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CHAPTER 21

MEASUREMENT OF SPECIES RICHNESS
OF VASCULAR PLANTS IN A NEOTROPICAL
RAIN FOREST IN FRENCH GUIANA

Bruno Georges Bordenave, Jean-Jacques de Granville
and Michel Hoff

INTRODUCTION

Current field work on the floristic composition of rain forests in French Guiana
is focused on three main approaches: general floristic inventories, providing
essential baseline information on botanical composition with taxonomic data
(de Granville et al., 1991; Cremers and Hoff, 1994; Hoff, 1994); taxonomic
inventories of particular families, genera, and species (Allorge et al., 1980;
Poncy, 1985; Mori et al., 1987; de Granville, 1990; Cremers and Hoff, 1994;
Plumel, 1994); and quantified forest plots (Puig and Lescure, 1981; Riera, 1983;
Mori et al., 1987; Sabatier and Prévost, 1989, 1990). In most cases, this work
examines trees 2 10 or 25 cm in diameter at breast height (dbh). Thus far, little
information has been available on small-scale composition and spatial
distribution of vascular plants, whose individuals are usually <10 or 25 cm
dbh. Extensive data on floristic richness for all vascular plants in French Guiana
have been recorded on a grid system of squares measuring 15° latitude x 15°
longitude (de Granville et al. In press), using the AUBLET botanical database
(Hoft ez al., 1989), but plot-scale, species-richness data analyses about vascular
plants were lacking for quantifying biodiversity at the station level.

The aim of this paper is to present and analyze vascular-plant plot data recently
gathered in the Sinamary River drainage basin and to compare them with larger
scale floristic information from the same region. Field research in French Guiana
was conducted in the forest surrounding the Sinamary River, which was partly
flooded by the recent construction of a hydroelectric dam. The dam, operated
by Electricité de France (EDF), is situated at the Petit Saut site 50 km south of
the Atlantic Coast and one hour by road from Kourou. The dam basin occupies
310 km? of the 6200 km? total surface of the drainage basin. The flooding that
followed the beginning of the operation at the dam primarily had impacts on

Tiparian and Swamp forest, although adjacent foothill terra firme forest was
also affected as the water rose to 35 m above the original stream level at the

_._Petit Saut site.. - _

il

|

i

umentaire

Ml

g 4 411

Fonds Documentaire ORSTOM
Cote: Be 1324) gy, o



Forest biodiversity

Botanical collections in the Sinamary River area started as early as 1762,
with Aublet’s expeditions, followed by the work of Leblond (1787 to 1789) and
Leprieur (1837 to 1839). However, the specimens left by these early collectors
could not be used in the present work because the locality information was not
accurate enough. Using the herbarium material available in the Cayenne

Herbarium, all of the more recent botanical collections from the area with

adequate locality data were recorded on the AUBLET database. The names of
the collectors and the numbers of specimens for which data were captured are
as follows: P. Berthet (73), F. Billet and B. Jadin (191), B. Bordenave (845), G.
Cremers (155), G. Deward (294), 1. J. de Grauville (701), F. Hallé (57), M.
Hoff (1879), 1. P. Lescure (62), D. Loubry (810), S.A. Mori eral., (315), R A.A.
Oldeman (360) P.A. Scheffer (123), M.F. Prévost (138), D. Sabatier (178), and
0. Tostain (61).

METHODS
Regional botanical collections

The data used for the analysis of regional-scale floristic richness were derived
from specimens identified to species level from previous botanical collections
made in the river drainage basin, divided into seven collection areas from the
lower to the upper part of the river (Figure 21.1). Riparian and swamp forest as
well as open riverside vegetation were amply investigated by earlier botanists.
Several additional inventories were conducted in terra firme forest surrounding
the river course, which has been explored to a lesser extent than the other forests.
The qualitative information provided by these collections does not, however,
give an indication of the actual surface area sampled.

Regional-scale collections as well as vascular-plant, species-richness plot
data were categorized according to several criteria. First was ecological
formation, which included: i) well-drained, lowland terra firme forest (slope
and crest in dense forest); ii) forest on hydromorphic soil (flooded, swamp, and
riparian forest); and iii) open riparian vegetation.

Second was life form. Each specimen was assigned to one of the following
mutually exclusive life-form classes: herb (H) — self-supporting herbaceous
plant; shrub (S) — self-supporting woody plant with basal branching, less than
3 m in height; tree (T) — self-supporting woody plant without basal branching,
more than 3 m in height; herbaceous climber (C) — ground-rooted, non-self-
supporting herbaceous plant (referred to as vines in the text); woody liana (L) -
ground-rooted, non-self-supporting woody plant (referred to as liana in the text);
epiphyte (E) — non-ground-rooted (during the whole life cycle), non-self-
supporting plant; and parasitic plant (P).

Third were taxa. All specimens with sufficient locality information for
analyzing floristic richness were identified to species level and deposited at the
Cayenne Herbarium.
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Figure 21.1 The Sinamary River drainage basin, French Cfuiana, divided into seven
botanical collecting zones (* = vascular-plant species-diversity plots)
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Vascular-plant species-diversity plots

As part of this project, all vascular plants (pteridophytes and phanerogams)
were sampled in five 100-m? plots established in primary terra firme rain forest,
A destructive sampling method (total cuiting) was used in anticipation of the
flooding of the dam’s reservoir area. The site, in the area to be flooded, was

upstream from Plomb Creek at less than 40 m above sea level and was accessible.

by motor boat (Figure 21.1). Plots were delimited in contiguous alignment,
using a decameter tape and a compass, in a topologically homogenous; well-
drained terra firme forest on gentle (20%) slope. The average height of the
canopy was 35 m.

Every plant rooted within the plot was counted, except for saplings and juvenile
trees < 5 cm dbh. On host trees with crowns reaching beyond the plot boundaries,
all vines and lianas with roots located inside the plot were counted. In addition,
all epiphytes on these trees were counted. However, epiphytes on branches
overhanging the plots but borne on trees rooted outside the plots were excluded to
equilibrate the sampling method. In each plat, understory plants were collected
first. Trees, vines and lianas were individually marked and later felled. Trunk and
crowns were carefully inspected for vines, lianas, epiphytes, and parasitic plants,
but the dislocation of some tree forks induced a certain error because some small
epiphytes and vines were crushed or became inaccessible.

