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The soil seed bank of a remnant Themeda triandra grassland was described using the

seedling emergence technique. The grassland had been grazed by stock for over 70 years until
managed for nature conservation in 1985. Seventeen native species and 24 exotics were
recorded in the seed bank, which was dominated by exotics, Vulpia hromoides accounted for
6 l%of germinants and V hromoides, Romulea rosea and Air a cupaniana together accounted
for 81%. The seed bank contained one native species, Crassula decumbens , that was not
otherwise known from the reserve and three additional exotics, Cerastium glomeratum.
Saginaprocumbens and a Vicia species. Species-poor and species-rich T. triandra grasslands
within the reserve had very similar seed banks, and few of the extra species in the vegetation
of the former were present in the soil seed bank. It is suggested that the soil seed banks of
long-grazed remnants of T. triandra grasslands may contain few native species that are not
present in the standing vegetation. In long-grazed T. triandra grassland, disturbances that
are necessary to maintain the diversity of native species, such as burning, are likely to pro¬
mote exotic species as much as, if not more than, natives.

TEMPERATE  grasslands  dominated  by
Themeda triandra are poorly represented in con¬
servation  reserves  in  Australia  (Specht  1981)
and the best  remnants in  Victoria  are typically
small  and  fragmented  on  rail  and  road  ease¬
ments  (Stuwe  &  Parsons  1977,  Stuwe  1986).
Effective conservation of grassland ecosystems
requires the reservation of large areas. However,
suitable  sites  invariably  have  been  grazed  by
stock  for  considerable  periods  of  time  and,
consequently,  have  relatively  low diversities  of
native species, and many exotics (Stuwe 1986).
Many sites from which grazing has recently been
removed  support  dense  T.  triandra  (over  90%
cover)  with  few  individuals  of  other  species
(Stuwe 1986, McDougall 1987).

Typically,  the  standing  vegetation  at  a  par¬
ticular  site  is  only  part  of  the  total  flora,  and
propagules of additional species are stored in the
soil, often for periods far longer than the lifespan
of established plants. Species present in the soil
seed bank may often be promoted by soil or veg¬
etation disturbances such as ploughing or burn¬
ing (Major & Pyott  1966,  Roberts  1981,  Fenner
1985,  Chancellor  1986).  Soil  seed  banks  thus
provide the potential for vegetation change.

The 154 ha Derrimut Grassland Reserve,  the
largest grassland reserve on the basalt plains of
western Victoria, was grazed by sheep and cattle
for over 70 years until managed for nature con¬

servation in 1985.  It  was studied in order to:  (a)
provide  a  general  description  of  the  soil  seed
bank of a previously grazed T. triandra grassland
now  managed  for  nature  conservation;  and  (b)
determine  whether  native  species  in  the  stand¬
ing  vegetation  of  small  patches  of  species-rich
grassland within the reserve were represented in
the  seed  bank  of  larger  areas  of  species-poor
grassland.

METHODS

The  Derrimut  Grassland  Reserve  (37°48'30"S,
144°47'40"E)  is  14  km  west  of  Melbourne,  Vic¬
toria.  Site characteristics,  land use history and a
floristic classification of the vegetation are given
by Lunt (1990a). Although the reserve contains a
number  of  native  grassland  and  wetland  veg¬
etation types, the seed bank study included only
grasslands  dominated  by  T  triandra.  One  spe¬
cies-rich  site,  floristically  related  to  T.  triandra
grassland  but  classified  as  Vulpia  hromoides
grassland due to a low cover of T. triandra (Lunt
1990a),  is  referred  to  T.  triandra  grassland
throughout this paper.

In  January  1987,  soil  samples  40  mm  deep
and 0.25 m 2 in area were taken next to four of the
richest  and  four  of  the  poorest  vegetation
quadrats.  The  mean  species  richness  of  the
former was 35 species per 15 m 2 quadrat and of
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the latter  11  species  per  quadrat.  Except  for  one
soil  sample  which  could  not  easily  be  sieved,
samples were passed through a 4 mm 2 sieve to
remove  coarse  material  and  recognizable  veg¬
etative  propagules,  particularly  corms  of  Rom-
idea  rosea.  A  10  mm  deep  layer  of  each  soil
sample was spread over potting mix in five seed¬
ling trays, each 8.96 x 10~ 2 m 2 in area, except for
two quadrats  for  which sieved soil  was  sufficient
for  only  four  trays.  Five  control  trays  were  filled
only  with  potting  mix.  Trays  were  randomly

arranged in an unheated glasshouse for 151 days,
from 13 January to 24 May 1987.  They were reg¬
ularly  watered  and  seedlings  were  removed  as
identified.  Densities  of  viable  seeds  were  com¬
pared  statistically  by  Students  t-test  (Sokal  &
Rohlf  1981).

