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 Abstract.   As a keystone species of coral reefs, parrotfish are crucial in supporting the 
ecological, economic, dietary, and cultural well being of Pacific island communities. 
Understanding how motorized watercrafts impact parrotfish can help illuminate one 
aspect of tourism, and thus the interface between humans and natural systems more 
broadly. This is especially relevant given the economic prominence of tourism in 
Mo’orea, French Polynesia, and a rising need to manage ecosystems within a socio-
ecological framework. This study measured the flight response of parrotfish exposed to 
slow and accelerating boat speeds, as well as the abundance and feeding behavior of 
parrotfish at increasing distance from a nearby boat channel. Distance from the boat 
channel was used as a proxy for a noise pollution gradient. This study documents a clear 
flight response by parrotfish to local boat disturbance, with parrotfish returning more 
slowly and less frequently after faster boat speeds. However, distance does not appear to 
impact the feeding behavior of parrotfish, and plays only a minor role in adult and 
juvenile abundance. Parrotfish distribution may be more related to habitat characteristics 
preferential for their life stages, such as algae and live branching coral cover. This study 
suggests that speed control and buffer distances from motorized watercrafts can 
minimize disturbance to parrotfish, which may be more negatively impacted under 
higher boat traffic conditions. However, other impacts by humans on parrotfish that are 
associated with both tourism and a growing population should be studied for 
comprehensive conservation efforts of this important reef species. 
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INTRODUCTION 
 

Coral reef ecosystems provide critical 
goods and services for the people of many 
islands across the Pacific, including economic 
and dietary nourishment, cultural vitality, 
recreation, and coastal protection (Muller et al. 
2001). Coral reefs support a disproportionate 
level of biodiversity for their size; despite 
comprising less than 0.5% of the ocean floor, 
reefs house around one third of the world’s 
marine species (Moberg and Folke 1999). In 
the Pacific, local peoples also rely on reefs 
disproportionately for their diet and income 
relative to the rest of the world; marine 
organisms provide around 39% of animal 
protein in the region, compared to 16% 
worldwide (Muller et al. 2001). The reefs and 
lagoons of Moorea, French Polynesia, account 
for over 8.5 million USD per year, mostly due 
to tourism (Charles 2005). However, global 
drivers including ocean acidification, rising 
temperatures, and storm events, combined 
with local pressures like overfishing, 
pollution, predation, and urbanization 
continue to threaten the longevity of coral 

reefs (Adam et al. 2011). In 2008, the Global 
Coral Reef Monitoring Network (GCRMN) 
estimated that 19% of global coral reefs are 
unrecoverable, 15% will become 
unrecoverable in the next two decades, and 
20% are experiencing extreme threats from 
human pressure (Hughes et al. 2010). These 
statistics do not include the recent global coral 

 
 FIG. 1. Sites sampled in this study. 
Numbers and red dots correspond to plots. 



bleaching event that began in 2015 and ended 
in 2017 (NOAA 2017).   

Many reefs have undergone 
unprecedented phase shifts from coral 
dominance to dominance by macroalgae 
(Hughes et al. 2010). The explosion of these 
algal communities has been attributed to 
overfishing of herbivorous reef fish, nutrient 
and pollutant inputs, coral bleaching, and 
Diadema urchin die-offs (Cramer et al. 2017). 
Such shifts in species composition increase the 
susceptibility of corals to disease and 
pathogens (Haas et al. 2016), and reduce reef 
productivity and habitat for valuable species 
(Hoegh-Guldberg et al. 2007; Trapon et al. 
2011). Preventing shifts to algal dominance is 
easier than returning to coral dominance after 
a shift has taken place (Hughes et al. 2010). 
Thus, understanding how coral reefs recover 
after major disturbance events is highly 
important for promoting reef resilience and 
minimizing societal harm, which will 
particularly impact island people.  

Reefs in Mo’orea, French Polynesia have 
historically recovered to coral dominance after 
disturbances (Adam et al. 2011); and reefs in 
French Polynesia remain fairly healthy 
(ReefBase 2004). The capacity of Mo’orea’s 
coral reefs to avoid algal-dominance has been 
attributed to the continued presence of 
herbivorous reef fish, and parrotfish in 
particular (Adam et al. 2011). Parrotfish are a 
keystone species of coral reefs due to their 
critical role as herbivores in keeping 
macroalgae populations in check (Cramer et 
al. 2017). Cramer et al. (2017) studied why 
reefs in the Caribbean have undergone phase 
shifts. They found a positive correlation 
between parrotfish decline and macroalgae 
takeover (Cramer et al. 2017). Since 1979, reefs 
in Mo’orea have faced bleaching events, 
severe tropical storms, and outbreaks of 
crown-of-thorns starfish, which dramatically 
reduced the coral cover for a time (Trapon et 
al. 2011). However, Adam et al. (2011) found 
that even after these almost complete losses of 
coral cover, reefs returned to coral dominance 
relatively quickly because the juvenile 
breeding habitat of parrotfish in the lagoons 
was preserved. Protecting connectivity 
between lagoon and offshore habitat, 
particularly nursery habitat, can thus promote 
reef longevity (Adam et al. 2011).  

