Chapter 4

The effects of logging on forest vegetation-

Introduction.

Selective logging typically resultsinthe destruction of about 50%o0f trees
present before logging (e.g., Ewel &Conde, 1976; Johns 1983, 1989; Whitmore,
1984),but this varies greatly with the stocking density of commercially viable
timber species, which is dependent upon the botanical composition of the forest,
prevailing economic conditions andthe methods of exploitation.

The rain forests of Central Africa cover about 1.7 million km2 (FAO, 1981).
These forests are diverse, but few detailed botanical studies have been undertaken
intheregion (Reitsma, 1988). Commercial timber extraction is underway in
much of this area, but no detailed studies have been undertaken to investigate how
logging is affectingforest structure and composition, although exploitationis
generally thought to be at low intensity (Doumenge, 1950 ; Dowsett-Lemaire,
1941 ; Gartlan, 1589; Wilks, 1990).

This chapter describes in detail damage caused by logging to vegetationin

Site 3.

Methods.

The area in which Site 3 was located was logged between November 1989
and April 1990. Only 2.5 km of the transect (see Chapter 2) was logged, from
1900-4400m (the remaining area contained steep terrain where logging was not
financially viable, but may be exploited at some time in the future), so this
chapterdeals with the logged section only (i.e., samples of 1.25and 12.5 ha of
trees >10and >70 cm dbh respectively). After logging activities had finished all
labelled individuals inthe >10 cm and >70cm dbh botanical samples (see Chapter
2) were checked for signs of damage, and canopy cover measurements were
repeated. Where trees had been destroyed the cause was recorded (e.g., cut for

extraction, road construction). In addition, the proportion of the transect covered
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by majorroads (lorry roads), secondary haul roads (along which cut lugs were
hauled to loading areas located along majorroads), skidder trails (leading from the
cut tree to secondary haul roads) and fallen canopies was recorded.

The Kolmogorov-Smirnov one-sample non-parametric statistical test
(Siegel & Castellan, 1988)was used to test for differences between observed and

expected frequency of trees lost to logging.

Results.

Sample of trees >70CM dbh

Inthe 12.5 ha sample of trees >70cm dbh there were 202 trees of 51
species and at least 19 taxonomic families. Table 4.1 gives the "top 15" species
interms of basal area, and Table 4.2 lists the ""top 10" families. There was little
change from data presented in Chapter 2 for the whole length of the transect (see
Tables 2.5 & 2.6), except the prominence of Cylicodiscus gabonensisdue to the
presence of two large individuals in this partof the transect, and the replacement
of Papilionaceae as tenth most important family by Meliaceae. Table 4.3 shows
botanical data for the transect and gives changes that occurred during logging.

During logging 33 trees died and one died later, as aresult of damage
sustained, making a total of 34 (16.8%)and atotal loss in basal area of 150.7 mZ
(20.1%). A total of 23 trees were cut, 25 of which were extracted, giving an
extraction rate of two trees per hectare (Plate 4.1). Aucoumea Klaineana
accounted for 64%of trees felled. Three species, Baillonella toxisperma, Celtis
tessmannii and Entandophragma utile were no longer present after logging but
diversity, as measured by Shannon's and Simpson's indices rose from 3.14to0
3.23 and 0.083to 0.062 respectively. Table 4.4 summarises the changes due to
logging.

There was no difference between the number of individuals killed in each
girth class and the expected values, but there was a significant difference between
the observed and expected numbers of each species killed (N=51, D=0.27, P<0.0 1)

due to selection for Aucoumea klaineana
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The stump of an Aeea Aisinssns tree cut on the transe rf = nuh—* thw r.umbmpd
aluminium tag, which facilitated reh:t]e dentification of trees after logging.

A Balllonella tomsperma (Moabl) tree that has been dragged out to aroad. Fruit of this
species are animportant food for many animal species, including humans
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Tahle 4.1: “Top 15" species 70 cm _dbh {in terms of basal area).

Species Family Basal Mo.
Area' Stems
Awcmanas SI8ITRETE BURSERACEAE 43.8 49
Decirases buattnary BURSERACEAE 13.6 22
ATEInaonsE JELGTansis IRWINGIACEAE 9.9 12
SCROROCERAETINT BCHGCGS MYRISTICACEAE 7.5 12
DESHrTasts gisieascens IRVINGIACEAE 5.9 B
FUeRsAtAts S1aeiansis MYRISTICACEAE 2.9 6
HErEnlhes grahes CHRYSOBALANACEAE 3.8 6
FeniBeiating mscromiiie MIMOSACEAE 3.7 6
Sirambiesiansis sp. fnoy OLACACEAE 3.6 5
EYFICaFistns Gotanansis MIMOSACEAE 3.6 2
FrTsmsaaintys avati? VOCHYSIACEAE 3.4 G
Aistnasans rilesii IRVINGIACEAE 3.1 5
Frlisgansia Giscanhons MIMDSACEAE 2.9 3
S ST S FENGIENSIS MYRISTICACEAE 2.7 2
Lol s 8otiiis DLACACEAE 2.6 bul

'-m2in 12.5 ha sample.

