Riccardia, R. fucoidea (Sw.)
Schiffn. and R. cervicornis (Spruce) Herz. ex
Gradst. & Hekking, werefrequently encountered.
Common epiphyllous hepatics of the montane
forest include Cyclolejeunea convexistipa,
Drepanolegjeunea inchoata (Meiss.) Steph., D.
lichenicola (Spruce) Steph., D. pinnatiloba
Schiffn., Odontolejeunea lunulata (Web.)
Schiffn. and Prionolejeunea aemula (Gott.)
Evans.

All of theabove-mentioned speciesareexclusive
tothemontaneforest, except for thetwo Bazzania
specieswhich are also in the submontane forest,
and Cyclolejeunea convexistipa which occurs
along the entire slope of themountain andisone
of the most common hepatics of Cerro Pirre.
Thefollowing speciesof themontaneforest have
restricted geographical distributions; Calypo-
geia lechleri, Ceratolejeunea dentato-cornuta
Steph. and Riccardiacervicor nis(South American
species), Lepidozia patens (Caribbean species)
and Plagiochilarudischusteri Robins., aspecies
recently described from Venezuela (Robinson
1988).

General conclusionsonthehepaticdiversity of
CerroPirre

Inall, 86 speciesof hepaticswerecollectedinthe
rain forest of Cerro Pirre (sites 2-5), within the
boundariesof DariénNational Park. Anadditional
six species (Frullania gibbosa, Caudalejeunea
lehmanniana, Mastigolejeunea auriculata,
Cheilolejeunea rigidula, Diplasiolejeunea
rigidula, Lejeunealaetevirens) werefoundinthe
cultivatedland between El Real and Pirre, beyond
the limits of the park. The latter species are
common, xerotolerant epiphytesof forest margins
and open, secondary habitats, and usually lack in

the shaded understorey of the virgin forest
(Cornelissenand Gradstein 1990). OnCerroPirre
they may occur inthecanopy of theforest, which
was not inventoried in this study.

Species diversity and biomass of hepatics chan-
ged considerably along the atitudinal gradient.
Thelowland forest sites (2, 3) had 19 specieson
average, the submontane forest had 37 species
and 32 species were found in the montane elfin
forest. Only 13 species(17%) were shared by the
lowland and the submontane forest and only 7
species (11%) were common to the submontane
forestandthemontaneforest. Furthermore, almost
half of the species found in the lowland and
submontane forest were exclusive to either of
these forest types. Twenty two species (almost
70%) occurred exclusively inthemontaneforest.
The figures may be somewhat biased by
incomplete sampling, yet giveafirstimpression
of the species diversity along the altitudinal
gradient of Cerro Pirre.

It thusappeared that themontaneforest had more
unigquespeci esthantheother forest formationsof
Cerro Pirre. The hepatic biomassin the montane
forest, moreover, is much greater than at lower
atitudes, due to the prevalence of fog at the
summit. Speciesrichness, however,isgreatestin
the submontane forest which is somewhat
transitional between thelowland and the monta-
ne forest, both in terms of species composition
and biomass.

Fifty nine hepatic species or about 65% are
membersof theL ejeuneaceae, whichisby far the
most important bryophyte family inthe area. In
the lowland rain forest (inundated and hillside
together) species of Lejeuneaceae account for
more than 80% of the hepatic flora; in the rich
submontaneforest 60% andinthemontaneforest
only 40%. Most of thelejeuneaceous speciesare
tiny plants which produce little biomass. The
large epiphytic biomass in the elfin forest is
almost entirely produced by the non-
lejeuneaceous genera Bazzania, Plagiochila,
Herbertus, Calypogeia and Trichocol ea.

Forty hepatic speciesnew to Panamawerecol lec-
ted; previously almost 200 species had been
reportedfromthecountry (Dr. R. Stotler, personal
communication). Thus, the number of hepatic
speciesknown from Panamahasincreased amost
20% as a result of our investigation. The new
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species are marked by an asterisk in Table 1.
Furthermore, several rare taxa with restricted
geographical distributionswerefound, including
Plagiochilarudischusteri previously knownonly
fromnorthernV enezuel a, Ceratol ejeuneadenta-
to-cornuta, Echinocol eaasperrimaand Microp-
terygium pterygophyllum from South America,
the Caribbean Cystolejeunea lineata and
Echinocolea dilatata, and the Choc6 elements
Fulfordianthus pterobryoides and Luteolejeu-
nea herzogii. An undescribed species of Plagio-
chilawasoneof thedominant speciesintheelfin
forest. The unusua species are highlighted in
boldin Table 1.

The hepatic flora of Cerro Pirre is not exceed-
ingly richin speciescompared with areas el sew-
here in the neotropics, probably due to the low
altitude of the mountain and the prolonged dry
season in the adjacent coastal plain of Darién
province. Nevertherless, the distinct altitudinal
diversification of thefloraand the occurrence of
arather large number of rare taxaexemplify the
importance of Darién National Park asan areaof
plant conservation.

M osses

Few mosseswerecollected comparedto hepatics.
Most of thosefound had alargealtitudinal range,
occurring from lowland to submontane forest
over 1000m. Thirty twospeciesinsixteenfamilies
wereidentified. A survey of thecollectionsinthe
University of Panamaherbarium added afurther
fivespeciestothelist, basedonmateria collected
in the area by staff of the Missouri Botanical
Garden (Tablel).

