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Recovery of coral cover at Lizard
island Australia 6 years
post-disturbance

Gabriel Dax Anderson*

California Polytechnic State University San Luis Obispo, Biological Sciences Department, San Luis
Obispo, CA, United States

Coral reefs are experiencing more intense and frequent disturbances induced by
climate change, such as cyclones and bleaching events. This necessitates a better
understanding of the ongoing environmental conditions that stress these
systems and the subsequent arc of longer-term reef responses to these
stressful conditions. From March of 2014 to May of 2017, the Lizard Island
reefs in the northern region of the Great Barrier Reef experienced four
consecutive annual disturbances; Cyclone Ita in 2014, Cyclone Nathan in 2015,
and two massive bleaching events in 2016 and 2017. Between the concentrated
patches of physical damage from the cyclones and the uniform impact of the
bleaching events, these reefs were devastated, with none of the eight study sites
harboring more than 20% live coral cover by May of 2017. In November of 2023,
after six years of relatively calmer conditions with no conspicuous region-wide,
large-scale disturbances, | documented the extant coral community on eight
previously-monitored reefs around Lizard Island. All reefs showed significant (p =
0.0054, F = 3.46, df = 47) improvement from their 2017 immediate post-
disturbance degradation. Living coral at my study sites had recovered to
between 184 + 0.6 (mean + 1 SE) to 59.9 + 5.3% of the reef area per site by
2023, with many sites towards the higher end of that range. Recovery of coral
extent appeared to follow a north-south trend in which more Trade Wind-
sheltered northerly sites had generally greater recovery and higher live coral
cover compared to more exposed southern sites, which experienced
significantly less coral recovery. Fast-growing Acroporid corals drove the
recovery of coral extent in these more northern sites. While family richness
across all sites improved by 2023 (4.0 + 0.1; grand mean + 1 se), Lizard Island
reefs have yet to reach their pre-disturbance diversity (4.8 + 0.6 in 2014). Future
annual surveys of the study sites as well as others surveyed in 2017 may better
clarify the relationship between reef location and the rate of recovery of coral
cover post-disturbance.
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Introduction

Coral reefs globally are ecologically (Wilson et al., 2006),
economically (Santavy et al., 2021), and culturally significant
(Cinner et al., 2009) to developed and developing countries alike
(Laurans et al,, 2013). Extants reefs are subject to increasingly
frequent and intense disturbances, including climate change-
induced factors (Hughes et al., 2017). Major proximate threats to
the world’s largest coral reef system-the Great Barrier Reef-include
predation by Crown-of-Thorns starfish (Pratchett, 2010),
unsustainable fishing practices (Santavy et al, 2021), disease
outbreaks (Roff et al., 2011), and bleaching due to climate-
induced high temperature stress (Hoegh-Guldberg, 1999). As
these disturbances occur more often and with greater intensity,
heterogenous coral recovery drives changes in reef composition
(Madin et al., 2018). This often reduces the quality of immediate
recovery and is correlated with negative long-term trends in
biodiversity (Wakeford et al., 2008). Future bleaching events in
coming decades will likely surpass the thermal tolerance of essential
corals, impeding their continued growth, development, and
ecological function (Hoegh-Guldberg, 1999). Given that reefs
continue to face these intense conditions, it is critical to
understand how reef assemblage will be impacted in the long term.

From 2014-2017, the northern Great Barrier Reef faced a harsh
sequence of disturbances-Cyclone Ita in 2014, Cyclone Nathan in
2015, and two massive bleaching events in 2016 and 2017
(Wakeford et al,, 2008). The physical damage caused by those
cyclones coupled with the large-scale bleaching to devastate reefs
around the island. Before these stressors, most Lizard Island reefs
were coral-rich (typically >40% coral cover; Done et al., 2010; Johns
et al,, 2014), but by late 2017 many were close to 4% of live coral
cover (Madin et al., 2018).These collective phase shifts away from
more structurally secure, complex reefs have had dramatic impacts
on fish abundance and species richness (Jones et al., 2004; Wilson
et al., 2006). Since changes in composition of coral communities
tend to be discrete following these episodic stressors, recovery can
occur if a reef has sufficient time between perturbations (Gilmour
etal.,, 2013). However, as the time between these events continues to
decrease, phase-shifts become more common, rendering such reefs
less able to effectively recover to a pre-disturbance condition (T. P.
Hughes and Connell, 1999). The rising prevalence of phase-shifts,
together with increasingly frequent disturbances, hinders and, in
some cases, completely inhibits coral recruitment and community
succession, leaving these potential habitats in a volatile state (Baird
and Hughes, 2000).

