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ABSTRACT. In recent years, there has been growing interest in studying 
local plants as a substitute for introduced species to be used in 
restoration of degraded lands in the Gulf region. The terrestrial 
ecosystems suffer strong degradation caused either by rapid social, 
agricultural and industrial developments or natural resource 
explorations. There is a critical need to start the restoration programs 
by using local wild plants which have adapted to the prevailing 
environmental conditions. The studied species, Zygophyllum 
quatarense (Hadidi) has wide ecological amplitude and is widespread 
in almost all terrestrial habitat types of Qatar. 

The use of theoretical models in the form of equations , illustrated 
graphs or matrices are useful and non-destructive tools to study, assess 
and manage the plant populations for degraded ecosystems restoration. 
These models provide: I) a satisfactory description and monitoring of 
natural and experimental plant populations; ii) an enlightenment on 
aspects of population dynamics; and iii) a system which can be 
incorporated into complex model s. 

The application of exponential and sigmoid growth equations , 
transition matrix , life table and fecundity schedule indicated the 
possibility of using Zygophyllum quawreme as a local species for 
restoration programs of degraded terrestrial ecosystems in the Gulf 
region. The results showed that this specie has high reproductive rates 
in different adult age classes , long life span lasts for more than one 
generation, increased survivorship and future expectations of life. This 
is beside its wide ecological amplitude, drought and salinity tolerance. 
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0...1..>-)10'" ?i ;1.5::J1 J..u....- 0i.b-'1 . ...:..j)1 t: L?~I i~10~ 02- .)I}i.)~ ~. t ~ 

.(R=1.15) 

- H­



Application of Mathematical Models in Management and ...238 
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~y1)J(iJ: /r---)~\' (k /r---);1J,\, (~y~),»)o)r-U\u~)J.JL?~\.h....jl\. Y' ~ 

. "--"I)J.J\ ~ lr ~.,4J~ (f) ~?\ 

~b: ~~\ LU\ O.:lLj t: ~\..j~ y-?u..), 4.:.....J\)~ ~ ~iJ.\ 
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. ~~~u~ Reproductive success ;~I C~ ~J:> (hI) Ji ~ 
.1.>1)1 j.:.J:-I ~J~~..lZ~ <G~ ~~I ~J:>J ~~~I:>~ uy.s..J 

Intrinsic rate of increase :>I~~I o:>~) ~t.ul J...wIJ Generation time (T) 

: ~W"(r) 

r = Ln RQ 
T 

~..ili ~ ~IJ:> ;;j~ ,-?~I i~I u~~ ~~)I C~WI oh ~J 

~~o~u~1 ol:>- )yb~ Demographic census ~Ir.~.1l1 rd-I 

c:?J uL;L::-:JI ~~J. yk..9 ;;jJ:> ~ or-" y'i:.r ~~~ l~_.~. b ~ 
Hegazy 1992, Hegazy and) A..b.....1y' ~~I J):JI ~~~I o~1 

~ ~L::JI J;1i ~ ~UI ~~)I C~k:JI ~~ ~J. (Eesa 1991 

(Hegazy 1992, Pielou 1977 , Searle 1966) :.r j5J 

4~·~.1I ~I~I 

~~JJ ~IJ }JIJ o)yll v~J.1l ,-?~I .k.....?I (i) F ~ 
~~ UIJ*~o)yllv~J:>t.\A;Jk~IJ.1lI~~~ ~?I 

~~ ~J:> ~'"'jU:.r.rsi ~I k i J)l>. o).rU ,-?~I.k......,.:il ~ 
~~JI; ~IJ o)yll u~J.1llS~1 .k.....?I JI~k ~UI~~ 

J~u~ ~j;~~...Lj~~0i.k>.J'u~. ~~J:> rr-,Y 
.k.....~ L ~L:.!JI J)l>. ..l>-IJ l.:?~ J.,aj vi,) 4.;~ ~I~. }JI 

I..l;:- JWI ~I J..L-4 ~~ ~I..t:~ LtJ . ~ , •• :.r Jii '-?~ 
~I~ v..wu ~~ i WI JI~ J~~I J~ J.M.-o LS~ l.:?.lJIJ 

- A' ~~JI~ ~ ~ .r.pi J1J-;.r.l:.r orA-!l ~ i~ / ~ r • • 
lftl~ iliJ ~~ ~.r-ll ~J . 4..:.-JI J* J~ ~ i~ / ~, i • 

-'1"'1'­
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Life table and fecundity schedule ~~I.J oL:J-1 J.J~ _III 

