Swietenia macrophylla King Honduras mahogany, caoba

Meliaceae Mahogany family

Gerald P. Bauer and John K. Francis

Swietenia macrophylla King, commonly known as Hon-
duras or bigleaf mahogany (English) and caoba (Spanish), is
a large tree, often growing to more than 30 m in height and
1.5 m in trunk diameter. The dark-green leaves are pinnately
compound, and the bole is covered with rough, gray-brown
bark 1 to 1.5 cm thick (fig. 1). The light, reddish-brown heart-
wood, which ages to a golden brown, has a fine, uniform tex-
ture and an attractive figure. It is one of the easiest woods to
work, takes an excellent finish, and is considered by many to
be the world’s premier cabinet wood (36). There are three
recognized species of Swietenia: S. macrophylla, S. mahagoni,
and S. humilis.
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Figure 1.—Eleven-year-old plantation of Honduras mahogany
(Swietenia macrophylla King) growing in Puerto Rico.
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HABITAT

Native and Naturalized Range

Honduras mahogany has the widest distribution of the
three Swietenia species. It grows naturally from 23° N. to
slightly below 18° S. latitude in the neotropics (30, 33) (fig.
2). It is native to Mexico in North America and Belize, Hon-
duras, Guatemala, Nicaragua, Costa Rica, and Panama in
Central America. In South America, it is native to Venezu-
ela, Colombia, Ecuador, Peru, Brazil, and Bolivia.

Because of its well-established market value and ability
to adapt to a variety of site conditions, Honduras mahogany
has been planted extensively throughout the world, both
within and outside its native range. It has been planted in
“close plantations,” or open-field plantations, on deforested
areas and abandoned farm land, and in enrichment or line
plantings below a degraded forest canopy (3, 7, 8, 9, 11, 18,
28, 40, 42, 43, 44, 47, 49, 50, 56, 57, 64, 66). Honduras ma-
hogany has been planted on almost every island in the West
Indies. It was introduced in Puerto Rico about 1906 (23) and
has since become naturalized.
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Figure 2.—Natural ranges of Honduras mahagony (Swietenia
macrophylla King) and two other species of Swietenia
in the neotropics.



Climate

Honduras mahogany grows best and attains its largest
size under the climatic conditions found in the tropical dry
forest life zone. This life zone is limited by a mean annual
temperature of 24 °C or higher, a mean annual precipitation
of 1000 to 2000 mm, and a potential evapotranspiration ra-
tio of between 1.00 and 2.00. Under certain ecological condi-
tions, Honduras mahogany extends into the tropical moist
life zone, which is limited by a mean annual temperature of
24 °C or higher, a mean annual precipitation of between 2000
and 4000 mm, and a potential evapotranspiration ratio of
between 0.50 and 1.00. Additionally, the species probably
extends into the transition between the two above-mentioned
life zones and the subtropical dry forest and subtropical moist
forest life zones (33). The optimum growth of Honduras ma-
hogany in Puerto Rico is reported to occur in areas that re-
ceive 1900 mm or more of annual rainfall (25).

Soils and Topography

Honduras mahogany has adapted to a wide range of soil
conditions. Within its natural range, it grows on alluvial soils
of mixed origin, volcanic soils, and soils derived from lime-
stone, granite, andesite, and other sedimentary, igneous, and
metamorphic rocks (33). Under plantation conditions, it has
shown satisfactory growth on eroded, phosphorous-deficient
soils in West Java (14); poor, gravelly laterite soils formed
by the decomposition of gneiss in Sri Lanka (33); disinte-
grated (but not bare) lgterite soils in India (61); andic soils
in Fiji and the Philippines (7, 11); deep, acid clays in Puerto
Rico (42) and Peru; and clay soils derived from limestone in
Puerto Rico. In Honduras, it has been successfully planted
in every soil texture from sand to heavy clay, and it has shown
satisfactory results in poorly drained areas where other spe-
cies have failed. The best results for this species in Hondu-
ras have been obtained when it was planted on well-drained
alluvial loams (9).

