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ARTICLE INFO ABSTRACT

Keywords: Settlement and early post-settlement survival of fishes are important processes on coral reefs and represent a
Microhabitat major demographic bottleneck. While numerous studies have quantified habitat selection of recently-settled fish
Settlement

in terms of benthic composition or physical complexity, few have considered the potential role of habitat col-
ouration. Using image-based analyses to identify key colours and benthic features that create these colours, we
explored how recently-settled reef fish select various habitats with respect to their own colouration and habitat
colour composition. We conducted visual surveys and took standardized photographs of the settlement locations
of four species of damselfishes (f: Pomacentridae) at Lizard Island, Australia; two of which are bright yellow in
appearance (Pomacentrus amboinensis and P. moluccensis) and two that are dark coloured (P. adelus and
P. chrysurus). Each species occupied settlement habitats that had distinct colour profiles when compared to the
wider reef environment and the other species examined. When species were grouped according to body col-
ouration (dark vs yellow), there were also significant differences in settlement habitat colouration. These pat-
terns appear to be driven primarily by the presence or absence of live coral, mainly Acropora spp., within their
settlement location which add a range of unique hues not typical of other substrata. Thus, we provide evidence
that habitat colouration, in addition to other physical and environmental attributes, may be important for
shaping settlement patterns in coral reef fishes. If so, rapidly changing benthic compositions on coral reefs driven
by the loss of live coral may ultimately favour certain coloured species that reside more successfully on drabber
habitats which are becoming more common on contemporary reefs.

Habitat selection
Benthic colouration
Recruitment
Organismal colouration

1. Introduction

Settlement and the first few days post-settlement are critical life
stages for coral reef fishes. During this period, settling fishes who are
transitioning from pelagic to reef environments are exposed to reef-
based predators for the first time (Victor, 1986). Mortality can be
extremely high with up to 75% of individuals dying within the first few
days (Almany and Webster, 2006; Hoey and McCormick, 2004) which
greatly impacts subsequent juvenile and eventually, adult populations
(Doherty et al., 2004; Caselle, 1999). Selecting a benthic habitat that
reduces predation risk can, therefore, influence the survival and fitness
of an individual and ultimately local populations. Indeed, numerous
studies have shown that specific physical features of benthic habitats are
particularly important for the survival of recently-settled and juvenile
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reef fishes (Tupper and Boutilier, 1997; Risk, 1997; Fakan et al., 2024).
For example, benthic composition (e.g., live coral vs dead coral) and its
corresponding structural complexity have both been shown to increase
juvenile survivorship (Coker et al., 2009; Feary et al., 2007). Identifying
how certain features of benthic habitats influence the settlement and
early post-settlement survival of reef fishes, and how these may change
due to local and global stressors, is therefore key to understanding the
likely future population dynamics of reef fishes.

Habitat selection by reef fishes is a complex process determined by a
range of features. Structurally complex habitats provide shelter from
predators (Almany, 2004) and support high fish diversity and biomass
(Graham and Nash, 2013a). Fishes will actively seek certain habitat
features on reefs based on environmental quality (e.g. availability and
condition (Coppock et al., 2020);), as well as the abundance and
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composition of competitors and predators in the area (Booth and
Wellington, 1998; Vail and McCormick, 2011). While some studies
have shown that juvenile reef fish may be more vulnerable to predation
when associated with a bleached vs healthy coral, presumably due to
differences in conspicuousness (Coker et al., 2009; Marshall et al.,
2019), few studies have investigated the importance of benthic colour-
ation in shaping habitat selection by settling fishes and their subsequent
survival during this inherently risky period.