LT'L> j-o.r. ~ j5J j-o.r.. o~i o~ if ~y.a-:ll) oL;.d-1 J)~ 0.A 
~-> wl?.1:...v ~I Age classes).~.;':J1 ~I~,y- wlo).- ~..L,oyJ..J 

r-oJl if 0-> o? J.:i (x) ~151~~ (cf. Hegazy 1990 and 1994) ~b 

~~ ~ ~I if ~~ JS J ')lj':Jl ,)..u. ~ (Nx) I ~ . ~! ~ Age interval 

: 0 W r-oJl if ~~ J5 J Survivals (Lx) ¥~':JI,)~ ~l...:>-~ 

Lx = Nx 

No 

dx = Lx - Lx + I 

J.--5 ~ (qx ) w).1 J~ ~L..>-~ ul';':J1 ,)..u..) ¥~':JI ,)..u. if.) 

: 0 w Age-specific mortality rate r-oJl if ~~ 

q = dx = 1- Lx +1 
x -

Lx Lx 

~I.J~':JI J (ex) ')lj':JI o~ 4) . ; ~ t\ uwy-:JI ~l...:>- ~~ 

: 0 W Expectation of future life 
00 

. L.., '" = J = x 

~l5:::JI J~ cL...,l ~~~ ~ ~LS::JI ul..L:>-),)~ J:.' (bJ ~1.5 I~~ 

: Ju- LoS Reproductive value (V) ~;l5:::J1 ~I.) Reproductive rate (Ro) 

RO= I Lx bx 
00 Lt

Vx = I =-.bt 

j = x Lx 
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Linear recurrence ~I ~l:.:.ll u~~WI.j I l~~ ~~,y- ~I~..J 

: r...j->\J 15 equations 

~.;A j.-5J ~I y.!ilil Jl ~'pI ~.G~ u ~~WI o~ il~~.J 

J)G u~~WI o~ ,y- .r-.. •. II ~ 'LJ L-5 . u~1 o~ o.J.J~ ~ 

~.J-c .aU il~~ . (t+I) ~l (t) ~)I o.;AJI:.ro W::..;ll j->I)I 

:0LS Column vector ~~I ~I.J Transition matrix 6.)~)'1 

ml.l ml.2 m l .s n l n l 

m2.1 m2.2 m2.s n2 n2 

x = 

ns ns ms.1 ms.2 m s.s 

t+1 

j-A (N1+1).J (N);~ ~I j.>-I)I J ~I (nl+I).J (n) J.:' ~ 

. ~)r-;JI ~I.f.ll (m) J.:'.J' (t+l) ~)I ofll Jl (t) ~)I ofll 

-~.-
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Matrix model -i~1 C~I_II 

~ ~ ~I~ (s) l7"~ o~ Jl ~L:JI o~1~ 6Jl>- .) 

~~ ~ (Nit) ~151)~ ~ ~I ~.) ~1;)l1 j.4 ~~ ~~ J5 ~ 
Jl (t l ) j.4 ~}I J.J.;S-") ~ 0=<10, ai' a2·· ·· as) ~ (i) ~~.) ~1;)l1 

.) y,5)1I6,)l:J1 ~~IJl~ (<10, ai ' a2, a3' ... as_I) ~1~)l10~ (t2) 

.O~)~I 

~----~------~-------'----~----------l 
I 
I 

~ 

L--__ao__----L___a_1__~___a_2__--'--__a_3__---'~~~~D Time (2) 

. 6l:>-IJ..:.o J~\ -:..1) ~~o~~I ol)-\ JJ~ . y ~ 

. ~I j-"~""; J5 J ...lj~I ... .A.v = a 


. ~1j-"~""';'J5 J~~\=B 


. ~I j-" ~"..; J5 J ~1 ... lj~1 = P 


- \'\ ­
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~..l:..V.J . Exponential ~~\ ~\~~\~ 0~ R> 1 ~LS \~llot 

o fi ,--?..u\.J c,;':1J..,u ~i l;A ~.rA-: ~~\ o~\.,i 0~ R<l 0~ 
;J.:>W\ ~ ;JL:l\ oh ~.J' Carrying capacity (K) ~\ oJ~ 

: Jl:.ll5 ~U\ ~lA:JI 

N + = Nt R+ K (l-R) ............. ............................ ............ .... ..... .... . (3) 

t 1 

~.bW\ 0~ Intrinsic rate of increase (r) r-:--U ~\..u\ J..wl JL>-.:>l ~ b~ 

: 1l:.ll5 - ~L.:J\ ° ~ -1\ .. ' I :i..J...olA:J\'-? ~-. ~.Y-'-
dN =rNo ........................................................................... .. ......... (4) 
dt 