Many studies have underscored the 
negative impacts of fishing on parrotfish (Rice 
2016), yet few have investigated other human 
impacts, namely noise pollution and other 
effects of boat traffic. Anthropogenic noise 

pollution from motor engines has been shown 
to negatively effect reef organisms, including 
their breeding, territorial, and stress behavior 
(Whitfield and Becker 2014). For example: 
exposure to motorboat noise decreased the 
survival rate of damselfish by a factor of two 
(Simpson et al. 2016); high frequency sound 
exposure delayed embryonic development 
and decreased survivorship in a marine 
gastropod (Spankowski 2016); and acoustic 
noise decreased the foraging efficiency of a 
northern coastal fish (Purser and Radford 
2011).  

Tourism is the dominant economic 
industry in French Polynesia (Central 2017), of 
which reefs are a major attraction—tourism 
contributes 90% of the economic value of reefs 
in Mo’orea. Motorized water activities, like 
snorkeling tours, cruises, and whale watching, 
comprise a significant component of tourism 
in Mo’orea (David et al. 2007, Official n.d.). A 
narrow boat channel provides the only route 
for motorboats to travel through the fringing 
reef on Mo’orea’s north shore, exposing reef 
fish to noise. The channel also separates the 
nearshore and offshore reef habitats, 
potentially limiting connectivity. Nedelec et al. 
(2016) found that a juvenile damselfish in 
Mo’orea gained tolerance to boat noise 
pollution after three weeks. However, the 
effects of motorboat noise on parrotfish 
remain unknown, and have not been studied 
in Mo’orea.  

The goals of this study were to: (1) 
measure the flight response of parrotfish 
exposed to boat traffic, and (2) examine the 
abundance and feeding behavior of parrotfish 
relative to distance from the boat channel. This 
information can inform conservation 
strategies to support parrotfish populations—
including how boat traffic should be 
managed—and to improve the resilience of 
reefs to disturbances.  

 
METHODS 

 
Study site 

 
Fieldwork was conducted at the Vaipahu 

reef flat northwest of Cook’s Bay on the island 
of Mo’orea in French Polynesia from October-
November, 2017 (Figure 1). This site was 
selected because of proximity to a distinct boat 
channel that borders it, which provides a clear 
pathway from which distance comparisons 
were made. This site was also chosen for its 
accessibility, abundance of parrotfish, and 
geomorphological continuity. This site lies 



within a Marine Protected Area and receives 
low human activity.  

 
 Field sampling methods 

 
Boat stimulus experiment 

 
Response of parrotfish to motorboat 

stimulus was recorded on two days. Fish were 
observed and their abundance counted before 
and after a motorboat drove over them. Time 
until the first fish returned to the site was 
recorded. Abundance of fish in the site before 
boat treatment and two minutes after boat 
treatment was also recorded. Fish were 
observed for two minutes without boat 
disturbance, after a slow speed of ~8nm/hr, 
and after acceleration of ~25nm/hr, 5-7 times 
each. Although many of the fish that returned 
after disturbance may not have been the 
original fish, they were still recorded for lack 
of ability to track individual fish.  

 
Distance from boat channel survey 

 
Plots were established along set distances 

from the boat channel to determine whether 
boat traffic influences the abundance and 
feeding behavior of parrotfish. Specifically, ten 
permanent plots were created, each 3m x 30m. 
The plots were established in a diagonal 
trajectory so that the SE point was closest to 
the boat channels and the NW point was 
furthest (Figure 1). The plots were established 
along a linear trajectory using satellite 
imagery to guide plot location. Plots were 
spaced ~80 meters apart, and the total distance 
between the most inner and outer was 720 
meters. Plots were established as close as 
possible to the predetermined GPS coordinate, 
and their specific locations were recorded 
with a GPS unit. The corners of each plot were 
marked with buoys, anchored with cinder 
blocks. Plot borders were made from rope 
weighted with a cinderblock at 10m and 20m 
in order to be seen while swimming. 

