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Abstract 

Natural areas invaded by invasive exotic plants can develop dense populations that displace 
native plants. The Australian tree Melaleuca quinquenervia (Cav.) Blake (melaleuca) disrupts 
natural areas in southern Florida by developing into near monocultures typified by low 
species diversity. Environmental plasticity coupled with fire resistance, high reproductive 
potential, and deposition of large quantities of slowly degrading litter on forest floors affects 
species diversity in melaleuca dominated habitats.  Intentionally released biological control 
agents Oxyops vitiosa Pascoe (weevil), Boreioglycaspis melaleucae (Moore) (psyllid) and 
adventive natural enemies (rust-fungus Puccinia psidii G. Wint, and a transitory lobate-
lac scale Paratachardina pseudolobata Kondo & Gullan) accelerated defoliation, crown 
thinning and mortality of melaleuca trees over a 14-yr (1997-2011) study period. Following 
the long-term effects of two biological control insects and the rust fungus, melaleuca 
stem density decreased significantly and reversed some of the effects of its invasion. The 
decreased melaleuca densities correlate with the increased diversity and abundance of 
mostly native plants; this trend observed during the first 7 yrs continued during the second 
7-yr period. Species diversity remained similar during the second 7-yr period, but sub-
canopy coverage by sawgrass and native woody plants increased.  Melaleuca continued to 
occupy the top canopy albeit with reduced density and lessened ability to recruit seedlings. 
These melaleuca-degraded lands are not fully restored to their pre-invasion status but 
rehabilitation is progressing as indicated by the return of many native plant species. 

Introduction 

Invasive plants, by definition, overrun native 
plant communities (OTA, 1993; Wilcove et al., 1998; 
Myers and Bazely, 2003) and reduce the biodiversity 
of natural systems (D’Antonio and Vitousek 1992). 
For instance, a majority (ca 77%) of invasive plants 
in Florida reportedly alter biotic communities 
(Gordon, 1998). The Australian tree Melaleuca 
quinquenervia (Cav.) Blake (Family: Myrtaceae, 
hereafter referred as “melaleuca”) is among the most 
problematic weeds in Florida (Austin, 1978; Center 
et al., 2011). The mitigation and ultimate restoration 
of invaded sites typically involves the suppression of 

the targeted weed. Classical weed biological control 
offers a supplemental method of control that can be 
strategically integrated with conventional mechanical 
and herbicidal control tactics to more fully suppress 
densities of invasive plants and thereby rehabilitate 
degraded natural communities. The enemy release 
hypothesis (Keane and Crawley, 2002) suggests that 
the reunification in the adventive range of an exotic 
plant with specialized, host-specific natural enemies 
from its native range may suppress the pest plant 
population and ultimately allow desirable vegetation 
to return (McEvoy and Rudd, 1993).  

A biological control program targeting melaleuca 
was initiated in 1986 (Balciunas et al., 1994), with 
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the expectation that introduced herbivores would 
weaken trees through defoliation, and thereby limit 
melaleuca’s invasive potential. With this objective 
in mind, surveys were conducted to enumerate the 
natural enemies of melaleuca in Australia.  Over 
450 species of arthropods were recorded (Balciunas 
et al., 1994). To date, 5 species have been released 
after rigorous host range testing (Center et al., 2011). 
Three of these established.  The weevil Oxyops vitiosa 
Pascoe was released during 1997. Its larvae feed on 
leaves of newly developed shoots (Center et al., 2000). 
The injury resulting from the feeding of this insect 
did not become widespread until 2001. A second 
biological control agent, the psyllid Boreioglycaspis 
melaleucae (Moore), was released during spring 2002 
(Center et al., 2006). The psyllid prefers young shoots 
but also attacks older foliage. Localized impacts had 
become apparent by 2003. The third agent, the gall 
fly Fergusonina turneri Taylor, in conjunction with a 
mutualistic nematode, induces galling of vigorously 
growing vegetative and reproductive tissues. It was 
released in 2005 but never established despite series 
of releases (Center et al., 2011). More recently, a 
stem-gall midge Lophodiplosis trifida Gagné was 
released in 2008 that has already widely established 
(Center et al., 2011). In addition, an adventive scale-
insect Paratachardina pseudolobata Kondo & Gullan 
infested numerous phylogenetically unrelated plant 
species including melaleuca (Pemberton, 2003). An 
unidentified sooty mold (indiscriminately covering 
foliage and green stems) also became abundant 
usually in association with heavy infestations of 
this scale (Rayamajhi et al., 2007). In addition, 
an adventive rust fungus Puccinia psidii G. Wint, 
which infects young foliage of plant species in the 
family Myrtaceae (Laundon and Waterston, 1965; 
Marlatt and Kimbrough, 1979), became prevalent on 
melaleuca during this time (Rayachhetry et al. 1997). 
All these released biological agents and adventives 
pest species caused substantial damage to melaleuca 
trees (Fig. 1).

Various studies have reported the impacts of the 
biological control agents on melaleuca trees (Pratt 
et al., 2003, 2005; Franks et al., 2006; Rayamajhi et 
al., 2007, 2008, 2009; Center et al., 2011).  Herein, 
we provide an overview of long-term studies 
that demonstrate concomitant increases in plant 
species diversity and abundance associated with the 
decreased density of melaleuca.  