Tahle 4.2 “Top 10” families >70 cm_dbh {in terms of basal area).

Family Basal Area’
BURSERACEAE 60.2
IRVINGIACEAE 10.4
MYRISTICACEAE 16.2
CAESALPINIACEAE 13.3
MIMOSACEAE 11.3
OLACACEAE 7.2
CHRYSOBALAMACEAE 2.9
VOCHYSIACEAE 3.4
SAFOTACEAE 2.9
MELIACEAE 2.4

- m2in 12.5 ha sample.
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Table 4.3: Botanical data for plants >70 cm dbh.

Family/ Scientific name Before Logging After logging
EBasal Area Mo Easal Area Mo
{cm?) {cm?)

ANACARDIACEAE

FaeiigaamaTaiss iy aos ins 5027 1 2027 1
ANNONACEAE

Haxaials crispiiiarus g9503 1 a503 i
BOMBACACEAE

Khagagaranssiog sp. LITW 1868 3999 1 3959 1
BURSERALCEAE

AEOWTIES ATEINEEE 438612 49 251320 31

EEREITETT SCAWETTT i THAFF 20453 2 20453 2

Deciyagas hinal tnary 136497 22 102175 15

DECIYGIEs 10838008 6362 1 6362 1
CAESALPINIACEAE

AT eSS FErTUGIIENUS 7854 1 7854 ]

e gling Aisinal 4418 1 4418 1

LA EFTLHTT JECIHR Ty 18242 2 19242 2

e sp. Ynoy 109346 1 10936 1

Gifhertiodanarar sp. LUTW 336 4418 1 4413 1

ST 1B TESSITERIF 17357 2 7854 1

A odenara GEiinense 7088 1 7088 1

Humanesiagis SRiginer 6639 1 8659 1

Forabariimeg Hifaiioist s 20336 3 20336 3

Singaransis ia-iestid 3059 1 38959 1

SWEVTIE IS aigas 24449 3 39359 1

LJTw 396 4418 1 4418 1
CHRYSDBALANACEAE

Maranties giates 38847 6 38847 B
EUPHORBIACEAE

EXRianagineg argentes 16332 2 16332 2

Flagiosiyias 8IriCans 2848 1 3848 1
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Tahle 4.3: Botanical data for plants 70 cm dbh / continued.

Family/ Scientific name Before Logging After logging
Basal Area Mo Basal Area No
{cm? {cm?)

IRVINGIACEAE

LESHoraasiE GISGCes06Rs 294435 8 29448 &

AV E ol 7698 1 7698 1

KTBInaqays Goransnsis 06E02 12 06602 12
MELIACEAE

® EHTSRoanegms uiile 16513 1 0 0

fiusres sp. LUTW 108 3848 1 3848 1

Laves Lrichifioiass Harms 4072 1 4072 1
MIMOSACEAE

ELFACOGESENS GOGTENSTIE 36041 Z 36041 2

Fiifseansis discambhars 29009 5 22737 4

FErkrg iealor 10547 2 10547 2

Fanlsciatins mecroniiiis 37445 ] 37445 6
MYRISTICACEAE

EOR7GEEIITT (FEUSS T bib2 1 6362 1

FUEnERtS STeolensis 24531 6 54531 6

SCUIOCESE T FNTT GCA0CHE 74995 12 69969 11

SESATEIE GEIONENSIS 26543 3 t7g14 3
MYRT ACEAE

STy i spo LITW 31 45356 1 4536 1
OCHNACEAE

Lanfaire 5588 a1t 1 9151 1
OLACACEAE

Lnie aadtilis 262086 5 26206 5

fingokas gore 9161 1 9161 1

Slrommbasiansis sp. nov 30391 5 36391 al

PAPILIONACEAE

]

FREFREETHIS SO EUNTT 13077 Gea9 1
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Table 4.3: Botanical data for plants >70 cm dbh / continued.

