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A Dynamic Model of the Interaction of Biomass
and Phytocenoses Resources in a Cyclic
Change in External Influences and the
Possibilities of its Use

MV Zilberman * & M V Cherepanov °

Abstract-The results of studies are presented in the framework
of an extended dynamic model that describes the interaction
of the biomass of the ecological system and resources in a
situation of cyclically changing levels of negative impact
(seasonal changes), which are an integral feature of the
existence of phytocenoses.

At the heart of this model is the perception that an
environmental system is capable of accumulating the
resources necessary for its own existence in the area of space
in which the system is located. It is shown that in the
conditions of cyclically repetitive changes in living conditions
(seasonal changes), when the increase in biomass density
occurs in the spring-summer period and is limited, and the
increase in resource density occurs in the autumn-winter
period due to the humification of the fall, this model is able to
qualitatively display some typical cases of the evolution of
phytocenoses.

Solutions of the model equation system are
presented, describing the accumulation of resources during
biomass activities, the redistribution of power supplies
between resources and biomass, and the loss of resources
through abiotic processes that take into account how the
system's sustainability and the degradation of the system in
light of changing weather conditions.

It has been shown that the correlation between the
parameters of the proposed model and the physically
measured characteristics of phytocenoses is possible, at least
theoretically.

Keywords: environmental system, biomass, resources,
negative impact, dynamicmodel, seasonal changes.

[. [NTRODUCTION

HacTosLulee BpeMsi HabnpaeTcs
BO3pacTarLllee BHUMaHue K  Bonpocam
YCTOMYMBOCTU 3KOMnormdeckmnx cucrtem. OgHum
U3 cBMAOETENbCTB 3TOro gABndetcs KoHBeHUMss no
knumaty [1] M psa MeXayHapoAHbIX OOKYMEHTOB,
npuaATbiIX B Lensx ee passutusa (KMoTckMn npoTokon,
Mapwxckoe cornalleHue).

Author a: Doctor of Chemical Sciences, Leading Researcher of FGAO
Ural scientific research Institute «Ecology», the avenue Komsomolskiy,
Perm, Russia. e-mail: zilberman@ecology.perm.ru

Author o: Head of department of FGAO Ural scientific research Institute
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duToueHO3bl  MOXHO paccmaTtpuBaTb
WHAMKaTOP COCTOSIHMS OKpYXatoLen cpeabl [2].

KakK

K HacTosiliemy BpemMeHM HakoMneH u
cMcTemaTusmMpoBaH 3HaYUTEnNbHbII o6bem
haKTUYECKMX [HdaHHbIX O COCTOSIHUM  MPUPOAHBIX

obbekToB. Hanpumep, B [3] npeacTtaBneHbl cBegeHus
O MepBUYHOM NPOOYKTUBHOCTM 3kocuctem CeBepHom
EBpasuun (tepputopumn GbiBiero CCCP) 6onee 4yem
ans 2500 npoGHbIX NMOWadoK, pPacnosfioXEHHbIX B
pasnU4YHbIX NPUPOAHO-KNMMATUYECKMX 30HAX.

CoBpeMeHHble TexHoMnormm ANCTaHLNOHHOIO
30HAMpPOBaHMA 3eMnu NO3BONUMN HAKOMNTb OFPOMHBIN
" NOCTOSHHO NOMNOMHAOLLNIACA obbem
MYNbTUCMEKTPanbHbIX CHUMKOB 3€MHOW MOBEPXHOCTMU.
OTN CHUMKU NO3BOMST BbIMUCASATbL BeEreTaluoHHbIe
WHOEKCbI, KOTOpble codepxaT BecbMa MOJIe3HyH
MHdOPMaLINIO O pacTUTENbHOM NOKpoBe [4].

lMocTosHHO BegyLMecss MeTeoposiornyeckme
HabnwogeHns  MO3BOMSAOT, C  OOHOW  CTOPOHBI,
COMOCTaBNATb AaHHblE O pPacTUTENbHOM MOKPOBE C
norogHbIMM YCrOBUSIMWA, @ C APYron — OueHuBaTb
rpaHnLbl BO3MOXHbIX MU3MEHEHMWI MOrOAHbIX YCIIOBUA.
B 1O Xe Bpemsa, crnegyer MNOMHUTb O TOM, 4TO
CoBpeMeHHast MeTogonorus nuccnegoBaHus
NpUpPoOAHbIX OOBLEKTOB BO MHOMOM Hacneayetr Te
YepTbl, KOTOpblEe CNOXWMUCb B nNepuoa, Koraa
OCHOBHOW Llenblo uccnegosaHui 6bino onpeaeneHne
pecypcHOro noTeHuUmnana okpyxarLllen cpeapl, a He ee
oxpaHa. B pamkax aTon mMeTogonorMm OTHOCUTENbHO
MPOCTO pellalTca 3agayn obHapyXeHus cxoacTBa M
pasnuuna  oTAeNbHbIX  OOBEKTOB, BblaeneHns
oTAenbHbIX rpynn o6bekToB 1 T.0. [peacrtaBnexHus xe
006 yCTOMUYMBOCTU MpPUPOOHbIX OOBEKTOB HOCAT, B
OCHOBHOM, KayeCTBEHHbIN xapaktep. B 4acTHocTM,
cuMmTaeTcs, 4TO 3JKOocuMcTeMa MOXeT ObITb onucaHa
KOMMITEKCHON CcXemom NONOXMNTENbHbIX "
oTpuuaTenbHbIX obpaTHbIX cBsizen,
NoAAEPKMBAIOLWLMX TOMEOCTa3 CUCTEMbI B HEKOTOPbIX
npegenax napameTpoB OKpyXatoLen cpeasbl [5].

[Mpn aToM BbIZENAT ABa TuUnNa romeocTasa:
PE3NCTEHTHbLIN — CNOCOBHOCTbL 3KOCUCTEM COXPaHATb
CTPYKTYpPY W YHKUMM NpPW  HEraTMBHOM BHEITHEM
BO3ACUCTBHM W YHPYTHH — CIIOCOOHOCTH 3KOCUCTEMBbI

© 2019 Global Journals
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BOCCTa@HaBnMBaTb CTPYKTYpy M OYHKUMM Mpu yTpaTe
YacTW KOMMOHEHTOB 3KOCUCTEMBI [6].

B npepbigywen paborte [7] Hamm Obina
npegnoXxeHa AUHaMMyeckass Modefb 9KOCUCTEMBI,
yuntblBawllas  B3aumogenctene  buomaccbel U1
pecypcoB. CywecTBO 3TOW MOAENM COCTOSINO B TOM,
4YTO U3MEHEHWE MMOTHOCTU Guomacchl ONpenensnoch
HanMyYnMeMm pecypcoB, KOTopble Buomacca mcnonb3yeT
ONsi CBOEro pocTa, a U3MEHEHWNe NIIOTHOCTU PECYpPCOoB
— npoueccaMu HaKOMMEeHUss PecypcoB B CUCTEME,
O6yCJ‘IOBJ‘IeHHbIMI/I XKnN3HegeATernnbHOCTbIO 6I/IOMaCCbI, n
abuoTmnyeckMMmM npoLeccaMm NnoTepu pecypcos.

Mopgenb npeacrtaBnsna cobon cuctemy U3
OBYX AundpepeHumnanbHbIX ypaBHEHUIA, nepBoe U3
KOTOpPbIX onnceiBano N3MeHeHne NNOTHOCTH
6uomaccel, a BTOpoe — NIIOTHOCTU pecypcoB. AHanm3
CBOWCTB 3TOM MOAENW nokasar, YTo BCe BO3MOXHOEe
MHOXECTBO COCTOSIHUIA CUCTeMbl pa3buBaeTca Ha ABa
NOAMHOXECTBA. Ecrin HavanbHble yCcroBusi
npuvHagnexar nepBoMy MNOAMHOXECTBY, peLleHune
acMMNTOTUYECKM  CXOOAUTCA K CTauMOHapHOMY
COCTOSIHUIO C HEHYNEeBOW NNOTHOCTbI Guomacchl U
pecypcoB. 3TO NOAMHOXECTBO ObiNO  Ha3BaHO
obnacTtblo ycTonumBocTu. Ecnv HavanbHble ycrnoBus
npuHagnexar BTOPOMY MOAMHOXECTBY, 3BOOLUA
npuBOAMT CUCTEMY K MONHOW noTtepe 6Guomacchl U
pecypcoB. 3OTO MOAMHOXeCTBO OblNO Ha3BaHO
obnacTbio gerpagaumu.

CxemaTtnyecku ata CUTyauua npencrtaBiieHa Ha Puc. 1.

08 7

NnoTHOOTE BHOMBCOs

06

04 1

02

00 @ | |
0.0 02 04 06 0.8 10 12 14 16 18 2.0 22 24
MnoTHoCTs pecypooe

———Tpannuya obnacTed O CrauMoHapeble TOMKH A== TpACHTOPHA CHCTEMbI

Puc. 1: TpaeKkTopuv 3BOSIOLUM CUCTEMbI

MonoxeHune rpaHnLbl, DGSD,GJ'IFHOLIJ,GVI TN
NoAMHOXECTBa, 3aBUCUT oT napameTpos,
onpegendawwnx peweHne Ccuctembl, K KOTOpbIM

OTHOCATCA CKOPOCTU HAKOMMEHUS W pacXOAOoBaHUS
pecypcoB cucTemonm, YPOBEHb HeraTMBHOIO
BO3OENCTBMSA M dopma 3aBUCUMOCTM MaKCUMarnbHO
JOCTMXXMMOW NNOTHOCTU ©Ouomacchbl OT MNOTHOCTU
pecypcos.

B pabGote [3] napameTpbl CUCTEMbI YPaBHEHUN
cunTanucb MOCTOsIHHbIMM. B Hactosiwen pabote

2019 Global Journals

paHee paspaboTaHHbI MOAXOA PacnpoCTpaHeH Ha

cnyyan LUKINYECKN MeHsitoLLerocs YPOBHS
HeraTMBHOMO BO34EUCTBUSA (CE30HHLIX W3MEHEHWUN),
KoTopble ABMAOTCA HeoTbeMeMOMn yepTomn
CyLLLeCTBOBaHNS (OUTOLIEHO30B.
[I. Mogens
Mpu paspaboTke mMogenu Mbl UCXoounn U3
TOro, 4YTO OOBLEKT MOAENNPOBaHUSA (PUTOLEHO3)
Haxo4WUTCS B YCMOBUSAX LIMKIMYECKM MOBTOPSAOLLUXCA
W3MEHEHNA  YCIMOBUM  CYLLECTBOBaHUS  (CE30HHbIX
N3MEHEHNN).

Poct nnotHoctn 6Guomacchl MNpoucxoauT B
BECEHHE-NETHUIA Nepuog W  HOCUT OrpPaHUYEHHbIN
XapakTtep, a 9TWM OrpaHMyeHust CBsA3aHbl Kak C
HanMynem pecypcoB, B 4acCTHOCTW, 3IIEMEHTOB
nUTaHus, Tak n NPUPOAHO-KNMMaTUYECKUMMU
ocobeHHocTaAMU. [loaToMy Ang onmMcaHWs CKOpPOCTU
M3MEHEHUsT MNIOTHOCTUM ©GuomMacchbl  MCNonb3oBanu
Moaudmkaumto N3BECTHOro ypaBHEHUS
noructmnyeckoro pocta [8]. lpn 3TOM BblpaxeHue,
onpegernsowee CKOPOCTb M3MEHEHMSI MITOTHOCTU
fvomacchl, ObIfIO CKOHCTPYMPOBAHO Tak, 4TO AniA
Ka)KOOro coyetaHus MIoTHOCTM pPecypcoB M dhakTopa
BO3OENCTBMS MMENOCb TaKoe 3Ha4yeHue MIOTHOCTU
fvomaccbl, npuM KOTOPOM  CKOPOCTb  WU3MEHEHMS
fbvomaccbl paBHsnacb Hymo. OTMeTUM, 4YTO 3TO
BblpaXEHME MOXHO paccMaTpvBaTb W Kak BapuaHT
TPaAULMOHHOIO NpPeAcTaBneHust MpoayKUMM HETTO-
OTOCUHTE3a, KOTOpasi onpenensieTcs Kak pasHoCTb
Mexay MpupOCTOM MacChbl pacTeHuss 3a CcueT
accumunauuKn  yrnepoga M ero pacxogoMm 3a cuyet
AbixaHus [9]

Mpun  onucaHum CKOpPOCTM N3MeHEeHUsI
NMOTHOCTU PEeCypcoB Yy4uTbiBaNM Tpu npouecca.
[MepBbI NpoLecc — 3TO HaKoMeHne pecypcoB B Xoae
Xu3HegeaTenbHocTn ©Ouomaccel. CKOpOCTb  3TOrO
npouecca npuHATa MPONOPLUOHANbHOM MIOTHOCTU
ovomaccsl. BTopon npouecc onucoiBaet
nepepacnpegeneHve 9SMneMeHTOB MUTaHUa Mexay
pecypcamm un 6uomaccoin. Tak, B BeCEHHe-NeTHUM
nepuog MroTHOCTb PECYpPCOB YMEHbLUAETCH 3a cyeT
notpebneHns aTMx pecypcoB pacTylien Guomaccon, a
B OCEHHEe-3UMHUIN Nepuoa NOTHOCTbL PECYPCOB pacTeT
3a cuyer rymudpmkaumm onaga. CKopoCTb  3TOro
npouecca npuHATa NPOMNOPLMOHANbHON  CKOPOCTU
M3MEHEHUsI MNMNOTHOCTM ©Ouomacchl. TpeTuin npouecc
OnuCbIBaeT NOTEPI0 PECYPCOB 3a CHET abMOTUYECKMX
npoueccoB (BbIMbIBaHWE 3MEMEHTOB MNUTaHMS B
noaseMHble BOAbI, BOAHAs 1 BETPOBas 3po3nst U T.4.).
CKOpOCTb 3TOro npouecca NpuHATa paBHOW NNOTHOCTH
pecypcoB.

