Vol.3, No.8, 518-531 (2013)
http://dx.doi.org/10.4236/0je.2013.38061

Open Journal of Ecology

Floristic diversity and structural parameters of the
Brazzaville Patte d’Oie forest, Congo

Victor Kimpouni*, Paul Mbou, Ernest Apani, Marcel Motom

Ecole normale supérieure, Université Marien Ngouabi, Brazzaville, Congo; “Corresponding Author: vkimpouni@yahoo.com

Received 10 November 2013; revised 10 December 2013; accepted 17 December 2013

Copyright © 2013 Victor Kimpouni et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

The flora of the Patte d’Oie forest of Brazzaville
is studied according to three plots of 0.5 ha,
corresponding each to one of the islet, currently
constituting it. With an original area of 240 ha,
put in reserve in 1938, the natural forest of the
Patte d’Oie of Brazzaville covers 95 ha, less than
39% compared to initial area. Because the other
main forests of Brazzaville have disappeared
without delivering their biodiversity, this study
is the first one which emphasizes the flora of
this single ecosystem of Congo. The total floris-
tic inventory revealed 459 trees of dbh =2 10 cm
on 1.5 ha; it is an average of 306 trees-ha™. 31
species are listed for 17 families, and the best
represented of which (Fabaceae, Euphorbiaceae
and Rubiaceae) have a diversity varying from
13% to 19% of the inventory and a tree number
oscillating from 15% to 36%. The Shannon (H')
biological diversity index of the three plots is of
2.6 on average, for a maximum diversity (H'y.x)
average of 2.9 versus an average true diversity
of 15. The Pielou index is on average 0.9, where-
as that of Simpson is 0.9. The coefficients of
similarity of Jaccard (41.4% to 57.1%) and of the
coefficient of Sgrensen (58.5% to 72.7%) show
the variations in the floristic composition. The
followed ecological parameters show that this
ecosystem is very few diversified compared to
the tropical wet dense forests on the one hand,
and, on the other hand, a non constant floristic
composition is not. The analysis of the diametric
structure by plot and the dominant and/or
characteristic species give erratic curves, evi-
dence of an insufficiency of the regenerative
potential. Indeed, approximately 70% of the
species are characteristic of the disturbed eco-
systems (Macaranga sp., Caloncoba welwitschii,
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Hymenocardia ulmoides, and Anthocleista sp.).
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Diversity Indices; Population Structure;
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1. INTRODUCTION

Located in central Africa and crossed by the equator,
the Republic of Congo with a surface of 342,000 km?,
has vegetation made up with 65% of forests and 35% of
savannas unequally distributed on the unit of the territory
[1,2]. However, among the two types of vegetation, there
are savannas included in forest zone and the forest facies
of low savannas area. The forest of the Patte d’Oie of
Brazzaville is one of these witnesses. The forests of
Brazzaville and those studied by Makany [3] on the Pla-
teaux Téké, are facies which one meets in the phyto-
geographical districts of Léfini and the Plateaux [4]. The
ombrophilous forests type of the téké plateaus, evolve in
wet bottoms funds and well drained valleys, whereas that
of the Patte d’Oie develops on a plateau with psammitic
substrate. Thus, it is presented under the aspect of a fa-
cies mesophile dry typical and specific to Congo.

The Patte d’Oie forest became a reserve since 1938 by
decree 3037 of August 13" 1938 of the governor of
French Equatorial Africa (A.E.F), covered 240 ha of
natural forest. Following the anthropic action, this re-
serve is reduced to approximately 39% of its original
area by decree n° 2009-149 of May 8", 2009. The natural
forest cover of Brazzaville, formerly formed by five
principal suburban forests [2], is represented indeed, by
only three intra-urban islets of forests deriving from the
deforestation of “La Patte d’Oie”, the only evidenced of
the original forest. The anthropic pressure led to the dis-
appearance of “la forét de la Tsiémé”, “La Glaciere”, “Le
ravin du Tchad” (the ravine of Chad), and of “La Cor-
niche”, on the one hand, and, on the other hand, to the
insulation of the three small islets of forests area of
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which includes the anthropic and natural woody forma-
tions, the administrative buildings and the adventure
playgrounds. Currently under supervision of the General
delegation of the scientific research and Technological
(Délégation Générale a la Recherche Scientifique et Tech-
nique: DGRST), the islet forest of the “ex-Orstom” is not
integrated in the field of the reserve of the Patte d’Oie
forest.

