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φύσις 
 
Physis (φύσις) is the Greek word for nature.  It was used in ancient Greek philosophy as a 
versatile term describing, among many other things, origin, spring, birth, growth, nature of soul 
and spirit, order of nature, and creation.  Aristotle used it to explain the entire universe with all 
its creative and regulative powers combined as a self-existent and self-sustaining entity. 
 
Today physis is used in the medical world with reference to bone growth.  In biology, it defines 
the progressive change a subject undergoes in its development toward becoming something else.  
Aristotle saw physis as an internal principle of change possessed by all living things allowing 
them to transform, while still maintaining species identity. 
 
In “Healing the Ocean,” author Rod Fujita refers to physis as the restoration of natural processes 
that create and maintain environmental systems, ultimately allowing them to heal themselves.  
With this concept Fujita introduces yet another definition for the Greek work; natural self 
healing.  It is this definition of physis that we have chosen to adopt for the title of our journal; for 
it illustrates some of the principles we examined in the CIEE Bonaire program. 
 
Conservation, protection, and environmental sustainability were some of the main focuses during 
our semester in Bonaire.  We, the students of CIEE Bonaire, have been involved in community 
education, conservation of resources, protection of Bonaire’s environment, and participated in a 
number of environmental volunteer opportunities.  Throughout the following pages of this 
journal you will find a collection of knowledge, all gathered here on Bonaire, regarding a wide 
span of biological and environmental topics – each article is devoted to educating its reader on 
conservation related issues.  We believe that environmental conservation and ideas of sustainable 
living are capturing interest all over the world. 
 
If we are to protect and restore the environment we must first understand it. 
 
We present Volume II of Physis: Journal of Marine Science as a tribute to environmental 
conservation and awareness.  Maybe someday people will allow nature to breathe again and the 
environment will be permitted to heal itself.  Until that day, we will continue to explore the many 
systems of nature, strive to understand the deepest workings of the environment, and do our best 
to raise awareness. 
 
 
Enjoy! 
Hannah Underdahl 
CIEE Bonaire Program Fall ’06  
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Night ecology and fluorescence of the fireworm, Hermodice carunculata 
Katey Trauth 

katey.trauth@colorado.edu 
ABSTRACT 
The marine bearded fireworm, Hermodice carunculata, is a highly mobile polychaete that is abundant on the coral 
reefs of Bonaire and is active at night.  H. carunculata fluoresce brightly facilitating a novel approach to studying 
their night ecology.  The purpose of this research is: 1) to document the ontogenetic fluorescence patterns of H. 
carunculata using a laboratory study and 2) to determine the depth distribution, habitat use and feeding behavior of 
H. carunculata of increasing size classes using fluorescence as an ecological tool. 

There are changes in fluorescence as H. carunculata grow.  Polychaetes < 5cm in length fluoresced bright green 
whereas, worms > 5 cm displayed a banded orange pattern across the dorsum with bright green or blue outlining the 
dorsal surface of the body. 

The field study documented that more small and medium H. carunculata were found at shallower depths (2 and 6 
m) whereas large H. carunculata were evenly distributed at all 3 depths (2, 6, and 15 m).  All size classes were 
found most often on sand and rubble. Small and medium worms were found on 5 additional substrata.  Large worms 
were found on 2 additional substrata, live and dead coral.  Small and medium worms were feeding on decaying 
matter, algae and sponges whereas, large worms were feeding on live coral.  In terms of habitat use and diet, it 
appears that large H. carunculata (> 3 cm) are more specialized than the smaller size classes (< 1 cm, 1 – 3 cm).  

INTRODUCTION
Polychaete worms (class Polychaeta, phylum 
Annelida) are ubiquitous in the marine habitat, and 
are among the most morphologically diverse marine 
invertebrates.  Over 10,000 species are known, and 
thousands more species likely remain undescribed 
(Hay 2006).  Polychaetes have been well studied 
taxonomically but ecologically they are still poorly 
understood.  Studies on defense mechanisms 
(Kicklighter 2006), predator interactions (Sharp et al. 
2005), and feeding patterns (Fauchald and Jumars 
1979) have shed light on polychaetes ecology.   

A prominent polychaete found on the coral reefs in 
Bonaire is the marine bearded fireworm, Hermodice 
carunculata.  Ranging in size from a few millimeters 
to 35 cm; most individuals found on the reef are 5 to 
10 cm in length (Pierce 2003).  H. carunculata is 
found in the tropical western Atlantic and Ascension 
Island in the mid-Atlantic (Pierce 2003).  Individuals 
are typically found crawling along the reef beneath 
stones in rocky or seagrass areas, and sometimes on 
muddy bottoms (Rouse et al. 2002).  

 H. carunculata are predators that feed on a variety of 
corals, anemones, and small crustaceans.    When 
feeding on corals, the worm will wrap itself around 
the branches for 5-10 minutes while removing tissue 
from the skeleton of the coral (Rouse et al. 2002).  
When feeding on a branching coral the polychaete 
crawls to the pointed end of the coral and attacks a 
single polyp by everting the proboscis armed with a 
rasping pad into the coral skeleton and rasping out 
the contents (Sharp 2002).   

