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Amazonian forest restoration: an innovative system for
native species selection based on phenological data and
field performance indices
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forest successional processes that lead to complex, self-
sustaining forest ecosystems (Ashby 1987, Bradshaw 1987).

The basic silvicultural information needed to plan and
carry out a restoration-oriented reforestation programme
successfully is lacking except for a very limited number of
commercially valuable species. Given the floristic richness
of most tropical forest ecosystems, a systematic ecological
approach is desirable to screen and evaluate the widest
possible range of native tree taxa for possible inclusion in
such reforestation programmes. By including a broad range
of tree species in the screening programme, ignoring and
irrespective of their commercial value or perceived' impor-
tance' (based on human values), it is far more probable that
diversified forests can be reestablished that will quickly
resemble and function as natural tropical forests.

This was the goal of a Brazilian mining company's
policy which envisaged the restoration of the primary
forest cover that is inevitably destroyed during surface
mining of bauxite at Trombetas, Para State (Knowles 1982,
Gaunt and Bliss 1983). An 'in-house' field and nursery
research programme was initiated by the company in 1979
to evaluate systematically the basic ecological and silvicultural
questions related to tropical forest restoration of mined
lands. These studies eventually included 160 (76%) of the -
210 tree taxa found in the immediate vicinity of the mine
site, with the primary objective of developing a system for
selecting the taxa suitable for multi-species plantations on
an operational scale.

The system described in this paper is based on phenological

SUMMARY

One hundred and sixty taxa of upland moist forest trees were studied with reference to their suitability for forest restoration on bauxite
mined lands in western Para State, Brazil. Over a l4-year period, field observations in native primary forests, nursery studies, and
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information was previously available is presented as a model for species selection and afforestation programme management, with broad
applicability for forest rehabilitation and restoration worldwide.
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INTRODUCTION

The reestablishment of native forest cover on severely
degraded lands, such as abandoned anthropogenic grasslands
and opencast mines where natural succession is impeded or
retarded by physical, chemical and biological barriers,
represents a formidable challenge demanding creative syn-
thesis and application of ecological principles and sustain-
able silvicultural practices.

In the past, management of these lands has either been
ignored or relied on the establishment of monospecific
plantations, often with exotics, (e.g., Eucalyptus, Pinus,
Acacia spp.), or a limited number of native tree taxa for
which seeds are readily available and silvicultural practices
have been developed. These plantation monocultures are
often successful in terms of reestablishment of forest cover,
erosion control and improvement of soil structure and
fertility, and can in some instances be managed for produc-
tion of timber or fuel wood on a long-term basis (Evans
1982). Under certain management conditions, such planta-
tions can rapidly catalyse natural forest succession in the
understorey and thus greatly accelerate the rate at which
species-rich native forest stands develop on severely de-
graded lands (Lugo 1988, 1992, Parrotta 1993, Lugo et al.
1993, Brown and Lugo 1994).

While traditional plantations clearly do have an import-
ant role to play in the rehabilitation of degraded tropical
lands, more innovative strategies are needed to guarantee
the restoration of complex, diversified forest ecosystems
over large areas with a minimal financial investment. The
objective is to replicate, in an accelerated fashion, natural



data (prognosis of year-to-year seed availability), propagule
dormancy and viability, plant nursery practice, field per-
formance of the selected 'pioneer' species under 100%
insolation and later natural or induced enrichment with
shade-demanding species as seed becomes available from
mother trees in the surrounding forest. Practical applica-
tion of this system has been very easy with excellent results
and, albeit relating to the specific forest environment of
central Amazonia, it is postulated that the same strategy for
species screening and selection can be applied to restora-
tion work in a wide spectrum of other tropical and temper-
ate regions.

BACKGROUND AND METHODS

The mine location and its environment

The Trombetas bauxite mine is located 65 km north-west of
the town of Oriximina and 30 km south of the River
Trombetas in western Para State, Brazil (I °45' S, 56°30'W).
The mine is operated by Mineracao Rio do Norte S.A.
(MRN), formed in 1976 by a group of Brazilian and inter-
national companies.

The local climate is classified as Am (tropical monsoonal)
in the Koppen system and corresponds to the tropical moist
forest life zone in the Holdridge system (Tosi and Velez-
Rodriguez 1983). The mean annual rainfall at Porto Trombetas
(1970-1993) is 2185±64 (S.E.) mm with distinctly dry
(winter) and wet (summer seasons). The mean monthly
rainfall exceeds 100 mm in all months except July - October
(see Figure 1). The mean maximum and minimum tempera-
tures are respectively 34.6°C and 19.9°C.
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FIGURE I. Mean monthly rainfall (± S.E.) and numbers of tree
taxa yielding fruit (1979-1 994) on Saracd plateau at Trombetas.

The regional vegetation is climax evergreen equatorial
moist forest with three basic environments: limited sea-
sonal floodplains ('varzea '), very extensive undulating sandy
uplands (,flanco '), and occasional 'mesas' capped by baux-
ite and clay ('planaIto'), The tree flora of the uplands
('flanco' and 'planalto') is rather similar, being comprised
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principally of Leguminosae (56 spp.), Lauraceae (14 spp.),
Sapotaceae (13 spp.), Annonaceae (11 spp.), Moraceae (l0
spp.), Chrysobalanaceae (9 spp.), Lecythidaceae (9 spp.),
and Burseraceae (7 spp.) (FCAP 1991).

The mid-storey and upper-storey of the f1aneo are 18-25
m and 25-35 m high, respectively, with occasional emergents
reaching 45 m. The understorey consists of stemless palms,
seedlings and occasional herbaceous plants. Lianas are
common but do not form thickets. The planalto forests
contain a much higher proportion of large trees, many of
which are emergents reaching 45 rn, and the mid-storey and
upper-storey are clearly more heterogenous with canopies
from 5-18 m and 20-35 m high. Lianas are common but
rarely form thickets. Other significant differences are
associated with edaphic conditions; the sandy soils of the
flaneo are covered by an 8 em thick layer of accumulated
humus and loose peat interwoven with tree roots, whereas
the planaIto clay soils exhibit only a thin humus layer with
an uneven surface caused by frequent, very large worm
casts.

Mining operations at Trombetas began in 1979 and are
presently confined to a single 'mesa' with planalto forest
type, and progress at an average rate of 140 ha per year,
producing 7.5 million tons of ore which is shipped to
smelters outside the region. The bauxite seam is located
under a 4-10 m horizon of yellow clay capped by a 70 em
layer of organically-enriched topsoil sustaining the primary
forest cover. The basic post-mining activities, usually
carried out within a year of forest clearance and bauxite
extraction, are levelling of the clay overburden and replace-
ment of about 15 cm of topsoil. These rehabilitated areas
are then deep-ripped to 90 em depth at I m intervals and
planted with tree propagules during the following wet
season. Planting is made along alternate rip-lines at 2 m x
2 m spacing (2500 plants per ha) using a mixture of large
seeds, stumped saplings and potted seedlings, embracing at
least 70 different species (varying from year to-year accord-
ing to seed availability), and ensuring that 2 individuals of
the same species are not planted adjacent to one another.

Phenology and seed dispersal

During a 14-year period between 1980-94, the fruiting
phenologies and seed dispersal mechanisms were evaluated
for 160 common tree species (or taxa) found within 50 m on
either side of 113 km of roads through primary and second-
ary forests in the vicinity of the Saraca plateau. This
represents approximately 76% of the tree taxa attaining
stem diameters greater than 10 em (FCAP 1991). For the
vast majority of taxa, at least 10 individual mature trees
were included in these observations. Seed dispersal mecha-
nisms were classified as: (1) autochorous: seeds released
from explosively dehiscing fruits (e.g. Hevea brasiliensis
Muell, Arg.); (2) anemochorous: wind-dispersed seeds (e.g.
Cedrela odorata L.); (3) synzoochorous: seeds dispersed
by birds or mammals without their being ingested (e.g.
Caryocar villosum (AubI.) Pers.); (4) endozoochorous:
seeds dispersed by birds or mammals following passage
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though their digestive tracts (e.g. Dialium guianensis (Aubl.)
Steud.; or (5) endo/synzoochorous: seeds dispersed by both
endozoochoric or synzoochoric means (e.g. Virola spp.).

Seed viability and collection

Data on seed longevity under natura) (forest) conditions
and understorey regeneration. based on field observations,
were recorded for all taxa. These data are now routinely
used to schedule collection of seeds and very young wild
seedlings ('wildings') for propagation in the company nurs-
ery.

For each taxon. the relative ease of seed collection was
determined by considering several factors, namely seed
size. dispersal characteristics and rates of predation or
long-distance transport by birds, bats and other animals.
For example, trees that produce large. indehiscent fruits
containing numerous seeds. or large-seeded fruits which
fall to the ground would be classified as 'easy' for seed
collection. Some seeds are readily available if the human
collector arrives first at trees with fruits which are avidly
ingested by the fauna, while other fruits are eaten by the
fauna but the seeds are easily collected after excretion or
regurgitation. On the other hand, small, widely-scattered.
wind-dispersed seeds. and small fruits containing small
seeds readily eaten by animals. would be considered 'diffi-
cult' for seed collection.

