PRELIMINARY RESULTS OF A LARGE-SCALE TREE INVENTORY OF UPLAND RAIN FOREST
IN THE CENTRAL AMAZON.

Judy M. Rankin-de-Mérona (!)
Ghillean T. Prance (?)
Roger W. Hutchings (%)
Marlene Freitas da Silva (1)
William A. Rodrigues (%)
Marie E. Uehling (*)

ABSTRACT

A large-scale inventory of trees > 10cm DBH was conducted in the upland “terra firme”
rain forest of the Distrito Agropecudrio da SUFRAMA (Manaus Free Zone Authority Agricul-
tural District) approximately @5Km north of the city of Manaus (AM), Brasil. The general
appearance and structure of the forest is described together with local topography and soil
texture. The preliminary results of the inventory provide a minimum estimate of 696 tree species
in 53 families in the 40Km radius sampled, including 17 undescribed species. The most numeri-
cally abundant families, Lecythidaceae, Leguminosae, Sapotaceae and Burseraceae as also
among the most species rich families. One aspect of this diverse assemblage is the proliferation
of species within certain genera, including 26 genera in 17 families with & or more species or
morphospecies. Most species have very low abundances of less than 1 tree per hectare. While
more abundant species do exist at densities ranging up to a mean of 12 trees per ha, many have
clumped distributions leading to great variation in local species abundance. The degree of
similarity between hectare samples based int the Coefficient of Community similarity index
varies widely over different sample hectares for five ecologically different families, Soil texture
apparently plays a significant role in determining species composition in the different one
hectare plots examined while results for other variable were less consistent. Greater differences
in similarity indices are found for comparisons with a one hectare eample within the same
formation approximately 40Km to the south. It is concluded that homogeneity of tree commu-
hity composition within this single large and diverse yet continuous upland forest formation can
not be assumed.
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INTRODUCTION

The high species richness and low population densities of many species have
remained a challenge to biologists studying tropical communities, both 1in the
cataloging of the species present and in the comparison of community composition at
different sites within a single formation. The present investigation presents the
preliminary results of an on-going study of the tree populations of the upland ‘‘terra
firme’’ rain forest of the central Amazon just north of the city of Manaus (Amazonas)
Brazil. The immediate objectives of the inventory are to provide base-1ine data on
tree species presence, abundance and distribution to determine the similarity of
patches of forest in a broad but superficially homogeneous locality, and to serve as
controls for the same patches after experimental manipulation. This paper presents the
preliminary floristic results of the inventory and describes the tree element of the
forest community before disturbance. This study is a contribution of the ‘‘Botanical
Ecology'’ subproject of the multidisciplinary project ‘‘The Biological Dynamics of
Forest Fragments'' (BDFF) being conducted under the bilateral agreement between
Instituto Nacional de Pesquisas da Amazdnia, the Smithsonian Institute and originally
the World Wildlife Fund. The project’'s main goal is to investigate the effects of
forest fragmentation on the remaining isolated forest patches. Working with SUFRAMA,
the Manaus Free Zone Authority, the project has been able to select forest patches in
areas destined for conversion to pasture to be set a side at the time of felling, thus
creating a series forest island replicates in what was once a continuous forest
landscape. The project is unique in it's dimensions, the opportunity to gather ample
base-Tine data before forest isolation takes place and int he Targe number of
different taxa being studied under the same global objectives on the same sites.

STUDY LOCATION

The study is being conducted in the upland ‘‘terra firme’' rain forest of the
Distrito Agropecudrio da SUFRAMA (Manaus Free Zone Authority Agricultural District)
approximately 65Km north of the city of Manaus, AM (Figure 1 inset). Patches of forest
denominated ‘‘reserves’’ are marked out in agreement with the land owner before
deforestation. The series of reserve replicates includes patches of 1, 10, 1000 and a
single 10,000ha area. Initiated in late 1979, the project now covers a total of 23
different patches in the replicate series spread across a 40Km east-west swath of
originally unbroken forest (Figure 1).
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Figure 1 — Location of the Biological Dynamics of Forest Fragments project within 3 cattle ranches of the SUFRAMA (Manaus

Free Zone Superintendency).
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METHODS

The forest tree inventory includes all trees greater or equal to 10cm diameter at breast
height (DBH) in the study plots. In each reserve, study areas of 1 hectare, generally 100mx100m,
are laid out and divided into 20mx20m quadrats. Quadrat corners are marked with PVC pipe and
jdentified within a coordinate grid. Each tree is measured for DBH and it’s position in the
quadrat mapped. A sample of leaves, flowers or fruits is collected from every tree for later
identification in the INPA Herbarium and by family specialists. Reference vouchers (Appendix
I) are maintained in the project reference collection at INPA and in the INPA Herbarium, where
an additional representative stand collection for several hectares will also be kept and
reference collection duplicates are int he process of being incorporated in the Laboratoire de
Phanérogamie, Museum National d’Histoire Naturelle in Paris. Each tree receives a uniquely
numbered tag for that reserve attached to a galvanized nail. At the present the inventory has
heen conducted for over 50,000 trees in 78 hectares of forest, including 2 plots of 9 contiguous
hectares each, one of which was isolated in 1980 and the other which is located in the center
of a 1000ha reserve. Results for 70 contiguous and noncontiguous hectares are presented in this
publication.

