— ———— e — -

JOURNAL

OF THE

ARNOLD ARBORETUM

——

Vor. XXXVIII JANUARY 1957 NUMBER 1

— —

THE VEGETATION ON BAUXITIC SOILS IN JAMAICA

RicHARD A. HowArD AND GEORGE R. ProcTOR

With nine plates

THE occURRENCE of a red-colored, mineral-bearing soil in the Greater
Antilles has been recorded in the literature of the area for nearly one hun-
dred fifty years. In the past the principal mineral element has been con-
sidered to be iron and its occurrence has been recorded in quantities of com-
mercial significance. It has also long been recognized that these red soils
of Jamaica, Cuba, Haiti and the Dominican Republic, generally called
“terra rossa’’ are not particularly fertile for agricultural purposes. The
agricultural worker has recognized that terra rossa soils also possess
peculiar physical properties relative to erosion, water absorption, slickness
to traction and texture. The farmer has acknowledged that special tech-
niques are necessary for even marginal crop production and the botanists
have learned of often unusual and endemic plants occurring on these soils.

For Jamaica, the first significant mention of aluminum ores in the red
soil appeared in the memoirs of the first official Geological Survey when C.
Barrington Brown described a “red ferruginous earth” widely covering a
limestone formation as “principally a mixture of iron and alumina”
(Sawkins Mem. Geol. Survey (Jam.) 167-8, 1869). While several analyses
were made for mineral and agricultural purposes in the succeeding vears,
it was not until 1939 during the course of a systematic chemical investiga-
tion of soil types in Jamaica that the red soils of Jamaica were discovered
to contain sufficiently high alumina and low silica percentages to make the
soil a satisfactory source of commercial aluminum. Similar deposits are
also known from Haiti (Goldich, S. S. & Berquist, H. R., Aluminous
lateritic soil of the Republic of Haiti, W.I., U.S. Geol. Sur. Bull. 954-C.:
1948) and from the Dominican Republic (Goldich, S. S. & Berquist, H. R.,
Aluminous lateritic soil of the Sierra de Bahoruco Area, Dominican Repub-
lic, W.I., U.S. Geol. Sur. Bull. 953-C: 1947). The analytical work of the
Agricultural Chemistry division of the Department of Agriculture in
Kingston, Jamaica, was directed to a study for improvement of the red, in-
fertile soils of the limestone districts. The first efforts of analysis and 1m-
provement were applied at Grove Place in the parish of Manchester and
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at Bull Savanna in the parish of St. Elizabeth. Similar soils in other
parishes then came in for attention and it was in this way that Sir Alfred
D’'Costa, often incorrectly given credit for the discovery of alumina in
Jamaica, secured the analysis of soils on his properties in the Lydiord area
near (Claremont in St. Ann parish. An investigation airected towards
commercial exploitation of these potential ore-producing areas was speeded
by the war effort in the early 1940’s. Post-war surveys later revealed ore 1n
commercial quantities in other areas of Jamaica and between 1949 and
the present time three industrial concerns have bought lands for the
mining of aluminum-bearing ores. It is now recognized that a major
portion of the land surface of the island of Jamaica contains aluminum-
rich ore, a sizable percentage of this in commercial quantities, and that
bauxite will constitute a major national resource of the island for many
vears to come. Bauxite and alumina together currently represent the
second largest source of income for the island.

