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This study deals with the historical biogeography of species of 

amphibians and reptiles inhabiting the cloud forests of Middle America, 

with a particular focus on the herpetofauna of the Sierra de las Minas 

of Guatemala. I have striven to integrate data relevant to extant 

distributional patterns, comparisons of herpetofaunal assemblages, 

systematic relationships, and the geological record in order to 

formulate a theory of the development of the cloud forest herpetofauna 

of the region as a whole. 

Because my special interest is in the herpetofauna of the Sierra de 

las Minas of Guatemala, perhaps a brief overview of this country is in 

order. Guatemala is a relatively small country, encompassing some 

109,000 square kilometers of northern Central America. It is bounded 

by the Pacific and Atlantic Oceans, and shares borders with Mexico to 

the west and north, and with Honduras and El Salvador to the east. 

Notwithstanding its modest size, most of the Nuclear Central American 

highlands lie within the boundaries of Guatemala, producing a diversity 

of climate and vegetation scarcely rivaled elsewhere in the New World 

Tropics. 

Beginning with French and English naturalists during the 

mid-l800 fs, Guatemala has been the focus of considerable biological 

investigation. Since the 1930*s Americans, especially the indefatigable 

L. C. Stuart, have dominated Guatemalan herpetology and have undertaken 

studies of particular subregions that collectively take in most of the 

country: the Peten lowlands (Stuart, 1934, 1935, and 1937; Duellman, 

1963); the southern volcanic highlands (Schmidt, 1936); the Guatemalan 



Plateau (Stuart, 1951); the Sierra de los Cuchumatanes (Stuart, 1943); 

the southeastern highlands (Stuart, 1954); and Alta Verapaz (Stuart, 

1948 and 1950). The Pacific Coast as yet has not been formally 

addressed, but a number of collections have been assembled; the 

herpetofauna of this area is known to be composed primarily of 

generalized lowland species and is similar to that of adjacent El 

Salvador and Chiapas, Mexico. 

In spite of intensive herpetological explorations in Guatemala, 

several mountainous regions in the country have been inadequately 

sampled if not neglected altogether, namely the Sierra de Chuacus, 

Sierra de las Minas, and Montanas del Mico. These ranges are connected 

by low ridges and form an axis that extends in a roughly east-west 

direction from central Guatemala to the Gulf of Honduras (Fig. 2 ) . The 

dearth of material available in collections from these mountains is 

particularly evident from a quick perusal of the map provided by Stuart 

(1963) of herpetological collecting localities in Guatemala. Within the 

entire highland region formed by the Chuacus-Minas-Mico uplifts only one 

minor collection is indicated—Finca Buccaral, located on the south 

slope of the Sierra de las Minas above the xeric middle Motagua Valley. 

The Sierra de Chuacus and Sierra de las Minas are connected by a 

narrow ridge scarcely exceeding 1500 m elevation that separates the Rio 

Negro drainage of the Salama Basin from the Rio Motagua. At its lowest 

elevation along the crest lying between points south of Salama and San 

Geronimo, Baja Verapaz, this ridge is covered with xeric vegetation to 

about the 800 m contour, above which a dry pine-oak forest extends to 

its summit. Thus the wet montane forests of the western portion of the 



Sierra de Chuacus are isolated from other such forests to the east in 

the Sierra de las Minas. The Montanas del Mico is a small, isolated 

range to the northeast of the Sierra de las Minas. This range is 

covered primarily with lush tropical vegetation although cloud 

forest-like conditions exist at higher elevations on its two highest 

peaks—Cerro Las Escobas and Cerro San Gil—which reach about 1000 m. 

The Montanas del Mico are separated from the Sierra de las Minas by 

several low passes less than 200 m in elevation to the southeast of Lago 

de Izabal. 

Because of its geographical position and geological history, the 

isolated cloud forest of the Sierra de las Minas possesses an assemblage 

of amphibians and reptiles that is of great zoogeographic interest. 

Prior to the 1970*s, collections from the Sierra de las Minas were 

virtually limited to the lower elevations of the Motagua and Polochic 

Valleys. Field parties from the University of Texas at Arlington and 

the University of California at Berkeley have recently assembled 

collections from the higher elevations of the Sierra de las Minas. 

Unfortunately both institutions have been somewhat limited in their 

efforts, the former making generalized collections in only a small area 

of the western portion of the range, and the latter putting emphasis on 

the acquisition of salamanders. 

The Sierra de las Minas extends for approximately 135 km in 

east-central Guatemala across portions of five departments: Alta and 

Baja Verapaz, El Progeso, Izabal, and Zacapa. This mountain range is 

part of ancient Nuclear Central America (Sapper, 1894; Schuchert, 1935; 

McBimey, 1963) and physiographically is among the most complex in 



Middle America (West, 1964), The main crest of the Sierra de las Minas 

is oriented in roughly an east-west direction with the northern and 

southern faces of the range drained by tributaries of the Rio Polochic 

and Rio Motagua, respectively. This massif extends unbroken above the 

2100 m contour for 65 km. Two peaks, Cerro Pinalon and Cerro Raxon, 

attain elevations greater than 3000 m. The Sierra de las Minas is 

bounded abruptly to the west by the Salama Basin, while in the east it 

gradually loses elevation, and southeast of Lago de Izabal it decreases 

to less than 200 m in elevation. 

Northeast tradewinds create extremely moist conditions along the 

northern escarpment of the Sierra de las Minas; from low elevations up 

to about 1300 m a tropical forest prevails; above this elevation 

precipitation exceeds 5000 mm annually in some areas, and cool, damp 

cloud forest is the dominant vegetation. The Sierra de las Minas is a 

barrier to moisture, and rain-shadow conditions exist on the southern 

side of the range. In the Middle Motagua Valley pine forest descends 

to about 800 m; below this level less than 500 mm of precipitation is 

received annually (Vivo, 1964; Stuart, 1966), and a distinctly subhumid 

vegetation extends to the valley floor. 

The upper reaches of the Sierra de las Minas differ from all other 

major highland regions of Guatemala in being virtually unsettled. The 

aboriginal population was historically centered in the western highlands 

and to a lesser extent in the central and Alta Verapaz highlands, a 

trend followed through recent times (Marino Flores, 1967). A few roads 

of poor character snake their way up precipitous ridges from the Motagua 

Valley on the south side; no roads extend above the 300 m contour on the 



north face, which has remained practically inaccessible because of 

extremely steep slopes, slick lateritic soils, heavy precipitation, and 

dense vegetation. Lumbering operations initiated recently are beginning 

to modify drastically this splendid forest in the vicinities of La Union 

Barrios, Baja Verapaz; San Lorenzo, Zacapa; and Aldea Vista Hermosa, 

Izabal. 