General site description

The landscape in the Distrito Agropecuario is hilly, composed of steep slopes alternating
with flat plateaus. Small and occasionally large streams cross the area but there are no rivers
of navigable size. A1l 100ha reserves contain permanent streams or waterlogged lTow areas while
1ha reserves contain neither of these features. Topographic maps of inventory hectares show a
variation in elevation of from 0 to 16m with a mean difference of 6.85 + 4.00m (Fig. 2). The
total topographic variation for the region is approximately 80m (Ranzani, 1980).

Figure 2 — Topography of 9 scattered one hectare rederves as indicated by 1m elevation countour lines (relationship of contour
lines to absolute elevation not established). H = highest ground, L = lowest ground within each reserve.
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The soils of the region are clayey and are classified as ‘‘podzélico vermelho amarelo
alico’’ (aluminum-rich red yellow podzol) and *‘‘latosolo amarelo alico’’ (aluminum-rich
yellow latosol) (Ranzani, 1980). Preliminary soil texture data indicate differences between
low wet areas, characterized by a high percentage of sand, and the rest of the terrain
dominated by clay (P. Fearnside, unpublished data). In the inventory hectares for which data
is available, Tow wet areas represent 4.2% of the 20m by 20m quadrats of the 382 guadrats
sampled. Sand is invariably associated with water and a low relative position on the slope
while a rolling topography but without water is generally clayey with a few occurrences of
clayey loam, sand clay loam and sandy clay (Table 1). In only 2 of 159 samples from the sites
without water, both in Reserve 1103, does sand account for more than 50% of the soil. Texture
may vary within a single hectare: Reserves 1104 and 1105 have only a single very clayey
texture while Reserve 1103 has as many as four textures present ranging from clay to sandy
clay.

Table 1 — Soil textures in selected inventory hectares of the Biological Dynamics of Forest Fragments study area (unbublished
data, P. M. Fearnside).

; Total No. of
Area (ha) Reserve Number No. of 20x20m quadrats per texture category: quadrats sampied
Clayey loam,
e sycayms S8
sandy clay
(<20% clay + {>40% clay +
>50% sand) <50% sand)
No water present:
1101, 1102, 1103,
1 1104, 1105, 1108, 0 (0%) 14 (12%) 105 (88%) 119 (100%)
2107, 2108, 3114
10 1202, 3209 0 (0%) 0 (0%) 159 (100%) 159 (100%)
Subtotal 0 (0%) 14 (5%) 264 (95%) 278 (100%)
Water present:
10 1201, 2206 16 (15%) 54 (52%) 34 (33%) 104 (100%)
Total 16 (4%) 68 (18%) 298 (78%) 382 (100%)

The general appearance of the undisturbed forest is that of a very closed vegetation with
a high density of trees of low stem diameter and an abundance of stemless or juvenile pinnate
leaf palms (Figure 3). Arborescent palms are also present in abundance in the canopy and mid-
story (see Results). Few examples of massive individuals can be found and in general trees are
much smaller both in height and diameter than in upland forests in other sites in the Brazilian
Amazon such as Carajas or Jari.
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Figure 3 — General aspect of the forest
understory of the study

INVENTCRY RESULTS

The greatest number of trees in the portion of the stand included in the present study (= 10cm
DBH) is found in the 10 to 20cm classes (Figure 4). Few trees attain diameters greater than 60cm,
with the notable exceptions of emergents such as Caroycar villosum (Caryocaraceae), Dinizia excelsa
(Leguminosae) and certain Lecythidaceae. The mean tree density of 636.8 + 40.8 trees per ha (based
on a sample of 9 noncontiguous single hectares). Basal area is 30.55 z 3.5 per ha, slightly below
values around 35m from other forests in the Brazilian Amazon (Pires, 1978).

Figure 4 - Distribuition of trunk diameters for trees = 10cm In the study area.
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The caropy height is between 35 and 40m, with emergent trees reaching up to 45m. The
average bole length (height to the first branch) for trees = 10cm DBH is 11.6m, varying between
3 and 32m. This branch distribution plus a high density of saplings and stemless or juvenile
tree palms reduces visibility to around 20m in the understory and not more than 30m in the mid-
story. The tree crown zone of the forest, the mid-story and the understory vary widely due to
trees fall gaps, standing dead trees, architectural ‘differences in tree species and total tree
heights. No distinct strata can be perceived on a forest-wide basis.

A preliminary analysis of the families and species of trees present in the 70 inventory
hectares provides a minimum estimate of 698 species in 53 families analyzed to date for the
region (Appendix I). The eventual confirmation of an additional 156 existing morphospecies and
the inclusion of numerically important families currently not available or still under study,
such as Leguminosae and Lauraceae, will bring this number to around 1000 species (estimates for
missing families based on species counts from the Reserva Ducke in the same region, Prance,
1990).

