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Abstract

The study examined the effects of logging intensities on the quality, stocking levels and damage to non-logged
species. Data was collected using stock inventory methods (SIM) in the tropical rainforest of Ekukunela, Cross
River State in South Eastern Nigeria. Four experimental plots of one hectares each were laid in the forested areas
with different logging intensities (lightly logged, moderately logged, intensively logged) and a control plot
which has not been logged (Primary forest).Only tree species up to 30 cm dbh and above were enumerated. The
findings show that increasing logging rates directly reduced the quality and quantity of non-logged forest species
in the sample plots. The highest number and best quality of species enumerated, were found in the unlogged
tropical rainforest plot. Increased government and community participation in forest management, more effective
training, better funding, and improved monitoring of logging practices were recommended,
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1. Introduction

Efforts toward the effective management of tropical rainforests for sustainable timber extraction and the need
for the mitigation of the impacts of logging on biophysical and socioeconomic environment have in recent times
reached an unprecedented proportion. Perhaps this great concern is based on the fact that tropical rainforests
(selvas) are of inestimable value, because of their complex ecosystems and distinctively high biodiversity. Their
high species richness is probably the most outstanding characteristics, and at least 60 percent of all known species
of plants (about 155,000 out 0of 250,000), about 90 percent of all the world’s non-human primates, about 40 percent
of all the birds of prey , and about 80 percent of all the insects have been identified to inhabit the tropical
rainforests, globally (Park, 1992:25-27). These rainforests also provide natural resources for wood products (fuel
wood and timber), and numerous non-timber forest products (NTFPs) (Balogun, 1994:2).

Ticktin (2004) has comprehensively highlighted the issues concerning the increasing use of Ntfps for
commercial trading (Kuipers ,1997;Lange 1998) : increasing dependence by households on NTFPs (Igbal , 1993) ;
the problems of overexploitation of NTFPs (Rebelo and Holmes , 1988; Vasquez and Gentry, 1989 ;
Cunningham , 1993; Clay 1997; Rawat,1997; Tiwari, 2000): and the social, economic and political conditions for
sustainable exploitation of NTFPs (Parks, Barbier and Burgess , 1998; Kline, Alig and Johnson, 2000;
Shackleton ,2001; Amacher ,2002) These gives an international perspective of the NTFPs utilization and
sustainability problems.

Due to the high species richness of the tropical rainforest, only a few selected economic tree species are
actually felled through logging for timber. There are usually damage to the surrounding flora and soil, and induced
erosion and distorted hydrological patterns. Poor practices, which are associated with these problems, include
chain saw operations and bulldozing. These cause very high destructions to the forests through unsustainable
activities, such as dragging trees roughly through the forests. Consequently, unlogged flora species, are destroyed,
either out rightly or by causing severe or minor injuries ,which affect their qualities (Parks, 1992).

Years ago, Cross River State (CRS) of Nigeria had about 31 percent of the remaining threatened rainforests
of Nigeria. It also harbors the largest remnant of comparably unlogged tropical rainforests (Balogun, 1994). The
proportion of forests owned by CRS has since dwindled considerably. The present estimate is varied, according to
estimators and estimation methods.

Although the Cross River National Park (CRNP) with a forested land of about 4,000 sq km was established in
1994, the depletion of the rainforests, within and outside its delineated boundaries, through commercial logging,
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and other factors of deforestation have increased alarmingly. This precious vegetation, in the recent past, become
the commercial logging targets of multi-national logging and wood processing firms like Hanseatic Nigeria Ltd
(German), Kisari Investment Co. Ltd (Belgian) and most recently Wempco Agro-forestry Co. Ltd (Hong
Kong/Chinese). Parks (1992) has indicated that commercial logging poses serious threat to tropical forests and
account for a quarter of annual loss of primary (Undisturbed) rainforests around the world.

Sting and Dutilleux (1989) pointed out that almost one third of total forest trees are destroyed to make logging
access and log retrieval roads and tracts. Further, several damage to Tropical Rain Forests (TRFs) are caused by
the accidental damage , to unselected surrounding tress, during felling operations, due to the close canopy and
stand arrangement of TRF trees. More damage are inflicted during the dragging of logs on the forest grounds by
heavy machines and vehicles. Another factor is the large-scale wastage of wood, resulting from the clearance of
larger than required forest areas. The Worldwide Fund for Nature (1988) indicates that at times, less than 5 percent
of the cut or damaged trees are actually utilized.

One major way in which logging can impact rural household is in the consequences on NTFPs stocking rates,
which affects household income and forest resources availability for domestic uses. Laird (1999:51-60) pointed
out that timber and NTFPs are in several ways inter-related. Timber species often have very valuable non-timber
uses; however logging can reduce the availability of such flora species, which are locally or regionally consumed
NTFPs. Destructive logging operations have the potentials of causing direct damage, to species in residual stands,
as well as those , which constitutes the under-storey and ground cover of forests, many of which are very important
NTEFPs.

The paper thus, focuses mainly on the identification of the impact of logging on non-logged species in the
tropical rainforests of Ekukunela in Ikom Local Government Area (LGA) of Cross River State. Specifically, the
paper examined the possible impact of logging on the quantity and quality of unlogged stands of tree and NTFPs
species, in the selected Tropical Rain Forests (TRFs) within Ikom L.G.A.

