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Purp ose 
The p urp ose o f  t h is d ocum en t  is t o : 

• Descr ib e t he general ap p roach  p rop osed  b y t h e Alliance t o  un d er t ake f lo ra m on it o r ing on  t h e 
Sheoak Grassland  Rest o rat ion  exp er im en t ; 

• Sum m ar ise t h e result s o f  t he f lo ra m on it o r ing  o f  t he Sheoak Grasslan d  Rest o rat ion  exp er im en t ; 
and  

• Provid e recom m end at ions f o r  f ur t her  m on it o r ing  an d  m an agem en t  act ions. 

 

The p urp ose o f  f lo ra m on it o r ing as a p ar t  o f  t he Grassland  Rest o rat io n  exp er im en t  is t o : 

• Docum en t  t he ch ange in  sp ecies cover  an d  co m p osit ion  o f  b o t h  nat ive and  in t rod uced  f lo ra 
sp ecies over  t im e; 

• Docum en t  t he var iat io n  in  in t er -t ussock d ist ances b et w een  t he exp er im en t al p lo t s over  t im e; and  

• Docum en t  t he success o f  t he d if f eren t  m et hod s o f  reinst at em en t  u t i lised  d ur ing  t he Grassland  
Rest o rat ion  exp er im en t . 

 

 

Abbreviations 

Term Description 

Alliance Sugar lo af  Pip eline Alliance 

DEWHA Com m onw ealt h  Dep ar t m en t  o f  t he Environm en t , Wat er , Her it age an d  t he Ar t s 
(now  DESEWPC) 

DSE Vict o r ian  Dep ar t m en t  o f  Sust ain ab ilit y  an d  Environm en t  

DSEWPaC Com m onw ealt h  Dep ar t m en t  o f  Sust ain ab ilit y , Environm en t , Wat er , Pop ulat ion  
and  Com m un it ies 

EMP Environm en t al Man agem en t  Plan  

EMS Environm en t al Man agem en t  St rat egy 

EPBC Com m onw ealt h  Environment Protection and Biodiversity Conservation Act 1999 

FFG Vict o r ian  Flora and Fauna Guarantee Act 1988 

GSM Gold en  Sun  Mo t h  

HLPS High -lif t  Pum p  St at ion  

ROW Const ruct ion  Righ t  o f  Way 

SLPA Sugar lo af  Pip eline Alliance (t he ‘Alliance’) 
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1 Introduction 

The Go ld en  Sun  Mo t h  (Synemon plana) (GSM) occurs in  g rassland s and  o p en  grassy w ood land s in  sout h -
east ern  m ain land  Aust ralia.  The n at ive grassland  and  grassy w ood lan d  h ab it at s used  b y t he GSM are 
am ongst  t he m o st  t h reat ened  o f  all veget at io n  t yp es in  Aust ralia, w it h  m ore t h an  99.5% est im at ed  
t o  have b een  gro ssly alt ered  o r  d est royed  (DEWHA 2009, Kir kp at r ick et  al. 1995, Lun t  1991).  The GSM is 
generally  f ound  in  grassy h ab it at s t hat  are d o m inat ed  b y n at ive grass sp ecies, b u t  t hey have also  
b een  occasionally f oun d  w it h in  areas d om in at ed  b y non -nat ive grasses.  The sp ecies is list ed  as 
‘cr it ically en d angered ’ on  t he Com m onw ealt h  Environment Protection and Biodiversity Conservation (EPBC) 
Act 1999, ‘t h reat en ed ’ o n  t he Vict o r ian  Flora and Fauna Guarantee (FFG) Act 1988 and  ‘cr it ically 
end angered ’ on  t h e Dep ar t m en t  o f  Sust ain ab ilit y  an d  Environm en t  (DSE) Advisory List of Threatened 
Invertebrate Fauna in Victoria (DSE 2009). 

In  lat e 2008, t arget ed  surveys und er t aken  b y t he Sugar lo af  Alliance (t he ‘Alliance’) id en t if ied  t he 
p resence o f  f lyin g ad ult  GSM at  a num b er  o f  lo cat ions along t he p rop osed  Const ruct ion  Area 
alignm en t  f o r  t he Sugar loaf  Pip elin e Pro ject  (‘t he Pro ject ’).  Most  o b servat ions w ere w it h in  t h e 3-5 km  
st r et ch  o f  t he alignm en t  sout h  o f  Yea, includ ing t he p rop er t y p rop o sed  t o  con t ain  t he Sheoak High  
Lif t  Pum p  St at ion  (HLPS)1.   

