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ABSTRACT

Volcan Mombacho is a moderate sized (1,345 m elev.), quiescent volcano with one of two cloud
forests in southwestern Nicaragua. Of 457 species listed, 80 are pteridophytes and 87 are orchids. The
species richness of these groups may be accounted for by their high fecundity and dispersibility. This
study has revealed only one endemic species. Since Mombacho is the apparent northern range limit
of several orchid species, it is suggested that the flora of the cloud forest has most of its affinities with
Costa Rica. The lack of several wide ranging species on Mombacho which are known only as far south
as northern Nicaragua further supports this contention. As with most of tropical America, the cloud
forests of Mombacho are threatened by exploitation of their natural resources.

Volcan Mombacho (Fig. 1) isa quiescent, much
eroded, and well vegetated volcano located near
the city of Granada, Nicaragua. “Mombacho” is
a modification of the Nahuatl “Mopachotepet]”
meaning “inclined mountain” (Mantica, 1973).
It is located at 11°50'N latitude, 85°59'W lon-
gitude (see map, Fig. 2), and is the fifth largest
of the quaternary volcanos in western Nicaragua
forming a chain from El Salvador to Costa Rica
(Mooser et al., 1958). With a maximum eleva-
tion of 1,345 m, Mombacho is somewhat lower
than several other Nicaraguan volcanos, the
highest of which is 1,745 m. It is, however, per-
haps the most massive with a basal diameter of
about 7 km. Its U-shaped crater rim is 1.5 km
in diameter and the crater floor is about 750 m
lower than the highest peak. The lowest point on
the crater rim is 1,080 m.

Besides the highest peak of the southeast crater
rim, there is a second peak on the northwest rim
with an elevation of 1,222 m. Adjacent to this
peak is a large flat area appropriately called “Plan
de las Flores.” Within this area are two small
vegetated craters each of unknown depth and
about 200 m in diameter. Eastward from Plan
de las Flores lies a trough-shaped valley over 1.5
km across extending northeast from the crater
rim for a distance of 3.5 km.

Aerial photographs reveal a number of lava
flows extending down the sides of Mombacho,
but these features have been obscured in the
northeast valley and the open south side of the
crater rim by later seismic events. The lava flows
are for the most part fully vegetated, and their
basal limits are sharply defined where they meet
pastured savannas.

Certain areas, notably the flanks of the crater
rim and the sides of the valley extending north-
eastward, are precipitous. These areas, often with
a slope well over 100 percent, are mostly vege-
tated, but frequent landslides have left conspic-
uous scars and a jagged crater rim.

Very few permanent streams can be found on
Mombacho, although stream beds occur in var-
ious ravines filled only during times of heavy
precipitation. Most of the precipitation seeps
down through the loose volcanic substrate, leav-
ing little runoff. Because of the porous substrate,
the two craters at Plan de las Flores do not con-
tain lakes.

Viewed from Granada, Mombacho appears as
arich green, broadly truncated, and much eroded
volcanic cone. It is most impressive in cloudless
late afternoons, when the various physical fea-
tures cast shadows pointing up the rough topog-
raphy. A number of cut-over areas mar the slopes
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FiGURE 1.

and much of the lower areas have been defor-
ested or severely disturbed.

Everywhere in the tropics the mountain forests
are disappearing at alarming rates. It is hoped
that interest in the flora of this mountain will
help bring an awareness by government officials
that the development of the Nicaraguan cloud
forests is not in their best interests.

Volcan Mombacho was selected partly be-
cause it contains a substantial amount of extant
virgin forest and, because being close to urban
areas, it has educational, recreational, and eco-
nomic potential. For these reasons it seemed that
a survey of the flora of this volcano would be a
greater contribution than a similar work on a
more remote mountain. Collections made spe-
cifically for this work were made during the
months of May through July 1975 and February
and March 1977. The most complete set of
voucher specimens has been deposited in the
Beal-Darlington Herbarium of Michigan State
University.