Examining the inventory results at the family level, the Lecythidaceae, Leguminosae and
Sapotaceae are consistently the three most abundant families in sample sizes ranging from 0.1
to 9 hectares (Figure 5). The trees of these three families alone make up a remarkable 41% of
the stand in the 9 contiguous hectares sample. The fourth most abundant is the Burseraceae, 5.5%
in 9ha, a family well represented at all sample levels but with densities significantly lower
than any of the first three and similar to those of the Annonaceae, Chrysobalanaceae, Lauraceae,
Moraceae and Violaceae.

Figure 5 — Number of collections per family of trees = 10cm diameter at breast height {DBH) in three nested plots within Reserve
3402.
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The most numerically abundant families are also among the most species-rich, with 74, 49
and 45 species respectively in the Sapotaceae, Burseraceae and Lecythidaceae (Figure 6). The
study area appears to be a major center of diversity for the Sapotaceae where up to 50 species
have been encountered in a hectare containing only 98 individuals of this family (L. D. A.
Teixeira, pers. com.). A similar result is found for the Burseraceae where half of the species
in the 70 inventory hectares are present among 98 trees in the one hectare reserve 2107. The
mean number of species per hectare for the family is 17.9 + 3.69 (based on 9 noncontiguous
hectares). In general however, most families have been found to have fewer than twenty species
and 6 (10.9%) are represented by a single species (Figure 6).

Figure 6 — Preliminary number of tree species by family of 70ha inventoried for the present study in the central Amazon (data not
available for Leguminosae and Lauraceae).
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Much of the species richness of this forest is due to the proliferation of species within
certain genera of a family. The greatest number of species within a single genus to date is in
Licania (Chrysobalanaceae), and Protium (Burseraceae), both with 35 species followed by
Eschweilera (Lecuthidaceae) with 20 species. There are 26 genera in 16 families which qualify
as species-rich when a minimum of 6 species per genus 1is used as the arbitrary cutoff for
‘‘species-rich’’ genera (Table 2, also see Appendix I). The presence of more than one such genus
in a family is not uncommon. Again, the numerically most abundant families distinguish
themselves 1in possessing species-rich genera.
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Table 2 — Families with genera comprised of six or more spegies and morphospecies’.

Annonaceae Guatteria 18, Duguetia 11, Xylopia 8
Apocynaceae Aspidospermum 11

Boraginaceae Cordia 6

Burseraceae Protium 35, Dacroydes 7
Chysobalanaceae Licania 35, Couepia 18, Hirtella 7
Combretaceae Buchenavia 6

Elaeocarpaceae Sloanea 14

Lecythidaceae® Eschweilera 20, Couratari 14, Lecythis 7
Leguminose® Inga = 10

Melastomataceae Miconia 19

Monimiaceae Siparuna 6

Myristicaceae Virola 10, Iryanthera 7

Myrtaceae Eugenia 17, Myrcia 13, Calypetranthes 6
Proteaceae Roupala 6

Sapotaceae Micropholis 10 Pouteria 6

Viclaceae Rinorea 7

' Not examined: Lauraceae, Sterculiaceae
2 + |ndicates other morphospecies yet to be confirmed
3 Partial data

A small portion of the species diversity of the BDFF study area is due to the encounter
of previously unknown species. The number of new taxa detected in families where all inventory
collections have been completely identified by specialists has reached 17 to date (indicated
in Appendix I), including species such as Protium occultum Daly which is unknown from other
collection sites (D. Daly, pers. com.). The absence or extreme low density of these new species
at other well collected area nearby, such as Reserva Ducke, 40Km to the south, attests to the
variability in species distributions in the region. The final number of new species discovered
will undoubtedly be greater given the many morphospecies which can not be matched to identified
material in the INPA Herbarium.

The numerically most abundant species in the inventory to date does not from one of
the families of greatest overall abundance but from the 10th ranking Euphorbiceae.
Micrandropsis scleroloxyon is represented by 875 individuals 1in 70ha, with an average
density of 12.5 trees/ha. A significant amount of wvariation exists in local population
density which ranges from O to 42 trees in any given hectare plot. Almost equally abundant
is Protium cf. 1lewelynii of the Burseraceae, with 839 trees or 12 trees/ha. The high
density of Oenocarpus bacaba Mart., with over 500 trees is not surprising in view of the
striking first impression this forest makes of a community rich in palms (see previous
section). The most abundant species in each family for which such data are currently
available are Tisted in Table 3. Only 12 families have their most abundant species present
at densities of greater than 1 tree per hectare although future results from the still
incomplete Sapotaceae, Leguminosae and Lauraceae may raise this to 15. Several families,
such as the Annonaceae, Burseraceae, Chrysobalanaceae, Euphorbiaceae, Lecythidaceae,
Myristicaceae and Violaceae, have two of more species with densities greater than 1 tree per
hectare. At least five of these 12 families are also among those relatively rich in species
and 7 of these species belong to genera rich in species.
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Table 3 — Preliminary list of the most abundant tree species for each family present in the 70 noncontiguous inventory hectares.