The floristic studies on the Patte d’Oie forest of Braz-
zaville are compartmental and non-exhaustive. They are
often articulated on the inventory taxonomic, the ethno-
botanic, ecology with the regeneration, the characteriza-
tion, and the dissemination of the diaspora [5-9]. These
studies, specifically by Makoumbou and Mas-
samba-Kengue [6]; Ndinga and Mayitoukou [7]; Gnendo
and Bandzoulou [8]; Taty Dekanga and Mombouli [9]
which are related to floristic diversity and the structural
parameters, and which are generalized from a floristic
area of less than 1000 m?” carried out in natural and/or
artificial forest. In addition none of them takes into ac-
count the flora of the three islets of forests resulting from
the degradation of the Patte d’Oie forest.

The studied forests are variously arranged urban fo-
rests, preserved vestiges of the natural forest. They were
the object of forestry enrichments on the one hand, and
remain subjected to various and uncontrolled anthropic
actions, on the other hand. Our contribution is focused on:
the appreciation of the floristic diversity of woody spe-
cies of dbh > 10 cm, for a comparison with the data of
the forests of central Africa; the space distribution of taxa;
the estimate of the degree of impact strength and impact
of the anthropic action.

2. MATERIALS AND METHODS
2.1. Characterization of Studied Area

The climate of Brazzaville (4°10' - 4°20'S, 15°10' -
15°20'E), capital of the Republic of Congo (Figure 1), is
of type low-Congolese [10,11]. It is characterized by
annual averages of temperature of approximately 25°C and
annual thermal amplitude oscillating from 4°C to 6°C
(Figure 2). March and April are the hottest months; the
months from June to September, marking the dry season,
are cool, July and August are the freshest. The rains are
spread out from October to May and the average rainfall
is of approximately 1200 mm/year. This rainy and hot
season knows a deceleration of precipitations in January
and February. The maximum of rain are observed in
March-April and in November-December (Figure 2).

The relative humidity is higher than 70%, whereas an
absolute minimum is observed in August and September,
and a relative humidity minimum in February and March.
As for evaporation, it presents a relative minimum in
June and an absolute maximum in August and September.
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The monthly averages over ten years (1999-2008) show
that the insolation presents two maximum in March and
May (164 and 175 hours) and a minimum in June (124
hours). The annual average lies between 1100 and 1800
hours for the same period [12,13]. With the geological
plan, Cosson [14] distinguishes two principal strati-
graphic sequences in the area of Brazzaville: the series of
the Plateaux Batéké made up of the silicified sand, sand-
stones and the series of Stanley—Pool which rests in
discordance on the sandstones of Inkisi.

The soils are ferralitic, strongly desaturated and im-
poverished. They are low in exchangeable and very per-
meable bases because of the sandy substrate which al-
lows the migration of the solutions of the ground [15].

Brazzaville area is drained by two principal tributary
of the Congo River: Djiri in north and Djoué in the south.
In addition to these two tributary, this city is also crossed
by three brooks: Tsiémé, Mfoa, and Mfilou [2].

2.2. Materials

The irregular dispersion of certain species is such as
only one station is, in general, insufficient to describe a
forest type in a perfectly representative way [16]. Thus
several floristic plots are carried out in the area of study,
in order to characterize these natural forests, in particular
the upper floor. By taking account into the very low area
of the preserved parts of the natural forest, of the effect
of the edge and the very marked state of degradation, the
inventory of each islet of forest is carried out on four
subplots (Table 1) of 1250 m* (50 x 25 m), that is to say
0.5 ha. During this inventory, a herbarium of about fifty
species was carried out and deposited at the laboratory of
the Centre of Studies on the Plant resources (CERVE)
and at the department of Natural science of Marien
Ngouabi University (ENS). The species identification
was done in situ for most current and ex situ for the oth-
ers. The confirmation of identifications is made by com-
parison with the herbaria of the IEC and the diagnoses of
Pauwels [17], through the flora of Gabon, Cameroon and
the flora of the spermaphytes of Belgian Congo—
Rwanda—Urundi. The taxonomic nomenclature used is
in agreement with the APG III [18] and Lebrun & Stork
[19].

2.3. Methods of Study

The Method is based on the botanical inventory, on the
one hand, and on the other hand, the bibliographical
compilation of the relative data to the Patte d’Oie forest
of Brazzaville.

The botanical inventory consists in counting all the
trees of diameter at breast height (dbh) > 10 cm [20-22]
in 12 subplots of 1250 m” each one. During this inven-
tory, it is noted the dbh of the listed trees which are then
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Figure 1. Evolution of the natural forest cover of Brazzaville of the years 1970 to 2000Caption: forest islets of the ex-

Orstom (A), zoological gardens (B), Parliament home (C).
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Figure 2. Ombrothermic diagram of the Brazzaville area
(source: Mounie, 1999).

ranged in 7 classes diameter of 10 cm.