Seed dormancy

Each of the taxa considered in this study was classified with
regard to their seed dormancy. Four categories were recog-
nised in this classification: (I) seeds with superficial dor-
mancy requiring no treatment prior to sowing; (2) seeds
requiring mechanical abrasion of their seed coats to facili-
tate germination; (3) seeds requiring scarification by brief
immersion in boiling water or soaking in warm water; and
(4) seeds requiring chemical scarification by soaking in
concentrated sulphuric acid. It should be noted that if
'acceptable' germination percentages were obtained with-
out any treatment (category 'I' above), then no additional
tests involving mechanical or other scarification methods
were conducted for these species. The operational defini-
tion of 'acceptable' germination rates varied among taxa
depending on seed availability and annual planting require-
ments. For example. a low germination rate for abundant
and easily collected seeds is considered 'acceptable', while
only very high germination rates for seeds that are difficult
to collect are considered 'acceptable.'

Planting stock selection

Four options for production of planting stock were evalu-
ated for all taxa. The primary purpose of these evaluations
was to identify the most cost-effective technique that could
be used for successful large-scale reforestation. The tech-
niques. entailing progressively increased labour and finan-
cial investment, were: (I) direct seeding; (2) stumped sap-

lings; (3) wildings (wild seedlings); and (4) seedlings pro-
duced in the nursery from seed.

Early post-plantation performance

Evaluation of post-planting performance for each taxon
considered a combination of factors: reaction to open site
conditions encountered during the first year after outplanting,
sapling vigour and growth rates during the first 2 years after
establishment. Taxa classified as 'good' accept full sun
from the moment of outplanting, attain> 75% survival and
produce vigorous leading shoots. Those classed as 'fair',
although accepting full sun. prefer at least partial shade
during the first 6 to 12 months, have a 50-75% survival rate
and active shoot growth. Taxa classified as 'poor' react
adversely to full sun. have a survival rate of less than 50%
and stagnant shoot growth. Any intermediate cases are
automatically downgraded.

Development of a species rating system

In order to compare and rank the 160 taxa studied with
respect to the permutations of the diverse factors relative to
propagation and suitability for reforestation. a scoring sys-
tem was developed which considered: (1) seed germination
treatment requirements, (2) alternatives for production of
planting stock. and (3) adaptability to plantation site
environment (open sunlight) and early growth rates. Within
each of these categories, taxa were assigned numerical
values (points) based on the results of nursery and field
studies, with higher points for the easiest/most economical
option and fewer points for the more difficult/expensive
options. The maximum score that could be assigned to any
specific taxon was 12, made up by adding the maximum of
2 points in the seed treatment category, a maximum of 4
points in the planting stock category and a maximum of 6
points in the adaptability and early growth category. While
this system is more qualitative than quantitative. it was
conceived to serve the practical needs of the nursery man-
ager and silviculturalist for choosing native forest species
with the guarantee that they can be successfully used in the
company's mineland reforestation programmes.

When applied to seed treatment requirements, it can be
seen that taxa that can be sown without treatment (= easiest
and cheapest) received the maximum of 2 points while
those requiring either mechanical, hot water or chemical
scarification received only I point. Regarding planting
stock production, options were assigned 1,2,3. or 4 points
for species that could be successfully propagated using
seedlings produced in the nursery from seed. or wildlings,
or stumped saplings, or by direct seeding (~ easiest and
cheapest), respectively. Blanks in [his section of Table 2
indicate that a particular technique was found to be imprac-
tical. based on comparative experimental work in the nurs-
ery and/or field. With reference to adaptability (environ-
mental tolerance) and early growth. taxa rated as good (=
most successful), fair, or poor are given 6, 4. or minus 1
points, respectively.



RESULTS AND DISCUSSION

Phenology, seed dispersal, seed collection and viability

Fruit production for many taxa occurs over an Ltended
period (Table 1). while in some cases displays a dishontinu-
ous seasonal pattern. In many cases, fruiting by individual
trees or taxa normally occurs over a more limited time
period within a given year. Three important factors contrib-
ute to the broader or discontinuous fruiting periods pre-
sented, which are based on a 14-year observation period.
First. the fruiting periods for individual species can vary up
to two months earlier or later than the average from one year
to the next, which is likely to be due to yearly climatic
variations. Second. many species will flower and set fruit
twice in a given year andlor individual trees will produce
seeds "out of season" relative to other individuals of the
species. Both of these phenomena have been documented
elswhere in Amazonia (Roth 1987, Figlolia and Aguiar
1993, Kageyama and Pifia-Rodrigues 1993, Pii'ia-Rodrigues
and Piratelli 1993). Finally, some of the taxa included in the
data embrace several individual species (e.g. Aspidosperma
spp.) or even genera (e.g. Protium and Tetragastris spp. =
'Breu '), each with their own specific fruiting periods.

Despite these individual taxa variations it can be seen
that. in the primary forests surrounding the Trombetas
mine, fruit production taken as a whole across all taxa is
more or less continuous throughout the year, although there
are clear seasonal patterns associated with taxa groups with
seeds that are dispersed by mammals and birds (zoochoric
species) and wind (anemochoric species). In the case of
zoochoric taxa the numbers of fruiting species ~how clear
seasonal patterns that closely parallel seasonal rainfall
fluctuations, with a higher proportion of taxa producing
fruits during the wetter months (December-May) than the
drier months. For anemochoric taxa, this pattern is re-
versed. with an increase in the proportion of taxa producing
fruits during the dry season (August-December) as can be
logically expected. Differences between zoochoric and
anemochoric taxa with respect to seasonality of fruiting
have been reported in other neotropical upland moist for-
ests. Seed viability is also closely related to seasonal
fruiting periods (Foster 1982, Pifia-Rodrigues 1993).

In spite of the yearly variations in fruiting phenology for
individual taxa and the broad seasonal patterns exhibited by
zoochoric and anemochoric taxa groups, the data confirm
that during any given year there is always ample production
of seeds and wildings of a broad array of species during all
months. This permits year-round nursery activity based on
seeds and wildings (though not constant in terms of species
composition) as well as a reliable source of seeds of certain
desirable species required for direct seeding and later en-
richment sowing at all times.

Under natural conditions most (69%) of the taxa studied
produce seeds that are dispersed by animals, either
synzoochoricaJly or endozoochorically. Anemochoric and
autochoric taxa comprised respectively 26% and 4% of the
total. Similar frequencies of zoochoric, anernochoric and
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autochoric species in upland moist tropical forests have
been reported for other sites in the Brazilian Amazon region
and Central America (Foster 1982, Hartshorn 1980. Pifia-
Rodrigues and Aguiar 1993. van Roosmalen 1985).

Approximately two-thirds of the taxa studied produce
seeds that were considered either easy (36%) or only mod-
erately difficult (27%) to collect (Table 1). For the pur-
poses of reforestation programme management, no collec-
tion was made of the remaining 37% of the taxa with seeds
classified as 'difficult', it being more efficient and eco-
nomical to locate wildings or use stumped saplings from the
forest.

Most of the species studied produce seeds with very
limited periods of viability (Table 1). The seeds of appro xi-
mately 22% of these, i.e. recalcitrant species, retained their
germinative capacity for less than 1 month after fruitfall
(under natural conditions) or collection (and storage in the
nursery). An additional 32% retained their viability for
periods or between 1 and 3 months. Approximately 19% of
the species had seeds that retained their viability for 3 to 6
months, and only 27% yielded seeds retaining their germi-
native capacity for more than 6 months. The relatively short
fruiting periods and limited seed viability exhibited by most
of the taxa studied require that seeds are sown as soon as
possible after collection. either in the nursery or in the
afforestation area. Given this limitation, it is critical that
seed collection. nursery production and planting operations
be well managed to avoid losses and ensure that ample
planting stock for the broadest range of taxa suitable for
reforestation will be available during each planting season.
The phenological data can be used to produce a monthly
prognosis for species (taxa) in fruit in order to guide the
field collection. plan seedling stock production in the nurs-
ery and evaluate wilding availability.

Seed dormancy and planting stock selection

The seeds of a large majority (71 %) of the taxa studied do
not require mechanical or chemical scarification to break
dormancy (Table 2). An additional 21 % of the taxa require
mechanical scarification of their seed coats to break dorm-
ancy and facilitate germination. Only 11 taxa (7%) produce
seeds that require chemical scarification. In the. case of
these latter taxa. the potential hazards to safety associated
with acid scarification of seeds indicated that stumped
saplings or wildings should be chosen over nursery-grown
seedlings as the preferred planting stock in most instances.