Individuals of each species were enumerated, except for very abundant
colonies of epiphytes, whose populations were estimated. One voucher specimen
for each species was kept for each plot. All specimens were brought to the

Herbarium of the Muséum National d’Histoire Naturelle in Paris for identi-
fication. ’ .

Information on each sample (taxon, height, dbh, number of individuals/plot
or subplot, life form, phenological and morphological data, host tree number
for epiphytes, vines and lianas, vernacular names and uses, etc.) was entered
into the AUBLET database. Dbh was measured at 1.30 m above the ground for
woody, ground-rooted plants. For acaulescent plants, dbh was recorded as zero,

The dbh for small plants with stems (e.g. small palms and shrubs) was measured
in the middle of the main axis.

RESULTS AND DISCUSSION
Large-scale floristic richness from previous studies

Analysis of information in the AUBLET database indicated that 1203 species
were identified from the Sinamary River area, out of the more than 5100 vascular-
plant species currently known in French Guiana. Of the 1203 species, 861 were
dicotyledons, 216 monocotyledons, and 126 fern species. A total of 654 species
came from well-drained ferra firme forest, 806 from forest on hydromorphic
ground, and 108 from open riparian vegetation. Table 21.1 shows the distribution
of species by life form for the three different vegetation types.
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Table 21.1 Distribution of species by life form ix} three vggetation types found in the
Sinamary River area (% = percent of total species in each life form)

ne Flooded Open.
Life form Te’:fr(;zrg;’ % forest %  vegetation %
| 18 15.7
322 45.7 320 36.5
gfrib 119 16.9 13‘; igg g? i;g
b 122 17.3 . .
g;firphyte 84 11.9 148 16.3 1; g?
Liana 43 6.1 98 1(1).9 : 1:7
Vine 15 2.1 17 .
Total 654 100 806 100 108 100

The number of species gathered in terra firme forest (654) compared w1tht tg?;
for forest on hydromorphic ground (806), does not accurate.ly represel;)ecem
proportion of species that actually occurs ineach .of these ve.getat{on t)fpes. coont
studies in Amazonia forest show a generally higher species diversity ?n el
drained soil than on flooded soil (Campbe.ll et al., 1986; Balslev et ab.,bl ar;
Phillips et al., 1994). The results obtained in the present study arc; probal ?rthe
artifact of intense collecting in more accessible areas (flat swamp orestt anc1hich
foothills) along the river rather than in the forests on slopes and gres.f,)\;/n o
cover a large surface (larger than the surface covered by thfa flooded 'SO; hs inthe
drainage basin. The difference between the number of species found in the

forest types is particularly striking for climbing and epiphytic species. For the

vines and lianas, only 58 species were collecteq in terra firme forest (4;. spe;l:s
were found in asingle plot of 500 m?) versus 115 in flooded forest. Notwit staln. leﬁ
structural variations in species distribution, this dlfﬁ?rence_ canbe p:iirtl}; exp ;}1:3 °
by the difficulty of collecting ferzlile e?phfytes alﬁcei lliir:s in the understory.

i ier to locate and gather from .
llfe'lf}?::lxz;rte)eia:;especimens andgspecies collected i:} eas:h of the sevc;,n sect?tr;
delimited in the Sinamary River basin is presented in Figure 21.3,, a cl))ngm\trllc b
cumulative species— and family-area curves. Sect(?r S5 appeare dt;) k fhe uch
richer in species than sector $6; tk;:: _nuSn;b;]r of.spsecélelst zﬁgcl)lllx;t;;emtgd he fiss:

i an twice as much in an in S6. It sh
g::?t g:ztns]i(t);ev:llllere the dam was constructe.d is loFated in 85 and vs(rlas b(r:oie:;ll);
prospected during a two-month exploration with the Radeau des

Bordenave, 1990). ‘ .
( The cum:ﬂated species—area curve shows an inflection from sector S5, where

700 km? were previously sampled. More than 400 species were found in the -

four upstream areas (sectors S4, $3, 52, and S1). The curves appear to approa?lt;
an asymptote in S1. Although large areas surrounding tl.le river are st;1
unexplored, a substantial portion of the vascular plant species present in the
region seems to have been collected.
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Figure21.2 The number of specimens and species represented by available collections

from seven successive sectors of the Sinamary River basin and the cumulative totals for
. Species and families

Figure 21.3 shows the species—area curve for each life form. The epiphyte
curve dipped in S6 but emnerges in S5, as if the lack of collections in S6 were
counterbalanced by the more extensive exploration in S5.

Figure 21.4 shows cumulative species listed for each of the main families
and groups: Araceae, Arecaceae, Chrysobalanaceae, Lecythidaceae,
Leguminosae (Caesalpiniaceae, Fabaceae, and Mimosaceae) , Melastomataceae,
Orchidaceae, Pteridophytes (all families), and Sapotaceae. Unlike the other taxa,
Pteridophyte species showed no saturation (i.e. no apparent inflection in the
cumulative curve). The progression between S5 and S4 was reduced with an
increase of new species from S4 to S3. Since this group was carefully collected

and thoroughly identified, the results obtained may indicate two different floristic
zones — the lower basin and the upper basin, the second being geographically
closer to the center of French Guiana, The transition would therefore be located
somewhere around Saut I' Autel and Saut Takari Tanté (Figure 21.1). Further
floristic assessment is necessary to confirm this hypothesis.

Species richness resulting from the present project

In the 500 m® plot (divided into five quadrats, all equal in size) that was examined
for this study, 480 specimens were collected, representing 203 species, 120
genera, and 55 families. Among these samples, 123 species, 73 genera, and 35
families of dicotyledons, 59 species, 35 genera, and 9 families of mono-
cotyledons, and 21 species, 12 genera, and 11 families of pteridophytes were
enumerated. Of the species preliminarily identified as 203 morpho-species, a
total of 152 (75%) were identified accurately to the species level, while 27
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: i itionat 16 species (7%) could be
uld only be assigned to genus. An a}ddltlona ies (7%) could
gcllzr?:i)ﬁce(:i only tz family, and 8 species of dicotyledons remain unidentified. A
list of the species is available from the lead authar.