Family/ Scientific name

Before Logging

After logging

Basal Aresa Mo Basal Area Mo
{cm? (cm?)
RHIZOPHORACEAE
Fogs aienss 21794 2 21794 2
SAPOTACEAE
* FEIanaiiE iahFsnarins 80332 1 4] 0
GEmAgLE SETCERE 13077 2 13077 2
GEMNEHE LTS 4072 1 4072 1
SCYTOPETALACEAE
S L el Sy R SIREE5IT 6362 1 6362 1
ULMACEAE
®Laltis tessamrenii 4637 1 0 0
VOCHYSIACEAE
FHTmaasinnes avsi’d 33781 & 337861 6
FAMILY UNKNOWN
LITw 456 9503 1 0503 1
TOTALS 1507167 202 120153 169

* - species lost after logging
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Table 44 Surnmatry of 1ogging damage to trees »70 cm dbh,

Species' Family? Number Lost Basal Area Lost (cm?) No. Damaged Basal Area (cm?2)
CECL R T AN CE CL R T All B Ca Al B Ca A
A Kfsinasns BUR. 17 1 18 1740186 13273 187291
& LGN TanEIng SAPO. 1 1 0332 d332
£ dassinsniy ULmM. 1 1 4657 4837
2 feead tnery BURS. 4 4 24319 24619 1% | 9903 9303
£ owiiie MELI. 1 1 16513 16313
F SISOl E MIiMO. 1 1 0362 6362
&t assmnsny CAES. 1 1 Q503 0503
£ glatis CHRY. 1 1 &659 5659
FSaUE T FAP. 11 4413 4418
& OCGfies MYRI. [ 2027 5027
& geianansis MYRI. 11 2 4637 4072 8729
& FIstiioices CAES. 11 2 G012 12469 20481

3 245834 30399 10434 94435 296132 1 1 2 8659 9503 181462

ha
)]
L)

3 2

[)

TOTALS

CE - cut and extracted; CL - cut and 1eft; R - road construction; T - treefall; B - bark damage; Ca- canopy loss (<90%).
'- For unabbreviated species name see Table 4.3; 2 - For unabbreviated family name see Table 4.3; * - subsequently died.
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The 1.25 ha sample of trees and lianes > 10 cm dbh contained 907 individuals
of 116 species from at least 32 taxonomic families. Yegetation composition was
similar to that described for the entire length of the transect (Chapter 2), but the
relative abundance of some species and families were different. Table 4.5 lists the
‘Top 15° species in terms of basal area and frequency. Table 4.6 lists the "Top
10° families in terms of basal area {(see Tables Z.1 & 2.2, Chapter 2, for

comparison). Table 4.7 shows botanical data for the transect and gives details of

the changes that occurred during logging.

Table 45 “Top 15” species for plants »10cm dbh(in terms of basal area and

number of individuals).

Species Family Basal No.

Area' Rank Stems Rank
AuCainnas A 8IRasrs BURSERALCEAE 4.8 1 12 9
Fantacielfrs mecranhylie MIMOSACEAE 3.1 2 11 12
Seyntacantelivm oohoces  MYRISTICACEAE 2.9 3 7 19
CIRAE GRIES OLACACEAE 2.4 4 12 a
GEnt s lrimers BURSERACEAE 2.3 5 44 2
KU SUTIIE GENIENSIS MYRISTICACEAE 1.8 6 10 13
Deshordasis Ggisueescsens IRVINGIACEAE 1.8 7 13 8
Sirambasiansis telranars OLACACEAE 1.7 g 23 3
SlrEfasiansis sp. Tnay DLACACEAE 1.3 9 3 3B
LT amBaeinius axvsil YOCHYSIACEAE 1.3 10 7 19
fEffuir sp. Phoy CAESALPINIACE AE 1.1 11 2 41
Ferkia ficalor MIMOSACEAE 1.0 12 3 30
Lanceyailis 81FFCERS EUPHORE IACEAE 1.0 13 45 1
KISInaonNg GEfaIensis IRVINGIACEAE 1.0 14 3 26
SWEITIE ISt aides CAESALPINIACE AE 0.6 15 1 54 -
EELIaRIBONS FIEHCIaS PANDACEAE 0.4 29 20 4
AUGRIE Guial 8SE ANMNONACEAE 0.4 31 18 bl
EEE B mELHTIAISTS RUBIACEAE 0.4 37 15 6
[FasQiras SNEYaniens EGENACEAE 0.8 16 14 7
FRaEnGersrs Hensit ACAMNTHACEAE 0.2 5o 12 9
EEIIIE CATFETRE ANNONACEAE 0.4 Kl 9 14
INaGSHLTaS 808 EBENACEAE 0.1 a7 9 14

- m2for the 1.25ha sample.
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Tahle 4.6 “Top 10" families for plants > 1Gcm dbh {in terms of basal area).

Family Basal Area’
BURSERACEAE g.4
OLACACEAE 6.0
MYRISTICACEAE 5.1
MIMOSACEAE 5.0
IRVINGIACEAE 4.0
CAESALPINIACEAE 3.6
EUPHORBIACEAE 2.2
ANMONACEAE 1.5
VOCHYSIACEAE 1.3
EBENACEAE 1.2

- m? for the 12.5 ha sample.