C yd4yeTOM CKa3aHHOIO YypaBHEHWS MoAenu
npegcrasneHbl BolpaxeHnem (1)
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- 3aBUCUMOCTb MakcrMarnsHO
f(v) pocTwxumon NNOTHOCTM Buomacchl OT
NNOTHOCTUN PECYPCOB
v - OTHOCMTENbHAs NIOTHOCTb PECYPCOB
a - CKOpPOCTb pocTa bromaccsl
- CKOPOCTb HaKOMMEHUs PecypcoB 3a
B CYeT XU3HeaesTenbHOCTN 6Guomacchl
s - CKOPOCTb B3aMMHOro npeBpaLLeHus
pecypcoB 1 buomMaccel
y - CKOpOCTb MOTEPU PEeCcypcoB CUCTEMbI

3a cyeT abMoTMYECKNX NPOLLEeCCOB

Mo cpaBHeHuto ¢ paboton [7] npn onucaHwum
CKOpPOCTHN U3MEHEeHNA NINOTHOCTU pecypcoB B CUCTEMY
ypaBHeHui1 (1) nobaBneHo BblpaxeHue 5-u-(g (t):f (v),—u)
koTopoe obecneunBaetr 6onee TOYHOE oOnNMCaHue

CE30HHON  AMHaMWKM  COOEPXXaHUA  3NEeMEHTOB
MWHeparnbHOro NUTaHWs B MOYBax, HO He BIUSIET Ha
CcTalMoHapHble peLueHms, BblYMCIEHHbIE  And
cpeaHero no nepuogy  3Ha4yeHus dakTopa
BO3ENCTBUSI.

[noTHocTH Ouomaccsl " pecypcoB

BblpaXanucb B OTHOCWUTENbHbIX eauHuuax. [Ons
onpedeneHns OTHOCUTENbHOW MIOTHOCTM Buomacchl
NCMNoMb30Banoch BblpaxeHue (2).

z 2
u =
Umax
roe
U - TekyLasa NnoTHOCTb Guomaccsl
Unnax MakcUManbHO  JOCTMXKMMAa  MIOTHOCTb
onomaccel npu MOSIHOM obecneyeHun
pecypcamm 1 Hambonee OnaronpuATHbIX
BHELUHNX YCMNOBUSAX.
Ona  onpegeneHua  OTHOCUTENbLHOW  MNOTHOCTM
pecypcoB uUcnosnb3oBanu BoblpaxeHue (3)
y 3
V=
Vos
loe
% - TeKyLas NnoTHOCTb PeCypcoB
Vos - NMNOTHOCTb pecypcoB, obecneyunBaroLlas
NNOTHOCTb BGuomacchl, paBHyl MNOSIOBUHE

MaKCMMarnbHO [OOCTWXMMOM nNpu  Hambornee

6naronpUATHBIX BHELLUHUX YCMOBUSIX.

Kak BugHO u3 BblpaxeHus (1), aprymeHTamu,
ONpeaensowyMm peLeHne 3TON CUCTEMbI YPaBHEHW,
ABNATCA 1Be PYHKUMOHANbHbBIE 3aBucumocTun g(©), f)
W yeTbipe cKansipHble napameTpa. PaccMoTpym 3Tu
aprymeHTbl 6onee nogpobHo.

dyHKuMoHanbHas 3asucumocts  g(t) €0,1
XapakTepusyeT BNUSIHWE MOrOAHbLIX YCMOBWUA  Ha

npoTekawwme npouecckl. B HacTosiwen pabote
CYMTanocb, YTO 3Ta 3aBUCUMOCTb MOXET COAepXaTb B
cebe OBe cocTaBnsoWME — AETEPMUHUPOBAHHYIO U
criyvaviHyto. B COOTBETCTBMM C 3TUM MONOXEHUEM
MoZenupoBaHue 3aBuMcMMocTU g(t) OCyLLeCTBNANOCH B
criefiytoLem nopsiake.

Bbluncnanu BcnomoratenbHylo YHKUMIO pt,
KOTOpYHo npeacTaBnsanu Kak cyMmy
OEeTEPMUHMPOBAHHOIO U CRy4anHOro NpoLeccos (4).

p(t) = pdet(t) + DPston ®) 4)

roe
Daet (t) -AETEPMUHMPOBAHHASA
cocrasnsaLas

Dston (t) - CNyHaNHas cocTaBnawoLLas

[etepmuHnpoBaHHas cocTasnsioLas
obycnosneHa CMeHOW BpeMeH roga W no cBOemy
CMbICIy COOTBETCTBYET TMOHATUIO «KIUMATUYECKON
HOpPMbI» KOTOpas cornacHo [10] ABNAETCA «TON NN NHOW
XapaKTepucTUKon Knumara, CTaTUCTUYECKU
Mofny4yeHHONW W3 MHOroneTHero psaa, Yalle Bcero
cpeaHAAa MHOroneTHA4d BelmiM4nHa». MCXOLI,H N3 TaKoro
onpefeneHusa, crnegyeTt, YToO Takas (PyHKUMS MOXeT

ObITb npeacTtaBneHa CyMMOWM nepmoanyeckmnx
dyHKUUR, Hanpumep, psgom dypbe. Ha Tekywem
aTane nccnegoBaHus ans onucaHus

OeTepPMUHNPOBAHHON COCTaBNAOLWEN WUCMONb30oBanu
dyHKUMto (5).

Paet(t) = —cos(2 -7 t) )

roe

teo1l - gonsa nepwopa (roga)

OT1a yHKUMA MMeeT MMHMManbHOE 3HadeHue
B Hayane W KoHUe nepuoga W MakcMmarnbHOe
3Ha4eHue B ero cepeauHe, UTo AenaeT ee NOXoXen Ha
TEHOEHUMIO N3MEHEHUST TeMMNepaTyp B TedeHue roga,
XapakTepHyl0 ANs YMEpPeHHbIX LMPOT CEBEPHOro
nonywapus.

Cny4yaiHyto COCTaBMSIOLLYIO MpeaCcTaBmnsanm

Kak CryYyaWHblAi nNpouecc C HyneBbIM CPeaHUM
3HaveHueM, XapakTtepusyembin cBoe
aBTOKOPPENALUNOHHON  (DYHKLUMER. B KayecTtBe

aBTOKOPPENALUNOHHON OYHKUMM B HacTosiwen pabote
ncnonb3oBanu BelpaxeHue (6)

K(7) = exp(—|a-1|) (6)
roe
a - KO3(PULUMEHT 3aTyxaHns

Mpn mogenupoBaHuM cny4arlHOro npolecca
MCNONb30Banu MeTOA HEepPEeKyppeHTHOW unbTpaumm
[11].

Ona  npeobpasoBaHWss  BCMOMOraTenbHOM
YHKUUN B UHTEHCUBHOCTb HEraTMBHOIO BO34ENCTBUSA
ncnonb3oBanu BelpaxeHue (7).

g(t) = NormDistr (p(t), x,,0,) (7)
roe
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NormbDistr- WHTerparnbHas dyHKUUA
HOpManbHOro pacnpegeneHus

Xo - CMeLLeHne
Op - ancnepcus
WMcnonb3oBaHue BblpaXkeHus (7)

obecrneynBano nokanusauuio 3HadeHun dakTtopa
HeraTMBHOroO BO34eNCTBUS B MHTepBane ot 0 go 1.
Bapunauns napameTpa x, MO3BONsANa BapbupOBaTb
cpegHee  3HayeHue dakTopa BO3dencTBusA, a
Bapuauus napameTpa 0, — KOHTpacT 3HaveHuW
dakTopa BO3LENCTBUA MEXAY «3UMHUM» U «ETHUM»
nepunogamu.

®PyHKUMOHaNbHas 3aBMCMMOCTb f)
onpeaensieT NNOTHOCTL Buomacchl, Ans KOTOPOW npu
3aaHHOM 3Ha4YeHWW MIIOTHOCTU pPECYPCOB V U
3HayeHun g(t) =1 ckopocTb W3MEHEHUs MNIOTHOCTU
ovomaccbl paBHa Hymnto. PyHkuma fv npegcraensaet
CcobOol MOHOTOHHYIO HEBLINYKNYK MNagkyo yHKLMIO,
MeHslowytocs B uHTepane ot 0 go 1. B gaHHOM
pabote B kadectBe YHKUMK f(v) MCMONBb30OBaNach

MHTerpanbHas pyHKUMSA norHopmMarbHOro
pacnpegdeneHus  (8),  yamoBreTBopsioWas  BCEM
BblLLEMNepeYncrieHHbIM Tpe6oBaHUSAM.

f() = LogNorm(v, u, g,,) (8)
roe
M - norapugpm MeaunaHsbl
NOrHOpPMansHOro pacnpegeneHuns
oy - aucnepcust  fIOrHopMaribHOro

pacnpeneneHnd

OTmeTum, 4TO PyHKUMA f(v)no cyTn pAena
onucblBaeT peakuuto Buomaccel Ha U3MeHeHue
NNOTHOCTWN PECYPCOB, TO €CTb TUMNYHYIO 3aBUCMMOCTb
[o3a — adpdeKkT, U M3BECTHbl OnMcaHus MNOA4OOHbIX
3aBMCMMOCTEA C  MPUMEHEHUEM  JTOrHOPMaIibHOM
dyHKuMn [12].

MapameTpbl, @, B,y 1§ ONPedensoT CKOPOCTU
NPOTEKaHUs1 OTAENbHbIX MPOLECCOB, YYUTbIBAEMbIX
mMogenbto. CMbICnT 3TUX NapaMeTpoB U akTopbl,
KoTopble NPenUMYyLLECTBEHHBLIM obpaszom nx
onpegensaT, npeactaBneHsl B Tabn. 1

Tabsn. 1: PUs3nYeckuii CMbICI KMHETUYECKMX NapaMeTPOB U (haKTopbl, ONpedensowme Ux 3Ha4YeHus

MapameTp | PUanyecknin cmbicn

(DaKTOpr, onpepgendawLline 3Ha4eHne napameTpa

CKOpOCTb pocCTa 6ruomaccel B ycnosuax

a o
OTCYTCTBUA OrpaHny4eHnn pocTta

Twvn douToueHo3a

CKOpOCTb HaKonJjieHna pecypcoB 3a c4yeT
'8 Xn3HedeaTenbHOCTN Buomacchl

Twn couToueHo3a

CKOpOCTb B3aMMHOIo npespawieHunsa

1)
pecypcoB 1 61uomMaccsl Tun duroueHosa
XapakTepucTuku MOYBEHHOIOo nokpoBa
CKOpOCTb MOTepu pecypcoB CUCTEMbI 3a y
Y (NPEMMYLLECTBEHHO paHyNIOMeTPUYECKNiA CcocTae W©
cyeT abMOTUYECKUX NPOLIECCOB

NPOMbIBHOWN PEXNM)

3HayeHnss Bcex 3TUX MapameTpoB SBMAOTCH
Ge3pasmepHbIMW, TO €CTb ONpeaenslT CKOpPOCTU
COOTBETCTBYIOLLMX NPOLECCOB OTHOCUTENBHO Nepuoaa
OEeTEPMUHUPOBAHHOW COCTaBMISIIOWEN LMKINYECKOro
N3MeHeHNs1 BO3OENCTBUS.

a) Ceolicmea peuweHul

B TomM cnydae, ecnu daktop BO34eNCTBUSA
ABMSAETCS  MOCTOSIHHOM  BenuuuHon g(t) = go, a
3aBucuMocTb f(v) npeacTaBneHa  JlorHopMasbHbIM
pacnpegeneHvemMm, cuctema (1) MOXeT MMeTb [Ba
CTAUUOHAPHbBIX PELUEHUs C HEHYNEeBOW MNMOTHOCTBIO
fvomaccbl M pecypcoB. 3HayeHuMs MIOTHOCTEN
fvomaccbl M pecypcoB, COOTBETCTBYWOLUUX ITUM

COCTOSIHMAM onpeaensTcs anrebpanyeckon
cucTteMon ypaBHeHuMrM (9) unm  ypaBHeHuem (10),

ABnaoWnMca pelleHnem 3TOW CUCTEMBI.