Coral reefs support a wide diversity of organisms which showcase a
range of colourations. These colours support a multitude of unique
functions and complex behaviours (Justin Marshall, 2000), like dis-
tinguishing between con- and heterospecifics (Siebeck, 2004), indi-
cating the fitness of an individual (Maan et al., 2006), identifying species
territories (Evans and Norris, 1996; Siebeck, 2004) and delineating
species boundaries (Hemingson et al., 2019; Kohda et al., 2015). Other
colour patterns can reduce predation through the use of confusing visual
stimuli, like eyespots which mimic the real eye making targeting more
difficult (Hemingson et al., 2021; Kjernsmo et al., 2013). Colouration
can also help individuals blend into the environment which provides a
key fitness benefit for both prey and predators (Cott, 1940; Darwin,
1859; Phillips et al., 2017). Interestingly, certain bright and conspicu-
ous colours can actually be advantageous in camouflaging against a
colourful and dynamic coral reef habitat (Marshall et al., 2019; Justin
Marshall, 2000). Some yellow hues closely resemble the ambient
background colour of a coral dominated reef ecosystem (Matz et al.,
2006a), while darker coloured species (typified by brown, green, and
black hues) tend to more closely resemble darker coloured substrata that
lack live coral tissue and are often covered in turf algae and cyanobac-
teria (da et al., 2020; Whiteley et al., 2009; John et al., 2023; Hodge
et al.,, 1923a). For these reasons, benthic colouration may play a key
role in determining habitat selection and survival by recently-settled
fishes.

Damselfishes (f: Pomacentridae) are one of the most diverse marine
fish families and are commonplace on coral reefs. These fishes typically
live in close association with the substratum where they establish home
ranges defined by a few square meters (Streit et al., 2021). Their high
abundance compared to other taxa (Allen, 1991b; Cooper et al., 2009)
and small body size means they are a common prey item for many
predators (Frisch et al., 2014; Carr and Hixon, 1995). Since many reside
in shallower habitats where translucent water allows for the down-
welling of a broad light spectrum, species within this family have
evolved both a wide range of colourations and visual capabilities
(Siebeck, 2016). Their visual system displays a high level of plasticity
with the number of expressed cone opsin genes ranging between three
and six (Stieb et al., 2016, 2017, 2023). Most, if not all, damselfish
species are capable of perceiving ultraviolet (UV) light through their
specialized short-wavelength sensitive cones, with recent research
reporting that UV vision is present at settlement in all of the damselfish
species examined (Stieb et al., 2017; Tettamanti et al., 2025). Together,
this diversity of colourations, tight association to the substratum, small
size, and developed colour vision make damselfishes a prime group to
understand how environmental colouration dictates settlement habitat
selection and post-settlement survival on coral reefs.

Globally, reef ecosystems are undergoing pronounced changes in
response to human-induced disturbances (Hughes et al., 2017). The
most notable impact from these disturbances is the transition from high
coral cover to low coral, algal-dominated states on some reefs (Tebbett
et al., 2023). Degraded reefs with low coral cover not only lose their
structural complexity (Alvarez-Filip et al., 2009; Morais et al., 2022) but
also change in their overall diversity and appearance, resulting in a more
homogenous reefscape that supports less colourful fish communities
(Hemingson et al., 2022). These findings, together with earlier evidence
that degraded algal covered reefs are less favourable to recently settled
coral reef associated fish (Lecchini et al., 2013), suggest an important
link between settlement success, post-settlement survival, and habitat
colouration.
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In this study, we investigated how benthic colouration correlates to
the early post-settlement habitat preferences of four damselfish species:
two of which are yellow in colouration and two that are dark brown. We
conducted benthic photo surveys to: (1) characterize the colour profile
of the benthic habitat in which recently-settled damselfish occupied on
the reef, (2) understand to what extent these colour profiles are related
to a species identity and/or its body colouration (yellow or brown), and
(3) determine which benthic components are most responsible for
shaping differences in the settlement habitat colour profile. We predict
that each species will exhibit a distinct habitat colour profile, with
species of similar colouration (i.e., yellow vs brown) occupying similarly
coloured habitats. We also expect certain benthic features (like live coral
or algae) to be mainly responsible for shaping these observed differ-
ences. In doing so, we contribute to building a better understanding of
how this unique aspect of coral reefs shapes an important ecological
process.