Artificially applied treatments used to break seed dorm-
ancy (none vs. mechanical, hot water, or acid scarification)
are apparently uncorre1ated with the treatments to which
seeds are subjected under natural conditions by their prin-
cipal dispersal agents, usually birds and/or mammals. For
most of those species whose seeds are, under natural con-
ditions. ingested and undergo an acid scarification in an
animal's digestive tract prior to excretion or regurgitation,
a simple mechanical scarification was usually found to be
a good substitute. and less difficult and hazardous than
sulphuric acid treatment, to facilitate germination in the
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g9.!!!!Jr~~Cl.c:.~ae__ BUC~~!!Clyl~p~_. ._.__...__ . . .__ g~!arana, !ClIl~".1.~()':!~"___ . !_ 1:._H.!. !!..!. ,.. !:._. __~Il.d:~oo._ .. -'~~~L ..__..__... >6

~~;~:~::;a.~=~6.;i>~~~~si~~~-:=~:..:~:.:~::·~:_·:.~~~_.._.~=--_.=~~~~~=~~~a~..~:::~.=:.:.~-_.::=:..::_._ =•.:~'..I..:~.-L :_'. ::_ .. .!- I ...:~~~.~~~~~J~;~tt~rt~~_
Elae ocarpaceae Sloanea grandi~ DuckEl .. _ . .... ._.._ ...._._ !Jru~uran~ __... _._... _,.._ _. I 1:. I L syn.!o<? Moderate ? to 6
~up.horbiilc.eaEl... ~~E!~Ih.f!1.i':ll1'.1_!l.__g()~c~\lEli~~~pp:_ ..... _ .. f.'~l!~El.!~~l<?_. ..__ ._ .... .!.H.! .. . _...... ._ I ... ~yrl:i!t:l<? D~f!!~':llt. _ ?tg 6

i~:%:mH ~~~r;~~~~~~M~~~-i~~:-~-~~:-==:=i~~~9~~:~~~==~:=~~-~~~~1~~---:i ---._~'~f:o~~J::;:;~1_3to >:
~~I?!Jo.~~iace~~__. ~~~CI_..9~l~!l~~~_~~!J.I:. .__. . ._.. __ . ~~rLn9i!._~tCl~!J~ . __ ._. !- _!:!t! L__ .. ."_"_ ~~.t(). . t;~!lY_ ~.1
Euphorbiaceae Hevea SOD. Serlnqarana L L I auto Easv <1

Notes: (I) Common names are those used in the vicinity of Trombetas. Para, (2) Fruiting months-symbols indicate frequency of fruiting observations based on 14 years of observations:
"L" indicates low frequency, "I" indicates intermediate frequency, "H" indicates high frequency. Blanks indicate that fruiting not observed during month. (3) Dispersal mechanism:
"ancmo" = anernochory, "auto" = autochory, "end.zoo" = endozoochory, "syn.zoo" = synzoochory, "end.syn" - endozoochory and synzoochory.
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Table I. Continued

Family ~~iij!rl~~:;;_~~~..~~~~-_~_._~__-.J~IFI~~r~rJr,;/~r~lol-NIDI:~~~:~i:~IE;~i':;tf:~dl~~~~~I~:'~Scientific name

EUllhorbiaceaa Joannesia havioides Ducke Castanha arara I 1 1 auto Moderate >6
~.~ph-~r~@c.~~~-_--y.n.N~nti~~~·~~~~!~~~__:_:_~~_-.:~:=_=':~:~~':~-~:-.-9~.xlX~L-=~-=--_-·_-'-~-_::.-~~_=:~_.--:_·... TT IT= = ~:_ ...._ end.zo~ .. i:ii!ii~~lt _·~--.--~jo· §
FI~~IJ.~~t~~~ae. ~~eti~_~~~~~,!_{",-o~F!P-_& En~Ll El~!!~: .. ~~lJja,~r.~ _.._ _ __ _____!:. L .!:..__ _. L L I ~/)d.zo~. Diffi.~l!lt ____ _._ ~§

g~iW:~~~__:::~-_-~~~~-~~tr~~~~niiMa'rt: __- _.. ~ =-=== -..: -----_~~~~~(:~_.!~~!.~.=~~~.-:--- -.-.I. ..-~!:=_ =- T~....L . :~~:~~~- ~~~:~::~-____:=:;~
GIJI@t~a~_ .. Y!.~rrll~__~pe.:. .__...._._ _ .._ ... _ .. ~~~~~ . .~.._!:.l __!:. _!:. 1__ '= _!:. L,=- !:- I _.._.~nd_~o~ !=~sy__ _ _ ~ !~.~
HlJf!I!r!!l~_e.~I3.__.._ E:~d~ple~_~__ucbUH.lJb-,~r)gu~!r~__ .__ y.~hi ~i~()_ I I L --'-_!! -' _~__ ___ I ~yn-z~o !=~sy_ . __ .._.:?
Humiriaceae Humiria balsamifera J_ St. HiL Umifl ILL end.zoo Difficull 3 to 6
Humiri~~ ~~e_. ~~~~?:9i~tT~..·~p~:.__.. ......__-.::~=_~=.=:-:.~_.::_ ~_~T~_~r~~_~~_~_.~~===:::__:·=~-~:-:.~.~..... _T I -.~-::~-- .. _:. .I>yn:zo~ . ~a.s.y.. _ _._ :.: -.~~
r:!urn!ri~t::~~tl y~':!t~~~_9u~~n~!~"'ubl._. ._____ .. . "'.£~uli .__ ~__!:. -' !"t.!_!_ .... 1 __ I . syn~z~() ~a~~_ __. __ ..??
H~m_iri~~~ae.... __y~~t~!l_E!~p~ra~rl~i!!~:_ .....__ "' ...'_H_. y~hJ_!ll.9rcego H_H_!. I ... u _1:._.. L syn-~o9 ~(i!!y_ ... .._:>6
~(ilJr(icE!(iE! .. __"'!lI~.,!~(i~E!lill,!JH:B.:~:L._....__ .. g(i_~~_p~E!~i.<l.~'! .__ .__ __ _ 1__ ! _.~ .Elnd.z()() _I?ifficult
L(iur!!-~e.~E!. __ ~~iba! _I'!~t~n~~<l.~.g~.<?tE!a~I?P:. . __.. . !,;~l!rQ.__.__.. .. H I H ~.. ~L ~ !. ~ I H H end.zoo Difficult
LaLlr(ic.E!~E! .. ~~~!la.lJ~~~.i~a.lJl>~(~E!i~~rlJ "!.aube.!!.E!)(Me~. __ !~a.lJba . . _._ . . .___ !:_ ~.J-! 1 ~ end_zoo. [) iff i~IJI!
~E!cVt!1i~a.~~a._E!_~E!r:!~Q.!I~Cl._E!x_C::E!lsCl.filJ.ITlI?:..!!<~()!1!?!~._:._.Ca~t~..!1~E!i!a.__<!()I?a.I:L.__. __.!i ..~t ..I-!_!:_ sY!1·z()!?..!=Cl~y __ . .._ _.__?~
!-E!~Y!hi~a._ceCle.._g~~!!1I~~ '!li£l"a..rlt~a._PJ:l~!<.E! ._._. __, _ Ta.l!a.r~_~~() ._________ _. !: _..._I: _.. H L ~memo Mo.~E!.ra.tE! __ ~ to 6
!-E!~V~h!~a.~E!a.E!g./ly!r91T1C1_.I>!l~iI(i_ri.~__MiE!r~. ._ .. ~~~a.~_.!i_~~Ia. ... .. .__._.._. __ !: tI_!-!- __ ._ .!- syrl.Z()() DiffiC::':III~t() ?_._.
!-e.c.y.t!li~~E!.!!-E! Q.(),:!ra.t_a.r:.i__()bl~!,9!f~!ia.!>lJC:~~__ .. _ . T~lJ~~L~~a.nc(). ..__. .._....._ !:_ .. .._.!: __ I ane."!o 0 iff! C::':Ilt UC>.3
!-E!c::yt~i~~E!~~ __.§~~.~~E!ll~~_~._'-:E!~Y!.his.~p.e~ .__ .__.._.. __ . Ma.!CI'!Iat~E~anco .__.__._. !L!i tU_ 1__!:. ..!. !-!:_ en~.:Z.()()_ M(}c!e.!ate._ ..1.10 _~__
!-E!l3't~.ic!a.~.E!_ClE!__ ~E!~~1h!~.l!~!t~I~__M.iE!r~__ .. ._..__ §a.elJ~a.f! .. ___ _.! . ._...!:. 1:. ____. I ~yn~~oo 0 i!fi c ':II! _. 3_ ~(). f?
Le9urn:~CClEl!l~__g~_~~ia.~IU!J _____... ...___ . g_a.~~i~_p'E!!!c:> .. . .._.!:. _!- .!:.. ':- !:. !- !: !-. !:. !- !-!- ane.mo Ea!ly :;:.~
Le9um.~C?a.(!~.:__ g~~~iCi_~e:J~I .._ ..__._..__ .__. __.__ .tlA.a.~!ITICirr~E!9!!E!I!a.~_~r~cU!~~_'=-.!:.!- !-.!- _!:_.~ t I 1 I I E!nd~zoo. ~a!lY _ .__. >f?
~e9urtl·-~(JE!s-.. __ g!l:~~i_(J~.Er!J.cEl~_na_!3E!l1lh_: . . _. __ Ma.Ei!"!!a.!LJl!~_n~~_~~ter~~_!!rmE!__ ___ . _._____. . .1 .?y/).z<?<? i::asy_ >6
~egurTI:-<::~~~:_.. ~op'~if~rc:t_.rTI~r!i!._f.:Ia.y~~__. g()pa.fba . _ __.! . ____ end.zoo ~<.>der~t~. 1 to 3
~9!Jm:~C?Cl~~:. __I?_'~I!~!!l9.!:!i~~~n~!~(J.\':I!>~·L~!tl!:'<!:...._____.. __ ...~':!!a.r_I?~~roc~ . . . ._ .L !:_ .~.I_ end.zoo tv!~_c!erate.
L.~.9~rTI:-C?a.e!).:.._.._ !?!~e~and~? f!l~cr9.~!Clc;hy~!!!lIl~~:.._. .__._ t=.!y.a.~mbo .______. ..'- .. __ syn_~o() Oif!i cu II
L.~gl:!_rTl::-ga.e~:.__ Pi'!!<:lP.~~~~Cl.~:.._. . .. . . ._F.a.J~C>._~I]l~!i..rTI .__. !: .. __. . __... _1_ I .__.Cln~.~o... Mo.~~ratE!.