{go'fv —u_=0 9)

pru—yv=0

f@)=——-v (10)
9o B

OtmeTym, 4TO  Heobxogumoe  ycrnoBue
CYLLEeCTBOBAHMSA TaKMX CTAUMOHAPHBLIX  PeLUeHU
onpeaenseTcs HepaBeHcTBOM (11).
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f) 4
max(— S (1)
v go' B
KaK Cne,u,yeT N3 BbINOJIHEHHbLIX MOAEJIbHbIX
pac4yeToB CTaunoHapHoe COCTOAHUE,

cooTBeTcTBytolLlee 6Gonbllen nNIOTHOCTU pPEeCcypCoB,
SBNSIeTCA YCTOMYMBBIM, @ CTaLMOHapHOe COCTOsiHME,
COOTBETCTBYIOLLIEE MEHbLUEN MNMOTHOCTU PECYPCOB —
HEeYCTONYMNBbIM.

B cooTBeTCTBUM CO CKasaHHbIM, MOXHO
NpeanonoXnTb, YTO MNPU  UUKIMYECKOM W3MEHEHMWU
dakTopa BO34ENCTBUA ¢as3oBbIN nopTpert
acMMNTOTUYECKOrO pelleHus cuctembl (1) Oyget
npeactaBnsaAte  cobOM  3aMKHYTYO  TpaekTopuio,
pacnonoXxeHHy B6IM3M yCTONYMBOrO CTalMOHapHOIo
COCTOSIHMSA, TMOJMOXEHME KOTOPOro  onpefensercs
BblpaxxeHwem (10) npwu  ycnosuu, 4TO akTop
BO3gencTBuMs B 9TOM  BblpaxeHun (10) paBeH
cpefHemy 3Ha4YeHuio paktopa BO3AENCTBYsSA, TO eCTb
Jo=9(t). DencTBUTENBLHO, C POPMANbHON TOYKN 3PEHUS
npy  ymeHbluawwenca  amnnutyge  konebaHus
dakTopa BO3OENCTBUSA MOBEOEHUE PEeLIeHMsT OOSMKHO
npuénuxaTbCa K  peleHnto  and  MNOCTOSIHHOro
3HayeHus grakTopa BO3OENCTBUSA, TO €CTb CXOAUTLCS B



TOYKY BEPXHEro CTauMoHapHOro COCTOSIHMS,
BbIYMCITIEHHOTO Ans CpPeAHero 3HayveHusa dakrtopa
Bo3gencTtBus. OTMETUM, 4YTO C (PM3MYECKOW TOYKM
3pEeHUs 3aMKHyTasi TpaekTopusi ¢as3oBOro nopTpeTta
XapakTepusyeT COCTOSIHME CUCTEMbI, B KOTOPOW
nponcxoaaT nepuoguyeckne NOBTOPEHUS] U3MEHEHUSI
NMOTHOCTMN BMOMacChl U PecypcoB.

[ns npoBepkn 3TOro NpeanonioXeHus Hamu

ObiNn NpoBedeHbl MOAENbHbIE pacYeTbl C LENbH
noucka  acuUMNTOTUYECKUX  pPELleHUA  CUCTEMb
ypaBHeHui (1).

Mpwn nposefeHun 3TUX pacyeToB
npeanonaranocs, yTO U3MeHeHne dakTopa
BO3€ENCTBUSA onpefenseTcs TONbKO
JeTepMnHNpoBaHHOW  cocTaBnsowen.  [1oCcKonbKy
3HayeHnss nnoTtHocTen 6Guomaccel M Pecypcos,
npuHagnexawue XoT4 Obl ofHown Touke
acMMNTOTMYECKOrO pelleHnst 3apaHee He 6binu
M3BECTHbI, pacyeTbl BbIMNOMAHANUCL B cregyloLwem
nopsaake.

[na 3agaHHOro coveTaHus napameTpoB

paccuYNTbIBANUCL MOMOXEHUSI CTaLMOHAPHbLIX TOYEK,
COOTBETCTBYWLUNX CpeaHeMy 3HadeHuto cpakTopa
BO3aencTBus. B kauecTBe HauvanbHbIX YCrOBUW AnNs
NnoTHoCcTM 6uomaccbl M pPecypcoB MNPUHMMAIUCh
3HayeHUs1 3TUX BENIMYMH B BEpXHeW CcTauuoHapHOW
Touke. lMpoBoguncs pacdeT NIOTHOCcTen Guomacchl u
pecypcoB 3a Nepuog BpEeMEHW, COOTBETCTBYHOLLMN
BPEMEHM LMKIA W3MEHeHus dhakTopa BO3OENCTBUS.
CpaBHMBanu 3HavyeHUsi MNNOTHOCTen Ouomaccbl W
pecypcoB B Hayarne u KoHue nepuoga. B Tom cnyvae,
€Cnn 9TW 3HayeHus pasnuyanucb Gonee 4yeM Ha
3a[jlaHHYI0 BENUYMHY, pacyeT NOBTOPSANN, MUCMOMb3ys B
KayecTBe HadanbHbIX YCIMOBUIA 3HAYEHUS MIOTHOCTEN

6uomMaccbl M pPecypcoB, BbIYMCIIEHHbIE AN KOHLA
nepuoga.
PesynbTaTtbl pacyeToB, BbIMOMHEHHbIX AN

pasnuyHbIX BEJIMYMH CMELLEHMS, YTO MOBIMEKIO 3a
coboi M pasnuunsa cpegHux 3HadveHun hakTopa
BO30EeNCTBUS, NpeacTaBneHsbl Ha Puc. 2.
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B Bepxsie CTALMOHAPHWECOCTOAHNA B HUHHHE CT3LACHA PHLIE COCTOAKNA

Puc. 2: Pe3ynbTaTbl pac4eToB, BbINOMHEHHbIX A4S
PasnnyHbIX BEMUYMH CMELLEHUS

Kak BugHo u3 Puc. 2, ueHTp Tpaektopuu
ha3oBoOro noptpetra acUMNTOTMYECKOrO peLleHus BO
BCEX  Cfyyasx  ocTaeTcs BONU3M BEpXHen
cTaumoHapHo Touku. 1o Mepe yxyaleHus Ycrosuii
CYyLLEeCTBOBaHUS (UTOLLEHO3a (YMEHbLUEHNS CpeaHero
3HayeHust pakTopa BoO3adencTBUs g) Habnopaetcs
cMelleHne acuUMMTOTMYECKOro peLueHus B
HanpaBfeHnn COKpaLLeHNs NNOTHOCTU Buomacchl K
pecypcoB. OOHOBpPEMEHHO npoucxoant cobnvmxeHune
TOYEK, COOTBETCTBYHOLUMX BEPXHEMY W  HWXKHEMY
CTauMOHapPHOMY COCTOSIHUIO. [INsi OLEHKM pacCTosHMSA
Mexgy 9TUMW TOYKaMy MCMofb30Banocb OTHOLLUEHUE

NIOTHOCTEN pPecypcoB B BeEPXHEW U HWXKHEN
cTaumoHapHbix Toukax (K), BbluMCNeHHOe Ans
cpeaHero 3HayeHusa akTopa BO3encTBus.

YuntbiBas TOT dhaxT, 47O HUWXHAS

CTauMoHapHasa Todka NPUHAANEeXWUT rpaHuue obnactu
YCTOMYMBOCTW, OTHOLUEHWE MIOTHOCTU PecypcoB B
BEPXHEN W HWKHEW CTauMOHapHbIX TOYKaX MOXHO
paccmaTpuBatb Kak KONMUYECTBEHHYIO mMepy
yOaneHHoCcT  aCUMMTOTUYECKOro  pelleHus ot
rpaHuupl  obnactm  yCTOMYMBOrO  CyLLEeCTBOBaHMWSA
dmToueHo3a.

B gaHHOM cepun pacyeToB 6bIn0 06HapYeHo,
yto opmMa 3aBUCMMOCTM CKOPOCTU W3MEHEHWS
NMOTHOCTM GuOMaccbl OT BpPEeMEHM UW3MeHsAeTCA B
3aBMCMMOCTU  OT  MOJNOXEHUss  acUMMTOTUYECKOro
pelueHus OTHOCUTESbHO rpaHuubl obnactu
YCTONYMBOCTMU.

PesynbTatbl 9TUX pacyeToB MpuBEAEHbl Ha
Puc. 3 B BMOE 3aBUCMMOCTEN CKOPOCTU pocCTa
Bromacchl AN BereTayMoHHOro nNepunoaa, To ecTb ANs
nepuopaa, korga Bbromacca duToLIeHO3a
yBenuumsaetca. OTaenbHble KpuBble, N300paXeHHbIe
Ha Puc. 3, oTHOCATCA K pasHbIM 3Ha4YeHUAM
CMeLleHus.
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Puc. 3: KonuyectBeHHas Mepa yOoaneHHoCTn

ACMMNTOTUYECKOIo peleHna oT rpaHulbl obnactu

YCTOMNYMBOrO CyLLECTBOBaHUS DUTOLIEHO3a

Kak BuaHO M3 Puc. 3 no mepe ynydweHua
yCnoBsumn CyLLEeCTBOBaHMS duToLeHo3a ans
acMMNTOTMYECKOro peLleHnst HabnogaeTcsl CMeLleHne
Hayana nepuoga pocta Ouomaccbl B  CTOPOHY
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MEHbLUMX 3HAYEHUA BpPEMEHW W CMELLeHne nuka
CKOPOCTU pocTa MNJNOTHOCTM 6Guomacchl, B 3TOM Xe
HanpaBneHun. B kayeCcTBEHHOM OTHOLWeEHUn dopma
KpMBbIX, M300pakeHHbIX Ha Puc. 3, BecbMa noxoxa Ha
KpMBblE CYTOYHOWM MPOAYKTMBHOCTU (DOTOCUHTE3a Ans
pacTUTEenNbHbIX COOBLLIECTB, OnpeaensiemMon B NoneBbiX
YCITOBUSIX.

PeweHne cuctembl ypaBHeHun (1) B TOM
cnyyae, ecnM npu  MOAENVPOBAHUW  YYUTLIBAETCS
CnyyanHas cocTaBnsloWwas M3MeHeHus akTopa
BO3OENCTBMS U HadanbHOE COCTOSIHWE CUCTEMbI
6GnM3KO K acMMNTOTUYECKOMY PELUEHMIO, MPUBOAMUT K
dazoBoMy nopTpeTy, npeacrasnsiowemy cobon
CnupaneBuaHY KPMBYO, PacnonoXeHHyo BONnMan ot
acMMNTOTMYECKOTO pPELUEHUs, Kak 3TO MoKa3aHo Ha
Puc. 4.

228 3 .32 234 236 238 24 241 244
NNoTHOOTE pacypoos

— PR LB HIRE C yHETOM CAYHEHKON coCTaRARICWEH

e AL HAATTTOTHMES KO DE WL EHME

BepXHRRCTAUMOHApHER ToWwE

Puc. 4: ®a3oBbli NOPTPET peELUEeHU Npu Crnyd4yarHOM
n3MeHeHnn dakTtopa BO3LOENCTBUA MNPU HaYarbHOM
COCTOSIHUU CUCTEMbI, BIN3KOM K aCUMNTOTUYECKOMY.

®dusnyeckum aHanorom peLueHus,
n3obpaxeHHoro Ha Puc. 4, moxeT ObITb Nyr, KOTOPbIN
B TeYeHWe [ONroro BpPEeMeHU He mnogseprancs
XO35NCTBEHHOMY WCMONb30BaHMIO, BCEACTBME Yero

ypoBEHb  0BECMNEeYeHHOCTU  MOYBbI  3MEMEHTaMu
nuTaHus ctabunuaMposancs Ha ypoBHe 6anaHca
Mexay npoueccamy  HakOMMeHUs  nuTaTenbHbIX
BELLECTB 33 CYET XWU3HEOESATENIbHOCTM PaCTEHWUn U
pacxoga 3TWX BELIeCTB 3a Cc4YeT BUOTMYECKUX
MpOLIECCOB.