The commercial utility of the infertile ““terra rossa’ soils, however, does
not remove the practical and scientific problems of the agricultural use of
these soils, both now and in the future, and the botanical problems con-
cerning the nature of the vegetation which occurs in such areas. In fact.
commercial mining, using strip-mining techniques, poses other problems
in the reclamation of the land and its proper use in the future. In this
regard it 1s encouraging to note that the aluminum mining companies and
the government of Jamaica, with its departments of mining, agriculture
and forestry, are attempting a many-sided approach to the problems of
adaptation and use of bauxite soils prior to and following mining, as well as
independent of the mining processes. The legal position of mining opera-
tions in Jamaica is covered by The Bauxite and Alumina Industries (kn-
couragement) Law, Law 12 of 1950. The problems involved are clearly
reflected in the Order made under the Law by the Governor in Executive
Council on the 18th of September, 1950. This Order stated in part that
“the recognized producer shall at all times maintain or cause to be main-
tained all lands . . . vested in or occupied by the recognized producer and
which immediately before they became so vested or occupied were used
for agricultural or pastoral purposes in as efficient a state of agricultural or
pastoral productivity as such lands were immediately before they became
so vested.” The second condition of the order 1s that “so soon as may be
after mining operations are concluded in any particular sector the recog-
nized producer shall (a) restore every acre mined in such sector to the
level of agricultural or pastoral productivity of such acre which existed
immediately prior to the commencement of the mining thereof: or (b) 1t
the Commissioner of Mines 1s satistied that it is not economically prac-
ticable to comply with the provisions of sub-paragraph (a) of this para-
craph as the Government of Jamaica may elect either (1) clear or reclaim
one acre of land which immediately prior to such clearing or reclamation
was not used for agricultural or pastoral purposes for each acre mined.
in the relevant sector; or (11) pav to the Government of Jamaica the sum
of fiftv pounds in respect of each acre so mined.”
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Thus legally the Government of Jamaica recognizes that arable land
surfaces are limited in relation to an increasing population which basicallv
has depended and will continue to depend upon its land for sustenance and
profit. The law in the basic paragraph is an attempt to continue in useful
condition lands temporarily withdrawn from the use of private citizens or
small land-holders. The law recognizes that pastures or arable lands left
idle in Jamaica, as elsewhere in the Caribbean, are soon reclaimed by
noxious weeds, tenacious shrubs or forest growth, imposing on future
owners tedious and expensive labor for land reclamation. The law specifies
that once mining operations are concluded lands are to be restored to a
level of production equal to that which existed prior to the mining process.
A far-sighted law further recognizes that the mining of bauxite, being
strip-mining 1n principle, may alter contours of the land in such a way
that returning the area to its original condition relative to vegetation 1is
impractical and the Commissioner of Mines, acting as the Government of
Jamaica, may suggest either the reclamation of a comparable area of land
in the vicinity or the payment of a fine. The goals of this legislation based
on English law are to prevent the progressive development of large areas of
waste land similar to the barren areas produced by strip-mining in many
sections of the British Isles, as well as in the United States and other lands.
The nature of the reclamation process has been left in the hands of the
Commissioner of Mines who has worked with the cooperation and advice
of specialists of the Departments of Agriculture and Forestry and with
representatives of the mining companies. The representatives, individually
and collectively, recognize the complexity of the problems involved. Thus
there is in effect in Jamaica at the present time an honest effort, unique in
the Caribbean and in the general history of strip-mining operations, to
consider the problems and adapt the results for mutual benefit and for
the present and ultimate well-being of Jamaica and its people.

The problems of revegetating mined-out bauxite areas are not simple.
They involve acceptance of the fact that the soils are basically poor from
the agricultural point of view and that in Jamaica, as in other heavily
populated tropical areas, the lands have not received the attention and
proper use deemed ideally desirable. The proper use of “terra rossa’ soils
has not been fully explored, but is currently receiving study and will
necessitate continued study. The existing vegetation of bauxite soils is
often unusual in habit, association and composition, as this study will
show., Replacement of this vegetation by duplication may be difficult and
may involve a series of carefully controlled steps. In fact, exact duplica-
tion of the existing vegetation may be undesirable and efforts are being
made not only to revegetate the soil surface in mined-out bauxite areas.
but to produce on these soils a vegetation of greater potential value than
existed previously. In some cases this has meant the replacement of shrub-
forest vegetation with pasture lands or the obverse replacement of pasture
vegetation with forest trees following mining. Adjustments have to be
considered relative to the contours developed during mining operations, for
steep-sided pits negate the use of pasture grasses or require fencing, while
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practices of fill or land movements depend on the economics of such opera-
tions as well as the machinery required. The relationship between the
mineral content of the soil and the nature and growth of the vegetation
upon that soil is admittedly complex, and clearly so in the relationship of
these plants to aluminum ions. Thus, there are many problems on which
representatives of mining, agronomy, forestry, chemistry and botany must
share their knowledge. These are problems which are being worked out 1n
Jamaica.