t~~~;~:§:;-~··--:..Ri~~~~;:_~~i~a:~i~"~u~ke-~:::· __.~~~_~--.. _:::J~{~~~~l~!~:~~~·.=-::=-:~~:~::=,--I: .. ~.' :~_~-=.~.~l.! f ~ ..:~~:~~~. -~..~::~-_
~~gurTI::g_Cl~~:. ~ac!~!<'>_!>!l!~_~pp.: .. .__._._ ._._ fa.yCl.._~a~~.a.!9.. . .. _ _._ . .. L _ .auto ~O~~!Cl~e.. 1 to ~
!:-~9':!.f!1~~Ca~~. f!l.!lo.!lY_r1~_LE!c;..c:>.i~~ . . ._.._ . f'~':!..!oxo . . J_ _ __ _ !: !: _.__Cl~~rn_() _ Qi!!i.c:IJI!_ . .:~
!:-~9'J.rrl::gae:;..:__ ~.~!<:l9y.n~E~rCl..9.ox'!.Ql!~ .... COil.!!9.uicaua .__ . ..__. !:::. . __._ .L __ .... a.~~rn'! Qi!!i~lJl.~._ !.!o.~_. _
~9t,JrTl.:.~~~~:... . ~~~~~Io.~~!!! _a.'"!1_Cl.~C>.~!~urnj~!:,.b!1_'2.lJ.~*~.___.__ . g.~f!a.f!~~':!~___________ ._ . _ __ _ .. ~ _.. _ _ a_rl~lTl.0_ M<?~~rate _. >.~
~~_gLJ.rTl~-<::Cl~~:_.__.~~~~~~~~l!r.rTI._r.ClC;~.rTI.9.~_Cl..... _. ._.. ICl~_~Cdos.~rn~~ .__________ _ __ .__ _!:._~._. ~ !i L a.~emg ~Cl!lY ..... >6
!:-~g':!f!1::.~El~:__ ~~Cl~~Cl_P.~yphy"~_~ ', ~q..:_.. ...__._. Pi!a.!C;Cl. .... . ._ _ . __ ! 1)yn.z<:l().~~sy -:1
~gl!.rtl:~_ga..~s.:. ~~~_r:!~~ .~pp:-.-.. . .__.. . <!<:l~~~ir'!.. . .._. L !. ~ !__L l!: .!:.! ! L El.r1.c!::1:<?<?_ ~a.~y ~~
!:-~g~ITl·:gCl~~ T.a.~!:!!9Cl~Cl_~PI!.:_.. . .Tact!f ..E!ato .. ._ .~ ~ !-_ ~ !:-._!:-_ l.!: ~. . ClIlElrTl° .... ~Cl~_ _}_to_§
Leg':!.rTl::gClEl~__ '{~':!ClciJp.°uCl~!11_El~!.c:ClIlCl_A!:'I?~____._. ~.£iJeg._ _ ..!...L ... __ ._. _ ~yn-:1:()E. ~Cl~y__._ ..1!~.L.__.
L.El9ulTl~-MirT1()~:_._A!~~~_~~:J1L_.__ . .. _ ...__f~".~._.c!~.fI!.Lf!.~9...... . ..__ __ _ _. __ .__!- __ _ I sy'"-:~9<? M()der~t~ .... . ~6
~~9!!1Tl.::~im()!i..:__ ~~~~a~e.,l~L . ._.... ._FiI~~~~9~~!1~c!~ ._ __ _ _ __J. . ._~~t~ O!!!!c"-!J! 1 !e>..-L _
t.equrn-Mlrnos. Cadrelinqa catanaeformis Ducka Cedrorana 1 I I anemo Moderate 1 to 3

<1
<1- - --- ---_._-
<1

>6
3 to 6

>6
>6
>6
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Table 1. Continued

... ISC?le~tli~_llame -...--.------·'jlFt~~i~VB]-XI~JI(j1NIDI;~~~:~i:~lE:~1!;:tiJ~dl. r~~~\I~~)Family Common name

~~911m:~~J~o~;.···.Qiji1ilii~~~~~~i~~~_!?uc~~~_~:.~...'. ---==~.~~~~~~![m··yer!!!~jh£_~~=~===.~~-..:.~-:::::~-HB~!.l
~~9um.~M_~~4)~:__ ~!l_t~rl?!2.~~~!'l "!~~LIl!'='rn.Pl!.~.~ . .. _ I.!l_rn.~~!i!.__._. .. .. ... __ __ . ! I ._,_
!:e.9l!Jl1:·~i!ll~~:.._.. !=~t~!Q!4)~i~!ll.sc~I?'!lbur~i! ~~f1th.:..._.. . . !:~",Ci<!.~ro§~'!. ..._.. _. .__ ._ ~ .~ _._ ~!

mE~~~t~1r~!!f:~;1~~~'-ie:~i:~::_=====~-:~;::4t,~~~~PI~~_:=~~~.~I:~~.•~.=;..~.~:1t
~egu_m:-Mimo~: . ~~r~~a..p~!l~IJIa..(~illd.-l.Eleflt~.:.~x_\Valp.:. ..__.._ f~\la. _~~!()!a._...._._... .... ._ !... .... .__ L L
Legum.-Mimos. Parkia sp.. .. . .__ _ _ Fava japa~anim. _ ....._ .. 1
!-.Elgu~:-.~.lm()~~_ p'!ptacl~nia._~o!J1!!l.,=,.n!~.~El!1t!:t:...._._. .. ._.__ !~r:n.~~~a.!l~ . __ . . ._._.. - Ii----.--..~f'--'.l-.'-.[-
~Elgllm::~im.os J>..it.hf!cell()~!IJ_I1l__~~~El.!f1O~_l!I1]._..Q1J_C?kEl ._ ~!lg~~~._!ala.~Q_. . . _ ..__. _. I __. _ _._. .
~El9u!TI,~~i!"!1I?~:_.p.it!1Elce!!()~i.!lr1!._~2:.1!L .. ._ __.._.__ . ._.._ f..a."'~corda().. ._..__ _ _. .tt .h.._ . __ .
Legum.-Mimos, Ptthecelloblurn sp. [2) Ma.puchiqul, Parica _
Legum.·Mimos. Pithe~ell()bium_~pp:.. . _ .. _ FilvCl.()1~()de.PElI?<El.__._ _ .._._. _
~ElglJrTI:·.M!~C?::;:.... P'.I~~?_<!a~p.lJ.~_~q~ri.i...y~~I ... _ ... __. . ~lJ.!':'~_..~~ ..!~!!~_!!!!!Ie _.__. . ._.._,...
~~9um.-Mimos,._ ~~ryp~~.()_~~':l9rO_/'lP~lc~El!~irTlLJm(\ViII~Jf:i_o~~~:. r::I.~r~~.t!.IT!~?.!.g.~~..!!~~_._ _ _ .,
L,~9um.-Papil: An~ira.~p.: __ . .._ __ ._ _.__ _ A_Il..(jir_~~lJ.~h( __ .. _ .. __ _ ..
Legum .-Papi" B<?IN~_ic:hi~(;.f,/'liti~.~ _ . . __ .._ _ s.u~LJPJ~~~rTl.~re.!~_.. _ __... !t:g~~::::p::-: b~;~ir~i;s~~~~eiin·a·Benth .. -'- - ------ .. - J~:r~~~aprJ~apar: ---.----- -.-- 1:. ~ -·+i.·dtll II I L9 .p .. _.__ P _ _ _ _ .._ _._ _._ _._ _.. _ _.. _._
Legum .-Papi!. Diplo~r()pis.PtJrptJrea JRich,) Amsh.:. ._._. ~LJC:l!.pir~~::;(;amC?sa.. _.._. _ .... _. !-I
Legum,-Papil. DiptElry~ m(lgnific~ DtJcke_. ._.._ __.. QIJ_Il!.~rB~()~a __ .. __ _.__.. I I _. ~
Legum.-Papil. Dipteryx odorata (Aubl.) Willd. __ Cumaru L I H 1
L~gum.·Papil. Hymeflolo~iLJ-'"!3~~~I~um (Ducke) Benlh:_. _ _.. An9~1i1"!lda m~t~. ..._ .._ _.. .._. __. __j L
Legum:~p.~pil. l:iy'!l~f1<?I~~hJ!1'.~p:J1J_._ .. _.__ _ __ ._._._.. ~!19~1!~~~()Elira. __.__.. _.__ _. __ . L H.I:-! .I-!.__~.! ~_ I
Legum.-PapiL HymEln_<?I().\?iLJIll_sp.J2L ... _ _.. ._. A!1g~1i1ll.blin~C\cI()_. .._. .... .... .__ .. .....!
~egum.-PapiL ()rf!1~~ia ~PP:_. ._.. .. ... __ .. ___... TEln!?_ ... .. _ .... _. __ .. __ I I '-:-..... H ! !L LI L
~Elgum.-Papil. PI~tYIll!~<::il!!!I__~lIc.k~_Huber. . . . __ .. . l0a_C:<lC:~l!PCl~~.!El~ra!irl1l~ __ 1::._ _..__ . __ !..It:g~~::::p::: ~it:~!i~-s~;P~-eciosa D~cke-- -.-----.-- .. ~Z~;~~~~;;;r~ -.-.-----..~h .. -- .. - .. -d l
.. 9 ._ _.P.. . _P. _.__P... _._.. ... .. _ _ _ .•...... 9 ._. _ .._ _.. .._ . _ ._
Lt:9umino.sae Pel~~gyne.e.Clnic:ula!a.___._ ..___. __ ~1,I!~t~i!() _ __ .. __.. _._. . __ !...I:I
~~Ipighiacea~ .. £3Y!!l~n-'!!I.!~.spP,-__..._..__ ..... __ ._ ... _ .. . ._~!:I!I:lC.r. _. .__..__.. ! '= I.. 1::-1. .L,.
Melastomatace~ Bl!luci~.clic:h()t0!1'ClCogn. . I0LJu~a!Goiaba de anta . L L L L L L 1 L L
Melastomatacea Mic:oni? 10!"'9iiolia DC:_ SaPClte!ro_ __ __ . _ __ L
~e!ClsIOma!aCea ~i~or1i~~p: ._._ .._.. __. _ .. __. . tIII~~.C!.~Cl!Cl_..... .._ ... _..__.. !.~ -"'"_I.. 1. _~.-