B Tom cnyyae, ecnu HavanbHOe COCTOSIHWE
o6bekTa [daneko OT acUMMTOTUYECKOrO PeLUeHus,
Hanpvmep, 3apacTallas necHas Bblpybka, Monenb
npenckasbiBaeT MNpUBIIKEHWE K acMMMNTOTUYECKOMY
peLleHuio, Kak 3To nokasaHo Ha Puc. 5.
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Puc. 5: ®a30Bbli MOPTPET PELUEHUN NPU CryvyarkHOM
n3aMeHeHnn pakTopa BO3OEWCTBUS MNPU Ha4varbHOM
COCTOSIHMM CUCTEMbI, ANEKOM OT aCMMNTOTUYECKOrO

XapakTtepHon 0COBEHHOCTbLIO npouecca,
nsobpaxeHHoro Ha Puc. 5, gaBnsetca To, 4TO pocT
NNOTHOCTM  BMomaccbl Ha  HadvamnbHbIX — 3Tanax
COMpoBOXAaeTCs YMeHbLUEHMEM MOTHOCTU PECYPCOB.
B panbHerwem nNNOTHOCTb pPecypcoB HauvHaeT
BO3pacTaTb, a COCTOsIHME CUCTeMbl npubnmkaeTca K
acuMnToTuyeckomy peuwleHuto. Mpn 3aToM Ha 3TOM
HayanbHOM Yy4yacTKe peLUeHUs TPaeKTopusi CUCTEMBI
NpoxoaMT BAOMb rpaHuubl 0bnactn ycTomumBoCTH, a
MOTOM HauyvHaeT ydansTbCad OT Hee B CTOPOHY
aCMMMNTOTUYECKOTO PELLEHNS.

b) K eonpocy o kanubposke modenu

M3 npegcTtaBneHHbIX AaHHbIX criegyeT, 4To
cuctema ypaBHeHuin (1) MOXeT UCnonb3oBaTbCa ASs
onncaHus  pasHoobOpasHbiXx Cry4yaeB  MNOBeOEeHWs
PUTOLEHO30B, B TOM 4YuCrie U ANs NPOrHO3MpOBaHMWS
UX MOBEOEHUs TMpu pas3nuyHbiXx runotesax o6
namMeHeHun cpaktopa Bo3genctsuda. [lpu  aTOM
OOHOBPEMEHHO C MNPOrHO30M MNOBEAEHUS CUCTEMBI
MOryT OblTb MOMy4YeHbl CBEAEHWST O TOM, HACKOIbKO
Tekylee COCTOsiHNE Modennpyemoro obbekta ganeko
OT aCUMNTOTUYECKOrO peLueHnss U rpaHuubl obnactu
YCTONYMBOCTMW.

OpgHako,  COBEpLUEHHO  O4eBWOHO,  4TO
npakTuyeckoe MNpuMMEHEeHMEe 3TOW MOAEenu BO3MOXHO
TONbKO B TOM CIydae, €CnvM M3BECTHbl 3Ha4YeHus
napameTpoB, BXOASALWMX B COCTaB MpPearioKeHHOro
MaTeMaTM4yeckoro OnucaHusd, u unmeeTca Habop
3KCMepuMeHTasbHbIX OaHHbIX o} COCTOSAHMU
nccregyemMoro outoLeHo3sa.

B HacTosilee Bpems Mbl, K COXaneHuto,
MOXEM TOJTbKO OnucaTb MOAXO04, KOTOPbIA MO HalleMmy
MHEHMIO MOXET NPUBECTU K OLEHKE MnapamMeTpoB,
BXogsawmx B coctaB mogenu. OueHkM napameTpoB
NPeLNOXeHHON MOAENW He MOryT ObiTb MOMyYeHbl M3
HenocpeacTBEHHbIX N3MEPEHUNA. Moatomy
€0MHCTBEHHbIM MyTeM MONyYeHMs] TaKkuxX OLIEHOK
Bapuauusi 3TUX NapamMeTpoB C LUENb MUHUMU3ALMM
pasnMunii  Mexay —pesynbTatamu  pacyeToB U



9KCMEPUMEHTamNbHbIM  OLUEHKaMW  TFOOAMYHON  W/Mnu
AHEBHOW NPOAYKTUBHOCTM (PUTOLEHO30B.

HecmoTps Ha 3HauuTenbHOe KONMYEeCTBO
napamMeTpoB, noanexaluux onpegeneHuto, aTa 3agaya
He npeacTaBnseTrcd 6onee CNOXHOW, YeM YCMELHO
pelleHHas 3ajada onpenenieHnsi CTeXMoMeTpUYECKnX
N KUHETUYECKNX KO3I(EPULMEHTOB B MOAENN OYUCTKU
CTO4YHbIX BOf, [13].

OnpegeneHHyo TPygHOCTb MpeacTaBnsieT To,
yTO BHELLHMNe " BHYTPEHHME akTopbl,
onpegensowme pelweHre cuctemsl (1) npeacTasneHbl
B Mogenu B Buae OOOOLEHHbIX OUeHOK gt u fv,
COOTBETCTBEHHO, B TO BpeMS Kak Kaxgbli U3 3TUX

dakTopoB  npeacTtaBnsgetr  coboM  COBOKYMHOCTb
BO3ENCTBUI, pasnnyHbIX MO CBOEW Npupoae.
B YacTHOCTH, BHeLUHWe hakTopbl,

00606LLEeHHbIE (hyHKUMEN gt B NPeanOXEHHON MoAenw,
no CyTW, coBnagaloT C NoTeHUuManbHbIMU nNpegenamu
YACTOM MNEPBUYHOM NPOAYKLMMK, OOYCNOBMEHHBIMM
PU3NMONOMMYECKUMUN  OFPaHUYEHUSAMU MO TakKuUM
dakTopaMm Kak, CONnHeyHas paguauus, BOOHbIN
6anaHc, TemnepaTtypa u T.A4.

Kaxgbin 13 9TUX  QakTOpoB  MOXET
npencTaBnsiTb co60n NMOO MOHOTOHHYIO 3aBUCUMOCTb,
Kak, Hanpumep, COoInHedHas paguauuda, nmbo
YHUMOOAnbHY0  3aBUCMMOCTb, €CNU  CYLLECTBYIOT
onTumanbHble 3HadeHus pakTopa, Kak B cnydae
TemnepaTypbl 1 YCIOBUN YBNAXHEHUS.

B o6oux cnydasx ecTb BO3MOXHOCTb
npeobpasoBatb WHTEPBAn W3MEHEHUS pearibHOro
BO30eNCTBUS B uMHTepBan 3HadyeHun ot 0 pgo 1,
KOTOPbIN N ABMASETCA UHTEPBASIOM 3HAYEeHU OYHKLNK
gt, onpegensiowen ypoBeHb BO3AENCTBUS.

Mpu atom, ana npeobpasoBaHus HU3NYECKNX
3Ha4YeHM napameTpa, OKa3blBalLWEro MOHOTOHHOE
BO3J€ENCTBME, HEOOXOAMMO UMETb Kak MWUHMMYM [Ba
napameTpa, oAuH N3 KOTOpbIX onpefensieT 3HayeHue
dmsmdeckoro napameTpa, Npu KOTOpoM Habnwgaetcs
Hanbonee ObicTpoe  M3MeHeHue  dopMarnbHOro
napameTpa, a BTOpON - onpegensiet
YYBCTBUTEMBbHOCTb  (popmanbHOro napameTpa K
N3MeHeHno br3n4eckoro napameTpa.

Ons npeacTaBneHus YHUMOanbHbIX
3aBUCMMOCTEN HEOOXOAMMbI KaK MUHUMYM 4YeTbipe
napameTpa, npuM 3TOM nepBas napa [OMXHa
COOTBETCTBOBaTb 006Mactv, B KOTOPOM pU3MYECKUI
napameTp CTUMynupyeTt Xun3HeaesaTenbHOCTb
duToueHo3a, a BTopasa napa — obnactn, B KOTOpOW
dumamyecknin napameTp yrHeTaeTt ATy
XN3HeOeaTenbHOCTb.

OOovH 13  BO3MOXHbIX CMOCOOOB  TaKoro
npeobpasoBaHns AN MOHOTOHHOM  3aBMCMMOCTM
MCNonb30BaH B HacTosiLLen paboTe B BblpaxeHuu (7).

PesynbTatom peleHns cuctemsl (1) kpome
NNOTHOCTM  OMoMacchl, KoTopass MoxeT  ObiTb
HanpsMyto cornocTaBreHa c oLeHKamu
NPOAYKTMBHOCTM  PUTOLEHO3a, MNOSMYyYEeHHbIMW B
pesynbTate MOMeBbIX  UCCnegoBaHWW, wnn  C

MCMNONb30BaHNEM JaHHbIX JMNCTaHLMOHHOrO
30HOMpOBaHMA  3emnu, SBNSETCA U NIOTHOCTb
pecypcoB, kOoTopas MOXeT ObITb conocTaBfeHa c
COAEepXXaHMEM 3MEMEHTOB MUTaHUA B nodse. Takue
COMOCTaBIIEHNA MOTYT MNPOBOAUTLCA HA OCHOBE
M3BECTHbIX wkan obecneYyeHHOCTH pacTeHumn
aneMeHTamuM NUTaHUs W NPeAcTaBnslOTCS BecbMa
nonesHbiMM C TOYKM 3PEHUSI OLIEHKM COOTBETCTBUS
MOZENbHbIX PacYeTOB peasibHbIM XapaKTepuUCcTUKam
MTOLLEHO30B.

[11. 3akiouenue

MpennoxeHa OnHammnyeckas Mozenb,
onuchbiBawwaa  B3aumogenctene  Guomaccel  u
pecypcoB uTOLEHO3a B YCMNOBUAX LIMKINYECKUX
HeraTuBHbIX BO3OencTBMin. [lokasaHo, 4YTO [OaHHasd
MoZenb crnocobHa 0TobpasuTb HEKOTOPblE TUMUYHbIE
crnyyam 3Boniounn PUTOLEHO30B, MO KpalHen mepe, B
KayecTBeHHOM nnaHe. [lpu 39TOM uMcnonb3oBaHWe
NpeanoXeHHON  MoAenu  Mo3BonseT  MOonyuYnTb
KONMMYECTBEHHbIE OLIEHKM YCTOMYMBOCTM (pUTOLIEHO3A
KaKk TOMNOXeHNe TPaeKkTopum 3BOMOLUMM CUCTEMbI
OTHOCUTESNBHO rpaHuLLbl 06nacTn yCTONYMBOCTY.

lMoka3aHo, 4YTO YyCTaHOBMEHME KOppensumm
Mexgy napaMeTpamMyu NpeariokeHHOW MoAenu U
hr3nyeckm n3mepsiemMmbiMn XapaKkTepucTukamm
UMTOLEHO30B  BO3MOXHO, MO KpalHen mMepe,
TEOpEeTUYECKH.

CyLLEeCTBEHHBIM SABMSIETCA TO, 4YTO [JaHHasd
Mogenb SBMSIETCS He TOMbKO MOAENbI  pocTa
bromaccsl, KOTOpbIN onucbiBaeTcs nepBbIM
ypaBHeHuem cuctembl (1), HO n, B onpegeneHHoMm
CMbICNie, MoAenbk npouecca no4BoobpaszoBaHUs,
MOCKOSbKY BTOPOE YpaBHEHME 3TOW XXE CUCTEMbI
onucbIBaeT MPOLLECCbl HAKOMIEHUA U pacxodoBaHUs
pecypcoB B noyse. ITO OOCTOATENLCTBO, B COMETAHUM
C TeMm, 4YTO MoAernb uUcnonb3yet 0606LEHHbIE OLEHKN
BO30EWNCTBUSA, ONpeaensiemMble NOrO4HbIMW YCITOBUSMU,

no3BosideT paccmaTtpuBaTtb Ty mMmoaenb Kak
noTeHunanbHy rlnachopmy ans obbeanHeHus
MEeTeOopOoJIorn4ecknx AaHHbIX, OaHHbIX o
NPOAYKTUBHOCTHU (bMTOLI,eHO3OB n pe3ynbTaTtoB

NoYBOBEAYECKNX UCCIEA0BaHNUN.
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Toxicity of Mareb Crude Oil on Intertidal Clam
Tivela Ponderosa and its Effect on Oxygen
Consumption under Laboratory Conditions

Aziz, S. Dobian * & Hagib, H. Al-Hagibi °

Abstract- The impact of chronic exposure of Mareb Crude
Oilon the rate of oxygen consumption of the clam, T7ivela
Ponderosa was studied in the laboratory. The bivalve T7ivela
ponderosa is exposed to (0.5, 1, and 1.5) ml/l of Mareb Crude
Qil. The oxygen consumption of bivalves Tivelaponderosa was
controlled hourly at 5" and 10" day (every two and six hours).
After 5 and 10 days of exposure to crude oil concentrations,
the average oxygen consumption in the clam after 5 days of
exposure was (0.131, 0.135, 0.141, 0.319ml O, gm™ dry tissue
h™ every two hours) and (0.121, 0.124, 0.137, 0.247 ml O, gm™
dry tissue h™ every six hours) and after 10 days it was (0.222,
0.561, 0.946, 1.117 ml O, gm™ dry tissue h™ every two hours)
and(0.126, 0.432, 0.573, 0.632 ml O, gm™ dry tissue h™ every
six hours). It was observed that the rate of oxygen
consumption fluctuated with an increase in the exposure
period. The increase in oxygen consumption in the treated
clams can be explained by the high metabolic activity of the
organisms due to the stress imposed by the pollutant. On the
other hand, when increasing the exposure period for pollution
substance decrease in oxygen consumption in the clams
exposed to toxic substance concentrations. The possible
reason for the latter is the insensitivity of the clams especially
in high concentration of pollution substances.

Keywords: toxicity, oxygen consumption, condition index,
crude oil, clam tivelaponderosa.

I. [NTRODUCTION

he rate of oxygen consumption varies with
Tchanges in the environmental and physiological

conditions. Changes in physiological activities of
organisms serve as an indicator of sublethal effects of
pollutants on organisms (Sprague, 1971; Swedmark et
al., 1971; Hargrave and Newcombe, 1973). Thus, it is an
indicator to determine the degree of stress caused by
changes in the environment due to various natural and
man-made perturbations.