Plots were surveyed for parrotfish 
abundance thirteen times over a period of four 
weeks, approximately every 1-3 days. 
Parrotfish were counted at the family level 
(Scaridae) due to variations within species. 
Plots were surveyed by swimming from W to 
E at a slow pace to observe fish without 
disturbing them to the extent that was 
possible. Parrotfish were categorized by size 
as juvenile (no colorations), sub-adult 
(colorations visible, total length <5cm), and 
adult (colorations visible, total length >5cm). 

Second, within a 10m border of each plot, five-
six parrotfish were selected for feeding 
observations. Except for a few locations where 
parrotfish were particularly skittish or less 
abundant, recording time lasted between 1 
and 3 minutes in order to observe 
representative feeding behavior. Parrotfish 
were recorded feeding on seven different 
days, yielding a total of 357 fish feeding 
observations. 

Sound was recorded during abundance 
observations using a GoPro to establish a 
sound gradient that corresponded with 
distance from the boat channel. However, 
there was too much ambient noise to use this 
method. Instead, increasing distance from the 
boat channel was used as a proxy for 
decreasing noise pollution. 

 
Plot habitat characterization 

 
Abiotic and biotic characteristics of each 

plot were documented, including: 
temperature, depth, current velocity, percent 
cover of sand, coral rubble, dead coral, 
Turbinaria, Sargassum, Padina, microalgal 
biofilm, other algae, Pocillopora, Porites, and 
Montipora. Temperature was measured in 
degrees Celsius and depth in meters. Current 
velocity was measured by recording the time 
for a neutrally buoyant object to travel 1 m, 
three times per plot, and later averaged and 
converted to mph. Percent cover was 
determined using a line transect method of 
30m at each plot. Temperature and current 
velocity were recorded on two different 
occasions and averaged across days. The rest 
were taken on one occasion. Habitat 
characterization factors were selected due to 
presence across plots. 

 
Data Analysis 

 
This study used R Studio for all statistical 

analyses and the ggplot2 package for graphs. 
 

Boat stimulus experiment 
 

This study used a Welch two sample t-test 
to determine whether there was a difference in 
return time of parrotfish after slow and 
acceleration speed treatments. A three-way 
analysis of variance (ANOVA) was used to 
analyze return percentage of fish with no boat 
treatment, and after slow and acceleration 
speed treatments. A Tukey HSD test was then 
used to determine pairwise comparisons 
between speed treatments.  



Distance from boat channel survey 
  
A regression analysis was used to 

determine if there was a linear relationship 
between the following: distance from the boat 
channel and bites per minute; distance from 
boat channel and adult abundance of 
parrotfish; distance from boat channel and 
sub-adult abundance of parrotfish; distance 
from boat channel and juvenile abundance of 
parrotfish; distance from boat channel and 
total abundance of parrotfish. For the response 
variables where the relationship between 
distance and abundance was not linear, I 
conducted several polynomial regression 
analyses and chose to use the model with the 
highest adjusted R-squared value.  

 
Plot habitat characterization 

 
This study calculated correlations between 

several habitat characteristics and distance, 
total abundance, adult abundance, sub-adult 
abundance, and juvenile abundance using the 
corrplot package in R (Table 2). Correlations 
below -0.45 and above 0.45 were selected and 
graphed (Appendix B). From this pool of 
variables, I conducted a second analysis to 
determine which combination of variables 
best explained my estimates of abundance. I 
calculated Akaike Information Criterion scores 
corrected for small sample sizes (AICc) for all 
candidate models (Appendix C) using the 
MuMIn package in R. A linear regression test 
was run on the best model produced from the 
AICc. Temperature was found to be even 
across all plots on both days, so was left out of 
data analyses. 

 
RESULTS 

 

Boat stimulus experiment 
 
Time for fish to return after acceleration 

speed treatment was significantly higher than 
slow speed treatment by t-test (mean 
acceleration=89.20, mean slow=30.17, t=3.75, 
df=6.88, p<0.01) (Figure 2). 

Return percentage of fish after no speed 
treatment, slow speed treatment, and 
acceleration speed treatment were significant 
by ANOVA (p<0.05, F=5.38, df=2). Means of 
percent of fish returned for absent, slow, and 
acceleration speed treatments were 103, 53, 
and 27, respectively (Figure 3). A percentage 
over 100 indicates that more fish swam into 
the area after two minutes than at the start, 
which was true for one data point (233%, 
excluded from Figure 3). A Tukey HSD test 
showed that return percentage is significantly 
lower after boat acceleration than absence 
(p<0.05). No significance in return percentage 
was found between slow and absence speed 
treatments or slow and acceleration speed 
treatments (p>0.05).  