I had my first glimpse of the Sierra de las Minas in the mid~196Q fs 

when I had occasion to travel on what has now become known as the "old 

road" from Guatemala City to Coban. The road at that time extended over 

100 unpaved tortuous kilometers from El Rancho in the Motagua Valley 

through Salama to Coban. This road did not cut across any portion of 

the Sierra de las Minas, but at several locations a vantage point was 

attained making it possible to look across to this range and see what 

seemed like endless tracts of virgin forest covering its slopes. A 

major highway to Coban was completed in 1972 allowing me easy access 

into the range in the summer of 1975. In July and August of this year 

I spent several weeks making general collections in the western portion 

of the Sierra de las Minas between the two small villages of Nino 

Perdido and La Union Barrios. The collection resulting from this 

initial trip indicated the herpetofauna of the Sierra de las Minas 

shared many species with the Alta Verapaz highlands, but nevertheless 

had a distinctive quality of its own. I returned to the Sierra de las 

Minas each subsequent year from 1975 to 1980 for varying periods of 

several weeks to several months. Most of these visits were during the 

early rainy season (May—August), but I also collected in the region 

around La Union Barrios during the drier part of the year 



(January—April), Most of my collecting efforts were concentrated on 

two mountains which at that time were mostly covered with virgin cloud 

forest. The first, Cerro Quisis, extends southward from Purulha to past 

La Union Barrios which lies at about 1520 m to the west of the main 

crest. The second, Cerro Verde, is located to the east and southeast 

of La Union Barrios. 

In December 1980 I arrived at the Biotopo , fMario Dary" located on 

the eastern slopes of Cerro Quisis on the headwaters of the Rio Polochic 

and set up my base camp for an extended stay of eight months. During 

this time I was able to explore the eastern portion of the Sierra de las 

Minas, including the magnificent forest covering the higher elevations 

near the crest of Cerro Raxon, the highest point in the range. 

Additionally I gained access to the totally unexplored north face of the 

range to the south of Lago de Izabal, as well as the higher elevations 

of the Montanas del Mico. I was joined on some of these forays by L. 

S. Ford, W. W. Lamar, and R. F. Savage who made valuable contributions 

through their collecting skills. 

During the course of my investigations I secured over 5000 

specimens exclusive of tadpoles from the Sierra de las Minas. This 

collection represents the effort of about 60 weeks of cumulative time 

in the field. Although all major habitats were sampled, the major 

collecting emphasis was concentrated in the wet montane forest on the 

windward slopes from about 400 to 2300 m. As a result of these 

collections, the herpetofauna inhabiting the cloud forest on the Sierra 

de las Minas, especially the western portion, is probably as completely 

known as that of any cloud forest in Middle America. Nevertheless, it 



would be presumptuous to assume that the herpetofauna of this region is 

fully known. Surprises, although progressively less frequent, still 

seem to be an integral part of every trip and novelties undoubtedly 

remain to be discovered. 

Besides permitting a fuller understanding of the distributions of 

many montane species, these field investigations have led to the 

discovery of many novel species and/or provided material allowing for 

reassessment of relationships. The descriptions of some of these have 

been prepared or are underway (Campbell and Ford, 1982; Campbell and 

Savage, in prep; Duellman and Campbell, 1982; Ford and Savage, 1983; 

Savage and Campbell, in prep; Wake and Campbell, in press). My ultimate 

goal in undertaking field work in east-central Guatemala has been a 

biogeographic study of the entire region. However, because of time 

constraints I have limited the scope of this study to the mesic forest 

herpetofauna of the northeastern Guatemalan highlands, with an emphasis 

on the Sierra de las Minas. Therefore this should not be considered a 

final summation, but rather a preliminary effort. For example, I ignore 

data relating to the xeric interior valleys of the Salama Basin and the 

upper and middle Motagua Valley, and to a large extent data derived from 

the widespread lowland herpetofaunal assemblage. 

The total herpetofauna of the Sierra de las Minas including the 

lowlands is composed of about 200 species. My collections have revealed 

the presence of 56 species of amphibians and reptiles from a single 

locality in a cloud forest near Purulha, verifying the great diversity 

within this forest. When the total herpetofaunal assemblage of the 

mesic upland forest is considered, the number of cloud forest species 



increases to over 100. 

The objectives of the present study are, to describe briefly the 

physiography, climate, and vegetation of the Sierra de las Minas and 

assay the composition and ecological distributions of the wet forest 

herpetofauna; second, to describe the extent, distribution, and salient 

features of Middle American cloud forests in general; third, to compare 

the herpetofaunal assemblage inhabiting the wet montane forest of the 

Sierra de las Minas with other such forests that are isolated on 

windward slopes throughout Middle America; fourth, to perform cladistic 

analyses of selected mesic upland groups; and fifth, to present a 

hypothesis for origins and recent distributions of these selected groups 

and relate this to the Middle American cloud forest herpetofauna as a 

whole. 
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MATERIALS AND METHODS 

Field work was carried out in the Sierra de las Minas for a total 

of approximately 14 months over a period beginning in 1975 and ending 

in 1981. Collections of amphibians and reptiles were made during the 

wet and dry seasons. In excess of 5000 specimens were secured, 

exclusive of tadpoles, with particular note made of habitat and 

elevation. 

For comparison of the herpetofauna of the Sierra de las Minas with 

other highland areas in Middle America, I have placed special emphasis 

on material collected by me in the Sierra Juarez and the Cerro Baul 

region, Oaxaca; the Sierra Madre del Sur, Guerrero; the Mesa Central, 

Chiapas; the various mountain ranges of Alta Verapaz; and the Pacific 

highlands of Guatemala. Specimens I collected from 1972 to 1978 were 

deposited in the University of Texas at Arlington Collection of 

Vertebrates (UTACV), whereas those taken from 1979 to 1981 are housed 

in the Museum of Natural History at the University of Kansas (KU) . 

The nomenclature I follow is from a variety of sources and 

therefore is sure to offend just about everyone. In dealing with 

salamanders I follow the most recent work by D. B. Wake and his 

associates at the University of California at Berkeley. I have adhered 

to the various studies of J. D. Lynch and J. M. Savage in dealing with 

the leptodactylid frogs, especially those of the genus 

Eleutherodactylus. Nevertheless I have encountered numerous problems 

with this dismaying genus—many species in Middle America are yet 

undescribed and little is known about their relationships at any level. 

This situation is especially unfortunate with the gollmeri group 



inasmuch as members of this group are widely distributed in the mesic 

upland forests of Middle America. The difficult task of unraveling the 

systematic mysteries of this group is currently being undertaken by J. 

M. Savage. During the course of my investigations I have examined what 

purportedly are, on geographical grounds, Bufo coccifer and B. ibarrai; 

as I cannot distinguish between them, I consider the later a junior 

synonym of the former. The Middle American hylid frogs are relatively 

well understood thanks to the monumental efforts of W. E. Duellman 

(1970); I generally have followed his taxonomy and distributions, except 

where my own collections or recently published material augment his 

data. The only exception is the genus Ptychohyla in which I propose 

specific status for several populations previously recognized as 

subspecies. Until the evolutionary history of the iguanids is better 

understood, I see nothing to be gained by recognizing the genus Norops 

and have retained Anolis. I have retained the name Dryadophis Stuart, 

1939, in favor of Mastigodryas Amaral, 1934, for reasons given by Smith 

(1963). I follow in part the unpublished proposals of Burger (1971) in 

dealing with the pitvipers by recognizing the genus Bothriechis for the 

Middle American tree vipers. However, I do not concur with him in 

recognizing the genus Porthidium for many of the Middle American 

terrestrial pitvipers; this group appears to include several distinctive 

and not particularly closely related lineages, and I therefore prefer 

to retain the genus Bothrops for all other Middle American pitvipers 

exclusive of those species placed herein in Bothriechis. 