Deshmukh (1979) studies the changes in
oxygen consumption by the clam, Meretrixmeretrix
exposed to various changes in natural conditions
(temperature, salinity, etc.).Rate of oxygen consumption
has been used as a valuable tool by many workers to
assess stress, since it is an index of energy expenditure
to meet the demands of environmental alterations
(Prabhudeva and Menon, 1986; Mohan et al., 1986a,b).
Most of the vital activities in bivalves are regulated by

Author e o. Earth and Environmental Sciences Department, Sana’a
University, Yemen. e-mail: hagib_2002@homail.com

neuro-endocrine centers. The respiratory rate data of the
animals reflect their general metabolic rate. The aim of
this study by using bivalves (Tivelaponderosa) as
bioindicator to determine the effect of toxic for Mareb
Crude Oil on oxygen consumption rate in bivalve
mollusks. In addition to study of the condition index of
the exposed bivalve.

[I.  MATERIALS AND METHOD

The bivalves were collected from Abyan Coast
(12°. 48. 485 N, 45° 02. 381 E) in Aden Governorate.
They were collected by hand during the spring low tides
in the evening times to avoid higher temperatures and
were then kept in open canvas sacs containing wet
sand to minimize frictions, desiccation and then
transported to the laboratory immediately. They were
protected from agitation during the transportation. The
clams were cleaned by gentle rubbing in clean seawater
to remove the clogged sediment and mucus and kept in
aquaria of uniform size, 40cm long, 25cm wide 20 cm
height, each containing clean and filtered seawater.
Clams of uniform size of (47=1) mm long were used in
the study to avoid susceptible size-based variations in
response to the test chemicals. At the end of the
acclimatization the experimental organisms for 4 days
must be in excellent condition to tolerate the
experimental conditions. There should be less than 2%
mortality during acclimatization (APHA-AWWA-WPCF,
1976). Four clams from each of the control and from the
exposed sets were transferred (five and ten days
exposure to cured oil concentrations of 0.5, 0.1 and 5.1
ml/l into beakers of 500 ml capacity containing 400 ml
filtered seawater. The water columns of the beakers
were sealed with a 2.3 - 3 cm layer of inert liquid paraffin
to prevent exchange of gas with atmosphere; following
the method of Mathew and Menon (1983).

The oxygen consumption was determined for
two and six hours in dark chambers to minimize the
external stimulations. Then the oxygen contents were
determined by Winkler's method for the experimental
jars, the initial water and the control water without clams
at the end of the experiment. After each experiment, the
soft tissues were removed cleaned and dried at 80°C for
24 hours, and dry weights were determined. Standard
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deviations were calculated based on 4 determinations in
ml O, consumed per hour per gm dry weight.

A condition index relating dry tissue weight to
shell length was calculated by:

Dry Weigh (gm)

Condition index = x 100

Shell length (mm)

The soft tissues were shucked off the shells,
weighted then dried as above and reweighted to get the
dry tissue weights. Then the dry-wet tissue weight ratio
in percentage was calculated.

Dry Weight

Dry - Wet weight ratio = x 100

Wet weight
I1I.  RESULTS

a) Rate of Oxygen Consumption

Table 1.1 and Fig 1.1 illustrate the results of the
rate of oxygen consumption of the control and Mareb
Crude Qil exposed clams ml O,/g dry soft tissues/hr for
five and days (every two and six hours) of observation.
Oxygen consumption in the control was 0.131 and
0.121ml/g dry weight/nr. The oxygen uptake increased
gradually in clams exposed to different concentrations
of the crude oil, in the low concentration 0.5 ml/l was
0.135 and 0.124 ml/g dry weight/hr, and the medium
concentration 0.1 ml/l was 0.141 and 0.137 ml/g dry
weight/hr, and the increase reached its peak in the
clams exposed to high crude oil concentration 1.5 ml/l

with an increase was 0.319 and 0.247 ml/g dry
weight/hr, compare control during two and six hours
respectively

The results of the rate of oxygen consumption
of the control and test substance exposed clams ml
0,/g dry soft tissues/hr for ten days (every two and six
hours) of observation. Oxygen consumption rate
increased during the ten days compared oxygen
consumption rate for five days. In the control was 0.222
and 0.126 ml/g dry weight/hr. During the low, medium
and high concentration was {(0.561) (0.432)}, {(0.946)
(0.573)}and{(1.117)(0.632)} ml/g dry  weight/hr,
respectively.

Fig. 1.1 and 1.2 show clearly the difference
between the two groups of clams after 5 and 10 days
exposure to Mareb Crude Qil toxicity (after two and six
hours). The group in the Fig. 1.1 and 1.2 illustrate the
rates of oxygen consumed by the control and the
exposed clams after they have been transferred to crude
oil-free seawater. In the 10 days group the rate of
oxygen uptake was generally less than the rate of
oxygen consumption in the 5 days group.

Finally, comparison of the charts after 5 and 10
days show clearly the difference between the two
groups of clams after 5 days and two groups of clams
after ten days of exposure to substance tests toxicity
(after two and six hours). The charts illustrate the rates of
oxygen consumed by the control and the exposed
clams after they have been transferred to chemicals
tests-free seawater.

Table 1.1: Average oxygen consumption (ml O, gm™ dry tissue h™") in bivalves exposed to Mareb Crude Oil for five
days (after 2 and 6 hours) values are mean = for 2 determinations

Exposed Period of exposure Period of exposure
(to mi/l) (after two hours) (after six hours)
Mean S.D Mean S.D
0.0 (control) 0.131 = 0.009 0.121 = 0.015
0.5 0.135 = 0.010 0.124 + 0.070
1.0 0.141 =+ 0.020 0.137 +0.014
1.5 0.319 + 0.029 0.247 + 0.003

Table 1.2: Average oxygen consumption (ml O2 gm-1 dry tissue h-1) in bivalves exposed to Mareb Crude Qil for ten
days (after 2 and 6 hours) values are mean = for 2 determinations

Exposed Period of exposure Period of exposure
(to mi/) (after two hours) (after six hours)
Mean S.D Mean S.D
0.0 (control) 0.222 + 0.011 0.126 = 0.000
0.5 0.561 =+ 0.033 0.432 + 0.000
1.0 0.946 =+ 0.000 0.573 =+ 0.005
1.5 1117 +0.025 0.632 + 0.000
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Fig. 1.1: Oxygen consumption by Tivelaponderosa after 5 days exposure to Mareb Crude QOil
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Fig. 1.2: Oxygen consumption by Tivelaponderosa after 10 day sexposure to Mareb Crude Ol

b) Condition Index

The observed values of condition index which is
the ratio percentage between the dry weight (g) and
shell length (mm) are given in Tables 2.1 and Fig. 2.1
which indicate a reduction in condition index of the
clams exposed to Mareb Crude Oil for period of 5 and
10 days. The condition index of the control clams was
2.927 after 5 days and 2.751 after 10 days. Where
decreasing condition index of the clams exposed to
different concentrations Mareb Crude Oil during 5 and
10 days, in the low concentration 0.5 ml/l were 2.587and
2.446 ml/l, while the medium concentration 0.1 ml/I were
2.452, and 2.238 ml/l, the high concentration 1.5 ml/l
were 2.396 and 2.198 ml/I.

c) Dry-Wet Weight Ratio

The data of the ratio between dry and wet
weights of the control and exposed clams during 5 and
10 days are shown in tables 3.1 and Fig. 3.1. The
decreased ratio was more or less inversely proportional
to the degree for each test chemicals concentrations
compared to the control. The ratio were 25.11 and 25.08
in the control and in the exposed clams to Crude oil
compared to the control were {(24.34) (24.24),
(22.89)(22.06) and (21.93) (21.12)}.

Table 2.1: Condition index as a function of Mareb Crude Qil concentrations for five and ten days

Condition index for 7ivelgponderosa
Concentrations (mi/l) concentrations for concentrations for

five days ten days

Mean S.D Mean S.D

0.0 (control) 2.927 +0.134 2751 + 0.232

0.5 2587 = 0.326 2446 + 0.312

1.0 2.452 + 0.289 2.238 =+ 0.565

1.5 2.396 + 0.182 2198 =+ 0.203
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Table 3.7: Dry-wet weight ratio as a function of Mareb Crude Oil concentrations five and ten days. Values are means

+SD,n=4
Concentrations (ml/l) | Condition index for 7ivelaponderosa
concentrations concentrations for ten
for five days days

Mean SD Mean SD

0.0 (control) 2511 +=0.44 25.08 = 0.07

0.5 24.34 = 0.36 2424 + 0.35

1.0 22.89 + 0.06 22.06 = 0.06

1.5 2193 =0.44 2112 +0.07
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Fig. 2.1. Effect of Mareb Crude Qil concentrations on condition index of Tivelaponderosa after five and ten days

exposure
I after 5 days
[ after 10 days
25
< 20
z
£ 15-
<
=y
R
$
5 5
" 00 05 10 15
Concentration of mareb crude oil (mi/l)

Fig. 3.1: Effect of Mareb Crude Qil concentrations on dry-wet weight ratio of Tivelaponderosa after after five and ten
days exposure

[V.  DISCUSSION
a) Rate of Oxygen Consumption

The concept of assessing ventilation rate and
O, consumption rate to explain toxicant stress arose out
of the knowledge that metabolism and activity are
interrelated. Variations in metabolic rate modify the
scope for activity and the degree of activity affects
metabolic rate. Usually, laboratory determinations of
sublethal stress can delineate linear or nonlinear
responses. The respiratory rate of aerobic organisms
represents the metabolic activity and thus the oxygen
consumption is a useful measure of sublethal effects on

© 2019 Global Journals

the animals which has been used to determine the
extent of stress by various natural and man-made
perturbations. The extent of modifications in oxygen
consumption rate may be considered as great as
pollutant-produced alterations (Anderson, 1977).

The present study showed a significant increase
in oxygen consumption in the Mareb Crude Oil treated
clams over that of the control clams. Oxygen
consumption increased gradually with the increasing
crude oil concentrations. The increase in oxygen
consumption in the treated clams can be explained by
the high metabolic activity of the organisms due to the
stress imposed by the pollutant. The metabolic functions



demand energy and subsequently oxygen is needed for
oxidation. It was observed by Percy (1977) that in
animals exposed to seawater extracts of the ail, from
which particulate oil had been removed, the metabolic
rate was significantly stimulated; the degree of
stimulation increased with increasing oil concentration.
This leads one to explain the increase in oxygen
consumption on the basis of oxygen utilization by the
organism as due to demand for its high metabolic rate,
which involves two distinct metabolic components; the
basal metabolism reflects routine maintenance
processes of the organism at rest and a further
significant fraction of the oxygen demand is attributed to
locomotion and other forms of activity (Newell, 1970).

The decline in oxygen consumption in the clams
exposed to test crude oil concentrations during 10 days
may be due in part, to the narcotization effect of the
chemical on the animals and to the disturbance of the
overall vital functions of the organisms by the
compound. This condition can be attributed to the
suppression effect of crude oil concentrations on the
clams in addition to the effect of long term exposure. On
the other hand, the decrease in oxygen consumption in
case of the high hydrocarbon concentration is the result
of activity reduction as Percy (1977) hypothetized this
situation by stating that, the decrease in oxygen
consumption is the result of activity reduction which may
mask a general increase in basic metabolic rate.

Struhsakes et al. (1974) reported similar finding
in fish exposed to benzene and showed that benzene
penetrated readily into tissues and stimulated the
respiration of fish; they opined that the increased
respiration reflected a requirement for more oxygen to
metabolize the benzene. Higher concentrations or
extended exposure times resulted in a decline in
metabolic rate and a possible narcotic effect arising
from accumulation of benzene in the tissues.

Several workers reported the effects of
hydrocarbons on the respiration of marine organisms
but the result varies considerably and in some cases an
increase of oxygen consumption is recorded while
decrease in others. The variations in the consumption of
oxygen may be due to the type of hydrocarbon or the
method of preparations or the duration of exposure or
due to the environmental conditions of the experiments
(Hargrave and Newcomb, 1973; Thomas and Rice,
1979). Avolizi and Nuwayhid (1974) who recorded a
depression in the respiratory rates of the bivalves,
Branchiodontes and Donax exposed to light crude oil
which showed reversal conditions when exposed to high
concentrations of the oil.

The clam Anadaragranosa exposed to
naphthalene for a short term (96 hrs) exhibiteda
reduction in its oxygen consumption (Eapen, 1987). On
the other hand, several authors recorded observations
similar to those of the present study where low
hydrocarbon concentrations increases oxygen

consumption and the high concentration decreased the
respiratory rates. This is in accordance with Anderson et
al. (1974b) who recorded an increase in respiratory rates
as a function of water soluble fraction (WSF) of No. 2
Fuel. Gilfillan (1975) reported an increase in  metabolic
rates when bivalves were exposed to low
hydrocarbon concentrations and reduction of it when
exposed to higher hydrocarbon concentrations. Similar
results were obtained by Hargrave and Newcomb
(1973); Percy (1977); Tatem (1977); Thomas and Rice
(1979).