 
FIG. 4.  Scatterplot showing bite rate with 
increasing distance from the boat channel.  

 
FIG. 2. Box plots showing return time of 
parrotfish after slow and acceleration speed 
treatments. Return times represented as 120 
seconds never returned.  

 

 
FIG. 3.  Boxplots showing return percentage of 
parrotfish after no boat disturbance, slow and 
acceleration speed treatments.  



 
Distance from boat channel survey 

 
No significant relationship between 

distance from the boat channel and bite rate 
was found by linear regression (Adj. R 
squared=-0.002, F=0.30, df =1,355, p>0.05) 
(Fig. 4).  

A positive relationship between adult 
abundance and distance from the boat channel 
was found by polynomial regression with an 
order of two (Adj. R-squared =0.12, F=10.76, 
df=2,137, p<0.001). Ten percent of the increase 
in adult abundance was significantly 
correlated with increasing distance. A non-
significant relationship between sub-adult 
abundance and distance from the boat channel 
was found by linear regression (Adj. R-
squared=0.01, F=1.84, df=1,138, p>0.05). A 
positive relationship between juvenile 
abundance and distance from the boat channel 
was found by non-linear regression with a 

factor of three (Adj. R-squared=0.04, F=3.04, 
df=3,136, p<0.05). Four percent of the increase 
in juvenile abundance was significantly 
correlated with increasing distance. A positive 
relationship between total abundance and 
distance from the boat channel was found by 
non-linear regression with a factor of three 
(Adj. R-squared=0.12, F=7.07, df=3,136, 
p<0.001 (Fig. 5, 6). Twelve percent of the 
increase in juvenile abundance was 
significantly correlated with increasing 
distance. 

 
Plot habitat characterization 

 
Results from the correlations generated in 

corrplot are listed below in Table 2.  Statistics 
from the AICc selected top model are reported 
in Table 1.  

Overall, juvenile abundance is positively 
correlated with Turbinaria, microalgal biofilm 
and Pocillopora, and negatively correlated with 
current, sand, and Porites. Sub-adult 

 
FIG. 5. Scatterplot showing abundance of 
adult, sub-adult, and juvenile parrotfish at 
increasing distance from the boat channel. A 
small amount of noise was added to the x-axis 
to make overlapping points visible. Lines 
represent loess smooth fits. Gray indicates 95 
% confidence intervals. 

FIG. 6. Bar graph showing proportion of 
adult, sub-adult, and juvenile parrotfish 
abundance at increasing distance from the 
boat channel.  
 

 
TABLE 1.  Linear regression statistics of top AICc models for total abundance, adult abundance, 

sub-adult abundance, juvenile abundance, and distance.  

 AICc Top Model 

Adjusted 
R-

squared 
F-

Statistic 
Degrees 
Freedom P-value 

Total 
Abundance Pocillopora* 0.84 47.65 1,8 <0.001 

Adult 
Abundance Depth + Pocillopora 0.67 10.32 2,10 <0.001 
Sub-Adult 

Abundance Turbinaria + Sargassum 0.80 16.9 2,7 <0.001 
Juvenile 

Abundance Pocillopora 0.88 67.3 1,8 <0.001 
Distance Dead coral 0.66 18.96 1,8 <0.001 

 Note: For total abundance, two models received within 4 AICc scores. For adult abundance, 
three models received within 4 AICc scores. For sub-adult abundance, three models received 
within 4 AICc scores. For distance, six models received within 4 AICc scores. This table presents 
top model scores. 
 



abundance is positively correlated with 
Turbinaria and Pocillopora, and negatively 
correlated with sand and Sargassum. Adult 
abundance is positively correlated with 
distance, depth, dead coral and Pocillopora, 
and negatively correlated with sand. Total 
abundance is positively correlated with 
Turbinaria, microalgal biofilm, and Pocillopora, 
and negatively correlated with sand. Distance 
is positively correlated with adult abundance, 
depth, current, dead coral, and Sargassum, and 
negatively correlated with coral rubble. 

 
DISCUSSION 

 
Boat stimulus experiment 

 
This study shows that parrotfish exhibit a 

clear flight response to the presence of nearby 
boats. Parrotfish fled after boat disturbance 
during each trial regardless of boat speed, as 
indicated in Fig. 2 and 3.  