During logging 54 individuals (10.7%)of 36 species wet-e destroyed,
includingtwo trees that were cut and extracted, and a further 16 individuals
(3.2%)suffered bark damage or canopy loss but were still alive one year after
logging. Over half of the mortalities (N=29) were due to falling trees, whilst
skidder and extractor roads accounted for 16 and 7 trees respectively. Basal area
was reduced by 5.2 m2(11.2%). Two species, Swartzia fistuloides and
Fillaeopsis discophora were no longer present after logging, although species
diversity, measured by Shannon's (Pielou, 1966)and Simpson's {Simpson, 1949,
see Williams, 1964) indices, increasedfrom 4.09 to 4.14 and 0.028t0 0.025
respectively. Table 4.8 summarises the effects of logging activity.

Figure 4.1 shows the distribution of girth classes befare and after logging.
There was no significant difference between observed and expected values of trees
killedin each girth class, calculated from therelative proportion of individuals in
each class, nor between the numberof individuals of each species killed and the
expected values calculated from the relative abundance of each species. However,
there seemed to be a biasin proportional loss towards small and large individuals,
since small trees were pushed aside during construction of skidder and extraction
trails (medium- and large-sizedtrees were avoided) whilst some large trees were

felled.
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Table 4.7: Botanical data for plants >10 cm dbh.

Family/ Scientific name Before Logging After logging
Basal Area No Basal Area No
{cm?) {cm?)

ACANTHACEAE

THISIo e 578 REnsiy 1622 12 1475 11
ANACARDIACEAE

Leindeis sp. LATwW 955 471 1 471 1

FIFERascynis et 633 1 633 1

TITCHOSCHENG SRSt e 3745 7 3505 6

FITCRascynns patens 275 3 279 3
ANNONACEAE

EnEtis clareiitis 3608 g 2531 7

FRlysitnie sueyesisns 3285 3 2190 4

VAl GESGRFCS

Falugi il s susyealsns 022 2 222 2

Var. sWeyeaiens

ifvaria sp. LJTW 553 1965 1 196 1

ALianis BLnalism s 3433 2 3433

AUGRIE GUIH8SFT 4035 15 J160 14

Auianie sTEtdt iy 272 2 272
APHEDSTYLACACEAE

Aasresiyisy sp. LITW 363 196 1 196 1
BURSERACEAE

AUCETIas A7 EIEsS 47824 12 30504 [

Decryadas uar taari 4897 2 4897 2

Deoryedes 19838008 1626 3 1626 3

LDECIYOGES K IGTnasns 4793 3 4322 7

DECIYoes Rarnsaiy 1152 1 1152 1

S&aliris trimears 22225 44 20076 37

CAESALPINIACEAE

Fardinis SUriciisls 11g 1 119 1
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Table 4.7: Botanical data for plants »10 cm dbh / continued.

Family/ Scientific name Before Logging After logging
Basal Area Mo Basal Area Mo
{cm? {cm?

CAESALPINIACEAE / continued

LFEIFLTr SIS EaIeTIT 1947 2 1947 2
LFELTLHTE SOUBHNTT 619 3 6139 3
fsfiwr 5p. Tnoy 11031 2 11031 2
fafiem sp. LATW 115 019 1 919 i
Giflertiodenarmr sp. LUTW 330 44138 1 4418 1
Huymanasiagis sp. LITW 104 2942 1 2947 1
FErEharTinis B e/ iaial & 2476 1 59476 1
Srgmiansis fa-testir a7 1 a7 1
® R BN TIE FISTaiges 8123 1 0 0
CHEYSOBALANACEAE
FlErEnings gEtinensis 50320 2 2030 3
HHErERIAEE GiIsHa 5933 2 5933 2
CONNARACEAE
*LJTw 539 113 1 113 1
EBENACEAE
LFISANIRS CISRSTTRE 293 1 293 1
Nasgias genga 1306 9 1129 3
LNOSFIS JISCELGTE 150 1 150 1
LRGSIaS RO ETETGT 1508 4 1508 4
Hasayras susyeaisns 7744 14 59249 11
IASALras yirimieens o9 1 99 1
asgiras rendery 691 3 691 2
Diasmyras sp. LJTW 120 219 1 919 1
EUPHORBIACEAE
Mptidasms feCiiating 260 1 260 1
LORCayarsg sIricsns 9991 45 7802 34

ErTanagune SGaies 2384 1 2384 1



Table 4.7: Botanical data for plants »10 cm dbh / continued.