One o f  t he  p ost  const ruct ion  m on it o r ing  exp er im en t s d esigned  t o  b o t h  help  m it igat e t he im p act s 
o f  t he p ro ject  on  GSM, and  t o  f ur t her  d evelop  scien t if ic und erst and in g o f  t he sp ecies w as t he Sh eoak 
Grasslan d  Rest o rat ion  exp er im en t  (SLPA 2009ab ).  

 

                                                   
1 The Sheoak p rop er t y is ow ned  by Melbourne Wat er ; a m em b er  o f  t he Sugar loaf  Pipeline Alliance. 
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2 Establishment 

The Sheo ak Grassland  Rest o rat ion  exp er im en t  w as est ab lished  at  t he Sheoak p ro p er t y in  t he re-
inst at ed  area f o llow ing const ruct ion  o f  t he p ip e in  Oct o b er  2009 acco rd ing  t o  t he req u irem en t s 
out lined  in  sect ion  7.1.2 o f  t h e Fauna Man agem en t  Program  - Sheoak High  Lif t  Pum p  St at ion  (SPLA 
2009a).  The exp er im en t al d esign  com p r ised  a t o t al o f  60 3 x 3 m  p lo t s, w it h  10 rep licat es o f  t he 
f o llow ing ‘t r eat m en t s’: 

• Con t ro l – p lo t s locat ed  in  un af f ect ed  grasslan d  ad jacen t  t o  t he ROW; 

• Sub so il – p lo t s r einst at ed  t o  sub so il on ly w it h  t op so il rem oved ; 

• Nat ural Regenerat ion  – p lo t s re-inst at ed  w it h  t op -so il b ut  no  o t her  act ion ; 

• Dir ect  Seed ing  – p lo t s r e-in st at ed  w it h  t op so il and  seed  co llect ed  f rom  t he Sheo ak p rop er t y; 

• Tub est ock p lan t ing –  p lo t s re-inst at ed  w it h  t o p so il and  t ub est ock (36 p er  p lo t ) com p r ising  
sp ecies in  p re-clearance grassland s at  t he sit e as f o llow s 

o Austrodanthonia setacea  12 – 13 p lan t s p er  p lo t ; 

o Austrostipa rudis var . rudis  7 – 8 p lan t s p er  p lo t ; 

o Aceana echinata  3 p lan t s p er  p lo t ; 

o Microlaena stipoides var . stipoides 4 – 5 p lan t s p er  p lo t ; 

o Lomandra longifolia 3 – 4 p lan t s p er  p lo t ; 

o Juncus amabilis 3 – 4 p lan t s p er  p lo t ; 

o Elymus scaber var . scaber 1 – 2 p lan t s p er  p lo t ; an d  

• Tussock rep lacem en t  – p lo t s reinst at ed  w it h  t op so il an d  t ussocks (Austrostipa sp ., 
Austrodanthonia sp ., Juncus sp .) t hat  w ere salvaged  f rom  t h e sit e p r io r  t o  t he sit e b eing  cleared . 
Tussocks w ere ran d om ised  across p lo t s.  Ap p roxim at ely 40 t ussocks w ere reinst at ed  in t o  each  
p lo t . 

The 50 t reat m en t  p lo t s (all excep t  t he 10 con t ro ls) w ere ran d om ly allo cat ed  t o  one o f  t h e f ive 
t reat m en t s. The locat io n  and  layout  o f  t he p lo t s are show n  in  Ap p end ix A.  Flo ra m on it o r ing  has 
b een  und er t aken  seven  t im es t o  d at e. 