2. Study Area

The study area for this study is the rainforests of Ekukunela community, located in 06.00° 27°°N and 08.33’

37”’ in Ikom LGA of Cross River State in Nigeria. Ikom L.G.A is bounded in the North-West by Ogoja LGA, in
the North-East , it shares boundry with Boki LGA, in the Eastern flank with Etung LGA, while the Southern
boundary is shared with Obubra LGA.
The physiographic characteristics of the particular rural community, selected for study are very similar to that of
the entire Ikom L.G.A. The soil is podzolic and lateritic. The dominant local soils include the forest soils, which
coincides with the high forest belt in Southern Nigeria. The soils are highly leached by rainfall, and very much
deficient in nutrients, resulting in poor acidic and deep soils, best protected by thick rainforest vegetations
(Asuquo, 1987).

The climate is the tropical humid type. This area experiences annual rainfall ranging between 2500-2750
millimeters. There are two district seasons, which include the rainy or wet season (May to October) and dry season
(November - April). The temperature ranges between 25°C — 27°C in January, while in July, it is relatively high.
Humidity in January is about 75-95 percent and becomes relatively dryer towards the end of the year (Asuquo,
1987). Such very high rainfall and high temperature, over most part of the year, usually result in very humid
evergreen vegetation, with very distinctive structure, complex ecosystem and remarkably high biodiversity (Park,
1992:1-12).  The vegetation is typically tropical rainforest, with unique combinations of plants and animals.
Based on studies by Dun et al (1994) Ikom LGA (which by then included the present Etung LGA) has a percentage
forest cover by type, made up of tropical forest (39 percent), swamp forest (0 percent) mangrove forest (0 percent),
other forest types (5 percent) and other land-use (56 percent).

The various sequences of tropical high forest are attained. The highest tree layers are about 24 metres high;
the middle tree layers and between 8 and 24 metres high: while the third layer of trees are about 5 to 11 metres
high. The shrub layer follows at about 4.5 metres above ground level. The ground level is usually dark due to little
availability of sunlight at such depth. Here mushrooms may thrive. The various types of hardwoods logged in these
tropical rainforests include the following species: Terminilia Ivorensis (Black Afara) Brachystegia toxisperma
(Mimusop), Nauclea diderrichii (Opepe), Milicia excelsa (Iroko), Pycnanthus anagolensis (Ilomba), Brachystegia
spp (Achi), Piptadoniastrum africanum (Small Leaf), Brachystegia spp (Achi), lophira alala (Iron Wood or Ekki),
Pterocapus osun (Red Camwood), Gossweilorodendron spp_(Agba), Guiarea thompsonii (Guarea), Cieba
pantandra (Silk Cotton).
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The TRFs in the study areas, are thus characterized by multiple species and varieties of vegetation. As such
several species of animals dwell in these humid forests. Some of these animals, such as the Guenon Monkeys
(Cercopithecus sclateri) are endemic to Nigeria, and especially the Cross River Rainforest area.

The rich biodiversity of TRFs means that selected tress are not concentrated in an area, but are scattered. Although
up to 2500 different species may be present, in a small area of TRF, only about 100 species may be logged.
However, even unselected trees are sometimes inevitably cut down.

3. Data Collection Method
This research employed the Participatory Rural Appraisal (PRA) method and Stock Inventory Method (SIM). The
latter involves direct field measurements, including delineation of sampling plots and species enumeration. The
participatory rural appraisal methods used include: Direct Observation, Transect Walks and Participatory
Transects, and Seasonality Calendar.
The stock inventory method (SIM) was used to collect data from the forests with different levels of logging
intensities, and from a primary forest in the study area. The measurements and data collection were carried out in
four sample plots of one-hectare (m?) each. The plots were located in an unlogged high forest, lightly logged high
forest, moderately logged high forests and intensively logged high forests, within the same area. The pre-stipulated
criteria for plots located included the present level and intensity of log extraction, extent of canopy gap opening
and extent of forest structure alteration, as well as a logging duration, which ranges between 1-2 years.
The stock data collected include the population of timber , NTFPs yielding trees and other NTFPs including
climbers and shrubs. Data were also collected on the appearance and conditions of the population of flora species .
The criteria adopted for the determination of species quantity and quality include such indicators as “Good”,
“Bruised”, “Broken”, and “Destroyed” (dead). The species indicated as “Good” are derived, after the number of
species encountered in sample plots classified as “Bruised”, “Broken” and “Destroyed” have been deducted from
the total population of species encountered in individual plots. The total population of plant species encountered,
in each one-hectare plot is the stocking rate for the plot.

The quantitative statistic techniques used in data analysis, include frequencies , percentages , statistical means and
Analysis of Variance (ANOVA).

4. Results and Discussion
Table 1 shows the percentages of each species found in the respective sample plots. The results of the statistical
mean test are presented in table 2, while the results of Analysis of Variance are presented in table 3.

Table 2 presents the statistical means of differences in the effects of logging on quality of NTFPs
species in three logged sample plots and species in an unlogged sample plots Table 2 shows that the unlogged
tropical rainforest has the highest statistical means of 3.33052, for enumerated species identified as “Good” and 59
.6 percent of plant species, also falling within the “Good” class. However, in the intensively logged tropical rain
forest plot, the mean value of “Good” species has fallen to 0.2316, while this classification accounts for only 4.2
percent of enumerated species in that sample plot.

