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Here we report on preliminary summaries of surveys of juvenile corals on core Long-term
Monitoring Program (LTMP) reefs and on reefs that are monitored to assess the effects of
rezoning of the Great Barrier Reef Marine Park in 2004.

The pattern that emerges is interesting and substantially indicates resilience of benthic
communities in the Wet Tropics region that have lost coral to Acanthaster planci and to
cyclones. This will form the basis of a publication but is impeded by limited statistical
capacity at the AIMS at present.

Work on the second part of the project is progressing well and is on track.

Targeted Activity Due Date

Report 2 Submission with appropriate attribution of MTSRF funding.

Summary and mapping of distribution of juvenile corals from the AIMS 30 April 2009
Long-term Monitoring Program.

Summary and mapping of distribution of juvenile cor als from the AIMS LTMP

Survey methods: The presence of juvenile corals is a fundamental characteristic of a coral
reef community that will persist — it is a pre-requisite for recovery from many kinds of
disturbance (regenerative capacity) and so is a basic component of reef resilience.

The AIMS LTMP started to collect counts of all coral colonies >5cm in diameter that were
found in a thirty-centimetre wide belt in the first five metres of each of the fifteen transects
(4.5 m? per reef) on the 47 core LTMP survey reefs in 2006-2007 and continued in 2007-




2008 on the 56 reefs that are surveyed in alternate years to assess the effects of rezoning
the GBR. Recruits are identified to genus and every effort is made to distinguish recruits from
remnants of partially dead larger colonies.

In addition, observers estimated the proportion of the substrate in the 0.3 x 5.0 m sampling
area that was available for recruits, that is, the area that provided a hard settlement substrate
(not sand or mud) and was not occupied by established space-holding organisms such as
hard and soft corals, sponges, zooanthids, etc. The observed densities of juvenile corals
were then adjusted for amount of available space.

Statistical methods:  Spatial maps were produced to show differences in density of juvenile
corals across the GBR. These maps were similar to those produced by Delean and De’ath
(2008) and were generated from the values predicted from statistical models, which fitted
smooth, two-dimensional (2D) surfaces over the area of the GBR. Specifically, generalised
additive models (Wood 2006) were used to analyse the spatial variation across and along the
continental shelf over the entire GBR. These models incorporate smoothers to estimate the
relationships between the response and predictor variables, and as such can account for
nonlinearity. Spline smoothers, which are interpolating methods for fitting smooth curves to
data, were used. The smooth 2D spatial surfaces were estimated with thin plate splines
(Wood 2003), which estimate a smooth function of multiple variables. The smoothness of the
fit (i.e. how straight or wobbly the relationship) was determined by fitting a series of models
with a fixed range of degrees of freedom, and selecting the smoothness that minimised the
prediction error (PE). The PE of a model is defined as the sum of squared prediction errors
(observed — predicted values) divided by the sum of squared observations about the overall
mean. An upper maximum degree of freedom of 25% of the sample size was used to prevent
overfitting that may result from spatial autocorrelation in the data.

As stated above, generalised additive models were used. These models are ‘generalised’ in
the sense that they allow for residual variation to be non-normally distributed, and for
predictions of the response variable to be constrained within a specified range (e.g. fish
counts cannot be negative). For the models used in this report, densities of juvenile corals
were modelled with a log link and a quasipoisson variance function.

The spatial predictors in the models were based on the relative distance across and along
the GBR, as in De'ath and Fabricius (2007). Relative distance across and along the GBR
takes advantage of the natural boundaries of the GBR that affect many of the bio-physical
processes of the GBR, and provides a simple interpretation for models that do not include
interactions between across and along. The spatial limitations of the LTMP sampling,
particularly the low numbers of inshore reefs, should be taken into consideration when
interpreting spatial predictions.

Maps of juvenile coral densities: Juveniles of many taxa were found in low numbers and
so most taxa are not reported individually. Considering juvenile corals less than five
centimetres in diameter of all taxa together, the greatest densities of juvenile corals (adjusted
for available substrate) are found in the Wet Tropics region and the midshelf Swain reefs
(Figure 1). In the summaries of spatial; patterns in variables from the AIMS LTMP by Delean
and De’ath (2008), the Wet Tropics region had the lowest coral cover of any region surveyed
by the AIMS LTMP (Figure 2A) and scored low in relative health using a multivariate index of
relative coral reef health based on coral cover, macroalgal cover and recent Acanthaster
planci activity (Figure 2B). This is compatible with these reefs being resilient in that high
densities of juveniles may indicate the early phases of recovery. Also, these are juveniles,
rather than recent settlers, so they have already survived for two to five years. Comparison
of Figure 3 with Figure 5 shows that the recruits are predominately from families other than



