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Abstract

 
Many species of African grasses were introduced into Australia and the USA to improve 
the quality and biomass of green pastures for domestic livestock. However, a range of 
non-target environmental impacts eventuated from these introductions, including spatial 
displacement of indigenous ecosystems, and induced changes to soils and nutrient re-cycling. 
The accumulation in biomass of flammable and senescing grasses predisposes grassland 
and woodland ecosystems to increasing impacts from wildfires, threatening indigenous 
plants and animals, and the recovery after fires of natural ecosystems. Very few detritivores 
have adapted to feed on and decompose detritus from African grasses in Australia and 
the USA, resulting in accumulation of dead leaves and a build-up of fuel increasing the 
risks from wildfires. In grasslands and woodlands of the Northern Hemisphere, epigeic 
detritivores and leaf-shredders include groups of invertebrates such as earthworms and 
isopods. In Australia, larvae of leaf-shredding moths, beetles and several other insects 
are important detritivores including oecophorid moths, cryptocephaline beetles, termites 
and cockroaches; some specifically adapted to breakdown of sub-surface plant materials 
in dry and moist ecosystems. In grasslands and woodlands the range of epigeic insects 
are likely to reduce accumulating dead biomass and fuel loads that contribute to flame 
height and intensity of fires.  We propose that detritivores of African grasses may be 
potential biological control agents for senescing and dead biomass and meet the specificity 
requirements as agents, to control invasive African grasses in the USA and Australia.    

Introduction

African grasses were introduced into Australia 
(Tothill and Hacker, 1983), the USA and other 
countries in the mid to late 1900s, to improve the 
quality of pastures and forage for grazing by livestock. 
Introductions aimed to increase green biomasses 
to enable high stocking rates, or maintain seasonal 
growth of pastures with drought tolerant species, 
to suppress weeds and produce protective covers to 
reduce soil erosion and nutrient losses.  In Africa, 

indigenous grasses have co-existed with grazing by 
abundant large herbivores and respond positively 
to regular schedules of burning. After fires and rain 
copious re-growth referred to as “green pick” and 
favoured by livestock, is more palatable and contains 
higher concentrations of nutrients when compared 
with unburned, unpalatable and senescing grass or 
its detritus. 

African grasses spread into natural ecosystems 
in Australia and USA where layers of senescing 
leaves and detritus accumulate, accompanied by 
little or no decomposition attributable to indigenous 
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herbivores. Grass seeds or vegetative fragments 
are often carried into natural areas by livestock, 
on clothing or on vehicle tires. They spread from 
rangelands into native grasslands, woodlands, and 
rainforests (Table 1), where they displace non-
flammable or weakly flammable plant communities 
with understories of highly flammable grass mono-
stands. Invasive grasses (especially signal grass, 
Brachiaria decumbens Stapf.) advance growth from 
the margins of paths and roads, into undisturbed 
natural vegetation.

Introductions of African species have been 
mostly beneficial as fodder for livestock but several 
have detrimental impacts or have become serious 
weeds, e.g., molassesgrass (Melinis minutiflora 
Beauv.) is unattractive to stock (Elliott, 2008) 
and guineagrass, Megathyrsus maximus (Jacq.) R. 
Webster (= Panicum maximum, Urochloa maxima) 
(Henty, 1969) can be poisonous (cyanogenic). 
buffelgrass (Pennisetum ciliare (L.) Link) is a host 
and potential transmitter of sugarcane whitefly 
(Neomaskella bergii Signoret) in Australia (Palmer, 
2009) while gamba grass (Andropogon gayanus 
Kunth) produces dense, tall and flammable stands 
(Table 1) that limits mustering or location of stock 
in northern Australia. Several grasses (e.g M. 
maximus, B. decumbens) invade forestry plantations 
in Australia and New Guinea (Henty, 1969) and are 
difficult to manage. In eastern Australia, African 
grasses increase the access to hosts by the paralysis 
tick (Ixodes holocyclus Neumann), facilitating the 
higher transfer of nymphs and adults from tall grass 
species to humans and livestock. 
 