Number of species per life form

Data on species distribution by life form are presented in ’I:btle ilf;‘l;:: E:ﬁ%r::ief
i i ared to
of species by life form in the study .plots as comp : !
kno§vn speci{as of the same life form in ferra ﬁrm_e forest is a!so ﬁxvggb ot
The relatively large proportion of liana species present in the 500-m” pthé
when compared with the total number collected in the terra firme forest in
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Table 21.2  Species richness by life form in a 500-m? plot and proportion of life form
in this plot compared with percentage of all known species from ferra firme forest in the
Sinamary River Basin

#of % of species % of total knowri Species
Life form species by life form in terra firme forest
Tree 58 28.6 18
Shrub 35 17.2 30
Herb 34 16.7 28
Epiphyte 33 16.3 37
Liana 31 15.3 72
Vine 11 54 73
Parasite 1 0.5 -
Total 203 100.0% 30.8%

entire river basin, probably reflects an underestimation of this life form in
regional botanical collections. Note that unidentified vouchers from sterile
collections were not taken into account for the regional-scale analysis.
Conversely, morpho-species recognized as distinct taxa were counted in the
plots, even though they were not identified to species level.

.

Cumulative species— and family—area curves

Cumulative species—area curves were calculated for the sample of 203 vascular
plant species collected in the five plots, following the chronological order in
which they were sampled. Figure 21.5 shows the cumulative total species. The
curve tends to stabilize from plot p3 and increases slightly in p3, indicating a
shift in floristic composition at this level. Two explanations come to mind. First
is a change in soil features in plot p5 from plots p1 through p4; the relationship
between soil type and plant distribution has been documented in French Guiana
forest (Lescure and Boulet, 1985). Second is a difference in age with regard to
the sylvigenetic cycle (Oldeman, 1974). The family-area curve is also presented
in Figure 21.5. An inflection can be seen at the second plot, and the slope
decreases in plots p4 and p5.

Figure 21.6 shows the species progression by life form. Curves for ground-
rooted vascular plants (trees, shrubs, herbs, and lianas) are consistent with the
results presented in Figure 21.5, with a slight increase in new species found in
plot p4. Epiphytes and vines showed stabilization of species number from plot
p3. This was not surprising for epiphytic species because pedological and soil
hydrological factors appear to have no direct effect on their distribution (Benzing,
1987), thus supporting the first explanation noted above — that pedological
variation occurs between the first four plots and plot p5. If a difference in the
sylvigenetic cycle were present in plot p5, on the other hand, it would have
influenced the epiphytic species composition.
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Figure 21.6 Cumulative species-area curves by life form in five plots (each 100 m?in
size)

Figure 21.7 shows species area curves for the dominant families: Araceae,
Arecaceae, Chrysobalanaceae, Leguminosae (Caesalpiniaceae, Fabaceae, and
Mimosaceae), Lecythidaceae, Orchidaceae, Pteridophytes, and Sapotaceae. As
for the life-form curves (Figure 21.6) , the main herbaceous families (Araceae,
Orchidaceae, and Fern) and palms showed a saturation of species encountered
in the study area, although a slight progression occurred at plot p5 for Arecaceae
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and Pteridoghytes., again possibly because of pedological variagion. Here, too,
a grea{er umfom‘uty of species of epiphytic families occurred compared with
the main terrestrial families of plants (palms excepted).

Life-form species distribution at different sampling scales

The prqgression of species richness for each life form (Figure 21.5) and
cumulative curves show the distribution of species by life forms (Figur.e 21.6)
for the _ﬁve plots studied. The sequence in which the plots were sampled whi.ch
de'tefmmed .their order in the species-area curves, affected the outco;xle To
eliminate this cause of variation, species—area curves were determined for %our
area steps — 25 m? (12 subplots), 50 m? (6 subplots), 100 m?(5 subplots), and
500 m?(1 subplot) . For each area, the average number of species by life ’form
was calc.ulatt?d. Figure 21.8 shows highly significant linear correlations between
the species richness of each life form and increasing plot size within the limits
f’f our plofs. The slopes ranged from 0.1 for trees to 0.02 for vines, which may
indicate different patterns of species-richness distribution for each life form in
the sgmpled areas. The greater slope of the tree line and the fact that it crosses
the l'me for shrubs and lianas may indicate a wider dispersion of arboreous
species. At the largest plot size, tree species dominated species representing
each of the other life forms. This is also true for data on the same types of forest
throughout the Sinamary River basin. Nevertheless, at all scales, species richness
was lpwer for trees than for an aggregate of all other life forms combined
showmg the weight of small-size species in estimating plant species richnes;
and their importance in measuring forest biodiversity.

420

Measurement of species richness of vascular plants

) oTre
3 =01132x +7422
73 =045

Sk
y =00585x 459273
r1=0992

Number of species

Alimns
A=ODIII L3069
X 109995

l/ X Ve

¥ 208 420466
3 nQ5666

xHerd

h 00561 46,1503
£t =0591

R\

oEpphye
ye 0624 H5222

! £1=05992
o] 0o Surface arca (@) oo

Figure 21.8 Number of species by life form and sampling-area size (25 m?,50m?, 100
m?, and 500 m?)

Number of species by surface area

Figure 21.9 presents the number of species for differently sized areas (25 m?,
50 m?, 100 m?, 200 m?, and 500 m?). The number progresses in a highly signifi-
cant linear fashion expressed by:

y =0.3715x +20.256 with r* = 0.9943

where x = number of species, y = sampled surface, and +* = determination
coefficient. Within the sampling limits, the number of species increased in
proportion to the area of forest sampled. The slope of this line was an indicator of
the distribution of species richness. Extended to larger areas, the data points would
be expected to reach an asymptote corresponding to the total number of species
present in the vegetation type — terra firme forest — present in the study area.