GEOLOGICAL HISTORY

Mombacho’s violent past is reflected in the
size of the crater and the general topography.

Profile view of Mombacho from the north.

Little is known of its geological history, but a
few seismic events have been documented since
the time of the Spanish conquest.

As a member of the west Nicaraguan volcanic
chain Mombacho is probably not older than two
million years and may be considerably younger.
Mooser et al. (1958) reported that the most re-
cent authenticated eruption occurred in 1560,
but this report is not supported by Incer (pers.
comm.). Incer (1973) indicated that during the
same century the south crater rim avalanched
away, causing the destruction of the south flank
and an Indian village of 400 inhabitants. Craw-
ford (1902) reported that an eruption occurred
in 1850, but Mooser et al. (1 9¢5§) also indicated
that a small parasitic cone called “Pilas” formed
on the north flank of Mombacho in 1850, but
this reportis probably confused with the erup-
tion of a mountain north of Lake Nicaragua by
the same name. However, a small cone northeast
of Mombacho may have been active in historic
times.

The uniform texture of the crater walls suggests
that in its early development Mombacho was
built up primarily from ash rather than lava flows.
The ash probably formed a volcanic cone similar
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Ficure2. Map of Volcdn Mombacho (after Hoja 3051 I11 and Hoja 3051 IV published by Instituto Geografica
Nacional and Servicio Geodesico Interamericano, 1972 edition, scale 1 : 50,000).

to Mombotombo to the north and Concepcién
to the south. If lines following the existing flanks
of Mombacho are projected upward, they meet
at about 2,000 m (Incer, 1973), a possible ele-
vation that Mombacho may have attained in its
geological past. Apparently the more recent vol-
canism was manifested as lava flows, which seem
to nearly cover the surface of the mountain.

Itisnot clear exactly how the crater was formed,
but the very steep sides suggest that an internal
collapse occurred, caused by subsiding lava not
by an explosion similar to that which took place
on Krakatoa. The two craters at Plan de las Flo-
res apparently were formed by collapse (Incer,
pers. comm.).

Exactly which events took place in the six-
teenth century causing the destruction of the south
crater wall is not clear, but it is known that a
lake once occurred within the crater (Incer, 1973).
Apparently the loose substrate collapsed under
its own weight and pressure from the crater lake,
but the ultimate avalanche was probably precip-
itated by an earthquake. A similar event prob-
ably occurred much earlier on the northeast flank,
leaving a trough shaped valley. Since the six-

teenth century, Mombacho has remained rela-
tively quiet, but the rough topography and fu-
maroles of the crater rim attest to its violent past.

CLIMATE

The climate of lowland Pacific slope Nicaragua
and the lower slopes of Volcin Mombacho may
be described as “tropical dry.” No single mean
monthly temperature below 17.1°C has been de-
termined at stations reported by Incer (1973).
The widest range of variation of monthly means
for any station is less than 4°C. However, Incer
(1973) indicated that the daily temperature at
Managua (with an annual mean of 26.3°C) may
deviate at least 7.3° because a temperature of
19°C in January has been recorded. The tem-
perature therefore fluctuates little throughout the
year. After the rains cease in December a dry
season ensues with essentially no rainfall in the
lowlands until May. This period of drought
roughly corresponds to the winter season of the
north. Because rainfall is much more abundant,
the climate of the summit is moister and cooler,
with swift gusty winds as attested by frequent
blow-downs.
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FiGUure 3. Mean monthly temperatures at Nan-
daime (data from Incer, 1973).
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No temperature data were available for Volcan
Mombacho, but data were taken from the nearby
village of Nandaime (Incer, 1973), which lies 12
km southwest of the volcano at 150 m elevation
(Fig. 3). To estimate the mean annual tempera-
ture of Mombacho’s summit (ca. 1,200 m elev.)
the mean dry and wet adiabatic rates were ap-
plied to the data from Nandaime. If the dry adi-
abatic rate of 1°C per 100 m (Strahler, 1973) is
applied to the mean annual temperature at Nan-
daime (27.5°C), the mean annual temperature at
the level of 1,200 m could be depressed 10.5° to
aminimum 17°C. The wet adiabatic rate of 0.6°C
per 100 m would depress the mean annual tem-
perature 6.3°C to 21.2°C. Thus the calculated
range of mean annual temperature falls between
17°Cand 21.2°C. To estimate the minimum tem-
perature at 1,200 m the dry adiabatic rate can
be applied to the minimum temperature at
Managua (19°C at 50 m elev.). The estimated
temperature difference between the two eleva-
tions is 11.5°C, therefore the temperatures at
Mombacho’s summit could drop to 7.5°C. Clear-
ly, if frost ever occurs at the summit, it must be
a rare event. '