2.4. Data Analysis

Ecosystem being defined as a community associated
with a physical environment that it occupies at a given
time, the measurement of diversity alpha (o), a particular
sector or an ecosystem, is expressed by its number of
species (specific richness). Diversity beta (f) makes it
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Table 1. Localization of the plots of inventory in the Patte
d’Oie Forest (R = subplot).

Localization of the plots of inventory
in the Patte d’Oie Forest

Subplots
coding ORSTOM Zoological Parliament
(S1) gardens (S2) Home (S3)
RI 04°16'38.9"S 04°16"21.9"S 04°16'10.6"S
15°1424.0"E 15°15'34.2"E 15°15'39.8"E
R2 04°16'44.3"S 04°16'24.1"S 04°16'11.3"S
15°1426.7"E 15°15'36.3"E 15°15'38.3"E
R3 04°16'38.4"S 04°16"21.5"S 04°16'11.8"S
15°14'31.0"E 15°15'35.2"E 15°15'40.8"E
R4 04°16'37.3"S 04°16'12.4"S 04°16'11.0"S
15°14'31.0"E 15°1522.4"E 15°15'42.6"E

possible on the other hand to evaluate internal comple-
xity with each ecosystem is a comparison of diversity be-
tween the plots; it is usually measured like the quantity
of species changing between the ecosystems. Lastly, di-
versity gamma (y) is the measurement of total diversity
[23-29].
e Dbeta (f) diversity is evaluated thanks to the coeffi-
cients of similarity of Jaccard and Serensen. The use
of these two coefficients is justified by the fact that:
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Jaccard gives the same quotation to the presence and

the absence; whereas Sgrensen attaches twice more

significance to the presence. In this last case, the

presence is more informative than the absence [30].

The floristic degree of similarity is treated by com-

paring plots between them and the allowed threshold

so that two plots are recognized similar is of 100%

[31,32];

o alpha (a) diversity is studied according to the indices
of biological diversity of Shannon and Simpson
which make it possible to evaluate floristic diversity.
The index of Shannon is sensitive to the number of
rare species, and thus the least represented, while that
of Simpson with predominance of certain dominant
species [23,26,30,33]. Maximum floristic diversity
corresponds to the degree of diversity which a plot
can reach, in the case of a homogeneous distribution
of the individuals constitutive of the flora;

e equitability index (index of regularity or Pielou) in-
forms about the level of diversity reached by an eco-
system compared to the possible maximum. It better
takes into account the regularity of the distribution,
independently amongst species. When the regularity
is low, it expresses a phenomenon of predominance,
when it is high, it expresses a regular distribution of
the individuals between the species, from where ab-
sence of predominance;

e The conversion of the value of the entropy (H') of
many effective species (true diversity), gives a uni-
fied and intuitive interpretation of diversity [34,35];

e Coefficient of abundance-dominance of Braun-Blan-
quet is used for floristic diversity characterization.

5: Unspecified number of individuals, rate covering >
3/4 of reference area (>75%, Rm = 87.5%a);

4: Unspecified number of individuals, rate covering
between 1/2 et 3/4 (50% - 75% of reference area, Rm =
62.5%);

3: Unspecified number of individuals, rate covering
between 1/4 et 1/2 (25% - 50% of reference area, Rm =
37.5%);

2: Unspecified number of individuals, rate covering
between 1/20 et 1/4 (5% - 25% of reference area, Rm =
15.0%);

1: Unspecified number of individuals, rate covering
between < 1/20, or dispersed individuals with cover until
1/20 (5%, Rm = 2.5%b);

+: Few individuals, with very weak rate covering (Rm
=0.1%b).

With: a) Rm: average covering, after conversion of the
coefficient of abundance-predominance; b) arbitrary value
de Rm.