Species richness by diameter class

Species richness was analyzed for each of four diameter classes — <2.5¢cm
dbh, > 2.5 cm dbh but < 10 cm dbh, 2 10 cm dbh but < 25 cm dbh and 2 25 cm
dbh. Among the 203 vascular plant species, 82 were 22.5 cm dbh, 43 were
> 10 cm dbh, and 16 were > 25 cm dbh. In other words, only 8% of vascular
plant diversity in the study plots was represented when sampling was limited to
individuals =25 cm dbh. This proportion rose to 21% when stems at least
10 cm dbh were included. Cumulative species—area curves for these diameter
classes are shown in Figure 21.10. For the smallest diameter class (< 2.5 cm
dbh), more than 70% of the species richness found in the five study plots was
present in the first two plots sampled. For herbaceous species (herbs, epiphytes,
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and vines), 78% of those found in the entire 500-m? were sampled in the first
200 m”. In contrast, the ratio of species in the first 200 m?to species in the entire
500 m® was only 30% for woody species (trees, shrubs, and lianas). Based on
the shape of the cumulated species-area curves by diameter classes as well as
those by life forms, it seems that the minimum representative sampling area in
an homogenous terra firme vegetation type is only a few hundred m? for herba-
ceous life forms, whereas a much greater area is necessary for woody taxa.
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CONCLUSION

Comparison of species distribution by life form at a regional scale (the Sinamary
River basin) and at a single station shows that the relative proportions of herbs
and shrubs are equivalent in both cases. Epiphytes, lianas, and vines are better
represented at the smaller scale and in flooded forest than they are in well-
drained terra firme forest. This difference is probably an artifact reflecting a
more complete botanical exploration of flooded and riparian forest.

As noted by Prance (1994); vascular plant species richness in tropical rain
forest appears to be very high at a local level. The results presented here on
local-scale species richness point toward a high alpha diversity. Other plot studies
of vascular plant species richness in neotropical rain forests (Gentry and Dodson,
1987; Duivenvoorden, 1994) suggest that the hypothetical minimum sampling
area required for accurate assessment of local species richness is extremely
large because of species—distribution heterogeneity patterns in different biotops.
The size of plots used reveals patterns of heterogeneity at different scales. Small
plots provide valuable information for small-size vascular plant species,
especially vines and epiphytes. As noted by Korning et al., (1991), quadrat-plot
sampling methods fit better for identifying specific units of the forest, whereas
transects with centered point-quarter methods seem preferable for a broad
introduction to vegetation in an area, It would be interesting to adapt the point-
quarter system for a comprehensive sampling of all vascular plant species and
compare the results obtained with those from plots. In all cases, resulis from
intermediary sampling steps should be maintained to determine the smallest
floristic units and assess the heterogeneity scale. It also seems advisable to seck

“agreement on a system of simple, distinctive life-form definitions for tropical

forest vascular plants in order to facilitate comparison of data sets.

The results obtained from the exhaustive sampling used in this work provide
precise information on a very small area of a Jowland tropical rain forest in
French Guiana. They reveal a surprising diversity of species found at a
remarkably small scale — hundreds of various species living together in an area
the size of a back yard, a wealthy and wild natural botanical garden bearing
witness to great speciation and rich with potential uses. Even greater levels of
diversity are found when observations are extended to Jarger areas, leading to
more than 1000 different taxa at the scale of a single river basin. This
quantification of vascular plant species richness, analyzed through life forms,
families, and diameter classes, makes it possible to characterize the structure of
vascular-plant populations at the scale of delimited plots. Such an inventory
may, however, only be achieved in regions where repeated botanical explorations
at different times of the year have allowed the compilation of a precise reference
flora, which is an essential precursor to any subsequent ecological studies.

Atevery scale — whether at a single site, within a given locality, or throughout
a region — species-richness data covering all vascular plants are important to
characterize and quantify forest biodiversity. Levels of endemicity and scarceness
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f’f each species, as indicated by botanical collections, are also essential
information for conservation efforts.

ACKNOWLEDGMENTS

The first author acknowledges financial support for doctoral research provided
by pRSTOM, as part of a MUSEUM-ORSTOM-GLAXO phyto-pharmaco-
loglce‘ll research program in French Guyana. We thank C. Colin, L. Tito de
Morais, L. Lausanne, B. de Merona, G. Tavakilian, P. Vandeville, and the
C.ayenne OI.ISTOM Center for facilities and help in our field wor,k on the
Smamary' River; P. Cerdan and the Environment Laboratory of the Petit Saut
Dam Pro_;e(ft-Eléctricité de France (EDF) for their assistance; and M. Coppel
and (l:le National Forest Office (ONF) for access and authorization to collect in
the river ba§in. We thank P. Morat and the staff of the Laboratoire de
Phanérogamie at the National Museum of Natural History-Paris for their
we}come and for allowing us to use their facilities. We are grateful to M.F.
Prévost, G. Cremers, D. Loubry, and D. Sabatier in Cayenne and L. Allorge, O
Pongy, Y. Veyret, and B. Riera in Paris for help in identifying voucher pian;
specimens; to H. Hopkins for rereading the manuscript; and to P. Lowry for
helping to improve the English version and for useful suggestions and comments.

REFERENCES

Allzrge, L., Husson, H.P. z‘)nd Sastre, C. (1980). Morphologie et chimiotaxonomie des
pocynaceae: conclusions phylogénétiques et biogéographiques. Compt. Rend

Sommaire Scéances Soc. Biogéogr:, 57, 112-26 .