For “Bruised” species , table 2 shows mean values of 0.3895 (the highest for the category) and 0.3474
respectively, in lightly logged and moderately logged rain forest plots. The lowest observation of bruised species is
in the unlogged TRF plot, with a statistical mean of 0.1474 and a mere 13.0 percent representation. This shows that
the level of damage, as represented by “Bruised” species is lowest in the unlogged forests. Surprisingly, this is also
low in the intensively logged TRF plots, which has a statistical means of 0.5452 and a percentage representation of
22.2 percent. Perhaps this is due, to the fact that human activities, accessibility and physical contacts, with plant
species by forest users, in intensively logged forests, are very high and more frequent. Thus, bruises most easily
transform to higher level of damage. As such less bruised species are encountered

The trends in tables 2, shows that there are relatively low level of damage and quality of enumerated species,
as far as reduction in the population of species encountered. This suggests that there is a considerable reduction in
quality and quantity of N.T.F.Ps and unlogged tree species with increase in logging intensity.

The results of the statistical means, as in table 2 , indicate that, there is a gradual reduction in the mean value, from
the quality indicator “Good” to “Destroy”. It is observed that the total mean value, for plant species graded
“Bruised” in the different plots has fallen to .2842. A further reduction in total mean value, is recorded for plant
species graded “Broken” with .2528. Comparatively the least total mean value, is obtained from the group of plant
species, found to be “Destroyed”, with .1474. It should be noted that, if the rapid fall in plants total population
(stocking rate), in each plot and under each logging intensity, are compared with the percentage or proportion,
which are bruised, broken and destroyed, it would be glaring, that there is a significant decrease, in the quality of
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encountered species, in the sample plots, with increase in logging intensity. Notably in table 2, the value for
“Good” plant species, diminished from a 3.3053 high mean value, in the unlogged TRF plot, to a .2316 low mean
value, in the intensively logged forest plot. This shows that the population of “Good” flora species, decreased
rapidly from unlogged TRF plot. There is a total reverse in the trend, since instead of decreasing from the unlogged
TREF plot, as earlier noticed, the means value for individual plots increased gradually, towards the intensively
logged TRF plot, from a value of .1471 to .2526. This shows that, the populations of bruised fauna species,
increases as logging intensity increases.

Table 2, further reveal that the quantity of plants classified as “Broken”, is lowest in the unlogged plot
(.1684). However, the highest mean value is observed in the lightly logged plot (.3895). The moderately logged
plot, has the second highest value with .3474. But the value of .2526 for the intensively logged plot, is still
considerably higher than what was observed for the unlogged plot. This shows us that the quality of plant species
decreases with increases in logging intensity, however with a peak in level of damage in the lightly and moderately
logged plots. Similarly, although the lowest population of “broken” plants was recorded in the unlogged plot
(.1684), a peak of .3368 is observed in the lightly logged forest. These may be because, although the level of
canopy gaps and quantity of extracted tress may qualify this plot to be classified as lightly logged, logging
operations such as tree felling and skidding may have caused higher damage to unlogged tree stands, and other
plant populations in the forest environment.

In the same vein, although there is a trend of increasing damage from the unlogged plot to the logged plots, the
highest mean value is also observed in the lightly logged plot. The reason for this may be due to the assumptions
made in the two previous sub tables.

The percentage of total sum, which gives a per-proportion value of the total enumerated plant species (stocking
population) throws more light on this statistical analysis result. The table generally shows a decrease from
unlogged plot (59.6 percent) to the lowest value of 4.2 percent, a trend, which is a replica of the observations from
the individual quality means.

Table 3, presents the results of the analysis of variance (ANOVA) highlighting statistical differences in the
distribution of plant species in sample plots, with different logging intensities, based on data collected from the
stock survey in Ekukunela forest area.

We observe that in table 3 (A) the F-value for the group of encountered plants classified as “Good” in all the four
plots is very high at 16.4100, while the p-value is .000. Since the p-value is lower than 0.05 this relationship is
considered highly significant. Thus it could be concluded for this group, that there is a significantly difference in
the quality of NTFP distribution in the four plots. As such logging intensity seems to affect NTFPs quality.

In table 3 (B) the F-value for the “’Bruised” group is 3.542 , while the p-value is 0.17. This shows a high
significant difference in the quality of NTFP’s distribution, among the four plots, with different logging intensities,
since the p-value is relatively low, while the F-value is high. This could be interpreted to mean that logging
intensity significantly affects the distribution and quality of NTFPs in the sample plots.

Table 3 (C) shows that the F-value for the group of encountered plant species classed, as “Broken” is 1.709, while
the p-value is .165. The difference in the quality and distribution of NTFP species in the four plots, with different
logging intensities ,is thus not too significant, although there is a weak relationship. The relationship in table 3 (D),
is high (.727), while the p-value is .547. There is no considerable difference in these values, as indicated in three
previous groups.

However, the general trend is that there exist considerable differences in the distribution and quality of NTFPs in
the four plots with different logging intensities. That is there is a statistically significant relationship between
logging intensity and the quantity, as well as quality of non-logged forest species in the study area .