Danthonia  and  Isolepis  seedlings  were  iden¬
tified  only  to  genus,  and  in  three  cases  pairs
of  species  were  not  distinguished  (Table  1).
Cyperus  lenelhis  and  Schoenus  apogon  were
noted  in  the  field  but  not  as  glasshouse  germi-

Species

Table 1. Mean and range of number of viable seeds per m 2 recorded from species-poor and
species-rich T. triandra grassland. Species nomenclature follows Forbes & Ross (1988);
asterisks denote exotic species.
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nants and may have been mistaken for Isolepis
species. Specimens referred to Vulpia bromoides
may have included some Vulpia myuros forma
megalura, but most appeared to be of the former
species.  The  Juncus  bufonius/capitatus  group
included  the  native  J.  bufonius  and  the  exotic
J.  capitalus,  and  equal  numbers  of  both  were
assumed in native/exotic comparisons.

RESULTS

Excluding  glasshouse  contaminants,  41  her¬
baceous species including 17 natives and 24 exo¬
tics germinated from the soil seed bank (Table
1). No ferns or woody plants were recorded. Exo¬
tics  comprised  59%  of  species  but  91%  of  in¬
dividuals  (Table  2).  A  small  number  of  species
dominated the soil seed bank: Vulpia bromoides
accounted for 61% of individuals, and the three
exotics V. bromoides, Romulea rosea and Air a
cupaniana together accounted for 81%. In con¬
trast, 24% of species were represented by only
one or  two individuals.  Four  species  identified
from the seed bank had not previously been re¬
corded  from  the  reserve:  one  native,  Crassula
decumbens  ,  and  three  exotics,  Cerastium
glomeratum,  Sagina  procumbens  and  a  Vicia
species.

For all but three species, the number of viable
seeds in species-poor and species-rich Themeda
grassland  was  not  significantly  different  (p  >
0.05). Viable seeds (and established plants) of V.
bromoides  and  Aira  cupaniana  were  signifi¬
cantly  more  abundant  in  species-rich  than  in
species-poor  grassland,  and viable  seeds  (and
flowering culms) of T. triandra were more abun¬
dant in species-poor than in species-rich grass¬
land  (p  <  0.05).  Thirty  species  were  recorded
from the seed bank of species-poor grassland

Group

Table 2. General characteristics of soil seed bank of a
long-grazed Themeda triandra grassland.

and 33 from that of species-rich grassland (Table
1). Both seed banks were similar in composition,
with 25 species (66% of seed bank species) occur¬
ring  in  both.  Of  the  22  native  species  recorded
from the vegetation of species-rich but not spe¬
cies-poor  grassland,  only  four  appeared  in  the
seed bank of species-poor grassland: Calocepha-
lus  citreus,  Helichrysum  apiculatum,  Isolepis
species and Juncus bufonius.