2. Methods
2.1. Study species and location

Recently-settled damselfish surveys occurred in November 2023 at
three shallow reef sites on the leeward (western) aspect of Lizard Island
(14.6645°S, 145.4651°E), Australia. We focused on the habitat selection
by recently-settled individuals of four common site-attached damselfish
species (family: Pomacentridae, Fig. 1). Pomacentrus adelus (Fig. 1A) is
brown in colour and typically resides in areas with a high cover of
rubble, dead coral, and pavement (rocks or exposed reef structure
covered by the epilithic algal matrix) (Pratchett et al., 2016). The other
dark coloured species, P. chrysurus (Fig. 1B), is typically found inhab-
iting algal covered rubble areas (Fakan et al., 2024; Ohman et al., 1998).
The first yellow coloured species, P. amboinensis (Fig. 1C) is a habitat
generalist that associates with a wide variety of substrata including live
and dead coral (Ohman et al., 1998). P. moluccensis (Fig. 1D) is bright
yellow in colour and is an obligate coral dweller associating mainly with
fine branching corals (Allen, 1991a; Coker et al., 2014). These four
species were selected as they showed generally high abundance at the
study site and different habitat preferences (Fakan et al., 2024; Pratchett
etal., 2016). Moreover, two are bright yellow and the other two are dark
brown in colouration. If matching body colouration to the substratum is
important for determining habitat selection, we would expect to see that
potentially mirrored across species with similar colouration.

2.2. Benthic and fish surveys

At each site, a 20 m transect was laid along the reef substratum
starting 1m in the sand from the reef edge running towards the reef flat.
Divers then swam along the transect searching for all recently-settled
individuals of each damselfish species that occurred within 0.5 m on
either side of the transect tape. Recently-settled individuals (approxi-
mately 2-3 days spent on the reef) were identified based on their much
smaller body size compared to other juvenile fishes, their colouration,
and behaviour (McCormick and Leane, 1997). Four passes were made
along the transect with each pass dedicated to identifying one of the four
focal species. When a recently-settled individual of the study species was
identified, a 0.5 m? PVC quadrat was placed on the substratum such that
the focal fish was in the centre of the quadrat. The reef substrate within
the quadrat was then photographed directly from above using an
Olympus TG6 in manual mode that was mounted to the quadrat frame
using two 0.5 m long PVC pipes. This setup ensured that the camera, and
corresponding images, were taken equidistant from the benthos. Two
Ikelite DS51 strobes attached to the camera were used to create stan-
dardized light conditions between all images. Although the depth of the
transects did not exceed 4 m and was on average 1-2 m deep (meaning
there was negligible filtering of light due to depth) (Marshall, 2017),
these strobes ensured that all quadrat pictures were comparable
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Fig. 1. The four focal study species. (A) Pomacentru adelus, (B) P. chrysurus, (C) P. amboinensis and (D) P. moluccensis. Please note the individual in panel D is of a
slightly older age than the individuals shown in panels A-C. All photos credit: Frangois Libert

amongst transects. This was important as variation in cloud cover, time
of day, or difference in water clarity could affect the colour accuracy of
the images (Bergman and Beehler, 2008). To further ensure images were
representative, an X-Rite ColorChecker Passport was attached to the side
of the quadrat and was present in every photo. UV light was not captured
in these images due to the specialized equipment required and previous
research suggesting that UV vision in damselfishes is primarily used for
intraspecific communication (Siebeck, 2004; Stieb et al., 2017;
Tettamanti et al., 2025). That said, we cannot discount the potential use
of UV for other functions, including habitat election. All images were
captured in raw format to ensure the greatest amount of colour data
recorded and to combat any internal colour corrections done in other file
formats (like JPEG). Prior to image analysis, colour standards in a subset
of images were analysed using colorChecker function in the patternize
package in R (Team, 2014; Van Belleghem et al., 2018) to ensure photos
were colour accurate.