The authors of this paper, working under the auspices of the Institute
of Jamaica, have undertaken a survey of the existing vegetation on bauxite
soils in Jamaica. The senior author can call upon field experience in the
bauxite areas of Hispaniola for comparison, but recognizes that further
work is necessary on that island, as well. We have worked with the coop-
eration of the Commissioner of Mines and the directors and staff members
in the Departments of Agriculture and Forestry. Permission to study at
will the vegetation of the lands being mined or planned for mining in the
future has been granted by the Reynolds Jamaica Mines and the Kaiser
Bauxite Company. Over the past three years we have visited each area
of mining operation during various seasons of the year. For comparative
purposes, similar studies have been made of the vegetation on limestone
outcrops adjacent to the bauxite accumulations, Studies are also under
way on areas of bauxite accumulations to be considered for mining in the
future.

Our efforts, as will be indicated subsequently in this paper, have been
to determine the nature and the composition of the vegetation on known
accumulations of aluminum-rich bauxite soils. We have studied and
recorded the species of plants found in these areas, as well as the relative
abundance of economic and academically significant species. Transects
and population counts have been made for significant areas. Data are
preserved as herbarium specimens collected at various seasons to Insure
material in flowering and fruiting conditions. Herbarium specimens.
suitably indicated as to origin, are on deposit at the Institute of Jamaica
and are available at any time for reference or study. Duplicate collections
have been placed in the Herbaria of Harvard University, the British
Museum of Natural History and the New York Botanical Garden.
Additional specimens are available for other interested botanical organi-
zations.

We wish to acknowledge our appreciation to the many individuals and
organizations who have assisted materially in the progress of this study.
Their cooperation and interest, their financial and intellectual support have
made this study a pleasure to us and of benefit in the study of botany in
the West Indies. We mention particularly the assistance we have had from
Mr. C. P. deFreitas, Commissioner of Lands and Mines; Mr. B. E. Fray-
ling, Deputy Commissioner of Mines; Mr. J. R. Elliott, Deputy Commis-
sioner of Lands; Mr. J. F. Hart, Mines Officer; Mr. E. ]J. Gregory, Deputy
Director of Agriculture; Dr. R. M. Arnold, Superintendent of Livestock

Services: Mr. M. S. Motta, Senior Agricultural Officer; Mr. E. M. Brown,
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Conservator of Forests: Mr. H. S. Deans, Assistant Conservator of For-
ests: Mr. William S. Cole, Resident Manager of the Reynolds Jamaica
Mines and his staff members, Mr. Alastair A. Keeling, Mr. Charles M.
Baker and Mr. W. R. McDaniels; Mr. Donald C. Tretzel, Works Manager
of the Kaiser Bauxite Company and his staff members, Mr. F. Miles, Mr.
W. F. Jones and Mr. E. L. Mais; and finally to Mr. C. Bernard Lewis,
Director of the Institute of Jamaica and Mr. Ronald P. Bengry of the

Institute staff.