~:~y~:::at?c~? ~:f!~~;fa~:~~~~P~c.~~----~-~:.-.~=~=~=~~~~1~~;~~·~i~~··--~.~===-~=:=~~.!:!.. ~ - .L --t~I L

M~ii~ce~~-. -.-._-.~.. ~~.~!ia=j~~~i~ni·Harm~=-=:~_·~:~:_.~~.==~==~]i~Q~__.... ::_~_·~~~-::~·.-~_~.~.=-==~II _==_T·~.__._"~~:l:~~::-..--.~~!~m~!~ie~~~~r-~'~:-k:!!l~L.----.-----.-.-- ~a;;~~a-'... ---.--.-------- ·---L- --.!~III
.-.--- .. --. --'.- --- ..------.- ..-- ..-----.- ..-.-.- ..-.-.-----.-.-- ----.--.-----. -...... -----.-----. ----. -- .-+--"- - f
Moraceae Baqassa qulanesls Aubl. Tataluba , I

LI LI LII
1.-..-·~LJIXIt-il i II

LI i

anemo
syn,~()o

..~yn.~o()
end.zoo
anemo

____~y/'l:.~~~..
~Y!1:~oo
syn.zoo
anemo

_~yn,~oo

II...~~~:i~~.
~yn.zo£>
anemoH

. SYr!:Z9~
~yn:~oo
anemo
anemo
anemo
anemo

L
L L
I L
L
L I

sY/'l:~oo .
syn.zoo
anemo
anemo
anemo
end.syn
anemo
end.zoo
anemo
anemo

..e.m!:~yn.
end.syn
end.zoo
end.zoo
end.zoo.............. _ ...