The forests become increasingly wet with el-
evation. Not only is there more convectional and
orographic rainfall, but also the dense vegetation
behaves as a screen, filtering moisture from pass-
ing fog, as has been noted on other mountains
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(Oberlander, 1956; Twomey, 1957; Vogelmann
et al., 1968; Vogelmann, 1973). Oberlander
(1956) noted that significant condensation occurs
only where trees are tall and fog-laden winds are
strong. Baynton (1969) indicated that precipi-
tation from fog in elfin forest vegetation at Pico
del Oeste, Puerto Rico, comprised only ten per-
cent of the total rainfall. This low percentage may
reflect the shorter height of the vegetation and
the subsequent lesser screening effect. Observa-
tions of Mombacho’s weather are consistent with
Baynton’s more detailed considerations. Owing
to the effects of nearby Lake Nicaragua, Volcin
Mombacho probably receives more precipita-
tion than do the volcanos to the north.

Figure 4 is a graph of the monthly precipitation
at La Asuncién (580 m elev.), on the north flank
of Mombacho. Clearly the dry season is evident
from December to April. The rainy season from
April to December includes two peak months,
June and September, with a “mini” dry season
in July. Although the mean monthly rainfall at
Mombacho’s summit is undoubtedly higher, the
shape of the rainfall curve is expected to have
the same shape as the rainfall curve at La Asun-
cidén.

Rainfall undoubtedly varies locally with the
slope. Clouds on the windward side move par-
allel with the slope, but move vertically when
approaching essentially vertical cliffs. With ver-
tical air movement a corresponding higher local
precipitation is expected.

Figure 5 includes histograms of monthly evap-
oration at La Asuncidn. It shows that the period
from March to May is the driest, corresponding
to the period of maximal temperature at Nan-
daime.

The rapid changes of climatic factors at the
summit are striking. Rapidly moving fog can dis-
appear, revealing the full force of the sun only
for the pattern to be repeated with a sudden blan-
ket of fog. Such changes in the weather may have
a considerable effect on the vegetation.

A BRIEF ACCOUNT OF THE VEGETATION

For purposes of this study it seems most nat-
ural-and convenient to divide Mombacho into
three altitudinal vegetation zones. For the lowest
zone continuous throughout western lowland
Nicaragua the term “deciduous seasonal forest”
of Beard (1942, 1944) seems most appropriate,
reflecting the deciduous nature of the vegetation
as affected by seasonal rainfall. The second zone
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FiGURE 4. Monthly precipitation at La Asuncién
on Volcdn Mombacho (elev. 580 m). The data span a
four year period from December 1972 to November
1976. The vertical bars, horizontal bars, and rectangles
represent the range, mean, and one standard deviation
from the mean respectively (data provided by Empresa
Nacional de Luz y Fuerza).

is here termed the “cloud forest.”” The cloud for-
ests of Mombacho are evergreen and distinct from
the deciduous forest. The third and highest vege-
tational zone, also often beclouded, is the “elfin
forest” characterized by stunted trees to about 8
m tall.