THE VEGETATION OF THE BAUXITE SOILS AND ADJACENT AREAS

Location of the Deposits

The survey conducted by the Geological Survey Department has been
admirably summarized by Dr. V. A. Zans, senior geologist of the Geological
Survey of Jamaica in a publication “Bauxite Resources of Jamaica and
Their Development” (London 1954). Mr. Zans points out that through
the efforts of the members of the Geological Survey and the geologists of
the interested companies, commercial deposits of bauxite ore have been
found in the parishes of Manchester, St. Elizabeth, St. Ann and Trelawny.
Similar workable deposits are found in the parishes of St. Catherine, Claren-
don, St. James and Portland. The other parishes either lack bauxite de-
posits completely or have only small accumulations of no commercial value.
Currently, however, mining operations are limited to three areas In
Jamaica. The Reynolds Jamaica Mines are operating on lands in St. Ann
parish near Lydford Post Office. The Kaiser Bauxite Company operates
areas of bauxitic soils in St. Elizabeth below Spur Tree Hill and south of
the crossroads known as Gutters. These are the areas which have received
our attention because of the diverse vegetation types represented and the
different ecological conditions prevalent in the two areas. A third area of
commercial operation is near Shooters Hill in the parish of Manchester,
where the Alumina Jamaica Ltd. mines a more limited area similar in
aspect to that operated by the Kaiser Company. We have given little
attention to this area.

THE REYNOLDS AREA IN ST. ANN

The lands currently being mined by Reynolds Jamaica Mines are
located chiefly among rocky wooded hills southeast of Lydford Post Office
in the parish of St. Ann. The ore bodies occur primarily on a plateau in
pocket-shaped hollows which range in elevation from 1100 to 1300 feet
above sea level (Prate I, Fic. 1). The surrounding limestone hills are
heavily wooded with a rich array of hardwood tree species, an abundance
of shrubs. numerous ferns and orchids occurring chiefly as epiphytes on
trees on the limestone outcrops and a large number of weedy species of
pantropical or Pan-Caribbean distribution occurring on lands once in
agricultural or pastoral use.

This area north of Moneague has long been an area of extensive planta-
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tions and estates, the names of which, in use today, go back over one
hundred fifty vears. Patrick Browne's map associated with his “Natural
and Civil History of Jamaica™ showns no named properties in the Moneague
area 1n 1749 and Hans Sloane (“*Voyage to . . . Jamaica” Vol. 1. 1707)
mentions only the Moneague Savanna as a feature of the road or tract
over Mt. Diablo to St. Ann’s Bay. Edward Long in the History of Jamaica
published in 1774 (Vol. 2, page 90) describing St. Ann parish avers that
“the hills contain very few sugar works. The mould here is extremely
supgrficial; and underneath lies a deep vein of a white marle, or hard
chalk. The pimento loves this kind of soil: and vast woods of it over-
spread the hills to a great distance from the coast. Behind this range of
hills and mountains the land is diversified with open, level savannahs.
environed by rocky eminences, or with little cock-pits. The soil of the
latter is cultivated successfully with guiney-grass. The savannahs are
covered with fern, and applied to no use. The road by Monte Diablo. in
Sixteen mile-walk, leads into it on the south-east part, and is a mere
avenue cut through the woods, there not being more than four or five
settlements on the whole road. About five miles from Monte Diablo is
the Rio Hoja, which, running about a mile and a half from its first spring.
discharges itself into a large lake of immense depth.” “The district of the
parish intersected by these three avenues (Mt. Diablo, Pedro, Cave V alley
roads) comprehends near one hundred and eighty thousand acres, as vet
unsettled. In so vast a space, there must needs be a very great variety of
soil, and numberless spots of very fine cultivated land. But, exclusive of
a few fern savannahs, the whole of it is in its primitive forest, full of large
cedar (Cedrela), mahogany and other valuable timber trees. The soil.
over which the roads pass, is in general a reddish fat clay, intermixed with
mould, or a black-shell mould.”

Between Long's report of 1774 and 1811, when the first issue of “*The
New Jamaica Almanac and Register” to contain names of properties was
published. the area attracted settlers and by 1810 such estates as Albion.
Phoenix Park, Bellmont, Ramble, Grier Park and Crescent Park were
evidently well established. Bel(1)mont and Crescent Park, two estate areas
currently being mined for bauxite, were reported to have 51 and 99 slaves
and 124 and 411 head of stock (including cattle), respectively. These
lands have remained in large estates and in the hands of relatively few
owners during the last century, and the land has been devoted to the raising
of cattle with a few side exploits noted. The mention by Sloane and Long
of savannahs and fern areas describes well the current situation with the
limited fertile soils occurring as pastures and the shallower soils broken
by small outcrops of limestone supporting the areas of fern (Nephrolepis).
The wooded areas could not be regarded as of comparable productivity
today. for while pimento is of scattered occurrence, cedar and mahogany
have to a large extent been eliminated. Little information is available
whether the depletion of these once richer forested areas came about
through lumbering for purposes of construction, fuel for sugar mills closer to
the coasts, or by generation after generation of slash cutting for fuel and
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buildings by residents of the area. All three probably played a role and
the shallow soils, underlain by marl, controlled replacement forest growth
on the flat lands as the blocks of limestone in the “rocky eminences”
limited forest replacement on the hilltops.