African grasses displace plant communities 

 
     In Australia and USA in the absence of natural 
enemies, African grasses spread and will out-
compete most indigenous grasses, shrubs and low 
plant communities. African grasses inhibit vegetative 
growth and reduce or prevent seedling recruitment, 
by shielding them against entry of light. Those 
grasses with rhizomes compete for root space and 
moisture, replacing indigenous grasses and sedges 
with surface roots. For example, African lovegrass 
(Eragrostis curvula (Schrad.) Nees) in southern 
Australia, and Buffelgrass (P. ciliare) in Australia 
and southern Texas, USA, displace beneficial and 
indigenous plants and often destroy the integrity of 

whole natural ecosystems (Everitt et al., 2011). In the 
USA, east African guineagrass, Megathyrsus infestus 
(Andersson) B. K. Simon & S. W. L. Jacobs, and P. 
ciliare are similarly invasive, as are other invasive 
species in many parts of Australia (Table 1). 

Impacts of African grasses on invertebrate 
biodiversity 

The high flammability of some African grasses 
(e.g., molassesgrass, M. minutiflora) (Tothill and 
Hacker, 1983) adds to detrimental impacts on 
ecosystems, but the combination of competition 
and flammability (e.g., of guineagrass, M. maximus; 
buffelgrass P. ciliare) is not well documented. Root 
balls and rhizomes of African grasses modify the 
soil texture, chemistry and inhibit activity by sub-
surface invertebrates.

Some indigenous animals use African grasses, 
particularly in the absence of indigenous species, 
for example in Australia, wallabies and kangaroos 
will feed on and use dense stands for alluding 
predators. Small vertebrate animals and birds will 
use the grasses for food or shelter, for example, some 
finches will feed on seeds of M. maximus and wrens 
will construct nests in the dense thickets. A few 
polyphagous invertebrates feed on African grasses 
and maintain their abundance in the absence of 
indigenous plant hosts, for example, grass-feeders 
including the larvae of moths and butterflies (Braby, 
2004; Zborowski and Edwards, 2007) will feed on 
African grasses; especially when the densities of 
indigenous grass food plants cannot alone sustain 
breeding.  

While having serious impacts on many plants, 
invasive grasses reduce or prevent invertebrates 
occupying the shrub and ground cover plants, 
using their fallen limbs and rock shelters, or the 
decomposing organic materials. Most insects, for 
example, occupy and breed in the understory on 
shrubs, “sub-surface” plants, under bark or logs 
and in fallen leaves. Representing the majority 
of invertebrate species in temperate and tropical 
ecosystems, they regulate the architecture of plants, 
break down decomposing vegetation and re-cycle 
nutrients, and form part of the food webs and food 
chains for small vertebrates. Some grasses (e.g., B. 
decumbens) appear to be repellent to indigenous 
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invertebrates that normally breed on, visit or shelter 
in grasslands.

Most indigenous insects require spatial access 
to their understory food plants for oviposition and 
particular phenotypic expressions of their food 
plants.   In Australia, phytophagous Lepidoptera of 
grasslands are mostly monophagous or oligophagous 
and require particular densities of their food plants.  
They are often very ‘local’ and restricted in their 
breeding sites and patrolling sites, such as hilltops, 
to undisturbed small areas containing their food 
plants or supporting specific vegetation types. For 
example, some Hesperiidae always congregate on 
isolated hilltops with particular rock formations or 
plant communities. Hilltops and slope ecosystems 
are particularly vulnerable to displacement from 
signalgrass (B. decumbens), buffelgrass (P. ciliare) 
and guineagrass (M. maximus) and there is strong 
evidence of losses of rare species from protected 
areas in south-eastern Queensland (unpublished).  
Buffelgrass is a particularly serious threat to 
many insect species in the inland areas of Central 
Queensland, and across Central Australia to 
northern Western Australia. 
 
African grass and fire interactions

Frequent-lit fires in indigenous ecosystems are 
known to have significant impacts on some species 
of invertebrates in Australia (Greenslade and Smith, 
2010), but the exacerbating effects from invasive 
flammable grasses have until recently (Sands 
and Hosking, 2005) not been well documented. 
African grasses are either much more flammable 
than indigenous species (Table 1) or the densities 
and uniformity of their communities enhances 
fuel loads. The heat generated and flame height 
mostly exceeds those from flammable indigenous 
species, for example, the flames from gamba grass 
often exceed 100 m, sufficient to kill trees, prevent 
their re-sprouting and change the structures 
of all woodland into grassland species. When 
accompanied by sufficient soil moisture, re-growth 
of African grasses after fires is more rapid and 
vigorous than indigenous species, with mono-stands 
out-competing indigenous species for light, root 
space and by changing soil composition and texture. 
The high flammability of some African grasses 
(e.g., molasses grass, Melinis minutiflora) (Tothill 

and Hacker, 1983) adds to detrimental impacts on 
ecosystems, but the combination of competition 
and flammability (e.g., of guineagrass, M. maximus; 
buffelgrass P. ciliare) is not well documented. Root 
balls and rhizomes of African grasses modify the 
soil texture, chemistry and inhibit activity by sub-
surface invertebrates.