The clam Myaarenaria had doubled its oxygen
consumption when exposed to lower oil concentrations
and when they were exposed to greater olil
concentration showed a depression in the oxygen
consumption rate. Stainken (1977) and Neff (1979)
stated that the respiratory rate of early and late zoeae
and megalops of mud crab were increased by exposure
to phenanthrene and naphthalene in which the former
had a greater effect than the latter on respiratory rate.

The above mentioned finding by different
authors indicates that the metabolic response to
hydrocarbons is more complex than the simple
unidirectional inhibition or stimulation suggested by
some studies (Percy, 1977).

b) Condition Index

This study has shown that both the condition
index and the ratio of dry-wet weight tissues in
Tivelaponderosa were significantly altered by the
exposure to Mareb Crude Qil. The condition index
parameter is another tool to interpret the growth rate of
the animal and the actual energy balance indicating
protein, carbohydrate and lipid catabolism to counteract
the stressful conditions of pollution. The present results
showed a gradual decrease of condition index as the
test chemicals concentrations increased.

This condition was also observed by other
authors like Roesijidi and Anderson (1979) in
Macomainquinata and Stekoll et al. (1980) in
Macomaballhica. Both the studies related the decrease
in condition index to the negative energy balance which
indicates energy utilization rather than storage. Granby
and Spliid(1995) recorded a highly significant negative
correlation with PAH in the common mussel. According
to Anderson (1979) the time factor is necessary in
obtaining a good result in condition index.

c) Dry-Wet Weight Ratio

The dry-wet weight ration also showed
significant variation from the control with the decrease in
values corresponding to the increase in ol
concentration. The faster decrease in the dry weight in
relation to the wet tissue weight may be explained by the
loss of dry weight for using their energy reserves due to
oil exposure. This state probably occurred because of
various factors such as decreasing in feeding
accompanied by the increase in metabolic rate and
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reduction in filtering rates. The present results are in
agreement with the conclusion recorded by Sophia and
Subramanian (1990) who studied the clam Meretrixcasta
exposed to various Crude and fuel oils whereby they lost
dry weight faster than wet weight. Stekoll et al., (1980)
reported similar results.

V. CONCLUSION

The present study showed a significant increase
in oxygen consumption in the test substances treated
clams over that of the control clams. Oxygen
consumption increased gradually with the increasing
test substances concentrations. The increase in oxygen
consumption in the treated clams can be explained by
the high metabolic activity of the organisms due to the
stress imposed by the pollutant. On the other hand,
when increasing the exposure period for Pollution
substance decrease in oxygen consumption in the
clams exposed to toxic substance concentrations. The
possible reason for the latter is the insensitivity of the
clams especially in high concentration of pollution
substances.
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Assessment of Heavy Metals Concentration of
Particulate Matters (PM) around Metal Recycling
Industrial Areas in IFE, South-Western Nigeria

Smart Michael

Absitract- Assessment of heavy metals concentration of
Particulate Matters (PM) was carried out around metal
recycling areas of Ife, south-western Nigeria in other to provide
information on the rate of contamination/pollution caused by
the atmospheric PM particles from the iron and steel industries
in the area. Twelve (12) particulate matter samples were
collected, prepared, and analyzed using Inductively Coupled
Plasma Atomic Emission Spectrometry (ICPAES) respectively.
Interpretation of the analyzed results were carried out for their
metal contents and environmental assessments.

Elemental composition analyses carried out on the
PM samples showed that the mean concentrations of the
eglements are Mo 0.2+0.1ppm, Cu 6.4+3.3ppm, Pb
35.3+44.3ppm, Zn 169.3+162.3ppm, Ni 1.97+1.22ppm, Co
0.2+0.1ppm, Mn 28.6=18.6ppm, V 0.4+0.08ppm, Sr
1.28+0.5ppm, Cr 6.4+3.3ppm and Ba 6.2=3.4ppm. For the
PM suspended in the atmosphere around the area, Zinc has
the highest concentration (471ppm) and mean value of
169.25. Further geochemical evaluation of the metals using
Enrichment Factor, Contamination Factor, and Pollution Load
Index, revealed the significant concentration of Zn and Pb in
the PM samples from the study area while the other elements
are minimal. The Contamination Factor calculated showed that
Zn, Pb and Ba are the elements contaminating the suspended
PM mostly. They show moderate contamination of the PM (2.0,
2.0, and 1.0 respectively). The Enrichment Factor calculated
also showed significant enrichment of Pb and Zn in the PM
samples analyzed (0-8 and 0-5 respectively). The Pollution
Load Index (PLI) showed that atmosphere of the study area,
where the PM is concentrated is not highly polluted (PLI<1)
but highly contaminated.
Keywords:  contamination,

geochemical.

enrichment,  pollution,

[. INTRODUCTION

eavy metals are any metallic chemical elements
that have relatively high densities and are toxic or

poisonous at low concentrations. They are
metals and metalloids having a specific gravity that is
five times that of water (Semhi et al., 2010). Their toxicity
causes an increasing degree of contamination and
pollution to any matter. The natural sources of heavy
metals in soils are being influenced by the parent
materials, the chemical and physical soil properties,
weathering, the metal speciation, and the climatic
conditions. The mineral content of the parent materials
is one of the most essential factors for the amount of
trace metals present in the atmosphere as aerosols,

Author: Federal College of Forestry. e-mail: tusmart14@gmail.com

(Burt et al, 2003). This function leads to a negative
effect on human health and on all living organisms.

Particulate Matter (PM) in the air includes a
mixture of solids and liquid droplets. Some patrticles are
emitted directly while others are formed in the
atmosphere when other pollutants react. Particles come
in a wide range of sizes. The particles of 25
micrometers (or less) in diameter are called ‘fine'
particles. Those between 2.5 and 10 microns (PM10) are
called ‘coarse' particle. Ten-micrometer particles are
smaller than the width of a single human hair (Ole
Raaschou-Nielsen et al. 2013).

Atmospheric  Particulate Matter plays an
important, but detrimental, role in everyday life and
influences several atmospheric processes (Othmar,
1996). PM typically comprises a complex mixture of
different elements and compounds (Dallarosaet al.,
2008). Dust containing heavy metals is dispersed
globally by atmospheric circulation and becomes a
minor but potent component of sediment, soils, and the
hydrosphere with a major impact on Earth ecosystems
(Petrovsky and Ellwood, 1999). Heavy metals can be
readily detected to frame policies for reducing
emissions and monitoring their long-term effectiveness
(Xia et al., 2008;Sagnottietet al., 2009). The methods for
monitoring emissions of PM are multidisciplinary which
include geochemical, mineralogical, and microstructural.
PM is emitted both from natural and artificial sources
(Choi et al., 2001; Fang et al., 2002; Zhang et al., 2010b)
which has brought a challenge into investigations on
how to separate contributions from the two primary
causes. In urban areas the diversity of possible
anthropogenic emissions renders source assignation
difficult (Choi et al., 2001; Kim et al., 2008; Zhang et al.,
2012b). Although many investigations show that
geochemical methods are useful for detecting PM
sources (Wang et al., 2005: Kim et al., 2007).

[ METHODOLOGY

Materials used for field sampling include the
vacuum sampler, generator, filter papers, Global
Positioning System (GPS), stepdown transformer, field
boots and notebooks, measurable foils, sample bags,
elbow-length gloves, e.t.c. The field research took place
in November, which is the tail end month of the rainy
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season at Ife axis. Hence, the effects of rain affecting the
collection of particulate dust samples were reduced. The
sample locations were concentrated mainly on Iron and
steel industries.

Collection of the PM samples was done with the
aid of a filter paper and a vacuum sampler. The sampler
was placed 200m away before and after each industry.
Because the exhausts of the industries are placed high
above the ground, the sampler was left for four hours to
allow the suspended PM dust particles coming out from
the industrial exhaust to settle on the filter paper. After
four hours, the sampler was switched off, and the filter
was immediately removed from the supporting screen,
folded and then placed in a measurable foil. The
vacuum sampler was moved to other locations still
within the environment of the industries of concentration.
A total of 27 particulate dust samples were collected on
the filter papers out of which the best 12 were selected
and analyzed for elemental constituents.

[11. RESULTS AND DISCUSSION

The results of the analysis for the PM samples
revealed varying concentrations for different trace
metals in the sampled medium employed in the study.
The identified trace element content of the analyzed
particulate matter dust samples include Cr, Cu, Pb, Zn,
Ba, Co, Mn, V, Sr, Mo, and Ni.

From the descriptive statistical table (Table 1), it
was observed that the zinc concentration (471ppm)
suspended in the PM of the atmosphere in one of the
industries of study area is high when compared with the
Average Shale Content (ASC) of Zn (90), and the PM
concentrates of Lagos lagoon which has a range
concentrate of 4.7-47.5ppm (Popoola et al., 2014). The
high concentration of Zn displayed can be said to be
due to Zn usage in galvanizing iron, thereby forming
particulate matter with the geogenic atmospheric
particles present in the area. The peak concentration of
lead (160ppm) suspended in the PM of the atmosphere
in one of the industries of the study area is also high
when compared with the ASC of Pb (20) and the Pb
concentration of Warri PM which is 1.02ppm (Okuo et
al., 2006). The copper concentrates present in the
particulate matter (with the highest quantity of 11ppm)
are insignificant when compared to the Average Shale
Content (ASC) of Cu (50). They are still higher than the
Cu concentrates of Ikeja town which has a concentration
of 1.36ppm (Oluyemi and Asubiojo., 2001). The highest
quantity of Mn in the particulate matter samples is
60ppm, and this is insignificant when compared with the
ASC of Mn (850ppm) but is also higher than the
concentrates of Warri and Lagos which have
concentrations of 0.01ppm and  5.0-20.0ppm
respectively (Popoola et al., 2014, Okuo et al., 2006).

The concentrations of Cobalt (Co), Chromium
(Cr), Molybdenum (Mo), Vanadium (V), Strontium (Sr)
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and Nickel (Ni)are lesser than their various ASC in the
particulate matter samples. This indicates little or no
significance of the distribution of these metals in the
study area.

Table 1: Summary Table for Particulate Matter Metal

Concentration
Factor Analysis

The Factor Analysis was used for data reduction
of the number of variables into one of considerably
fewer linear combinations variables that account for the
proportion of the total data variance and which can often
be more readily related to recognizable geological and
environmental processes than the input variables
themselves (Olatunji and Olisa, 2014). Factor analysis
finds a suitable application in  geochemical
interpretation, and it can be used to identify the source
of contamination.

In the Particulate Matter (PM) particles, 11
elements (Cu, Mo, Zn, Pb, Ni, Mn, Co, V, Sr, Cr, Ba)
were placed on R-mode factor analysis; the
computation was done using SPSS computer software
package. ldentification of three components was done
from the factor analysis, and these accounted for
95.15% in the suspended dust particulate samples
(Table 3).

Factor 1: Cu, Mo, Zn, Ni, Co, Sr, Cr, Ba accounted for
55.84% of the total variance of the three components
present in the dust particles. These can be said to be
derived mainly from atmospheric deposition forming PM
deposits from alloying materials; vehicular emissions;
incineration of waste dumps.

Factor 2: Pb, Mn, V, Sr accounted for 29.05% of the total
variance of components present in the dust particles.
These can be said to be derived from the extraction of
metals, vehicular emissions, wear and tear of old vehicle
parts and combustion of fuels which forms has PM
particles in the atmosphere.

Factor 3: Zn and Co accounted for 10.26% of the total
variance of components present in the dust particles. It
is derived from the electroplating emissions, and
emissions from metal refuse in the industries which also
form PM with the already present natural atmospheric
particles.

Environmental Assessment

Enrichment Factor (EF), Contamination Factor
(CF), and Pollution Load Index (PLI) were used to
assess the quality of the study area.

Enrichment Factor

The Enrichment Factor (EF) classification (Table
4) was used to evaluate the status of environmental
enrichment of metals present as PM in the area.



Table 4: Enrichment Factor Classification(Simex and
Helz, 1981)

For the PM samples, the calculated enrichment
factor (Table 5) shows that only Pb and Zn have
moderate to significant enrichment (0-8 and 0-5
respectively) and this could be due to the gaseous
emissions (smelting of recycled lead and galvanizing
process) that are released from the factories.

Table 5 Summary Table for Enrichment Factor of
Particulate Matter Samples

Contamination Factor

The level of contaminations of heavy metals in
the PM samples analysed was determined using the
contamination factor calculation. It is shown as;
Contamination Factor = Mean concentration/
background value of metal (Hakanson et al.,1980)

The classification table (table 6) showed that Sr,
Co, Ni, Cr, Mo, V, Mn, and Cu are not forming any form
of contamination with the atmosphere of the area while
Ba, Pb, and Zn have moderately contaminated the
atmosphere of the study area with a CF of 1, 2 and 2
respectively (table 7)
Table 6 Contamination Factor Classification
Table 7 Summary Table of Contamination Factor for
Particulate Matter Samples

Pollution Load Index (PLI)

PLI was used to measure the pollution status of
the study area. The composite PM samples were
analyzed, and the quality is measured using the
Contamination Factor, and the number of heavy metals
studied. The equation for PLI is shown as;

PLI = (CF1*CF2*...*CFn) 1/n, where n is the
number ofmetals and CF is the Contamination Factor of
PM samples.