Thereisasdlight predominanceof pleurocarps(21
spp.) over acrocarps (16 spp.) inthemossfloraof
CerroPirre. Themostimportant familiesinnumber
of speciesareCalymperaceae(11), Hookeriaceae
(6 or more), Pterobryaceae (3) and
Sematophyllaceae (3). All lowland species (O-
100 m) in Pirre are common to Barro Colorado
Island, Panama, except Leucophanesmolleri C.
Mull. and Syrrhopodon prolifer Schwaegr.
However, themossfloraof BarroColorado (Sal azar
Allen et al. 1991) has a higher number of
hookeriaceous taxa and Fissidentaceae are well
represented whereas no collections of Fissidens
weremadeinPirre.

The same number of species of Calymperaceae
(11) werefound in Pirreand Barro Colorado but
only fiveof themarecommonto both places. The
other six includesomeelementscharacteristic of
cloud forest of higher elevations. Four of the
€leven speciesof Caymperaceaearepantropical
in distribution (Calymperes afzelii Sw., C.
lonchophyllym Schwaegr., Octoblepharumal bi-
dum Hedw. and Syrrhopodon prolifer), whereas
therest areneotropical el ements. Aselsewherein
tropical rainforests(Reese 1961, 1991), thespecies
of Calymperes are found at low elevations (sea
level to 500 m) whereas Syrrhopodon is more
common at higher elevations. Distinct altitudinal
diversificationisal so seen among the species of
Octoblepharum (Salazar Allen 1991). Thus, O.
albidumand O. pulvinatum(Dozy et Molk.) Mitt.
are common lowland species (although they can
also grow in forest above 1000 m in Central
America), whereas O. cucuiense Mitt. and O.
erectifoliumMitt. areelementsof montanecloud
forest.

Members of the Hookeriaceae appear above 400
mand areal so present at higher elevations. They
arethesecondfamily inimportanceabove800m,
but arenearly absentinthelowlands. Intheforests
of Fortuna (Chiriqui, Panama, 900-1500 m)
Hookeriaceaearethemostimportant mossfamily
innumbersof species(Salazar Allen, unpublished).
On Cerro Pirre, however, the Calymperaceae
appear to be dominant, followed by the
Hookeriaceae.

Phytogeographically, the moss flora of Pirre
contains many elements widely distributed in
Central America, theCaribbeanandtropical South
America. Pantropical species are also common
and include Calymperes afzelii, C.
lonchophyllum, Neckeropsis disticha (Hedw.)
Kindb. , Octoblepharum albidum, Pyrrhobryum
spiniforme (Hedw.) Mitt. and Syrrhopodon pro-
lifer. Some elementsare common to the African
flora, like Cyrtohypnum involvens (Hedw.) (=
Thuidium involvens (Hedw.) Mitt.), Leucopha-
nesmolleri and Taxitheliumplanum(Brid.) Mitt.
The Afro-American species are most probably
acquisitionsfrom therich South American moss
flora(Salazar Allen 1986).

The above observations on the mosses of Cerro
Pirrearepreliminary. Morematerial isneededto
determine whether the floristic trends observed



reflect local differencesin environmental and/or
geological factors or are simply the products of
under-collecting.

Acknowledgments

This study was supported by a grant to the junior author
from the Smithsonian Tropical Research Institute. We
would like to express our gratitude to the following
officers of INRENARE for logistic support, field assistance
and collecting permits: Ing. K. Sandoval, former Director,
Dr R. Ruiz, Director of Research, Lic. M. Ramos,
Environmental Education Officer, Mr. Narciso Beitia and
José Contreras. We are also grateful to the personnel of
ANCON, Lic. C. Brandaris, Division of Conservation, Lic.
R. Fletcher, Division of Science and Conservation, and
particularly Lic. J. Aranda who was responsible for most
of the logistics, camping arrangements and field assistance
in Darién; to Professor C. de Peraltaand assistant C. Chung
for fieldwork assistance; to Dr R. Grolle, Germany and Dr
K. Yamada, Japan for help with the identifcation of some
of the hepatics; to M. Guerra and A. Caballero for
photographic work and V. Samudio for cartographic
work; and to Dr A. J. Harrington for correcting the
manuscript.

Literature cited

Cornelissen, J.H.C. & S.R. Gradstein. 1990. On the
occurrence of bryophytes and macrolichens in
different lowland rain forest types at Mabura
Hill, Guyana. Tropica Bryology 3: 29-35.

Dalfelt, A. & R. Morales. 1978. Plan Maestro para el
Establecimiento y Manejo del Parque Nacional
Darién, Panamad. RENARE/COPFCA/CATIE,
216 p.

& . 1988. Reserva de la Biodsfera Darién.

Sitio de Patrimonio Mundia y Parque Nacional.
INRENARE, 176 p.

Gradstein, S.R. 1992. On Thysananthus, Dendrolejeunea,
and Fulfordianthus gen. nov. (Lejeuneaceae).
The Bryologist 95: 42-51.

——— in press. Lejeuneaceae: Ptychantheae and Bra-
chiolejeuneae. Flora Neotropica Monograph.

Myers, C.W. 1969. The ecological geography of cloud
forest in Panama. American Museum Novitates
2396: 1-51.

Reese, W.D. 1961. The genus Calymperesin the Americas.

The Bryologist 64: 1-140.
. 1991. A monograph of the Calymperaceae of

China. Journal of the Hattori Botanical
Laboratory 69: 323-372.
Robinson, H. 1988. Plagiochila rudischusteri, a New
Species from the Pari Peninsula of Venezuela
Beiheft zur Nova Hedwigia 90: 199-202.
Salazar A., N. 1989. A Guide to Fieldstations in the
Tropics |l. Panama. Tropical Bryology 1: 5-8.
————. 1991. A preliminary treatment of the Central
American species of Octoblepharum (Musci:
Calymperaceae). Tropical Bryology 4: 85-97.
——, C. Arrocha & C. Chung. 1991. The mosses of

67



68



69



70



71