Fauchald and Jumars (1979) studied the feeding 
biology of H. carunculata in the mid-Atlantic and 

reported that the polychaetes are least active during 
the middle part of the day.  They observed feeding in 
the late afternoon and early morning.  H. carunculata 
is very active at night (R. Peachey, personal 
communication) yet little is known about their night 
time ecology.  In addition, H. carunculata fluoresces 
brightly when exposed to intense blue light allowing 
visualization of even very small individuals using 
fluorescence at night.     

The purpose of this study is to investigate the night 
ecology of H. carunculata using fluorescence.  Little 
is known about the fluorescence and variability of 
fluorescence among the population of H. carunculata 
in Bonaire, or how their fluorescence might change 
ontogenetically.  By using fluorescence, depth 
distribution, habitat use and feeding can be studied at 
night.  Because not much is known about the 
properties that influence fluorescence, examining 
fluorescence and patterns may lead to a better 
understanding of the organism in general and the role 
of fluorescence in other organisms.   

Specifically, I want to investigate the following basic 
questions about the ecology of H. carunculata:  What 
is their size distribution at different depths on the reef 
at night?  What substrate are they found on most 
often? Are they feeding at night?  If so, on what are 
they feeding?  Are there differences in feeding as size 
increases?  Are the fluorescence patterns within and 
among size classes variable or consistent? 

The null hypotheses that are being tested by this 
study are listed below:   
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Ho1: There will be no relationship between the size of 
individual H. carunculata and the depths where they 
occur on the reef.  

 Ho2: There will be no difference in the substrate type 
utilized by H. carunculata as size increases.   

Ho3: There will be no difference in feeding with 
increasing worm size.   

Ho4: There will be no difference between the 
fluorescence patterns among individuals of similar 
size or among individuals as they grow larger. 

METHODS 
A field study was conducted to analyze the size 
distribution, habitat use, and feeding activity of the 
worms at night.  A laboratory study of fluorescence 
patterns of the different size classes of H. 
carunculata was also undertaken.  Specimens for 
laboratory examination and data collection on the 
ecology of H. carunculata occurred between 19:00 
and 22:00 h at three dive sites along the leeward 
coast of Bonaire: Captain Don’s Habitat, Yellow 
Submarine, and Something Special.  H. carunculata 
were classified into 3 size classes: < 1 cm, 1 - 3 cm 
and > 3 cm.   

BlueStar flashlights and yellow barrier filters 
(NightSea, Andover MA) were used to visualize 
fluorescence of H. carunculata at night and under the 
microscope.  The flashlight incorporates a blue 
excitation filter over the light source to convert white 
light from the flashlight bulb to an intense blue light 
that stimulates (excites) fluorescence.  The yellow 
barrier filter blocks the reflected excitation 
wavelengths and enhances visualization of 
fluorescence.    

LABORATORY STUDIES 
Live specimens of H. carunculata were collected on 
the reef flat and returned to the laboratory for 
examination of their fluorescent patterns.  A 
dissecting microscope equipped with a Nikon D70 
SLR digital camera was used to take micrographs of 
fluorescent patterns.  Three BlueStar flashlights were 
used as the light source for the micrographs and all 
the other sources of light in the laboratory were 
extinguished (Fig. 4).  Fluorescence patterns were 
documented for the 3 different size classes to see if 
the patterns are the same within and among the 
different size classes using digital photography.  The 
polychaetes were anesthetized by exposing them to 
freshwater for a brief period before examination 
under the microscope.     

FIELD STUDIES 
The night ecology of H. carunculata was studied 
using SCUBA.  Observations were made along 3 
depth contours (2, 6, and 15 m) each sampling night.  

I swam perpendicular from the shoreline to a depth of 
15 m, and then roamed along the depth contour for 10 
min searching with the BlueStar flashlight and yellow 
visor for H. carunculata.  When an individual was 
sighted, I recorded size class, substrate type, feeding 
activity and food type.  The procedure was repeated 
at 6 and 2 m depth contours at each site. 
 

When an individual H. carunculata was encountered, 
the size class was determined using a reference bar 
with markings representing the 3 size classes: small 
(< 1 cm), medium (1 – 3 cm), or large (> 3 cm).  In 
addition, the substrate under the worm at first 
sighting was recorded.  The categories of substrate 
types are as follows: sand, rubble, live coral, dead 
coral, algae, sponge and decaying matter.  
 

Feeding activity was recorded as well.  It was 
assumed that worms vigorously moving or on an 
inedible substrate are not feeding whereas, worms 
that were fairly stationary and on edible substrates 
were considered to be feeding.  Additionally, a 
magnifying glass was used to inspect mouth parts to 
see if they were moving.   

