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Vegetated engineered covers are artificially constructed ecosystems designed to 
minimize the environmental risks posed by hazardous wastes. Covers serve multiple 
objectives, which include supporting a stable vegetation community resembling natural 
ecosystems, and minimizing deep drainage into buried wastes by enhancing soil 
moisture storage in the top layers, and subsequent water loss through 
evapotranspiration. Vegetation directly contributes to cover hydrology through 
transpiration, and conversely, hydrology influences transpiration and vegetation growth, 
forming a feedback loop. These vegetation-soil feedbacks may drive early ecosystem 
development, and control hydrology and vegetation patterns in water-limited 
ecosystems. 
 
Until now, information on the ecohydrology of recently constructed ecosystems such as 
covers has been lacking. Available literature has a disciplinary bias towards field 
evaluation and predictive modelling of cover hydrology (Chapter 1), while a systems 
perspective integrating material hydraulic properties, vegetation characteristics and their 
interaction is still lacking. In particular, little was known about the spatial patterns of 
hydraulic properties and fine roots on covers, and their impacts on transpiration and 
plant water relations. Moreover, earlier studies lumped together bare soil evaporation 
and transpiration as evapotranspiration, thereby confounding our mechanistic 
understanding of the individual processes. Here, I took the next logical step to address 
these knowledge gaps through field experimentation on a vegetated cover in Western 
Australia (Chapters 2-5) and ecohydrological modelling (Chapter 6).  
 
Spatial analysis of hydraulic properties revealed that mean saturated hydraulic 
conductivity Ks values for both field and laboratory measurements were very high 
(38.7-77.9 m day-1), exceeding typical values for natural soils by several orders of 
magnitude (Chapter 2). Coefficients of variation (CV) were low (26-44%), resembling 
those of well-sorted sediments. These findings were attributed to well-sorted and a 
predominantly coarse-texture associated with mechanically separated material. 
Geostatistical analysis revealed surface patterns and vertical layering of Ks caused by 
construction procedures and particle segregation. These properties influence soil 
moisture storage, root water uptake and deep drainage.  
 
Bare soil evaporation Es measured following a soil wetting pulse revealed a two-stage 
process, characterized by a rapid decline phase and a low-rate stage (Chapter 3). The 
time-course of daily Es reflected the low moisture retention and high evaporative 
demand during the study period. Vegetation cover reduced peak daily evaporation by 
more than 50% relative to open spaces, and muted diurnal variations caused by weather 
fluctuations. These findings stress the need to account for both soil moisture and 
vegetation cover when modelling Es on such ecosystems.  
 
Fine roots showed high spatial variability (CV: 50-236%) in both vertical and horizontal 
directions (Chapter 4). Approximately 90% of the fine roots were confined to the top 
40-cm depth, declining exponentially to a maximum rooting depth of 150 cm. 
Comparison with a global root distribution model showed that the shallow root 
distribution resembled that of a grassland rather than a woodland. These findings were 
attributed to stand age and subsoil chemical constraints to root growth. The implications 
of the findings for root water uptake are discussed.  
 



Transpiration was directly quantified at different temporal scales. Annual transpiration 
was low (147 mm), accounting for only 22% of the annual total rainfall (673 mm), 
which was about three-fold lower than 59-99% reported in natural Mediterranean 
vegetation ecosystems (Chapter 5). Overall, transpiration tracked soil moisture patterns 
rather than atmospheric conditions, with most of the transpiration confined to the wet 
winter season (108.1 mm), while the dry summer value was very low (39.1 mm). These 
findings reflected the collective impacts of low moisture retention of the material, 
shallow root distribution and low leaf area index on transpiration.  
 
Chapter 6 presents an ecohydrological model to demonstrate how vegetation-soil 
feedbacks, and their interaction with climatic fluctuations impact on temporal patterns 
of vegetation. This was motivated by damped and overshooting behaviour of vegetation 
observed on highly disturbed ecosystems, whereby biomass productivity exceeded long-
term sustainable levels after 1-2 decades. I hypothesized that these patterns are caused 
by vegetation-soil feedbacks. Under steady-state rainfall, I demonstrated that vegetation 
converged to equilibrium points or persistent oscillations (limit cycles). Cyclic climatic 
fluctuations amplified vegetation variability through period doubling and phase 
synchronization depending on rooting depth and climatic periodicity. These findings 
suggest that ecohydrological feedbacks may provide a unifying mechanism for diverse 
patterns of vegetation observed in water-limited environments. Overall, the insights 
gained from this study emphasize the need for a systems perspective to understand the 
behaviour of recently constructed ecosystems. 
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Abstract 