Data Dealing Out

The following mathematical expressions are used for
the interpretation of the results:
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e cocfficient of similarity:
Coeffient of Jaccard:

J(%)=(nc/(na+nb—nc))><100 €))
Coefficient of Serensen:
K (%) = (2nc/(na +nb))x100 2

with na = many species of the 1¥ plot; nb = many species
of the 2™ plot and nc = total of the common species;
e basal area:

ST(m2 -ha’l):n-r2 3)

Basal area indicates the space surface occupied by the
trunks.
¢ indices of biological diversity:

Shannon (H') = —ipi In(p;) “)

S
Simpson(D)zl—Z(ni(ni—l)/n(n—l) ©)
i-1
where p; = ni/n: ni = species i number of trees, N = full
number of trees.
e index of maximum diversity:

H',. =In(S) (6)

S = full number of the species.
e index of Pielou (regularity or equitability):
Eq=HYH",, (7
e index of absolute diversity:
D = exp" (8)

where D is the absolute (true) diversity, exp. = an expo-
nential function and H' the index of Shannon diversity.
e index of the values of importance of species or family

(IV1%) = FR + DR + DoR )

where FR (Relative frequency (%)) = (Number of plots
where species is present/total frequency) x 100; DR (Re-
lative density (%)) = (species density/total density) x 100;
DoR (Relative predominance (%)) = (species basal area/
total basal area) x 100.

3. RESULTS
3.1. Taxonomic and Flora Diversity Data

459 trees of dbh > 10 cm are summarized in Table 2
corresponding at 31 species ranged in 17 families. The
number of species per family varies from 1 to 6, that is to
say a specific diversity ranging between 3.2% and 19.4%.
The comparison of the floristic composition of the plots
indicates an important variation at the generic level (21
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Table 2. Taxonomies data and number of the woody species in
the Patte d’Oie Forest.

Taxonomies data

| Total
Plots Number of ~ Numberof  Number of trees
family genus species
S1 16 26 27 144
S2 12 19 19 151
S3 10 14 14 164
Mean 12.7 21 20 153
Error
standard 18 4.8 3.9 39
Total of
recorded 17 30 31 459
taxa

on average) and specific (20 on average), and no plot
shelters the 17 listed families (Table 2). The trees num-
bers by plot varies from 144 to 164 with an average of
153 trees. The Parliament home forest (S3) is the richest
plot with 164 trees, corresponding at 36% of the total of
the inventory.

3.2. Floristic Analysis

3.2.1. Rough Spectrum

Taxa distribution shows that Fabaceac and Euphor-
biaceae present the highest floristic diversity in front of
Rubiaceae (Figure 3). Their respective contribution va-
ries from 13% to 19%, which corresponds to a number of
species ranging between 4 and 6. The least represented
families have a floristic diversity varying from 1 to 2
species corresponding at 3.2% to 6.5%.

The floristic analysis of plots indicates variations in
the composition (Figure 3). In the S1 plot, Rubiaceae
(22% of the inventoried species) dominate Fabaceae
(15%) and Euphorbiaceae (11%). In the plot S2, Fa-
baceae with 26% of the listed species are most abundant
family followed by Rubiaceae (16%) and Euphorbiaceae
(5%). In the plot S3, we raise a codominance of Phyllan-
thaceae and Euphorbiaceae (14% of listed species each
one), in front of Fabaceae (2% of inventoried species).
We can emphasize that the majority of the families (76%)
is represented by only one species, in the three plots.

3.2.2. Balanced Spectrum

The number of trees per plot is regularly dominated by
Fabaceae and Achariaceae whose contribution varies
from 15% to 36%. However, Phyllanthaceac and Loga-
niaceae have approximately 15% of trees in the plot S3
(Figure 4). In the plot S1, there is a predominance of Fa-
baceae and Achariaceae. As for the plot S2, they are the
same families which are represented better, but with a
clear preponderance of Fabaceae. Lastly, in the plot S3,
Achariaceae dominate Phyllanthaceae and Loganiaceae.

Copyright © 2013 SciRes.

3.2.3. Coefficients of Similarity

Coefficients of similarity of Serensen and Jaccard (Ta-
ble 3) show weak differences in the floristic composition
type of the three plots. The values of the coefficient of
similarity of Jaccard oscillate between 41.4% and 57.1%
and those of Serensen from 58.5% to 72.7%.

@ ex-Orstom (S1) @ Park Zoologic (S2) @ Home of Parliament (S3)
100

90
80
70
60
50

Contribution of species/site (%)

40
30

Families

Figure 3. Rough spectrum of specific diversity by family and
forest islets.

Figure 4. Balanced spectrum of the woody according to the
families and the forest islets.

Table 3. Variation of Jaccard and Serensen coefficients of
similarity between the three forest plots.