Parrotfish appear to be impacted more by 
faster boat speeds, suggesting that a buffer 
distance from boat channels and speed control 
are important to reduce any negative impacts 
on parrotfish from boat traffic. For example, 

upon comparing return time between slow 
and acceleration treatments, fish returned 
after significantly more time following the 
acceleration treatment (Fig. 2). Furthermore, 
comparing return percentages of fish between 
no boat disturbance, slow speed treatment, 
and acceleration, absence of boat disturbance 
yielded a significantly higher return 
percentage than acceleration after two minutes 
(Fig. 3). Although there is not a statistically 
significant difference between boat absence 
and slow disturbance, or slow disturbance and 
acceleration, there is a clear downward trend. 
This trend indicates that there is a negative 
relationship between increasing boat speed 
and amount of fish that return to the 
disturbed area.  

While displaying a clear flight response to 
boat disturbance, parrotfish appear relatively 
tolerant of boat traffic. For example, parrotfish 
typically returned within two minutes of 
disturbance. It is important to note that 40% of 
fish did not return within two minutes after 
the acceleration treatment, and many of the 
fish that did come back to the disturbed area 
were most likely different individuals than 

TABLE 2.  Correlation values for distance, total abundance, adult abundance, sub-adult 
abundance, and juvenile abundance with habitat characteristics.  
 

Characteristic Distance Total Adult Sub-Adult Juvenile 

Distance 1.00 0.05 0.49 -0.13 -0.01 

Depth 0.56 -0.04 0.52 0.19 -0.17 

Current 0.76 -0.35 0.39 -0.28 -0.46 

Sand -0.27 -0.58 -0.59 -0.67 -0.50 

Coral Rubble -0.49 -0.11 0.00 0.11 -0.15 

Dead Coral 0.86 0.25 0.57 0.06 0.20 

Turbinaria 0.21 0.76 0.38 0.72 0.76 

Sargassum 0.63 -0.18 -0.02 -0.49 -0.14 

Padina -0.40 -0.17 -0.39 0.18 -0.18 

Microalgal Biofilm -0.30 0.65 0.05 0.44 0.73 

Other Algae -0.40 -0.13 -0.27 -0.09 -0.09 

Pocillopora 0.07 0.93 0.53 0.70 0.95 

Porites 0.03 -0.39 0.16 -0.14 -0.48 

Montipora 0.26 -0.13 -0.02 -0.07 -0.16 
Note: Negatively correlated values below -0.45 are highlighted in red. Positively correlated 

values above 0.45 are highlighted in blue. 
 



those that fled. Nonetheless, a return time of 
approximately two minutes is relatively short.   

Because the motorized watercraft traffic in 
this area is concentrated in the boat channel, 
and the channel is not constantly trafficked, 
the reef experiences negligible direct 
disturbance. Additionally, disturbance from 
passing boats is momentary. Thus, the 
relatively short flight response of parrotfish 
documented in this study may not be 
indicative of their response under more 
extreme traffic conditions, or to continuous 
anthropogenic noise pollution, such as 
underwater construction. 

Under more extreme noise pollution 
conditions, parrotfish may become more 
tolerant of noise disturbance, or alternatively, 
recognize the areas that are frequently 
disturbed and not return. The second result 
may limit parrotfish habitat and could 
therefore have harmful consequences for reefs. 
Jet skis may cause a greater flight response 
than boats because they accelerate harder and 
go over shallow reef areas more often.   

 
Distance from boat channel survey 

 
Distance from the boat channel does not 

seem to impact parrotfish feeding behavior. 
There was not a statistically significant 
relationship between bite rate and distance. 
Increasing distance from the boat channel 
appears to have a positive relationship with 
adult and juvenile parrotfish abundance, 
although minimal.    

Due to weather and current conditions, 
not all plots were evenly spaced as planned; 
however, they still display a distance gradient 
from the boat channel that runs E/W. Plots 9 
and 10 were actually closer to the ocean 
beyond the algal crest than the boat channel, 
but I used distance measurements from the 
boat channel for comparison across plots. 
Additionally, a decreasing sound gradient was 
assumed with increasing distance from the 
boat channel. With more precise instruments, 
determining a sound threshold would be 
informative to establish buffer distances from 
boats that would minimize disturbance. 

 
Plot habitat characterization 

  
Rather than distance from the boat 

channel, parrotfish abundance may be more 
strongly correlated with other habitat 
characteristics. For example, plot 4, at 164m, 
had the highest number of juvenile parrotfish 

and also the most Pocillopora and the slowest 
current.  