Associated Forest Cover

Honduras mahogany grows in association with many spe-
cies across its broad range. For example, in Chiapas, Mexico,
it is found growing in an evergreen hardwood forest domi-
nated by Dialium spp. with the notable associates Alchornea
latifolia Sw., Ampelocera hottlei (Standl.) Standl., Drypetes
brownii Standl., Ficus spp., Guarea glabra Vahl, Guatteria
anomala R.E. Fries, Licania platypus (Hemsl.) Fritsch.,
Manilkara zapota (L.) V. Royen, Mirandaceltis monoica
(Hemsl.) Sharp, Pithecellobium arboreum (L.) Urban,
Poulsenia armata (Miq.) Standl., Pouteria sapota (Jacq.) H.E.
Moore & Stearn, Quararibea funebris (Llave) Vischer,
Sapium sp., and Varairea laundellii (Standl.) Killip (54). In
Petén, Guatemala, in a forest dominated by Manilkara
zapota, tree associates include Honduras mahogany,
Aspidospera magalocarpon Muell. Arg., Astronium
graveolens Jacq., Brosimum alicastrum Sw., Calophyllum
brasiliense Jacq., Cedrela odorata L., Guatteria glabra, and
Vitex gaumerri Greenm. (24). Near the southern end of the
range in the Rio Tambo drainage in Peru, Honduras ma-
hogany is associated with the following genera: Aniba,
Brosimum, Caryocar, Cedrela, Cedrelinga, Clarisia, Juglans,
Podocarpus, and Virola (46).

LIFE HISTORY

Reproduction and Early Growth

Flowering and Fruiting.—Flower clusters (panicles),
10 to 15 cm or more in length, form in Honduras mahogany
at the base of new leaves. The clusters bear many small,
short-stalked, fragrant, greenish-yellow flowers nearly 1 cm
across. The flower contains 5 petals, 10 tiny brown stamens,
and a pistil with a 5-celled ovary. A few flowers have parts in
four or multiples of four (36).

The genus Swietenia is monoecious with structurally per-
fect but functionally imperfect flowers. Trees bear both func-
tionally staminate and functionally pistillate flowers, usu-
ally in different inflorescences (35, 72). It is believed that
Meliaceae is pollinated primarily by bees and moths (59).

Honduras mahogany produces large egg- or pear-shaped
capsules (about 15 cm long and 9 cm broad at the widest
area). These are borne on long, stout stalks (31). The fruit
capsules have a thick-walled, rough, brownish pericarp (36).
The pericarp is composed of five fused carpels that are clearly
delineated on the surface by slightly paler lines. Prior to de-
hiscence, an abscission layer is formed across the fruit stalk
depriving it of its water supply. This causes the fruit to split
open. Splitting occurs along the pericarp boundaries from
the middle of the fruit downward. The pericarp splits into
five outer and five inner segments. The outer segments re-
main attached to the top of the fruit for a short time and
eventually fall off, exposing the white inner pericarp seg-
ments, which in turn fall off.

Internally, the fruit capsule is composed of a woody pla-
centa divided into 5 loculi, each of which contains from 10 to
16 winged seeds arranged symmetrically in 2 rows (31). The
winged seeds measure 8 to 9 cm in length and 2.0 to 2.5 cm
in width (36). The papery wing attaches to the placenta and
hangs downward. The length of the seed varies, thus allow-
ing each seed to fit exactly above the bulge of the seed below
so that the surface is smooth and compact. The seeds are
white and succulent when immature, but by the time dehis-
cence occurs, all the appendages are the characteristic ma-
hogany-brown color. After the pericarp drops, the mature
seeds hang away from the placenta at an inclined angle from
their attachment at the top and soon detach from their frag-
ile attachment (31).

Under favorable conditions, Honduras mahogany may
begin flowering by 12 years of age (33). The time of year that
flowering and fruiting occur varies, coinciding with the inci-
dence of dry weather. Dry, windy weather provides ideal con-
ditions for the opening of the mature fruit and dispersal of
the seeds along with dispersal of the flower pollen. In any
specific location, the flowering and fruiting may vary by as
much as a month from one year to another as the dry season
fluctuates (33).

Observations from Mexico to Colombia and Venezuela
record Honduras mahogany flowering and fruiting from De-
cember to May (1, 32, 39, 53). On Panama’s Pacific coast, in
the region of the Canal Zone, flowering and fruiting have
been recorded from late December to early January (33). In
the Amazon region of Peru, where the dry season lasts from
July to October, flowering takes place in September or Octo-
ber, with the fruit maturing in the following year (70). A
more recent study near Pucallpa, Peru, reported that flow-



ering occurs from August to mid-October, with mature seeds

disseminating from April to September (16).

In areas where Honduras mahogany has been introduced,
flowering and fruiting occur during the dry season (33). In
the Philippines, Honduras mahogany flowers from March to
April and produces mature seeds from December to Febru-
ary (11). In Martinique, seed production occurs from Janu-
ary to April (40). In Puerto Rico, it has been reported that
flowering proceeds from May to June, with mature seed pro-
duction taking place “late in fall” (36). It has been observed
that, in the subtropical wet forest life zone in the Luquillo
Experimental Forest and elsewhere in Puerto Rico, seed re-
lease is most frequent from February to March, although
individual trees have been seen with mature fruits through-
out the year.