There are extant examples of other reefs undergoing similar
conditions. Following a high urchin mortality event in 1983, grazing
was greatly reduced across Caribbean reefs where herbivorous fish
populations were overfished, leading to the emergence of alternate
stable states in which macroalgae made up the majority of cover in
previously coral-dominated areas (Mumby et al., 2007). This
weakened the resilience of these reefs against future disturbances
that target corals more specifically. Between 1980 and 2001, 286
Caribbean reefs experienced ~17% coral cover reduction in years
following hurricanes, with no evidence of recovery to a pre-storm
condition for at least eight years post-disturbance (Gardner et al.,
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2005). This suggests that not only does reef condition decline with
more frequent and damaging impacts, but that reef recovery is also
being impaired. Caribbean reefs have continued to experience a
decline in structural and biological complexity to this day, with
Caribbean-wide homogenization of current structures and species
(Alvarez-Filip et al., 2009). Similar trends of more homogenized,
less healthy reefs have been documented across the same time scale
in the Philippines (Licuanan et al., 2019), Indonesia (Wolfe et al.,
2020), Papua New Guinea (Berzunza-Sanchez et al., 2013). Each of
these reefs have also suffered from overexploitation of resources and
poor management decisions, but the negative impacts of cyclones
and bleaching cannot be mitigated at the source in the same way.
This makes it imperative that we better understand how reefs cope
with these large-scale disturbances.

In the immediate wake of these disturbances, researchers
characterized the post-impact composition of 13 reef sites around
the island in 2017. They found that coral cover across 10 of the 19
sites was below 4%, with only two sites having cover above 40%, the
highest cover for most sites prior to the four years™ disturbances
(Madin et al., 2018). Researchers predicted reef structure and
complexity would begin to return. I sought to document any
potential coral recovery six years after the 2017 surveys to
determine if that recovery had begun on Lizard Island reefs. In
the fall of 2023, I sought to test the hypothesis that coral cover and
composition were unchanged from 2017.

Materials and methods

I explored coral reefs around the Lizard Island Research Station
(14.6688° S, 145.4594° E), on the northern portion of Australia’s
Great Barrier Reef. I sampled eight reef sites at Lizard Island from
23 October to 18 November,2023, using the same site name and
locations as the previous study (Madin et al., 2018)-Cook’s Path
(14.660557° S, 145.453396° E), Lagoon 1 (14.686888° S, 145.456658°
E), Lagoon 2 (14.698240° S, 145.450682° E), Horseshoe (14.687851°
S, 145.444216° E), Vicki’s (14.685130° S, 145.442876° E), Osprey
(14.667579° S, 145.443119° E), Mermaid Cove (14.647248° S,
145.453939° E), and North Reef (14.645044° S, 145.453987° E).
These sites are dispersed across the relatively protected side of
Lizard Island, leeward of the prevailing Southeast Trade Winds
(Figure 1). Risk management concerns (restrictions to remain in
range of radio contact and avoid the rougher sea conditions of
Lizard Island’s east side) prevented me from collecting data on the
Northeast to Southeast of the island and as such I could only sample
a subset of the representative sites across the island reefs.

At each site, six 10-meter line-intercept transects were
randomly laid out over the reef face at one to two meters deep,
with each transect no further than 10 meters apart from the last
(Madin et al., 2018). The substrate type beneath the transect tape
was recorded to the nearest milimeter, and hard corals were
classified by family to determine the percent cover. The categories
recorded at each site included soft coral, Acropora, Porites,
Pocillopora, encrusting coralline algae, hard dead coral, rubble,
sand, and algae. In data visualization, these types were put into
the following groups: hard coral (Acropora, Porites, and
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FIGURE 1
Map of Lizard Island oriented to show North-South range of
study sites.