Thus, indirect effects of the boat channel 
may impact parrotfish abundance. For 
example, boats kick up sediment; sand is 
negatively correlated with all parrotfish 
abundances. In this way, boats may have an 
indirect effect on parrotfish distribution and 
feeding habitat.   

 
Overall Conclusions 

 
With increasing tourism and population 

density on Mo’orea, this paper contributes to 
our understanding of how more people might 
impact a keystone species of coral reefs. 
Future studies should focus on other sources 
of anthropogenic noise, other human impacts 
especially those associated with tourism, as 
well as the effects of anthropogenic noise 
pollution on parrotfish embryonic 
development. To this end, we may be able to 
better manage for resilient reefs and to 
understand how humans interface with a 
keystone species.  

Further research on factors that reduce 
connectivity between near shore and off shore 
parrotfish habitat will enhance our 
understanding of how parrotfish populations 
can remain stable, and therefore how 
Mo’orea’s reefs can remain resilient in the face 
of increasing human pressure and 
disturbances from a changing climate. 
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APPENDIX A 

 
 

APPENDIX B 
 
FIGURE 1. Habitat characteristics correlated with adult abundance. Starred characteristics in the 
AICc model. 

 
 
 
 
 
 
 
 

TABLE 1.  GPS coordinates for ten permanent plots created and surveyed for this study.   
 
Plot 1 2 3 4 5 6 7 8 9 10 
Latitude 
(S) 

17° 
28.947’ 

17° 
28.927’ 

17° 
28.908 

17° 
28.888’ 

17° 
28.871’ 

17° 
28.853’ 

17° 
28.832’ 

17° 
28.816’ 

17° 
28.797’ 

17° 
28.780’ 

Longitude 
(W) 

149° 
49.659’ 

149° 
49.703’ 

149° 
49.744 

149° 
49.785’ 

149° 
49.830’ 

149° 
49.864’ 

149° 
49.905’ 

149° 
49.947’ 

149° 
49.990’ 

149° 
50.030’ 

 



FIGURE 2. Habitat characteristics correlated with sub-adult abundance. Starred characteristics in 
the AICc model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FIGURE 3. Habitat characteristics correlated with juvenile abundance. Starred characteristics in the 
AICc model. 

  
 

 
 
 
 
 



FIGURE 4. Habitat characteristics correlated with total abundance. Starred characteristics in the 
AICc model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FIGURE 5. Habitat characteristics correlated with distance. Starred characteristics in the AICc 
model. 

 
 
 



APPENDIX C
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1.  AICc results for total abundance.   
 
Model AICC Delta 
Pocillopora 92 0 
Pocillopora + sand 94.9 2.87 
Pocillopora + Turbinaria 96.9 4.84 
Pocillopora + microalgal biofilm 97.6 5.58 
Turbinaria 102.6 10.61 
Pocillopora + sand + Turbinaria 103.6 11.61 
Pocillopora + microalgal biofilm + sand 103.9 11.87 
Pocillopora + microalgal biofilm + Turbinaria 105.6 13.61 
Microalgal biofilm + sand 105.7 13.67 
Microalgal biofilm + Turbinaria 105.7 13.68 
Microalgal biofilm 106 13.98 
Sand 107.4 15.36 
Sand + Turbinaria 107.8 15.81 
Microalgal biofilm + sand + Turbinaria 112.1 20.11 
Pocillopora + microalgal biofilm + sand + Turbinaria 118.6 26.61 

 



 
 
 

 
TABLE 3.  AICc results for adult abundance. 
 
Model AICC Delta 
Depth + Pocillopora 63.4 0 
Sand 66.9 3.51 
Dead coral 67.2 3.73 
Pocillopora 67.9 4.45 
Depth 68.0 4.56 
Distance 68.8 5.32 
Dead coral+ Pocillopora 70.5 7.06 
Distance+ Pocillopora 70.5 7.09 
Distance+ sand 71.0 7.61 
Depth + sand 71.1 7.70 
Sand + Pocillopora 71.4 7.97 
Sand + dead coral 71.4 7.99 
Depth + dead coral 71.7 8.30 
Depth + dead coral + Pocillopora 72.0 8.61 
Distance + depth + Pocillopora 72.2 8.76 
Depth + sand + Pocillopora 72.4 8.97 
Distance + dead coral 73.1 9.71 
Distance + depth 73.4 9.92 
Distance + sand + Pocillopora 77.7 14.23 
Sand + dead coral + Pocillopora 78.7 15.27 
Distance + dead coral + Pocillopora 79.2 15.77 
Depth + sand + dead coral 79.3 15.84 
Distance + depth + sand 79.4 15.97 
Distance + sand + dead coral 80.0 16.60 
Distance + depth + dead coral 80.3 16.90 
Distance + depth + dead coral + Pocillopora 87.0 23.61 
Depth + sand + dead coral + Pocillopora 87.0 23.61 
Distance + depth + sand + Pocillopora 87.1 23.71 
Distance + sand + dead coral + Pocillopora 92.6 29.15 
Distance + depth + sand + dead coral 94.3 30.83 
Distance + depth + sand + dead coral + Pocillopora 117.0 53.61 