Family/ Scientific name Before Logging After logging
Basal Area MNo Basal Area Mo
{cm?) {cm2)

EUPHORBIACEAE / continued

ATEIEERIGE GEEONTES 1066 4 1066 4

FIEGINEE e aneras 373 1 373 1

Fiagiaslyies 57688 6614 B 6614 6

LJTw 548 994 2 004 2

LITw 551 366 1 366 1
FLACOURTIACEAE

Lesaaris hariary 266 1 266 1

Soaiialfie sp. LATw 453 152 1 152 1
GUTTIFERAE

GETINE ST 814 3 b44 2

EEITTTIG SIRABLASITF 449 3 449 3

GaEreiaie sp. LATW 153 305 1 305 1

SLHRGH & ol ers 2446 3 2445 3
IRVINGIACEAE

LESHOrgasiE GISNCaSCens 17700 13 17613 12

HYIRGES GEGIEnsTs 3802 6 2992 4

LV IgI B ERaITaiie 481 2 481

VG & ot 7698 1 698 1

A7singdons gelanansis 9900 2 Qaga bl
LAURACEAE

Ball&acimiadis conjalans 1709 3 1709 2

faifzcimiedis sp. LITW 439 3242 4 3242
LOGANIACEAE

Apihocfeisis sp. LATW 404 1963 1 1963 1

* Strychnas sp. LUTW 931 137 1 137 1
MELASTOMATACEAE

Famacitl ot Gl iy 646 3 646 3



Tahle 4. 7: Botanical data for plants > 10 cmodbh / continued.

Family/ Scientific name

Before Logging

After logging

Basal Area Mo Basal Aresa Mo
{cm?) {cm?)
MELIACEAE
{Brans graners 337 1 337 1
Auares spo LUTW 108 aa7 2 g97 2
MIMOS ACEAE
* * L HiRaansis Giscnnhors 6333 1 0 4]
FErkis ficalor 10029 3 8853 2
el sCiatirs a8l yelossns 2414 2 1871 1
FanlSCletirg mscroiiiis 30843 11 30843 11
MORACEAE
Treculis ahayaidas 620 8 377 7
MYRISTICACEAE
L aelara ey preussy 2385 1 2385 1
FUeRsniine agaransis 1735 1 1733 1
SCYORarERF T (CH0C6E 25394 7 25394 7
SLEUGIFT AT VHENSTS 356 1 356 1
Slsudlis galioinansls 18338 10 16654 9
MYRT ACEAE
Syaggiur sp. LUTW 487 2238 3 2236 3
OCHNACEAE
(harsies cafaniyiis 104 1 104 1
OLACACEAE
Ll s adills 233908 12 23596 12 -
HElalaris aoryiralis 4514 4514
Keromtasis sp. LATW 128 468 321 2
Siromdasie sp. LITW 279 642 1 62 1
SLrHnAaSIapsis 18lrsncrs 17336 23 16746 22
Stramiasiansis sp. Ynov 13074 3 13074 3
LATw 0582 139 1 139 1
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Table 4.7 Botanical data for plants > 10 cm dbh / continued.

Family/ Scientific name Before Logging After logging
Basal Area Mo Basal Ares No
{cm? {cm?)
PANDACEAE
EERtraniscus GA50Cinss 4447 20 4212 19
PAPILIONACEAE
*JTW 593 999 < 866 3
PASSIFLDRACEAE
Larieds Fisluioss 686 =] 493 4
RUBIACEAE
ERHEIEAS IBYTRaRETs 3566 15 2163 12
FIESSWIEITE SCHTINES 79 1 79 1
NBucias vanaerguciirF 2091 1 2091 1
FOUSTIYSISIIE Jalifinke 37 2 371 2
Fararsndis cisdsing 380 1 380 1
LJTw 550 1996 4 1994 4
RUTACEAE
FEGEE 1885 073 1 073 1

SAPINDACEAE

EFTOCaalinm mEn v EEmwnT 430 1 430 1

FEncayia Fiariiungs Q02 1 Q2 1

LJTw 544 g7 1 a7 1
SAPOTACEAE

EETERYE SUTIGS 4015 1 4015 1

LATw 425 850 1 G850 1
SCYTOPETALACEAE

FHREOTORal BILHTE SINTEIEITeE 350 1 56 1

SO auel 8y AT SIeaIT 488 1 488 1

Srytagelaiinr sp. LITW 227 3349 7 3172 a]
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Table 4.7: Botanical data for plants 10 crm dbh ¢/ continued.

Family/ Scientific name Before Logging After logging
Basal Area Mo Basal Area Mo
{cm3 {cm2)

STERCULIACEAE

LiE Jires 3620 G 3620 6
SCERAORELE U BB T 204 1 204 1
LATw 334 76T 2 767 2
TILIACEAE
LNAGSETs MBI SIS o654 4 2654 4
Grewia carisnss 3333 5] 2760
VOCHYSIACEAE
EFTSIETEInNE NS 12516 7 9782 i
FAMILY UNKNOWRN
LATw 3680 1134 1 1134 1
LdTw 946 230 1 230 1
LATw 549 111 1 111 1
LJTw 552 5087 4 5087 4
LJTw 554 224 1 224 1
LJTw 589 224 1 224 1
| JTw 392 87 1 87 1
TOTALS 461881 507 4099584 45

* = gspecies no longer present after logging
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Table 48 Summary of 1ogging damage to trees > 10 cm dbh.