Tussocks w ere co llect ed  f o r  t he t ussock rep lacem en t  exp er im en t  in  March  2009 and  st o red  in  
w ood en  b oxes on  t he Sheoak p rop er t y un t il Oct ob er  2009.  Dur ing  t h is t im e, m any o f  t he co llect ed  
t ussocks en t ered  a d o rm an t  p h ase an d  w eed s germ inat ed  and  b ecam e d om inan t  w it h in  t he b oxes.  
Desp it e t h is all t ussocks w ere p laced  b ack in t o  t he p lo t s, how ever , it  w as no t  p ossib le t o  d et erm ine 
t he exact  num b er  o f  t ussocks and  sp ecies r et urned  t o  each  p lo t  b ut  is b et w een  35 an d  45 p er  p lo t . 

Due t o  t he lat e sp r ing  est ab lishm en t  o f  t he exp er im en t , an  ir r igat ion  syst em  w as set  up  on  all p lo t s 
w it h  t he excep t ion  o f  t he con t ro ls.  All p lo t s w ere w at ered  t w ice w eekly, o r  at  great er  f req uency if  
d eem ed  necessary un t il Ap r il 2010.   
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A d ecision  w as m ad e t o  d elay t he d irect  seed in g exp er im en t  un t il aut um n 2010 as t he p rosp ect  o f  a 
ho t  sum m er  w ould  co m p rom ise t he ef f ect iveness o f  t h is t reat m en t .  Un f o r t un at ely, seed  co llect ed  
b y con t ract ed  seed  co llect o rs in  2009 w as no t  viab le an d  ap p rop r iat e seed  com p lying  w it h  t h e 
req u ir em en t s o f  t he ap p roved  m anagem en t  p rogram  (SPLA 2009b ) co uld  no t  b e sourced  elsew here.  
Th is t reat m en t  w as t heref o re d iscon t inued  an d  inco rp o rat ed  in t o  t h e nat ural regenerat ion  
t reat m en t  w h ich  now  const it u t es 20 p lo t s.  10 p lo t s f rom  t hese 20 w ill b e r and om ly select ed  f o r  t he 
f inal an alyses. 
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3 Methods 

Mon it o r ing  w as un d er t aken  in  acco rd ance w it h  t he m et hod o logy ou t lined  in  t he Go ld en  Sun  Mo t h  
Overarch in g Docum en t  (SLPA 2009). 

Mon it o r ing  includ ed  an  assessm en t  o f  t he f o llow ing f act o rs: 

• Full sp ecies list  includ in g nat ive and  in t rod uced  sp ecies; 

• Percen t age cover  o f  each  sp ecies w it h in  each  exp er im en t al p lo t ; 

• Percen t age cover  o f  each  lif e f o rm  w it h in  each  exp er im en t al p lo t  (e.g. gram ino id s, f o rb s); 

• Percen t age  cover  o f  b are ground  w it h in  each  exp er im en t al p lo t ; 

• Ver t ical st ruct ure o f  each  lif e f o rm  w it h in  each  exp er im en t al p lo t ; an d  

• In t er -t ussock d ist ance as m easured  at  f ive r and om  p o in t s (f our  q uad ran t s p er  p o in t ) w it h in  
each  exp er im en t al p lo t  (i.e. 20 p o in t s p er  p lo t ). 

The d at es o f  each  roun d  o f  f lo ra m on it o r ing  f o r  t he grassland  rest o rat ion  exp er im en t  are 
d ocum en t ed  in  Tab le 1 b elow . 

Table 1  Flora monitoring undertaken to date for the Grassland Restoration Experiment 

Assessment type Date 

Assessm en t  3 m on t h s af t er  est ab lishm en t   January 2010  

Assessm en t  6 m on t h s af t er  est ab lishm en t   Ap r il 2010  

Assessm en t  9 m on t h s af t er  est ab lishm en t   Ju ly 2010  

Assessm en t  12 m on t hs af t er  est ab lishm en t   Oct ob er  2010  

Assessm en t  15 m on t hs af t er  est ab lishm en t   January 2011  

Assessm en t  18 m on t hs af t er  est ab lishm en t  Ap r il 2011 

Assessm en t  21 m on t hs af t er  est ab lishm en t  July 2011 
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4 Compliance with Management Plans 

Th is rep o r t  o ut lines t he veget at ion  m on it o r ing  und er t aken  in  acco rd ance w it h  t he m easures 
out lined  in  sect ion  7.1.2.5 o f  t he Fauna Man agem en t  Program  - Sheoak High  Lif t  Pum p  St at io n  (SPLA 
2009a).  Som e ch anges t o  t he m on it o r ing  b ecam e necessary w hen  co nsid er ing t he p ract icalit ies o f  
co llect ing  t h e d at a in  t he f ield , w it h  t he chan ges b eing : 