64-'..2<4,%*(!&2727+!%D4,'-2%7(!',4!,4C*2,43!-%!D,4147-!A%7-'&27'-2%7!%<!-$4!(*,,%*7327+!
4712,%7&47-!,4(*.-27+!<,%&!-$4!32(A$',+4!%<!.4'A$'-4(!<,%&!E'(-4!,4D%(2-%,24(!-$'-!&'5!
A%7-'27!'A23F<%,&27+!(*.<232A!,%AG(!%,!&274!-'2.27+(@!H'(-4!,%AG!A%14,!(5(-4&(!',4!A%&&%7.5!
*(43!-%!2(%.'-4!$'I',3%*(!E'(-4(!<,%&!D,4A2D2-'-2%7!'73!-$4,495!-%!D,4147-!-%J2A!%,!'A232A!
&274!3,'27'+4@!8-%,4!'73!,4.4'(4!A%14,!(5(-4&(!',4!34(2+743!-%!,4-'27!'..!D,4A2D2-'-43!E'-4,!
E2-$27!9472+7!&'-4,2'.!%14,.527+!-$4!E'(-4"!E$4,4!-$4!E'-4,!2(!,4&%143!95!
41'D%-,'7(D2,'-2%7@!!#E%!A%14,!34(2+7(!E4,4!-4(-43!27!(4&2',23!&%7(%%7'.!7%,-$E4(-!
=*447(.'73K!LMN!M@O!&!%<!*7A%7(%.23'-43!E'(-4!,%AG!%14,.527+!P@O!&!%<!A%7(%.23'-43!E'(-4!
,%AG!'73!LQN!Q@P!&!%<!*7A%7(%.23'-43!9472+7!E'(-4!,%AG@!R%14,!D4,<%,&'7A4!E'(!&%72-%,43!
E2-$!.5(2&4-4,("!(%2.!&%2(-*,4!'73!(%2.!(*A-2%7!(47(%,(@!:7!'!E4-!(4'(%7!E2-$!$2+$4,!-$'7!*(*'.!
D,4A2D2-'-2%7!LSPP!&&N"!E'-4,!27<2.-,'-2%7!27-%!*734,.527+!E'(-4!,%AG!9474'-$!9',4!A%14,(!
1',243!<,%&!TU!-%!VWU!%<!D,4A2D2-'-2%7@!8-%,4!'73!,4.4'(4!A%14,!(5(-4&(!&'5!7%-!'.E'5(!
47(*,4!(*(-'27'9.4!&274!A.%(*,4!27!(4&2F',23!',4'(!E2-$!32(-27A-!E4-!'73!3,5!(4'(%7'.2-5@!:-!&'5!
94!D,*347-!<%,!&2727+!A%&D'724(!27!-$%(4!,4+2%7(!-%!(*DD.4&47-!(-%,4!'73!,4.4'(4!A%14,(!E2-$!
%-$4,!E'-4,!&'7'+4&47-!(5(-4&(@#$2(!(-*35!E2..!(*DD%,-!-$4!%D-2&2('-2%7!%<!34(2+7!%<!A%14,(!
<%,!-$4!&2727+!273*(-,5!'73!'<<2.2'-43!(-'G4$%.34,(@!
!
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Introduction 