DISCUSSION

The seed bank of Themeda triandra grassland in
the  Derrimut  Grassland  Reserve  possessed
characteristics  typical  of  most  seed  banks,
including  high  spatial  variability,  poor  corre¬
spondence  with  the  standing  vegetation,  domi¬
nation  by  one  or  two  species  of  annual  mono¬
cotyledons,  and  a  relatively  low  representation
by perennials (see e.g.  Roberts 1970,  Donelan &
Thompson  1980,  Rabinowitz  1981,  Reichman
1984,  Schenkeveld  &  Verkaar  1984,  Thompson
1986).  Its  composition  was  very  similar  to  that
of seed banks of annual grasslands in inland Cal¬
ifornia  (Heady  1956,  1977,  Major  &  Pyott  1966,
Bartolome 1979), due to the abundance of exotic
annual grasses, including^//*#, Briza and Vulpia.
Before  these  species  were  introduced,  Victorian
and  inland  Californian  grasslands  were  domi¬
nated  by  perennials,  T.  triandra  and  Stipa
pulchra  respectively  (Willis  1964,  Heady  1977,
Bartolome et  al.  1986).  Seed densities  could not
be  compared  accurately,  due  to  different  sam¬
pling  and  germination  procedures,  but  those
obtained here (from 4,601 to 28,337 viableseeds
per m 2 ) were of the same order of magnitude as
those  recorded  from  California  (Major  &  Pyott
1966).  Up to  670,000  seeds  of  Vulpia  bromoides
per  m  2  occurred  in  dense  stands  of  Vulpia  in
California  (Bartolome  1979),  and  comparable
densities might be expected in dense stands of V.
bromoides at  Derrimut.

It  has  been  suggested  that  the  demise  of  T.
triandra under grazing may have been caused by
an  inherently  low  rate  of  seed  production
(Groves  et  al.  1973,  Groves  &  Williams  1981)
but  this  appears  unlikely  since,  in  this  study,  T.
triandra  was  the  fifth  most  abundant  species  in
the  seed  bank,  producing  up  to  1,375  viable
seeds per m 2 .

Species  that  did  not  germinate  in  the  glass¬
house cannot be presumed absent from the seed
bank,  since  sampling  and  germination  pro¬
cedures  may  not  have  been  appropriate  for  all
species.  Although  sampling  intensity  was  suffi¬
cient  to  indicate  general  characteristics  of  the
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seed  bank,  particularly  in  relation  to  the  life-
form  and  origin  of  component  species,  the
limited  number  of  samples  has  undoubtedly
under-estimated  the  total  number  of  species.
The  abundant  germination  of  two  species  with
contrasting  optimal  germination  temperatures
(Romulea  rosea  at  9.5-13°C  and  T.  triandra  at
20-30°C;  Eddy  &  Smith  1975,  Groves  et  al.
1982)  suggests  that  the  variable  temperature
regime  encompasses  the  requirements  of  most
species.  However,  species  requiring  extremely
low  or  high  soil  temperatures  (e.g.  hard-seeded
Fabaceae)  or  those  with  obligate  after-ripening
requirements  were  probably  undetected  or
under-represented.  Despite  these  qualifications,
the  results  presented  here  are  supported  by  a
study  of  post-fire  regeneration  in  the  reserve
(Lunt  1990b).  Following  a  21  ha  fire  in  autumn
1987,  only  16  of  58  native  species  in  the  burnt
area regenerated from seed. All but four ,Acaena
echinata,  Agrostis  avenacea  ,  Spergularia  rubra
and a Stipa species,  were recorded from the soil
seed bank.

Despite  limited  sampling,  the  soil  seed  bank
appeared to contain few native species that were
not  known  from  the  standing  vegetation.  The
seed  banks  of  many  natives  were  probably
grossly  depicted  by  stock  grazing  or  associated
management (e.g. an absence of burning). Given
the  paucity  of  additional  natives  and  the  pre¬
ponderance  of  exotics,  Donelan  &  Thompson’s
(1980) conclusion that tk no help can be expected
from  the  seed  bank  in  any  attempt  to  restore
species-rich  [English]  grassland”  may  prove  to
be  equally  relevant  to  the  management  of  long-
grazed,  T.  triandra  grassland.

T.  triandra  grasslands  need  to  be  disturbed
frequently,  by  burning  or  macropod  grazing,  to
maintain  the  diversity  of  native  species  (Stuwe
&  Parsons  1977,  Robertson  1985,  Kirkpatrick
1986,  Stuwe  1986).  However,  the  composition
of  the soil  seed bank suggests  that  disturbances
in  long-grazed  grasslands  may  promote  exotics
as much as,  if  not more than,  natives.  Grassland
ecologists  face  the  formidable  task  of  devising
disturbance  regimes  to  promote  natives  at  the
expense  of  exotics.  Unfortunately,  as  in
Californian  grasslands  (Heady  1977,  Foin  &
Hektner  1986),  many  exotics  now  appear  to  be
permanent  residents  of  T.  triandra  grasslands.
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