POPULATION STRUCTURE OF Prunus africana
(HOOK.f.) Kalkm. AND Olea europaea.L IN
SOUTH NANDI AFROMONTANE FOREST,

ABSTRACT / /,fe v
Prumus afvicang’and (Weg eurpaes Iree species 0
pered doe tostheir medicing

Africa are subject to Wnnd
values and fine wood. Studving theig = playganffmpumnl rolen

identifying the conservation needsein tropical ccosysims. This er focuses pf an

0 L-"Ej?"lﬂ«“ < !! gcological stuni;.' cg.r:ried ol pril-lune 1':”.?.. within South Mandi’ AfromontaneFa il

; . Kenya. The objectives were to analyze population density, diamesr size class-tlistifiution

wur [."-E,S-hﬂj ang the horizontal structure of Prumes africana and Olea eurapgea specics-as inditators -::IJ
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P africana fﬁ:ludr.d in A

n 1985 {Cunningham and h-thlppmanm{!i?:i_" f /

Unsustainable management has led o decline in the populations due to subsistence bark

harvests for medicinal trade (Stewart, 2009), coupled with illegal harvesting, m

L\jﬁ/@ which has affected the imtegrity of the forest {Cunningham and hMbenkam, 1993, ,‘r
;5 ﬂa Even though several studies have been conducted on the adverse effects of uw& (5'.

& JM few studies have examined their densitics. population structure. size class distribution and
@24 regeneration  stames, Knowledge of tree population dyvnamics 5 very  imporant  for

I-!S (@f ir/‘q understanding the conditions of recruitment and regeneration of the species ([ esfaye. 2010
'ﬂ]fi Prunus africana 15 a member of the Rosaceae (sublamily Asiygaeloideas) t'amtlafmnh its
“qda%‘ highest density in 1emperate regions (Cronguigt, [981) Pruwns gfricona 15 an important

multipurpose tree species {Cunningham and Mbenkum, I*JEIE}}\E bark is the only source of (F,ms{'q_';e)

an impaoriant dmg‘whn:h is used in the treatment of Benign prostatic ﬁ;;-:rplasuyhﬁu ather ™ not—in i :r"ff

fses
m of the tree (Bombarddell and Morazzond, 1997) The bark extractzs of P africana

have been used in reatmem of benign prostatic hyperpasia for over three n;ltudn:h;rand the
harvesting of this tree for bark ﬂx:r:u:'Liu:}' has resulied in the species becoming endangered

{Bombarcdelli and Morarzoni, 1997 In the 19905t was estimated that 35,000 trees were

bogw zaM
debarked annuall::' and have from Cameroon, Madagascar, I¢.|:n3.-'a‘l and

e Equamm with small amounts from other countries, The extract is manufaciured
herbad

Ly, H
G'Ulﬂﬂlm_r intes various herbal products. The most popularéproduct is @8 capsular form, sold under 8 ;:'5- Prﬁ;ﬁﬁ'lﬂ;
o T i
H scientific name., Pyeenmt africanum. Currently Prsas afficons bark iz entirely

-mlln:n:h:uiﬂ' the wild, although atiempts at cultivation are underway in Kenya ( Dawsos ?ﬁal"‘l
“Use s A e

Jackson, House,Prentice and Mace, 20000 Prior o the discovery in 1966 of ILFW

ayemeddy. P fricome was a relatively common, but never sbundant montene species,

WW ‘Iﬁ;&wmag



F. gfricana has a wide distribution in Africa. It occurs in montane regions of central and
southern Africa and the islands of Bioko, Sa0-Tome, and Grande Comore {Kalkman, 1965).
P africana is most abundant in open areas along forest marging and in disturbed areas (

l”ﬁ“ﬂ S
Mdam, 199G and is notshade-tolecant (Kiama and Kiviapi, 20015 N:iam{;'?ﬁ w0 Touewd the
i

most seedlings in forest gaps or fallow Qelds. This suggests that P gfricona 1= a light- { f'
Vs
demanding, secondary-forest specics. Recruitment is low or sporadic (Ewusi Eben-

F,hni.{sﬂngﬂ and Mkongo , 1992). Because of deforestation at lower elevations, P. afvicana is

confined to distinct “forest islands™ that differ genetically (Barker et al.. 1994}, with the
Madagascar population being the most distinet {Martinells, Smg!jalm:l Pilfery, 1986 The
tree nocurs at altitndes between 1000 and 2300m in montane forests (Sunderland and Taka,
1999}, Distribution appears to be related to mean annual lrmpl:ralun:;'" rEl:inntlannn:l-'ur

cloud cover. Because of their relatively large areas of montane habitat, Cameroon and

Madagascar contain the largest populations of the species. Tn Kenva, it is tmrmmw N

oAz e
Kenva, Aberdares, Kakamega, and Cheranganidforests, It also occurs in Timboroa, Nandi,
the P g~
Tugen Hillsiandl.wsrum part of Mau Forest.
Fhe.