Materials and Method 

During 1996, we established permanent plots in 
melaleuca stands representing three hydrologically 
differentiated habitat types: permanently flooded 
(year-around wet), seasonally flooded (seasonally 
wet) and non-flooded (or flooded only for a few 
days after severe rain-storms) in southern Florida, 
USA. We gathered data on stand density, standing 
biomass, litterfall dynamics, seed quality and 
reproductive potential using these permanent plots 
as well as sites outside the plots.  Detailed materials 
and methods have been presented in Rayachhetry et 
al. (1998 and 2001),  Rayamajhi et al. (2002, 2006, 
2007 2008 and 2009) and Van et al. (2000, 2002, and 
2005). The general discussions presented herein are 
based on the data published in the aforementioned 
articles as well as observations made in April 2011. 

 Results and Discussion 

Among natural enemies, the weevils and psyllids 
caused premature abscission of variously aged leaves 
(Pratt et al., 2005; Morath et al., 2006); while rust-
fungus pustules induced abscission of immature 
leaves (Rayachhetry et al., 2001). The combination 
resulted in trees that appeared progressively more 
denuded (Fig. 1) as natural enemy attacks continued 
unabated. Following field release, the impacts of 
introduced natural enemies on target plants are 
rarely quantified by biological control practitioners 
(Denslow and D’Antonio, 2005). These post-release 
evaluations are often difficult because the impacts 
can take decades to be realized and replicated 
treatments are difficult to maintain considering the 
dispersive nature of natural enemies. Our pre- and 
post- biological control release data showed that 
stem density of melaleuca trees across all diameter 
classes decreased, the highest (16.3%/yr between 
2002-2005) being among trees of smaller diameter  
at the periphery of the stands (Rayamajhi et al., 
2007). A biomass allocation study conducted in 
1996 and 2003 showed a significant reduction in the 
melaleuca foliage, fruit and seed biomass by 55%, 
85% and 74%, respectively between 1996-2003 albeit 
the total biomass (348 Mg/ha in 1996 to 331 Mg/ha 
in 2003) remained virtually unchanged during the 
same period (Rayamajhi et al., 2008).  This apparent 
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anomaly resulted because the largest trees, although 
defoliated and severely stressed, remained alive and 
made up the bulk of the standing biomass. However, 
most of these stressed trees were dead by the 2011 
evaluation (data not presented).  Overall, the natural 
enemy impacts have caused substantial reductions 
in melaleuca tree density and seed production.  This 
has drastically reduced seedling recruitment in 
southern Florida (Rayamajhi et al., 2007; Tipping et 
al., 2012).

Canopy gaps created by uprooted, dead or dying 
trees provide space on the forest-floors for seedling 
recruitment (Kneeshaw and Bergeron, 1998).  
Rayamajhi et al. (2009) have linked corresponding 
increases in the diversity and abundance of native 
plant species in mature melaleuca stands to the 
crown thinning and reduced density of the dominant 
melaleuca trees that have created canopy openings.  
A total of 54 plant species of plants were recorded 
representing 38 families from within 14 plots located 
in two non-flooded study sites containing mature 
melaleuca stands (Table 1).  

Our observations suggest that sites dominated 
by melaleuca in the past will be rehabilitated, 
resulting in more stable and diversified plant 
communities dominated mostly by natives; but the 
process may take several years as melaleuca is not 
declining at the same pace throughout its range 
owing to site-specific differences in the impact of 
biological control agents.  For example, melaleuca 
in the sandy soils of the west coast of Florida 
appeared to decline at a faster rate than those in the 
organic soil of the east coast of Florida (personal 
observation).  Overall, melaleuca tree defoliation, 
crown thinning, and mortality has continued, and 
its seedling recruitment and survival ability has 
substantially diminished (Fig. 1).  Long-term field-
research data and experience on various aspects of 
melaleuca biocontrol suggest that biodiversity in sites 
degraded by melaleuca will steadily improve with 
biological control as a long-term management tool.  
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Figure 1.  Transition of natural-enemy impacted Melaleuca quinquenervia stands in non-flooded sites 
from near monocultures to diversified plant communities comprised of mostly native plant species.  (A) 
a typical melaleuca stand with full green foliage prior to Oxyops vitiosa release in 1996; (B) thinned me-
laleuca stand after severe defoliation by the weevil, psyllid and rust fungus as observed in 2004, note 
plants emerging from the forest floor; (C) thinned melaleuca crowns by 2007; (D) forest floors covered 
by various non-melaleuca plants such as Cladium jamaicense, Baccharis, Myrsine and Ilex species) by 
2007.  
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B D
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Table 1. Mean density of the major perennial plant species in mature M. quinquenervia forest stands in 
southern Florida.

Plant Species Density (plants ha-1)

1997 2005 2011

Baccharis glomeruliflora Pers. 1597 5375 5811

Casuarina sp. 100 100 100

Cephalanthus occidentalis L. 200 300 200

Cladium jamaicense Crantz 6913 3238 38263

Ficus aurea Nutt. 100 225 150

Ilex cassine L. 0 500 13087

Melaleuca quinquenervia  Cav. S.T. Blake 28513 18900 5125

Myrica cerifera L. 2638 650 2112

Myrsine floridana A. D.C. 525 650 2412

Persea palustris (Raf.) Sarg. 200 300 960

Schinus terebinthifolius Raddi 300 875 3425

Thelypteris sp. 1240 3624 2950

Trema micrantha (L.) Blume. 0 300 6100
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