502

Family n° of trees
Enphorbiaceae 875
Burseraceae 839
Palmae 500
Bombacaceae 426
Chrysobaianaceae 249
Apocynaceae 210
Annonaceae 199
Myristacaceae 196
Lecythidaceae' 168
Melastomataceae 156
Violaceae 147
Myrtaceae’ 93
Celastraceae 67
Humiriaceae 58
Rubiaceae 57
Sapotaceae’ 55
Duckeodendraceae? 55
Dichapetalaceae 54
Vochysiaceae 53
Ochnaceae 52
Monimiaceae 51
Bignoniaceae 51
Olacaceae 43
Lacistemataceae 43
Meliaceae’ 4
Rhizophoraceae 40
Flacortiaceae 40
Elaeocarpaceae 40
Caryocaraceae 35
Malpighiaceae 32
Boraginaceae 32
Quiinaceae 27
lcacinaceae 27
Simaroubaceae 21
Linaceae 20
Ebenaceae 20
Guttiferae’ 18
Tiliaceae 17
Nyctaginaceae 14
Anacardiaceae 13
Combretaceae 1"
Verbenaceae 9
Proteaceae 8
Ulmacaceae' 6
Rutaceae 6
Rhabdodendraceae? 4
Rosaceae? 2
Opiliaceae? 2
Erythroxalaceae 2
Styracaceae 1
Myrsinaceae 1

Species

Micrandropsis scleroxylon W. Rodr.
Protium cf. llewelynii Macbr.

Oenocarpus bacaba Mart.

Scleronema micranthum Ducke

Licania heteromorpha Benth. var. heteromorpha
Geissospermum argenteum R.E. Woodson
Unonopsis stipitata Diels

Virola calophylla Warb.

Eschweilera cf. wachenheimii (R.Ben.) Sandw.
Mouriri angulicosta/duckeana/duckeanoides complex
Rinorea flavescens (Aubl.) O. Kuntze
Myrcia grandis McVaugh.

Goupia glabra Aubl.

Vantanea parviflora Lam.

Coussaria racemosa A. Rich ex DC.
Ecclinusa bacuri Aubr. et Pellegr.
Duckeodendron cestroides Kuhim.

Tapura amazonica Poepp. & Endl.

Qualea labouriauna Stafl.

OCuratea cf. decagyna Maguire

Siparuna decipiens (Tul.) A, DC.
Bignoniaceae sp. 01

Heisteria laxifiora Engler

Lacistema aggregatum (Berg) Rusby
Carapa guianensis Aubl.

Anisophyllea manausensis Pires & W. Rodr.
Casearia javitensis H.B.K.

Sloanea floribunda Spruce ex Benth.
Caryocar pallidum A.C. Smith

Bysonima aff. stipulacea Juss.

Cordia sagoti Johnston

Quiina obovata (Tul.) A.C. Smith
Dendrobangia boliviana Rusby

Simaba polyphylla (Cavalcante) Thomas
Roucheria punctata Ducke

Diospyros pseudoxylopia Mildbr.

Vismia duckei Maguire

Apeiba echinata Gaertn.

Nyctaginaceae sp. 2

Anacardium cf, parvifolium Ducke
Buchenavia parviflora Ducke

Vitex triflora Vahl

Roupala sp. 3

Ampelocera edentula iKuhim.

Spathelia excelsa (Krause) Cowan & Brizieky
Rhabdodendron amazonicum (Spr. ex Benth.) Huber
Prunus myrtifolia (L.) Urban

Agonandra sp. 1

Erythroxylum citrifolium St. Hil.

Styraz guianensis A.DC.

Stylogine longifolia (Mart. ex Miq.) Mez.

(not available: Lauraceae, Leguminosae, Moraceae, Sterculiaceae

! partial data

2only 1 species in the region or family
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The concentration of tree species in a single hectare of the upland forest is enormous.
A previous inventory in the same region (Prance et al., 1976) observed 191 species = 10cm DBH
in 36 families. A preliminary estimate for the present study is more than 124 species per
hectare based on data from only 29 of the 37 families occurring in the one hectare Reserve 1105
and not including, among others, three of the richest families (Lecythidaceae, Sapotaceae,
Leguminosae) for which data by hectare are not yet available.

The Annonaceae, the sixth ranking family in numerical abundance in a 9 contiguous hectare
sample and to date 3rd in species richness for the entire 70ha, provides a good example of
species abundance and distribution patterns within a major family. As in other abundant
families, it is represented by many individual trees in every hectare sampled, ranging in this
case from 12 to 46 trees with a mean of 24 + 8.77 trees per ha (based on 9 separate hectares).
Fifty five species were encountered in the 70 inventory hectares, making this the third most
diverse of the families studied to date. A majority of the species, 48 out of 55 or 87% of the
family, are relatively rare, occurring at densities equal to or less than 1 tree per hectare
(Figure 7), thus only a subset of the species known to be present in the project area will
necessarily be found in any given hectare. Many of the less abundant species have individuals
of 25cm DBH or greater, for example the generally large Onychopetalum amazonicum, suggesting
that the observed low densities are not an artifact of the 10cm Tower DBH limit used in the
study.

