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Abstract Many coral recruits are very small and often
cryptic at settlement making them difficult to detect with
normal census techniques. Here we show that fluores-
cence census techniques can increase the accuracy of
juvenile coral counts in highly fluorescent taxa. Using
fluorescent filters at night, counts of coral recruits were
20-50% higher than during the day. Acropora abun-
dances were up to 300% higher, the difference being
made up of cryptic individuals, and individuals that were
too small to see during the day. Fluorescence techniques
will be particularly useful in regions where fluorescent
taxa are dominant, such as most Indo-Pacific reefs. The
technique offers particular promise to determine the
influence of early post-settlement mortality on the
ecology of fluorescent taxa, because corals can be de-
tected at the size at which they settle.

Keywords Coral reefs - Acropora - Fluorescence -
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Introduction

Processes active early in coral life histories may play an
important role in determining the distribution and
abundance of many species (Hughes et al. 1999; Baird
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et al. 2003). However, the study of these processes has
been hindered by difficulties in observing young coral
recruits on the reef substratum (Babcock et al. 2003).
Coral recruits are very small at settlement and growth is
slow, with the result that it may take up to a year before
a coral juvenile becomes easily visible under white light
(Wallace and Bull 1981). During this period mortality is
typically high (Rylaarsdam 1983; Babcock 1985; Wal-
lace et al. 1986). A delay between settlement and the
point at which a coral becomes detectable can have a
number of important consequences for ecological re-
search. For example, post-settlement processes during
this period may be missed (e.g. density dependent mor-
tality), leading to false conclusions regarding mecha-
nisms of population regulation or spatial pattern of
adults (Keough and Downes 1982).

Fluorescence census techniques have recently been
described which make coral juveniles much easier to
observe than under standard white light census (Piniak
et al. 2005). Fluorescence techniques depend on the high
abundance of fluorescent pigments in many coral juve-
niles (Papina et al. 2002). These pigments emit intense
blue-green to orange wavelengths when illuminated in
the dark by Ultra Violet (UV), blue or green light
(Mazel 1995). Even very small fluorescent organisms
become prominently visible when viewed against a dark
background (Mazel 1995). Piniak et al. (2005) concluded
that while coral recruits were more easily observed via
fluorescence than under white light, abundance esti-
mates were comparable. Here, we show that when
fluorescent taxa are common, the fluorescence census
techniques can greatly increase the counts of coral re-
cruits.

Methods

We compared the abundance and taxonomic composi-
tion of coral juveniles on the reef substratum at Ribbon
Reef n0.15-072 (Lat 15.30.766, Long 145.46.643), a mid-
shelf reef in the Cairns Section of the Great Barrier Reef
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Marine Park, Australia using both normal white light
census and the fluorescent technique described by Piniak
et al. (2005). We used dead Acropora hyacinthus colonies
as replicate well defined areas of natural substratum and
censused colonies during the day and at again at night
using a blue exciter filter mounted in front of an
Underwater Kinetics Light Cannon and a yellow barrier
filter (both filters from NightSea LLC) placed over the
divers mask.

Results and discussion

The total count of coral recruits was 20-50% higher
using fluorescence census techniques than during the day
(Table 1). The increase in abundance was highest in the
genus Acropora, where the fluorescence counts were 20—
300% higher than counts during the day (Table 1). In
contrast, the number of poritid recruits was substantially
lower at night: 23 poritid juveniles were recorded during
the day versus only four at night (Table 1), reflecting the
fact that many poritid species are non-fluorescent (see
Fig. 1 and Salih et al. 2000).

The additional Acropora recruits detected at night
were either cryptic individuals difficult to spot during the
day, or were very small. The majority of the recruits
recorded during the day exceeded 5 mm maximal
diameter, a resolution size limit typical of daytime reef
recruit surveys (Edmunds et al. 1998; Mumby 1999). In
contrast, many of the recruits we detected at night were
as small as 1 mm diameter (Fig.2), which is the
approximate size at settlement of Acropora recruits
(Babcock et al. 2003). The increased capacity to detect
recruits is due to the contrast provided by a fluorescing
organism against a generally non-fluorescent (dark)
background (Fig. 2).