It seems advantageous to define a few terms at the outset. For 

determining particular scales I have followed the definitions proposed 



by Bowling (1951a, 1951b); other definitions may be found in Peters 

(1964). Duellman (1965a) distinguished the terms "herpetofauna," 

11 fauna1 assemblage," and "faunal element," all of which have continued 

to be used ambiguously. I have made an effort not to be guilty of using 

them synonymously. 

The methods of biogeographic analysis are described in the 

appropriate sections; the methods of cladistic analysis are those of 

Hennig (1966) so clearly put forth by Wiley (1981) (See "Relationships 

within mesic upland groups"). I have profited from the use of the 

Wagner 78 program and the BMDP, Minitab, and Clustan statistical 

packages implemented on the Honeywell 66/60 at the University of Kansas. 

It was with much hesitancy that I first approached this task of 

trying to synthesize data pertinent to the historical biogeography of 

the cloud forest herpetofauna, and I continue to be impressed by how 

much there is yet to be learned. The problems in undertaking a study 

of this nature are plentiful. First, by their very nature, the concepts 

"species" and "cloud forest" are evasive things that defy any rigid 

definitions likely to enjoy a widespread consensus. In dealing with 

allopatric populations isolated in wet patches of forest on mountain 

slopes and tops, it is perhaps more practical to adhere to the 

evolutionary species concept (Simpson, 1961; Wiley, 1981) rather than 

the biological species concept (Mayr, 1963). There are problems with 

both concepts. It seems inappropriate to embrace the biological species 

concept while concurrently recognizing various allopatric populations 

as species without any evidence of intrinsic reproductive isolation. 

Even if the basic tenet of reproductive isolation were accepted as a 



criterion for species recognition, it is not possible in most instances 

to secure empirical data demonstrating any such segregation. 

Contrarily, strict interpretation of the evolutionary species concept 

will ultimately lead to recognition of every isolated population as a 

distinct species—a position that is neither desirous for pragmatic 

reasons or accurate if one believes that species are more than man-made 

artifacts. 

Different kinds of vegetation grade into each other over short to 

long distances; therefore, arguing about where precisely to draw a line 

between kinds is futile. Thus, in attempting to decide whether or not 

the range of a particular species enters cloud forest, a decision may 

be hampered not only by imprecise knowledge about the range of the 

species, but also of where exactly cloud forest begins or ends. Cloud 

forest characteristics and distributions are discussed in detail in the 

appropriate sections ("The cloud forest environment" and "Extent and 

distribution"). 

Although many events of the geological history of Middle America 

are well documented (Dengo, 1968; Schuchert, 1935), conflicts of opinion 

concerning the geographical history of the region and its bearing on the 

distributions of the cloud forest (see Savage, 1966; Stuart, 1966) are 

discussed in a later section. 

The species richness of the Middle American mesic highlands is 

fairly large, involving some 450 species. Because any accurate 

assessment of the historical biogeography for a group is dependent on 

a knowledge of the systematics of that group, it is unfortunate that the 

relationships within and among most of the Middle American species 



groups is only now beginning to be investigated. 

Lastly, many of the Middle American cloud forests remain 

inaccessible. As a result, studies on the fauna or flora of cloud 

forests are often hampered by a dearth of material. 

My objective in essaying some of the problems associated with this 

type of study is to address what I think are relevant shortcomings. 

Nevertheless trying to combine species1 relationships and ecology with 

historical geology is intriguing and attracted me to pursue this study. 



THE CLOUD FOREST ENVIRONMENT IN MIDDLE AMERICA 

Classification.~~ The wet, cool forest that characterizes the 

windward slopes of tropical mountains has been variously called "cloud 

forest" (Beebe and Crane, 1947; Carr, 1950; Myers, 1969; Leopold, 1950), 

"montane or temperate rainforest" (Beard, 1944), "lower montane wet 

forest" (Holdridge, 1964), "mist forest" (Walter, 1971), and a host of 

other names that all stress some aspect of the dampness and/or montane 

distribution (and therefore resulting lower temperatures) of this type 

of forest. 

Cloud forests sometimes have been classed as a subtype of the 

lowland rainforest because it was thought that the amount and 

distribution of precipitation in all cloud forests were similar to that 

of lowland rainforests (Pittier, 1926). However, there is good evidence 

that in some cloud forest the moisture supply comes more from fogs or 

mists than from rain (Barbour, 1942; Carr, 1950; Grubb and Whitmore, 

1966). Because cloud forests differ greatly from rainforests in their 

floristics, distribution, climate, and physiognomy (Barbour, 1942; Grubb 

and Whitmore, 1966), there is an increasing tendency to accord them 

primary status in classification of tropical forests. 

According to Koeppen fs classification of climate, based on annual 

and monthly averages of temperature and precipitation, most Middle 

American cloud forests occur in regions of the Cfa climatic type—humid 

temperate climates with rain in every month (but with most rain in 

summer and fall) and warm summers (mean of warmest month >22°C) (Vivo 

Escoto, 1964). 



A series of formations have been recognized within the cloud 

forest: "lower montane rainforest, montane rainforest, and elfin 

woodland" (Beard, 1944); "high ocotal, pinabetal, and hardwood cloud 

forest" (Carr, 1950); and "lowland, lower montane, and upper montane 

rainforest" (Richards, 1952). These subdivisions of cloud forest are 

no doubt influenced by the particular regions of the world worked in by 

these authors, but nonetheless are indicative of the heterogeneity of 

different elevational belts within what is called cloud forest. 

Formation.— Probably the two most important prerequisites for the 

formation of a cloud forest are sufficient elevation to have a cooling 

effect on ascending air and exposure to moisture-laden winds coming off 

the oceans. Undoubtedly other factors such as latitude and extent of 

land mass are important in determining the distribution of cloud 

forests. The northeast trades are the most important source of moisture 

for the slopes along the Gulf of Mexico and Caribbean. Both of these 

receive water from a branch of the Atlantic North Equatorial Current and 

thus are relatively warm. A branch of the Pacific Equatorial 

Countercurrent brings warm water along the western coast of Central 

America and southern Mexico. Winds passing across these warm waters 

pick up abundant moisture and as they come ashore and make contact with 

land, the great inequalities of surface configuration give rise to an 

extremely complicated pattern of wet and dry areas. The air that is 

forced up mountain slopes cools at 6--10°C/Km depending on humidity 

(MacAurthur, 1972). At elevations between 1000--2000 m average yearly 

temperatures are between 15—20°C. Because cool air holds less moisture 

than warm air, this causes heavy condensation or rain at certain 



elevations on the slopes. By the time this air reaches the lee side of 

a mountain range, it often has lost most of its moisture. Consequently 

not only is precipitation less frequent on the leeward side, but the 

descending dry wind increases aridity in the area. Numerous interior 

valleys of Middle America are of subhumid aspect including parts of the 

Balsas-Tepalcatepec, Negro, Motagua, and Aguan Valleys. These dry 

valleys are of considerable importance in limiting distributions of 

mesophilic fauna and flora. The distribution of some of these rather 

dramatic rainshadows and their biogeographic implications have been 

amply described by Stuart (1954b). Surface temperatures in these 

valleys frequently reach as high as 30°C owing to the warming affect of 

the "dry adiabatic" lapse rate of the air descending into these valleys 

from adjacent mountain ranges. These valleys form an almost continuous 

corridor of xerophytic vegetation from the Pacific Coast of northern 

Mexico southward across the interior valleys of Nuclear Central America 

and then along the south coasts of Nicaragua and Costa Rica (Stuart, 

1954b, map 2). Rainfall in much of these valleys is less than 1000 mm 

per year and in the middle Motagua is only about 500 mm annually 

(Stuart, 1966; Vivo Escoto, 1964). 