Mea eurapaca, commaonly known asaDlive tree is in the family of leacea and native to
Mediterranean, Asia and Alrica, Olvewood is very hard and 15 przed Tor s durability,
S i contus iresting.

. high combustion 1-r:mp-|::':|tu.n:Ili and interesting grain patterns. Because of the
commercial impartance of the fruil, and the slow erowth and relatvely small size of the wee,

Hhe :
olive wood and its products are relatively expensive, Besides its fruit production, olive ree is

e add

#ul
importamt indprovision of shelier [or different bivds and wild plants in harsh -:l1.‘='1'rn.'|-nn1|:n1'.5 [-r*ereq.g,“ LE.-)
i

The wild olive tree, is o species widely distnbuted in dry I'ureﬁﬁn Ethiopia, It is found in dry
tthey e 52 |h-:{
forests and forest margins berween 1230 and 3100 m #ai and is usu fl'_'.-' arpund 15 m higl'lJ

golel

though it can reach in some places up to 25 m in height { L:g:ss:,‘]/"?‘p‘j and Friis, 1992), (Nea



(lefire ™ he®)

ewrnpaea 15 a long-lived tree. 1t shows strong xeromaorphic cha.ml:l:l.*,riﬂil::r and as an - adult ree,

it can survive dry mecroclimatic conditions {Coeteee, 19751 10 s widely used for house

construction, fr:nv:n:si:md for making houschold furniture. The bark. the wood, the leuves}und

bura
the roots are W 10 produce a distinctive smoke used for fermenting and flavouring of
voaurt
traditional beverages "Tela" and “lrga” {Legesse, 1995), Olea also has medicinazl [,ﬂ

value. In southeastern Ethiopia, the processed wood sap is used for curing skin n:l'u'-i:a_'—.sand
hasith 2 Sovmide P
mentaljproblems?and its smoke is used as an insect repellent {_Pemel, [1996). In HE'nyﬁJ'lhe
rool or the bark JEEQEGF is used as a remedy for malaria (_Beentje, 1994). Detailed
medicingl values of (Hea are presented by Bisk & gama!,ﬂﬂ%jjhe diverse use of the
o 1
species has led 1o its extensive gl Tn Ethiopia and other East African countries (Dale
TGJ‘CEI‘IW&}' [9&1, Jones 1991, Lepesse 1995)
The regeneration of most of the dominant high forest species in the Afromontang zone is
e g e ’ : .
under shade of mature forest(Pohjonen, 1989), The formation of a seedling-sapling bank
under the forest canopy s the major regeneration route { Demel, 1997), Therefore, studies of
matural regeneration of the dominant species in dry Afromontane forests are relevant for
rehabilitation and conservation purposes. Knowledge of factors influencing the dynamics in
natural populations will lead to a better understanding of the regeneration processes of trees,
and has practical applications in the management of forest tree species  (Sull,
pebel Spucp
| 9961 Regeneration dynamics of tropical trees are still poorly known (Condit et al., 1'3‘95:!,
¥ :
especially in the case of species @ tropical dry ’rurcﬁpq_ﬁtﬂwdl & Hyueborn, 1992},
P africamo and (3, LJ.'rr'.:-;x.lu.:Jlilw: myosl perannial |‘l1.’|!l|:~i possess two modes of regeneralion:
spual reproduction through .l:-:u.:;a:l::ld clonal reproductivn through some fem of vegerative

propagation (Richards, 1986) According o i _Hannachi. Elfalleh. Ennaseh. Laajei, Khouja .

pmd. SOME
ol o
Mu:i)



Fercchichi, Masr, 200 1). clonal offspring are usually much larger than offsprng produced

through sexual reproduction { J ;

A number of benefits have been atnbuted 10 . africana and ¢ curopaea These benefits has
 haevesh
led to their owver . The collection of the plan.lf pruu:luv:rsful:h as bark from these

species* are dESiruc'li‘n'eJ necessitating their wpent domesticanon for sustainable use. The

germination of seed from these trees is{aﬁr;icuﬁnrly complex prﬂcuﬁsjdtpcnding on the genetic
and environmental factors, such as temperature, light, and salinity.