Control pictures were taken to capture the average colours that
typified the benthos at each study site. These pictures provided a base-
line of the typical reef colouration to which the colour quadrat photos
occupied by the four damselfish species could be compared against.
Control pictures were taken every metre along every transect with each
subsequent image taken from the opposite side of the transect (i.e., one
image was taken on the left, followed by an image on the right, and so
on). By taking photos every metre, the entire length of the transect was
covered across multiple reef locations to provide representation of most
benthic features.

In total, we conducted 12 transects across the three survey locations
(n = 4 transects at each site). A total of 640 recently-settled fish were
recorded (P. adelus = 259, P. chrysurus = 35, P. amboinensis = 109,
P. moluccensis = 237) and 21 control pictures per transect were taken
(total control picture n = 231). Due to image corruption, data for the
control group from the last transect was not available, resulting in a total
of 871 total images for the study. As the juvenile fish within each image
often hid when the quadrat was placed, this prevented any direct com-
parisons between the fish's colouration and the benthic colouration.

2.3. Image processing and statistical analyses

Adobe Photoshop (CC2019) was used to crop each quadrat image,

ensuring that only the area of reef depicted inside the quadrat remained.
These images were then exported from Photoshop as.png files which
minimizes data loss. The colouration of every photo quadrat was then
analysed with the colordistance package in R (Weller et al., 2019). In
short, colordistance measures colouration by calculating the total
amount of pixels that fall within a set of specified regions of the
red-green-blue (RGB) colourspace. This colourspace was chosen specif-
ically because of its symmetric 3D shape (a cube) which allows for
objective, equal-area colour categories to be created (e.g. blues, reds,
browns, etc) in which a pixel could be classified. Colordistance was
therefore a suitable choice for characterizing the colouration of the
benthos (Hemingson et al., 2024).

We divided each axis of the RGB colourspace into 3 sections (the
default recommendation by colordistance) which resulted in a total of 27
possible colour categories for each pixel to be classified within (3 sec-
tions per axis "3 axes = 27). Thus, after analysis, every quadrat image
had the amount of colour within each of these 27 categories recorded,
generating a multivariate dataset. The chi-squared dissimilarity measure
was used to calculate pairwise dissimilarity values between all images as
this has been previously shown to work well for this type of colour data
(Hemingson et al., 2022, 2024). A non-metric multidimensional scaling
(nMDS) analysis was then applied to the dissimilarity matrix to visualize
the multivariate colourspace of all quadrats analysed. Convex hulls, i.e.
the smallest possible polygon in a two-dimensional space that encom-
passes all points within a specified group, were drawn onto the nMDS to
visualize apparent differences among damselfish species in their quadrat
colourspace. Two separate permutational multivariate analysis of vari-
ance (PERMANOVA) were performed on the colourspace ordination:
one in which species identity was used as the predictor, and another in
which body colouration (brown or yellow) was the predictor.

The habitat composition within each quadrat was quantified to
identify key benthic features that may be responsible for driving any
observable differences in the colourspace. Twenty stratified random
points (the size of one pixel) were placed on each photo quadrat using
PhotoQuad (Supplementary Fig. 2) (Trygonis et al., 2012). The substrate
immediately under each of the 20 points was then identified and clas-
sified into one of nine different benthic categories: sand, rubble, mac-
roalgae, pavement (rock covered by the epilithic algal matrix), fine
branching coral (e.g., branching Acropora, Seriatopora, and Pocillopora),
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coarse branching coral (e.g., staghorn Acropora), mounding coral, soft
coral and ‘other’. This provided measurements used to characterize the
benthic composition inherent to each quadrat. The habitat features were
then fitted onto the nMDS quadrat colourspace using the envfit function
implemented through the vegan package (Oksanen et al., 2013) to
determine if there were any significant correlations between benthic
composition data and the quadrat colourspace.