~J~\~..J' rd-\ ~\~..l:..V ~L:J\ o~1~ (No) J:i ~ 
~\.J ~LJ\ 4.bW\ cYL.S:.:: (Nt) ~~j op ~ ~L:J\ o~\~ 

:~ 

Nt = Noert ........ ......... .... ........ ..... .......... .... .............•............. .. ..... .. .... (5) 


.. ' 'I . . ~bW\ l~r k:......., ~ - I-II - ~. 11\ L...I (e) I· r ~ 

~~ c..r- _. ~~..J .r-' '-?' u-­
~U~I.1:..Y.J. ~~J~o~\~~~~'--?..ul~~\ 

: Jl:.ll5 ~ (4) ~J ~bW\ 0~ ~ (K) ~I oJ..l9 }.~':1\ 

dN = rN KN = rN (1) ~ .............. ...... .... ......... ... .... .. .... ... ...... (6) 
dt K K 

~I ~\.....A..,a;.J Logistic equation A_<)_~J~yll\ ~.bW~ 0..rU ~\.J 

. (~') ~J ~~~yo r LS Continuous sigmoid curve ~I 
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(:­

(a) ( I ) R>1 

R=1 

t .,.."" R<1-.,..­
+ z 

(b) 

.. -.-.--- ------1---- -- ---._-­t / 
z / 

/
/

/ 
/ 

/. 

Time(!) _ 

. ~}It:~L:JI.~I.)I)\.)..lY~. , ~ 

. (~\...i:.l..l ~I':';" )i;\) ;LS::JI J~~ r:J1 ~ - \ 

. (~.b:.)r-:-lI~I)(~.b:.)~~I~I~-,-:", 
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Growth ~I u'l~~il~l~~l.L....I)..ll1 oh J-4-iJ 

~~IJ oL;J-1 JJ~J Transition matrix ~u:";)'I:i..9~I ~ equations 

l;?yk...QJ1 i AI u~ ~ 0~.L....I)~ ~ Life table and fecundity schedule 

~I)'JI ~t; o~~l~ <LoI~l~~10~~ 4JJ~ ~ ~r.~ 

. o)r..cil ~~I~I 

Growth equations ~I u)t~Lv_I 

~~I o~1 ~I.."..;i ~~	~~I~ -;JI ~L.:'il .i..bWI tL.a; 
~'J\5 (t + 1) ~L:jl Q~I ~1 (t) ~)I o~1 ~ 

Nt+1 = Nt + (B-D)+(I-E) ........ .... ........ .... ........ ...... ........ .. ............ . (1) 

~ (t + l)J (t) 0)1 o~1 ~ :i..9l:5JI ) ~1.J'i1 ~~ (N) J-:.1 ~ 
~1.J'i1 ~~ (D) ~ Established 6..:J:,..,.:-11 ~1..J'i1 ~~~ (B) ~i ~ ~Iy:ll 

oy.41I ()l5::JI I'-~i) ~Ij'il ~~ (E) J (I) ~ Mortality 41 ) o~.,.wl 

I~~. Emigration ~L:JI o~1 ~JJ.;:- C)\.:>. ~1) Immigration j>-I..lli ~l 

~ (1)~) .i..bWI J~ ~ Reproductive rate )~I J~ ~ (R) ~l5 

: ~L:jl Differential equation ~lA.:.l1 4..bWI ~~I~l 

N Nt R .. ...... .. ..... .......... .... ...... .. .......... .. .. ... .. ..... ............ .... .. . (2) 
t+1 = 

JI;l.iJl:>. ~ J~ ~L:JI o~1 J~ R = 1 ) Nt+1 = Nt ~ ~\5 I~~ 

(i, ~) la _a- "l.k.>-~I~J~~ 

-\'\­
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..li\.J. ~: ~.I\ ~ J:,~~ Ih ~~?~. <L..ail:.; ~y-l~I tPl 

~~I 0j~ 4LS~ Jbl:.o lS~~~I ~Ij~ i~)'1 ~ j5; 
.k..;,L:J.I ~U\ uL...\ .1.\1 - ~. "..:J l:.; . o~ -~~ [( ~\~I - ~.I\ . j r-- .J.J.r-.cf ~~. r- c: 
~lll ~).,J.I.J ~I)~b -j~\ ~Lk.;Jj~1 i\~)'15 ~\)I.r.? ~~\ 
Kassas 1987,) u~.J ~1}11 j~..c ~ dl~.;i..uJ.J' :i....>-L.:J.I 