After each fire event, re-growth of exotic grasses 
is invariably more aggressive than prior to being 
burned; African grasses out-compete the slower re-
growth and recruitment by the indigenous plants. 
After being burned and re-sprouting from root 
stocks, African grasses grow more rapidly than 
indigenous grasses and can prevent re-sprouting of 
indigenous plants or germinating seedlings. The most 
serious impacts on ecosystems occur when African 
grasses are burned frequently and the indigenous 
plants have no time to recover. After each fire, 
invasive grasses advance progressively into intact 
areas taking advantage of entry of light to stimulate 
rapid seed germination, rhizome advancement and 
to shade out of indigenous plants. 

Plant species and plant communities vary in their 
responses to fire ranging from highly flammable to 
weakly flammable, and fire adapted to fire sensitive. 
Several grasses (e.g buffelgrass) will invade the 
understory of dry rainforests and other weakly and 
non-flammable plant communities (e.g., brigalow, 
Acacia harpophylla F. Muell.), replacing indigenous 
flora with mono-stands of highly flammable grass 
and its senescing products. The biomass becomes 
more uniform in flammability in any given area 
without the variability in height and architecture 
of most indigenous ecosystems. Most Australian 
grassland species are adapted to being burned where 
the recovery of species and rate of recovery varies 
with the frequency, season and the scale of each 
fire event. The intensity of each fire also determines 
biodiversity recovery and may limit the densities of 
plants and animals able to re-colonize. 

When burned, the vegetative re-growth of the 
exotic grasses replaces indigenous re-growth, or is 
followed by stagnation, senescence and damping off.  
By displacing whole plant communities, the exotic 
grasses can extirpate or reduce the distribution 
and densities of indigenous arthropod food plants, 
and eliminate the hosts, prey, and shelters used as 
habitats. For example, repeated burning of gamba 
grass has had widespread impacts on biodiversity 
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including losses of threatened species including the 
iconic Leichardt’s Grasshopper, now nearly extinct in 
Northern Territory (D. Rentz, pers. comm.). Absence 
of unburned refuges enabling escape by mobile 
stages makes most surface-dwelling invertebrates 
even more vulnerable (Lindenmayer et al., 2011), 
especially if they are not sufficiently mobile to escape 
from the radiant heat by sheltering underground. 
The intensity, scale, frequency and seasons of fires 
directly affects invertebrate survival if they have 
no fire-adapted strategy, unburnt refuges, or are 
not sufficiently mobile to escape from being burnt. 
African grasses when frequently burned can lead to 
extirpations and have possibly caused extinctions of 
terrestrial invertebrates including the invertebrates 
that depend on shrubs, sedges and grasses for food 
and shelter. 

Frequent burning may promote seed germination 
but it rapidly exhausts the seed bank when recruiting 
plants have no time to mature between fire events.  
Frequent fires in plant communities occupied by 
African grasses may rapidly deplete seed banks 
and lead to the development of “landscape traps” 
(as defined by Lindenmayer et al., 2011) and are 
likely to cause in-breeding depression in some 
fauna and flora. The flammability of some African 
grasses has been recognized (Tothill and Hacker, 
1983) but the effects on ecosystems, especially small 
animals (e.g., by molasses grass, Melinis minutiflora, 
guineagrass, M. maximus; buffel grass P. ciliare) have 
not been well documented.  Within 12 months of 
being burned, regrowth of several grasses (e.g., B. 
decumbens) will exceed the pre-burning biomass. 
Burning for “fuel reduction” or “hazard reduction” 
becomes impractical when burning schedules favour 
re-growth of the African grasses and thus, frequent 
burning schedules can increase the fuel loads in 
short time periods following burns.