Finally, to visualize the visible light colours across the RGB colour-
space of each benthic category, 30 random pictures for each benthic
category were selected using a random number generator in the Pho-
toQuad data base. The category “other” was excluded from these ana-
lyses because most pictures in this category consisted of dark areas on
the quadrats or poorly visible objects. Pictures were cropped in Adobe
Photoshop (CC2019) to showcase only the specific feature of a category
(e.g. a cropped picture of rubble, fine branching coral without any
background). The colour content of each benthic category obtained from
the pictures were also visualized using the R colordistance package in a
similar manner as before (Supplementary Fig. 1).

All data analyses were performed in R v.4.4.3 (Team, 2014). Specific
packages used for colour analyses were patternize (Van Belleghem et al.,
2018) and colordistance (Weller et al., 2019), dplyr was used for data
manipulation (Wickham, 2015), vegan (Oksanen et al., 2013) for model
fitting and testing, and ggplot2 for data visualization (Wickham, 2016).

0.51
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3. Results
3.1. Visualizing habitat colouration on coral reefs

The non-metric multidimensional scaling (nMDS) analysis indicated
substantial variation in the colouration of specific habitat features both
across and within benthic categories, with high ordination accuracy
(Fig. 2). The grey, full convex hull encompasses eight different benthic
categories: fine branching coral, coarse branching coral, mounding
coral, soft coral, pavement, macroalgae, sand and rubble. Coloured
polygons denote the convex hulls for fine branching corals, mounding
corals, macroalgae and sand, allowing for visual comparison of group-
level clustering. The degree of overlap among groups equates to
shared or transitional colouration, whereas distinct separation between
clusters indicates more pronounced differences in appearance. Cate-
gories representing degraded reef habitats (macroalgae, rubble) tended
to cluster towards the lower left of the ordination space while those that
represent healthy coral reefs (fine and coarse branching corals,
mounding corals) appeared towards the upper right. Importantly, this
separation suggests that benthic composition colouration differs
consistently between habitat types and is detectable using our approach.
The observed benthic category groupings were statistically supported by
PERMANOVA, which revealed significant differences in multivariate
composition among groups (F = 21.675, R?=0.40, p < 0.001). Post-hoc
pairwise comparisons indicated significant differences in composition
between all benthic categories (adjusted p < 0.05), except between
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Fig. 2. Benthic community colouration at the three study sites. The non-metric multidimensional scaling (nMDS) ordination exhibits the heterogeneity of benthic
colouration contributed by different substrate types. From each category, 30 randomly selected replicates (total = 240) were plotted. The grey polygon denotes the
full area created by all categories, while macroalgae (green), fine branching coral (blue), mounding coral (red) and sand (yellow) have been highlighted to show the
different spectrums represented in the ordination. Stress = 0.126. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)



N. Rapolthy et al.

coarse branching and mounding coral, and between pavement and
rubble, where no statistically significant differences were detected
(Supplementary Table 1).

3.2. Colourspace occupied by the four damselfish species

There were significant differences between the quadrats colour
composition occupied by the four damselfish species (PERMANOVA
R? = 0.14, p < 0.001). Pairwise comparisons showed that the colour
composition of the habitats of all four species significantly differed from
one another, but only P. moluccensis showed significant differences from
the control group (Supplementary Table 2). Damselfish habitat colour-
ations occupied a wide range of different colour compositions (Fig. 3.1,
stress = 0.129). The convex hulls of each species occupied distinct areas
within the control group space and differed in sizes. Habitat vectors
overlaying the ordination represent the contribution of specific benthic
categories such as rubble, pavement, sand, fine and coarse branching
coral, and mounding coral to the overall colourspace variation in the
ordination space. These variables can be categorized into two distin-
guished habitat groups. The first group (with positive values on MDS2)
includes habitat features typically dominant in degraded habitats (i.e.
rubble, pavement, algae), which are usually less colourful and share
similarly drab colour signature. The second group (with negative values
on MDS2) contains coarse branching corals, fine branching corals and
mounding corals, which are often associated with a greater diversity of
colours.