~ ~I~\ u::J Ip.J. (Grainger 1986, Dregne 1983, Glantz 1977 

~ 0l;;. u~l~l~~I~.Ju~ 0~ ~I~ 

~t; 0~~1} • ~\6..>.j~ ~~~I uGL:-J1 o)~G il~l 

. ~)~I~~~ j;~I.J ojyb..cll ~1}11 

~ LI.J ~ lS..-lA ul~ ~ ~L;.; eyi il~l~~ Lb:Ul. 

i ~I X:-Y.. ulj~1 oh 0A.J. ~I u~\ ~ .r-=JI ~ oj.ull 4J 0~ 
~~ lSjJl Zygophyllum quatarense Hadidi (Zygophyllaceae) lS~1 
~ ~ ~ 

~1;~'1 ~t; 0~~1~ il~;U ili~ l.{ ~)UJI u~1~ 

'l'1' ~UI uL...lj.1.\1 0;5 (y4 ~)1 ~. wl..,f)'1 (y4 ~~J ojyb..cll 

~~o~y. ~~I ~~I e;~1 oh ~:.r-~I ~.ru l· .a Q.! ~i 
.)1 oW)'~ ';LS:.:.II.J ~L.tll. ~~I • .1.\lpl u'l'.LLA ~ (y4 ~I 

~~. l.IlIrbl>.J~~~~~~L;..;o~j5J;i~I.;;~ lluw.,..:J1 

..1-".).; ~~ ~L...i~~ uL...lj.1.\1 oh ~~ ~l:)1 C~k:J1 i l..G...:....,l 

u~~ uL...lj.1.\1 oh ~~~I 0j1pl ~ j;~\.J uG~1 

~.;; ~ ~ pi 0A l.:..:.>1 .;JI.J ~L:JI e;~\,rbl>.J ~~ :.r- ~L.a.>-1 
~ \.a..~ JI .:?t.:~1 ~).i ~.~ ..kll ~I.JA ~ ~Ir 4"~ <)...~.J l.g-;1)~1~.J 

. ~I~~t ~WI.J 

-\0­
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L.uL1 

'~~.J~)~14~<~.II~I)~..A;.j~)IJ-oWI ~I~~ 

r...A; ~LLJ l:?fo~1 J'lI.fo.J . )~..dl Ih ~~ l...a:1 ~~ 
~~'ll .L>-i ~o~ ~Iy,:->-.J ~~ uLv~~L.i..:.:>-lJ ~I ~I 
~.J ¢J;...wl J1UI ~ Biodiversity c..j':".,J~I ~I O)L:l ~)I 

oL.;';; I -- IL.aJ I A ~ \1 I ~ 1\ 0L.d-I I ,.. .1lAJ-I ....L>.:..J L: ¢J;... LQJ I 
< C "T"' U~.r. ~ ~ ~.r (r" ~ 

. n ~ ~ r L:-L1.J Minguet 1991 .J \ ~ ~. ~L.a.1JI.J Vrestraete 1983) 

. ~~ ~\..a.;- ~LUI "<I' ~ ~ ~,~ - II __ .I.:LI tiM ~\..,
~.J . I..Y" ..r-' (r" ~~ ~.~ e:....-:- ...J 
~lLS~i L:, ~L.aJI.J ~I))I.J ~~)l1 4~ ~ . ~U~.r-" u';;..lJLC. 

4 ~ < ~. II r b' 1\ ~ ..,.JLj ~i ul~ o~..u ~A .h..;~ 01~1 

. ~G~.J 

I~I.J ~I ~)..,..ll ~1~lJ 0 pi JSL!- u j..r. ~..u ~.J 

~I )-":":;lLS~i ~.J' ~?; ~l5 ~I ~..JI ol;;ll ~1~lJ~I 
~L7JI ~..JI ~~'ll 0A ~..wl ..lQ.;i u ~~..kJI u~1 0A ~..uJ1 )~..A; ~l 

~i)~./.;.;L..s·:'>- ;~I.J ol.)-I ~~I)~.J ~Y ~\y)-I.J 
Uk.:J.I C)b- o~1 ~l e}'ll 0A ~~~~ t-5 . ./Iyij)l~ 1~--4--a 
~.j~.J' (\ ~ ~. ~.J ~, \ ~ ~. ~l..a.ill, \ ~A '\ o.;~1) 