Pocillopora), soft coral, algae, encrusting coralline algae, and abiotic
substrate (hard dead substrate, rubble, and sand). Transect data
were analyzed with JMP Pro (v 17). I compared the proportion of
total live coral cover by reef, family proportion of total cover by

10.3389/fmars.2024.1509455

year, grand means of coral cover proportion by year, and grand
means of family richness by year using analysis of variance.

Results

In the wake of the 2014-2017 sequence of disturbances, total live
coral cover declined dramatically from pre-disturbance conditions
in 2014. Some reefs had single percent coverage of live coral by
2017. In the six years since, total live coral cover on all reefs
increased dramatically, with six out of eight reefs harboring more
live coral cover than in 2014. The remaining two sites (Lagoon 1
and Lagoon 2) show lower coral cover than pre-disturbance 2014
levels (Figure 2). Grand means of live coral cover across my eight
sites went from 39.6% in 2014 to 12% in 2017 to 51% in 2023.

The proportion of soft coral and Acropora cover declined
heavily, while the proportion of Pocillopora and Porites cover
fluctuated more moderately (Figure 3). By 2023 (six years post-
disturbance), all groups recovered by various margins, with the
proportion of cover of all groups increasing-Acropora by 20.1% (p
=0.049, F = 2.03, df = 7), soft coral by 9.5% (p = 0.025, F=1.97, df =
7), Pocillopora by 6.8% (p = 0.015, F = 2.49, df = 7), and Porites by
4.2% (p = 0.009, F = 1.42, df = 7). All groups except soft coral
recovered to 2014 (pre-disturbance) proportion of cover
(Tables 1-3).

The grand mean of live coral cover significantly declined from
2014-2017 (mid-disturbance) but rose significantly higher by 2023
(six years post-disturbance) to rise above the pre-disturbance grand
mean of live coral cover (Figure 4). The grand mean of family
richness declined from 2014-2017 (mid-disturbance) and recovered
significantly by 2023, but not to the 2011 or 2014 (immediate pre-
disturbance) grand means of family richness (Figure 5). Family
richness across all sites improved by 2023 (4.0 + 0.11; grand mean +
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Proportion of total live coral cover + 1 SE at my eight reef sites in 2014 (pre-disturbance), 2017 (post-disturbance), and 2023 (6 years post-
disturbance). 2014 and 2017 data sourced from Madin et al., 2018. Reefs are ordered from northern-most on the left to southernmost on the right.
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Proportion of soft coral and dominant hard coral families (Acroporidae, Poritidae, and Pocilloporidae) cover + 1 SE across Lizard Island reefs from

1995-2023. 1995-2017 data sourced from Madin et al., 2018.

1 se); however, Lizard Island reefs have yet to reach their pre-
disturbance family diversity (4.77 + 0.58 in 2014).

Discussion
Limitations: A coral-centric assessment

My study focused on the change of aggregate living coral cover
at Lizard Island, and as such it speaks to the dynamics of the
foundational ecosystem engineers of coral reef systems. That said, it
is important to note that while these 2023 data characterize current
reef conditions, I did not sample fish, other invertebrates, or other

0.6
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0.3

0.2

Grand Mean of Coral Cover (Proportion)

0.1

ecosystem dimensions. My insights about overall reef condition are
driven by aggregate coral cover.

North-south trends

Higher coral recovery occurred in the more northerly reefs sites.
This apparent north-south latitudinal gradient of recovery may in
part be driven by the various wind and wave conditions across the
island. The prevailing Southeast Trade Winds put the southeast-
facing portion of Lizard Island under the most constant physical
stress. While this study was unable to include previously-surveyed
sites on the east side of the Island due to logistical constraints, the
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FIGURE 4
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Year

Grand means + 1 SE of proportion of live coral cover across Lizard Island reefs from 1995-2023. 1995-2017 data sourced from Madin et al., 2018.
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Grand means + 1 SE of family richness across Lizard Island reefs from 1995-2023. 1995-2017 data sourced from Madin et al., 2018.