62727+!'A-212-24(!%<-47!,4(*.-!27!-$4!D,%3*A-2%7!%<!$'I',3%*(!%,!D%-47-2'..5!$'I',3%*(!E'(-4(!
(*A$!'(!E'(-4!,%AG!<,%&!-$4!&2727+!%D4,'-2%7!'73!<274F+,'2743!E'(-4(!<,%&!&274,'.(!
D,%A4((27+!L-'2.27+(N@!H4'-$4,27+!%<!(*.<232A!E'(-4!,%AG!27!A%7-'A-!E2-$!E'-4,!'73!%J5+47!A'7!
D,%3*A4!'A23!'73!&4-'..2<4,%*(!3,'27'+4!'73!-'2.27+(!%<-47!'.(%!A%7-'27!'!$2+$!.414.(!%<!$4'15!
&4-'.(!%,!',4!(*.<232A!L>%--4,&%(4,!QPPVN@!:7<2.-,'-2%7!%<!D,4A2D2-'-2%7!27-%!-$4!E'(-4!&'-4,2'.!
A'7!,4(*.-!27!-$4!.4'A$27+!%<!$'I',3%*(!(*9(-'7A4(!27-%!'3X'A47-!4712,%7&47-(@!Y%,!&274!.4'(4!
,4.27C*2($&47-"!&2727+!A%&D'724(!',4!,4C*2,43!-%!D,4147-!'75!D%-47-2'.!A%7-'&27'-2%7!%<!-$4!
(*,,%*7327+!.'73(A'D4@!!
:7!(4&2F',23!4712,%7&47-("!2-!2(!%<-47!D,%D%(43!-%!*(4!(-%,4!'73!,4.4'(4!A%14,!(5(-4&(!L8ZRN!-%!
47A.%(4!(*A$!$'I',3%*(!E'(-4(!L['*(4,!4-!'.@!QPPM\!Y%*,24!'73!#2994--!QPPVN@!]7!&274!(2-4("!
A%14,!(5(-4&(!+474,'..5!A%7(2(-!%<!9472+7!L7%7F$'I',3%*(!%,!7%7F'A23F<%,&27+N!E'(-4!,%AG!
E$2A$!47A'D(*.'-4(!E'(-4!,%AG!3*&D(!%,!-'2.27+(!<'A2.2-24(@!#$4!-$2AG74((!%<!-$4!9472+7!E'(-4!
,%AG!.'54,!2(!34(2+743!'AA%,327+!-%!(2-4!A$','A-4,2(-2A("!A.2&'-4!L4(D4A2'..5!,'27<'..N!'73!D',-2A.4!
(2I4!32(-,29*-2%7!%<!-$4!A%14,!&'-4,2'.@!]-$4,!34(2+7!<4'-*,4(!&'5!27A.*34!'!A%&D'A-43!.'54,!



32,4A-.5!%14,.527+!-$4!$'I',3%*(!E'(-4@!#$4!'2&!%<!'!8ZR!(5(-4&!2(!-%!(-%,4!D,4A2D2-'-2%7!27!-$4!
9472+7!E'(-4!,%AG!'73!-$4,4<%,4!D,4147-!2-!<,%&!L344DN!3,'27'+4!'73!,4'A-27+!E2-$!-$4!
$'I',3%*(!E'(-4@!8-%,43!,'27E'-4,!2(!,4&%143!<,%&!-$4!A%14,!-$,%*+$!41'D%,'-2%7!'73!
-,'7(D2,'-2%7!L]^_'74!R%7(*.-'7-(!:7A@!QPP`N@!#$4!-$4%,5!%<!8ZR!(5(-4&(!2(!9'(43!%7!-$4!E'-4,!
9'.'7A4!4C*'-2%7!L?C@!MN!
>abF=Fc8FL?de#N! ! ! ! ! ! ! ! !
! LMN!
H$4,4!>!a(44D'+4"!b!a!D,4A2D2-'-2%7"!=!a!,*7%<<"!c8!a!A$'7+4!27!&%2(-*,4!A%7-47-!%<!-$4!A%14,!
&'-4,2'."!?d!a!41'D%,'-2%7!'73!#!a!-,'7(D2,'-2%7@!!
!
#$4!%9X4A-214!%<!-$2(!D'D4,!2(!-%!2714(-2+'-4!-$4!<4'(292.2-5!%<!'!9',4!8ZR!(5(-4&!<%,!'A23!
3,'27'+4!D,4147-2%7!27!'!,4+2%7!E2-$!32(-27A-!E4-!'73!3,5!(4'(%7(!27!(4&2F',23!&%7(%%7'.!
7%,-$FE4(-!=*447(.'73"!/*(-,'.2'@!
!