The early growth potential of the two species is cqually not documented especially for local
provenances of South Mandi region. Due 10 Il.rmm-:t knﬂwl..dge in the spew:ues e:lrlu growth

e N ——— 5 e [l

pﬂ:ull[mr(hll Cultivation has not been done in most parts of Kenva mcluding the 51% &
B lov-

and therefore face extinction threat in the wild. 5_{" ;}Lé?"ré‘d

This smudy assessed and determined the population density, diameter size class dm.nhulmn P“—E,gj-‘b_;? ,f
e

and the horizontal structure of Prumus gfitcana and Olea enropaea in guum Mandi forest.

2.0 Materials and Methods

2.1 Study Ares 1l e o add speet o
(tF
-’Il.ﬂ,‘iuulh Nandi Frr:s-l} (, Figure I'I-}mlmﬂum?'l |3m#. 328, Iunguudc 37 o m—é:'h——/'

species. Of the remaining ummﬁ 13,000 ha 15 closed-canopy forest. the rest being
‘}W scrul, grassland or wnder cultivation, e

ﬂgﬁuulh Mandi forest was onee contiguous wimfﬁai:amagni’rest (IBA H.El:!:imlnnd the two
r'-ﬂmtw forests are still no more than a few kilometers apart at their closest points. Biogeographically,

the forest is often considered an extension of Kakamcgaj and in c!'l'::':rﬁ a transitiong



dg_,(:]}g-f’hiﬁ Jepm

land forests of west and central Africa (the castermmost outlier of which is

between th

Kaka 5:35 and the moniane foresis DLW‘QEI. amd central E{myallhiglllandﬁ_ Rainfall ranges
andd S €
tween, |.600=1 900 mum’:.-ear}depmding on altitudefthusdelassified as*moist foress under
/

. The forest is drained by the Kimondi and Siruairiw.-rs. which merge o form the river MJM
5
"r":da Mowing inte Lake Yictora, The tnndsmpe’;; gently undulaung berween Il[i-dl:h% he

ntfwam el Al c«j@
altitude ranges4 700-2000m above sea level Memperature ranges Iﬂ—ld':f u.nl:l:rl.nm t

gramitic and basement complex rocks, which weather 1 give deep. well-drained, moderately
high
fertile soils. The South Nandi area has high agricultural potential and®human densities
AP, particularly 1o the west. However, it s higher in altitude than Kakamega and
floristically less diverse. The continuous closed forest canopy comprises indigenouws iree
species such as  Taberngemomiana  stapfong, Moacaranga  kilimandschavica, Crofon
megalocarpus, . macrostachns, Drvperes gervardii, Celis afvicana, Prunus afeicana,
Neobawtonia macrocalvs, Qlea species and Albizia gumntifera -.-:'a:u[ii, while the open forest is
; - %
dominated by Cronan s P africaatenropaea among others. The forest generally has a
rich biodiversity that include highlands bird community thus recognized as an important Bird
_ Em;rﬂr st Senwe
arca, others are repliles and butterllies ( 201E), Lol
cemmmi-re,imﬂw-i-bm Uy Commimres

The are mostly famw with major ¢ash crops being tea and
E,{Jm ApAgE. The average of land per household around the forest is 2.3 hcclar:f,h.nw:wrr mrost

households 1o the west hm-:Mland holdings hence there 15 a lot of prezsure on the forest
FESOFMUECES. Smfxgrﬁ
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2.2 Study species/ Target Population
fte

The targel population comprised of P. afficana and 3, enrapaca frees from South Nandi
feirest.

2.3 Sample and sampling procedures
3 M'A sfhet

Twio line transect were established 'Jilf;l. :lpart and running parallel to each other in the north

cast direction were used to Ia:.r 20 systematic sample plots of 50m x 20m each. along a

tramsect al an inlgrval of 20!]51 i sample plots were further divided into five zub sample

units of 20m X Iﬁmjwherc the nurnl:r:r of m:?r@lzz tﬂc7me: {5-1::9} = ﬂcm,‘l‘iimgi

i i
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5ﬂm<f:ba.nd_li within the sample plois as described by Eii[imam_.,i{iyinpi; and Mjunge, 20404,
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Fig. ¥ Diagram illustrating transect layout and sample plots design