Seasonality.— The amount and distribution of precipitation in 

cloud forests in general is closely associated with general climatic 

patterns for the entire region. In southern Mexico and Central America 

the rainy season extends from about May through October during which 

time areas receive over 80% of their annual precipitation. It is during 

this period that cloud forests likewise receive the largest amounts of 

rainfall. These rains are brought on by the northward migration of the 



thermal equator causing the tradewinds to become unstable. Air flow has 

a tendency to move upward as it approaches the thermal equator, thus 

cooling and producing rainfall. Conversely, from October to April the 

thermal equator has migrated southward and Middle America experiences 

masses of descending air, or subtropical calms, that bring on the dry 

season (Vivo Escoto, 1964). 

The extremely wet, humid conditions that frequently prevail in 

cloud forests have been stressed by numerous authors (Duellman, 1966; 

Savage, 1966b; Stuart, 1966; Wagner, 1964). A little appreciated fact 

is that all Middle American cloud forests are seasonal and subject to 

considerable fluctuations in climate. The extent and effects of these 

fluctuations have been nicely summarized by Grubbs and Whitmore (1966) 

for an Ecuadorian cloud forest. Because diversity of temperature and 

precipitation is fundamental in the distribution of natural vegetation 

and animal life, and because extremes of these factors, even if for only 

brief periods, may be the limiting factors in the distributions of 

particular species, recognition of seasonality in a region takes on 

special importance. 

For eight months of the year cloud forests along the Caribbean 

slopes tend to be enveloped in clouds for at least part of every day and 

daily extremes in temperature and humidity vary little; whereas during 

January, February, March," and April there may be periods of several days 

to several weeks which are cloud free, producing relatively great 

fluctuations in climatic conditions and having an overall drying affect 

on the cloud forest. The cold fronts or "aortes" that pass through the 

region during the winter months augment these extremes. Species of 



cloud forest amphibians and reptiles are notorious for their inability 

to withstand even moderate amounts of desiccation. Because humidity is 

one of the significant factors that regulates the amount and rate of 

moisture loss, fluctuations in humidity no doubt greatly affect the 

distribution and behavior of many of these species. 

Precipitation.— Carr (1950) presented meterological data on 

several localities in Honduras that suggest that some cloud forests, 

particularly those situated on high peaks far from oceans, may receive 

about the same amount of rainfall as the surrounding subhumid lowlands, 

and that these forests develop more as a result of the heavy fogs and 

resulting low évapotranspiration rates characteristic of these forests. 

Although this seems to be true for some cloud forests, it does not seem 

to be the case for all of them and certainly does not describe the 

situation of the piedmonts along either ocean that characteristically 

receive more rainfall than adjacent areas. 

Total annual rainfall in cloud forests may vary from less than 2000 

mm to over 5000 mm (Leopold, 1950; Portig, 1965; Stuart, 1964, 1966; 

Vivo Escoto, 1964). In general the Atlantic versant of Middle America 

is wetter than that of the Pacific (Vivo Escoto, 1964). Localities in 

the highlands of Alta Verapaz (Stuart, 1966) and the Sierra de las Minas 

may receive as much as 5000 mm of precipitation annually. Nevertheless 

localized areas along the Pacific escarpment such as that along the 

Guatemalan-Chiapan border may receive up to 4000 mm of annual 

precipitation (Stuart, 1964), most of this coming during the summer 

months. The Pacific cloud forests from Guerrero through El Salvador 

tend to be more seasonal than those on the Atlantic and experience heavy 



rains during the summer months followed by a relatively harsh dry 

season. 

Altitudinal limits.— Depending on variables such as latitude, 

direction and intensity of prevailing winds, and distance from the 

oceans, the lower limit of cloud forest may vary from about 1000 to 1800 

m. Carr (1950) noted that cloud forests in Honduras develop at lower 

elevations on the Caribbean slopes than in the interior owing to their 

strategic location with respect to the prevailing northeasterly 

tradewinds. Most of the major tracts of Atlantic-facing cloud forest 

in Mexico and Central America have their lower limits at about 1300 m. 

Exceptions to this are the more northern cloud forests of the Sierra 

Madre Oriental of Mexico which may descend to about 1000 m or lower 

(Martin, 1958), and the Montanas del Mico in Guatemala and the Sierra 

de Omoa in Honduras which owing to their proximity to the Gulf of 

Honduras, possess cloud forest-like vegetation as low as 800 m. In the 

Sierra Madre del Sur, cloud forest may be encountered as low as 1300 m 

to the north of Atoyac; however, a little to the east in the vicinity 

of Omilteme I have not found it below about 2000 m, possibly because of 

the effect of the drying winds that blow through the relatively low 

passes in the Chilpancingo region. The cloud forest of the Pacific 

versant of the southern volcanic highlands of Guatemala and Chiapas 

descends to about 1300 m over most of the region with the exception of 

an area in the Guatemalan-Chiapan border region which receives greater 

precipitation and in which cloud forest descends to at least 1000 m. 

The upper limits of cloud forest may vary even more than the lower 

limits. At higher elevations, much of the moisture may have been 



extracted from the air and the forest becomes drier, species of pines 

or fir prevail, and. the trees become spaced farther apart. This 

situation is characteristic of the Guerreran highlands, the Sierra 

Juarez, and Cerro Baul. The upper slopes and crests of some mountains 

are exposed to high winds on an almost daily basis. Trees become 

stunted and gnarled; this type of forest has been termed "elfin 

woodland" (Beard, 1944) and is characteristic of the upper reaches of 

the Cerro Baul region and some of the higher mountains in Costa Rica. 

Rarely, conditions prevail that allow a dense primary cloud forest of 

tall trees to extend to high crests. Such is the situation in the 

Sierra de las Minas where hardwood cloud forest extends to over 3000 m 

on Cerro Raxon (Fig. 3 ) , giving refuge to a considerable population of 

howler monkeys and one of their chief predators, the harpy eagle. 

Characteristic plants.— The diversity of plants growing in cloud 

forests is overwhelming. On the forest floor are numerous selaginellas, 

ferns, small palms, liverworts, mosses, terrestrial bromeliads and 

orchids, begonias, and myriad other herbaceous plants. Along the 

cascading streams grow giant equisetums and dense stands of lilies. The 

limbs and trunks of trees support a luxuriant epiphytic growth that 

includes algaes, mosses, ferns, lichens, bromeliads, and orchids. 