Coefficient of similarity of Jaccard (%)

Forest plots
S1 S2 S3
S1 100 43.75 41.38
S2 60.87 100 57.14
S3 58.54 72.73 100

Coefficient of similarity of Serensen (%)
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3.2.4. Coefficient of Abundance-Predominance

Coefficients of abundance-predominance (Table 4)
highlight Caloncoba welwitschii, Millettia eetveldeana
and Millettia laurentii, in almost all plots. The average
covering of these species lies between 37.5% and 87.5%.
In the ex-Orstom plot, one underlines the presence of
Strychnos variabilis, Macaranga spinosa and Bosqueiop-
sis gilletii whose average covering lies between 15% and
37.5%. In the facies of the zoological gardens (S2), Voa-
canga chalotiana and Macaranga spinosa are the two
species which are predominant with an average covering
of 37.5% each one. In the Parliament home plot (S3), it
is Voacanga chalotiana, Hymenocardia ulmoides and
Albizia ferruginea are species which dissociate with a
covering of 15% each one.

Data on the classes of presence (Table 4) reveal that
the constant species, in the three plots, are almost the
same. It concerns Caloncoba welwitschii, Voacanga cha-
lotiana, Macaranga spinosa, Millettia eetveldeana, Mil-
lettia laurentii and Hymenocardia ulmoides. As for the
accidental species, the proportion varies depending on
plot. In the ex-Orstom plot, the rate of the accidental
species is of 52%, whereas it is 58% in the zoological
gardens plot and 21% in the Parliament home plot.

3.2.5. Indices of Biological Diversity

The index of diversity of Simpson varies from 88% to
92% per plot, with an average of 0.9. As for the Shannon
index, it oscillates from 2.1 to 3.3 (2.6 on average) per
facies. Lastly, the equitability lies between 0.8 and 1,
with an average of 0.9 (Table 5). Absolute diversity os-
cillates from 8 to 27 species per plot, with 15 species on
average.

The index of the values of importance (Table 4) high-
lights Caloncoba welwitschii, Macaranga spinosa, Hy-
menocardia ulmoides, Millettia eetveldeana and Millettia
laurentii, in almost all plots. However, the analysis by
site reveals variations in floristic composition: in the ex-
Orstom plot, these species are followed by Strychnos
variabilis, Bosqueiopsis gilletii and Psydrax arnoldiana;
in the zoological gardens plot, Voacanga chalotiana and
Albizia ferruginea are the most characteristic species; in
the Parliament home plot, to the characteristic species is
added Dracaena arborea, Voacanga chalotiana, Antho-
cleista vogelii, Syzygium brazzavillense and Strychnos
variabilis. The index of the values of importance of the
families (Table 4) reveals that Achariaceae, Euphor-
biaceae, Fabaceae, Phyllanthaceac and Rubiaceae cha-
racterize flora of the three plots. In addition to these
families, Loganiaceae and Moraceae are most representa-
tive in the ex-Orstom plot; of Apocynaceae, Bigno-
niaceae, Gentianaceae, Loganiaceae and Myrtaceae in
the Parliment home plot.
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3.3. Structural Parameters

3.3.1. Diametric Distribution of the Woody

The diametric structure in the plots shows that the
passage of a class of diameter to another is not regular
(Figure 5). The trees of small diameters, in particular of
classes one and two, are most numerous corresponding at
84% (either 385 trees) of total. The class seven is repre-
sented with an individual, corresponding at 0.2% of total
trees.

3.3.2. Basal Area

Basal area (Table 5) of Patte d’Oie forest plots, varies
from 11.2 to 15.6 m*ha ', corresponding at an average of
13.4 m*ha™'. The contribution of the immigrant flora, by
plot, varies from 4.8 to 9 m*ha ' corresponding at a rate
ranging between 35.8% to 57.7% of the total islet basal
area. In this proportion of the immigrants species, Millet-
tia laurentii represents only 16.1% to 43.6% per site.

4. DISCUSSION
4.1. Floristic Diversity Analysis

The data analysis floristic of the three plots of Patte
d’Oie forest reveals a very low level of diversification.
The inventory brings out 31 species for an area of 1.5 ha
(Table 2). This value is understood in the interval of the
data obtained by Kimpouni ef al. [31], Heckestweiler and
Mokoko-Ikonga [36] in the Aucoumea klaineana mono-
dominante forest of the Atlantic area 4 to 25 species-ha .
However, it is lower than that is found by Kimpouni [37]
in the dry mesophile forests of the Plateaux des Cata-
ractes, in particular at Aubeville and Boko-Songho areas
(56 to 90 species-ha '). Compared to the specific richness
of the wet dense forests of Asia, of America and Africa
where several authors like Gonmadje et al. [38], Kouka
[32,39], Puig [40] and Koubouana [41] underline a rich-
ness from 102 to 134 species-ha”', the Patte d’Oie forest
is poor in species. This floristic data can be interpreted
like an authentication of the existence of particular forest
facies, within the dry mesophile forests of the Basin of
Congo.