Seed Production and Dissemination.—The quantity
of seeds produced varies considerably from tree to tree and
from year to year, probably in response to growing condi-
tions (authors, personal observation). However, except for
an occasional year when only a few fruits develop, Hondu-
ras mahogany can be classified as an abundant seed pro-
ducer (33). In Puerto Rico, it is common for individual trees
to produce more than 150 fruit capsules, each containing
from 50 to 70 seeds. In the Philippines, as many as 210 fruit
capsules, with 57 to 64 seeds each, have been observed on
individual trees (11).

Honduras mahogany seed size varies among geographic
locations (33) and also among individual trees and fruits.
Samples from Venezuela averaged 1,323 seeds per kilogram,;
from Panama, 1,984 seeds per kilogram; from Nicaragua,
1,433 seeds per kilogram; from Honduras, 2,072 seeds per
kilogram; and from Guatemala (Pacific coast), 1,543 seeds
per kilogram (33). In other studies, it has been reported that
seeds (with wings attached) from Alexander Von Humboldt
National Forest in Peru averaged 1,242 seeds per kilogram
(62), dewinged seeds from Belize averaged 2,100 seeds per
kilogram (69), and dewinged and air-dried seeds from Pu-
erto Rico stored under refrigeration averaged 1,724 seeds
per kilogram, whereas similar seeds stored at room tempera-
ture averaged 1,852 seeds per kilogram (2). In a recent study
in Puerto Rico, individual seed weight (dewinged and dried)
for stored seeds varied from 0.33 to 0.91 g for refrigerated
seeds and from 0.21 to 0.72 g for seeds at room temperature
).

Wind is the most important seed dispersal agent. A large
tree disperses its seeds over an area of about 4 ha on the
leeward side. Since seed dispersal occurs just before the rainy
season, it is probable that flood waters play an important
role in seed dispersal in some areas. Mammals and birds are
not known to be important factors in dispersal. However,
they sometimes eat and destroy the seeds, thus preventing
their spread (33).

Seedling Development.—Honduras mahogany seeds
will germinate as soon as they are mature if edaphic condi-
tions are favorable (33). In Puerto Rico, seeds have been ob-
served germinating in fresh fruit capsules on the ground. In
tree nurseries, seeds may begin to germinate as soon as 10
days after sowing (33), but, generally, germination does not
begin until 15 to 24 days after sowing. Germination is usu-
ally complete in about 20 to 30 days but may continue for 65
to 70 days (2, 26, 33, 45, 62, 63). In Puerto Rico, a study of
448 seeds showed that the highest rate of germination oc-
curred between 16 to 20 days after sowing (61.7 percent for

seeds stored under refrigeration and 44.1 percent for seeds
stored at room temperature) and that about 95 percent of all
seeds were germinated by 30 days after sowing (2). Germi-
nation is influenced by: (1) seed age (fresh seeds germinate
more quickly and with a higher percentage), (2) sowing depth
(2 to 5 cm is generally the recommended depth), (3) soil strata
(well-drained soils are best), (4) moisture supply (should be
abundant), (5) temperature, and (6) planting position (2, 26,
33, 45, 62, 63).

A study on survival of young nursery-grown Honduras
mahogany in Puerto Rico showed a seedling survival rate of
at least 90 percent at 6 months of age and 87 percent at 12
months of age from seeds that had been dried and stored for
6 months (2). The difference was not statistically significant.
In other studies, survival has been shown to be influenced
by the seeds’ sowing position (29) and freshness (26).

In nursery-grown seedlings, growth varies considerably
with the quality of the nursery site and the time of year (25).
Where full light, well-drained soil, and an abundant water
supply are provided, growth is rapid, and seedlings reach a
height of 60 to 90 ¢cm in 6 months (33). In Puerto Rico, seed-
lings grown in a nursery reached heights of about 31 cm in 4
months and 61 cm in 6 months (25). Another nursery study
in Puerto Rico showed seedlings grown in unfertilized clay
soil reached an average height of about 11 ¢m in 3 months,
14 cm in 6 months, and 71 cm in 12 months. This same study
showed no significant differences in height growth between
seeds stored under refrigeration and those stored at room
temperature at 3 and 6 months of age. However, there was a
significant difference in height growth by the time seedlings
were 12 months of age, with seedlings from refrigerated seeds
growing significantly taller than seedlings from seeds stored
at room temperature. Also, a comparison of seedling height
at 12 months of age to original seed weight showed no corre-
lation between these two parameters (2). Under forest con-
ditions, seedling growth is much slower than in the nursery,
with heights of about 15 cm reached in 6 months to a year
(33).