Along rather specific contours in Middle American cloud forests 

brakes of bamboos and small palms sometimes occur. To my knowledge 

these have never been described in detail, and I made no detailed study 

of their distribution in my field work. However, I have seen brakes of 

bamboo between 140—2000 m in the Sierra Madre del Sur in Guerrero, 

Cerro Baul in Oaxaca, Sierra de las Minas, and two distinctive bamboo 



belts on the Volcan de Agua in Guatemala. Small palms may be 

distributed in a more random fashion, but also seem to be more abundant 

between certain elevations, especially in ravines. 

Perhaps the most characteristic cloud forest plants are the giant 

tree ferns that may reach heights of over 10 m. These are represented 

in Middle America by the family Cyatheaceae. Although tree ferns occur 

at less than 300 m in the Montanas del Mico and the northern escarpment 

of the Sierra de las Minas and other areas where local conditions are 

relatively wet the year round, tree ferns seem to reach their greatest 

abundance between 1500 and 2200 m and have been referred to as cloud 

forest "indicator" species (Leopold, 1950). 

In Mexico and Central America a complex admixture of elements come 

together to form the flora of cloud forests. Leopold (1950) noted that 

whereas the biota as a whole is of tropical origin, many of the often 

immense and strongly buttressed dominant trees are of temperate origin. 

The drier portions of the cloud forest often possess pines (Pinus) 

and sweetgum (Liquidambar). These trees may occur in almost pure stands 

or be intermingled with numerous species of oaks (Quercus) that also 

occur in the hardwood cloud forest. Along the upper limits, cypress 

(Cupressus) and fir (Abies religiosa) may mix with hardwoods. A few of 

the more common trees of temperate origin making up cloud forests 

include beeches (Fagus), dogwoods (Cornus), laurels (Persea, Nectandra), 

basswoods (Tilia), tupelos (Nyssa), mahoganies (Cedrela), myrtles 

(Eugenia), hollies (Ilex), sweetleaves (Symplocos), maples (Acer), birch 

(Carpinus), buckthorns (Rhamnus), snowbells (Styrax), marlberries 

(Ardisia), osmanthes (Osmanthus), rapaneas (Rapanea), and roses 



(Prunus). Other trees of tropical origin are Chaetoptelea, Clethra, 

Billia, Inga, Engelhardtia, and Podocarpus. A number of epiphytic trees 

seem to replace the lowland Ficus, including Oreopanax and Topobea 

(Miranda, 1952). 

Forest floor.— Most cloud forests have a moderate amount of humus 

covering the forest floor. A few forests have small amounts of humus 

production (Carr, 1950) and others such as that on Cerro Raxon and a 

nearby ridge known locally as "Volcan del Mono" in the Sierra de las 

Minas possess a spongy layer of humus almost a meter deep. The mat 

formed by this humus gives it an almost trampoline quality as one 

proceeds through the forest. 

Owing to steep slopes, soils that often are relatively poor, cool 

temperatures, and heavy precipitation, Middle American cloud forests 

have been one of the last forest types to be seriously threatened by 

man's encroachment. However, the major tracts of cloud forest are 

presently in danger of almost complete destruction except perhaps for 

small remnants left in ravines and on crests. The lower portion of 

cloud forest has long been known to be well-suited for coffee growing 

and as that industry continues to expand the cloud forest inevitably 

diminishes. With the burgeoning population of Middle America even 

"milpa" agriculture employing traditional slash and burn techniques is 

slowly creeping up mountain slopes previously either inaccessible or 

considered unsuitable for agriculture. As these areas are deforested, 

the fragile soils soon wash away exposing the underlying bedrock such 

as part of the Mesa Central de Chiapas or the ocherous lateritic clays 

of the Sierra de las Minas. In spite of the back-breaking effort 



required to clear the land, I was told that in Guatemala only two or 

three years of crops may be produced from a field before exhaustion of 

the soil required moving on and deforesting the next plot up the 

mountainside. 

Many of the mountainous regions of Middle America were previously 

unapproachable by vehicle. However, owing to the economics of lumbering 

valuable hardwoods as well as pine, it now has become feasible to 

construct temporary roads into a region, extract the desired timber, 

usually by felling the entire forest, and allow the roads to wash down 

the mountainside the first rainy season after operations are completed. 

The Sierra Juarez, Cerro Baul, Mesa Central of Chiapas, and Sierra de 

las Minas, to mention a few, all have intensive lumbering operations in 

progress at present. 



EXTENT AND DISTRIBUTION OF MIDDLE AMERICAN CLOUD FORESTS 

Cloud forest is distributed on windward escarpments of Middle 

America from moderate to high elevations. Of the various montane 

vegetation zones generally recognized, cloud forest occupies a smaller 

percentage of total land area than any other except a few specialized 

types such as boreal forest (Leopold, 1950) or paramo, limited to a few 

high Costa Rican peaks (Wagner, 1964). Leopold (1950) estimated that 

in Mexico cloud forest covers about 3,800 square miles comprising about 

0.5% of the total land area. Such estimates are not published for 

Central America, but certainly cloud forest is more predominant in the 

region than in Mexico. 

In chorographing the cloud forest of Middle America (Fig. 1) I have 

utilized the information contained in a great number of sources 

including Goldman (1951) and Leopold (1950) for Mexico in general; 

Hernandez X. (1951) and Martin (1958) for Tamaulipas; Caldwell (1974) 

for Oaxaca; Davis and Dixon (1959) for Guerrero; Breedlove (1973) and 

Miranda (1952) for Chiapas; and Andrle (1964) for southern Veracruz. In 

Central America I have benefited from information provided by Stanley 

(1941), Stanley and Steyerraark (1945), and Stuart (1950) for Guatemala; 

Carr (1950) for Honduras; Lauer (1954) for El Salvador; Myers (1969) for 

Panama; Stuart (1966) and Wagner (1964) for the region in general; and 

especially the series of ecological maps of the various Central American 

countries prepared by L. R. Holdridge and published by the Instituto 

Interamerican de Ciencias Agricolas de la Organizacion de Estados Unidos 

in San Jose, Costa Rica. 



FIGURE 1. The distribution of Middle American cloud forests. 

Numbers refer to regions analyzed: 1, southwestern Tamaulipas, Mexico; 

2, northern Oaxaca, Mexico; 3, southern Veracruz, Mexico; 4, Sierra 

Madre del Sur of Guerrero, Mexico; 5, southeastern Oaxaca, Mexico; 6, 

northern Chiapas, Mexico; 7, Sierra de los Cuchumatanes, Guatemala; 8, 

highlands of Alta Verapaz, Guatemala; 9, Sierra de las Minas, Guatemala; 

10, Pacific highlands of Guatemala and Chiapas; 11, El Salvador 

highlands; 12, northwestern Honduras; 13, eastern Costa Rica. 





On the Carribean versant cloud forest extends northward to about 

the Tropic of Cancer in southwestern Tamaulipas, Mexico (Martin, 1958). 