1.4 Daia Analysis

The number af trees recorded for Paficana and O enropaea were used to determine each

species densiry per heclare in the study arca as follows, c ||_'I
o Tl nrecardeg - " ]
Denziy= R {t oririula ]‘;,IhL number of trees per hectare for v.*.ar.h

class recorded for Prunus afvicana and (Nea ewrapaea were plotted against DBH classes to
show the patern of diameter size distribution for the two species in |:1£ study area. The
observed DBRH diswibution was (ested against the expected n.:wrs:: -curve for stable ree
species populations_ Two way analysis of x'nrian:r:[:-\NL‘l'l.l'F:)waﬁ applied at’gf';-’- level of
significance (Kieman, 20 I4“5:1nd. then results compared to the h:r‘pnthr:lica@l'}'?# maodel

f
.59,
£

for structurally stable East African natural forests.



3.0 Resulis

1.1 Population Density and structure of Pruney africana and (Nea europaca

3.1.1 Population densities of Pruvus gfricana and (Nea suropaea.

The densities of Prunus africana ond Nea ewropaea tree species in cach DBH class are——""~,

presented in table 1. The size classes defined were, Seedlings with DBH fﬂkﬂﬁriaplin.g&

4.9¢m), poles m:s

z|CA

=~ e
Table 1%Mean density { of P.africana and O.enropa ;
Tree species | Corfegory | DBEL Rampled | Nooof Tenal v, ool Ehensinyia 4"-
| Class Arcata | individuals - | individuals in -ems per
i in_sampled- | Sampled anca hactare
| / arci
Hafricany | Beedlings [/ <lem {2 174 TR & -
| Baplings 1-4.%em 4 Jlu 629 Bo—~— |1
Pales S9%m || 4 418 i L Ry o 1. 9
Marture loem | 4 P 1 L # 4
| trees i T |
: — T
Oeiwrgpoes | Secdlings  |~lem 3 | L2 L& ard RO 1l
| Splingsa Jaid e | | 4 Al 3617 [{1F] i3
| Pobes 5-0.%:m i isy EIEL R4 11
{-Maure -.(-\_hl:lu:m“?{ 4 134 793 34 1
C lrees

e

E LYY
5"..-- g‘?ﬂm

In table | above, a total of 1,156 stems ha were recorded for the Pafricana in the swudy
area. Seedlings were the most abundant and mature trecs the least abundant, where 75.3%
were seedlings (870 stems hs'i 11.2% were saplings ¢ 130 stems ha™), 9. 1% were poles {103

stemns ha'') and 4.4% mature trees (31 stems ha™').

Likewise a total of 802 stems ha” for O ewvopaca were n:i:nrdc:l:jwh:rc scedlings were the
highest and accounted for 72.3% (580 stems hﬂ"bwhile mature trees were the lowest with
4.2% (34 swems ha™ ). The others were saplings 13% (104 stems ha’ ]an\Znh:s 10.5% (84

stems ha }



spacg. GHA Commas

The number g#individuals for th# two species in the sampled area ranged from [16-174 for

geedlings,416-519 for saplings,337-418 for poles and 134,202 for mature trees. The density
of mature trees with DBH =10cm varied from 34 stems/ha for Q.ewropaea to 51stemstha for
Poafricana.

Along the transects and among the four sites (Chebilat, Kobujoi, Chepkongony, and
l{mnmi:h]ﬁ%nsiq- for mature trees was highest in Kamarich (58 stems hll-‘:__i and lowest in
Chepkongony (46 stems ha'L] for P.afvicana while for O enropaea it was highest in Kobujoi
(43 hil:‘l_} and lowest in Kamarich (28 ha™') as indicated jﬂEE!: 2 below.

Table 2{Mean Population density of P.africana and 0.eurapaca at different sampling
siles

Species Sites Mean population densities{slems/hectare)
Mature trees | Poles _| Saplings seedlings

P.africana | Chebilat 33 110 21 860
Kobujoi 47 102 136 883
Chepkongony | 46 1035 133 870
Kamarich 58 103 130 865

O.curopaca | Chebilat i6 Bl i} L
Kobujoi 43 Bty 14 SR
Chepkongony | 29 74 1049 370
Kamarich 28 0 17 565

e dspace

Two way analysis of variance AMOVA{Appendix .ﬂn(i“fm established that th-."'I'E was a
significant duﬁ'ﬁrenwl in the densities of P.aficana, &948=36.561 p=0, ﬂﬁ'!@ and
-I:J.eurn;meq';}"{?.-f.ﬁ'::fﬂ.ja’?.ﬁ—ﬂ.ﬂﬂ@in the DBH size classes among the four forest
siles.