Bals[lev,lH., L?te()irn, 1., @ligaard, B. and Holm-Nielsen, L.B. (1987). Comparison and
structure of adjacent unflooded and flooded forest i i g
Botanice. 92 3758 orest in Amazonian Ecuador. Opera

Benzing, .D.H. (1987). Vascular epi ism: i icipati
zing, . piphytism: taxonomic participation and adapti
diversity. Ann. Missouri Bot. Gard., 74, 183-204 P P esete

Bordenave', B. (1990). Observation sur la biologie d’une liane de la canopée de forét
guyal}al'se. In Hallé, E (ed.) Biologie d ‘une.Canopée de Forét Equatoriale. Rapport
de Mission Radeau des Cimes Oct-Nov 1989, pp 115-24

Campbell‘, D. ‘G.. Daly, C.D., Prance, G.T. and Maciel, U.N. (1986). Quantitative
ecolqglcal inventory of terra firme and vérzea tropical forest on the Rio Xingu
Brazilian Amazon. Brittonia, 38, 369-93 '

CreFers,'G. and Hoff, M. (1994). Inventaire taxonomique des plantes de la guyane
rfm'gaxse. I V. I“es N{onocotylédones (Cyperaceae, Orchidaceae et Poaceae exclus) .

. .éerze l"lclztn;nome Génétique. Secrétariat Faune Flore. MNHN Paris, 17, 1-252

e Granville, J-J. 1990, Les Palmiers de la Guyane frangaise. Bois Fe r Tn el
Gupane, 320, 43,34 Y caise. Bois For. Trop., spécial

de ‘(}?tragv:l'le, ;—JI., Hoff, I\‘/il and Cremers, G. (1991). Introduction & la flore et & la
egétation de la région de Paul Isnard. Massif Lucifer-Massif Dékou-Dékou. Editi
Centre ORSTOM de Cayenne, Cayenne d o Heon

de Granville, J-J., Cremers, G. and Hoff, M. (1997). L'endémisme en Guyane Frangaise.

424

Actes du Colloque International de Phytogéographie Tropicale, Paris, Juin 1993.
Actes et Symposiums ORSTOM, Cayenne. In press
Duivenvoorden, J.F. (1994). Vascular plant species count irf the rainforest of the middle
Caqueta area, Colombian Amazonia. Biodiversity and Conservation, 3, 685713
Gentty, A.H. and Dodson, C. (1987). Contribution of non tree to species richness of a
tropical rain forest. Biotropica, 19, 149-56
Hoff, M., Cremers, G., Feuillet, C. and de Granville, J-J. (1989). La banque de données
“AUBLET"” de I'Herbier du Centre ORSTOM de Cayenne (CAY). Bull. Jard. Bot.
Belg., 59, 171-8
Hoff, M. (1994), Biodiversité floristique d’un bassin fluvial tropical: le Sinamary (Guyane
frangaise). Ecologie, 25(3), 189-200
Korning, J., Thomsen, K. and @ilgaard, B. (1991). Composition and structure of a species
rich Amazonian rain forest obtained by two sampling methods. Nordic J. Bot., 11,
103-10
Lescure, J.P. and Boulet, R. (1985). Relationship between soil and vegetation in a tropical
rainforest in French Guiana. Biotropica, 17, 155-64
Mori, S.A. et al. (1987). The Lecythidaceae of a lowland neotropical forest: La Fumée
Mountain, French Guiana, Mem. N. Y. Bot. Gard., 44
Otdeman, R.A.A. (1974). L architecture de la forét guyanaise. Mém. ORSTOM, 74,
1-204
Phillips, O.L., Hall, P, Gentry, A.H., Sawyer, S.A. and Vasquez, R. (1994). Dynamics
and species richness of a tropical rain forest. Proc. Natl. Acad. Sci. USA, 91, 2805-9
Plumel, M. (1994). Repartition géographique du genre Himathantius en Amérique
tropicate. Compt. Rend. Sommaire Scéances Soc. Biogéogr., 66, 103-27
Poncy, O. (1985). Le genre Inga (Légumineuse, Mimosoideae) en Guyane frangaise:
systématique, morphologie des formes juvéniles, écologie. Mémoires du Muséum
National d’Histoire Naturelle série B., 31
Prance, G.T. (1994). A comparison of the efficacy of higher taxa and species number in
the assessment of biodiversity in the neotropics. Phil. Trans. Biol. Sci., série B., 345,
89-99
Puig, H. and Lescure, J.P. (1981). Etude de la variabilité floristique dans la région de la
Piste de Saint Elie. Bulletin de liaison du groupe de travail CTFT-INRA-Muséum-
ORSTOM, 3, 25-9
Riera, B. (1983). Chablis et cicatrisation en forét guyanaise: la Piste de Saint Elie.
These de I'Université Paul Sabatier. Académie de Montpellier, Montpellier -
Sabatier, D. and Prévost, M.F. (1989). Quelques données sur la composition floristique
et 1a diversité des peuplements forestiers de Guyane francaise. Bois For: Trop., 219,
31~-55
Sabatier, D., and Prévost, M.F. (1990). Variation du peuplement forestier & I'échelle
stationnelle: le cas de la station des Nouragues en Guyane frangaise. In Atelier sur
I’Aménagement et la Conservation de I’Ecosystéme Forestier Tropical. 12-16 Mars.
MAB-UNESCO, IUFRO, FAO. CIRAD, Kourou

425




—

—

L
— °
e -

1
(3%

Jo-

Pown
"7 VOLUMEZl
FOREST BIODIVERSITY IN
NORTH, CENTRAL AND

SOUTH AMERICA,
AND THE CARIBBEAN

Research and Monitoring

g

JI ™ \;':23?..

noniiplsemnbag. Ay

4
SEages

' N o
b :s_‘.\.l‘»(lﬁ

oot

7 L

'\ W !
ua\\\\\\\ e o //J
A I IEAN

-

S L
e
i \s\\ \\n iy

2
;
2%
4

V'

'y

]
b}
/)

A
o
e
v
s
.

IS W
I 3007\

== XN X
PO IINE
W=
= 22N 77z
=SSy
W fSS<
@ s

=2 z,:w.;\\\\\\\\\\m.\\ﬂ

e, a0 .