A few attempts at diversified crop agriculture have been attempted in
the bauxite areas of St. Ann as indicated by the few pimento groves and
casual plantings existing as remnant trees of cola, citrus, jak fruit, coftee
and cocoa.

The area being mined by Reynolds in St. Ann parish today consists of
numerous small glades or depressions partially filled with bauxite soils
and low-elevation hills of loose limestone blocks of varying sizes. In
recent vears the flat lands have been devoted to pastures for cattle raising
(PrATE V, F16. 1). The limits of these areas are clearly defined in the
vegetation, for the pastures stop at the rocky outcrop and the forests do
not occur on the deeper soils. The margin of these two vegetation types
is marked by shrub growth, in part natural and in part created by the
convenience of the area for fuel wood cutting, Often these areas are
covered with extremely dense stands of fern (Nephrolepis biserrata)
creating a tangle difficult to penetrate. We have been unable to find an
area of deeper soil supporting a forest. We wonder if such areas ever did
exist or whether the deeper bauxite soils have always had a savannah vege-

tation.

The Environment

Vegetation can be interpreted in terms of soil types and climatic con-
ditions as well as the plants which comprise it. Asprey and Robbins in
their recent paper on the Vegetation of Jamaica (Ecological Monographs
23: 359-412. 1953) accept a method of vegetation classification which
they state is largely one of convenience, recognizing both environment and
species composition. Without discussing the vegetation of terra rossa
soils specifically, they refer to them as “recidual” soils “developed from
weathering of hard white limestone through solutions and being typically
coarse and porous in nature.” They report that “although under condi-
tions of poor drainage degraded forms of these bauxitic soils occur, they
are usually much leached, acid, well oxidized and dehydrated. The red
color is due to ferric oxide and their depth over the limestone plateaus
varies greatly. There is no distinctive profile, but the surface has a high
content of organic matter on which the agricultural value of the land
depends.” These observations, in our minds, do not appear to apply well
to the pasturelands in St. Ann which are subtended by bauxite in com-
mercial quantity. Profiles dug through these areas show very slight pene-
tration of the root systems and relatively little organic content. The root
systems of herbaceous plants and woody shrubs rarely penetrate more
than eight inches and rarely do tree roots go deeper than two feet. The
response of the vegetation to programs of soil improvement indicate
natural low nutritional values for plant growth. The soil seems to be a



8 JOURNAL OF THE ARNOLD ARBORETUM |[VOL. XXXVIII

definite limiting factor in the development of better pasture areas or for the
growth of forest trees. A soil analysis is available for the areas in St. Ann
now being mined but none has been made for the mine area in St. Elizabeth.
Samples of surface soil taken no deeper than six inches showed the fol-
lowing analysis which indicates the low level of essential elements:

BEL e i e TR s | 6.1

Organic matter ... = . .. 7.68 9
Phosphorous . . ... 0.019—0.0369
Nitrogen. .. ........noo... 048 =053 9,
Potassium . .. . » 0.07 —0.14 9,
Calcium ... ... .. . . . 0.14 9
SROR | oniic  m0 a8 e B D s e 0.84 — 1.63 9

The soil proved relatively rich in minor trace elements with no con-
spicuous deficiency noted.