The case for biological control of African 
grasses using detritivores 

Targeting African grasses by biological control 
is not without difficulties when considering 
the importance of green forage to farmers and 
equestrian groups. Classical biological control 
for some grass targets using insects (Moran and 
Goolsby, 2009) or fungi (Anderson et al., 2010) 
is showing promise comparable with biological 

control of dicotyledonous plants.  Several insects 
are known to be grass specialists, for example the 
Elachistidae (Lepidoptera) with larvae that mine 
leaves and stems of grasses, may contain candidate 
agents for the vegetative parts of grasses (Mercadier 
et al., 2010). Documented biological control projects 
targeting exotic grasses are few (Julien and Griffiths, 
1998) but there are notable recent targets, including 
Mediterranean giant reed,  Arundo donax L., currently 
invading riparian parts of the Rio Grande Basin in 
the southwestern USA (Moran and Goolsby, 2009) 
and Chilean needlegrass, Nassella neesiana (Trin, & 
Rupr.) Barkworth, in southern Australia (Anderson 
et al., 2010; Faithful et al., 2010).  A conventional 
approach to biological control has been used against 
the vegetative parts of these grasses using insects or 
fungi as control agents.  

Very few detritivores have adapted to feed on 
and decompose detritus from African grasses in 
Australia and the USA, resulting in accumulation 
of dead leaves and a build-up of fuel that increases 
the risks of wildfires. In grasslands and woodlands of 
the Northern Hemisphere, epigeic detritivores and 
leaf-shredders include groups of invertebrates, such 
as earthworms. In Australia, predominant groups 
include oecophorid, tortricid and hepialid moths 
and cryptocephaline beetles (Clytrinae), termites 
and cockroaches, springtails (Collembola), Protura, 
and Diplura. Epigeic earthworms are not significant 
detritivores in Australian ecosystems (Baker, 1996) 
but many insect groups adapted to breakdown of 
sub-surface plant materials are well adapted in 
indigenous Australian ecosystems (Table 2). Other 
potential detritivore agents would appear to include 
isopods, earthworms and fungi. While the roles of 
Australian detritivores are not well understood, 
these observations are useful for revealing the hosts 
and habitats of indigenous species, and might aid the 
prospects for locating suitable grass-adapted agents 
in Africa (Table 2). 

 There are more than 5,000 species of 
oecophorid moths, comprising about ¼ of the known 
moth fauna, in Australia. The larvae break down 
fallen leaves in all Australian eucalypt ecosystems 
and in many types of grasslands (Common, 1996; 
Zborowski and Edwards, 2007). The larvae of many 
species decompose leaves and reduce accumulation 
and thus the flammability of dead leaves. Their 
activity binds sub-surface organics with soils and 
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prevents erosion; they re-cycle nutrients (first stage 
breakdown), some may reduce the surface tension 
of soil surface layers of decomposing leaves and help 
retain moisture (unpublished). Leaf litter oecophorid 
moths provide an essential source of ground-level 
prey for insectivorous animals and birds throughout 
Australia. They are winter breeders, the adult moths 
are poorly mobile and susceptible to extirpations 
from too-frequent burning of their habitats. The 
larvae of leaf eating beetles, Cryptocephalini (> 
500 species) (Coleoptera: Chrysomelidae) are also 
an important group of detritivores in Australian 
ecosystems.

Epigeic agents would appear to be desirable 
candidates for biological control of African grasses 
but assessment for non-target impacts such as 
competition with native species is as important as 
for any conventional biological control agents. For 
example, in Tennessee an epigeic Asian earthworm, 
Amynthas agrestis Goto and Hatai, competes with 
indigenous detritivores for forest floor organic litter 
and reduces millipede biodiversity, both species and 
their abundance (Snyder et al., 2011). Some isopods 
are known to reduce the leaf litter of indigenous 
grasses and show degrees of host preferences, for 
example in California, the isopod, Porcellio scaber 
Latreille, had a substantial effect on litter loss of 
annual grasses but it had no effect on an exotic 
species, common velvetgrass,  Holcus lanatus L. 
(Bastow et al., 2008).

 
Discussion

Increased frequency of fire is believed to have 
had a major impact on small animals in northern 
Australia (Woinarski et al., 2010), a trend probably 
Australia-wide that has led to extirpations and 
sometimes extinctions of fire sensitive species 
(unpublished).  Increasing impacts by fire can be 
attributed to African grasses wherever the scale is 
sufficient to displace and increase the flammability 
of natural ecosystems. In all natural areas throughout 
Australia, threats to small animal biodiversity are 
exacerbated by increases in the scale, frequency and 
inappropriate seasons (e.g., cool seasons when insect 
stages are immobile) of fires, wherever African 
grasses are invasive.

