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Lyngbya majuscula Blooms in Queensland
Lyngbya majuscula blooms have been increasing in sever-
ity in southeast Queensland, Australia, over the last several
years (Dennison et al., 1999), particularly in Moreton Bay.
Three major bloom sites in this region are Deception Bay,
Eastern Banks and Adams Beach (see Fig. 1). Here, L.
majuscula blooms appear to produce site-specific second-
ary metabolites: debromo-aplysiatoxin (DAT),
lyngbyatoxin-a (LTA) and DAT + LTA, respectively (N. Os-
borne, pers. comm.). These compounds are potent tumour
promoters (Fujiki et al., 1984; 1990) and are cytotoxic,
producing severe contact dermatitis (Grauer and Arnold,
1961; Hashimoto et al., 1976; Cardellina et al., 1979); res-
piratory problems (Dennison et al., 1999); trigger eye
infections (Kato and Scheuer, 1975); and intestinal haem-
orrhaging (Ito et al., 2002). Human food poisoning incidents
involving L. majuscula have also been reported (Sims and
Zandee van Rilland, 1981; Haddock, 1993; Yasumoto,
1993; Hanne et al., 1995; Nagai et al., 1996; Yasumoto,
1998). Secondary metabolite levels have high variance on
a small spatial scale, which may be related to nutrient lev-
els (J. O’Neil, unpubl.). Bioavailable iron and phosphorus
have been implicated as major contributing factors in bloom
proliferation (Dennison et al., 1999; Pillans, 1999). More-
ton Bay has a high conservation value and supports a wide
range of species, including the protected dugong and green
turtle. Localised seagrass loss as a result of blooms could
have negative consequences for many species that utilise these
habitats. However, other fauna may be able to capitalise on
these nuisance blooms as both a source of food and refuge.

Biotic Interactions Associated with 
Lyngbya majuscula Blooms
While there has been considerable attention given to bot-
tom-up influences on L. majuscula blooms (Paerl and Millie,
1996; O’Neil, 1999; Thacker and Paul, 2001), there has
been less research examining biotic interactions that might
affect bloom proliferation and demise, i.e., top-down effects

(Cruz-Rivera and Paul, 2002). Of these potential interac-
tions perhaps grazing is of primary interest, as grazers
may have the ability to mediate L. majuscula blooms through
the direct removal of the cyanobacterium at any stage of
its development. However, most grazers are deterred by the
secondary metabolites produced by L. majuscula resulting
in their having only a transitory relationship with L. ma-
juscula to seek either refuge or food (Cruz-Rivera and Paul,
2002). Three groups of grazers associated with cyanobac-
teria are of interest: micrograzing organisms, such as
plankton (Boon et al., 1994; Sellner, 1997; Turner and
Tester, 1997; O’Neil, 1999); cryptofaunal mesograzers such
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Figure 1 Major Lyngbya majuscula blooms sites in southeast
Queensland, Australia.
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as sea hares (Hay and Fenical, 1988; Pennings and Paul,
1993a; Pennings et al., 1996), amphipods and crabs (Cruz-
Rivera and Paul, 2002; 2003); and macrograzers, such as
fish (Beveridge et al., 1983; Klumpp and Polunin, 1989;
Thacker et al., 2001).

Rabbitfish (Siganus fuscescens)
Of the potential macrograzers in this subtropical system,
the only highly motile generalist herbivore known to feed
on L. majuscula is the rabbitfish, Siganus fuscescens
(Hashimoto et al., 1976). Siganids occupy a wide range of
habitats in the coastal waters of tropical and subtropical In-
dian and western Pacific oceans (Hiatt and Strasburg, 1960;
Lundberg and Lipkin, 1979; Gundermann et al., 1983;
Wassef and Hady, 1997). This selective browser species
can often generate intense herbivory, dramatically deplet-
ing its preferred food sources (von Westerhagen, 1973;
Bryan, 1975; Paul et al., 1990). This often results in lower
quality resources (such as L. majuscula) becoming the only
available food (Thacker et al., 1997). A mass mortality of
juvenile siganids during pulse recruitment in Guam was at-
tributed to a large bloom of L. majuscula over reef flats
(Thacker et al., 1997). Juvenile siganids (S. spinus and S.
argenteus) are deterred by the presence of secondary metabo-
lites in L. majuscula (Nagle et al., 1996) and it is thought
the fish probably starved to death (Thacker et al., 1997).
Adult siganids have, however, been known to feed upon L.
majuscula blooms (von Westerhagen, 1973; Bryan, 1975;
Hashimoto et al., 1976; Lundberg and Lipkin, 1979) with-
out exhibiting any apparent detrimental effects (Hashimoto
et al., 1976). However, consumption levels vary highly be-
tween species (Pitt, 1997).The relationship between
secondary metabolites, diet quality and herbivore digestion
is complex (Paul, 1992; Choat and Clements, 1998). Her-
bivores may learn to accept foods that are initially
unpalatable or reject foods that are initially palatable (Hay
et al., 1988a; Hay and Fenical, 1988; Paul et al., 1988; Ire-
lan and Horn, 1991; Paul, 1992; Thacker et al., 1997)
depending on post-ingestive consequences of those foods
(Paul et al., 1988; Thacker et al., 1997). The capacity for tol-
erance in the digestive system of S. fuscescens during the
breakdown of secondary metabolites is unknown. Natives
of Okinawa (Japan) refrained from consumption of S.
fuscescens during seasonal L. majuscula blooms, denoting
them as “poisonous” during these periods (Hashimoto et
al., 1976).