Species' Family” Number Lost Basal Area Lost (cm 9 . Damaged Basal Area
T Al C R D T Al Ca Al B Ca Al

A fecinisti EUPH. 1 260 260

A AEIashE BURES. T 17320 17320

8 fstuioas P&SS. 1 191 191

£ FIRICINES EUPH. 11 235 235

& fizee STER. 1 16832 1832

£ BT OERE EUPH. 6 11 743 1445 2189 2 298 298

L2 maienbiansrs RUB. 3 3 4032 403

& adtdiis OLAC. 1 1 1116 1116

i Alginasns BURS. [ 471 471

£ gisucascans IRY. 11 a7 87

2 gamda EBEN. 1 1 177 177 1 135 135

& suaveaiens EBEN. 2 3 ag 1706 1803

0L rankery EBEN. 1 1 330 330

£ orlaraning A NN, 2 623 452 1077

£ axsiy VIOCH. 1 1 2734 2734

£ GISCOANaRE MIM. 1 6333 6333

& FIEaly GUTT. T 170 170

& ooisces TIL. 1 1 S¥3 5973

£ gatvansnsis (R, 2 2 810 B1O

Ey B et s MEL. 1 1 g a9

FfRnafar MIM. 1 1 1176 1176

Ao galvelseans MIiM. 1 43 543

LSS veaians ANN. - 1 g5 Q35

R o BURS. 4 7 111 g36 2202 3149



Table 48: Summary of logging damage to trees »10 cm dbh / continued.

Species!

Family? Number Lost

Basal Area Lost (cm?

No. Damaged

Basal Area {cm?)

CR D T AN C R D T All B Ca Al B Ca All
Seytameisiwr sp. SCYT. 1 1 177 [ rar 1 1 412 412
& GEAGEASIS MYR. 1 1 1684 16684
5 Frankary OLAC. 1 1 147 147
S telrenors OLAC. 11 290 590
& Fistuioloes CAES. 1 1 8123 8123
& glaluiivers GUTT. 1 1 617 817
7 hansiy ACAN. 1 1 147 147
T abayvoioes MOR. 1 1 243 243
T SCuminst s AMAC, 1 1 240 240 1 1 1802 1802
A gl s8iT AN, 2 2 4 564 311 875
SAPI. 1 1 a7 a7
*PAP. 11 133 133
TOTALS 2 7 1629 54 25443 9538 3692 1322451897 g 4 12 3941 3347 7288

C - cut & extracted; R - road construction; D - debardage/skidder trail; T ~ treefall; B - bark damage; Ca - canopy loss (<90E).
- For unabbreviated species name see Table 4.7; '- For unabbreviated family name see Table 4.7; * - Liane.



Eigure 4.1: Girth classes for plants >19 cm dbh.
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Table 4.9 gives the canopy cover before and after logging. The overall
decrease in canopy cover was 10.2%although 49.2 % of the transect was
considered to have undergone some changes in canopy structure. Actual loss
varied with height, and was highest for the upper canopy (>20m) as was the loss
interms of %of original cover. Absolute l0ss inthe middle canopy (10-20m) was
higher than for the lower canopy, but l0SS interms of proportion of original cover
was lower, perhaps because trees which contributed to the lower canopy were
destroyed by skidder and secondary extraction roads, but many trees contributing
to the middle canopy were large enough to be avoided rather than pushed over. On
the ground 34m (1.4%) of the transect became a major road, 125m (5.0%)
became secondary extraction roads (thus a total of 159m or 6.4%of the ground
was bare soil), 124m (5% )became skidder trails and 422m (16.9%)was covered

by fallen crowns.
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Table 4.9: Canopy cover before and after logging.

Canopy Cover (%) <10m 10-20m >20m Overall
Before Logging 28.2 75.8 71.6 93.4
After Logging 48.2 63.4 58.2 83.2

Some comparative information about logging damage was obtainedinthe
other sites that had been exploited. Site 2 had been loggedin early 1986, and
roads, skidder and some secondary extractionroads, and areas where canopy had
been damaged, were still visible. The first 3500m were logged systematically,
and the remaining 1500m, which was in steep terrain, was lightly exploited. For
the first 3500m two roads that crossed the transect made up 1.3%of the site,
skidder and secondary extraction roads together accounted for 7.5%(but some of
the latter were probably no longer visible), and 51.2%of the canopy had suffered
some disturbance. It was not possibleto estimate reliably how much of the site
had been affected by fallen crowns. In Site 4, logged 10-15 years before this
study, roads, skidders and some secondary extraction roads were visible, and all
but the final 750m had been affected by logging. Four lorry roads crossed the
transect, accounting for 1.8%of the logged area, and the detectable skidder and
secondary extraction trails made up 7.2%. Roads were smaller thanin areas
logged more recently, and were located closer together, presumably because
machinery to haul logs out long distances to a road was not available. The transect
in Site 1 had been exploited throughout 20-25 years previously, and was crossed
by six lorry roads which accounted for 2.0%of the site. Skidder trails could not
be identifiedwith certainty.