Southward along the Atlantic escarpment disjunct cloud forests occur on 

the higher crests of the Sierra Madre Oriental in the Xilitla region in 

San Luis Potosi and Queretaro; this highland region appears as the 

Sierra de Jalpan on some maps. Floristically this forest closely 

resembles that of the Gomez Farias region with the dominant trees being 

oak, pine, madrono, cedar, sweetgum, and walnut (Dixon et al-, 1972). 

This cloud forest is isolated from the next cloud forest to the south 

by the deep entrenchment of several tributaries of the Rio Moctezuma. 

An extensive tract of cloud forest extends along the eastern slopes 

of the Sierra Madre Oriental from northeastern Hidalgo to the Teziutlan 

area of Puebla. The crest of the Sierra Madre Oriental swings eastward 

to the east of Teziutlan and forms a spur known locally as the Sierra 

de Teziutlan. Because of the orientation of this portion of the massif 

to prevailing winds, as well as the effects of a rain-shadow caused by 

the highlands of the Volcan Cofre de Perote, a disjunction of cloud 

forest occurs between the Teziutlan area and the next cloud forest to 

the south in the Jalapa region of Veracruz, where the main crest of the 

Sierra Madre Oriental is once again oriented more or less 

perpendicularly to the prevailing moisture-laden winds from the Gulf of 

Mexico. 

The Atlantic versant from Volcan Pico de Orizaba to the Sierra Mixe 

to the west of the Isthmus of Tehuantepec supports several isolated 

cloud forests that are fragmented by a low pass in the Cordoba-Orizaba 

area and the deep entrenchment of the Rio Santo Domingo, the major 



tributary of the Rio Papaloapan. 

I consider the northernmost extent of cloud forest on the Pacific 

escarpment to be in the Sierra Madre del Sur in Guerrero, although cloud 

forest-like conditions have been reported for the southern slopes of 

Cerro Barolosa and Cerro Tancitaro (Duellman, 1965; Leavenworth, 1946). 

As pointed out by Duellman (1965), these Michoacan forests have little 

in common with the cloud forests in eastern Mexico, either 

physiognomically or floristically. 

To the southeast of the Isthmus of Tehuantepec, cloud forest occurs 

on the Atlantic slopes of the southeastern Oaxacan highlands, sometimes 

referred to as the Sierra de Niltepec, Zanatepec, or Atravesada. This 

cloud forest spills over to the Pacific versant on the higher crests. 

Several peaks in the region, most notably Cerro Azul and Cerro Baul, 

attain elevations of about 2408 and 2018 m, respectively. This cloud 

forest is isolated from cloud forests to the southeast and northeast by 

several low passes between Tapanatepec and Arriaga, and the xeric Rio 

Grijalva Valley, respectively. 

Two major blocks of cloud forest occur in the northern Chiapan 

highlands- The first covers the northwestern portion of the Mesa 

Central and is known locally as the r!selva negra." The second occurs to 

the east of Comitan in the region of the Lagos de Montebello and 

continues into Guatemala on the northern escarpment of the Sierra de los 

Cuchumatanes. The Rio Negro gorge effectively isolates the cloud forest 

biota of the northwestern Guatemalan highlands from that of Alta Verapaz 

where cloud forests occur on several mountain ranges including the 

Sierra de Pocolha, Sierra de Xucaneb, Sierra de Pansal, and the 



highlands between Coban and the Rio Negro. The interior highland 

valleys of Alta Verapaz tend to support seasonally dry pine-oak forests 

that intervene between these cloud forests. One such seasonally dry 

forest extends up the upper course of the Rio Matanzas in the vicinity 

of Purulha, Baja Verapaz, thus separating the Alta Verapaz cloud forests 

from that of the Sierra de las Minas which extends across the northern 

escarpment from Cerro Quisis and Cerro Verde in the west to almost a 

level due north of Gualan, Zacapa, Along the higher crests of the 

Sierra de las Minas luxuriant cloud forest spills over and covers the 

southern escarpment down to 1700--19Q0 m. A small isolated cloud forest 

occurs on the higher portions of the Montanas del Mico in eastern 

Guatemala. 

Along the Pacific versant of Chiapas and Guatemala a band of cloud 

forest, continuous except for minor breaks caused by deep valleys, 

occurs from Cerro Tres Picos across the southern volcanic highlands onto 

the Las Nubes block of southeastern Guatemala. There is a major lowland 

depression, supporting subhumid types of vegetation, in southeastern 

Guatemala that extends through the departamentos of Santa Rosa, Jutiapa, 

Jalapa, and Chiquimula. On the eastern side of these lowlands several 

isolated highland areas in El Salvador support cloud forest including 

Cerro Montecristo, Cerro El Pital, Volcanes Santa Ana, San Vicente, and 

San Miguel, and the highlands in the Ahuachapan region. 

The highlands of Honduras are not as extensive as those to the 

north. Nevertheless, several high crests of the northern cordilleras 

receive abundant moisture and support small tracts of cloud forest. The 

largest of these are on the Sierra de Omoa, Sierra de Espiritu Santo, 



Cerro Santa Barbara, Sierra de Sulaco, Sierra de Nombre de Dios, and 

Sierra de Agalta. 

The only areas I am aware of in Nicaragua that support cloud forest 

are several of the mountains in the northern portion of the country 

including the higher crests of the Cordillera Isabella. 

A hiatus of over 250 km occurs between the cloud forest in northern 

Nicaragua and the most proximate cloud forest to the south in Costa Rica 

on the northern end of the Cordillera de Guanacaste in the vicinity of 

Volcan Orosi- Cloud forest occurs on the higher crests of the 

Cordillera de Guanacaste and Cordillera Central through the Cordillera 

de Talamanca to western Panama. 



THE NATURAL LANDSCAPE OF THE SIERRA DE LAS MINAS 

Physiography and geology, — Most of the Guatemalan highlands 

exceeding 2000 m are west of the Pacific drainage of the Rio Michatoya 

and of the Rio Negro, which ultimately discharges into the Gulf of 

Mexico. This corresponds roughly with a line drawn north—south through 

Guatemala City. In the southeastern portion of the country the terrain 

is broken and areas exceeding 2000 m are small. Isolated crests and 

peaks rise above this contour on the Volcan de Pacaya, the Las Nubes 

block, and Cerro Montecristo. Several ranges in Alta Verapaz also 

exceed 2000 m, but the most extensive highland region is that of the 

Sierra de las Minas (Fig. 2) stretching across five departments in 

east-central Guatemala. 
2 

Approximately 350 km lie above the 2100 m contour in the Sierra de 

las Minas which is one of the northernmost of the WSW—ENE trending 

mountain ranges that run parallel to each other through eastern 

Guatemala, Honduras, and northern Nicaragua. Termer (1936) pointed out 

that a striking physiographic feature of the Sierra de las Minas was the 

existence of an ancient erosion surface at elevations of 1700—2200 m. 