Table 8 Pollution Load Index Classification

Using the PLI classification (Table 8), it is shown
that individual PM samples shows no pollution in the
area of study, consequently the atmosphere has not
attained a noticeable status of pollution (calculated
PLI=0).

IV. CONCLUSION AND RECOMMENDATION

Metal concentration and distribution in
Particulate Matters (PM) of Ife metal recycling industrial
area using various environmental assessment revealed
different levels of contamination in the dust samples
analyzed. The assessed evaluation revealed that Pb and
Zn are the most enriched in the PM and are also the
major causes of contamination in the study area and
their principal source is from the metal-laden PM
generated in the area. The industries are agents of high
contamination to the 5, atmosphere of the study area
and are also enriching the already present geogenic
heavy metal composition of the environment.

Although, PLI shows zero (0) indicating no
pollution of the atmosphere, increasing urbanization and
industrial activities will increase the contamination rate,
thereby leading to pollution. The enrichment and
contamination of metals, especially Pb and Zn, (through
particulate matters) occurring in the study area are
enough factor to check the daily activities of these iron
and  steel  industries. Consequently, greater
environmental awareness is needed to develop ways to
reduce environmental contamination of the study area.
The industries and buildings in the study area should
have a greater distance in between them. This will
reduce the effect of the industrial activites on the
habitants and their environments
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Abstract- The study focused on bird’s species abundance and diversity in Borgu sector of Kainji Lake
National park Nigeria. Line transects were established in the collection of data on bird’s species. Data
collected were subjected to descriptive statistics (frequencies tables and percentages) as well as
Simpson diversity index. The result on the checklist of birds obtained showed that there were 166 species
belonging to 28 families. Results of the relative abundance of bird’s species showed that Bubulcus ibis
(77.88) and Ictinaetusmalayensis (0.29) had the highest and lowest relative abundance respectively. The
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Diversity in Borgu Sector of Kainji Lake National
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Abstract- The study focused on bird’s species abundance and
diversity in Borgu sector of Kainji Lake National park Nigeria.
Line transects were established in the collection of data on
bird's species. Data collected were subjected to descriptive
statistics (frequencies tables and percentages) as well as
Simpson diversity index. The result on the checklist of birds
obtained showed that there were 166 species belonging to 28
families. Results of the relative abundance of bird’s species
showed that Bubulcus ibis (77.88) and [ctinaefusmalayensis
(0.29) had the highest and lowest relative abundance
respectively. The result of the Simpson diversity index (0.939)
of bird species by families showed that Ardeidae (593) and
family Sturnidae (392) had the highest and lowest number of
bird's species respectively. Environmental education
(conservation, production and enrichment) campaign should
be carried out on the status of birds and other components of
the ecosystem to boost the tourism potentials of the park.

Keywords: birds’ species, list, abundance, diversity.

[.  INTRODUCTION

uantifying the species abundance of birds

communities has gained increasing importance

in environmental impact assessment especially
in conservation planning and ecological research (Bibby
et al.,(2000).Species inventories not only help in
understanding species losses but also help determine
the characteristics of species that are vulnerable to
habitat perturbations (Koh et al,. 2004).The species
richness is simply the total number of species within a
habitat or community. Species richness is the most
commonly used measure of diversity because it is a
straightforward measure and it is intuitive. The main
problem with using species richness is that it does not
provide any information on how well each of the species
is represented in the sampled area. Species diversity is
a measure of both the number of species (species
richness) and the relative contribution of each of these
species to the total number of individuals in a
community (evenness) (Stiling, 2002). Birds are warm
blooded; they have been able to adapt themselves to
living in climates varying from the ice snow of the
Antarctic to the fringes of the hottest deserts.
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Diversity has been referred to as the quantitative
measure that reflects how many different species are in
existence in a data set. A variety of objective measures
have been created in order to measure of diversity. The
basic idea is to obtain a quantitative estimate of
biological variability that can be used to compare
biological entities, composed of direct components, in
space or time (Albert, 2012; Magurran, 2004).

Monitoring of species is therefore important in
determining conservation actions if set plans to be
effective in achieving population objectives that for
increasing populations to reach target levels.
Assessment of birds’ species richness and abundance
of an area makes it possible for any organization to plan
for future conservation and sustainable utilization of
avifauna resources (Bird Life International BLI-2008).
Hence, the need for this study which is aimed at
evaluation of birds species richness and diversity in
Borgu Sector of Kainji Lake National Park, Nigeria.

[I. METHODOLOGY

a) Location of the Study Area

Kainji Lake National Park is situated in Niger
State located between latitudes 8°00'N and 11°00°N,
and longitudes 4°00'E and 11°30'E. The study area
Borgu sector is located between latitudes 7°00'N and
9°45’'N, and longitude 4°30’E and 8°30’'N (Ayeni et al.,
2007).The park lies only 560km North of Lagos and
385km to the northwest of the Abuja, the Federal Capital
of Nigeria. The park covers a total land area of
5340.82km?. It is made up of two non-contiguous
sectors (Borgu and Zugurma). The Borgu sector lies
astride the Borgu and Baruten local government areas
of Niger and Kwara states, with an area of 3,970.02km?.
Zugurrna sector on the other hand, occupies a relatively
smaller area of 1,370.80km? situated in the Mariga local
government area of Niger State (Ezealor, 2002).

The wet seasons extends from May to October
while the dry season extend from November to April.
The mean annual rainfall of the Borgu sector varies from
1,100mm in the eastern part to 1,150mm in the Western
part. The rainfall data for Zugurma sector shows that the
sector receives a mean annual rainfall of about
1,167mm.Rain generally lasts for 8 to 9 months of the
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year. It starts in March and ending in October or
November (Ezealor, 2002).

Temperature is highest in the dry season and
lowest during the wet season. Temperatures pick up
again towards the end of the wet season and later drop
to the lowest value in December and January during the
harmattan. Temperature at Shour and 12 hours are
higher than at 15 hour and 18 hours. Mean daily maxima
are greatest during February and march with values of
about 37°C while the lowest values of about 30°C occur
during the height of the harmattan that is December and
February (Ezealor, 2002).

The relative humidity appears to increase
gradually from low values (less than 20%) at the
beginning of thedry season to a peak during the wet
season (96%). A transitional period ofvariable conditions
occurs at the end of both the dry and the wetseason; it
is characterized by strong easterly winds, which are
associated with line squalls. The highest' wind speed
usually occurs in April with values of 6.21 - 6.39 km/hr
while the lowest speed of 2.23-2.28 km/hr occurs in
October (Ezealor, 2002).

The major vegetation type of the Kainji lake
National park is typically Northern Guinea Savanna
Ecotype. Ayodele, (1988) also identified over seven
vegetation sub-types for the park. These are; Burkia
Africana /| Detariu, wood land, Afzelia africana wood
land, [Isoberlinia tomentosa wood land, Terminalia
macroptera wood land, Diospyros mespiliformis
woodland, Acacia complex, Oli complex and Riparian
forest among others.

Some of the fauna species found in the park
includes; Roan antelope, Hippotamus hippopotamus
amphibius,Hippotragus equines, Kob Kobus kob, Serval
cat Felis serval, Ratel, Honey badger Mellivoracapensis,
Hare Lepus capensis, Green Monkey Cercopithecus
aethiops. African Mrulatee Trichechus senegalensis,
Lizard buzzard Kaupifalco monogrammnieus. Avifauna
species;cattle egret Bululcus ibis, Grey heron Ardea
cinerea, Little egret Egreta gazetta, African grey hornbill
Tockus nasutus, Little paradise kinfisher Tanysuptera
hydrocharis, Helmete guineafowl Numida meleagris,
stone patridge Ptilopachus petrosus, White throated bee
eater Merups allibicolis, Abysinian roller Corasins
absinnicus, Mourning dove Zenaida macroula, Laughing
dove Stigmatopelia Senegalensis, Black froncolin
Francolinus francolinus, Red eyed dove Streptopelia
semiquata, Black billed wearer Ploceus melanogoaster,
Hadada Ibis Bostrychia hagedash. Reptilian species
crocodile Crocodilus niloticus, aligator, monitor lizard
etc. (Ayodele, 1988).

[11. StuDY DESIGN AND DATA COLLECTION

TECHNIQUES

The entire study area was classified into five (5)
woodland  associations  (site 1  Burkia/Detarium
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macrocarpum woodlands, site 2 Afzelia Africana
woodlands, site 3 Acacia complex, site 4 [soberlinia
tomentosa woodlands and site 5 Riparian forest) based
on the existing species. A 4km length of transects were
established in each association. In each of the five
sections and along each transects, observations (on
calls, feathers, sounds) were carried out between the
hours of 6.00am to 10.00 am (morning section) and 4.00
pm to 6.00 pm (evening section) following Akosim et al.,
(2007), Nik and Ron (2008) and Kwaga et al, (2017)
guides. The materials used include: Bird field guide
books (Bibby et al., 2000; Khobe and Kwaga, 2017) and
a pair of binocular, recording sheet and a pen.

Direct (sighting by use of binocular) and indirect
(indicators eg. Feathers, calls, sounds) methods as well
as group/composition and number of birds identified
were recorded. Methods of bird census were employed
in the identification of bird species in the area.
Interaction was also entertained for more identification of
the species. 5 transects of 4km in length were
established using a stratified random sampling
procedure (Plumptre &Reynolds, 1994). Line transects
were chosen as sampling units due to the open nature
of much of the area following Bibby et al., (2000) and
Khobe and Kwaga (2017) guides.

The observer walking along transects and, on
sighting bird's species waits for a few minutes to allow
the disturbed birds to settle. Counting was carried out
for ten (10) minutes individual bird was counted once
and all birds Seen or heard out-side the band but was
identified was recorded, Birds, Indices, Feathers, calls
were also recorded. Species composition of birds
observed was recorded along the 4km transect in each
of the five sections following Eshiamwata (2007), Nik
and Ron (2008) and Kwagaet al., (2017) guides.

IV.  STATISTICAL ANALYSIS OF DATA

a) Birds Species List and Abundance

Data collected on species list and abundance
were analyzed using descriptive statistics( frequencies
table, percentages).

b) Diversity of bird species

Data on bird’s species diversity was analyzed
using Simpson’s diversity index as adopted by Akosim
et al., (2007) and Khobe and Kwaga (2017).The index is
mathematically stated thus;

B Yn(n—1)
D_1_<N(N—1>>

D, = Simpson's diversity index, n, = Total number of
organisms of each individual species

N = Total number of organisms of all species, s =
Number of species present

Y, =Summation sign.



V. RESULTS

The result of checklist of birds species in the
study area is presented in Table 1. The result showed
thatTanysiptera  hydrocharis, Ceyx pictus Egretta
garzetta, Bubulcus ibis, Coracias abyssinicus, Centropus
senegalensis, Merops albicollis, Numida meleagris,
Ptilopachus petrosus, Francolinus francolinus, Batis
mixta, Ploceus melanogaster, Pulsatrix koeniswaldiana,
Lamptrotormis purpureus, Lamptrotormis chalybaeus,
Lamptrotormis chloropterus, Lamptrotormis splendidus,
Bostrychia  hagedash, Anthracothorax veraguensis,
Sayormis nigricans and Mitrephanes phaeocerus were
available in the study area.

a) Species Relative Abundance

The result of bird species relative abundance in
the study area is shown in Table 2. The result showed
that the highest relative abundance is in Site 2
(101.51%) followed by site 3 (100.01%) and site 1 being
the lowest (99.95%) respectively.

The result also showed that Bibulcus ibis is the
highest (77.88%) followed by Numida meleagris
(51.87%), Sayornis nigricans(26.41%), Batis mixta,
Ploceus melonagaster and Lamprotornis purpureus
species had thesame relative abundances in across the
sites with 22.56%, 22.56% and 22.56%. Apus apus had
the lowest(22.52%), while the least is Ictinaceous
malayensis (0.29%) in the study area.

b) Birds Diversity

Result of bird species diversity in the study area
is presented in Table 3. The result showed the species
diversity of D=0.939, respectively.

VI. DISCUSSIONS

a) Checklist of Birds Species in the Study Area

The findings of this study suggested few
species list of birds. This is not in agreement with the
reports of Sodhi et al.,(2005) who identified 61 species
in similar studies and BLI (2008) who recorded over 180
species. However, this isin conformity with Nason (1992)
who reported that throughout the world, there are over
9000 species of birds of which Nigeria has
approximately 840 species.

b) Birds Species Relative Abundance in the Study Area.

The findings on birds species relative
abundance in all the sites sampled is very low. However,
the findings also shows the relative abundance of birds
species utilizing the study area, it shows that total
relative abundance of Bubulcus ibis is higher followed
by Numida meleagris, Sayornis nigricans, Apus apus,
Bats mixta, Ploceus melanogaster and Lamprotornis
purpureus. The high relative abundance may not be
unconnected with availability of food, water, breeding
sites which are supported by various authors. Khobe
and Kwaga (2017) reported that the level of distribution

of bird species in a habitat is normally as a result of an
occurrence of plant species that support their
population and to variation in species specification
requirements in the choice of habitat. This finding is also
in agreement with Kwaga et al., (2017) that the
distribution of birds’ species is largely dependent on the
availability of food, water and cover.