Siganids have often been observed feeding in areas af-
fected by L. majuscula blooms in Moreton Bay (G. Savige,
pers. comm.; pers. obs). Discussions suggesting captive-
bred siganids be released into Moreton Bay by a local
aquaculture facility to mitigate nuisance blooms led to a se-
ries of trials to assess feeding preference in both wild and
captive-bred siganids (fed previously on a pellet diet). Low
levels of L. majuscula consumption and feeding deterrence
in both wild and captive-bred siganids suggest they exert
little pressure as a top-down control agent and would be un-
suitable as a biocontrol.

Sea Hares (Stylocheilus striatus and 
Bursatella leachii)
Lyngbya majuscula may be avoided by many larger macro-
grazers (i.e., vertebrates), yet Cruz-Rivera and Paul (2001)
found they had high epifaunal diversity (mainly inverte-
brates). Chemically defended plants potentially offer a safe
haven to less mobile grazers resistant to secondary metabo-
lites (Hay et al., 1988b; Hay et al., 1990; Sellner, 1997;
O’Neil, 1999; Cruz-Rivera and Paul, 2002). The plants
may provide not only a source of food, but also refuge to
cryptofaunal species, thus minimizing predation encoun-
ters (Hay et al., 1990; Cruz-Rivera and Paul, 2002).

The opisthobranch mollusc, Stylocheilus striatus (for-
merly longicauda; Rudman, 1999; Yonow et al., 2002),
appears to have a natural “boom-or-bust” relationship
with L. majuscula blooms. Stylocheilus are voracious con-
sumers of L. majuscula (pers. obs.) and can actively sequester
some secondary metabolites (Paul and Pennings, 1991;
Pennings and Paul, 1993a; 1993b; Nagle et al., 1998). Use
of these compounds for defence purposes by this special-
ist grazer have yielded ambiguous results (Pennings et al.,
1996; 1999; 2001) as they are stored primarily in the digestive
gland and not in skin or secretions, thus reducing their ca-
pability as a predator defence mechanism (Pennings and
Paul, 1993a). Compartmentalisation of toxins, however, may
protect the sea hare from autotoxicity (Pennings et al.,
1996).

Stylocheilus striatus have a broad planktonic dispersal
phase (Pennings and Paul, 1993b) and larvae appear to pref-
erentially settle on L. majuscula (Switzer-Dunlap and
Hadfield, 1977). The unpredictability of secondary metabo-
lites within small patches of L. majuscula means newly
settled S. striatus must be able to tolerate a wide range of
chemical variation (Pennings and Paul, 1993a; Cruz-Rivera
and Paul, 2002). These compounds can promote feeding
stimulation or deterrence depending on concentration and
potency (Nagle et al., 1998; Cruz-Rivera and Paul, 2001).
Stylocheilus striatus may utilise other host species, cover-
ing a range of algae and sponges (Cruz-Rivera and Paul,
2001), until a preferred host (i.e., L. majuscula) becomes
available or if the local supply of L. majuscula is exhausted
(Pennings and Paul, 1993a). However, these hosts support
much lower growth rates than a monospecific diet of L. ma-
juscula (Paul and Pennings, 1991). High rates of L. majuscula
consumption, high growth rates and host specificity demon-
strated by S. striatus may suggest its potential suitability as
a biocontrol agent.

Bursatella leachii is a sea hare that has also been found
recently in association with L. majuscula blooms in More-
ton Bay (pers. obs.). It appears to feed on L. majuscula;
however, there have been no comprehensive studies of its
dietary selectivity, feeding rates or its response to L. ma-
juscula secondary metabolites. At present the authors are
involved in a series of studies on the food preference, growth
rate, consumption rate and toxicity of these sea hares in
Moreton Bay.
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Potential Biocontrol Agents for 
Lyngbya majuscula Blooms
A potential biocontrol agent should 1) preferentially con-
sume (but not necessarily assimilate) L. majuscula or in some
other way reduce its biomass and 2) be present in sufficient
quantity to impact blooms either by having (a) a large and
mobile population (if they have annual reproductive cycles,
slow growth and complex recruitment pathways) or (b) a
relatively sedent population that can respond rapidly to
bloom development (particularly through sub-annual re-
productive cycles, rapid growth rates and young age at
sexual maturity).

Siganids do not preferentially consume L. majuscula, and
the quantities that they do consume are inconsistent. They
are highly mobile and are probably present in relatively large
numbers locally; however, for Moreton Bay there are no
available estimates of their population size. This informa-
tion would be required before an assessment of their
potential natural impact on blooms could be made. Fur-
thermore, the possibility that they may themselves become
toxic following exposure to L. majuscula together with
their sale in export markets suggests that further assessment
of the fate of L. majuscula compounds in fish is required
and remains a pressing health issue. Any involvement of
siganids in the control of L. majuscula by augmenting wild
populations with captive-bred animals could present a sub-
stantial risk. Moreover it remains to be assessed if
captive-bred siganids raised on a non-algal (i.e., pellet) diet
will rapidly switch to a diet including L. majuscula.

In relation to the use of sea hares as a candidate for bio-
control, consideration must be given to the “boom-or-bust”
relationship these organisms have with L. majuscula. A
rapid increase in population is often observed during peak
bloom phases, followed by a mass “die-off” during bloom
demise (S. Albert, pers. comm. 2002). This phenomenon is
often known as “purple footprints” due to ink secretions
exuded at time of death. The impact of such a population
crash upon scavenger species is not well studied. In West-
ern Australia in 2002, several dog fatalities occurred after
they were reported to have been feeding upon sea hares that
had washed ashore en-masse (R. McKenzie, pers. comm.)
It is therefore essential that a more complete understand-
ing of the role of L. majuscula toxins in the food web and
their potential impacts upon consumers be obtained.
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