Without natural re-growth following each burn, 

prolific growth and seasonal senescence of exotic 
grasses, followed by the accumulation of copious 
dry leaves and detritus, is providing a major threat to 
biodiversity, particularly of invertebrates, in Australia 
and the USA. For more than 10 years extreme weather 
events in eastern Australia have influenced the 
growth of African grasses and build up in fuel loads 
in dry periods, exacerbated by increases in periods of 
prolonged drought and heavy rainfall events. Some 
grass species have become more invasive in natural 
ecosystems, for example Megathyrsus maximus is 
becoming more competitive and Melinis minutiflora 
appears to be increasing in distribution in northern 
New South Wales (unpubl.).   As a result of climate 
changes, these two species as well as B. decumbens, 
are becoming the most serious invasive threats to 
understory-breeding invertebrates in the coastal, 
subtropical parts of Australia.

Targeting for biological control the decomposing 
leaves (sometimes reaching 2 m in depth in M. 
minutiflora) and detritus from African grasses, 
is least likely to be of concern when the livestock 
industries promote grazing of green pastures. 
Prospects for finding leaf shredders or detritivores 
to control dead and flammable African grasses is 
comparable to the challenge of finding African 
dung beetles to control dung breeding flies using 
dung from introduced large animals in Australia 
(Waterhouse, 1974; Waterhouse and Sands, 2001).  

Control methods for African grasses are 
often difficult, costly and polluting. Moreover, 
fuel reduction practices, including micro-mosaic 
methods recommended for short-term fire 
management to protect invertebrate biodiversity 
(New et al., 2010; Greenslade and Smith, 2010), are 
becoming more difficult in the presence of rapidly 
accumulating detritus from African grasses. In the 
longer term, biological control of the grasses is the 
desired and only option for controlling invasive 
grasses. In the case of detritivores to be tested as 
agents, before introductions they must first be shown 
to have no detrimental impacts on indigenous 
detritivores, or interfere with other ecological 
processes
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Table 1. Highly flammable African grasses affecting biodiversity in the tropics and subtropics of Australia 
and USA

GRASS REGIONS AFFECTED ESTIMATED DISPLACE-
MENT + FUEL VALUES *

gamba grass  
(Andropogon gayanus )

Tropical northern & inland; 
moist & dry tropical woodlands 
& grasslands 

+++

buffelgrass  
( Pennisetum ciliare)

 
Tropical & subtropical northern 
& inland: central & western; 
woodlands & grasslands

+++

lovegrass  
(Eragrostis curvula)

 
Subtropical & temperate sub-
coastal & inland; woodlands & 
grasslands

++

 
guineagrass  
(Megathyrsus maximus) and east 
African guineagrass (Megathry-
sus infestus)

 
Tropical & subtropical coastal: 
eastern, wet woodlands & forests

++

 
signalgrass  
(Brachiaria decumbens)

 
Subtropical coastal: moist & wet 
woodlands 

++

 
molassesgrass 
(Melinis minutiflora)

 
Tropical & subtropical; eastern & 
coastal wet woodlands & forests

+++

 
South African pigeongrass 
(Setaria sphacelata) (Schumach.) 
Stapf & C.E. Hubb.

 
Tropical & subtropical eastern, 
dry & coastal woodlands & 
grasslands

+++

 
giant Parramatta grass  
(Sporobolus fertilis) (Steudel) 
Clayton

 
Tropical & subtropiical inland; 
woodlands & grasslands

+++

* estimated values contrasted with the widespread Australian kangaroo grass, Themeda triandra Forssk.  (rated +) 
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ECOSySTEM ASSOCIATED DETRITIVORES/LEAF ShREDDERS
 
Dry eucalypts & woodlands

leaf litter moths (Oecophoridae, Tortricidae: Epitymbiini)  
leaf beetles (Cryptocephalini),  
Isoptera (Microcerotermes, Ephelotermes, Hesperotermes, Nasutitermes)

 
Rainforests & moist forests

 
cockroaches (Blattoidea; Geoscapheus, Cryptocercus),  
moths (Oecophoridae: Barea)

 
Grasslands

 
leaf litter moths & “mallee” moths (Oecophoridae),  
termites (Isoptera: Drepanotermes, Lophotermes, Nasutitermes, Tumuli-
termes)

 
Heathlands

 
leaf litter moths (Oecophoridae & Tortricidae); Isoptera & others but not 
well documented

Table  2. Insect detritivores and leaf shredders commonly associated with Australian ecosystems 