The results shows that 1.11:11.-- : ignificant variation in the number of P aficana and

2 urapaca development stages in the four sites.,

10



The frequency of the two species in each DBH class are presented in Figh3 and 4,

lcm 1-4.3cm 5-5.80m =10¢crmn

4.134‘1 1 =44 pap classes 5.9 o Zlo

qg],ehdal Iékl[ﬂl -éep!:m;m-,' lﬁmri:h

1200

1000

&0

&0

Stoms per ha-1

20

Figure 3: Population density of Prumia africana in each DBH class in four sites
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Figure 4; Population density of (Mea enroprea in cach DBEH class in four sites

[t was observed that the survival of seedlings of the two species (0 sapling stages was

extremely poor at the lew sites examined, Poor recruilment into saplings, pﬂlﬁﬁlund ature

_ trees of the two species was also observed and could be attributed to induced disturbance
Qchvihes i I¥

charecal buming, uncontrolled gmingiand illegal logging noted along the

transect lines in the area. This is an indication that the population densities of these two

5&1:{-!

apecies will continee o decline in the forgseeable future (Rono, Einnah‘,. md Hitimana, 2018,

3.1.2 Population structure of Pafricara and (L ewropacn

The population structare distribution in various DBH size classes were analveed per heclare

for the two species as indicated in Figsi and 6 below,

2000
LAY
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a 1200
E 104
5 BN
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a0a
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q A e
AN Soedlings -SSRt Saplings  GeieReM Poles  =hEmel MAature
G J"" : fian j_r?lq. treat
O 0. Cm T ntciases ™ 10 pounn

®F, africana  ® 0, europaga
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Figure 5: Population density of P africana and €. suropaea in different size classes
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Figure 6: Diameter siee clazs distribution profile for Procews africands and (Ned enrapied

i f
The population structure of P.aficana amd O enropoea had mvcrﬁe}shapcd curve size class
distribution with a smooth decline in the number of individuals from smaller to larger size
N 5 @re .
classes,s«.l:h a trend is an indication of @ stable populationk that g naturally replacing
themselves through pood regeneration. Iqq‘ = I'
nu:ﬂhi-"l

The density levels (ol stems~ ) for the two species in the study ares were also low in
comparison with the expected stocking level of a typical balanced stable East African natural
forest {LIMG, 1994 Fip Ty

wid gpace oolley pumctre
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Figure X Diameter size distribution for Prunus africand , olea exropaea jn hypothetical
muiel Tor structurally stable Fast African Natural forest.

4.0 Discussion 7

ikﬂr'ﬁﬂ 7
Variation in stem densities within the forest could have resulted from —slacsbed and
disturbance over the vears, which normally leads to canopy gaps that stimulate growth of

both herbaceous and woody plants that may suppress ree regenaration.

Regeneration can alter the ecology of roin forest remnants in many ways, but its long erm
effects on tree communities are poorly understood. One phenomenon that has received linle
attention is free regeneration in fragmented forests (Janzen, 1983), Patterns of regeneration
are important because they will ultimately determing the floristic structure and composition

of the tropical Toresis,

The regeneration pattern of the tree species varied in the forest, this could be atiributed to

poor establishment as a result of low population of the dispersal ?lg:'l.'l‘liiJ coupled with

14



reduction in the densities of poential host trees that occurred due to human disturbance.
Several other potential agents jrnuning low density of the two species include disease
(Franklin ef “'F-J. 1987, insect amack (Cunningham e n-i.J 2002} and climatic fluctuation

(Evenson, 1983) were not properly examined during this study and ey futurc

imn:r-iigalimnl. Mertt

Though the seeds of the two species perminate in shaded conditions, the seedlings of
P.africana appear to require light gaps in the canopy for survival to the pole stage (Kiama
arsd Kiviapi, 2001k g’i:ﬁistwham has nat been sufTicient to create light gaps
for successful regencration of Pravs ..::_ﬁu'.:'aua'}'u.dditlu}ﬂu: LUIdErErD\‘-ﬂ"IJWhith 1% believed

cleadal(?
to be a product of eheasbel may plav an inhibiting role for the Prunus africong and Cfea

]
euriapaea saplings 5.uni1.'al¥ﬁ1 uch as i:%ﬁn in the E"nr:s‘lgul'”uunl Oku, Camerson
/

(Stewart, 2000}

Conservation of Pefricana and Ol emrapaea offers a formidable challenge since the species
peld spec
appr,'arl o require disturbance for regencration f&am.n and K}-iapi_ lﬂﬂl],ﬁ:_al sites where
disturbance is occurring, P.aﬁ-:'c_un:: i= ofien a target of bark I'L.ﬂ.r'.u:ﬁtf:r.l'-li Engaging in
harveshine
unsustainable levels of w {Cunningham  and Hhenkum. 1983, Sunderland and

Tako, 1999).