Vegetative Reproduction.—Hondorus mahogany can
be propagated by cuttings in the nursery. A low percentage
of woody cuttings will root in moist soil without any treat-
ment (73). Seventy-percent rooting was achieved with woody
cuttings 25 cm long and 5 em in diameter treated with IBA
(indolbuteric acid) (6). Honduras mahogany saplings, poles,
and small sawlog trees coppice when cut.

Sapling and Pole Stage to Maturity

Growth and Yield. —Diameter and volume growth rates
of individual Honduras mahogany trees are impressive, but
yields per area are less impressive due to the moderate basal
areas maintained by the species. Trees in a small plantation
in Peru reached heights of 6.5 m in 3 years, 9.3 m in 5 years,
and 11.4 min 7 years (6). In a high rainfall area of Sri Lanka,
a 15-year-old planting reached a height of 16 m, and another
extensive plantation reached a mean diameter at breast
height (d.b.h.) of 58 cm in 50 years (58). The best seed sources
(Nicaragua) of a provenance trial in Puerto Rico averaged
21 to 23 m in height and 26 cm in d.b.h. when 20 years old
(22). In another plantation of Honduras mahogany in Puerto
Rico, four plots 23 to 26 years old had a mean annual d.b.h.
increment of 0.94 + 0.01 cm/yr (19). Several hundred hect-
ares of 50-year-old Honduras mahogany plantations in the
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Luquillo Experimental Forest in Puerto Rico support an av-
erage basal area of 21 m%ha, of which Honduras mahogany
comprises from a small part to nearly all the basal area.
General productivity figures for this species have been given
as 7 to 11 m¥ha/yr (67). A site index table and models for
predicting yields based on site index and age are available
for Honduras mahogany in the Philippines (52). The U.S.
Department of Agriculture, Forest Service, projects rotation
periods of 40 to 60 years for the species in the Luquillo Ex-
perimental Forest in Puerto Rico.

Rooting Habit.— As a seedling, Honduras mahogany pro-
duces a strong taproot. It adds many fine lateral roots that
gradually thicken to form an extensive lateral root system.
Older trees develop small- to medium-sized buttresses. Lat-
eral roots of large trees are exposed for a meter or more on
wet sites and clayey soils.

Reaction to Competition.—Honduras mahogany, clas-
sified as an intolerant species, cannot survive deep shade.
In the weak light under a dense tropical forest canopy, Hon-
duras mahogany seedlings that do germinate usually fail to
survive more than a few months. Under filtered light, seed-
lings may persist for many years, growing slowly in a sup-
pressed condition. The most rapid growth is attained under
complete sunlight with side protection. Seedlings respond
rapidly to release from undergrowth and the overhead canopy
(33). Mahogany plantations were shown to cycle nutrients
efficiently and supported almost as many understory spe-
cies as adjacent natural secondary forests (38).

Damaging Agents.—By far the most serious problem of
Honduras mahogany grown in plantations is the mahogany
shoot borer, Hypsipyla grandella Zeller. Attacking seedlings
and saplings, it rarely kills a tree, but resprouting after at-
tacks results in serious degrading of form (68). The pest is
often a lesser problem in natural forests where Honduras
mahoganies are more scattered. The mahogany webworm
(Macalla thyrsisalis Walker), which occurs throughout the
native range of Honduras mahogany, can cause defoliation
and unsightly webbing (27). Phyllosticta swietenie Garcia, a
leaf necrosis reported in Puerto Rico, can be serious in
crowded nursery beds that are watered in late afternoon and
remain wet at night. Cercospora subsessilis Syd. Whidi, which
causes a leaf spot disease, has been reported in numerous
areas. Also, numerous leaf diseases, cankers, root rots, heart
rots, and mistletoes have been reported in plantations out-
side the natural range (21).

The sapwood of Honduras mahogany logs is vulnerable
to attack by ambrosia beetles (numerous species of several
genera) and subsequent discoloration if not quickly protected
(37). The dry sapwood, and even the heartwood, is very at-
tractive to powderpost beetles (Lyctus spp.) (authors, per-
sonal observation). Tests have shown that the heartwood is
susceptible to attack by dry-wood termites, Cryptotermes
brevis (Walker) (71), but in actual use in termite-infested
areas, this wood is seldom attacked (37). Honduras mahogany
has shown little resistance to marine borers (Teredo spp.) in
either Hawaiian (17, 37) or Atlantic waters. The wood is re-
sistant to decay when exposed and when in contact with the
ground. Tests of plantation-grown wood showed it resistant
to white-rot fungi and very resistant to brown-rot fungi in
culture tests (15). Sawn wood weathers well and checks and
warps little when exposed to the elements (10).