....~yn:~()~_·1
anemo

H

..__syn,z_oo .
anemo

_~nd_.~o~_.,
end.zoo

. ~Cl~Y.
~,!~y .
~~~y

Moderate
~a~y

. ~~sy
... Easy
Moderate
Difficult
Difficult.. - ... -_. -" ....
Difficult
Moderate
Difficult

Easy
~asy

Moderate
~a~y
~C!~y
,=-asy
~~sy_
E:;asy
Easy
Ea~y
Easy

Difficult
Moderate
Moderate
Difficult

.~?sy
Eilsy_.

Moderate
Easy

Difficult
Moderate
Moderate

~asy
Difficult.... ' .._ .
Difficult

E:a.sy
Difficult
Moderate

<1

<1
1 to 3

<1

<1
1 to 3

t to 3
1 10 3

>6
>6

3~6
3~6

1 to 3
1 to 3
1 to 3

<1
3 to 6

1 103

1 to 3
1 to 3

<1
1 10 3
1 to 3

-1-to 3
3 to 6

1 to 3
3 to 6

>6
>6
>6

>6
>6
>6
>6

>6

>6
>6

>6
3 to 6

>6
>6
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Table I. Continued

.. .. _ ". Frultin months Dispersal lEase of seeell Viability

M~",ae ::::::.":::',,, (S. .,o"'j ¢C,B"g '::,:'" nam,: J ; M~: J J'A SON D m:::::ml .::::;:t:~,"I :~:n~h')
Moraceae Brosimun rubescens Taub.. __.. _ Muirapiranga. _ L I.. 1 end. zoo Difficult 1 to 3
Moraceae Cecropi~ obtusa Terc. .... Imb~u~a.. _br~nC:ll !: L ~ L L L L 1 L L L I end. zoo Difficult 1 to 3
Meraceae Ctarisla racemes!,! Ruiz & Pavon GlHlrilJba_ 1 1 I end.zoo Moderate <1
Moraceae .. MaglJira. ..1!..Helicestylis spP·_. . M_~ir~tlnga._. ~!l.....tE.lr!C!.firr!le

n

•• !-:_ .1_ l: -' ! end.syn I Moderate
Moraceae Pourouma sp. . ...._.. l.mbau~~~I1~_. __... .. ._ .._... 1 1 end.syn Moderate
Moracee Brosimum potabile ~mapCl doce ... __... ... I L I L syn.zoo' Easy
MyristicCiceae lryanthera & Osteophloeum spp~ t,Jc~LJbClrCi.I1~.. ._ _ !i ~ !i.1i ~ L', L L I L.. I end.syn I Easy
Myri~ticacl?ae VirolCi sf?P,. ...... Y.~LJlJ~a.... ...____. . H !i '-: I. 1 . L~. L H 1 end.syn I Easy

MyrtaceaEl tv1yrc!a .c..t _fCiIe.x_. .... ~lJrtaJ§C?ia~ill.~~ ---'-'-'" .. -. !i H H.I I I I' ILl HI end.zoo I' Moderate.
Myrtaceae Myr9ia sPP: _ .... Pixuna !:- L I end.zoo Difficult
Myrtaceae Psidium sp. GOiabeira. L 1 I I 1 end.syn Easy
Myrtaceae Unid.entified species ._. ?o<:()ro ~~ mata .. _ __ I II I 1 syn.zoo I Diffic~1t

~raC!:~~:ceae. ~f~.;u~;.ia guianensis Aubl. --- i.~~~i;.;l~~·_.._-.-.~:~.---... 1 I L ~il I II :~~:~~~ I' ~~~~~~tl;
Olacaceae Olacacea sp. Olacacsa ~a~ca. gr()~sa ..... _. H •H I anemo Difficult
Proteaceae Roupala montana Aubl. faiei~a ,. I end.zoo· I Difficult
i'\!Jbiaceae Duroia !iPp· Purul L L L end.zoo ' Difficult

~~;!:S: !~:i~~;:~:;~:,L . l~~:::ii· u .1 ~ iLL :~;~: I D'~~:"1t i 1 '0 a
Saplndaceae Talisia spp. ,Pitomba. 1 1 1 end.zoo I Difficult 1 to 3
Sapotaceae Manilkara amazoniea .... --.- M~p~rai~.~~--·~: __ . H i, H H L '1 I end.zoo I Difficult 1 to 3.
Sapotaceae Manilkara huberi (Ducke) Chev. Macaranduba I I end.zoo Difficult <1._. ..... ,....__.... _. ..,.,' - ... ,. ,....- - '-_..s : .-.--.,...'-'.._._..- ....__.._.._-- .. -- ... ..._..
Sapotaceae Micropholis spp. Rosadinha.. I I. ILL end.zoo Difficult <1
Sapotaceae _. P()uteri~! Chry~ophyllum & Micropholis ~pp.C\~iur~nCl ... _ _. '" !:' H H H H 1 ILl L L 1 end.zoo Moderate <1
Simarubaeeae Simaruba amara Aubl, Marupa L I end.zoo Moderate <1-- .. - _.._.- - - _- .-. _. ". . --, ..- , . '- .. _ _,._ ...•.... _-, •.._ __ ._ .._- -..... - _ .. _.. .. . ~
Sterculiace~~. ~!e.r~ul!~_~pp:_ ''' __ ..... AX.!X.Cl_.. _ .'__" "' __.__._. ......... I 1_ 1 ._ ~ ~ end.zoo Moderate 1 to 3 ::I
Sterculiaceae Ttleqbrom':lsp:._ __..__ .. _ ga.~?~d.Cl ..r:!l~!<I _._.__._ .. _._ I ~LI._. __ .. I syn.zoo Difficult <1 .'_. ~
Tiliaeeae Apeiba spp. Pente de maeaeo ILL I L I end.syn Easy >6 :::.

~:~\~i~.....~r;£::~:;f~,i!aiei'~>:~_:.••••..•...•.~;JJ~:~~'~~=·~~===::~.tI.~.i;~..~.L.~.' L.~ ~ .;{i:~~::f~C; ::\10 6 i
Vochysiaceae Erisma uncinatum Warm. Quarubarana. .. ILL anemo Moderate 3 10 6 ~

I~~:~:~:i;:Ft~H~~~~;:,;::",;....::......~~~~~~.=~~:-~....,~J ~I:~·'i. •• iLL I ,:~~ll··~~ll~~t:!::Ie, ~
. -6·----

:::.

Family

~~ \,....,.- ....J

\
1 to 3..
1 to 3

,<1

I
,<1

I:~
1<1
1<1

3 to 6
1 to 3
1 to 3

3 to 6
1 to 3

<6

>6

<6

N
Vl-.l
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nursery. These data clearly indicate that, while it may be
useful to keep in mind how seed dormancy may be broken
by various scarification "treatments" under natural condi-
tions. the vast majority of species can easily be propagated
by seed without pretreatment or at the most by a simple
mechanical scarification.

Selection of the appropriate planting stock for each
taxon is critical for ensuring plantation success and mini-
mizing time and labour costs. In this study. 21 % of the taxa
could be successfully established in reforestation areas of
the mine by direct seeding. Species that could be propa-
gated most efficiently by direct seeding were restricted to a
subset of taxa with relatively large seeds (>2 em long and
broad) that can be manipulated easily in the field by the
planting crew.

At Trombetas, direct seeding, where applicable, was by
far the most economical means of plantation establishment
as it involved greatly reduced costs relative to the use of
stumped saplings, wildings or nursery-grown seedings. The
next most economical planting stock option, stumped sap-
lings, was found to be appropriate for an additional 13 taxa
(8%). Use of wildings, which were a somewhat less eco-
nomical source of planting material, was found to be the
best alternative for 78 taxa (49%). Only 35 taxa (22%)
required the relatively costly production of nursery-grown
seedlings (from seed).

Under actual operational conditions at Trombetas, the
proportion of taxa for which wildings and seedlings are
used varies from year to year, with wildings accounting for
between one-third and one-half of the taxa and seedlings for
up to 25% of the taxa. The variation is due to unpredictable
year-to-year fluctuations in the availability in the surround-
ing forest of wildings during the months immediately
preceeding and during the planting season.

Adaptability and early post-plantation performance

}
j

Of the 160 taxa evaluated in this study, 37% (59 taxa) were
rated as 'good.' These taxa are well-adapted to the open
site conditions of the reforestation site, and exhibited vig-
orous shoot growth, with survival rates of 75% or greater
during the first 2 years after planting (Table 2). An addi-
tional30 taxa (19%) were rated as 'fair,' with survival rates
of 50-75% and good shoot growth. Species rated as 'fair'
were those that generally prefer partial shade during the
first year after planting, but grow vigorously thereafter
under full sunlight. Thus, a total of 89 taxa, or 56%,
performed acceptably well in the reforestation areas. The
remaining 71 taxa (44%) showing 'poor' performance when
planted under full open light conditions, with survival
rates of less than 50% and stagnant shoot growth. These
taxa generally require shade, at least during the first two
years, and are not recommended for planting under open
site conditions, being preferably used ex.clusively for later
enrichment plantings, as will be discussed below.

Species rating and the design of appropriate reforesta-
tion strategies

The rating system incorporating the results of studies on
seed treatment requirements, suitability of the various planting
stock options, and post-planting adaptabili:ty and early
growth was used to rank and classify the 160 taxa evaluated
in this study with respect to their suitability for use in the
reforestation programme at the Trombetas mihe site (Table
2). These taxa were divided into 3 categories: Highly
suitable. sun-demanding taxa; Suitable ta~a, preferring
shaded conditions during the first 6 to 12 months; and
Shade-demanding taxa that performed poorly under open
site conditions.

Within each of these categories, the total number of
points given to each taxon varies widely in relation to seed
treatment requirements and the most appropriate planting
stock options. As point totals inversely reflect the time,
effort, and costs re-quired for successful propagation and
establishment. the ranking presented in Table 2 can serve as
a practical guide for native species selection, indicating
adaptability combined with relative economic costs, as
determined under operational conditions. k.s previously
noted, the application of this system in reforestation pro-
grammes requires flexibility in the selection of taxa and
determination of their relative abundance in the mixed-
species plantings in any given year, based on current avail-
ability of planting stock (seeds, seedlings and stumped
saplings). For this reason, the natural abundance of taxa in
the vicinity of the mine was not considered

l
to be relevant

for the development of the rating system. .
Thus, taxa included in the Highly suitable and Suitable

categories can be guaranteed to perform well when planted
under the open conditions encountered in ihe mine refor-
estation sites, while those in the Shade-demanding category
should be excluded from the initial stage of forest restora-
tion at this site. However, since this last category includes
nearly half of the taxa characteristic of the species-rich
native forests surrounding the mine, it is absolutely essen-
tial that they are introduced into the plantation systems at
some later stage of development, once propitious shade
conditions have been established in the plantation. While
admitting that traditional plantations can be floristically
enriched by natural means - through seed transport from
surrounding primary forests by birds and mammals - this
process is known to be extremely slow andluncertain at the
Trombetas site (H. Knowles, personal obseration). This is
due to several factors that appear to inhibitlseed-transport-
ing wildlife from visiting or residing in the plantations.
These include the often long distances between seed sources
(in surrounding primary forests) and plantation areas, the
presence of roads separating the plantatiohs from the pri-
mary forests. the movement of heavy vehiFles along these
and other roads on the plateau and the lack of attractive
feeding or roosting habitat within the P1a1tations. There-
fore, we recomm-end accelerating the prjcess by enrich-



T,\lILE 2. Tml1l/1('(II.\· native forest species propagation churacteristics. Numbers ill boldface used 10calculate point totalsfor /',1(''' III_lOll .

•Seed Treatm~nt Re~uired :, I Planting Stock
• : I' Hot ~ dir.lstumpedl wild-: I I.", I

iFamily : None IMech. ,water ;Chem.' ;sdg,; saplings: Ings
! 1 I , . !. I
! ! I ~ I

Highly suitable, sun-tolerant taxa i i
! : j: "
I ; j

Spondias lutea 'Anacardiaceae 2 4 3 i 1 '6 12
Caryocar villosum ICaryocaraceae 2 4 1 -'6 I, 12
Hevea brasiliensis /Euphorbiaceae 2 4 2 1; ,6 ; 1 12
Hevea guianesis IEuphorbiaceae 2 4 2 1: :6 12
Dipteryx magnifica iLegum. -Papi!. 2 4 2 16 ; i 1 2
Dipleryx odorala ILeglJm.-papil. 2 4 2 1; i6 ': 1 2
Tabebuia spp. Bignoniaceae 2 3 2 1 '6 '1 11

, i! 1 1Ceiba pentadra Bombacaceae 2 3 2 1 '6 i !
;: 1 1Aparisthmium & Conceveiba spp. IEuphorbiaceae 2 . , 3 2 1 i;6 , I

Joannesia hevioides ,Euphorbiaceae 1 4 1 , 6 ;! 11
I I ' I I 11t-tym~n_~eacourbaril iLegum.-Caes, f i : 4 1 ;;6 i i

Hymenaea inlermedia . ILegum.-Cae~.. I 1 , 1 . 4 i , 1 : i6 ,! 11
!?c:;hizolobium amazonicum . . _ J'LegUm.-cae~.. i 1 ;! : 4 : : : 1 ';6 ! I 11
J~!!~E~_b~~!l"_.!f1~~i!':l.lJ~ h~-9.~n:!:~~!!':I~_I-._-t-_1-'------t-- __ ~ !__-++-~-+- t I.l_;;6 .. -------- ..•l--.!!-
Park.ia_giganlacarpa . _ ILegum.-Mimos., _ _ 1 " 1 :, i 4 ! i " 1 ::6 l l 11

I j . ' I! 11Parkia sP: . ,Legum.-Mimos.. _ 1 1 I 1 I i 4 i 3 ! 2 i 1 '.6 !, 11
BellJ~i~ dichotoma iMela~tomatacea I 2 'I: ;6 ; ,
Tapirira 9ljianensis IAnacardiaceae 2 I'! ; , 2 ,: '6 ., 10

, 'I i 10A.sp!do~perma cl. eleatum _ Apocynaceae 2 2 1:6 I I
C;o~f.l1a9LJianensis_ Apocynaceae 2 2 1 16 ; i 1 0
~~~I~ffler~ morototoni Araliacea~ .._ __ 1 I Iii 3 ~ 1:6 ! I 1 0
~ac~rcln~~ copaia . _ Bign(lni<lc:e~!?_ ~,. I II I I 1 I,' i,.'6

6
'I' 1 O.

Goupia glabra Celastraceae 1 ,i ,3 ,2 1 , 10

~2~.nea,.~~~~_. __ .... ~1~eOCa!p<l_~~~+-_~_ -,. ~_-_-------/'·1·-----;-··+"., +1,:···-----1',---- ~---~I---'2
2

2

- "1, --1 i i~· ---------i!'--~~···LJni~~ntified species " Euphorbiaceae I _ . ' ;6 , 10
9<1~~i<l~P: (1) . ~egum.·Cae~. 1 :6 II 10
5.tr.yphn<,:>dendronpulcherrimum ~~gUm"r.1ilTlo,S: I 11 1 ,. 1 i

l
'-"',' , 3 ,i. ! 16 ! 1 10 )..

B.!)!!~!c::hi~c;'=_ nilida :L~gum.:PapiL 2 2 ! :6 I I 1 0 ~
Bow~ic:hia spp. ILegum ..papil. I 2 . I; 2 116 .1 10 8
Hymenolobium excelsum ;Legum.·Papil. 2 I Ii', 2 1 :6 I 1 0 ::.
~yrjJ~~~I,?biumsp. pj 'Legum.-papiL 2 ' 2,16 I 10 §'
\I<1tl!ir~~(l.s_is_sp€lciosa Legum.-Papil. 2 li'l i 2 i !6 , 1 0 '0>
C;ecjrl;)laodorala L .., Meliaceae 2 2 ,16 1 0 ~ .
!)\yietenia m<lc:rophylla Meliaeeae 2 I 2 16 1 0 ~
~(lClth_~liaexcelsa Rutaceae 2 2 li,6

6
lOa

.!3!rTl~_I!!J.~ilmara ~ima.rub~ceae 2 " 2 1 11
6

1 0 ~
Bixa spp. Bixaceae 2 I 9 ~
Trilttinickia rhoifolia Burseraceae 1 2 1 6 9 0'

--------l¢~~~~~;;-s.pp~ -~~~~~Ii~~:~~"-' 1 1 "71----,--,--,,~_JI-~~--I--~-,-:-h-:- i'll, 99
9

-1----::.-------

Laelia orocera Flacourtaceae 1 2 ! 1 ;:6 ~
\0

Scientific name

Adaptability and
:seed- . Early Growth
llings; :Good Fair Poor

! . ;

;Total
'Points
[

'----------_._,--. ----, -~----------.---'--.-----------.-------~~~,
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B

.---.'--..--.- -----.-..- --.- .- - .---- --.-'---"r - ---- -····__ I~~~~·_Tre~!~e!!!_R~~l,Ii!~<I__I_!__-;_j!!~t!!!g.~t~~~. '··1 J'I A~!lp!~~~!tyant!