Figure 7 — Abundance by species for trees of the Annonaceae.
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The spatia® distributions of abundant species are not regular. Of those 7 Annonaceae
species occurring at densities of 1 tree per hectare or more over all 70 inventory hectares,
only 2 occurred in all the 9 scatter 1 ha reserves: the most abundant Unonopsis stipitata, with
199 (13%) of 1530 trees in the family and the third most abundant Bocageopsis multiflora with
140 trees (9.2%), while the fourth most abundant, Duquetia sp. 25 with 133 trees (8.7%),
occurred in only 5 of the 9 hectares (Table 4). Mean densities also differed. Five of the seven
species occurred at greater mean densities over 9 hectares than for all 70 hectares despite the
absence of 3 of these species from one or more of the 9 hectares. Data from the closely adjacent
or contiguous inventory hectares in the larger reserves may give slightly lower density
estimates for clumped species. Applying the general rule that clumped distributions are
indicated by sample variance larger than the mean (Pielou, 1974: 141-143), four of these species
have definitely clumped distributions and one more is probably clumped at the 1 hectare sampling
unit level for the 9 hectares examined (Table 4) the remaining two appear to have regular and
random distribution patterns respectively. It is remarkable to note that among the most
abundant species for this family are three species of Duguetia which have not yet been
identified and are probably undescribed (P. Maas, pers. com.). According to specimens
registered in the INPA herbarium, two of these species have been collected only a few times
previously in the Manaus region and never from any other Amazon locations represented in this

herbarium.

Table 4 — Distribuition over 9 scattered hectares of Annonaceae having overall densities of = 1 tree/ha for 70 hectares.

T 1 1 1 1 1 2 2 3
Reserve Number (1} ; :) ; ; ; ; ; :

1 2 3 4 5 9 7 8 4

: Mean * Mean
Species -;8‘ E’!ens Number of Trees Present ;.:; ': dens sd. var.
Oha s Sha

Unonopsis stipitata 199 284 6 2 3 4 11 2 6 1 1 36 9 400 +£3240 10498
Fysea Longifolia 141 200 4 1 2 5 5§ 0 1 2 0 20 7 222 + 1.986 3.944
Bocageopsis multifiora 140 200 3 2 2 3 2 4 1 1 2 20 9 222 20972 0.944
Duguetia sp. 26 133 1% 0 0 0 3 4 1 0 4 3 15 5 160 +1.803 3.250
Duguetia sp. 59 W0 150 1 7 2 2 2 1 2 1 0 18 8 200 +2000 4.000
Duguetia sp. 37 72 102 1 0 0 2 4 2 0 2 1 12 6 133 +£1323 1.750
Ephedrantbus amazonicus 70 100 1 0 2 0 1 0 2 2 1 9 6 100 x0866 0749
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Sampling unit similarity

If the spatial distributions for a majority of the most abundant species in a large
family are irregular and with abundant species showing a tendency toward clumped distribu-
tions, will this have a significant impact on the degree of similarity 1in species
composition for the family over the nine scattered 1 hectare reserves? It might be assumed
that such patterns would result in low similarity of species composition between sample
hectares as long as the factor(s) responsible for them does (do) not act in the same way on
certain species, causing them to be distributed as a block. The Coefficient of Community
(referred to henceforth as C.C.), a measure of similarity in species composition (Pielou,
1974: 311-312), was calculated for a subset of the possible pair-wise comparisons of the 9
scattered lha reserves, selected on the basis of hectar proximity, topography, soil texture
and the number of species present. The values obtained range form 31.6 to 77.4 with 5 of the
13 clustered around 50 (Table 5). The highest value obtained was for hectares 1105 and 1101,
rich in species and with a high number of species in common, although species richness alone
is not a guarantee of a high C.C. as seen in the case of 1105 and 1102 having the same numbers
of species as the first comparison but few in common. Reserves 1101 and 1102 have similar
s0i1 texture and topography which differ from 1105, however the next highest C.C. was found
for a comparison where soil texture and topographic similarity were also high. The lowest
C.C. was found for the hectares poorest in species. Other low values were found for sites
with differing topography regardless of proximity and soil texture. Thus great differences
in hectare species similarity exist, a result not incompatible with irregular spatial
distributions and clumping due in part to the factors examined here. While similar soil
texture and topography combined with species richness and to a lesser extent plot proximity
are associated with high C.C. values, the relationship between these factors is not entirely
consistant over the comparasion examined. Other yet unidentified factors and stochastic
effects are also probably at work.