'u~l, tL;...JI' ~)lu~~I~o~~~~~~1 

~I))I ~1;'lI.J' 0~~)I.J J~I, ~LJI ~~, ~~\ ~Iyll 

. o)~1 

~L:-JI ~~I u~lSJl 0A ~..UJ ~~y ~I oh 0A J5 ~..J 
~G LS..Lo .j.J1c..j':")~I ~~ .j ~~~~ L: ~I~I.J 
J--oI~, ~Irll ~~.J' ~~~)~ .j)~0~)I\ Wl.o 
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<L.-LAlI c>bUI J ~.JI..:-\..;Ljl "---I.;.L 0.,.,.>-'11 <.;}11 J iL.-:...)l1 ~bjl . ~I 
....,... ~)I...)&-J ~ o.;r.cll ~I~I Jo-"\; o~u.~ ~)uJlo\.)-l..? .1;\..4..:1.1./jJ 
ey~1 ~?I ....~~";I~! 0~..lJ. .:?"L..I...:...L....... c.rJIJ ..:-U.;...ul • .io. ors 
...l....P)lL ;~IJ .t:...JIJ .WIJ ..ulyJl..:-~.AA..o ~....,... W:l1..:-l.:.,.,l1 J ~I '-,;UI 
~":"";\5 UJ . L,. r"\.;..J It-PL...?.~ '-,;L; ~~ j5J ~I..:-t....;yJl J! 
<.d:-L..... i) ..L.A;, .... I.;...ul J')\.>. ~I)'II....,... y-:-:5 ~..l.P .r---J:; 4-:->-~ uUI..:-L.I.;..u1 

..? .l;W-IJ d;L.JI.r.'~..r-~ ,.:lbJ ~~)I C)L...JI il..G..:.....~ ..:-U.;..uI • .L. 

cr- ~~I...L.o.:J ~~!..:-l,L..<:-..? '-:-P~)I C)L....:JI •.iJ,..J......:,U ~' .p.J10j1yJl 

4')~1 ~J 4.L..L.q.~I,j-4l;.;.5:.1.}IJ 0~'y";1 ,,-:,UI ey~I.r-"\.;..J ~L.. 

. o.;r.clI..:-l.:.,.,lIJ JI ~14-Ulr J .Ir ~J 
,j-4 ~lo Population o~...,....-l<- ~I L..-1.;..uI •..G ~?i..l....OJ 
Zygophyllum qualarense Hadidi ~.J b ; II i.;----+ll ..:-1 . ; 

).".1'>U ~~I.u....:J1 ~I ~..L..O. )a..J <JJ~ ~~..r. ~ ~jJl (ZygophylJaceae) 

Growth r-JI..:-~ ~\...... il..I;···:.... ~ ~l::J1 ~ J')\.>. ....,...J' ..:-Ljlot.,.>- '';J~.j w.:;J,1 

~~IJ oL,J-1 JJ..!.;:-J Transition matrix 4..)lA.::NI'"yi...a.ll C)yiJ' equations 
, .lA..JIJ .LAJIJ ..u1.r=J1..:-~»-o.r-..\..i; ~l, Life table and fecundity schedule 

. '".;bl ~J uJll.io. ~pi~i L..5 

..:-l;UI ~J o.;b! J)o .r-# ~~~)I r)L...J1 il..G..:.....\-!...;i ....I.;..ul ~.JjJ 

./..,..;J) o.;r..L:l.1 ~I;-~I ~\; o~~! ./I.):-~ <.f...,..,J1 ~I w..:....j ~I ~~I 
. ~I J5l...!......,... JlA: It <..?.,1.,.,J1 ~I..? .l;Li.:l1 

il..G...:......;>U.Ly- c/-:'..!l~~~)UJI i .;+JI..:-L; 0i~i "---I.;..ul ~J 
..:-~..u.....c:.j-} ..:-L.A...a.lI • .io.,j-4J' o.;r.cll ~I~I Jo-"l.; '~~!J ~ J;.LS 
....,... ~ o\.)-IJ )~)l1~ '-,;UI.j\..!..&. 0.;.Jj, ~I .;L.l--il;';i,.)~ ~l5:; 
, C'lyJl..;-z,JI ·-S..uIJ' WUI..:-l;UI oL,.:L ~I ..:-W.r=Jlo~l..i, ..\..;>-IJ ~ 

. ~.".u.IJ""l..J:-IJJJ 

http:ulyJl..:-~.AA