SPECIAL USES

Honduras mahogany is considered by many to be the
world’s premier cabinet wood (36, 51) and is deserving of the
reputation for several reasons. Its red to yellow heartwood
seasons to a rich reddish brown or golden brown with a fine
luster. The sapwood is white to yellow, 2.5 to 5.0 cm thick,
and of much lower value. The wood texture is fine to coarse,
the grain straight or wavy, and often has an attractive fig-
ure, especially when quarter sawn (12, 37). Honduras ma-
hogany wood can be air- or kiln-dried rapidly without warp
or checking. Shrinkage of lumber (green to air-dried) sawn
from forest-grown trees is 3.5-percent radial, 4.8-percent tan-
gential, and 7.7-percent volumetric (65). Specific gravity of
ovendried Honduras mahogany varies from 0.40 to 0.68 g/
em? (12). Strength properties are also variable. Wood with
a specific gravity of 0.44 g/cm® from Belize demonstrated a
modulus of rupture of 83 Newtons/mm?, a maximum com-
pression strength of 44.2 Newtons/mm?, and a side hardness
of 3,110 Newtons (34). Plantation-grown wood is usually a
little lighter, softer, and weaker than forest-grown wood (65).
Honduras mahogany is easy to work with hand and power
tools. However, chipped or torn grain is common with fig-
ured material (12). The wood is easy to glue, holds nails and
screws well, and takes an excellent polish (37). Honduras
mahogany wood is used extensively in the manufacture of
furniture, cabinets, trim, and paneling. Lesser quantities are
used in arts and crafts, caskets, turnery, musical instruments
(particularly pianos), and in shipbuilding (12, 37). Lower
grade material is used for lumber, boxes, and fuel. The bark
has a high tannin content (36).

Honduras mahogany is widely planted as both an orna-
mental and a shade tree. It has the advantages of rapid
growth, tolerance of drought and poor soils, and dark-green
foliage, but its roots eventually damage sidewalks and curbs
if planted in close proximity. Honduras mahogany trees of-
ten suffer windthrow and breakage in hurricane-force winds
(55).

GENETICS

The genus Swietenia is currently divided into three spe-
cies, S. macrophylla, S. mahagoni Jacq., and S. humilis Zuce.
(48). However, it has been suggested that S. macrophylla
and S. humilis may be ecotypes of the same species (69).
Chromosome numbers for the three species are 2n = 48 (S.
mahagoni), 2n = 54 (S. macrophylla), and 2n = 56 (S. humilis)
(60).

The Swietenia species freely hybridize. A spontaneous
hybrid between S. macrophylla and S. mahagoni was found
growing in Puerto Rico in 1935, with traits more or less mid-
way between the two parent species (69). The F2 generation
is reported to segregate into the parent species and the hy-
brid, according to the Mendelian ratio of 1:2:1 (£1). Despite
considerable variability, the hybrid has become important
in forest plantings in the region.

Variability sufficient to justify selection and breeding pro-
grams apparently exists in Honduras mahogany. Random
sampling of plantation trees showed phenotypic variation in
bolewood specific gravity ranging from 0.36 to 0.65 g/em? (5).
Bolewood also varies significantly between geographic



sources (4). Wood density does not appear to be a strongly
inherited trait. Although wood densities varied considerably
between trees, no relationship could be established between
wood densities of mother trees from a number of provenances
and their open-pollinated progeny (13). Other important char-
acters demonstrating variation among seed sources were:
survival after planting, growth rate, flowering time, and cap-
sule size (20).

LITERATURE CITED

1.

10.

11.

12.

13.

. Bauer,

Bascopé, F.; Bernardi, A.L.; Lamprecht, H. 1957.
Descripciones de drboles forestales No. 1. 8.
macrophylla King. Merida, Venezuela: Instituto
Forestal Latinoamericano. 18 p.

G.P. 1987. S. macrophylla and S.
macrophylla X S. mahagoni development and
growth: the nursery phase and the establishment
phase in line planting in the Caribbean National
Forest, Puerto Rico. Syracuse, New York: College of
Environmental Science and Forestry, State
University of New York. 310 p. M.S. thesis.

Bocker, I. 1987. Resultados preliminaries de los
ensayos de species y procedencias em campo abierto
en Selva Central. In: Avances de la silvicultura en la
Amazonia Peruana. 1986 Aug 2-6; Pucallpa, Peru.
Lima, Peri: Instituto Nacional de Desarrollo,
Documentos de Trabajo. 11: 156-170.

. Boone, R.S.; Chudnoff, M. 1970. Variation in wood

density of the mahoganies of Mexico and Central
America. Turrialba. 20(3): 369-371.

Briscoe, C.B.; Harris, J.B.; Wyckoff, D. 1963.
Variation of specific gravity in plantation-grown
trees of bigleaf mahogany. Caribbean Forester.
24(2): 67-71.