Families of different ecological characteristics, abundances and distribution pat-
terns may lead to different conclusions about the similarity of the different sample
hectares. Coefficient of Community indices for four additional families were calculated for
the same comparisons (although not always the same hectares depending on the nature of the
comparison) to see to what extent the results from the Annonaceae may be generalized. While
each family is distinct in the range and degree of similarity detected, soil texture emerges
as a significant factor in all four (Table 5). The Burseraceae, an abundant species-rich
family with many small or medium sized trees, has relatively high C.C.s over a small range,
between 50 and 70. This is apparently due to the presence of a group of 8 ubiquitous species
which occur consistently in 8 or all of the 9 hectares. This is seen in the second highest
C.C. value for the 2 Teast diverse hectares 1101 and 1102. The presence of another 10 species
which occur in only one of the 9 hectare causes similarity to drop as the overall number of
species per hectare increases beyond the ubiquitous group. Beyond this, similarity of soil
texture and hectare proximity are associated with all high highest C.C. values while the
role of topography 1is inconsistent.
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Table 5§ — Coefficients of Community of five families for selected pairs of 9 scattered single hectares.
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The remaining three families have similar and much Tlower numbers of species. The
Melastomataceae s composed of small sight-loving trees while the Apocynaceae and the
Myristicaceae are both closed forest families with a mix of large and small stature species.
A1l show wider ranges in C.C. for the various comparisons than for the previous two families,
with Apocynaceae having the greatest range as well as both the highest and lowest C.C. values
in any family, including four different comparisons with zero values. The absence of ubiquitous
species in these families does not preclude C.C. values as high or higher than those observed
for the Annonaceae and Burseraceae but certainly contributes to the lower values obtained. In
all three families the highest C.C. value was obtained for the reserves with similar very clayey
soils, while Towest, values were obtained for reserves having the greatest differences in soil
texture. The other comparisons were inconsistent and at times directly contradictory for the
remaining factors examined.

Normally such an examination of sample similarity would include all species encountered
in the two samples. This is not possible in the present case due to the number of families still
not completely identified. When based on the five families considered above, a moderate but not
great similarity between hectares was found with a narrower range of C.C. values than for four
of the individual families. The C.C. values range from 42.5 and 45.5, for the greatest contrast
in soil texture and the most widely separated hectares, to 66.7 and 63.0, for the greatest
similarity in soil texture and the closest hectares of similar soil texture and topography
(Table 5).

Compariscns with other regional inventories

The present study demonstrates the great diversity, Tlow population densities and
variability in taxonomic similarity of sampled hectares in the upland forest of the BDFF
study area in the central Amazon. It is interesting to consider how these results apply to
the region in general which in its pristine state is under almost total continuous forest
cover.

To date, there have been 8 upland rain forest inventories conducted in the central
Amazon 1in the region of Manaus, north of the Amazon River and east of the Rio Negro,
including the present study (Table 6). These studies have varied greatly in their area
(0,185ha to 92ha), botanical precision and the minimum DBH 1limit. Only two of these
inventories were conducted with the collection of botanical vouchers for all trees, thus
guaranteeing the accuracy and verifiability of the species cited as well as permitting
quantification of species abundances (Prance et al., 1976 and this study). Information on
the regional flora is also available from a study of the collections from the Reserva Ducke
registered in the herbarium of the Instituto Nacional de Pesquisas da Amazénia (Prance,
1990). While based on pooled material collected under differing criteria, it provides a
botanically accurate reference point against which regional inventories can be checked.

The number of species encountered in these inventories varies widely (Table 6) and
interpretation of these data is complicated by differences in inventory method mentioned
above. An inventory of commercial size trees in 92ha spread over many scattered plots of the
upland forest in the Distrito Agropecuario da Suframa cites 352 tree species (Alencar,
1972). Other estimates given vary between 169, 326, 43. A preliminary estimate for the
Reserva Ducke collections reaches 825 species for all vascular plants (Prance, 1990). The
BDFF inventory 1is thus the richest assembly of tree species encountered in the region,
probably due in a large part to the breadth and intensity of the inventory, identification
based on vouches collected for all trees rather than common name-based identifications and
the possibility to recollect additional material from the tagged tree to resolve eventual
problems of +identification.
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Table 6 — Inventories of upland “terra firme” forest in the central Amazon near Manaus (Amazonas) Brasil.
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If comparisons are Timited to the family level, which corresponds roughly to the regional
common name level of distinction, all 8 inventories show the consistent numerical domination
of individuals of the Sapotaceae, Lecythidaceae and Leguminosae regardless of the lower DBH
1imit employed. When lower DBH T1imits of 8 to 15 c¢m are used, the Burseraceae also appears on
the 1ist of the 5 most abundant families along with Sapindaceae, Moraceae and Violaceae. The
Chrysobalanaceae, Lauraceae, Euphorbiaceae and Annonaceae appear at and above 20cm DBH.

Of all these studies, the only two which can be compared at the species level are Prance
et al (1976) and the present study. The former was conducted on a one ha plot at the Comissao
Executiva do Plano da Lavoura Cacaueira (CEPLAC) field station on the Manaus-Itacoatiara
Highway AM-010, some 40km to the south of the BDFF study area. The outward appearances of the
forest stands at the two sites are typical for the region as described in the previous section.
The one ha Reserve 1105, on similar topography and clay soil, was chosen for comparison with
the CEPLAC hectare. Even though both studies are based on complete voucher collections, not all
species can be compared directly due to partial or incomplete qidentifications of sterile
material in both studies and the lack of identifications for some families in the BDFF study.
Nonetheless a majority of the species are available for comparisons between the two sites. While
the CEPLAC data were summarized for publication based on a 15cm minimum DBH Timit, calculations
for the present comparison were made from the raw data available in the appendices so as to
include trees = 10cm DBH compatible with the BDFF study.