physical protection via South Island, Palfrey Island, and the exterior
rim of the lagoon provide relatively calmer conditions for marine
growth. The difference in wave action and nutrient availability
between each site, influenced by physical barriers, also plays a role
in which marine growth is best-adapted to each site. Wave action on
a better-protected reef is relatively gentle and ideal for less rigid/
robust life forms to settle and grow. Partially protected reefs with
moderate wave action have more potential to be damaged but also
are afforded a suite of potential benefits. First, there can be better
circulation of sediment in the water column (Hench et al., 2008),
which allows for more sunlight availability. Second, such sites allow
sub-optimal conditions for potential hard coral competitors (i.e.
macroalgae, soft corals) and provide hard corals a greater chance of
successfully recruiting and establishing upon that reef. The most
protected reef sites experience less water column circulation and
more nutrient buildup, favoring competitors of hard corals better
adapted to rapid growth who often quickly block otherwise
accessible sunlight incident on the reef surface (D’Angelo and
Wiedenmann, 2014). This is pivotal in creating a phase shift away
from a primarily coral-based substrate and greatly obstructs further
coral growth.

It seems that these gross differences in oceanographic
conditions (moderate vs strong protections) may be encouraging
potential phase shifts of these reefs. Sites with stronger protection,
particularly lagoon sites, see lower rates of coral recovery (Baird and
Hughes, 2000). Lagoon 1 and Lagoon 2 were in some of the calmest
wave conditions I observed across Lizard Island in 2023. These
quiescent sites appear to afford more ideal conditions for
macroalgae to outcompete hard corals for space and ultimately
for light once their thalli grow tall enough to overstory surrounding
reef surfaces, reducing incident sunlight in their shadows. Vicki’s
and Horseshoe, despite being protected by Palfrey Island, are still on
the edge of the shallow reef habitat, and as such experience much
more wave action. Osprey and Cook’s Path face similar conditions.

Frontiers in Marine Science

Mermaid Cove and North Reef sit on the northern tip of Lizard
Island where they receive a heavy amount of wave action and,
despite being very protected from the southeast by the main body of
the island, had the lowest percent cover of macroalgae and soft
corals. In short, the degree of gross oceanographic protection seems
to explain why Mermaid Cove and North Reef were the most
recovered, and Lagoon 1 and Lagoon 2 the least-recovered, and the
trend in the intermediary sites.

Coral composition

Equally noteworthy is that the bulk of the hard coral cover
recorded was of the family Acroporidae. Acroporids are
cosmopolitan reef-building corals, often the most common stony
coral group across the expanse of Indo-Pacific reefs (Baird and
Hughes, 2000). Past surveys (from 1995-2017) found the genus
Acropora remained the most abundant taxon from 1995 through to
2014, then declined by 95% from 2014 to 2017, being one of the
least abundant taxa post-disturbance (Madin et al., 2018). The two
most well-recovered sites, Mermaid Cove and North Reef, had
Acropora consisting of 80% of the hard corals identified. For reasons
to be determined, Acropora seems to be on track to again become
the most abundant hard coral taxon at Lizard Island, as it was in the
1995-2014 pre-disturbance area. The less recovered reefs, however,
did not experience the same dominance of Acropora species.
Instead, Porites was most dominant at Lagoon 2 and Pocillopora
was most dominant at Lagoon 1 in 2023.

Acroporids tend to be a dominant family on shallow reefs due to
their fast growth rate and structural advantage that allows them to
outcompete understory growth (Baird and Hughes, 2000).
However, the overabundance of Acropora on a reef can also have
potentially harmful impacts on the resilience of that reef going
forward. Acropora are highly susceptible to bleaching events
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TABLE 1 ANOVAs of spatial and temporal factors impacting coral cover
on Lizard Island reefs.