·§~'i~!m~:~.~~~====~~~=--_-'_==~~=-=-=~:~~~iIy=~==m~~~fMech..-]w1{~r.tf!!~~j:·£J.ili~iill~~il..l~~~--·.~~e9d~i~.!>!l<lE~rIYf:;~~t~poor

vis-rTila-s--:- - -.-- ..--.---. -.-- - .---. -- Guitif~rae---- - ----- -..---.~.- -1··- -!-- .-.---!- -."2_.~e.:_______________ __ . . __ __. .
Cassia~~:j?J . ._.. !-egum.-C~~ _1. .__t ...L._. . ._ ... ~_.__.
§cle~!E.bJ~_1!!. racemosa _ ~.9um..:."Caes. _ _ 1_ __L _1.___ _ __ ___ ..__ . ~
Dini~ia excels_a ..__ . !::~gum::.~im2~ . _1..._. 1 ... L..._ __ . ~ ..
E_'!lerolo~i.Y.!!'~~~~l!r.kil __._ .. .__ . Legum.-~Jmos~ 1__ ._--'- __L_ .. ...;!.__.
~al~~~end!!La .__ . .. ... !:~9!!m.-Mimos. __ 1_ ___1 _ .!....__ _ _ .. __ ._ 2 ..
Dalbergla spruceana Legum.-Papil. 2

~i~~.i~._.!Q!}g]!2!i~.-- ..-- ..--.-----.-- ..- ..IM!!!~~!QI!1.a.!~~~eJ-----t---I ..-..,.,---.,1-1 .-J ..[. __.I---.~ -- _.1 2
Ba9?ssa .91!~1'!~~is . . .. . M~ra.~!!~~__... _... .~_. .__ ._.. _.. _.__.... .L _. ... ..... .._.._... '
~_~9!.C!e!i!._2.b!!:ls.,!... _._._. ..._ ...__ _. M...2!~~~a.! ._.
Psidium sP: . Myrlaceae
§1~r!;.lllicl._~l?p:.. _ ._ . __ .... _. _ _._... ~!~~~!ia..~I?~~ .. _ ~._
,6.pei~~sp~ __._._. . _... Tlliaceae - - .. !.-. ~11
ru1~~~ff~i;=:-=~:==~-=:~~;~~::~-~===f:::~::~~~JI-]=~::.-

1
1

2
2

2
2

8

c
~
~(;;)
~
~
I:l
:::s~......
~
"1:1
$::I
~
§

l3y'r~~!ma ._s.l?l?o.___ .._._.. .. I~~!pJ.9..~i~ceae L. -'_L_I 1 1 1

Su;t~ble!._. t~o~g'!._.pre.fer.~!'adec!_.p~".d!!!'!.~~_.i~!H~Uy._~=~[=~=I~·.._.~_~:~_=~·~~:~_,.
~ary~c:~r-.91~.~~~._- .. -... -. .: -~...-~~ ~-1~j!iicara·£~~i-= . .=-"2-~: =-.- ~~.-~-·-1~'~-'~fl-·L .----..-. ..
~o~~p'ia !~!1gip'~~I,1."!~~l~_._ .. _ ... ._. __._ ~~2~~!!'I1l~~~! __ ~ :..__.__ .. _ .4_. __ .

t!{f~!~-..~~~~~~~~~~.-~.~--.-.::.-::-..~~:~.t!!fE~~;~"-·-~~··t---~-1---- :-:~- - .:-. ~ .: t= :.= ~.~.

1 4 10
....

2 1 4 10
2 1 4 10

2 1 4 10
.1 4 10-
1 4 10

2 1 4 l!
2 1 4 8

2 1 4 8

2 1 4 B

2 1 4 8

2 1 4 8

2 1 4 B
? 1 4 ~
2 1 4 -8

2 1 4 8

2 1 4 8

2 1 4 8

2 1 4 8

2 1 4 8

2 4 8
-- . I - .. - .~.... .-..... ,.,

2 4 I 8

C~r!lp.!'I9uilll1~!1~is... . . __ M~li~£e~~.... . ~... 1 I 1 1 4
A~tr~D.i!!rn...!~~Clil1t~i... . _._. __.__ ~l1f:1cf:lr~i~~!~.....__. ~..
Aspidosperma !>P: ..... . _. .. . /.Ip~!?yn.!l!?~~~......2

~~~~~~:i,~~~~.!>·~~=~~~~·~~:~~·_.:-·~~_~~.~=~:·~.~~f~~~~~~~:-~·~:.~~_=-=~~:_·.:·~.~=·J~.·=:JI-'~~_ __ .
AI1~'!,!'l..!lE!a.Il~.!'a._B..Q.!?~.!~~~pp._. . __... .!:~urace~~..__.._.._. _.~ . ..
ME!zila.u~~~!la.!l.ba ' . ..__~.a.~ra.<:E!~E!_. . ~.. _. _... .. __ . ..
Copaifera ma~tiLHayne . . .-- .- ~f!gLJITl:~~.a.Ill!:.... ~ . -t ... -\ r·
I~~;~j::i~~/~~__....._~:_.~-:~:.t:~~~~~§~;t~.:~~~_i_ .~_-~-_:.:.=-_. __ .. _-._ .. ~ ~·=~~t--·I - I
Tac:~igllli!l~PP:..._ __ _. ... __ ._.__ . ~E!9l!1!l-,~~.~e~,-__..__ ~._ ... _._ ._ .. __ ._ .... _
~e.~~~li!1ga.'::!ltana~!()rmi!>.. . .. _ _ ~~gl!.!!!·~Mi'!l-'?~:.._._ ~.. ._ _ ... __.. _
HYl!lenol()~il!l!l~p.[2J .. ._ ~E!gLJI!1::!"a.pl!:__. ~ , .. _ _ .. .._. . _ _.. _
Platymisc:ilJr.nguck~ . .. ._.... ~E!glJl!l:~p'apiI. 2 _
Palicourea sPP:. ... ~lJbiace<le ..' . .....
§r!~~~.LJI1~!Il!lllJ~.. _._ ...._.... ...._ . ._ '{()C:~l'si~~E!~~ ~ ..• .__.
Qualea SPP. . Vochvsiaceae 2

3

1
.1

.• 1) .•.............••.. _ ..•.. _ .. _ .... _

6 _ .
~ _ ..- --_ .
I) _ ..•...... _.. __ .....•..• -.- .

6
6
6

1
1
1
1
1
1

6
6
6
6
6
6
6
6
6
6

II ~
9
9
9
9
9
9
8
8
8

1
1
1
1
1
1
1

6

Total
Points

9
9
9

...L...
9
9
9



TAIILE 2. Continued

Scientific name

. ·l~~~c:I·.TI··~fl~t.~el!.'U'.!,,-<J':I!rflt!
Famlly __ ..~o.n~ ~ech, ~~r~r.I(;hem.

\I~~~y'~ia:~~~~~!~:W~~~·~.-_-...·::~~_.~.~~~.-:~-. Vo<:hy~~a~~e - 't~---'--"'r-- - .--\.
Anl)o~~! .r~ughelli.~!_G~att~ria, &.)~ylopi'!lsl>P.:.. An~~nac~~_. _.. .. _. ._ _ ... _.
E:!!:l.!'1~~:X:9!~~<!.~um_Au~L__.. _ _..._ ._._. _. Bo~b~~ac~~~ __ __~___ . _
Qiospy~~~.~e:_. . . ~~fll1~~~ae 2___ _ _
Humiria balsamifera Humiriaceae 1

__ •• _ " __ ' •• - __ - ••• ,0 •• _A, •••• • _ , •• " ••• " _ _ _ _ _ _ ._

r:.i~~~!,!!~~illm.~p.,. (21. .. __... _. __ . L~g~~.·~i~Q~.__ _ .1._ ..
Cordia spp. Boraginaceae

4
4
4
4.... _-" __ .
4
4
4

2

-~-.:.:.~E.F
2 -t 1--,.-... ----. .1

:~-~.l::~r~Cr.!!~~iftnell-I~~i:~!i;:~:!w:::oor
8
7
7
7
7
7
6

tv
~

1
1
1

TotalPoints

Q~I!1.':l~~~PP: __._ _.. _... __.. _. l~e.9LJ!TL:f'~pil"_..__L .L_L 6

___ ' ••••• _. __ ._ •• _ •• _ •••• _._-_ ••• __ •••••••• 0 •• '_._- ••• ••••••• _ •• _ •••• ,.,._."" , •• _. •• _ •••• _ •••••••.•.•.•• _ ••••• _". _ •••• •• _ •••••••

§~~'!~__'!~I!.';mdin!l.t~~~_~lI.ital?!~_~"_~.~nd.E!!p!~~t!~9.~~I!_~C!~~9!~_.~.~!!'."_!~~h.~cJ~~an~s.._..

~o~~pia. spp.. . __. _ Chyso~~I~r1~!=~a~._~_ .._.. _ __ __ ~ .__.2 ._ ..1._. (~1 ) 5
~i~~_nia.~': mterantha ... Chys!?bCl~i'!=eal:l __~_ _ 4 ... _..? _ ._..!. .(:1} ...~~;=~?d~;.------..:-~- -'---:~.~----'!~~:r~~~~:·I:l_~-~-~--:.--::-'~.::~-~'--:,-'..-----~-~~~r--:---....-- .--.-:~~·H'-~-i
Sa(;<:()9Iotti~ sp._ Humi!.iac~Cle ...~ 4 \ 2 _. 1( ~1) 5

r~i;i:~h;"P·~=:~~~~;_:E~i~~I~J~:~r~~~=;~~~..-Ii .. 1_~f:_=J~ ..---. -: Jjj it .
§.~~_r!~!~_P£ll'p.l!y!I~.. _ __.__ ~e.!llJ'!l,:.q~e_~,._ _ ~.. _ _ ._ __ ...__ 4 L. . (.~) ..~
\loua~p'.Q~~..~~~canCl __ .__..._.. . . .. ~!lglJ~::f~es .. ~ .. ... ~.. ? .!....__. .. _._.. __ .__ J:O .. ~
~i~~ro~~~l>j!~-----·-·------·· --------- ~~~~~~ia·ceae------~------1---- ----.-J- ------- .}- ---- -- LH ~
~nac,!~iu!!l __2!9~f.l!~~r1'!__.. .' . __ _ AnCl~~r~!'!c:~Cl~. __ ~__ _ ...._... __~_._. _ 1_ _ (.1) 3

~;;~;E~!~~!i~~·~~-:~::~-~:=·:~:·~_:_~~~:~~i~~i!::t--__=:L~~~~~=~=~~::~::-:~_--~_~_.~.. --_ __ ~:::-::~-_t=~~~:t~:·==~~~:.---._.=~:'-.~. VH_~<i
Pro!ilJ~ ~ TIl~ragastri~ sPI>, Burseracsae . .~_ _.. 2.._ _1.. (.1) 3
Ani~~. cCin!l!i.lla _ . .. . .. _ Laura<:e'!Il_._.~ __ .._ _ 2 . __.1___ . _..... (·0 3