Method 

Field site 
#$4!&274!(2-4!2(!.%A'-43!27!'!,4+2%7!A.'((2<243!'(!!"#!L)!a!',23"!8!a!(-4DD4"!$!a!$%-!',23N!27!-$4!
_fDD47!'73!g42+4,!R.'((2<2A'-2%7!L_%--4G$%&$'()!QPPWN@!#$4!&4'7!&%7-$.5!&272&*&!'73!
&'J2&*&!-4&D4,'-*,4(!',4!MM@W!'73!TV@ThR"!,4(D4A-214.5@!#$4!.%7+F-4,&!'77*'.!,'27<'..!%<!-$4!
',4'!2(!`QP!&&"!9*-!,'27<'..!2(!$2+$.5!4,,'-2A@!]14,!VV!54',(!%<!,4A%,3("!'77*'.!,'27<'..!<.*A-*'-43!
94-E447!MP`@S!&&!27!MSVP!'73!iVP@V!&&!27!MSOP@!#$,44FC*',-4,(!%<!-$4!'77*'.!D,4A2D2-'-2%7!
%AA*,(!27!-$4!(%*-$4,7!$4&2(D$4,4!(*&&4,"!&'27.5!94-E447!04A4&94,!'73!6',A$!9*-!-$2(!2(!
$2+$.5!1',2'9.4"!<,%&!Vi@P!&&!27!MSiOjiW!-%!VSi@T!&&!27!MSSWjMSSV"!,4(D4A-214.5@!6%(-!
(*&&4,!,'27<'..!4147-(!',4!$2+$!27-47(2-5!(-%,&(!'.-$%*+$!-$4!.%7+F-4,&!3'-'!3%!7%-!,4A%,3!
-$4(4!27-47(2-24(!L)*,4'*!%<!64-4%,%.%+5!QPPSN@!

Cover trials 
#E%!A%14,!-,2'.!',4'(!LQP!&!J!WP&N!E4,4!A%7(-,*A-43!27!]A-%94,!QPPi!E2-$!'!(*DD.4&47-'.!
27(-'..'-2%7!%<!(47(%,(!27!04A4&94,!QPPi@!#$4!A%14,!34(2+7(!E4,4K!LMN!P@O!&!A%&D'A-43!9472+7!
E'(-4!,%AG!%7!-$4!D%-47-2'..5!'A23F<%,&27+!E'(-4!,%AG"!%14,.'23!95!M@O!&!*7A%&D'A-43!9472+7!
E'(-4!,%AG!L#,4'-&47-!MdN!'73!LQN!Q@P!&!*7A%&D'A-43!9472+7!E'(-4!,%AG!D.'A43!32,4A-.5!%7!
D%-47-2'..5!'A23F<%,&27+!E'(-4!,%AG!LQdN@!?'A$!A%14,!-,2'.!',4'!E'(!(*93212343!27-%!-$,44!
(*9D.%-(!LQP!&!J!QP!&N!'73!27(-,*&47-43!2347-2A'..5@!:7!4'A$!(*9D.%-"!'!.5(2&4-4,!LT!&!
32'&4-4,!'73!T!&!344DN!E'(!D.'A43!27-%!-%!-$4!$'I',3%*(!E'(-4!&'-4,2'.!E2-$!2-(!-%D!9427+!
.414.!E2-$!-$4!(*,<'A4!%<!-$'-!&'-4,2'.@!?'A$!.5(2&4-4,!E'(!A%774A-43!-%!'!-2DD27+!9*AG4-!+'*+4!
-$,%*+$!'!bdR!D2D4!E2-$!'!(.%D4!%<!A'@!QU@!Y*,-$4,&%,4"!MW!(%2.!&'-,2A!D%-47-2'.!(47(%,(!LQQSF
>"!R'&D94..!8A247-2<2A"!>%+'7!;#!;8/N!'73!W!(%2.!&%2(-*,4!(47(%,(!L6%34.!R8WMW"!R'&D94..!
8A247-2<2A"!>%+'7!;#!;8/@N!E4,4!27(-'..43!27!'!(27+.4!14,-2A'.!.274!4J-47327+!<,%&!-$4!9'(4!%<!
4'A$!.5(2&4-4,!-%!-$4!-%D!%<!-$4!A%14,!(5(-4&@!/!(-'73',3!'*-%&'-2A!E4'-$4,!(-'-2%7!
LR'&D94..!8A247-2<2A"!>%+'7!;#!;8/N!E'(!&%*7-43!74',95@!