Thirty six families with trees = 10cm DBH were encountered in the CEPLAC hectare and 38 at
reserve 1105, of which 14 were not held in common between the sites, with 8 occurring only in reserve
1105 and 6 1in the CEPLAC hectare (Table 7). Another 11 families of trees are known to occur in the
region based on the rest of the BDFF inventory but were not present in either of these two hectares.
None of the missing families are abundant nor species rich according to the results of the BDFF
inventory (Figures 5 and 6). The Tlarge total number of species in each of the two hectares has
already been cited in the previous section. Data form selected families for which ccmparisons can
be made at present suggest nonetheless that Reserve 1105 hectare is somewhat richer in species, with
124 versus 91 in 28 families. Of these 124 a maximum of 32 species are present at the two sites.

Table 7 — Families encountered in 1 hectare of forest at two central Amazon sites north of Manaus (AM) Brasil.

Families in 70ha BDFF

Families Unique to: Inventory not found in either

Families Shared Reserve 1105 CEPLAC Hectare hectare*
Annonaceae’ Anacardiaceae Caryocaraceae?® Bignoniaceae
Apocynaceae’ Celastraceae Dichapetalaceae? ? Boraginaceae

Palmae' lcacinaceae Duckeodendraceae? ? Ebenaceae
Bombacaceae' Lacistemataceae Guttiferae® Enythroxylaceae
Burseraceae Linaceae Monimiaceae? 3 Proteaceae
Chrysobalanaceae' Malpighiaceae Opiliaceae?® Rhabdodendraceae

Combretaceae Rhizophoraceae Rosaceae

Elaeocarpaceae' Rutaceae Styracaeae
Euphorbiaceae Tiliaceae
Flacortiaceae Ulmaceae

Humiriaceae Verbenaceae
Lauraceae
Lecythidaceae
Leguminosae
Melastomataceae
Meliaceae
Moraceae
Myristicaceae'
Myrtaceae
Nyctaginaceae
Ochnaceae
Olacaceae
Quiinaceae
Szu'br:g:ggaee ! The most abundant species in the family in the entire BDFF inventory is shared between Reserve
z agota v 1105 and the CEPLAC hectare.

Simaroubaceae 2 The most abundant species in the family in the entire BDFF inventory is present in the CEPLAC

Sterculiaceae hectare but not in Reserve 1105.

Violaceae? 3 Family present elsewhere in the BDFF 70 ha inventory.
Vochysiaceae * All have fewer than 10 species and individual species densities less than 1 tree/ha.
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The same five families used for Coefficient of Community index comparisons across the
BDFF single hectare reserves were again used to compare Reserve 1105 with the CEPLAC hectare.
values range from 0 to 36.4 (Table 8), and are inferior the minimum values obtained for 3
families within the BDFF study area and in the Tower half of the range for the other two
families. The overall C.C. for the five families between the two sites is 25.0, thus indicating
much lower similarity 1in species composition than for any comparison within the BDFF site
(Tables 5 and 8). While a single comparison based on sample as small as hectare may work against
detecting similarity, an examination of the entire species list for the BDFF 70 ha inventory
shows that 20% of the species at the CEPLAC hectare are not encountered even at such an
intensive sampling level and are thus probably not present at all within the BDFF study site.
This suggests that the low C.C. obtained for the five family Reserve 1105/CEPLAC comparison is
probably a true reflection of compositional differences and not a function of small sample size.

Table 8 — Coefficient of Community for five families in two 1 hectare plots of upland rain forest north of Manaus (AM) Brazil.

No. of Species Present:

Fanily Reserve 1105 CEPLAC Ha Na.Spp Sharsd —
Annonaceae 14 7 3 286
Apocynaceae 6 4 1 20.0
Burseraceae 18 1 41 275
Melastomataceae 5 6 2 36.4

Myristicaceae 5 4 0 0
Total 48 32 10 250

! Maximum possible number of shared species used in case of determinations only to genus.

The most abundant tree species at the CEPLAC hectare are Eschweilera adora (= Eschweilera
coriacea, Lecythidaceae) and Scleronema micranthum (Bombacaceae) and Oenocarpus bacaba (Palmae).
A1l are also abundant in Reserve 1105 but surpassed by 2 or 3 trees by Protium cf. 1lewelynii
(Burseraceae) and Rinorea guianensis var subintegrifolia, neither of which can be confirmed as
present in former site. The most abundant species in the whole 70 ha BDFF ‘inventory,
Micrandropsis scleroloxyon (Euphorbiaceae), is not present in either the CEPLAC nor the 1105
hectares. Nonetheless, the most abundant species in a family in the 70 BDFF inventory is often
among the species present at the CEPLAC site, if not among the species shared with Reserve 1105
(12 out of 18 cases where a direct comparison can be made, see note Table 7).