Burgos, José A. 1954. Un estudio de la silvicultura
de algunas especies forestales en Tingo Maria, Pert.
Caribbean Forester. 15(1/2): 14-53.

Busby, R.J.N. 1968. Reforestation in Fiji with large-
leaf mahogany. In: Ninth Commonwealth Forestry
Conference. 1968 January 3-5; New Delhi, India.
New Delhi, India: Commonwealth Forestry
Commission. 9 p. ‘ '
Catinot, R. 1969. Results of enrichment planting in
the Tropics. FAO Report FO:FDT/69/4. In:
Committee on forest development in the Tropics.
Report of the second session; 1969 Oct 21-24; Rome,
Italy. Rome, Italy: Food and Agriculture
Organization of the United Nations: 38-43.

Chable, A.C. 1967. Reforestation in the Republic of
Honduras, Central America. Ceiba. 13(2): 1-56.

Cheo, Y.C.; Cranch, Richard C. 1950. Weathering
characteristics of certain tropical American woods.
Tech. Rep. 7. New Haven, CT: Yale University of
Forestry. 16 p.

Chinte, F.0. 1952. Trial planting of large-leaf
mahogany (Swietenia macrophylla King). Caribbean
Forester. 13(2): 75-84.

Chudnoff, M. 1984. Tropical timbers of the world.
Agric. Handb. 607. Washington, DC: U.S.
Department of Agriculture. 464 p.

Chudnoff, M.; Geary, T.F. 1973. On the heritability
of wood density in Swietenia macrophylla. Turialba.

23(3): 359-362.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

DeVoogd, C.N.D. 1948. De
Janlappa. Tectona. 38(2): 63-76.
Dickinson, Fred E.; Hess, Robert W.; Wangaard,
Fredrick F. 1949. Properties and uses of tropical
woods. I. Tropical Woods. 95:1-145.

Direccién de Investigacién Forestal y de Fauna.
1985. Proyecto de estudio conjunto sobre
investigacién y experimentacién en regeneracién de
bosques en la zona Amazénica de la Repiiblica del
Peri. Lima, Perd: Ministerio de Agricultura,
Instituto Nacional Forestal y de Fauna y la Agencia
de Cooperacién Internacional del Japén. 38 p.
Edmondson, Charles H. 1949. Reaction of woods
from South America and Caribbean areas to marine
borers in Hawaiian waters. Caribbean Forester.
10(1): 37-41.

Food and Agriculture Organization of the United
Nations. 1974. Enrichment planting - Appendix E.
In: Committee on forest development in the Tropics.
Report of the third session; 1974 May 14-17; Rome,
Italy. Rome, Italy: Food and Agriculture
Organization of the United Nations: E1-68.

Francis, John K. 1989. The Luquillo Experimental
Forest Arboretum. Res. Note S0-358. New Orleans,
LA: U.S. Department of Agriculture, Forest Service,
Southern Forest Experiment Station. 8 p.

Geary, T.F.; Barnes, H.; Barra-Coronada, R.Y. 1973.
Seed source variation in Puerto Rico and Virgin
Islands grown mahoganies. Res. Pap. ITF-17. Rio
Piedras, PR: U.S. Department of Agriculture, Forest
Service, Southern Forest Experiment Station. 24 p.
Gibson, I.A.S. 1975. Diseases of forest trees widely
planted as exotics in the Tropics and Southern
Hemisphere. Part I. Important members of the
Mpyrtaceae, Leguminosae, Verbenaceae, and
Meliaceae. Kew, Surrey, England: Commonwealth
Mycological Institute, Commonwealth Forestry
Institute, University of Oxford. 51 p.

Glogiewicz, Jeffrey S. 1986. Performance of Mexican,
Central American, and West Indian provenances of
Swietenia grown in Puerto Rico. Syracuse, NY: State
University of New York. 69 p. M.S. thesis.

Holdridge, L.R. 1936. Cacba: notas generales y las
posibilidades de su uso por los duefios de terrenos en
Puerto Rico para obtener ingresos adicionales.
Revista de Agricultura de Puerto Rico. 3
(Suplemento): 25-30.

Holdridge, L.R.; Lamb, F. Bruce; Mason, Bartell.
1950. Los bosques de Guatemala. Turrialba, Costa
Rica: Instituto Interamericano de Ciencias Agricolas
Instituto de Fomento de la Produccién de
Guatemala. 174 p.

Holdridge, L.R.; Marrero, J. 1940. Preliminary notes
on the silviculture of the big-leaf mahogany.
Caribbean Forester. 2(1): 20-23.

Holmes, C.H. 1954. Seed germination and seedling
studies of timber trees of Ceylon. The Ceylon
Forester. 1 (New Series, 3): 3-36.