The deciduous seasonal forest during the rainy
season is very similar in appearance to the trop-
ical rain forest. Even the stately emergent Ceiba
is common to both forests in Nicaragua, although
it usually does not gain its greatest stature in the
deciduous forest. When the rains cease in De-
cember the forest becomes leafless, and several
genera initiate flowering (Plumeria, Byrsonima,
Cochlospermum), lending color to the otherwise
drab landscape.

The shrubby layer includes Casearia, Karwin-
skia, and several vines of the families Convol-
vulaceae, Bignoniaceae, Solanaceae, Aristolo-
chiaceae, Cucurbitaceae, and Vitaceae. This layer
is usually torched by landowners to rid grazing
areas of undesirable weeds and ticks. Because of
the great demands made upon the deciduous sea-
sonal forest by man, very little can be found in
a natural state, and essentially none on Volcan
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FiGUrReS. Monthly evaporation at La Asuncién on
Volcdn Mombacho (elev. 580 m). The data span a four
year period from December 1972 to November 1976.
The vertical bars, horizontal bars, and rectangles rep-
resent the range, mean, and one standard deviation
from the mean respectively (data provided by Empresa
Nacional de Luz y Fuerza).

Mombacho. Most of the forests surrounding
Mombacho were probably converted to agricul-
ture by native Americans long before the Spanish
conquest.

Mombacho contains one of two cloud forests
in southwestern Nicaragua; the other occurring
on Volcdn Maderas. The Mombacho cloud forest
extends from approximately 400 m elevation on
the east-northeast flank nearly to the summit. It
begins considerably higher on the south-south-
west flank, owing to the rain shadow. The cloud
forest is characterized by evergreens and gener-
ally lush vegetation, a manifestation of the abun-
dant precipitation. The many shades of green of
the cloud forest indicate a complex aggregation
of species, but this diversity diminishes with in-
creasing elevation.

The tallest trees are to be found in the lower
cloud forest, and the forest becomes shorter with
elevation until the dwarfing effect culminates at
the elfin forest.

Characteristic of the cloud forest is the pres-
ence of masses of epiphytes representing a num-
ber of plant groups. Many epiphytic ferns of sev-
eral families occur as do members of the
angiosperm families Bromeliaceae, Gesneri-
aceae, Piperaceae, Araceae, Lentibulariaceae, and
Ericaceae, but by far the most species rich family
is the Orchidaceae, although it is low in biomass.

The herbaceous flora of the cloud forest is
characterized by pteridophytes. A grass, Oplis-
menus was observed to occur in areas of mod-
erate shade in the upper cloud forest, but never
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in deep shade. Several composites occur, mostly
in disturbed habitats. Two species of Dieffen-
bachia are found; one in the lower, the other in
the upper cloud forest. Terrestrial orchids are
found locally. Tropidia polystachya, supposedly
abundant and widespread in much of the New
World tropics, was found on two occasions.
Goodyera cf. bradeorum is more often found in
the upper cloud and elfin forests, as are two species
of Malaxis.

In the lower cloud forest both vascular and
non-vascular epiphytes are relatively uncommon
on the lower portions of trees but occur in large
numbers in the canopy. Most epiphytes were col-
lected from trees that had fallen or were felled,
but undoubtedly many more species remain un-
collected. Several bromeliads and orchids in this
area, such as Guzmania lingulata, Tillandsia
schiediana, Trigonidium egertonianum, Nidema
boothii, and Encyclia fragrans, are also common
to lowland rain forests of the Zelaya Department.
Two common epiphytic aroid species, Anthu-
rium scandens and A. cubense are most abundant
in this zone, the latter occurring in the marginal
areas with the deciduous forest.

The shrub layer of the lower cloud forest in-
cludes the urticaceous Urera, but probably the
Piperaceae is best represented here. Potho-
morphe was collected with various species of Pip-
er in disturbed areas, but other species of Piper
were found in the darkest understory. In the low-
er cloud forest of the east slope, Carica papaya
was observed to assume a dominant position in
the understory.