Each species colourspace was nested within the broader colourspace
of the benthos but showed species-specific variation. P. adelus occupied
the largest colourspace on the ordination, however, the highest density
of points was located to the left of the origin, coinciding with habitats
that have a greater coverage of sand and soft coral (Fig. 3.2a). The
P. amboinensis quadrats were relatively evenly spread within their
convex hull and did not show a clear correlation with a specific benthic
group (Fig. 3.2b). P. chrysurus occupied a relatively limited colourspace
characterised by a greater coverage of sand, rubble and soft coral
(Fig. 3.2¢). In contrast, P. moluccensis had a moderately-sized convex
hull that aligned most strongly with the presence of mounding coral,
pavement and algae (Fig. 3.2d).

Of the nine habitat features assessed in our study, fine branching
coral was the only category that showed significant correlation to the
nMDS quadrat colourspace (p < 0.05). This suggests that fine branching
corals are the most prominent driver of differences in colour between
quadrats where the four damselfish species settle (Supplementary
Table 3).

3.3. Body colouration as a predictor

Body colouration was also found to be a significant predictor of early
post-settlement habitat colouration (PERMANOVA R? = 0.13,
p < 0.001). Pairwise comparisons of the colour groups (brown and
yellow) showed the two groups occupied distinct and significantly
different areas within the multivariate habitat colourspace R? = 0.13,
p < 0.001) (Fig. 4). The brown species clustered lower in the nMDS
space showing the strongest correlation to sand, soft coral, and ‘other’
substrate groups. In contrast, yellow species clustered in the upper right
of the nMDS space with a strong correlation to pavement, algae, and
mounding corals. Pairwise comparisons of the three groups (brown,
yellow, and control), showed the colour profile of habitats occupied by
brown species was not significantly different from the control quadrats
(R? = 0.00, p > 0.05), whereas the habitat colouration of yellow species
differed significantly from the control (R% = 0.08, p < 0.05). Therefore,
it appears that the brown coloured species occupy habitats that are
‘typical’ of the average reef appearance with no apparent selection,
while yellow species are targeting habitats with a distinct and unique
colour profile relative to what is available in the wider reef area.
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4. Discussion

This study explored how habitat colouration shapes the settlement
patterns of four common coral reef damselfish species. We show that
newly-settled damselfishes occupy distinct, species-specific habitat col-
ourspaces across the reefscape. Furthermore, we show that body col-
ouration, in place of species identity, also predicts significant differences
in habitat colouration. Thus, while species show distinct, colour-based
patterns of association within habitats, these patterns are also pre-
dicted by body colouration at a broader scale. Habitat colourspace was
most strongly shaped by the presence of branching corals, suggesting a
prominent link between this specific group and the visual environment
encountered by settling fishes. By providing a highly diverse and col-
ourful substrate, branching corals not only shape the 3D environment of
coral reefs (Pratchett et al., 2015; Graham and Nash, 2013b) but also
influence the appearance of the environment available to resident fishes.

4.1. Species specific colour preference — does colour matter?

Our study showed that habitat colour association differs among
species as well as between taxa with the similar general body colour-
ations (brown vs yellow). Species identity was a more parsimonious
predictor of habitat colouration (based on AIC values). Thus, at a
broader scale, it appears that habitat colouration for coral reef-dwelling
damselfishes is correlated to their body colouration. Despite the vast
diversity of colourful benthic organisms on coral reefs (Cox et al., 2021;
Matz et al., 2006b) fishes do rely to some extent on camouflage (Justin
Marshall, 2000; Tyrie et al., 2015). While we did not directly compare
individual damselfish colouration to the occupied habitat's colouration
herein, we did see species of similar appearance grouping accordingly in
the habitat colourspace, akin to findings from other marine reef fish taxa
(Fark et al., 2022). The exact mechanism underpinning this relationship
remains uncertain (e.g. camouflage, signalling, etc), however, we do
establish a statistically robust correlation that links species appearances
to environmental colouration priming future lines of research. The more
parsimonious differences detected at the species level could suggest a
certain degree of niche partitioning between taxa that closely resemble
one another (Hemingson et al., 2019; Whitney et al., 2018) which agrees
with patterns of character displacement in traits amongst closely related,
co-occurring taxa (Pfennig et al., 2009).