Tree species characteristic of secondary vegetation had become established
inareas opened up by logging, but were not common in any of the sites, being
mostly restricted to roadsides. In Site 2, the only species that had grown fast

enough to be recorded >10 cm dbh was Macarangamonandra which formed stands
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in areas of intense disturbance (e.g., in strips 10-20m wide along roads, which
were kept clear of vegetation cover to allow direct sunshine to dry out the road
surface, where bare soil was colonised after the road was abandoned - see Plate
4.2). In areas that had been abandoned for five years or more (but which did not
form a part of this study) other tree species >10 cm dbh were found with
Macaranga (e.g., Maprounea membrenancea, Anthocleista spp., Pauridiantha spp.,
Xylopia spp.). In Site 4 Nauclea diderrichii, Macaranga s p p., Porterandia
cladantha, Maprounea membrenacea , Discoglypremna coloneura, Psorospermum
spp. and Xylopia spp. (principally X. aethiopica) all occurred in sections of the
transect that had been damaged by logging, especially along roads. Disturbed areas
in Site 1 were dominated by Porterandia clandantha, Maprounea membrenacea,
Psorespermum spp.and Xylopiaspp., and in places Nauclea diderrichii, Lophira

alata and Barteria fistulosa were also common.

Discussion.

Of 20km of transects in this study which were in logged forest, about 15-
16km had been exploited, suggesting that on average 20-25% of the forest
remained-untouched, due to steep terrain where it was not (presently)
economically viable to extract timber. Average damage levels should be adjusted

downwards accordingly. In areas of Site 3 affected, logging was of low intensity,

with an average of 2 trees ha-1 cut (c. 10m3) and extracted. Incidental damage and
the cutting of trees that were not extracted resulted in an average loss of 2.7
trees >70 cm dbh ha-* Three species >70 cm dbh were eliminated during logging:
all were present as a single individual; two were valuable timber species which
were cut, and one was pushed over during road construction. Extraction rates
average 13.5 ms3 ha-* in Africa and in the Neotropics are about 3.4 m® ha-t (Yeom,
1984) Typical extraction rates in peninsular Malaysia are 52 m3 ha-:, but reach
90 mM? ha-t in Sarawak and 120 m? ha-1 in Sabah (Johns, 1989).

One tree, Aucoumea klaineana, accounted for 64% of trees cut, and
together with another species of Burseraceae, Dacryodes buettneri accounted for
79%. Only four other species were cut. This is representative of Gabonese
logging, which has traditionally concentrated on Aucoumea klaineana and has only

recently begun to diversify. Today 55 species are cut, but only 14 accounted for
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5,000 m3or more of atotal of 833,103 m3exported from the main port, Owendo,
in 1987. Aucoumea klaineana made up 72%of this volume (Wilks, 1990). Large
tree diversity as measured by Shannon’s and Simpson’s indices (which take into
account species numbers and evenness), increased after logging due to the
selective removal of Aucoumea klaineana, the commonest tree in the sample,
which made the distribution of species numbers more even.

Data from the >10 cm dbh sample showed that logging in Lopé caused low
levels of damage comparedto timber extraction in other tropical countries.
Elsewhere in Gabon Wilks (1990) estimated that canopy loss (indicative of overall
damage) averaged 10% but noted that in regions close to the coast, where logging
is more intensive and has been repeated several times, the forests are much
changed. Damage levels in some other parts of Central Africa tend to be similarly
low (M. Fay- CAR. and D. Wilkie - Congo, personal communications), whilst in Bia
South, Ghana, Hawthorne (in press) recorded an extraction rate of 1.6 trees ha-1,
which resulted in 20-30% canopy loss, leaving about 3% of the ground covered by
roads and loading bays.

Typical figures for incidental loss in other parts of the World are around
50% (e.g., Ewel &Conde, 1976; Johns 1983; Johns, 1989; Whitmore, 1984). As
long ago as 1960, Redhead (1960) recorded incidental damage in Nigeria at 44%.
Since then, forest exploitation in Nigeria has intensified greatly in response to
increased local demand for timber (e.g., Kio, 1983). InKibale forest, Uganda,
Skorupa (1988)recorded reductions of 25%and 50%in basal area of lightly
logged and heavily logged forest respectively, together with comparable
reductions in basal area, stocking density and species diversity.