   
   
   
   
   
   
   
   
   
   
   
   



 
 
 

TABLE 2.  AICc results for sub-adult abundance.   
 
Model AICC Delta 
Sar + Turbinaria 59.8 0 
Sand + Sar + Turbinaria 62.2 2.37 
Pocillopora + sand + Sar 63.5 3.68 
Turbinaria 64.2 4.34 
Pocillopora + Sar 64.2 4.38 
Pocillopora 64.7 4.85 
Sand 65.5 5.65 
Sand + Sar 65.7 5.89 
Pocillopora + Sar + Turbinaria 66.1 6.3 
Pocillopora + sand 66.7 6.87 
Sand + Turbinaria 67.7 7.89 
Sar 68.7 8.82 
Pocillopora + Turbinaria 68.7 8.89 
Pocillopora + sand + Sar + Turbinaria 71.7 11.88 
Pocillopora + sand + Turbinaria 75.0 15.17 

 



 

TABLE 4.  AICc results for juvenile abundance. 
Model AICC Delta 
Pocillopora 84.7 0.00 
Pocillopora + Porites 89.1 4.40 
Pocillopora + San 89.6 4.93 
Pocillopora + Turbinaria 89.8 5.10 
current + Pocillopora 90.2 5.50 
Pocillopora + microalgal biofilm 90.7 5.96 
current + Pocillopora + Porites 96.6 11.93 
current + Pocillopora + Sand 96.7 11.95 
Pocillopora + Porites + Turbinaria 97.3 12.63 
Pocillopora + Porites + sand 97.8 13.13 
Pocillopora + Porites + microalgal biofilm 98.0 13.33 
Pocillopora + microalgal biofilm + sand 98.1 13.43 
current + Pocillopora + Turbinaria 98.2 13.45 
Pocillopora + Turbinaria 98.3 13.55 
Turbinaria 98.5 13.82 
Pocillopora + microalgal biofilm + Turbinaria 98.6 13.94 
current + Pocillopora + microalgal biofilm 99.0 14.28 
microalgal biofilm + Turbinaria 99.2 14.53 
microalgal biofilm 99.6 14.94 
microalgal biofilm + sand 100.4 15.69 
current + Turbinaria 102.7 17.96 
Porites + Turbinaria 103.5 18.81 
sand 104.2 19.53 
sand + Turbinaria 104.3 19.62 
Porites 104.5 19.77 
current 104.7 20.02 
current + sand 104.8 20.08 
Porites + microalgal biofilm 105.1 20.44 
current + microalgal biofilm 105.3 20.55 
Porites + sand 105.6 20.94 
microalgal biofilm + sand + Turbinariabinaria 106.5 21.80 
Porites + microalgal biofilm + sand 107.6 22.85 
current + microalgal biofilm + Turbinariabinaria 108.1 23.37 
Porites + microalgal biofilm + Turbinaria 108.1 23.41 
current + microalgal biofilm + sand 109.4 24.64 
current + Porites 109.5 24.77 
current + sand + Turbinaria 110.2 25.45 
current + Pocillopora + Porites + microalgal biofilm 110.5 25.79 
current + Pocillopora + Porites + Turbinaria 110.6 25.93 
current + Porites + Turbinaria 111.4 26.66 
current + Porites + sand 111.4 26.69 
current + Pocillopora + sand + Turbinaria 111.4 26.72 
current + Pocillopora + microalgal biofilm + sand 111.6 26.85 
Porites + sand 111.6 26.86 
Pocillopora + Porites + microalgal biofilm + Turbinaria 112.1 27.43 
Pocillopora + Porites + sand + Turbinaria 112.3 27.59 
Pocillopora + Porites +microalgal biofilm + sand 112.5 27.82 
Pocillopora + microalgal biofilm + sand + Turbinaria 112.7 28.00 
current + Pocillopora + microalgal biofilm + Turbinaria 113.1 28.36 
current + Porites + microalgal biofilm 113.5 28.83 
Porites + microalgal biofilm + sand + Turbinaria 120.7 35.99 
current + microalgal biofilm + sand + Turbinaria 121.5 36.80 
current + Porites + microalgal biofilm + sand 122.6 37.85 
current + Porites + microalgal biofilm + Turbinaria 122.9 38.18 
current + Porites + sand + Turbinaria 124.1 39.43 
current + Pocillopora + Porites + microalgal biofilm + sand 139.7 54.98 
current + Pocillopora + Porites + microalgal biofilm + Turbinaria 139.9 55.15 
Current + Pocillopora + Porites + sand + Turbinaria 140.0 55.29 
current + Pocillopora + microalgal biofilm + sand + Turbinaria 141.4 56.66 
Pocillopora + Porites + microalgal biofillm + sand + Turbinaria 142.0 57.25 
current + Porites + microalgal biofilm + sand + Turbinaria 150.7 65.99 
current + Pocillopora + Porites + microalgal biofilm + sand + Turbinaria 229.4 144.70 