In the initial description of this technique, Piniak
et al. (2005) found that while coral recruits were more
easily observed via fluorescence than under white light,
abundance estimates were not significantly different. The
most likely reason for the discrepancies between our
studies is the pronounced difference in assemblage
structure between Indo-Pacific reefs and those of the
western Atlantic. Piniak et al.’s (2005) study site was at

Key Largo, Florida, and the recruit assemblage was
dominated by Porites sp., Agaricia sp. and Siderastrea
siderea (Piniak et al. 2005). These taxa are frequently
weakly fluorescent, eg. Porites (Salih et al. 1998 and see
Fig. 2), or are relatively large at settlement, eg. Porites
and Agaricia (both these genera brood their larvae in the
Caribbean (van Moorsel 1983; Szmant 1986). While this
assemblage is certainly typical of many modern sites in
the Caribbean (Chiappone and Sullivan 1996), it is very
different to most Indo-Pacific recruit assemblages, where
early recruit assemblages are dominated by taxa from
the family Acroporidae (Sammarco 1985), which are
generally highly fluorescent (Salih et al. 2000; Dove et al.
2001; Papina et al. 2002) and small at settlement, at least
when compared to most brooders (Babcock et al. 2003).

As noted by Piniak et al. (2005), the taxonomic res-
olution was lower using the fluorescence technique than
during the day: the number of unidentifiable recruits
increased from zero to four and we could not distinguish
Acropora from Montipora recruits at night (Table 1).
This is largely because many of the features used to
identify coral juveniles, such as colour, and morpho-
logical detail such as exert septa, are not evident under
fluorescent lights. However, we found that this problem
was minimised by the use of a strong white light at night,
in addition to the fluorescence-excitation irradiation.
Furthermore, poor taxonomic resolution is not limited
to fluorescence techniques and even microscopy has
clear limits to which taxa can be consistently distin-
guished (Baird and Babcock 2000; Babcock et al. 2003).
While fluorescent lights are much more effective in dis-
covering small and cryptic fluorescent taxa, white light is
also necessary in order to maximise the taxonomic res-
olution and the two techniques should be used in tan-
dem.

Another potential problem with the fluorescence
techniques identified by Piniak et al. (2005) was false
positives caused by a number of other organisms, which
fluoresce. We found that the number of false positives
could also be minimised with the use of strong white
light at night. Furthermore, many taxa have distinct
patterns of fluorescence, which allow them to be dis-
tinguished from scleractinian recruits. For example,
some Palythoa spp. have thin tentacles which emerge

Table 1 The number of coral

juveniles on the upper surface Taxa Dead Colony 1 Dead Colony 2 Dead Colony 3
of three dead A4. hyacinthus - X X
colonies censused during the Day Night Day Night Day Night
day and at night using
fluorescence techniques Acropora 26 50 4 5 32 94
Montipora 3
Pocillopora 2 1
Goniastrea 1 1 2 2
Porites 22 4
Favia 1 1
Favites 1 1
Stylocoeniella 1 1
Unknown 4 1
Mussidae 1
Total 29 56 4 5 62 105




Fig. 1 a White-light excitation-light flash photograph of the
surface of a dead A. hyacinthus table at a Ribbon Reef Central
Section of the Great Barrier Reef. b The identical area of
substratum photographed with the NightSea Filter set. Fluorescent
juveniles that are almost invisible when photographed with white
light are now prominently visible. Also note the Porites sp. recruit,
which does not exhibit any fluorescence. Acr Acropora, Fav Favia,
Por Porites. Scale bar=5 cm

from a non-fluorescent oral disc. In addition, most non-
scleractinian fluorescent taxa are soft to the touch.
Fluorescence photo quadrant imaging is also feasible
during the day if the relative influence of ambient sun-
light is significantly reduced during the imaging proce-
dure. We captured fluorescence images during the day
with a digital camera (Nikon Coolpix 4500) in an
underwater housing (Ikelite) (Fig. 1). A yellow barrier
filter was fitted to the dome port of the housing and an
underwater strobe (Ikelite DS50) was fitted with a blue
exciter filter as the fluorescence excitation source. The
shutter speed of the camera was set to 1/125 s and the
strobe was set to maximum power permitting the aper-
ture of the lens to be small enough to reduce the influ-
ence of sunlight (Fig. 1). Shutter speeds greater than 1/
125 s would further reduce the influence of the ambient
light. This technique can also be used with film based
cameras, such as the Nikonos used by Piniak et al.
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(2005), however, the inability to synchronise the strobe
at faster shutter speeds would limit daylight fluorescence
photography to deeper water unless a very powerful
strobe was used.

Fluorescence techniques have the potential to greatly
increase the speed and accuracy of juvenile coral counts
in highly fluorescent taxa and will be particularly useful
in regions where these recruits are dominant. The tech-
nique offers particular promise to test for the influence
of early post-settlement mortality on the regulation of
populations of fluorescent taxa, because the technique
allows corals to be detected at the size at which they
settle.
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Fig. 2 A coral recruit, approximately 0.5 mm diameter; a almost
invisible under white light as indicated by the arrow, but b brightly
fluorescent and clearly visible when photographed using the
NightSea filter set
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