Detailed information on the distribution, with respect to quality and quantity (in percentages) of individual species,
can be found in table 3. This shows increasing levels of biodiversity depletion, as logging intensity increases in the
sample plots.

5. Conclusion

Generally, the entire research focused on the impingement of logging intensities on non-logged species in selected
forest areas within Ekukunela , in Tkom Local Government Area of Cross River state . The stock survey methods
were used to collect relevant qualitative and quantitative data.

The aim was to examine relationship between logging intensities and qualities and qualities of non-logging fauna
species in sample plots.

The study shows that increasing logging intensity, significantly reduce the population and qualities, of unlogged
NTFPs and tree species.
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6. Recommendations

Based on the findings of this research, the following recommendations have been proffered for implementation:-
Efforts should be made by the necessary institutions, to encourage participatory forest management strategies,

merging the ideas and priorities of government, non-governmental organizations, foreign donors, forest

communities and other stakeholders.

Forest communities should be allowed to retain a major portion of the revenues and royalties from forest

exploitation, to encourage forest communities’ roles as custodians of the forest.

Training courses on appropriate methods of timber harvesting and conveyance out of forest sites should be taught

to loggers.

Logging instructions and guidelines should be recommend, while cultural and silvicultural operations, which

promote considerable regeneration of log yielding trees and NTFPs species should be encouraged.

Tree markings should be carried out to identify matured and removable trees and direction of tree felling, in order

to limit destructions to residual stands. The harvesting of only matured trees should be enforced.
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Table 1: Percentages highlighting differences in the distribution of plant species in sampled rainforest areawith different logging

intensities
Tl Toxest (70) Tightty Loggel Torest plots (Vo) Woderatdy Loggel forest plots (7o) Severey loggel foretplots Total fox all Evxestplots