 



 

TABLE 5.  AICc results for distance. 
Model AICC Delta 
dead coral 124.8 0 
depth + sargassum 125.8 0.92 
coral rubble + current 126.6 1.71 
current + dead coral 126.6 1.73 
current + sargassum 127.3 2.46 
current 127.8 2.94 
dead coral + sargassum 129.3 4.43 
coral rubble + dead coral 129.5 4.64 
dead coral + depth 129.5 4.64 
coral rubble + current + dead coral 130.4 5.55 
coral rubble + current + sargassum 130.5 5.68 
Adult + dead coral 130.8 5.98 
dead coral + depth + sargassum 131.5 6.7 
sargassum 131.6 6.75 
coral rubble + depth + sargassum 131.7 6.85 
current + dead coral + sargassum 132.1 7.27 
Adult + sargassum 132.8 7.91 
Adult + current + sargassum 132.9 8.09 
Adult + current 133 8.12 
current + depth 133 8.19 
Adult + depth + sargassum 133.1 8.3 
Adult + coral rubble + current 133.4 8.61 
depth 133.5 8.62 
coral rubble 134 9.15 
current + depth + sargassum 134.4 9.59 
coral rubble + current + depth 134.5 9.67 
Adult 134.6 9.74 
current + dead coral + depth 135.1 10.27 
coral rubble + depth 135.1 10.28 
Adult + current + dead coral 135.5 10.67 
coral rubble + dead coral + depth 136.1 11.26 
coral rubble + sargassum 136.3 11.42 
Adult + current 136.6 11.73 
coral rubble + dead coral + sargassum 137.4 12.52 
Adult + dead coral + sargassum 137.9 13.07 
Adult + dead coral + depth 138.1 13.24 
Adult + coral rubble + dead coral 138.4 13.59 
Adult + depth 138.8 13.98 
Adult + coral rubble + current + sargassum 139.1 14.3 
Adult + sargassum 139.6 14.71 
Adult + current + depth 139.9 15.08 
coral rubble + current + dead coral + depth + sargassum 142.1 17.29 
Adult + coral rubble + depth 143 18.2 
coral rubble + dead coral + depth + sargassum 143.9 19.04 
Adult + coral rubble + depth + sargassum 144.1 19.25 
Adult + coral rubble + current + depth 144.3 19.43 
coral rubble + current + dead coral + depth 144.6 19.72 
coral rubble + current + depth + sargassum 144.7 19.87 
Adult + coral rubble + current + dead coral 145.2 20.33 
current + dead coral + depth + sargassum 146.1 21.29 
Adult + dead coral + depth + sargassum 146.4 21.54 
Adult + current + dead coral + sargassum 146.4 21.56 
Adult + current + depth + sargassum 147.3 22.43 
Adult + current + dead coral + depth 150.1 25.26 
Adult + coral rubble + dead coral + depth 151 26.17 
Adult + coral rubble + dead coral + sargassum 151.6 26.77 
Adult + coral rubble + current + dead coral + sargassum 168.9 44.06 
Adult + coral rubble + current + depth + sargassum 169.1 44.3 
Adult + coral rubble + current + dead coral + depth 172.9 48.08 
Adult + coral rubble + dead coral + depth + sargassum 173.2 48.31 
Adult + current + dead coral + depth + sargassum 175.8 50.92 
Adult + coral rubble + current + dead coral + depth + sargassum 258.9 134.06 

 



APPENDIX D

FIGURE 1.  Individual parrotfish (family Scaridae). Taken at night on site.  