Howard, F.W.; Solis, M. Alma. 1989. Distribution, life
history, and host plant relationships of mahogany
webworm, Macalla  thyrsisalis  (Lepidoptera:
Pyralidae). Florida Entomologist. 72(3): 469-479.
Huguet, L.; Marie, E. 1951. Les plantationes
d’"Acajou d’Amerique des Antilles Francaises. Bois et
Forets des Tropiques. 17(1): 12-25.

bosculturan van



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,
. insular forests of Puerto Rico. Caribbean Forester.
45.

46.

417.

Hung, L. 1961. Experiment on the relation of the
methods of sowing to the percentages of germination
and survival and increments of mahogany seeds
(Swietenia macrophylla King). Bull. 13. Taiwan
Forest Research Institute: 29-32.

Irmay, H. de. 1948. La cacba (S. macrophylla King)
en Bolivia. Caribbean Forester. 10(1): 43-52.
Johnson, A. 1969. Studies of the fruit of Swietenia
macrophylla King. The Malayan Forester. 32(2):
180-186. '
Kinloch, J.B. 1939. Correspondence.
Forestry Journal. 18(2): 248-251.

Lamb, F.B. 1966. Mahogany of tropical America: its
ecology and management. Ann Arbor, MI: The
University of Michigan Press. 220 p. ,
Lavers, Gwendoline M. 1969. The strength
properties of timbers. Bull. 50. London: Forest
Products Research, Ministry of Technology. 62 p.

Lee, H.Y. 1967. Studies in Swietenia (Meliaceae):
observations on the sexuality of flowers. Journal of
the Arnold Arboretum. 48(1): 101-104.

Little, Elbert L., Jr., Wadsworth, Frank H. 1964.
Common trees of Puerto Rico and the Virgin Islands.
Agric. Handb. 249. Washington, DC: U.S.
Department of Agriculture. 548 p.

Longwood, Franklin R. 1962. Present and potential
commercial timbers of the Caribbean. Agric. Handb.
207. Washington, DC: U.S. Department of
Agriculture. 167 p.

Lugo, Ariel E.; Liegel, Leon H. 1987. Comparison of
plantations and natural forests in Puerto Rico. In:
Lugo, Ariel E. [and others], eds. People and the
tropical forest. Washington, DC: U.S. Department of
State: 41-44.

Lundell, C.L. 1941. Studies
spermatophytes-1. Contributions
Michigan Herbarium 6. Ann Arbor,
University of Michigan Press. 65 p.
Marie, E. 1949. Notes on reforestation with
Swietenia  macrophylle King in Martinique.
Caribbean Forester. 10: 211-216.

Marquetti, J.R.; Gianza, M.A.; Leon Acosta, J.L.;
Monteagudo, R. 1975. Algunos aspectos del
comportamiento genético de las Swietenias. Baracoa.
5(1/2). 1-27.

Marrero, José. 1947. A survey of the forest
plantations in the Caribbean National Forest. Ann
Arbor, MIL: School of Forestry and Conservation,
University of Michigan. 167 p. M.S. thesis.

Marrero, José. 1950. Reforestation of degraded lands
in Puerto Rico. Caribbean Forester. 11(1): 3-15.
Marrero, José. 1950. Results of forest planting in the

Empire

of American
University of
MI: The

11(3): 107-147.

Mondala, Concepcién A. 1977. Depth and position of
sowing large-leaf mahogany seeds. Philippine Forest
Research Journal. 2(2): 131-137.

Oficina Nacional de Evaluacién de Recursos
Naturales. 1963. Evaluacién e integracién del
potential econémico y social de la zona Perene-
Satipo-Ene. Lima, Perd: Instituto National de
Planificacién. 163 p. Vol. L.

Oliphant, J.N. 1928. The cultivation of mahogany in
British Honduras. Papers, Third Empire Forestry
conference: 517-524.

48.
49.

50.
51.
52.
53.

54.

55.

56.
_ of mahogany plantations at Silk Grass Forest

57.

58.
59.

60.

61.

62.

63.

65.

66.

Pennington, T.D.; Styles, B.T. 1975. A genetic
monograph of the Meliaceae. Blumea. 22(3): 419-540.
Perera, S.P. 1955. Swietenia macrophylla (broad-
leaved or Honduras mahogany) and its propagation

by striplings. Ceylon Forester. 2(New Series, 2): 75-

79.

Ponce, . S. 1933. The value of mahogany as
reforestation crop. Makiling Echo. 12(1): 13-33.
Record, Samuel J.; Hess, Robert W. 1943. Timbers of
the New World. New Haven, CT: Yale University
Press. 640 p. :

Revella, Adolfo V., Jr.; Bonita, Marcelo L.; Dimapilis,
Leonida L. 1976. A yield production model for
Swietenia macrophylla King plantations.
Pterocarpus. 2(2): 172-179.