Stiling (2002) asserted that monitoring of birds
species is therefore important in determining if
conservation actions resulting from set plans are
effective in achieving populations objectives. Heagy and
McCracken (2004) observed that through continuous
monitoring, the Ontario Eastern Bluebirds in North
America formally considered threatened in the area but
as a result of net box programs and other conservation
actions, the bluebird’s population has made a dramatic
comeback and it is no longer considered to be at risk.

c) Birds Species Diversity in the Study Area

The diversity of bird species in the study area
shows D=0.939. This indicate that there is high bird’s
species diversity in the area, the findings signifies that
there is no significant difference (P>0.05) between the
ranges in bird species composition in the study area.

The high bird species diversity in the Kainji Lake
National Park (KLNP) in relation to habitat characteristics
is very encouraging, meaning that they do breed well in
the area most especially the Bubulcus ibis and Numida
meleagris whose population is on a high side. The
causes of this high diversity of birds could be as a result
of available ecological requirements in the study area.
This is in contrast with Eshiamwata (2007) who asserted
that the causes of bird populations declined includes
natural system modification, biological resource use,
climate change and severe weather. BLI, (2008) also
confirmed that many birds species are sensitive to toxic
chemicals, and therefore are bio-sentinels. The birds’
species are highly mobile, and will either desert habitats
that no longer meet their environmental needs or
colonize habitats that have been altered and now satisfy
their needs. The high diversity indicates that most of the
birds are indigenous species; they have been able to
adapt themselves to living in the area. This is in
agreement with Stiling (2002) who asserted that birds
are warm blooded, they have being able to adapt
themselves to living in climates varying from the ice
snow of the Antartic to the fringes of the hottest deserts.

VII.  CONCLUSION

From the findings of the study, it suggests that
the bird species list and abundance (total number) in
Borgu Sector of Kainji Lake National Park (KLNP) habitat
is low. This shows that relatively few successful species
such as the family Ardeidae, followed by Numidae still
exist in KLNP habitat in low number. It also indicates that
the KLNP environment is quite stressful with relatively
few ecological niches, where only a few birds’ species
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are really adapted to that environment. Also the low
population number could be as a result of toxic
chemicals birds used during farming activities by the
communities around the park. It is therefore imperative
to ensure that proper conservation and management of

species

habitat is enhanced for bird species

sustainability in Kainji Lake National Park.
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Table 1. Checklist of Bird Species in the Study Area

. Common I . Site  Site Site  Site  Site
S/N Family name name Scientific name  Authority ] > 3 4 5
1 Accipitridae African Polyboroides (Smith, - - + + -
Harrier-hawk typus 1829)
2 Accipitridae Black Eagle Ictinaetus (Temminc - - + - -
malayensis k, 1822)
3 Accipitridae African Melierax (Temminc - - + + -
Chanting metabates k, 1823)
Goshawk
4 Alcedinidae Little Tanysiptera (Gray, + + + + +
Paradise- hydrocharis 1858)
Kingfisher
5 Alcedinidae African Ceyx pictus (Boddaert + + + + +
Pygmy- , 1783)
Kingfisher
6 Apodidae Common Apus apus (Linnaeus, + + + + -
Swift 1758)
7 Apodidae African Black Apusbarbatus (Sclater, - + + + -
Swift 1865)
8 Ardeidae Little Egret Egretta garzetta  (Linnaeus, + + + + +
1766
9 Ardeidae Cattle Egret Bubulcus ibis (Linnaeus, + + + + +
1758)
10 Ardeidae Rufous- Ardeola rufiventris ~ (Sundevall + + - - -
bellied Heron , 1851)
11 Ardeidae Grey Heron Ardea cinerea (Linnaeus + - - + -
1758)
12 Bucorvidae Abyssinian Bucorvus (Boddaert + - - - +
Ground- abyssinicus , 1783)
hornbill
13 Bucorvidae African Grey Tockus nasutus  (Linnaeus, + + - - +
Hornbill 1766)
14 Charadrilldae Hooded Thinornis (Gmelin, - - + + +
Plover rubicollis 1789)
15 Columbidae Mourning Zenaida (Linnaeus, + + + - +
Dove macroura 1758)
16 Columbidae Laughing Stigmatopelia (Linnaeus, + + - + +
Dove senegalensis 1766)
17 Columbidae Red-eyed Streptopelia (Ruppell, - + + + -
Dove semitorquata 1837)
18 Columbidae Vinaceous Streptopelia (Gmelin, + + + + -
Dove vinacea 1789)
19 Coraciidae Abyssinian Coracias (Linnaeus, + + + + +
Roller abyssinicus 1766)
20 Cuculidae Senegal Centropus (Linnaeus, + + + + +
Coucal senegalensis 1799)
21 Hirundinidae Grey- rumped Pseudhirundo (Sundevall - + - + +
Swallow griseopyga , 1850)
22 Laridae Lesser Sterna (Lesson, - - + + -
Crested Tern bengalensis 1831)
23 Malaconotidae Sooty Laniarius (Hartlaub, - + + + -
Boubou leucorhynchus 1848)
24 Meropidae White- Merops albicollis (Vieillot, + + + + +
throated Bee- 1817)
eater
25 Musophagidae Western Grey  Crinifer piscator (Carriker, + - - - +
Plantain- 1933)
eater
26 Nectariniidae Scarlet- Nectarinia (Linnaeus, - + - + -
chested senegalensis 1766)
Sunbird
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27 Numididae Helmeted Numida (Linnaeus, + + + + +
Guineafowl meleagris 1766)
28 Passeridae Rufous- tailed Histurgops (Reicheno - + + - +
Weaver ruficaudus w, 1887)
29 Phasianidae Stone Ptilopachus (Gmelin, + + + + +
Partridge petrosus 1789)
30 Phasianidae Black Francolinus (Linnaeus, + + + + +
Francolin francolinus 1766)
31 Picidae Crimson- Campephilus (Gmelin, - + - + +
crested melanoleucos 1788)
Woodpecker
32 Platysteiridae Short- tailed Batis mixta (Shelley, + + + + +
Batis 1889)
33 Ploceidae Black- billed Ploceus (Shelley, + + + + +
Weaver melanogaster 1887)
34 Psittacidae Dusky Parrot Pionus fuscus (Muller, + - - + -
1776)
35 Scopidae Hamerkop Scopus umbretta (Gmelin, + - - + -
1789)
36 Strigidae Tawny- Pulsatrix (Bertoni & + + + + +
browed Owl koeniswaldiana Bertoni,
1901)
37 Sturnidae Purple Lamprotornis (Muller, + + + + +
Glossy- purpureus 1776)
starling
38 Sturnidae Greater Blue- Lamprotornis (Ehrenber + + + + +
eared Glossy- chalybaeus g, 1828)
starling
39 Sturnidae Lesser Blue- Lamprotornis (Swainson + + + + +
eared Glossy- chloropterus , 1838)
starling
40 Sturnidae Splendid Lamprotornis (Vieillot, + + + + +
Glossy- splendidus 1822)
starling
41 Threskiornithidae Hadada Ibis Bostrychia (Latham, + + + + +
hagedash 1790)
42 Trochilidae Veraguan Anthracothorax (Reichenb + + + + +
Mango veraguensis ach,
1855)
43 Tyrannidae Black Phoebe Sayornis (Swainson + + + + +
nigricans , 1827)
44 Tyrannidae Tufted Mitrephanes (Sclater, + + + + +
Flycatcher phaeocercus 1859)
32 34 33 37 30
Total 166
Source: Field Survey,(2018)
Key: + = Present, — = Absent
Table 2: Relative Abundance of Bird's Species Utilizing the Study Area
SN Scientific name Site 1 Site 2 Site 3 Site 4 Site 5 Total
1 Polyboroides typus 0 0 0.88 0.38 0 1.26
2 Ictinaetus malayensis 0 0 0.29 0 0 0.29
3 Melierax metabates 0 0 6.64 1.77 0 8.41
4 Tanysiptera hydrocharis 0.71 6.4 0.74 0.76 1.01 9.62
5 Ceyx pictus 5.66 0.94 0.88 1.39 0.58 9.47
6 Apus apus 0.71 12.62 7.67 1.52 0 22.52
7 Apus barbatus 0 0.56 3.1 0.76 0 4.42
8 Egretta garzetta 0.88 0.94 1.18 0.38 0.43 3.81
9 Bubulcus ibis 2.12 6.4 3.1 32.45 33.81 77.88
10  Ardeola rufiventris 0.35 0.38 0 0 0 0.73
11 Ardea cinerea 1.06 0 0 0.25 0 1.31
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12 Bucorvus abyssinicus 0.71 0 0 0 0.72 1.43
13 Tockus nasutus 2.65 2.26 0 0 1.73 6.64
14 Thinornis rubicollis 0 0 0.88 0.63 0.58 2.09
15 Zenaida macroura 0.71 0.38 0.44 0 0.29 1.82
16 Stigmatopelia 2.3 0.75 0 0.76 1.73 5.54
17 Streptopelia semitorquata 0 2.26 0.44 0.63 0 3.33
18  Streptopelia vinacea 7.79 4.33 2.1 0.51 0 14.73
19 Coracias abyssinicus 4.6 0.56 0.88 0.89 2.31 9.24
20 Centropus senegalensis 1.06 2.45 7.23 0.76 4.62 16.12
21 Pseudhirundo griseopyga 0 0.56 0 0.25 0.29 11
22 Sterna bengalensis 0 0 8.26 0.51 0 8.77
23 Laniarius leucorhynchus 0 2.45 1.77 0.38 0 4.6
24 Merops albicollis 4.78 0.94 0.88 3.17 0.87 10.64
25 Crinifer piscator 7.43 0 0 0 3.18 10.63
26 Nectarinia senegalensis 0 0.38 0 1.52 0 1.9
27  Numida meleagris 5.66 1.13 23.0 4.31 17.77 51.87
28 Histurgops ruficaudus 0 0.38 0.74 0 0.87 1.99
29  Ptilopachus petrosus 2.83 0.75 0.44 3.29 0.58 7.89
30  Francolinus francolinus 0.88 0.75 3.1 9.88 1.01 15.62
31 Melanoleucos campehilus 0 2.07 0 2.66 3.03 7.76
32  Batis mixta 7.61 2.26 472 2.91 5.06 22.56
33  Ploceus melanogaster 1.06 7.72 3.1 418 6.50 22.56
34 Pionus fuscus 0.71 0 0 0.38 0 1.09
35  Scopus umbretta 3.72 0 0 1.52 0 5.27
36  Pulsatrix koeniswaldiana 2.3 3.95 1.62 2.66 0.29 10.82
37  Lamprotornis purpureus 4.07 8.47 3.69 4.31 2.02 22.56
38  Lamprotornis chalybaeus 5.66 2.26 0.74 1.65 0.87 11.18
39  Lamprotornis chloropterus 3.19 4.56 3.54 0.76 1.01 13.06
40 Lamprotornis splendidus 1.06 4.89 0.74 5.45 4.62 16.76
41 Bostrychia hagedash 5.66 0.94 0.88 1.77 0.29 9.54
42 Anthracothorax veraguensis 0.35 0.75 0.44 0.13 0.43 2.1
43 Sayornis nigricans 7.78 10.55 3.69 2.66 1.73 26.41
44 Mitrephanes phaeocercus 3.89 4.52 2.21 1.77 1.73 14.12
Total 99.95 101.51 100.01 99.96 99.96
Source: Field Survey, (2018)
Table 3: Diversity of Bird Species in the Study Area
S/N Family name Czr;r?eon Scientific name Number (n) n(n-1)
1 Accipitridae African Polyboroidestypus 9
Harrier-hawk 70
2 Accipitridae Black kite Ictinaetusmalayensis 2 5
3 Accipitridae African Melieraxmetabates 59
Chanting
Goshawk 3422
4 Alcedinidae Little Tanysipterahydrocharis 56
Paradise-
Kingfisher 3080
5 Alcedinidae African Ceyxpictus 58
Pygmy-
Kingfisher 3306
6 Apodidae Common Apus apus 135
Swift 18090
7 Apodidae African Black Apus barbatus 30
Swift 870
8 Ardeidae Little Egret Egrettagarzetta 24 552
9 Ardeidae Cattle Egret Bubulcus ibis 557 309692
10 Ardeidae Rufous- Ardeolarufiventris 4
bellied Heron 12
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Sturnidae

Sturnidae
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Trochilidae

Tyrannidae
Tyrannidae

Total

Lesser Blue-
eared Glossy-
starling

Splendid
Glossy-
starling

Hadada Ibis

Veraguan
Mango

Black Phoebe
Tufted
Flycatcher

Lamprotornischloropterus

Lamprotornissplendidus

Bostrychiahagedash

Anthracothoraxveraguensis

Sayornisnigricans
Mitrephanesphaeocercus
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112
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13

158
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3255
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12432
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156
24806
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644314

Source: Field Survey, (2018)
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mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations
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Formulas and equations
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Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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