u 0) 0)
E k- K k- K 3 K 3 K k- 3
7|} AT AR T T RN AN AT I A
= & 3 a 3 = 3 = 3 ] 3 -]
1 Afrela africana 10000 | 000 000 | 000 3000 | 000 3000 (000 | 0md 0000 [ 000 | 000 | 000 | 000 [ [ 3000 | 2500 | 2500 | 000 |
z Alfisia prgia 10000 | 000 000 | 000 10000 | 000 | 000 000 | s000 | 000 3000 | 000 | 000 | 10000 | 000 [ 7143 | 1429 | 1429 | 000
3 Aldumea confiflora 10000 | 000 00 | 000 0000 | 000 | om0 000 | 10000 | 0n0 o0 | 000 | 000 | 10000 | 000 [ §333 | l6A7 | 000 | 000 |
1 “Alhoria boomai 000 | 000 3000 | 000 o0 | 000 | oo 000 | 10000 | 000 o0 | 000 | opg | omo [J] [ [ o0 | =335 | 000 |
z Alstordan congensis X 000 | 000 | 10000 | o000 | 000 X non | 000 | o0 (X o0 | oon | 060 aon | ooo ] [T X E
[] Axtho desta vogdi 10000 | 000 000 | 000 [0 G000 [ s000 | 000 | 00d 000 | 5000 | 000 | 000 | 10000 | 000 [ 3750 | 3750 | 2500 | 000 |
T Baillondh todspema 10000 | 000 000 | 000 0a0 | 000 | oo 000 | 000 000 000 | 000 | 000 | 040 [i1] 000 10000 | 000 | 000 (i)
] Barglaatitiada 10000 | 000 | 000 | 000 4000 | 2000 | 2000 | 2500 | 10000 | 000 a00 | 000 | 000 | S000 | s000 | 000 7222 | 111 | ILIL | 556
9 Barteda fistalisa 10000 | 000 | 000 | 000 2500 | 2500 | 2500 | 2500 | 000 | 000 3000 | S000 | 000 | 10000 | 000 | 000 3167 | 2500 | 1667 | 1647
10 Bhigtia sagpida 10000 | 000 0o | 000 000 | 000 000 | 000 | 6667 | 3353 | 000 | 000 | 000 | 000 | 10000 | 000 T27F | 909 | 1&g | oon |
11 Bombaxbunopozase 000 0000 | 000 | 000 aon | 000 | oo0 000 | 10000 | 000 aon | 000 | 000 000 [0 000 3000 | 500 | 0D0 | ooo |
17 | Bradystegia expooma G667 | 000 | 3333 | 000 G667 | 000 3333 | 000 | 000 0000 | 000 o0 | oon | 060 aon | ooo 3714 | 1420 | 2857 | 040
13 Cananim sdhweirdurifal 10000 | 000 000 | 000 a0 | 000 | 000 o0 | 000 0000 [ 000 | 000 | 000 | 000 [ [ 000 | S000 | o000 | 000 |
14 | Calapatanira 10000 | 000 | 000 | 000 3333 | 3533 | 3333 | 000 | 10000 | 000 ao0 | oo | oo0 | 000 ama | 000 7147 | 1420 | 1429 | 000
13 Chew cola 3000 | 2300 | 000 | 2300 | L0000 [ 000 | 000 000 | 5000 | 000 | 000 | 000 | 000 | 000 | 10000 | 000 3344 | 2237 | 2232 | 1111
16 | Clayscpiydhon alladnmm, 10000 | 000 | 000 | 000 G6ET | 333 LX) 000 | 2500 | 5000 | 000 2500 | 5000 | 5000 | 000 | 000 3333 | 3333 | 040 333
17 Cela aaninats 10000 | 000 o0 | 000 10000 | 000 | 000 000 | S000 | 000 | 000 | 000 | 0no | om0 10000 | 000 7143 | 1420 | 429 | 000
18 | Colaargedea 0000 | 000 | 000 | 000 (X o0 X 000 | W0000 | 000 (X 000 | 000 | S000 | s000 | oo0 G000 | 2000 | 2000 | 000
13 | Colagigadean 0000 | 000 | 000 | o000 3000 | 000 X OO0 | 000 | 000 | 5000 | 000 | 3000 | S000 | 040 | 000 3536 | 3355 | ILIL | o4
0| Colalgideta 000 | s000 | 000 | 000 000 | S000 | S000 | 000 | 0000 | 000 ao0 | oo | oo0 | 000 0000 | 000 G250 | 1250 | 2500 | 000
| Colamhda 5000 | s000 | 000 | 000 a00 | 000 | 000 000 | 5000 | 000 G000 | 000 | 000 | 3335 | 3333 | 3338 | 3333 | 3333 | 2222 | 1111
[ Colapadycaypa 00 [i1] 000 | 000 000 | 000 | 10000 | 000 | 10000 | 000 000 | 000 | 000 | 040 [i1] 000 3000 | 000 5000 | 000 |
7F | Colaelilis G667 | 3333 | 000 | 000 a00 | o0 | o000 | 0p0 | 0000 | oao a00 | 000 | 000 | S000 | 000 | S000 | s000 | 2500 | 1240 | laso
74 | Cyficodisous gabumensis 0000 | 000 | 000 | 000 0000 | 000 X 000 | s000 | 000 5000 | 000 | ooo | 000 oo | 000 7500 | 000 2500 | 000
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75 | Dacwyle elulis FEO0 | 2300 | 000 | 000 [ G667 | 040 3333 | L0000 | 000 X 000 | 000 | 000 | oog ] 060 000 | 323% | 83% | 838
76 Detaardmn Ao aTpiumn. 000 | 000 000 | 000 [} 10000 | 000 | OA0 | 000 | 000 | 5000 | 5000 | 000 | 3000 | 5000 | S000 | 1820 | 2857 | 2857 | 2857
il Thlomn guinese 000 | 000 000 | 5000 | 000 3000 | 5000 | 000 | 000 AT EES] IT3I3 | 000 | 000 | 000 | Iooon | 1111 | 2223 | 2322 | 4444
75 Thosoynos dassitira 00 [} a0 | 000 [} 000 | 000 | 000 | 000 | 10000 | 10000 | 000 | 000 | 000 | 000 | 10000 | 000 5000 | 000 5000
19 Thospyros piscaboial () [ a0 | oo0 [ () 10000 [ 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 080 | 000 | 040 10000 | 000
3| Dracaena aherea o000 | 000 aon | 000 000 | s000 | 060 oon | 000 0000 | 000 o0 | oo | 060 [ GO0 | 4000 | o0 | 000