.
To help meet the increasing demand for P africana bark extract, there istneed 10 star projects

that will generate income lx‘-lhl: locals which will reduce pressure on the natural forest
puputn:iunfjurmuuding communilies should be encouraged to establish Pafricama

plantations {__'-.;i‘mwar:. 20037,

In developing forest management strategies fork3outh Mandi forest, it would be imponant to

focus on the protection of the two species from depletion by encouraging the community 1o

13



explore alternative tree species with similar propenties. The ongoing panticipatory forest
management should focus on on=farm cultivation of these two species in the long term. Even
though the wees prow slowly 8 their incorporation into agroforesiry systems would
eveniually develop alermative stocks that would help in reducing the forest degradation and

depletion of the two species.

The regeneration patterns analyied indicates that there is fluctuating forest regenerilion as a
in adid g 10 .
result of natural phenomens GRERER human-induced processes. However, detailed analysis

revealed that each species is uniqur:’mhd n:quirE specific silvicultural interventions.

S0 Conclusion

The results showed that the population densities for P.africana ranged from 860-885
5=cm5malﬂnd 369-600 stemsha for Dewopoes along the hine ranseciz, These population
densities were significantly different (p<0.05) between the sampled cluster sites of

m—fwm AL
ChebilatKobugoi ‘hcpkﬂngnnﬁ and Kamarich withinkNandi South Forest. The DBH and size

R . i
classes distribution for the two species gave a reverse J'—shapud CUrve.

O rese s g T =5
The results for diameter size distribution imicated#um for both P.gfricana and

CLenropaea sl.r'-.rclumfl.lggcsling stable populations of the two species that naturally replace
themselves through successful regeneration, However in comparison withiUNO 1994 madel
for structurally stable East Africa natural forest :Euﬁ}'slm%mc species were unstocked il
[I!'I.diEElil;'; low recruitment from seedlings into mature trees due o possible anthropogenic
disturbances. Recruitment of hoth species occurred more intensively in canopy gap.} b

displayed inhibition near mature conspecifics throughout the forest floor.
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There is need therefore W consider population densities.regeneration and recruitment levels in
planning to restore the two species through artificial regeneration in addition to advocating

for strategic in-silu conservation interventions o enhance recruitment in South MNandy Forest.
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APENDICES

Appendix hﬁfusu T}

ubjects Effects for Pafric
y “Aﬂﬂmtq,a'

Dependent Variablg:

haracteristics of trees predisposed w die Bioscier

<5574

UMD[HJE:.

Aefre

2

Source Frvpe 111 Sum of e
Squares df Mean Square F Sig.
“orrected Model 7.507E6" 150 500494933 | 102E a0
L 5345344,000 Il 3345344.00 d 10
lMasEo00| 3 34EIS000 635 00
T253472.000 3 2417824.000 5. 32265 A
[ 49498, 000 QI i LR 36561 A
21808000 45
1 1.23TET 6
i g!i]_"nrrn.cied Tatal THA9232.000 a3
B Bquared = 997 { Adjusted R Squared = _996)
Appendix B‘{Tnn ol jects Effects fir OLenropaea
Dependent "."Elnal:l-!l: \’AEHMU] J
Source Type i1 511|‘|=|~<.'11""1
Squares dr Mean Square F Sig,
Corrected Maodel 3.1 30E6Y 16 195612.983 2.987E3 00
LIS | 3509023657 | 1350912657 2.0n3E4 ]
YAROOGT 3133022 4 TRE. 256 I 1.961 A0
YVAROMIO2 JOROTOL 914 3 102600638 I.308E4 R
| 208K, 759 i 1343195 20.512 A0
30773950 47 05,484
Toal 324583000 4
[Corrected Total J132885.484 3

> 3. R Squared = 99% (Adjusted R Squared = 999)
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