Interestingly, the colouration of the habitat occupied by brown
species did not differ significantly from the average reef colouration (i.e.
the control quadrats), while for the yellow species, it did. It is therefore
possible that bright and colourful species may be more reliant on the
equally colourful backdrop unique to coral reefs, allowing them to better
communicate and function within their environment (Jennifer et al.,
2017; Huertas et al., 2025). Indeed, this relationship may be partially
responsible for why coral reefs evolved such colourful taxa, and why
non-reef dwelling species tend to be less colourful in appearance (Hodge
et al., 1923b). The brown coloured species tended to reside on habitats
that were “average” in colour. One hypothesis could be that the dark and
more cryptic species match a greater spread of non-coral substrates.
However, P. chrysurus; despite being one of the darker coloured species,
settled primarily on habitats whose colourspace was mainly character-
ized by lighter hues associated with sand. P. chrysurus had the smallest
colourspace amongst the studied damselfishes, corresponding to asso-
ciations with fewer benthic taxa than the three other damselfish species.
From above, P. chrysurus exhibits a brown colouration on its back that
closely resembles similar colouration to the brown algae found on reef
flats. This may be an effective camouflage against aerial predators as
their swimming may mimic the movement of brown algae. However,
this hypothesis needs to be tested. The occupation of reef flats and small
colourspace by P. chrysurus may be the result of having extra double
cones with long-wavelength sensitivity (LWS) in their eyes which allows
them to have a more sensitive colour vision then other members of the
family Pomacentridae (Cortesi et al., 2020). Longer wavelength
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Fig. 3. The non-metric multidimensional scaling (nMDS) ordination displaying the habitat colour space occupied by four damselfish species at early post-settlement;
1 shows the colourspace habitat occupied by all fours study species occupied in the same ordination space in comparison with the control group, 2 displays species-
specific colourspace habitat in comparison with the control group for (A) P. adelus, (B) P. amboinensis, (C) P. chrysurus and (D) P. moluccensis. Habitat vectors

represent habitat types correlated to the settlement colourspace. All recruits of the four focal

species (n = 640) and their selected habitat are plotted. Coloured convex

hulls represent the full range of habitat colours associated with each species. The grey, shaded convex hull shows the control habitat colouration found along the reef

gradient. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)
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Fig. 4. The same multivariate habitat colourspace as shown previously, but now grouped by colour. Left: brown species, P. adelus and P. chrysurus. Middle: the
control quadrats. Right: the yellow species, P. amboinensis and P. moluccensis. In each panel, the smaller grey points denote the quadrats from the other two groups.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

sensitivities are a trait of many herbivorous species (as their main di-
etary component reflect longer wavelength spectra, like green and red)
which may allow this species to more effectively determine high vs. low
quality algal foods (Marshall et al., 2003; Stieb et al., 2017, 2023).

Three out of four damselfishes occupied similar colourspace
compared to the control quadrats. However, the colourspace of occupied
habitat by P. moluccensis differs the greatest from the typical reef col-
ourspace. P. moluccensis is a known coral obligate dwelling species and
predominantly settles on live coral (Sale et al., 1984). Previous research
has shown cues from live coral can have a positive effect on the settle-
ment of some damselfish species (McCormick et al., 2010), but the visual
cues provided by the colours of live coral compared to degraded or dead
corals may also play an important role in the final step of specific habitat
selection. As our findings suggested, the colourspace of recently-settled
P. moluccensis is influenced most likely by the presence of certain coral
groups. These differences in colourspace preferences may demonstrate a
more complex use of colour vision in this species. Vision may not be just
important for mating, foraging and predator avoidance (Siebeck, 2004),
but also critical for finding the most suitable habitat available which
ultimately increases recruitment success and long-term survival on reefs.
A recent study on damselfishes has shown highly specific species re-
sponses to habitat changes (Fakan et al., 2025). Thus, the importance of
habitat colouration may be species-specific as well. Further research on
colour vision and how it relates to habitat selection will yield detailed
insights as to how this environmental feature shapes the ecology and
behaviour of various reef-dwelling organisms.