Effect on Total Live Coral Cover

Variable F df p
Year 0.67 7 <0.001
Reef 331 18 <0.001

Year*Reef 1.21 77 0.148

Effect on Live Acropora Cover

Variable F df o}
Year 2.03 7 0.049
Reef 1.16 18 0.288

Year*Reef 1.15 77 0.194

Effect on Live Pocillopora Cover

Variable F df P
Year 2.49 7 0.015
Reef 1.87 18 <0.001

Year*Reef 1.04 77 0.414

Effect on Live Porites Cover

Variable 7 df p
Year 1.42 7 0.009
Reef 2.38 18 <0.001

Year*Reef 1.32 77 0.234

Effect on Live Soft Coral Cover

Variable F df p
Year 1.97 7 0.025
Reef 1.33 18 0.273

Year*Reef 1.26 77 0.421

Transect data was ARCSIN transformed for analysis. 1995-2017 data sourced from Madin
et al., 2018.

(Marshall and Baird, 2000). Past bleaching events of 1998 and 2002
did not diminish the intensity of bleaching events in 2016 (Hughes
etal, 2017), and those bleaching events saw a huge die-off of tabular
and staghorn corals (Hughes et al.,, 2018), some of which belong to
the Acropora family. Acroporids have also been documented to be
among the preferred prey of Crown-of-Thorns starfish at Lizard
Island (Pratchett, 2010). In a more general sense, less diverse reefs
can suffer greatly from disease outbreaks-in the case of Acropora,
Acroporid White Syndrome (Roff et al., 2011) could culminate in
massive disturbance events due to the prevalence of Acropora at
these recovering sites.

Reef resilience

With coral reefs declining globally (Wilson et al., 2006), many
extant reef-dwelling species are at risk of becoming endangered or
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locally or regionally extinct (Sherman et al, 2023; Coker et al,
2009). With climate change bringing more frequent and intense
disturbance events (Jentsch and Beierkuhnlein, 2008), communities
of reef-dwelling species are likely to continue declining without
updating current management decisions (van Woesik et al., 2022).
Ideal management decisions should focus on an “ecosystem-based
approach” (Harvey et al, 2018) that takes a more holistic
perspective of all aspects of coral reef communities.

Species diversity has been found to be 5.7x more essential to
maximizing biomass compared to other ecological and
environmental influences (Lefcheck et al, 2021). This suggests
coral reefs require a variety of reef-building corals for continued
recovery of habitat health and biological diversity. In terms of coral
cover, even the most well-recovered reefs on Lizard Island need to
contain a relatively more diverse range of reef-building corals to
support the benthic and mid-water species that not only rely on
available coral reef habitat but could beneficially augment their
recovery (Schneider et al., 2011; Harvey et al., 2018).

As coral reef habitats continue to degrade in the long term,
many species that rely on such habitats are likely to suffer heavy
population decline (Coker et al., 2009). Limited habitat
complexity—-combined with smaller, less reproductively-
successful adult populations of reef-dwelling species—also
inhibits recruitment to other reef habitats, which reduces adult
replenishment and hinders reef habitat recovery overall (Roth
etal., 2018). Recent research has found that among dominant reef-
building corals, Acropora recovery and growth is heavily
influenced by larval connectivity (Gouezo et al, 2019). Future
studies at my Lizard Island sites could provide a more in-depth
understanding of how significant a role larval connectivity plays in
overall reef recovery.

Climate-exacerbated disturbances

Disturbance events are growing in frequency and intensity
across many of the world’s ecosystems (Buma and Schultz, 2020;
Iwasaki and Noda, 2018). A better understanding of the impact of
such disturbances on various ecosystems not only enhances
understanding of the particular system in question, but also
contributes to understanding larger global-scale trends and multi-
factor processes (Gough et al., 2024). For example, climate-
exacerbated disturbances have altered fire return rates in
temperate forests (Dale et al., 2001), frequency of drought in
tropical rainforests (Tao et al., 2022), rate of sea level rise in
mangrove forests (Carugati et al, 2018), and apparent phase
shifts in kelp forests (Smith et al., 2016).

Coral reefs are among the most productive ecosystems on Earth
(Moberg and Folke, 1999), and their decline is likely to have direct
and indirect effects on species diversity, standing biomass, and an
array of ecosystem services globally relied on by coastal
communities (Hoegh-Guldberg, 1999). There is particular
concern around decreased biodiversity driving reduced ecosystem
productivity (Rogers et al., 2018) as well as ecosystem resistance to
future disturbances (Shin et al., 2022). As coral reefs and other
essential ecosystems continue to experience the pressures of climate
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TABLE 2 Tukey HSD post-hoc comparison of effect of year on total live coral cover.