N it
=
=

- .k____:“

Y z

%

11
R
)

A
-

™o

LY

AN

A
R

HIN

=] N“.. éﬂw \.Eﬁﬂ\\. \\\._‘ E.z_\ ) _
L g ; = \\N\/

% =\
\\\// N

alde
o / N

NN

\

_,%,/,./ /./C: !
e

j

w..b_.,
_”J, \
/’/ \

s

o W
YAV

Edited by
F. Dallmeier and J. A. Comiskey

wn
L
o
e
-
a
O
BT
<. T .
-
=
<
A .
=

8




MAN AND THE BIOSPHERE SERIES

Serles Editor:

JOHN JEFFERS
The University, Newcastle-upon-Tyne, NE1 7RU, United Kingdom and
CGlenside, Oxenholme, Cumbria LA9 7RF, United Kingdom

Editorial Advisory Board:

EDOUARD 0. BONKOUNGOU
Centre de Recherche en Biologie et Ecologie Tropicale,
B.P. 7047, Ouagadougou, Burkina Faso

GONZALO HALFFTER
Instituto de Ecologia, A.C., Apartado Postal 63,
91000 Xalapa, Veracruz, Mexico

OTTO LANGE
Lehrstuh! fiir Botanik Il, Universitat Warzburg, Mittlerer Dallenbergweg 64,
D8700 Wurzburg, Germany

LI WENHUA
Commission for Integrated Survey of Natural Resources,
Chinese Academy of Sciences, P.O. Box 787,
Beijing, People's Republic of China

GILBERT LONG
Centre d'Ecologie Fonctionelle et Evolutive Louis Emberger (CNRS-CEFE),
Route de Mende, B.P. 5051, 34033 Montpellier Cedex, France

JAN NOBLE
Research School of Biological Sciences, Australian National University,
P.O. Box 475, Canberra City A.C.T. 2601, Australia

P.S. RAMAKRISHNAN
School of Environmental Sciences, Jawaharlal Nehru University,
New Delhi 110067, india '

VLADIMIR SOKOLOV
Institute of Evolutionary Morphology and Animal Ecology,
Academy of Sciences, 33 Leninsky Prospect,
117071 Moscow, Russian Federation

ANNE WHYTE
Environment and Natural Resources Division, International Development
Research Centre (IDRC),
P.O. Box 8500, Ottawa K1G 2119, Canada

Ex officio:

MALCOLM HADLEY
Division of Ecological Sciences, UNESCO, 7, Place de Fontenoy,
75352 Paris 075P, France

vER

MAN AND THE BIOSPHERE SERIES
Series Editor J.N.R. Jeffers
VOLUME 21

FOREST BIODIVERSITY
IN NORTH, CENTRAL
AND SOUTH AMERICA,
AND THE CARIBBEAN

Research and Monitoring

Edited by

F Dallmeier

and
J.A. Comiskey

Smithsonian {nstitution
Washington DC, USA

PUBLISHED BY

The Parthenon Publishing Group

International Publishers in Science, Technology & Education




Published in 1998 by the United Nations Educational, Scientific and Cultural Organization
7 Place de Fontenoy, 75700 Paris, France —- UNESCO ISBN 92-3-103409-X
and
Published in the USA by
The Parthenon Publishing Group Inc.

One Blue Hill Plaza
PO Box 1564, Pearl River,
New York 10965, USA—ISBN 1-85070-964-5
and .
Published in the UK and Europe by
The Parthenon Publishing Group Limited
Casterton Hall, Carnforth,
Lancs LA6 2L A, UK—ISBN 1-85070-964-5

Copyright 1998 © UNESCO

The designations employed and the presentation of the material throughout this publication do
not imply the expression of any opinion whatsoever on the part of the publishers and the
UNESCO Secretariat concerning the legal status of any country or territory, city or area or of its
authorities, the delimitations of its frontiers or boundaries.

The authors are responsible for the choice and the presentation of the facts contained in this book
and for the opinions expressed therein, which are not necessarily those of UNESCO and do not
commit the organization.

Mention of a trademark or a proprietary product does not constitute a guarantee or a warranty of
the product and does not imply its approval to the exclusion of other products that also may be
suitable.

No part of this publication may be reproduced, in any form,
without permission from the publishers except for the
quotation of brief passages for the purpose of review.

British Library Cataloguing in Publication Data
Forest biodiversity in North, Central and South America, and the Caribbean : research
and monitoring. — (Man and the biosphere ; v. 21)
1. Biological diversity — North America 2. Biological
diversity ~ South America 3. Forest ecology ~ North America
" 4. Forest ecology ~ South America
1.Dallmeier, Francisco I1.Comiskey, James A,
571.3'097
ISBN -85070-964-5

Library of Congress Cataloging-in-Publication Data
Forest biodiversity in North, Central and South America, and the Caribbean : research and
monitoring / edited by F. Dallmeier.
. cm.~ (Man and the biosphere series ; v. 21
“Chapters are based on papers presented at the first international symposium on
measuring and monitoring biodiversity, organized by the Smithsonian Institution/
MARB Biological Diversity Program in late spring 1995” — Pref.
Includes bibliographical references (p. ) and index.
ISBN [-85070-964-5 -
1. Biological diversity-Research~North America-Congresses.
2. Biological diversity-Research-South America-Congresses.
3. Environmental monitoring-North America-Congresses.
4. Environmental monitoring-South America-Congresses. 3. Forest
ecology-North America-Congresses. 6. Forest ecology-South
America~-Congresses. I, Dallmeier, Francisco. II. Series.
QH77, N56F67 1998
577.3097—dc2 1 98-25187
CIpP

Typeset by H&H Graphics, Blackburn, Lancs.
Printed and bound by Bookcraft (Bath) Ltd., Midsomer Norton, UK

CONTENTS

PREFACE

ACKNOWLEDGMENTS

CONTRIBUTORS

1.