• No  reco rd ing  o f  t ussock d ensit y o r  t ussock cond it ion  and  survivo rsh ip .  These m easures 
p roved  im p ract ical t o  m easure reliab ly in  t he f ield  d ue t o  d if f icu lt y in  id en t if ying  in d iv id ual 
t ussocks in  t he m ajo r it y o f  inst ances. Alt hough  t ussocks could  easily  b e id en t if ied  in  t h e 
sur round ing grasslan d s, t h is p roved  ext rem ely d if f icu lt  t o  d et erm ine in  regenerat ing  p lo t s 
and  d id  no t  p rovid e usef u l o r  com p arab le d at a; and  

• St r uct ure w as m easured  in  f our  classes w h ich  are ind icat ive o f  p lan t  f o rm  and  m at ur it y rat her  
t han  10 cm  in t ervals w h ich  p roved  im p ract ical t o  m easure in  t he f ield .  The heigh t  in t ervals 
w ere 0–10 cm , 10-30 cm , 30-100 cm  and  over  100 cm . 

The req uired  p ho t ograp hs and  m on it o r in g d at a has b een  co llect ed  at  t h ree m on t h ly in t ervals w it h  
t h is r ep o r t  d escr ib in g changes no t ed  in  t he lat est  roun d  o f  m on it o r in g (July 2011).  Exam p les o f  
p ho t ograp hs t aken  are includ ed  in  t h is rep o r t  and  an  exam p le o f  t he m on it o r ing sheet  illust r at ing 
t he co llect ed  d at a is in clud ed  in  Ap p end ix B. 
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5 Results 

The d at a co llect ed  t o  d at e have no t  b een  st at ist ically  analysed  (w h ich  w ill occur  at  t he end  o f  t he 
exp er im en t ), how ever , key f ind ings are evid en t  f o r  each  o f  t he est ab lished  t r eat m en t s and  are 
d iscussed  in  t he sect io ns b elow . Th is r ep o r t  h igh ligh t s ch anges evid en t  since t he p revious rep o r t  w as 
w r it t en  f o llow ing t he Ap r il 2011 round  o f  m on it o r ing . 

5.1 Control 

It  w as no t ed  in  t he last  rep o r t  (f o r  ob servat ions t o  Ap r il 2011) t hat  t h e con t ro l p lo t s, w h ilst  n o t  
changin g no t iceab ly in  sp ecies com p o sit ion , h ad  show n  an  increase in  recru it m en t , likely as a result  
o f  t he h igh  rain f all in  t he p revious year .  These recru it s h ad  grow n  o n  in  t he t h ree m on t h s t o  July 
d ur ing  t he act ive grow t h  p er iod  f o r  m any grasses.  The sp ecies com p osit ion  and  cover  w ere vir t ually 
id en t ical t o  p revious p er io d s, includ ing  t he relat ive cover  o f  n at ive and  in t rod uced  sp ecies.  It  is 
w o r t h  no t ing  t h at  t he h igh  levels o f  g row t h  show n  in  t he p ho t os is in  relat ively st ar k con t rast  t o  t he 
sur round ing area w here grazing  has kep t  t he b iom ass levels low er  t h an  w it h in  t he exp er im en t al 
areas.   

 

 

 

 

 

 

 

 

 

 

Ap r il 2011      Ju ly 2011 

Con t ro l (no  clear in g) (Plo t  51) 
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5.2 Sub-soil Reinstatement 

The p revious rep o r t  (t o  Ap r il 2011) p red ict ed  t hat  t here w ould  b e an  increase in  cover  in  t hese p lo t s 
b ased  on  a num b er  o f  seed lings no t ed  d ur ing  t he Ap r il round  o f  m on it o r ing .  Wh ilst  t h ere has b een  
som e m easurab le increase in  overall veget at io n  cover , t hese p lo t s are st ill relat ive b are in  relat ion  t o  
t he rest  o f  t he exp er im en t al p lo t s and  t he sur round ing  areas (see p ho t os b elow ).  One t heo ry t o  b e 
t est ed  b y t hese p lo t s is t h at  t he low  nut r ien t  st at us o f  t he sub so il an d  t he rem oval o f  t he w eed  seed -
b an k p resen t  in  t he t o p so il w ould  f avour  gro w t h  o f  n at ive sp ecies.  Based  on  t he d at a co llect ed  t o  
d at e, t here ap p ears t o  b e lit t le evid ence t h at  nat ive sp ecies are f avo ured .     