A number of pioneer and adventive species
were collected in disturbed areas, and many were
undoubtedly dispersed by man. Among the more
attractive is Mirabilis jalapa, a common weed
of coffee plantations.

The lower cloud forest is the most disturbed
zone of evergreen vegetation, and the little re-
maining primary forest is threatened. The best
examples of extant lower cloud forest seem to be
in the northeast facing valley above Finca Las
Delicias. However, agriculture here is showing
its effects because most of the primary lower cloud
forest has either been removed or severely dis-
turbed. :

The upper cloud forest is characterized by a
low, few-layered canopy lacking distinct crowns.
The trees are often conspicuously covered with
vascular and non-vascular epiphytes even to the
base of their trunks, and the light intensity at the
ground level is much higher than that of the lower
cloud forest. Three commonly observed tree
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species of the upper cloud forest were Hedyos-
mum montanum, Clusia salvinii, and Senecio
arborescens, but the latter never assumes the stat-
ure of the higher surrounding trees. The herba-
ceous flora is rich and includes several terrestrial
orchids, two locally abundant species of Carex,
and occasional composites as well as numerous
ferns.

The upper cloud forest seems to be less threat-
ened by agriculture than the lower cloud forest.
However, its restricted size renders it vulnerable
to complete and rapid destruction. The tell-tale
tracks of wandering cattle were noted above Fin-
ca Las Delicias near the crater rim. Expansion
of a coffee plantation was once tried but failed
at Plan de las Flores, but further attempts in the
remaining forest seem inevitable.

In the elfin forest precipitation is abundant,
wind velocities are high and gusty, and the forest
is usually beclouded. Elfin forest has been studied
by a number of investigators. Brown (1919) in-
vestigated an elfin forest (mossy forest) on Mount
Maquiling on the island of Luzon, Philippines.
Beard (1942, 1944) studied elfin forests in the
Antilles, and Steenis (1972) noted the elfin for-
ests of Java. Detailed investigations have been
conducted at Pico del Oeste, Puerto Rico by
Howard (1968, 1969) and Gill (1969). Alvarez
del Castillo (1976) contributed an ecological and
floristic work on an elfin forest on Volcan San
Martin Tuxtla, Veracruz, Mexico.

Beard (1944) characterized the elfin forest of
the Caribbean area as an ““open woodland about
8 m high of stunted, gnarled trees, often stilt-
rooted and with thick fleshy leaves, with long
rambling branches pointing away from the wind.
There may be an understory of dwarf palms and
tree ferns. The whole is loaded with moss, li-
chens, and epiphytes, and forms a completely
impenetrable thicket.”

Viewed from the air, the elfin forest of Volcan
Mombacho appears as an even, dense canopy
pruned by the elements. The upper cloud forest
lacks the pruned appearance, and the line delim-
iting the two forests is often distinct. The canopy
consists of one stratum beneath which are oc-
casional shrubs (especially Psychotria spp.), and
numerous herbs. Nearly every branch is inhab-
ited by bryophytes, and epiphytic vascular plants
are common everywhere. The leaves of arbores-
cent elfin forest species with few exceptions tend
to be leathery, entire, and small to medium-sized.

Aerial photographs show that the elfin forests
of Mombacho extend along all exposed ridges
and pinnacles down to an elevation of about 900
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m. It blankets even the roughest topography, in-
cluding nearly vertical cliffs.

The arborescent stratum of the more protected
elfin forest contains numerous species including
Clusia salvinii, Rapanea ferruginea, Freziera
friedrichstaliana, Myrcianthes fragrans, Oreo-
panax xalapense, Viburnum hartwegii, a number
of Rubiaceae, and tree ferns of the genera Cyan-
thea and Nephelea. Concerning the elfin forest
Beard (1944) noted that “pure stands of Clusia
spp. constitute this formation in some of the less-
er Antilles between 1,000 and 1,100 m ....”
Pure stands of Clusia occur on Mombacho, but
only along the most exposed ridges and pinnacles
(Fig. 6). Ferns, bromeliads, and orchids are among
the most numerous and diverse epiphytes en-
countered in the elfin forest. Among the genera
of epiphytic ferns represented are Elaphoglos-
sum, Grammitis, Polypodium, Hymenophyllum,
and Trichomanes. Bromeliad genera include
Aechmea, Guzmania, Pitcairnia, Tillandsia, and
Vriesia.