31 | Dopde faibhmda 3333 | 3335 | 3333 | 000 [ o000 | 000 Ton | 000 [T 0000 | 000 | 5532 | 3333 | 1647 | 1667 | 2000 | 4000 | 4000 | 040
37 Haesis guimeansis G364 | 000 I7IT | 909 TEO0 | 000 2500 | 000 | 8571 | 1429 | 000 | 000 | 000 | 000 | 000 | 000 6420 | 071 | 1788 | 718
33 | Enardia chlerardha 0000 | 000 oo | 000 [0 OO0 | 000 | 000 | L0000 | 000 | 000 | 000 | 000 | on0 | 000 | 000 0000 [ 000 | 000 | 000 |
34 | Erftwopllenn suavedens 00 [} a0 | 000 10000 [ 000 | 000 | 000 | 000 | 000 | 000 | 000 10000 | 000 | 000 | 000 10000 [ 000 | 000 [ 000 |
35 Tious spp 10000 | 000 a0 | 000 10000 | 000 | 000 | 000 | 10000 | 000 | OO0 | 000 | 000 | 000 3000 | 5000 | 10000 | 000 | 000 | 000 |
3¢ | Fodmnia dastic F333 | 000 00 | 1647 | 3000 | 2300 | 000 2500 | 000 000 | J000 | 040 | 000 | 000 EDT TN YT OO0 | 1429 | 1829 | 2143
i Gardria mansd 10000 | 000 oo | 000 7500 | 000 2300 | 000 | 10000 | 5000 | s0G0 | 000 | ooo | 000 I0n0 | onn G667 | 633 2500 | 000 |
3% | Garamalkda 0000 | 000 aon | 000 [ (X [T Ton | 000 [T X o0 | oon | 060 [T 0000 | 000 oon | ooo
3 Ganelina arhores [0 [0 oo | 000 G000 [ S000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 00 | 000 OO0 [ s000 | 000 [ 000 |
(1] Tdodendron gakumemse 10000 | 000 a0 | 000 10000 | 000 | 000 | 000 | 5000 | 10000 | 000 | 000 | 5000 | 000 | 000 | 000 2750 | 1250 | 000 00
41 Trumgia gahonensis 10000 | 000 a0 | 000 G667 | 5335 | 000 000 | 000 | 5000 | 000 | 000 | 000 | 000 3000 | 000 6667 | 2223 | 1111 | 000
47 | Hallea dliate 0000 | 000 oo | 000 [0 [0 0000 [ 000 | 000 | 000 | 000 | 000 | 000 | 0p0 | 000 | 000 000 [ om 000 [ om
3 Lophira darta 10000 | 000 a0 | oo0 [ 0a0 | 000 | 000 | 000 | 000 | 000 | 000 | 00® | 000 | 0400 | 000 10000 [ 00 | 000 [ oo |
i1 | Lowainddhicdes o0 | 10000 | 0o0 | 000 a00 a00 | 000 | 000 | a0 | 090 | 000 | 0G0 | 10000 | oo | o0ba | 000 | obg | 10000 | opa | 000 |
45 | Mamanea Africana 0000 | 000 aon | 000 [ (X [T Ton | 000 [T X o0 | oon | 060 [T 0000 | 000 oon | ooo
46 | Massulora acmimate 0000 | 000 oo | 000 0000 [ 000 | 000 | 000 | 000 | 5000 | s000 | 000 | 000 | 000 | 000 | 10000 | e66A7 | I1IT | 1111 | I11L
47 | lhdaeudsa 0000 | 000 oo | 000 SO00 [ 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 00 | 000 F00 [ 2500 | 000 [ 000 |
[ Torker cola 00 [} a0 | 000 10000 | 000 | 000 | 000 | 000 | 000 | OO0 | 000 | 000 | 000 | 000 | 000 10000 [ 000 | 000 [ 000 |
[ Tenodora hreudyes 10000 | 000 a0 | 000 10000 | 000 | 000 | 000 | 10000 | 000 | OO0 | 000 | 000 | 000 10000 | 000 3335 | 000 1667 | 000
] Tenedorazymistica 10000 | 000 a0 | oo0 0000 [ 000 | 000 | 000 | 10000 | 000 | 000 | 060 10000 [ 000 | 000 | 000 10000 [ 000 | 000 | 000
71 | Memndabiala [T a00 oo | 000 a00 Q00 | 000 | 000 | 5000 | 000 | OO0 | 0G0 | 0o@ | oo | oog | on0 G667 | 2235 | 000 | 000
5T | Musanga cemopiodes 0000 | 000 aon | 000 [ 3000 | 000 | ono | oo [T X o0 | oon | 060 0000 | 000 000 | 2000 | 6on0 | 000
73 | Naoile Slaxidm 01000 | 0700 oo | 000 0000 [ 000 | 000 | 000 | L0000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 0000 [ 0a0 | 000 | 000
54 | NevboulBalamis 000 | 000 5000 [ 000 [0 [0 0000 [ 000 | 000 | 10000 | 000 | 000 | 000 | 0p0 | 000 | 000 2500 [ 2500 | 5000 | 000
55 Omphalocaryus dabm 000 | 10000 | 000 | 000 3000 | 000 3000 | 000 | oon | 000 [ OO0 | 000 | 000 | 000 10000 | 000 (i) 2500 | 5000 | 2500
56 | Fandadlersa 0000 | 000 oo | 000 000 [ 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | s000 | S000 | 000 000 [ 2500 | 1250 | 1z30
&7 | Fadaabicelar 0000 | 000 [T T 0000 [ 000 | 000 | OO0 | 000 | 000 | 000 | 000 | 000 | 000 | 0n0 | 000 0000 [ 000 | 0O0 | o0 |
T% | Yedaddira macoplylla 0000 | 000 aon | 000 [ o0 | 000 | 000 | L0000 | 000 | OO0 | 060 | 0DO | 000 | 00O | 000 10000 | 000 | 000 | 000 |
53 | Bptaledastoon Afdcammn | 10000 | 000 aoo | ooo [T 0000 | Op0 | o0 | 000 o0 | o0 [T [ [ [T G667 | 3333 | 000 [
[1] Toga dleosa 10000 | 000 | 000 | 000 000 | 000 | 10000 | 000 | 000 000 00 0on | o000 [} [} [} 6667 | 000 3533 | 000
[33 Flerocaryus rabraeti 000 | 000 3000 | 000 000 | 000 | 10000 | 000 | 000 (0] o0 o0 | 000 [T [T [0 3333 | 000 G667 | 000