THE INTERNATIONAL FORESTRY RESOURCES AND

INSTITUTIONS RESEARCH PROGRAM: AMETHODOLOGY

FOR RELATING HUMAN INCENTIVES AND ACTIONS ON
FOREST COVER AND BIODIVERSITY
Elinor Ostrom

Xi

Xv

xvii

DESIGNING AND MANAGING PERMANENT MONITORING 29

PLOTS AS TOOLS FOR IMPLEMENTING THE
CONVENTION ON BIOLOGICAL DIVERSITY
Peter Dogsé

CANADA’S ECOLOGICAL MONITORING AND
ASSESSMENT NETWORK WITH SPECIAL REFERENCE
TO LONG-TERM BIODIVERSITY MONITORING
Patricia Roberts-Pichette

BUILDING A NETWORK FOR ECOLOGICAL RESEARCH
AND MONITORING IN CANADA: EMPHASIS ON S'MAB
PLOT-BASED METHODOLOGY IN KEJIMKUJIK
NATIONAL PARK ‘

Clifford Drysdale and Geoff Howell

47

57




Forest biodiversity

10.

1

12

FLORISTIC COMPOSITION AND DIVERSITY OF AN
OLD-GROWTH WHITE PINE FOREST IN
NORTHWESTERN ONTARIO, CANADA

AU. Mallik and S. Robertson

LONG-TERM RESEARCH ON FOREST DYNAMICS IN
THE PACIFIC NORTHWEST: A NETWORK OF
PERMANENT FOREST PLOTS

Steven A. Acker, W. Arthur McKee, Mark E. Harmon and
Jerry F. Franklin

. TWENTIETH-CENTURY GROWTH TRENDS AT THE

GUS PEARSON NATURAL AREA, ARIZONA, USA
Franco Biondi

LONG-TERM USE OF BREEDING BIRD CENSUS PLOTS
TO MONITOR POPULATIONS OF NEOTROPICAL
MIGRANTS BREEDING IN DECIDUOUS FORESTS IN
EASTERN PENNSYLVANIA, USA

Laurie J. Goodrich, Cathy B. Viverette, Stanley E. Senner and
Keith L. Bildstein

RESPONSES OF PLANTS AND BIRDS TO HURRICANE
DISTURBANCES IN A DRY TROPICAL FOREST OF
QUINTANA ROO, MEXICO

Dennis . Whigham and James F. Lynch

FOREST COMPOSITION, STRUCTURE, AND
REGENERATION IN A DRY FOREST QF THE
NICARAGUAN PACIFIC COAST

César Sabogal and Luis Valerio

A COMPARATIVE ECOLOGY OF THE BISLEY
BIODIVERSITY PLOT AND EXPERIMENTAL
WATERSHEDS, LUQUILLO EXPERIMENTAL
FOREST, PUERTO RICO

Fred N. Scatena

FIVE YEARS OF FOREST DYNAMICS FOLLOWING
HURRICANE HUGO IN PUERTO RICO’S LUQUILLO
EXPERIMENTAL FOREST

Francisco Dallmeier, James A. Comiskey and Fred N. Scatena

vi

77

93

107

149

165

187

213

231

Contents

13.

14.

16.

19.

20.

15.

17.

18.

HURRICANE EFFECTS AND LONG-TERM RECOVERY
IN A SUBTROPICAL RAIN FOREST
Peter L. Weaver

LONG-TERM MONITORING PROTOCOL FOR BATS:
LESSONS FROM THE LUQUILLO EXPERIMENTAL
FOREST OF PUERTO RICO

Michael R. Gannon and Michael R. Willig

LONG-TERM MONITORING OF SNAILS IN THE
LUQUILLO EXPERIMENTAL FOREST OF PUERTO
RICO: HETEROGENEITY, SCALE, DISTURBANCE,
AND RECOVERY

Michael R. Willig, Michele E. Secrest, Stephen B. Cox,
Gerardo R. Camilo, John F. Cary, Javier Alvarez

and Michael R. Gannon

INSIGHTS INTO FOREST DYNAMICS FROM LONG-TERM

MONITORING ON ST JOHN, US VIRGIN ISLANDS
Caroline S. Rogers and Anne E. Reilly

THE EFFECTS OF ENVIRONMENTAL GRADIENTS ON
HURRICANE IMPACT IN CINNAMON BAY WATERSHED,
ST JOHN, US VIRGIN ISLANDS

Peter L. Weaver

HURRICANE HUGO: WINDS OF CHANGE ... OR NOT?
FOREST DYNAMICS ON ST JOHN, US VIRGIN ISLANDS,
1986-1991

Anne E. Reilly

THE STRUCTURE OF TWO SUBTROPICAL DRY FOREST
COMMUNITIES ON THE ISLAND OF ST JOHN,

US VIRGIN ISLANDS

Gary J. Ray, Francisco Dallmeier and James A. Comiskey

THE PERMANENT FIELD RESEARCH STATION

‘LES NOURAGUES’ IN THE TROPICAL RAINFOREST
OF FRENCH GUIANA: CURRENT PROJECTS AND
PRELIMINARY RESULTS ON TREE DIVERSITY,
STRUCTURE, AND DYNAMICS

Odile Poncy, Bernard Riéra, Denis Larpin, Pierre Belbenoit,
Mathilde Jullien, Michel Hoff and Pierre Charles-Dominique

vii

249

271

293

323

333

349

367

385




Forest biodiversity

21.

22.

23,

25,

26.

27.

MEASUREMENT OF SPECIES RICHNESS OF VASCULAR
PLANTS IN ANEOTROPICAL RAIN FOREST IN
FRENCH GUIANA

Bruno Georges Bordenave, Jean-Jacques de Granville

and Michel Hoff

QUANTITATIVE ANALYSIS OF THE ARBOREAL
STRUCTURE IN A TROPICAL CLOUD FOREST: RAMAL
INTERIOR OF THE CORDILLERA DE LA COSTA, LOMA
DE HIERRO (ESTADO ARAGNA), VENEZUELA

Carlos Monedero Garcia

SPECIES DIVERSITY, SPATIAL DISTRIBUTION AND
STRUCTURAL ASPECTS OF SEMI-DECIDUOUS
LOWLAND GALLERY FORESTS IN THE WESTERN
LLANOS OF YENEZUELA

Basil Stergios, James A. Comiskey, Francisco Dallmeier,
Angelina Licata and Miguel Nifio