He was also the first to point out that the crest of the Sierra de las 

Minas and adjoining parts of the Sierra de Chuacus were of reasonably 

uniform elevation. Several high mountains in the western portion of the 

range, Cerro Quisis and Cerro Verde, attain elevations of over 2300 m 

and are connected by elevations exceeding 1600 m. Just to the southwest 

of Cerro Verde and to the west of the village of Chilasco a high ridge, 

known locally as Cerro Miranda, rises to elevations of over 2300 m and 

forms a portion of the high crest of the Sierra de las Minas that 



FIGURE 2. Relief map of the Sierra de las Minas, the highlands of 

Alta Verapaz, and adjacent territory. Numbers refer to the following: 

1, Purulha; 2, La Union Barrios; 3, Nino Perdido; 4, Chilasco; 5, 

Salama; 6, Tactic; 7, Coban; 8, El Rancho; 9, Cerro Pinalon; 10, 

Teculutan; 11, San Lorenzo; 12, Finca Sitio Nuevo; 13, Cerro Raxan; 14, 

Zacapa; 15, La Union; 16, Gualan; 17, Dona Maria; 18, Aldea Vista 

Hermosa; 19, Puerto Barrios; 20, Montanas del Mico. Cerros Raxon and 

Pinalon slightly offset to show relief. 





extends unbroken below the 2100 m contour for 65 km. A narrow ridge 

connects Cerro Miranda with Cerro Pinalon, the second highest mountain 

in the Sierra de las Minas cresting at about 2960 m, and forms one of 

the three radiating highland crests; to the west of Cerro Pinalon a 

ridge connects Cerro Bandera Perdida (2390 m) which subsequently drops 

off into the Motagua Valley, while the main crest of the Sierra de las 

Minas continues to the north of Cerro Pinalon to the vicinity of peaks 

called Cerro Guaxabaia (2650 m) and Cerro Mululja (2690 m ) , and then 

west to the Cerro La Cucaracha (2950 m ) , Cerro Raxon (2990 m ) , Montana 

El Imposible (2610 m ) , and Monatana del Licenciado (2350 m ) , 

respectively (Fig. 2). 

Two highland areas of high relief connect the Sierra de las Minas 

with highlands to the north and west. The eastern extension of the 

Sierra de Chuacus separates tributaries of the Rio Negro and Rio Motagua 

and forms a narrow highland bridge that connects the Sierra de las Minas 

with the western Guatemalan highlands. A number of extensive, rugged 

ranges connected by high valleys extend northward from the northwestern 

spur of the Sierra de las Minas in the vicinity of the village of 

Purulha and join this range with those of Alta Verapaz. The Sierra de 

las Minas gradually loses elevation at its eastern terminus and to the 

south of Lago de Izabal only a low ridge of less than 300 m separates 

the Rio Motagua drainage from Lago de Izabal. The Montanas del Mico to 

the east-northeast of the main axis of the Sierra de las Minas reach 

elevations of about 1000 m. 

The Sierra de las Minas is bordered to the north and south by two 

large structural depressions that correspond to two major faults-- the 



Motagua and the Polochic. The range is bounded to the west by the 

pumice-filled Salama-San Jeronimo Basin. The exceedingly steep northern 

face of the Sierra de las Minas is drained by tributaries of the Rio 

Polochic which are torrential streams. The Polochic empties into Lago 

de Izabal which occupies the eastern portion of the Polochic depression. 

Tributaries of the south face flow into the Rio Motagua, the largest 

river system in Guatemala. The Rio Motagua flows through arid country 

along its upper course and has a relatively small discharge, but along 

its lower course it flows through a region of abundant rainfall and 

widens to about 200 m with an average depth of 5 m. A major tectonic 

depession can be traced from the Cayman trench up the Motagua Valley and 

continues through the Grijalva Valley of central Chiapas. One of the 

largest tributaries of the Motagua flowing out of the Sierra de las 

Minas is the Rio Teculutan, known locally as the Rio Blanco (as are many 

other Guatemalan rivers) along its upper course. This river intervenes 

between two of the arms of the crest of the Sierra de las Minas with 

Cerros Pinalon and Bandera Perdida to the south and the Cerros Raxon and 

La Cucaracha to the north. The middle Motagua Valley is widest in the 

Zacapa region where an extensive semi-arid plain extends from the base 

of the Sierra de las Minas far up the Rio Grande de Zacapa Valley, a 

southern tributary of the Rio Motagua. 

An excellent study of the geology of central Guatemala including 

the Sierra de las Minas was presented by McBirney (1963) and I have 

summarized much of the geological information for the Sierra de las 

Minas from his work. The Sierra de las Minas and Montanas del Mico are 

composed largely of Paleozoic rocks that are among some of the oldest 



in Central America; they include pre-Pennsylvanian schists and gneisses, 

and possess a crystalline, highly deformed basement complex. This 

mountain range is built on upthrust basement rocks including a thick 

sequence of these rocks as well as amphibolites and marbles. A wide 

belt of serpentized rock extends along the northwestern margin of the 

Sierra de las Minas, although the eastern extent of this belt has not 

been determined. A narrower belt, consisting of more highly sheared and 

more completely serpentized rocks, runs along the south side of the 

range and extends to the Gulf of Honduras. The northern margin of the 

southern belt is a well defined fault zone of considerable displacement. 

The rocks were subjected to intense metamorphism during the pre-Permian, 

prior to the influx of the sea during the end of the Carboniferous that 

covered much of the lands north of the Sierra de las Minas. Shallow 

marine conditions prevailed through most of Permian time depositing a 

thick layer of sediment. The interval between the end of the Paleozoic 

and end of the Triassic is thought to have been an important orogenic 

period, although probably only mild metamorphism and little plutonism 

occurred during this time. The re-emergence at the end of the Paleozoic 

caused a depositional hiatus that lasted until the end of the Triassic. 

With a renewed orogenic disturbance during the Late Cretaceous and 

Eocene time, the basement rocks of the Sierra de las Minas were 

remetamorphosed along with the lower part of the overlying sedimentary 

rocks. The Sierra de las Minas were subsequently reduced to low relief 

during the early Tertiary, but the region was again elevated and deeply 

incised starting in the early Pliocene. 



Although the highlands above 1500 m are broadly continuous from the 

northwestern portion of the Sierra de las Minas through the highlands 

of Alta Verapaz, the geological histories of the regions are stikingly 

different. The arc formed by the Chuacus-Minas-Mico ranges arose before 

the Carboniferous period and thus are considerably older than the 

highlands to the north that gained their present elevations during the 

Pliocene orogeny. The Alta Verapaz highlands are folded and faulted 

ranges of marine elastics and limestones (West, 1964). These highlands 

are a continuation of the plateau-like surfaces of the highlands of 

Chiapas and northwestern Guatemala that similarly are upfaulted blocks 

capped by nearly horizontal strata of Cretaceous and Tertiary limestone. 

These highlands are highly karstic with numerous sinkholes or Msiguans M 

dotting the countryside. Between the northwestern terminus of the 

Sierra de las Minas and the Alta Verapaz lowlands to the north, severe 

faulting has transformed the limestone surface into three major 

east—west ranges: the Sierra de Pansal, the Sierra de Xucaneb, and the 

Sierra de Pocolha (Chama), respectively. The configuration of these and 

other minor ranges has been compared with Ma stormy sea breaking into 

parallel billows" (Walper, 1960). 