The density of the three plots is about 153 trees-ha .
This value does not integrate the range of the values (265
to 547 treestha ') known of the tropical ombrophilous
forests [31,37,38,40,42,43]. Owing to the fact that this
density is lower than the data of the tropical dense forests,
a fine analysis of the flora shows that the majority of taxa
characterize the secondary formations (disturbed) and
their contribution is approximately 70%. This predomi-
nance of heliophilous, ensured by Anthocleista vogelii,
Chaetocarpus africanus, Hymenocardia ulmoides,
Macaranga sp., Markhamia tomentosa and Caloncoba
welwitschii, shows the deficit into longevity woody in

OPEN ACCESS



524 V. Kimpouni et al. / Open Journal of Ecology 3 (2013) 518-531

Table 4. General data on the inventoried species in the Patte d’Oie forest and the number of trees per plot.
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Caption: S1 = Forest islet of the ex-Orstom; S2 = Forest islet of the zoological gardens; S3 = Forest islet of the Parliament home; FR = relative frequency; DR.
= relative density; DoR = relative predominance; IVI = index of the values of importance; FIV = index of the values of family.

Table 5. Ecological parameters and contribution of the principal species on the basal area.

Plot forests

confidence limits

Parameters Mean Error standard confidence Interval
S1 S2 S3 > <
Basal area: ST (m*ha ") 134 15.6 11.2 13.4 1.3 5.6 15.8 11.0
ST allochthones taxa (%) 35.8 57.7 48.2 47.2 6.5 28.0 52.5 41.9
ST local taxa (%) 64.2 42.3 52.8 53.1 6.4 27.5 58.3 47.9
ST of Millettia laurentii (%) 28.4 43.6 16.1 29.4 8.1 349 353 23.5
Index of Simpson (D) 0.9 0.9 0.9 0.9 0.01 0.04 1.1 0.7
Index of Shannon (H”) 33 2.4 2.1 2.6 0.52 2.2 4.1 1.1
Maximum diversity (H’max) 33 2.9 2.6 2.9 0.28 1.2 4.0 1.8
True diversity (D) 27 11 8 15.3 32 13.8 19.0 11.6
Index of Pielou (J) 1 0.8 0.8 0.9 0.03 0.1 1.3 0.5
ST/density 0.05 0.05 0.03 0.04 6.5 28.0 53 =52
ddl =2; P <0.05 Student test t.
140
? x —o— Ex-Orstom - --®-- - Park zoologic — -¥- - Home of parliament
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Figure 5. Comparison of the diametric structure of the woody enters

the three forest islets.

these plots of forests. These ecosystems which are pre-
sented in the form of young systems (pioneers) in full
dynamics of development, would be the resultant of the
effects combined of enrichment in woody species, on the
one hand, and, on the other hand, the artisanal exploita-
tion, in particular of the woody plant, on a system less
complexed and diversified.

Copyright © 2013 SciRes.

A comparison of diversities alpha (a), beta (f) and
gamma (y), shows the floristic nuances between the fo-
rest plots. Diversity a varying from 14 to 27 is on ave-
rage of 20 species whereas a diversity y of 31 species
(Table 2). As for diversity S, the number of different
species between forests oscillates from 9 to 16, with 13.3
on average. The lowest diversity f is observed between
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the plot S2 and the plot S3 which are almost contiguous
and have similar flora composition, whereas the diffe-
rence between the plot S1 (completely insulated) and the
two others is only one species. In keeping with subplots,
diversity alpha (a) varies from 7 to 16 species in the ex-
Orstom plot (S1), from 7 to 12 in the site of the zoologi-
cal gardens plot (S2) and from 7 to 10 in the Parliament
home plot (S3). However, diversity beta (f) between
subplots oscillates from 3 to 9 species in the S1 site,
from 0 to 5 in the S2 site and from 1 to 3 in the S3 site.
The data of diversity beta reflect, as well on the level of
the plot as of the subplots, a floristic variability. Rising
from the deforestation of the same forest, this divergent
evolution of the three plots of forests is due to human
activities of different width, like the type of installation
and enrichment. These observations are backed up by the
indices of biological diversity and especially by the ab-
solute diversity (15 on average) which mark floristic
variability between the forest plots (Table 5). Indeed, the
value of the entropy (H') of the index of diversity of
Shannon is not a priori a measurement of diversity [34,
35]. Indices of biological diversity (Table 5) which are
noted in plot S1 (D = 92% and H' = 3.3), whereas in S3
we have the weakest indices of diversity (D = 90% and
H'=2.1). The alpha diversity (o) data show that the three
plots are slightly diversified, in spite of the fact that they
did not know the same extent of the anthropic activities.
The fact that an important portion of the forest was cut to
white, in the plot S3, for afforestation with Eucalyptus,
the not planted zone is recolonised by the heliophilous
ones. Forest environment is ensured by Hymenocardia
ulmoides, Anthocleista vogelii, Caloncoba welwitschii
and Syzygium brazzavillense. The indices of biological
diversity are inferior than the values found in certain
forests of the Basin of Congo, in particular by Priso et al.
[44] and Sunderland ef al. [45] in Cameroon, on the one
hand, Kimpouni ef al. [31] and Kouka [32], on the other
hand, in Congo, attest the low representativeness of seve-
ral species in the studied forest plots. The index of regu-
larity on average (0.9) is high in the three plots (Table5),
which testifies a balanced distribution to taxa with the
various species. The coefficients of similarity from
Serensen (58.5% - 72.7%) and of Jaccard (41.4% -
57.1%) reveal that the floristic composition of plot S1 is
different compared to others, which are almost juxta-
posed. These values spread out the ecosystemic fluctua-
tions of diversity beta (f) between the three plots, on the
one hand, and, on the other hand, confirm the heteroge-
neous character of the flora:

e The forest of the ex-Orstom (plot S1) was used as
field of experimentation since the installation of the
IRSC in 1962 [5,8,46]. In this context, several species
like Coffea sp., Psychotria sp., Phyllocosmus afri-
canus, Cassia javanica, Samanea saman, Millettia

Copyright © 2013 SciRes.

laurentii, Pancovia laurentii, Delonix regia, Cananga
odorata, Pinus sp., Pentaclethra macrophylla, were
introduced. The follow-up of these species watch
which they completed the process of naturalization,
with the placement of sowings without human inter-
vention;

e In the forest of the Zoological gardens (plot S2), the
service in charge of the forests carried out since 1956
the enrichment of the station [5,46] with Albizia adi-
anthifolia, Elaeis guineensis, Eucalyptus sp., Millettia
laurentii, Samanea leptophylla, Terminalia superba,
Pentaclethra macrophylla, Phyllocosmus africanus,
etc.;

e The installation of Eucalyptus forests in the Parlia-
ment home forest (plot S3) is at the origin of the des-
truction of the natural forest. The zone where the
Eucalyptus did not grow is recolonised by the pioneer
species unknown life span. In addition to the Euca-
lyptus, an enrichment of this forest is in hand with
longevity species of the wet dense forests like Termi-
nalia superba, Entandrophragma sp., etc. [5,46].

As for basal area, the mean value of the three forest
plots is of 13.4 m*ha™' (Table 5). An analysis coupling
the data of basal area and floristic diversity shows that
these values are supported by the immigrant flora whose
contribution oscillates from 13.8% to 69.7% (Table 5).
Millettia laurentii which completed its process of natu-
ralization with in Brazzaville, only ensure it 10.5% to
66.6% of basal area of the plots. The data of basal area
confirm the deficit observed in the diametric distribution
of the trees of large diameter, particularly of the indige-
nous flora, and specify the characteristic of this ecosys-
tem. In addition to the contribution of the immigrant
species, the value of basal area are as a whole rather
close to those of the wet dense forests. They are of the
order de 31 m*ha ' for the Yapo forest in Ivory Coast [40]
and in the Basin of Congo, from 21.2 to 67.6 m*ha™" for
the Cameroonian forests [38,45,47]; in R.D. Congo,
Mosango [42] in the Kongolo island forest finds 39.7
mZ>ha™; finally, in the Congo forest formations, Kim-
pouni et al. [31] and Hecketsweiler and Mokoko-Ikonga
[36] the values are between 22.4 and 34.8 m*ha 'in the
Aucoumea klaineana Atlantic forests. However, the flo-
ristic composition being dominated by the pioneer spe-
cies, basal area of the typical woody species is lower
than those of the dry mesophile formations of the Pla-
teaux des Cataractes, which is around 19.7 m*ha™', but
with a floristic composition definitely different and re-
flecting that from the wet dense forests [37].