 

 

 

 

 

 

 

 

 

 

   Ap r il 2011      Ju ly 2011 

Sub  so il Rein st at em en t  (Plo t  1) 
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5.3 Natural Regeneration 

There w as lit t le no t iceab le ch ange in  eit her  sp ecies com p osit ion  o r  cover  on  t hese p lo t s b et w een  
Ap r il and  July w hen  t he lat est  round  o f  m on it o r ing  occur red . Th e increase in  n at ive sp ecies n o t ed  in  
t he p revious m on it o r in g rep o r t  w as m ain t ained , an d  t he grow t h  o f  g rass seed lin gs has p rogressed  
d ur ing  w hat  is t he act ive grow t h  season  f o r  m any grasses.  Im p o r t an t ly, t he cover  at t r ib ut ab le t o  t he 
w eed  Arctotheca calendula (Cap e Weed ), w h ich  w as a d om inan t  p lan t  across a num b er  o f  t hese p lo t s at  
t he sam e t im e last  year , is relat ively low  f o r  t h is ro und  o f  m on it o r ing . Th is sp ecies is p resen t  across 
alm ost  all p lo t s, b u t  t he grow t h  o f  o t her  sp ecies and  t he red uct ion  in  t he am o un t  o f  b are ground  
has con t r ib u t ed  t o  t he relat ively low  grow t h  o f  t h is p rob lem at ic w eed . . 

 

 

 

 

 

 

 

 

 

Ap r il 2011      Ju ly 2011 

Nat ural Regenerat ion  (Plo t  20) 
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5.4 Tubestock Planting 

The h igh  survivo rsh ip  o f  t he p lan t ed  sp ecies h as b een  m ain t ained  in  t hese p lan t ed  p lo t s an d  t hese 
p lan t s are now  very w ell est ab lished .  The grasses p lan t ed  h ave had  o ne season  o f  seed ing  t o  d at e 
and  a num b er  o f  p o sit ively id en t if iab le recru it s o f  t he p lan t ed  nat ive sp ecies could  b e id en t if ied  in  
t he lat est  roun d  o f  m on it o r ing, alt hough  a num b er  o f  in t ro d uced  sp ecies w ere also  no t ed  as 
recru it ing  w it h in  t he p lo t s.  The grow t h  o f  t he new  grass seed lings, b o t h  nat ive and  in t rod uced  
sp ecies, is f illing  in  t he gap s b et w een  t he est ab lish ed  t ussocks an d  t here is a no t iceab le increase in  
t he cover  across t hese p lo t s, t hough  lit t le id en t if iab le ch ange in  t he sp ecies d iversit y no t ed  in  t h e 
p revious rep o r t s. 

 

 

 

 

 

 

 

 

 

 

Ap r il 2011      Ju ly 2011 

Tub est ock p lan t ing (Plo t  22) 
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5.5 Tussock Replacement 

As no t ed  in  p revious rep o r t s, t he t ussock rep lacem en t  p lo t s h ave yield ed  m ixed  result s and  lit t le h as 
changed  up  t o  t he lat est  round  o f  m on it o r ing .  Th ese p lo t s h ave t he h ighest  cover  o f  all t he p lo t s, 
alt hough  t h is is d om in at ed  b y in t rod uced  sp ecies, w h ilst  t he sp ecies d iver sit y is also  h igh est  o f  t he 
var ious t reat m en t s, p ar t icu lar ly o f  nat ive sp ecies.  The p revalence o f  t he nat ive grass Microlaena 
stipoides var . stipoides (Weep ing Grass) w h ich  w as no t ed  in  t he p revious rep o r t  has increased  and  on  
som e p lo t s t h is is now  t he d om inan t  g rass.  Th is sp ecies t end s t o  f avo ur  w et t er  cond it ions co m p ared  
t o  t he o t her  n at ive sp ecies ob served  on  t he sit e and  t h is d om inance m ay b e a r esp onse t o  t he 
w et t er  cond it ions.  As can  b e seen  in  t he p ho t os b elow , a num b er  o f  t hese p lo t s includ e seed lings o f  
Eucalyptus camaldulensis (River  Red -gum ), w h ich  is likely a result  o f  t he t ussocks b eing  st o red  und er  
t rees o f  t h is sp ecies d ur ing  t he const ruct ion  p hase o f  t h e p ro ject .  These t r ees d o  f o rm  a nat ural 
com p onen t  o f  t he grassland s across t he p rop er t y an d  t he ret en t ion  o f  som e o f  t hese t r ees f o llow ing 
t he conclusion  o f  t he exp er im en t  should  b e consid ered .  
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5.6 Overall 