DISCUSSION AND CONCLUSIONS

The upland rain forest at the BDFF study site is rich in families and species, with
outstanding examples of species proliferation within certain genera. A number of new tree
species have been identified in several families and the large number of fortile morphospecies
not identifiable to species on the basis of collections in the INPA Herbarium suggest that more
will be discovered in that material. That the area appears somewhat more diverse than would be
concluded from collections at Reserva Ducke and other forest inventories +in the region 1is
probably due in part to the intensity of the inventory and the collection of vouchers from all
trees regardless of reproductive state. It is recommended for forest inventories in the region
that voucher specimens from all trees be collected to avoid the otherwise inevitable confusion
of closely related species with similar morphology in species-rich genera. The preliminary
results of the present inventory indicate that the study of the upland forest in this region
is far from complete and that intensive botanical investigation will continue to yield new taxa
and insights to the patterns of forest tree species distributions.
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A majority of the tree species encountered are present at densities inferior to one tree
per hectare. While the more abundant species may held in common at different local sites, as
in the case of the ubiquitous Burseraceae species, this is by no means true of all abundant
species. Mean density may be a poor indication of true local density due to a tendency toward
clumping, such as demonstrated for some species of Annonaceae where even the most abundant
species may be absence from some sample hectares. This is reflected in the wide variation and
Tow lower values of the Coefficient of Community especies similarity index for the Annonaceae
as compared to the Burseraceae. In general, the similarity of the observed hectare samples for
the 5 families studied was only moderate (42.4 to 66.7) and would have been lower still had
individual species abundances been taken into account.

Soil texture appears to play an important role in determining how similar species
composition will be for the families studied, suggesting that it 1is important to expand
consideration to other soil parameters which may eventually contribute to a better understand-
ing of what controls the distributions of individual species and the composition of the forest
community on any given site within the same formation. It is known that drainage and suraface
hydromorphology may influence species distributions in the Guianan forests (Lescure & Boulet,
1985). The sometimes contradictory results of soil texture and topography may be due to the need
to consider the relative positions of sample hectares on the slope gradient and with respect
to the headwaters of nearby streams and seasonal channels (Lucas et al., 1984).

These preliminary results suggest that overall forest tree species composition varies
widely over 1intermediate distances within the same region and that the homogeneity of this
single large yet continuous formation can not be assumed. This conclusion 1is supported by
results for comparisons with the CEPLAC site to the south of the BDFF study site where the
overall similarity index based on five families was much lower than any observed within the BDFF
area. Studies of the composition of this upland forest must thus be based on multiple sample
units whose extrapolation validity must be recognized as being limited to the immediate
sampling neighborhood. The 1implication for conservation is that meore than one regional
conservation unit of a dimension adequate to conserve viable populations will be necessary to
guarantee complete species presence and persistence. A minimum estimate of the area necessary
for even the most common species of the Myristicaceae examined here is greater than 200 hectares
and will be much greater for rarer species (Ackerly et al., 1990).
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RESUMO

Um inventario florestal das arvores = 10 cm DAF foi realizado na floresta tropical da
terra firme do Distrito Agropecuario da SUFRAMA, 85 km ao norte da cidade de Manaus (AM),
Brasil. A fisionomia geral e a estrutura da floresta sZio descritas junto com a topografia e
textura do solo. Os resultados preliminares do inventario acusam um minimo de 698 espécies
de érvores em 53 familias, no raio de 40 km amostrado, incluindo 17 espécies rovas para a
ciéncia. As familias numericamente mais abundantes szo as Lecythidaceae, Leguminosae,
Sapotaceae e Burseraceae, que s3io também as mais ricas em espécies. Um aspecto interessante
desta floresta é a proliferagzio de espécies dentro de certos géneros, chegando a ser 26 em 17
familias com 6 ou mais espécies ou morfoespécies. A maioria das espécies tem densidade
inferior a 1 4rvore por hectare. Enquanto que existe espécies com densidade que chega até 12
arvores por hectare em média, muitas tém distribuicdes agrupadas dando como resultado uma
grande variagZio na densidade local. O grau de similaridade entre hectares amostrados usando
coto indice a Coeficiéneia de Comunidade varia muito para 5 famflias ecologicamente diferentes.
A textura do solo tem um papel importante na similaridade de composigzio de espécies, mas,
outras variaveis ndo tem um resposta téo coerente. As diferengas s3io ainda mais pronunciadas
para comparagBes com um inventario realizado ha mesma comunidade 40 km ao sul. Concluindo-
se que, apesar de ela ser continua, ndio pode presupor que existe nesta comunidade diversa e de
grande dimensgio uma homogeneidade na distribuiggio de espécies de arvores.

APPENDIX I

Preliminary Partial List of Tree Species from the ‘‘Biological Dynamics of Forest
Fragments’’ Study Area, Central Amazon.

ANACARDIACEAE

Anacardium cf. parviflora Ducke 2206.370
Anacardium spruceanum Benth. ex Engl. 2107.233
Anacardium sp. 1 3209.870

Astronium cf. ulei Mattick 3209.2352
Astronium sp. 1 1202.3209

Tapirira guianensis Aubl. 1201.721

Tapirira sp. 3 1201.1864

Thyrsodium paraense Huber 1103.384

Thyrsodium schomburgkianum Benth. 1105.282
Thyrsodium sp. 1 1103.88
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