4.2. Diametric Structure of the Woody
Species Analysis

The distribution in classes of diameter of the listed
trees (Figure 5) gives irregular curves. This structure of
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population is characteristic of the disturbed forests,
which do not maintain a constant rthythm of installation
of sowing [37,40,48]. We can then think to a young fo-
rest in full installation, considering the high proportion of
the species marking regeneration. However, an analysis
of the floristic composition of the woody species, in rela-
tion with regeneration, reveals 70% of pioneer species
(Caloncoba welwitschii, Macaranga spinosa, Antho-
cleista vogelii and Hymenocardia ulmoides) very wide-
spread and whose individuals mark the first two classes
of diameter. The typical trees of the African tropical fo-
rest account for 30% of species (Millettia laurentii, M.
eetveldeana, Voacanga chalotiana, Funtumia africana,
Vitex ferruginea, Dracaena arborea, Syzygium braz-
zavillense and Bosqueiopsis gilletii), in the first two
classes of diameter (Figure 5). Following competition
intra- and interspecific, very few individuals of the spe-
cies characteristic of the dense forest of central Africa,
will become large trees, from where rupture in recruit-
ment within the classes of diameter.

4.3. Structure of Population for the
Characteristic Species

The evolution of the dbh of the most representative
woody species (Markhamia tomentosa, Millettia lauren-
tii, M. eetveldeana, Bosqueiopsis gilletii, Dracaena ar-
borea and Voacanga chalotiana), in the three plots, re-
veals an erratic structure for each one of them (Figures
6(a)-(c)). This structure of population is the sign of a bad
natural regeneration of this woody species. It is the con-
sequence of an irregular recruitment within the classes of
diameter [40,48]. This deficit of natural regeneration will
be accentuated, in spite of the intrinsic and extrinsic fac-
tors to the plants, by the anthropic activities (crafts) re-
quiring the cut of the small trees.

The floristic diversity distribution shows that the three
plots did not undergo with the same intensity the an-
thropic action. Indeed, it is by order of more marked im-
portance on the parliament home forest (plot S3) and
zoological forest (plot S2) that on the ex-Orstom forest
(plot S1). The level of degradation, of each forest islet,
would be in relation with the statute which rules over it.
The ex-Orstom and zoological gardens plots are respec-
tively under the responsibility of the scientific research
(after Orstom), for the first, and of the ministry in charge
of the forests, for the second. Until a recent past, the ac-
cess to these two sites was regulated, contrary to the par-
liament home forest which though managed by the mi-
nistry in charge of the forests did not profit from the
same assets as the zoological garden forest. The com-
parison of the structural parameters of Millettia laurentii,
with those of the other immigrant species and autoch-
thones, in the three islets of the Patte d’Oie forest, would
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be the sign which confirms that this species is that which
will characterize them in the future. Indeed, the analysis
of basal area translates a phenomenon of change of the
local flora by the immigrant flora. This observation is
supported by the report of basal area on the density
which, in the three plots, varies from 3 x 10 to 5 x 107,
This ecological index which reveals taxa them the least
represented in the inventory does not characterize only
the individuals of large diameter. It reveals the dynamics
of the diametric evolution, on the one hand, and on the
other hand, the dynamics of the structure of the popula-
tion and the change of the floristic composition [49].
Thus it is an indicator of the succession and evolution of
the woody. The value of this index in the three plots be-
ing lower than 1 (Table 5), mark a predominance of the
trees of small diameter. This phase characterizes the in-
stallation of a group of immigrant forest species, in par-
ticular Millettia laurentii. This species indicates the ma-
jor sign of the replacement of the autochthones woody by
a subspontenous population, better adapted to the new
conditions of the station [33,49].

5. CONCLUSION

The islets of forest of Brazzaville, relics of the forest
of the Patte d’Oie, associate an extreme specific poverty
and a very low number of woody species of dbh > 10 cm.
Primarily composed of species pioneers, these plots of
natural forest have a low level of impact strength. In ad-
dition, the strong density of the heliophilous species in
the first two classes of diameters, confirms the high level
of degradation of these forests and the deficit of natural
regeneration of the longevity woody species of this eco-
system. Indeed, these individuals have a very high mor-
tality rate because of the competition intra and inter-
specific natural and also of the anthropic action. The
listed trees have erratic diametric structures, as a result of
a high anthropisation of the station. It appears by tram-
pling, wood-cuttings of crafts and the deposits of rubbish.
In comparison with the state of degradation of the last
vestiges of the natural forest of a particular type, all the
ecological parameters back up the thesis of genetic and
ecosystemic erosion. The presence of the herbaceous
species and the artificiality of some zones are signs
marking the change of the flora, so exceptional measures
of management rational and sustainable are not taken for
the safeguard of these natural forests. With the glance as
of combined effects of the climate change on the biodi-
versity and the very marked level of degradation of the
three plots of the Patte d’Oie forest, an analysis of the
processes and evolutionary trajectories of these “urban
forests” can prove to be relevant. This kind of dry meso-
phile forest which presents a particular floristic composi-
tion is not known, no elsewhere in the Republic of
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