Stream capture of the Rio Salama and its tributaries by the Rio 

Chixoy was first suggested by Sapper (1937). It seems likely that the 

streams that presently comprise the headwaters of the Rio Chixoy 

encompass a region that originally was drained by the Rio Polochic. The 

extremely narrow and steep Rio Negro gorge is evidence of the 

differential erosion of relatively weak sedimentary rocks, but whether 

or not this stream capture was the result of a more rapid erosion of one 



stream system than another or caused by a relatively greater uplift in 

the eastern Baja Verapaz region is unknown. 

I am uncertain from where the Sierra de las Minas derives its name. 

Serpentine deposits within the Sierra de las Minas have been documented 

as a source of artifacts found throughout Central America and Mexico 

(Foshag, 1955; Sapper, 1937). Also, marble has been quarried from the 

south side of the range since the early part of this century. Possibly 

the range receives its name from human activities relating to one of 

these two rocks. 

The Polochic and Motagua Valleys are covered with alluvial soils; 

soils at higher elevations tend to be intensely weathered and subject 

to leaching and belong to the reddish lateritic group of soils. 

Climate.— In the Sierra de las Minas, as elsewhere in the tropics, 

temperature is determined largely by elevation, and the orientation of 

elevated areas to the prevailing tradewinds is an important factor 

determining the amount of precipitation in the region. Nightly low 

temperatures of 5--15°C are the rule regardless of season at the Biotopo 

"Mario Dary H located at 1520 m on the northwestern slopes of the Sierra 

de las Minas, although slightly lower temperatures occur during the 

winter months. Elevations as low as 1300—1500 m in the Sierra de las 

Minas may experience occasional frosts. 

The amount of precipitation in the Sierra de las Minas is subject 

to vast differences over short distances. Areas in the Alta Verapaz 

highlands and upper Rio Polochic drainage receive in excess of 4000 mm 

of precipitation annually and preliminary data from the few isolated 

recording stations on the north face of the Sierra de las Minas 



indicates this area receives at least as much. The cloud forest of the 

Sierra de las Minas receives less rain during the months of January 

through May when between 50 and 150 mm of precipitation falls monthly. 

A dramatic increase occurs in June, the wettest month, when over 500 mm 

may be received, and continues from July through September when 

generally upwards of 400 mm of rain is received monthly. October 

through December are subject to considerable fluctuations in rainfall 

with a monthly average of about 250 mm. During a nine month period 

extending from 12 December 1979 to 31 August 1980 when detailed 

meterological data were recorded at a station on the Biotopo "Mario 

Dary,M a total of 177 days experienced rain. Only 9 rainy days occurred 

in March when dry periods marked by bright, blue skys persisted from one 

to six days. The amount and duration of precipitation generally 

increases the last week of May and the months of June, July, and August 

are especially dreary with rain almost every day. Whereas the region 

around the Biotopo Mario Dary is extremely humid (Fig. 3), a little to 

the north along the upper headwaters of the Rio Panima it is 

considerably drier owing to the rainshadow effects created by the Sierra 

de Pansal. 

A rather consistent pattern of fluctuation of relative humidity 

characterizes the cloud forest. The monthly mean at early morning (7:00 

AM) is between 93—95% during all months of the year, decreasing to 

53-~73% by about mid-day (1:00 PM), but then gradually rising to 91—95% 

just before dark (6:00 PM) owing to the fogs that generally pervade the 

valleys in the afternoon. Thus, the relative humidity at dawn and dusk 

(and presumably throughout the dark hours) is high and comparable all 



FIGURE 3. Cloud forest on the eastern slopes of Cerro Quisis, 3.8 

km SE Purulha, Baja Verapaz, Guatemala; taken at 1520 m, 16 March 1981, 

on the Biotopo Mario Dary. 





months of the year, but as might be expected, a more precipitous drop 

occurs at mid-day in the dry season (March—May) than during the rainy 

period. 

The west to east dip in elevation of the crest of the Sierra de las 

Minas plays an important role in the precipitational pattern of the 

lower Motagua Valley. The higher crests of the Sierra de las Minas 

creat rainshadow conditions in the middle Motagua Valley where less than 

500 mm of precipitation is received annually. There is a rather abrupt 

increase in rainfall to the east of Gualan owing to the low crest of the 

Sierra de las Minas to the north of that region. 

Vegetation.— The kind of vegetation that occurs in any particular 

region of the Sierra de las Minas is highly dependant on elevation 

(temperature) and precipitation of that region. No doubt other factors 

such as soils also play an important role in plant distributions. For 

purposes of this discussion I will employ the classification and 

terminology of Holdridge (1964) with the exception of term "cloud 

forest," which I use interchangeably with his Lower Montane and Montane 

Rainforest. 

A fairly accurate picture of the vegetational complexity of the 

Sierra de las Minas may be visualized by imagining a trek over Cerro 

Raxon, the highest point in the range, starting from Teculutan in the 

middle Motagua Valley and ending in the Polochic Valley. After leaving 

the narrow strip of gallery forest that consists predominantly of Salix, 

a xeric vegetation type consisting of columnar cactus, Melocactus, and 

trees of the genera Acacia, Prosopis, Bauh.in.ia, Casearia, Crecentia, 

Croton, Diphysa, Jacquinia, Piptadenia, Pithecellobium, and Randia. 
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From about 300 m upwards, a dry low forest consisting of many of these 

genera and other deciduous trees including Bursura, Calycophyllum, 

Cedrela, Cochlospermum, Cordia, Eysenhardtia, Godmania, Pseudobombax, 

Spondia, Tabebuia, and Triplanis begins to dominate the landscape. At 

about 1200 m some tree species, especially small oaks, are covered with 

"Spanish moss" and other species of Tillandsia. As still higher 

elevations are attained, Liquidambar larger species of Quereus, and 

several species of pines become dominant. A thin humus layer may be 

present in some areas, epiphytes are more common, and distinctly cloud 

forest-like conditions prevail along streams, especially in the deeper 

ravines. At about the 2200 m level the forest is composed almost 

entirely of hardwoods (Fig. 4); Liquidambar athough still present, is 

not nearly as common as it was just a few hundred meters below and pine 

has become rare. Although we are still on the south face of the Sierra 

de las Minas, we are now in cloud forest. 

The boundaries of the cloud forest are at times well defined, with 

transition from dense stands of pine to hardwoods occurring over several 

hundred meters. However, more frequently the change is more gradual. 

Three types of forest may border (and be inseparable from) the hardwood 

cloud forest: upper Subtropical Wet Forest that occurs along the lower 

limits of cloud forest, and Liquidambar forest and humid pine-oak forest 

which occur at comparable elevations at which cloud forest is found but 

on drier slopes. Of these different forests, distinguishing between 

hardwood cloud forest and upper Subtropical Wet Forest is perhaps the 

most difficult. The distinction between the two is based primarily on 

elevation (and therefore temperature) and the absence, presence, or 



FIGURE 4. Cerro Raxon (elevation about 2960 m) in the Sierra de 

las Minas, Guatemala, as seen looking NW from a distance of 6 — 7 km on 

a peak known locally as Volcan del Mono, 2290 m; taken 2 March 1981. 

Although this view is of the south side of the crest of the Sierra de 

las Minas, note the dense cloud forest in the foreground. 