Acroporidae, notably Poritidae. Part of the reason why coral cover is low on reefs in the Wet
Tropics region is that there were outbreaks of A. planci on midshelf and offshore reefs in the
region in the late 1990s and early 2000s (Sweatman et al. 2008). A. planci prefers
Acroporidae as prey, while massive corals such as Porites spp. and Faviids are not selected
and often survive starfish outbreaks. Whether the small Poritidae and Faviidae colonies on
Wet Tropics reefs are slow growing juveniles that survived the outbreaks or are more recent
settlers from a local breeding stock that is now skewed to massive forms is not known.

The relative distribution of juvenile Acropora spp. (Figure 3) corresponds reasonably closely
to the distribution of the family in the recent LTMP data being highest on outer reefs in the
north of the survey area and in the Swain reefs in the south (Figure 4), though intermediate
densities occur on mid-shelf reefs in the Wet Tropics and make up one quarter to one third of
all juveniles on reefs in that region. The overall distribution of Poritidae in recent LTMP
surveys does not correspond closely to the distribution of juveniles. Cover of Poritidae in
general is highest on inshore reefs to the north of Cairns and to a lesser extent in the Swain
reefs (Figure 10), while the juveniles are most abundant on mid-shelf reefs in the Wet
Tropics (Figure 9). Juvenile colonies of Pocilloporidae are found both where the adults of the
family are concentrated on outer reefs in the north (Figure 8) as well as on midshelf reefs in
the Wet Tropics region (Figure 7). Juvenile Faviids are found in relatively high abundance on
midshelf reefs in the Wet Tropics (Figure 6), but the distribution of adult Faviids has not been
plotted.

So, are the midshelf reefs of the Wet Tropics region showing resilience in terms of recovery
after losing coral cover to A. planci and to tropical storms? Reefs in the region have relatively
low coral cover, but relatively high densities of juvenile colonies from a variety of taxa, though
juvenile Poritidae are disproportionately common.



Latitude
20°S 18°S

22°S

24°S

146°E 148°E 150°E 152°E

Longitude

Figure 1: Densities of juveniles of all hard coral taxa from the AIMS LTMP and
Effects of Rezoning monitoring surveys 2007-2008, expressed per square metre of
available space.



Figure 2: Distribution of (left) hard coral cover based on the AIMS LTMP surveys
2005-2007, and (right) values of relative reef health based on characteristics of
the benthos (coral cover, cover of macroalgae and occurrence of Acanthaster
planci activity). From Delean and De’ath 2008.



Figure 3: Densities of juvenile hard corals of Acropora spp. from the AIMS LTMP
and Effects of Rezoning monitoring surveys 2007-2008, expressed per square
metre of available space.



Figure 4: Distribution of cover of Acropora spp. based on the AIMS LTMP
surveys 2005-2007. From Delean and De’ath 2008.



Figure 5: Densities of juveniles of hard corals other than Acropora spp. from the
AIMS LTMP and Effects of Rezoning monitoring surveys 2007-2008, expressed as
a square metre of available space.



Figure 6: Densities of juvenile Faviidae from the AIMS LTMP and Effects of
Rezoning monitoring surveys 2007-2008, expressed as a square metre of available
space.



Figure 7: Densities of juvenile Pocilloporidae from the AIMS LTMP and Effects of
Rezoning monitoring surveys 2007-2008, expressed as a square metre of available
space.



Figure 8: Distribution of cover of Pocilloporidae based on the AIMS LTMP
surveys 2005-2007. From Delean and De’ath 2008.



Figure 9: Densities of juvenile Poritidae from the AIMS LTMP and Effects of
Rezoning monitoring surveys 2007-2008, expressed as a square metre of available
space.



Figure 10: Distribution of cover of Poritidae based on the AIMS LTMP
surveys 2005-2007. From Delean and De’ath 2008.
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Forecasted variations to planned project activities

The second component of this project involves an analysis of the AIMS LTMP data set to
look for evidence of a change in disturbance regime on GBR reefs in the past decade.
Examination of the data set shows that sixteen years is too short to estimate changing
disturbance rates with any precision. However, it is possible to estimate recovery rates
following disturbances of differing intensity for the four broad categories of benthic
community that occur on GBR reefs which is closely related to the concept of ecological
resilience, so the focus of the second part of the project will be on quantifying recovery rates.