In South-East Asia upto 72 trees may be felled ha-1 (Whitmore, 1984),
although extraction levels of 20-25 trees ha-l1are more representative (Johns,
1989), and removal of 70%o0r more of the original forest is not unusual. Johns
(988) undertook a before-and-after study in West Malaysia and recorded 3.3% of
trees being extracted. This resulted in 4.8% loss due to road building, 3.6%
during log loading and 39.2%during felling and skidding. A further 6%of trees
suffered damage and 43.1% remained untouched afterlogging. It seems that only
in seasonally flooded forests in South America, where cut logs are floated out of
the forest when waters rise, are damage levels comparable to or lower than for
Gabon, and perhaps some of the other central African countries (cf., Johns, 1986).

Ewel and Conde (1976 )found that major, skidder and extractor roads can
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coverupto athird of a site where heavy machinery is used during logging.
Hamzah (1978) gave a figure of 6%for main roads and loading areas in East
Kalimantan, whilst up to 10.8%o0f logged forest was covered by skidroads and
secondary access roadsinpeninsular Malaysia (Whitmore 1984). Kartawinata
(1978) found that 30-40 % of logged dipterocarp forest can be left bare after
logging. These figures again show that equivalent damage levels in Lopé were low
compared to other areas.

Skorupa (1988) recorded 20 and 40% decreases in canopy cover in lightly
and heavily logged forest respectively in Kibale, Uganda, compared to a control,
recorded about 15 years afterlogging. InSite 4 of this study, logged 10- 15 years
ago, (Chapter 21 canopy cover below 10m was 61.6%,slightly higher than in Cite
3 before logging. Levels at 10-20m and >20mwere slightly decreased (72.0%and
63.6%respectively), although overall cover was similar (93.9%). This suggests
that logging gaps inLopé had been filled by growth of existing or newly established
trees and shows that logging in Kibale must have caused a great deal more damage
to the canopy.

Johns (1990) produced a theoretical minimum damage curve for mechanised
logging operations of different extractionlevels by mathematical simulation. The
minimum damage level predictedfor an extraction level of two trees ha-1was
10%of the original trees lost. Damage levels due to logging in Lope were close to
this figure, which was surprising, as no attempt was made to minimise damage
(e.g., by directional felling or careful siting of roads and skidder trails). Marn
(1982, cited inJohns, 1989)showed that directional felling and careful siting of
skid roads could reduce levels of incidental damage by 50%i n Sarawak (and reduce
costs by 25%)and Buenaflor & Tiki (1989)reported similar findings in Papua New
Guinea. If such an improvement were possible in Lope, average damage levels
could be reduced to about 5%each logging cycle. Natural tree mortality is
between 1-2 % in Gabonese forests (Hladik, 1982; Reitsma, 1988; Williamson &
White, unpublished data).

Loggers in Gabon are constrained by high operation costs and the absence of
asignificant local market for timber (Chapter 1). Economic considerations, rather
than good management, minimise the damage done to the forest. Infact, they pay
no attentionto the environmental effects of their extraction operations, nor do
they make any attempt to limit levels of incidental damage caused during logging.

Itis therefore surprising that damage levelsinLopé corresponded to the optimal
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figure proposed by Johns (1990). If similar improvements to those documented by
Marn (1982) and Buenaflor and Tiki (1989) were possible in Gabon, average
damage levels could be reduced to about 5%or less each logging cycle. Natural
tree mortality is between 1-2% in Gabonese forests (Hladik, 1982; Reitsma,
1988; Williamson & White, unpublished data). With such a low level of damage
during each logging cycle, Gabon could argue that its loggingindustry is likely to be
"sustainable" and would have a strong claim to be declared a "sustainable logging
country", providing it could be shown that commercial hunting, which is often
associated with logging in Gabon, is not eliminating vital mammalian and avian seed
dispersers, as is the case elsewhere in Central Africa (e.g., Dowsett-Lemaire,
1991; D. Wilkie, personal communication).

At it's eighth Council Sessionheldin Baliin 1990, the International Tropical
Timber Organisation (ITTO) targeted the year 2000 as a deadline for making the
tropical timber trade sustainable. Gabon would seem to be in a good position to
conform with this policy, but. steps need to be taken immediately to initiate a
National management strategy i f Gabon is to prove that it's logging industry is
indeed sustainable. Further research on the effects of logging on vegetation, and
especially post-loggingstocking densities of commercial species, are required, as
well as an analysis of the effects of intensive hunting, that occurs alongside some
logging operations, on important mammalian and avian seed dispersers. Legislation
relating to selective loggingis not yet complete (Wilks,1990), so areview should
be initiated with a view to clarifying policy for concession allocation, rotation
periods and harvesting intensity. Milks (1990) made detailed management
recommendations.

Some oil companies operating in rain forests in Gabon have adopted sensible
environmental guidelines to minimise the damaging effects of oil exploration (J.
Bickerton, personal communication) and a few routinely employ independent
expertsto monitor their activities. Such an initiative on the partof logging
companies is long overdue, and if it is forthcoming the future of Gabon's forests

and timber industry should be assured.
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