Rolfe, R.A. 1919. The true mahoganies.
Bulletin. 3: 201-206.

Rzendowski, J. 1981. Vegetacién de Mexico. Mexico
City, Mexico: Editorial Limusa. 432 p.

Schubert, Thomas H. 1979. Trees for urban use in
Puerto Rico and the Virgin Islands. Gen. Tech. Rep.
80-27. New Orleans, LA: U.S. Department of
Agriculture, Forest Service, Southern Forest
Experiment Station. 91 p.

Smith, J.H.N. 1942. The formation and management

Kew

Reserve. Caribbean Forester. 3(2): 75-77.

Soubieux, J. 1983. Croissance et production du
mahogany (Swietenia macrophylla King) en
peuplements artificiels en Guadeloupe. Petit-Bourge,
Guadeloupe: Institut National de la Recherche
Agronomique, Station de Recherches Forestiéres des
Antilles et de la Guayane. 56 p.

Streets, R.J. 1962. Exotic forest trees in the British
Commonwealth. Oxford, England: Clarendon Press.
765 p.

Styles, B.T.; Khosla, P.K. 1976. Cytology and
reproductive biology of Meliaceae. In: Burley, J.;
Styles, B.T., eds. Tropical trees: variation, breeding,
and conservation. New York: Academic Press: 61-67.
Styles, B.T.; Vosa, C.G. 1971. Chromosome numbers
in the Meliaceae. Taxon. 20(4): 489-499.

Troup, R.S. 1932. Exotic forest trees in the British
Empire. Oxford, England: Clarendon Press. 245 p.
Ugamoto, M.; Pinedo, J. 1986. Ensayo de
germinacién de venticuatro especies forestales de la
zona forestal Alexander von Humboldt. Nota Técnica
No. 6. Pucallpa, Peri: Centro Forestal y de Fauna
(CENFOR XII). Direccibn de Investigacién y
Capacitacién, Centro Forestal y de Fauna (CENFOR
XID. 19 p.

Valclav-Jiriskoupy, E. 1978. Field germination
capacity of principal tree species and the initial
growth of plantations in Bangladesh. Silvaecultura
Tropica et Subtropica. 6: 45-58.

Wadsworth, Frank H. 1960. Records of forest
plantation growth in Mexico, the West Indies, and
Central and South America. Caribbean Forester. 21
(Supplement): 1-A12.

Wangaard, Frederick F.; Muschler, Arthur F. 1952.
Properties and uses of tropical woods, III. Tropical
Woods. 98: 1-190.

Weaver, Peter L. 1987. Enrichment plantings in
tropical America. In: Management of the forests of
tropical America: prospects and technologies; 1986



67.

68.

69.

September 22-27; Rio Piedras, PR. Rio Piedras, PR:
U.S. Department of Agriculture, Forest Service,
Institute of Tropical Forestry: 259-278.

Webb, Derek B.; Wood, Peta J.; Smith, Julie P.;
Henmean, G. Sian. 1984. A guide to species selection
for tropical and sub-tropical plantations. Trop.
Forest Pub. 15. Oxford, England: Unit of Tropical
Silviculture, Commonwealth Forestry Institute,
University of Oxford. 256 p.

Whitmore, Jacob L. 1976. Myths regarding
Hypsipyla and its host plants. In: Whitmore, J.L., ed.
Studies on the shootborer Hypsipyla grandella
(Zeller) Lep. Pyralidae. CATIE Misc. Pub. 1.
Turrialba, Costa Rica: Centro Agronémico Tropical
de Investigacién y Ensefianza: 54-55. Vol. IIL
Whitmore, Jacob L.; Hinojosa, Gilberto. 1977.

*U.S. GOVERNMENT PRINTING OFFICE:1998-639-113/80078

70.

71.

72.

73.

Mahogany (Swietenia) hybrids. Res. Pap. ITF-23. Rio
Piedras, PR: U.S. Department of Agriculture, Forest
Service, Institute of Tropical Forestry. 8 p.

Williams, L. 1932. Peruvian mahogany. Tropical
Woods. 31: 30-37.

Wolcott, George N. 1946. A list of woods arranged
according to their resistance to the attack of the
West Indian dry-wood termite, Cryptotermes brevis
(Walker). Caribbean Forester. 7(4): 329-334.

Yang, B.Y. 1965. Study on techniques and
possibilities for mahogany breeding. Bulletin of the
Taiwan Forestry Research Institute. 113: 1-13.
Zanomi-Mendiburu, Carlos A. 1975. Propagacién
vegetative por estacas de ocho especies forestales.
Turrialba, Costa Rica: University of Costa Rica. 100
p- M.S. thesis.