The climatic factors are less restricting. Temperature records for the
vicinity of Crescent Park and Lydford Post Office near the mines indicate
a mild, even climate with a cloud cover on the hottest of days which aids in
reducing transpiration and water loss. Rainfall in the Crescent Park area
1s favorable, being 66.2 inches per year with peaks in May and in
October and November and distributed as follows:

Japuaty o ..:o... 3.9 Juby . .. .
February ... ... .. 3.6 August . 5.1
MBPEI .. f522,. 4.1 September = 4.9
BDEIL. . . vinna 4.2 October . 8.8
AN o se TRt 9.9 November = 10.2
June s st s | A December . == . 55

Accepting the basic figure of four inches of rainfall per month as the
minimum figure for optimum plant growth in the West Indies, the Crescent
Park area had only four deficient months, distributed in pairs: January-—
February and June—July, and eight months over the minimum. These eight

months are favorably distributed in growing periods of three and five
consecutive months.

The Pastures

T'he pastures in the area of mining operations in St. Ann are relatively
low grade. Without improvement, the average of these would currently
support only one head of cattle for every five or six pasture acres. An
examination of many of these pt or to the mining operation revealed in-
cipient invasion of woody shrubs and vines which could be kept under
control only by constant effort (PrLaTe V, r16. 1.) The forage plants were
few In number and the unpalatable and therefore untouched grasses and
herbs were numerous, if not dominant. The following list represents a

fair sample of plants typical of pasture areas in the St. Ann area on
bauxite soils prior to mining:
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Andropogon glomeratus
Borreria laevis

Borreria verticillata
Cardiospermum grandiflorum
Cassia ligustrina

Cassia occidentalis

Cassia uniflora

Centrosema virginianum
Cissampelos pareira
Crotalaria mncana
Desmodium axillare var. acutifolium
Desmodium canum
Dichromena ciliata

Drymaria cordata

Eleusine indica

Euphorbia heterophylla
Euphorbia hirta

Euphorbia hyssopifolia
Hvydrocotyle aswatica

The following herbaceous invaders of over-grazed pastures in the St. Ann
area which are to be distinguished from the noxious young shrubs capable of
dominating pasture areas if untended. Of this list, /pomoea cathartica,
I. tiliacea, Cissus sicyoides, C. microcarpa and Urechites lutea are vines
which become locally dominant through their habit of climbing over the
forage grasses present. Indigofera suffruticosa, Solanum mammosumn, D,
stellatum, S. torvum, S. verbascifolium, Rhytidophyllum tomentosum and

Mimosa pudica
Nephroleprs biserrata
Nephrolepis exaltata
Paspalum blodgettu
Paspalum conjugatum
Paspalum notatum
Paspalum paniculatum
Passiflora foetida var. hispida
Passiflora suberosa
Phvysalis pubescens
Phaseolus lathyroides
Polygala paniculata

Priva lappulacea

Pteris longifolia

Rubus jamaicensis
Setaria geniculata
Solanum nigrum
Stenotaphrum secundatum
Trimezia martinicensis

Hyptis capitata become stout plants dominant by size.

Ambrosia paniculata
Asclepias curassavica
Asclepias nivea
Bidens pilosa
Capsicum baccatum
Cissus microcarpa
Cissus sicyoudes
Elephantopus mollis
Emailia sagittata
Emailia sonchifolia
Eryngium foetidum
Hyptis capitata
Indigofera suffruticosa
[pomoea cathartica
[ pomoea tiliacea
Lobelia viridifiora

Untended pastures are invaded by seedlings of woody shrubs which

Mikania micrantha
Pavonia spinifex

Phvla nodifiora
Rhvytidophyllum tomentosum
Salvia micrantha

Sida rhombifolia

Sida urens

Stachytarpheta jamaicensis
T hunbergia alata
Triumfetta hispida
Triumfetta lappula
Urechites lutea

Urena lobata

Verbesina alata

Wedelia gracilis

develop extensively, shading or crowding out more desirable plants.

Casearia guianensis
Chrysophyllum cainito
Citharexylum spinosum

Cordia globosa
Eugenmia axillaris
Eupatorium odoratum






























































































