~~~~n~n~D.p~~~lJl~.,! -- ..--------------. ~~~~~ce-ae--~- --------.- --'1--- - - ..... -------3 ----~----- _.L..___ --- --------. ~:-H--}-·

------- ...__ .._-_._-------_ ...-..---------- ---- ---~---..--.---.-----
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---..-- ..--.---t-.- ..-.----.------.--.l-~~~~_r~~!.l:".e!!!-B~1~!r'~~-I+-d~!!!n.!!l'!g_~!.~-~- ··I--·J I···· J\ctClptllb.!Uty 8!lct ..

~c:I!!l!lfl~_.~~~~ .___·=====-I~~i!!Iii::===~~:~::'.'~.~~~~Me~~~!J§~~~ti~~~j~~~~~;:L~iJt.r~~dsl'~~ci~ EariYF~owt\Oo-r
. --,-, -_. --"- ._ .. ----- ..__ ._--_. __ .,_ ....

'~~f.~~;~,;~:,pp-u~~~]~::~~~rfl~~Jt-~~~~:I~lrIII ~1
I'!ee~_~f>,_______ -- . ..... . .. --- -.---- t-!Y~t~.9i~~~e:~: I ~ Y--=.=l=:~---~-l .. 2 1 (·1 ) ~

i!~~~,:=~····--~-==e1~~,=t~f~t-=~~~=~=~~~=-~==1·f ·lm!
MCI.Q.i!kar~.bu~~.r.i. .__ . ._._ .. ~lIe2!'!.c~ae . ~_. _.___ _ .. __ ._..._.... __.. _... _._ _ ..._ 2.. 1 (·1 ) ~
~iq!?pJlQU!§Jlg,._._. .. _._ .. _. .. ~ClP2!aceae .~ . . ._._._ ._. . .._ .~. 1 (·1) 3
F!?~e!!~.f,l1ryso'phyll~m_ & Micr()p~!?lis.~RP"__ ~ClP()!II£~II~ .. '.~ .. .._._._. .. _._"'_ 2 1 (·1 ) 3
llleh~opsi~ r()sea __. . _.._.. Tilia£E3ae __ 2 __.. . . . .. 2 ( .1 ) 3
Rln~~~C!~pp:__._. __ . _._ _. .. \fi.()I~~CI~_._____ 2.._ _._._ _ ._ 2 1 (:1) ~

~1:~~~~~~:=·~~~~:~Jel:;~4_·~=~~=~~_-~·=~-~~~·21 .. - i1li I
Connarus sp, Connaraceae 2 . 1 I:1 ) ~~~~:~~~~~~;~~~~i~[~~;;=}~~~-=~~,=~~•.-••.= ~=--::2= .!.... 1:1: 1
~~~~f~~i~~~anthera--'-'-"-----.-.---- ~~~~~;.;~e---~---..-------..--.....-.-- -- . ~ ~:a ~
Guarea jatuarana Meliaceae 2 1 (.1 ) 2Iri0Ifi6. J§.£Qint~L_.=~~:-_=~~~--·--'----· Meiia·cea;--·--..= .. !~=:--=..--:=~:=~: --:~=-=~.:=~=-'~:=.---' 1 _ =- (~1) ~
8rosimum lactescens Moraceae 2 1 (.1 ) 2
y'i~it~:ip.~=.:~=~:·~~..~:-~~- -~.':-=.-=~-=-_=~W sOcaci~_:.~.::.~~:='.:_.-~~::::.:=~.':.:~=.:._:-=..::. -:== .. '.:. . - .. 1 .. - (·1 ) ~
""y!~ia 5LJ~!§l.J<_._____ _. ~yt:!acea~_ .. ~ _ ..__ .________._. 1 (·1) 2
Ola~,"c~~ ~P:_._ .. _ _.. . .__ .. __. __91~1:~1:~1I~_"__' .. ~.. . _.. . _ __ _.. .. _ 1 (·1 ) 2
Duroia sPi=>· .. .. . Rubiaceae . 2. . .. ... 1 (·1) 2~~nk~:~~!i~~ri~__.= '.. .. . ':=:.-~_:=..~~~~ceae'~_\.. 2.. . '.=-.:' __ ...: ..' .=_~ -~ :~ .'~_':. 1 (-1 ) 2
The~~~!?!fl'!sp. .... . _.. ~te_rl:~liac~a~ 2 1 (·1 ) 2
DimoRh~ndra macrostachya _.._.. ~E,lglJl'!l,:.9~~~. .. . 1__ .___!. . _ _.._._ 1 (~1) 1
l:J.in:()p~.§.n.~i.'!.~P,__._______ _ . __. !-~9.l!f'!l':9C1~~, ..._._ .~ !._L_. . 1 (·1) 1
Alhizia sp. (1] ~egum.-Mimos, 1 t. t. 1 (·1 ) 1
Mvrcia spp. Mvrtaceae 1 1 (·1 \ 1
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ment plantings and/or broadcast seeding of shade-demand-
ing species approximately 5 years after establishment of the
initial planting which uses only Highly suitable and Suit-
able taxa.

CONCLUSIONS

The restoration of species-rich moist tropical forests on
sites that have been severely degraded, such as mined areas
in Amazonia, is hampered by incomplete knowledge of the
ecological dynamics of disturbed tropical forest systems
which are still poorly understood, and because published
basic silvicultural information is lacking for all but a very
small proportion of the tree species that characterize these
forests. If such lands are to be managed with the goal of
ecological restoration, innovative approaches are needed to
select the broadest possible range of native species for
inclusion in reforestation programmes to recreate quickly
and economically stable forest ecosystems that, over time,
will develop and function as mature, natural, late secondary
and primary forest systems. One such approach, based on
14 years experience of operational-scale reforestation at a
bauxite mine site in central Amazonia, incorporates eco-
logical data along with information derived from a system- .
atic programme of field and nursery studies. Although
long-term predictions concerning the successional devel-
opment of forests established using this approach are as
problematic as they would be for natural secondary forest
stands in this region, the results obtained thus far at
Trombetas are promising.

The studies have shown that it is indeed possible to
evaluatesystematically, at relatively low cost, a large number
of native tree species about which little or no previously
published information exists with respect to critical aspects
of fruiting phenology, seed biology, nursery practice or
performance under the stressful conditions typically en-
countered on severely degraded soils under harsh
microclimatic conditions. The systematic approach uti-
lized at the Trombetas bauxite mine site was designed to
meet the needs of an operational-scale reforestation pro-
gramme for rapid development of protocols for efficient
planting stock selection, nursery production, and plantation
practices for 160 native tree taxa. It has yielded basic,
essential information that can be used directly for forest
restoration elsewhere in the region. Perhaps more impor-
tantly, it provides a universal model for species selection
based on local phenological data and local germplasm that
can he confidently applied wherever environmental degra-
dation calls for rehabilitation efforts to restore, as quickly
and economically as possible, the native forests that existed
prior to their destruction.
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