Results 

#$4!3'-'!D,4(47-43!<%A*(4(!%7!(*9D.%-(!Md9"!MdA"!Qd'!'73!QdA!9'(43!%7!27-4+,2-5!%<!-$4!
*734,.527+!3'-'!(4-@!
!
Precipitation 
#$4!&'27!D4,2%3!%<!D,4A2D2-'-2%7!27!-$4!E4-!(4'(%7!QPPijQPPS!94+'7!27!-$4!<2,(-!E44G!%<!
04A4&94,!QPPi!'73!47343!27!-$4!(4A%73!E44G!%<!Y49,*',5!QPPS@!k%!(2+72<2A'7-!D,4A2D2-'-2%7!
E'(!,4A42143!27!6',A$!QPPS@!:7!-%-'."!SMW!&&!%<!,'27<'..!E'(!&4'(*,43!'-!-$4!4JD4,2&47-'.!
(2-4!27!'7!27-4,1'.!%<!WV!3'5(@!#$2(!,'27<'..!E'(!+,4'-4,!-$'7!-$'-!'-!-$4!)*,4'*!%<!64-4%,%.%+5!



L)%6N!(-'-2%7!27!-$4!12A272-5!%<!-$4!-,2'.("!E$2A$!,4A%,343!WWi&&!%<!,'27<'..!<%,!-$4!('&4!
D4,2%3@!#$4!)%6!,'27<'..!<%,!l'7*',5!QPPS!E'(!-$4!$2+$4(-!'73!-$4!QPPijQPPS!E4-!(4'(%7!E'(!
-$4!-$2,3!E4--4(-!(27A4!&4'(*,4&47-(!A%&&47A43!'-!-$4!(2-4!27!MSTQ!L)*,4'*!%<!64-4%,%.%+5!
QPPSN@!!

Soil suction 
#$4!(%2.!(*A-2%7!(47(%,(!,4(D%7343!C*2AG.5!-%!,'27<'..!4147-(!'73!-$4!'31'7A4!%<!-$4!E4--27+!
<,%7-@!#$4!<2,(-!&'X%,!,'27!4147-!%7!-$4!V-$!%<!04A4&94,!LQV&&N!-,2++4,43!(.2+$-.5!32<<4,47-!
,4'A-2%7(!%7!-$4!(*9D.%-(@!:7<2.-,'-2%7!%<!,'27<'..!D,%A44343!'DD,%J2&'-4.5!-%!-$4!('&4!34D-$!
%7!Qd!LQd'K!M@PQ!&"!QdAK!M@MP!&N!LY2+*,4!MA"!3N@![%E414,"!%7!#,4'-&47-!Md"!27<2.-,'-2%7!E'(!
&4'(*,43!<,%&!M@MP!&!LMdAN!-%!M@SS!&!LMd9N"!E$2A$!2732A'-4(!$2+$.5!$4-4,%+474%*(!D%,4!(2I4!
32(-,29*-2%7!'-!-$2(!A%14,!-,2'.!LY2+*,4!M!'"!9N@!
!
#$4!(*A-2%7!1'.*4(!A.4',.5!($%E!-$'-!27!'..!<%*,!(*9D.%-("!,'27<'..!27<2.-,'-43!27-%!-$4!$'I',3%*(!
E'(-4@!!]7!#,4'-&47-!Md9!-$2(!%AA*,,43!'<-4,!MOM!&&!A*&*.'-214!,'27<'..!LY2+*,4!M'N"!E$4,4'(!
%7!#,4'-&47-!MdA!27<2.-,'-2%7!27-%!-$4!D%-47-2'..5!'A23F<%,&27+!&'-4,2'.!<2,(-!%AA*,,43!'<-4,!
%7.5!SS!&&!%<!A*&*.'-214!,'27<'..!LY2+*,4!M9N@!]7!Qd"!E'-4,!,4'A$43!-$4!$'I',3%*(!&'-4,2'.!
'<-4,!MPi!&&!'73!M`P!&&!A*&*.'-214!,'27<'..!27!#,4'-&47-(!QdA!'73!Qd'"!,4(D4A-214.5!LY2+*,4!
MA"!3N@!
!
)474<2A2'.!27<.*47A4(!%<!A%14,!34(2+7"!2@4@!-$4!A%&D'A-43!.'54,"!%7!-$4!$53,%.%+5!%<!-$4(4!A%14,!
(5(-4&(!A'77%-!94!A.'2&43!%7!-$4!9'(2(!%<!-$4!4J2(-27+!3'-'@!
!
Seepage 
844D'+4!E'(!,4A%,343!27!'..!D.%-(!9*-!-$4!'&%*7-!%<!(44D'+4!'73!-2&4!%<!%AA*,,47A4!1',243!
94-E447!-$4!(*9D.%-(@!k%!(44D'+4!E'(!,4A%,343!<,%&!'75!D.%-!94-E447!MTjPM!'73!
Q`jPMjQPPS@!:7!-$4(4!MP!3'5("!'!-%-'.!%<!QOT!&&!%<!,'27<'..!E'(!,4A%,343"!E2-$!(-%,&!4147-(!%<!
TV!&&"!`i!&&!'73!OP!&&!%7!-$4!!