2011 2014

1995 0.002 0.147 0.912 0.129 0.0001 0.007 0.023 0.382
1996 0.002 0.005 0.006 0.027 0.549 0.036 0.048 0.005
1997 0.147 0.005 0.832 0.0574 0.033 0.568 0.019 0.023
2011 0.912 0.006 0.832 0.326 0.047 0.031 0.012 0.006
2014 0.129 0.027 0.574 0.326 0.036 0.025 0.035 0.033
2015 0.001 0.549 0.033 0.047 0.036 0.038 0.62 0.024
2016 0.007 0.036 0.568 0.031 0.025 0.038 0.075 0.013
2017 0.023 0.048 0.019 0.012 0.035 0.062 0.075 0.016
2023 0.382 0.005 0.023 0.006 0.033 0.024 0.013 0.016

Bolded values are statistically significant.

TABLE 3 Tukey HSD post-hoc comparison of effect of site on total live coral cover.

North Reef Osprey Horseshoe Lagoon?2 Cook’s Path Vicki's Lagoon1 Mermaid Cove
North Reef 0.644 0.049 0.007 0.045 0.009 0.013 0717
Osprey 0.644 0.085 0.008 0.038 0.016 0.042 0273
Horseshoe 0.049 0.085 0.057 0.072 0.034 0.125 0.106
Lagoon 2 0.007 0.008 0.057 0.011 0.074 0.046 0.004
Cook’s Path 0.045 0.038 0.072 0.011 0.147 0.018 0.015
Vicki’s 0.009 0.016 0.034 0.074 0.147 0.093 0.004
Lagoon 1 0.013 0.042 0.125 0.046 0.018 0.093 0.008
Mermaid
Cove 0717 0273 0.106 0.004 0.015 0.004 0.008

Bolded values are statistically significant.

change, it is crucial that we continue to monitor these changes,
especially in the case of disturbances. Changing climate conditions,
in combination with other anthropogenic disturbances, are
gradually changing the assemblage of coral reefs and their
inhabitants (Vanwonterghem and Webster, 2020). While some
species or groups are more resistant under such new conditions,
others struggle to recover at the same rate (Miller et al.,, 2011). The
impacts of such changes will remain uncertain without further
monitoring of coral reefs or other productive systems, as described
above, to provide more clarity on these community-wide shifts and
how they may change conservation or management strategies in

Recovering these key reef builders seems necessary to recover
historic conditions as fast as possible. Before the four-year period
of consecutive disturbance events, most Lizard Island reefs were
relatively live-coral rich, typically with >40% coral cover (Done
et al,, 2010; Johns et al., 2014), but by late 2017 many were close to
4% (Madin et al.,, 2018). Between the intense patches of physical
damage from the cyclones and the more uniform impact of the
bleaching events, these reefs were devastated, with none of the eight
study sites reaching more than 20% total coral cover (Madin et al.,
2018). After six years of relatively calmer conditions with fewer
conspicuous disturbances, living coral cover at the study sites

the future. improved by various margins between 18.4 + 0.6 to 59.9 + 5.3%,
with many sites on the higher end of that spectrum. Aggregate coral
cover across reefs at Lizard Island has recovered since the wake of

Conclusion disturbances ending in 2017, with their rate of recovery closely

Acropora dominance relative to total live coral cover may turn
out to be a useful metric for forecasting future near-term condition
of impacted reefs on Lizard Island. To the extent reef managers can
influence reef communities, they should consider emphasizing
efforts which promote restoration or recruitment of Acroporids.

Frontiers in Marine Science

related to the physical environment they inhabit. More regular
(annual or biennial) monitoring of each of these sites could also
better inform scientific understanding of the long-term recovery of
Lizard Island reefs in the face of continual disturbances at the hands
of cyclones, bleaching, Crown-of-Thorns Starfish, and other
environmental pressures.
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