[7] Ferocarpus osum 10000 | 000 | 000 | 000 0o0 | 000 | 000 | 000 | 000 000 00 0on | o000 [} [} 000 | 10000 | 000 | 000 [}
63 Flerocarpus soyaanii [} (] o0 | 000 10000 [ 000 | 000 | 000 | 000 000 00 0on | o000 [} [} 000 | 10000 | 000 | 000 [}
€4 | Fierygola macocarpa 3000 | 000 000 | S000 | 10000 | 000 | 000 | 000 | 000 000 000 o0 | 000 [ [ [0 6687 | OO0 | 000 | 3533 |
68 | Byaanftus angoensis G000 | 000 000 | 000 000 [ 000 | 000 | 0n0 | 000 10000 | 000 [T T [0 [0 [ G667 | 1667 | 1667 | 000
[ Raphia Africana [} (] o0 | 000 10000 [ 000 | 000 | 000 | 000 000 00 0on | o000 [} [} 000 | 10000 | 000 | 000 [}
€7 | Raplaahooted 10000 | 000 | 000 | 000 000 | 4000 | 2000 | 2000 | 5000 | S000 | 000 o0 | 000 [ [ [0 3455 | 2727 | 909 [
[] Raglaavradera 10000 | 000 | 000 | 000 000 | 000 | 10000 | 000 | 000 000 00 0on | o000 [} [} [} 7500 | 000 3500 | 000
[ 69 | Madnedendrenherddoii | 10000 | 000 | 000 | 000 000 | 000 | 000 | 000 | 3000 | 5000 | 000 [T T 10000 | 000 000 [ 6000 | #4000 | 000 [0
0| Spondias moanbin 10000 | 000 | 000 | 000 000 | 000 | 000 | 000 | 000 000 000 o0 | 000 [ [ 000 | 10000 | 000 | 000 [
T | Strandfia shpitats G000 | 000 000 | 000 G000 | S000 | 000 | 0n0 | 000 [0 [0 [T T [0 [0 [ 714% | 1429 | 1429 | 000
72 | Temunaliafwrensis [0 000 [ 000 | 10000 | 10000 | 000 | opg | 000 | 000 [0 [0 [T T [0 [0 [ G667 | 000 [0 3333
T3 | Teraplemasupeaba 10000 | 000 | 000 | 000 10000 | 000 | 000 | 000 | 000 000 000 o0 | 000 [ [ 000 | 10000 | 000 | 000 [
74 | Terglematerapters [0 [0 [T 000 | 10000 | 000 | 000 | 000 [0 [0 000 | 10000 | 000 [0 [ 000 | 5000 | 000 [0
78 | Treciia Aficma 0000 | 000 | 000 | 000 0000 | 000 | 000 | 000 | 10000 | 000 | 000 [T T [0 [0 000 | 10000 | 000 | 000 [0
T6 | Usapatatogoensis 10000 | 000 | 000 | 000 10000 | 000 | 000 | 000 | 10000 | 000 | 000 o0 | 000 [ [ 000 | 10000 | 000 | 000 [
ki Ylopia aelfdopica 10000 | 000 | 000 | 000 0o0 | 000 | 000 | 000 | 000 000 00 0on | o000 [} [} 000 | 10000 | 000 | 000 [}
i3 Yylopia quindassi 10000 | 000 | 000 | 000 3000 | 5000 | 000 | 000 | 000 000 10000 | 000 | 000 [} [} [} 6000 | 2000 | 2000 | 000
T3 | Nylopianibesians G667 | 000 333z | 00 0000 | 000 | 000 | om0 | on0 000 | s000 | 0o0 | 100no | ooo a00 00 6250 | 1250 | 2500 | 000
90 | Tanlhowhm sodhowdeides | 000 [0 [T 0000 | 000 | 000 | 000 | 000 10000 | 000 [T T [0 [0 [ 000 | s000 | 000 [0
f1 | Erawsplaffamageaga 3667 | 144 N 9000 | 000 476 | 476 | s000 | 10000 | 3000 | 1000 | 2500 | 3750 | 2500 | 1250 | 7738 | FI3 | 952 555
2 o AfTicana F730 | 000 1250 | 000 00 000 | 000 | 2000 | 0000 | 0o | 000 000 | 10000 | 000 a00 00 6364 | 1515 | 1515 | 606
€2 | Gongronemalafddlm 0000 | 000 | ao0 | 000 5000 | oon 000 | opo | 000 | 000 0000 | 000 | 040 (L] (L] [T 5000 | 000 | sonm | 000
%4 | Lactospama secnbplira 7% | 536 aoo | 000 G429 | 1429 | 714 1427 | 6250 | 1250 | 2500 | 000 | 000 2500 | 2500 | s000 | 7813 | 938 | 624 [FH
¥5 | MWomerdica augushsqpala 10000 | 000 | 000 | 000 3000 | S000 | 000 | 000 | 3000 | 000 3000 | 000 | 000 3000 | 000 [0 Gim4 | 1818 | 900 09
96 | Afrerommm barkmd 0000 | 000 | 000 | 000 2500 | 2500 | 2500 | 2500 | 2500 | 000 500 | S000 | 000 [0 G000 [ 5000 | 5294 | GEE 1765 | 2553
7 | Afcomonmmdeguda 3000 | 060 2000 | 000 5000 | 000 | OD0 | 5000 | 6667 | 3333 | 000 a0 | o000 (L] (L] [T 7000 | 1000 | 000 | 1000
] Capolohia bfex o000 | 000 | ooo | o000 G667 | 3333 | OO0 | 00 | 5000 | 000 000 | 000 | 000 a00 Tonan | 000 7692 | 769 1538 | om
[ Costus afer FH00 | 000 000 | 2500 | 10000 | 000 | 000 | 000 | 5000 | 5000 | 000 [T T 000 | 0o0 G000 [ 6000 | 2000 | 000 2000
90 | Hemsiaainafa 0000 | 000 | 000 | 000 2300 | 2500 | 2500 | 2300 | 5000 | 5000 | 000 [T T [0 [0 [ 3556 | 2223 | 1111 | ILIT
91 | Faskarfhera afxicardmm 0000 | 000 ooo | 000 G000 | 1333 | 1333 | 1333 | 4286 | 1420 | 1420 | 2657 | 2000 | 2000 | 2000 | 4000 | 6857 | 870 | 640 FEYT)
97 | Warardateae 0000 | 000 | ao0 | 000 (L] 00 | 000 | s000 | 5000 | 000 | 000 5000 | 10000 | 000 (L] [T {13 1111 | 000 732
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Table 2: Statistical means of differences in the effect of logging intensity on quality of
non-timber forest product stands.