4.2. Habitat colouration — what drives colours on modern coral reefs?

Here we show that four species of recently-settled damselfishes have
distinct habitat colour profiles that were a subset of the broader col-
ourspace of the study sites. Specifically, our data suggest that fine
branching coral growth forms exhibit the greatest influence on the
colours that characterize specific habitats occupied by recently-settled
damselfishes (Supplementary Table 3). Fine branching corals (e.g.,
Acropora) possess unique colours that are not present in other reef
associated organisms and benthic space occupiers. These bright colours
of corals (see Supplementary Fig. 1) are the results of the combination of
green, red, and cyan fluorescent proteins (FPs) and nonfluorescent blue/
purple chromoproteins (ChrP) (Dove et al., 2001; Kelmanson et al.,
2003; Salih et al., 2000; Smith et al., 2013). Thus, habitat colour may

represent a previously unrecognized environmental factor influencing
coral reef fish settlement and post-settlement behaviour and survival.
However, it remains unclear whether colouration is directly driving
settlement by providing a visual cue for new recruits or the colours of
corals are indicators-for and correlate-with overall habitat quality
(Leiper et al., 2009).

From an environmental perspective, fine branching corals are typi-
cally more sensitive to heat stress than mounding or massive corals
(Hueerkamp et al., 2001; Morais et al., 2024; Hughes et al., 2018). Thus,
it is reasonable to assume that contemporary changes occurring to coral
reefs may result in a decrease in total colour diversity. As coral reefs go
through compositional changes on a global scale (i.e., decreases in coral
cover and increases in algal cover (Tebbett et al., 2023)), the appearance
of reef ecosystems may transition towards drabber colours that typify
degraded reef habitats. The significant effect of fine branching corals
mainly representing Acropora spp. on habitat colouration and the pre-
viously shown relationship between branching corals and the broader
colouration of the resident fish community (Hemingson et al., 2022)
may therefore have important ramifications for the settlement success
and survival amongst certain reef fish species. Declines in the cover of
these corals may favour the settlement of a lower diversity of fishes on
coral reefs (Lecchini et al., 2013) which negatively affects fish com-
munity assemblages (Pratchett et al., 2016; Jones et al., 2004; Wilson
et al., 2008). Further, colour loss may lead to increases in predation
risk as fish colourations may no longer provide adequate camouflage
against bleached coral backdrops making them more visible to predators
(Victor, 1986; Coker et al., 2009). These unique, visual-based insights
may inform future research that works towards understanding how vi-
sual characteristics of coral reefs modify fish assemblages. Further study
is required to determine whether the colour of benthic habitat has a
direct effect on coral reef fish settlement preferences, or if other habitat
features that are colinear with colour are the primary factors influencing
the habitat associations of recently-settled reef fish.

5. Conclusions

We demonstrated that recently-settled damselfish show species-
specific preferences for reef habitats that display different visible light
colour profiles. We also highlight that when grouped according to their
body colouration, damselfishes still occupy distinct and significantly
different coloured habitats. Different types of substrates contain specific
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colours that may influence habitat selection during the settlement and
post-settlement life stages. By identifying key habitats that shape the
colouration of coral reefs, we can emphasize the importance of these
habitat types and their role in recruitment success (Lecchini et al.,
2013). Our findings suggest that as coral reefs experience rapid
habitat shifts (Reverter et al., 2022), cues that fish may use to identify
suitable habitat might change and locating optimal habitat as deter-
mined by colour may become more difficult. This may affect the survival
rate amongst new recruits, and ultimately shape broadscale population
dynamics. Future work exploring habitat colour preferences among
other species and other light spectra, namely UV light, will therefore
assist in understanding how colouration shapes key processes on coral
reefs.
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