. RELATIONSHIPS BETWEEN FLORISTIC COMPOSITION,

PHYSIOGNOMY, BIODIVERSITY, AND SOILS OF THE
ECOLOGICAL SYSTEMS OF THE CENTRAL HIGH
LLANOS OF VENEZUELA

José L. Berroterdn, Santiago Ramos, Eligio.Oropeza,

Anibal Rosales and Vincenta Piccoli

FLORISTIC COMPOSITION, STRUCTURE, AND
DIVERSITY IN MOIST FOREST COMMUNITIES ALONG
THE CASIQUIARE CHANNEL, AMAZONAS STATE,
VENEZUELA

Gerardo Aymard, Nidia Cuello and Richard Schargel

FLORISTIC COMPOSITION AND STRUCTURE, TREE
DIVERSITY, AND THE RELATIONSHIP BETWEEN
FLORISTIC DISTRIBUTION AND SOIL FACTORS IN

EL CAURA FOREST RESERVE, SOUTHERN VENEZUELA
Herndn G. Castellanos )

MESOSCALE PATTERNS OF TREE SPECIES DIVERSITY

IN COLOMBIAN AMAZONIA
Joost F. Duivenyoorden and Johanna M. Lips

viii

411

427

449

481

495

507

535

Contents

28.

29.

30.

31.

32.

33.

3.

35,

STRUCTURE AND FLORISTIC COMPOSITION OF A
ONE-HECTARE PLOT OF WET FOREST AT THE PACIFIC
COAST OF CHOCO, COLOMBIA

Gloria Galeano, Javier Cediel and Marco Pardo

DIVERSITY AND FAMILY COMPOSITION OF TREES IN
DIFFERENT REGIONS OF ECUADOR: A SAMPLE OF
18 ONE-HECTARE PLOTS .

Renato Valencia, Henrik Balslev, Walter Palacios, David Neill,
Carmen Josse, Milton Tirado and Flemming Skov

SPECIES COUNT OF VASCULAR PLANTS IN ONE
HECTARE OF HUMID LOWLAND FOREST IN
AMAZONIAN ECUADOR

Henrik Balslev, Renato Valencia, Guillermo Paz y Mifio,
Henning Christensen and Ingvar Nielsen

COMPOSITION AND STRUCTURE OF A TIMBERLINE
FOREST IN NCRTH-CENTRAL PERU
Kenneth R. Young

MONITORING LEAF-LITTER AMPHIBIANS IN MANU
NATIONAL PARK, PERU

Antonio W. Salas, Guillermo V. Tello, Wilfredo A. Arizabal,
Pilar J. Sehgelmeble and Daniel H. Neira

FLORISTIC AND STRUCTURAL COMPARISON OF
CERRADO (SENSU STRICTO) VEGETATION IN
CENTRAL BRAZIL

Tarciso S. Filgueiras, Jeanine Maria Felfili,

Manoel Claudio da Silva, Jr and Paulo Ernane Nogueira

FLORISTIC COMPOSITION AND STRUCTURE OF A
ONE-HECTARE PLOT IN TERRA FIRME FOREST IN
CENTRAL AMAZONIA

Leandro Valle Ferreira and Judy M. Rankin-de-Mérona

FOREST STRUCTURE AND DIVERSITY IN MANAGED
AND UNMANAGED RAINFOREST OF BENI, BOLIVIA
James A. Comiskey, Francisco Dallmeier and Robin Foster

551

569

585

595

615

633

649

663

e b 3 o . — B 1 S e e 6 o



Forest biodiversity

36. A COMPARISON OF THE STRUCTURE AND
COMPOSITION OF MONTANE AND LOWLAND
TROPICAL FOREST IN THE SERRANIA PILON LAJAS,
BENI, BOLIVIA
David N. Smith and Timothy J. Killeen

37. QUANTITATIVE ETHNOBOTANY: A TOOL FOR LINKING
PERMANENT PLOT RESEARCH TO FOREST USE IN THE
BENI BIOSPHERE RESERVE, BOLIVIA
Rachel Graham, Francisco Dallmeier and James A. Comiskey

38. STRUCTURE, COMPOSITION, AND INFERRED
DYNAMICS OF A SUBTROPICAL MONTANE FOREST
OF NORTHWESTARGENTINA
Héctor R. Grau and Alejandro D. Brown

39. STRUCTURE AND COMPOSITION IN A SUBTROPICAL
MONTANE RAIN FOREST OF NORTHWESTERN
ARGENTINA
Carlos A. Iudica and Tomds M. Schlichter

40 FOREST BIODIVERSITY RESEARCH AND MONITORING
IN THE NEW WORLD
James A. Comiskey and Francisco Dallmeier

INDEX

681

701

715

727

749

757

PREFACE

UNESCO’s Man and the Biosphere Programme

Improving scientific understanding of natural and social processes relating to
human interactions with the environment; providing information useful to
decision-making on resource use; promoting the conservation of genetic diversity
as an integral part of land management; enjoining the efforts of scientists, policy-
makers, and local people in problem-solving ventures; mobilizing resources
for field activities; strengthening of regional cooperative frameworks — these
are some of the generic characteristics of UNESCO’s Man and the Biosphere
(MAB) Programme.

The MAB Programme was launched in the early 1970s. It is a nationally
based, international programme of research, training, demonstration, and
information diffusion. The overall aim is to contribute to efforts for providing
the scientific basis and trained personnel needed to deal with problems of rational
utilization and conservation of resources and resource systems and problems of
human settlements. MAB emphasizes research for solving problems. It thus
involves research by interdisciplinary teams on the interactions among ecological
and social systems, field training, and application of a systems approach to
understanding the relationships among the natural and human components of
development and environmental management.

MAB is a decentralized programme with field projects and training activities
in all regions of the world. These are carried out by scientists and technicians
from universities, academies of sciences, national research laboratories, and
other research and development institutions under the auspices of more than
one hundred MAB National Committees. Activities are undertaken in co-
operation with a range of international governmental and non-governmental
organizations.

Man and the Biosphere Book Series

The Man and the Biosphere Book Series was launched to communicate some

xi