The terrestrial herbaceous stratum is expect-
edly rich. In the shaded area of the mature elfin
forest the terrestrial herbaceous flora consists
largely of ferns. An absence of grasses was noted,
but Oplismenus hirtellus forms mats in open
areas. Three species of Cyperaceae, Carex don-
nell-smithii, C. polystachya, and Uncinnia ha-
mata, occur frequently in the elfin forest, often
along damp and exposed banks. The terrestrial
orchid inhabitants include Malaxis maxonii, M.
tipuloides, Erythrodes spp., Goodyera bradeo-
rum, and Psilochilus cf. macrophyllus. One ter-
restrial gesneriad, Kohleria spicata, is commonly
found along the access roads to Plan de las Flores.

The herbaceous flora of disturbed areas varies
with locality. The herbs of the disturbed crater
rim consist almost exclusively of Isachne arun-
dinacea with a scattering of weedy composites.
Arundinella deppeana is the most characteristic
grass of disturbed Plan de las Flores. Other herbs
including Castileja arvense, several composites,
and the ferns Phlebodium aureum and Ophio-
glossum reticulatum occur in open areas.

It is noted that a shrubby layer is often lacking
especially in the elfin forests dominated by Clu-
sia. In the more diverse elfin forest are shrubby
Psychotria spp. and a bristly melastome, Clide-
mia (?) sp. The diversity of shrubs of disturbed
areas is much higher, except along the crater rim
where Rubus is most abundant. At Plan de las
Flores the open disturbed area once cleared for
coffee growing consists of a large number of shrubs
and herbs. Among the shrubby species are Con-
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FIGURE 6. View of the highest peak of Mombacho
with Clusia thicket in the foreground.

ostegia spp., Monochaetum deppeanum, Ardisia
sp., Parathesis sp., Viburnum hartwegii, and
Cestrum aurantiacum.

At least four alien floristic elements were ob-
served at Plan de las Flores. Hippeastrum sp.
was observed and collected once. A row of Hi-
biscus rosa-sinensis was observed in the aban-
doned clearing as were Coffea arabica and oc-
casional clumps of Musa paradisiaca. Among a
large number of pioneer species and weeds found
in the disturbed area of the cloud forest above
Finca Las Delicias was a cultivated Coccoloba
wvifera. None of the once cultivated elements
found seemed to be reproducing and no juvenile
individuals were observed. Occasional waifs from
lower elevations, such as Mormodes sp. and Jac-
quiniella globosa, were found in the elfin forest.

HISTORICAL SKETCH OF BOTANICAL
EXPLORATION ON VOLCAN MOMBACHO

The first pioneer traveler and naturalist known
to make collections on Volcan Mombacho was
Emanuel Ritter Friedrichstal. His travels includ-
ed the Antilles, Nicaragua, Guatemala, and the
Yucatan, from 1837 to 1841 (Allgemeine
Deutsche Biographie, 1878). It is probable that
several Friedrichstal specimens attributed to
Guatemala actually took their origin in Nicara-
gua, as may be the case with Freziera friedrichs-
taliana known only from Mombacho (Kobuski,
1941), and Honduras (Melina, 1975), and not
from Guatemala (Standley & Williams, 1961).

Anders Sandee Oersted visited Mombacho in
December of 1847 (fide F. Seymour, pers.
comm.). He also collected Heliocarpus nodiflo-
rus (Lay, 1949) and it is probable that he col-
lected many more specimens.

Kobuski (1941) noted that G. Wright collected