Forest type logging intensity Quality Mean | N | Std deviation | % of total sum | % of total N
Unlogged tropical rain forest Good 3.3053 | 92 5.8420 59.6% 25.0%
Total 3.3053 | 92 5.8420 59.6% 25.0%
Light logged tropical rain forest Good 1.2316 | 92 2.3855 22.2% 25.0%
Total 1.2316 | 92 2.3855 22.2% 25.0%
Moderately logged tropical rain forest Good 0.7789 | 92 1.2731 14.0% 25.0%
A Total 0.7789 | 92 1.2731 14.0% 25.0%
Intensively logged tropical rain forest Good 0.2316 | 92 0.5545 4.2% 25.0%
Total 0.2316 | 92 0.5545 4.2% 25.0%
Total 1.3868 | 368 3.4220 100.0% 100.0%
1.3868 | 368 3.4220 100.0% 100.0%
Forest type logging intensity Quality Mean N | Std deviation | % of total sum | % of total N
Unlogged tropical rain forest Bruised | 0.1474 | 92 0.4368 13.0% 25.0%
Total 0.1474 | 92 0.4368 13.0% 25.0%
Light logged tropical rain forest Bruised | 0.3895 | 92 0.7336 34.3% 25.0%
Total 0.3895 | 92 0.7336 34.3% 25.0%
Moderately logged tropical rain forest | Bruised | 0.3474 | 92 0.5004 30.6% 25.0%
B Total 0.3474 | 92 0.5004 30.6% 25.0%
Intensively logged tropical rain forest | Bruised | 0.2526 | 92 0.5452 22.2% 25.0%
Total 0.2526 | 92 0.5452 22.2% 25.0%
Total 0.2842 | 368 0.5704 100.0% 100.0%
0.2842 | 368 0.5704 100.0% 100.0%
Forest type logging intensity Quality Mean | N | Std deviation | % of total sum | % of total N
Unlogged tropical rain forest Broken | 0.1684 | 92 0.4979 59.6% 25.0%
Total 0.1684 | 92 0.4979 59.6% 25.0%
Light logged tropical rain forest Broken | 0.3368 | 92 0.5576 22.2% 25.0%
Total 0.3368 | 92 0.5576 22.2% 25.0%
Moderately logged tropical rain forest | Broken 0.2632 | 92 0.5302 14.0% 25.0%
C Total 0.2632 | 92 0.5302 14.0% 25.0%
Intensively logged tropical rain forest Broken 0.2421 | 92 0.4775 4.2% 25.0%
Total 0.2421 | 92 0.4775 4.2% 25.0%
Total 0.2526 | 368 0.5181 100.0% 100.0%
0.2526 | 368 0.5181 100.0% 100.0%
Forest type logging intensity Quality Mean N | Std deviation | % of total sum | % of total N
Unlogged tropical rain Destroyed | 0.1158 | 92 0.3532 19.6% 25.0%
Total 0.1158 | 92 0.3532 19.6% 25.0%
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Light logged tropical rain forest Destroyed | 0.1789 | 92 0.4608 30.4% 25.0%
Total 0.1789 | 92 0.4608 30.4% 25.0%
Moderately logged tropical rain forest | Destroyed | 0.1158 | 92 0.3821 19.6% 25.0%
D Total 0.1158 | 92 0.3821 19.6% 25.0%
Intensively logged tropical rain forest | Destroyed | 0.1789 | 92 0.4608 30.4% 25.0%
Total 0.1789 | 92 0.4608 30.4% 25.0%
Total 0.1474 | 368 0.4165 100.0% 100.0%
0.1474 | 368 0.4165 100.0% 100.0%

Table 3: Analysis of variance highlighting statistical differences in the effects of logging on quality of non-timber forest

product stands.

Good Sum of Df Means F Sig.
squares square
A | Qty* Forest Between Groups 513.818 3 171.273 16.410 | .000
Type (combined) 3924.316 376 10.437
Logging Within Groups
Intensity
Total 4438.134 379
Good Sum of df Means F Sig.
squares square
B | Qty* Forest Between Groups 3.305 3 1.102 3452 | .017
Type (combined) 120.000 376 319
Logging Within Groups
Intensity
Total 123.305 379
Good Sum of df Means F Sig.
squares square
C | Qty* Forest Between Groups 1.368 3 456 1.709 | .165
Type (combined) 100.379 376 267
Logging Within Groups
Intensity
Total 101.747 379
Good Sum of df Means F Sig.
squares square
D | Qty* Forest Between Groups 379 3 126 127 .537
Type (combined) 65.368 376 174
Logging Within Groups
Intensity
Total 65.747 379
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