The m ajo r  ob servat ion  in  t h e lat est  roun d  o f  m on it o r ing is t he grow t h  o f  new  grass seed lin gs in  all 
p lo t s, w h ich  is r elat ively unsurp r ising g iv ing  t hat  t h is round  has inco rp o rat ed  t he m ajo r  season  o f  
grow t h  f o r  m o st  o f  t he grass sp ecies o b served . The grass seed lings are a m ixt ure o f  n at ive and  
in t ro d uced  grasses an d  ref lect  t he d iver sit y o f  grasses w h ich  occur  w it h in  t he p lo t s.  Ot her  t han  t he 
conseq uen t  increase in  cover  and  red uct ion  in  in t er -t ussock d ist ance, t here are f ew  changes o f  no t e 
and  t he conclusions t h at  can  b e m ad e at  t h is st age are largely unchan ged  f rom  t he p revious rep o r t , 
nam ely: 

• The so il seed  b ank w as ap p aren t ly d om inat ed  b y in t ro d uced  sp ecies; 

• Tussock rep lacem en t  d oes re-in t rod uce a ran ge o f  n at ive sp ecies m ore q uickly t h an  o t her  
t reat m en t s, b u t  t hat  is m od erat ed  b y t he re-in t rod uct ion  o f  m any in t rod uced  sp ecies at  t h e 
sam e t im e; 

• Ad d it ional m on it o r in g is r eq u ir ed  t o  d et erm in e longer  t erm  ef f ect s o f  t r eat m en t s. 
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6 Next Steps 

6.1 Future Monitoring works 

There is one m ore roun d  o f  m on it o r ing  o f  t h is exp er im en t  req uired , in  Oct ob er  2011, af t er  w h ich  t he 
d at a w ill b e an alysed  and  t he relat ive success o f  t he t reat m en t s q uan t if iab ly assessed .  How ever , it  
ap p ears t h at  conclusive result s are on ly likely t o  b e availab le f rom  t h ree o r  m ore years o f  
m on it o r ing, r at h er  t han  t w o  years, p ar t icu lar ly f o r  t r eat m en t s.  If  ad d it ional m on it o r ing w ere t o  b e 
und er t aken , t he m o st  ap p ro p r iat e t im es o f  year  are likely t o  b e Oct o b er  an d  January. 

The next  round  o f  m on it o r ing  is d ue t o  b e und er t aken  in  Oct ob er  2011. 
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Appendix A  
Locat ion  o f  sit es w it h in  Sheo ak Prop er t y 
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This document incorporates data which is:
© Commonwealth of Australia (Geoscience Australia) 2006
Topographic data has been used in this document with the permission of
Geoscience Australia.  Geoscience Australia has not evaluated the Data as
incorporated within this document,  and therefore gives no warranty regarding
its accuracy, completeness, currency or suitability for any particular purpose.

Contains Vicmap information © The State of Victoria,
Department of Sustainability and Environment, 2006.
Reproduced by permission of the Department of Sustainability and Environment.
Disclaimer: The State of Victoria and its employees do not guarantee that
the material used in this publication is without flaw of any kind or is wholly
appropriate for the purpose and therefore disclaim all liability for any error,
loss or consequences which may arise from reliance upon any information
contained in this material.

Sugarloaf Pipeline Project
Figure  - Grassland Resoration Experiment ´
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NNV = Non-Native Vegetation
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Appendix B  
Exam p le o f  com p let ed  m on it o r ing f o rm  
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