!
O#K/&%*P=*D+K0&#(7@#J*'+#1*'/J(#+"*Q7R0S*+$%&*(7%*J+/&'%*+,*(7%*3%(*'%0'+"*TUUVWTUUX*+"*'/C81+('*0Y*
P>C5*CY*P>J5*JY*T>0*0"H*HY*T>J=*
*



!
O#K/&%*T=*6/@/10(#$%*'%%80K%*Q@@S*+$%&*(7%*J+/&'%*+,*(7%*3%(*'%0'+"*TUUVWTUUX*+"*'/C81+('*P>C5*
P>J5*T>0*0"H*T>J=*
!
!
QP-$"!QM(-!'73!QQ73!%<!l'7*',5"!,4(D4A-214.5@!/(!-$4!(%2.!(*A-2%7!'73!(%2.!&%2(-*,4!(47(%,(!E4,4!
%D4,'-27+!('-2(<'A-%,2.5!3*,27+!-$2(!D4,2%3"!2-!2(!.2G4.5!-$'-!-2DD27+!9*AG4-(!E4,4!7%-!<*7A-2%727+!
A%,,4A-.5!3*,27+!-$'-!-2&4@!!R*&*.'-214!(44D'+4!,'-4(!,'7+4!<,%&!QM!&&!LQd'N!*D!-%!VTW!&&!
LMdAN!LY2+*,4!QN@!g474,'..5!(44D'+4!<,%&!-$4!A%14,(!E2-$!'!P@O!&!A%&D'A-43!.'54,!E'(!$2+$4,!
-$'7!<,%&!-$4!D.%-(!E2-$%*-!'!A%&D'A-2%7!I%74@![%E414,!-$4!32<<4,47A4(!E2-$27!-$4!A%14,!
34(2+7(!-$4&(4.14(!',4!14,5!D,%7%*7A43@!/DD,%J2&'-4.5!TMP!&&!&%,4!3,'27'+4!E'(!,4A%,343!
'-!MdA!A%&D',43!E2-$!Md9"!'73!'-!Qd!-$4!32<<4,47A4!27!3,'27'+4!<,%&!-$4!-E%!.5(2&4-4,(!E'(!
'.&%(-!QPP!&&@!!Y,%&!-$4!<%*,!(*9D.%-(!*734,!A%7(234,'-2%7"!%7.5!Qd'!($%E43!3,'27'+4!<,%&!
-$4!.5(2&4-4,!%<!.4((!-$'7!OU!%<!,'27<'..@!#$4!'&%*7-!%<!E'-4,!(44D27+!%*-!%<!-$4!,4&'2727+!
-$,44!D.%-(!4JA44343!-$2(!'AA4D-'9.4!-$,4($%.3!95!'!.',+4!&',+27@!
!

Conclusion 

:7!'!E4--4,!-$'7!7%,&'.!E4-!(4'(%7!27!7%,-$FE4(-!=*447(.'73"!(44D'+4!*734,!'!9',4!L7%7F
14+4-'-43N!Q!&!A%14,!(5(-4&!A'7!,4'A$!*D!-%!VWU!%<!-$4!SMW!&&!%<!,'27<'..!,4A42143!3*,27+!-$4!
D4,2%3!*734,!A%7(234,'-2%7@!#$4!2&D%,-'7A4!%<!14+4-'-2%7!<%,!-$4!&2-2+'-2%7!%<!(44D'+4!
'&%*7-(!$'(!9447!(-,4((43!95!(414,'.!'*-$%,(!L['*(4,!4-!'.@!QPPM\!]^_'74!'73!H4.(!QPPT\!
]^_'74!R%7(*.-'7-(!:7A@!QPP`N@!#$4!D,4(47A4!%<!14+4-'-2%7!A'7!47$'7A4!-$4!(-%,'+4!A'D'A2-5!%<!
'!A%14,!'(!&%,4!E'-4,!2(!,4&%143!<,%&!-$4!A%14,!-$,%*+$!41'D%-,'7(D2,'-2%7!-$'7!95!
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