DATA ANALYSIS 
Field study data was analyzed as follows: size class 
versus depth was analyzed using a two-way ANOVA 
in order to determine if there were any significant 
differences in the size distributions among the 
different depth contours.  Size classes compared to 
substrate and feeding was also analyzed using a two-
way ANOVA to determine any significant 
differences.   

RESULTS 
FLUORESCENCE 
No pattern was found among my 3 size classes.  
However a pattern between worms > 5 cm and 
worms <5 cm was observed.  All worms 0-3 cm 
fluoresced a solid bright green (Fig. 5), worms 3-5 
cm also fluoresced solid green, but worms > 5 cm 
displayed banded orange patterns across the dorsal 
surface, between segments of the body with bright 
green outlining the body, head, and tail (Fig. 6).  
Worms >5 cm all displayed the banded orange 
patterns across the dorsum, however, the surrounding 
fluorescence on the body varied from green to blue 
shades (Fig. 6) 

SIZE CLASS VS. DEPTH 
A significant interaction between size class and depth 
was detected (p = 0.017) and the main effect depth 
was also significant (p = 0.005) (Table 1).  More 
small and medium worms were found at the 
shallower depths (2 and 6 m) (Fig. 1).  Large worms 
were equally abundant across all 3 depths. 
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Size Class vs. Depth
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Figure 1.  Bar graph of the mean number of H. carunculata observed in 3 size classes (< 1 cm, 1 – 3 
cm, > 3 cm) at 3 different depths (2, 6 and 15 m)(± sd).  Observations were made at night using the 
roving diver technique and 10 min observation periods per depth contour.   

Size Class vs. Substrate
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Figure 2.  Bar graph of the mean number of H. carunculata observed in 3 size classes (< 1 cm, 1 – 3 
cm, > 3 cm) and the substrate at first sighting (sand, rubble, live coral, dead coral, algae, decaying 
matter, sponge) (± sd).  Observations were made at night using the roving diver technique and 10 min 
observation periods per depth contour.

Size Class vs. Feeding
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Figure 3.  Bar graph of the mean number of H. carunculata observed in 3 size classes (< 1 cm, 1 – 3 
cm, > 3 cm) and the food type being eaten (live coral, sponge, algae, decaying matter) (± sd).  
Observations were made at night using the roving diver technique and 10 min observation periods per 
depth contour.   
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SIZE CLASS VS. SUBSTRATE 
There was a significant difference detected among 
substrate types (p < 0.0001) but not for the size class 
and substrate interaction (Table 2).  All sizes 
occurred on sand and rubble most frequently (Fig. 2).   

Small and medium worms were found on all 7 
substrates whereas, large worms were found only on 
dead coral, live coral, rubble, and sand.  The largest 
size class of H. carunculata was found on dead and 
live coral more often than the small or medium size 
classes (Fig. 2).   
 

 

SIZE CLASS VS. FEEDING 
The effect of size class was not significant, but food 
type (p = .0186) and the interaction between feeding 
and size class (p = .0004) were statistically 
significant (Table 3).  Small and medium worms 
were found eating 4 food types: live coral, decayin g 
material, sponges, and algae, while large worms were 
found only eating live coral (Fig. 3). 

 

 DF Sum-of- 
Squares 

Mean Square F-Value P-Value Lambda Power 

Depth 2 573.083 286.542 5.880 .0046 11.760 .871 

Size Class 2 224.333 112.167 2.302 .1084 4.603 .438 

Depth * Size Class 4 640.333 160.083 3.285 .0165 13.140 .814 

Residual 63 3070.125 48.732     

 DF Sum-of- 
Squares 

Mean Square F-Value P-Value Lambda Power 

Size Class 2 103.000 51.500 2.418 .0926 4.836 .469 

Substrate 6 1356.560 226.093 10.615 <.0001 63.693 1.000 

Size Class * 
Substrate 

12 322.083 26.840 1.260 .2483 15.122 .689 

Residual 147 3130.875 21.298     

 DF Sum-of- 
Squares 

Mean Square F-Value P-Value Lambda Power 

Size Class 2 9.188 4.594 1.491 .2311 2.981 .298 

Substrate Type 3 32.531 10.844 3.519 .0186 10.556 .767 

Size Class * 
Substrate Type 

6 85.063 14.177 4.600 .0004 27.601 .987 

Residual 84 258.875 3.082     

1cm

Table 1.  Two-way ANOVA table of the mean number of H. carunculata in 3 size classes (< 1 cm, 1 – 3 cm, > 3 cm) per observation 
period at 3 depth contours on the fringing reef in Bonaire.  Observations were made at night using fluorescence to locate polychaetes.   
ANOVA Table for Worm Size Class vs. Depth 

ANOVA Table for Worm Size Class vs. Substrate 

Table 2.  Two-way ANOVA table of the mean number of H. carunculata in 3 size classes (< 1 cm, 1 – 3 cm, > 3 cm) per observation 
period found on 7 reef substrata.  Substrata at first sighting were recorded during observations that were made at night using fluorescence.   

ANOVA Table for Worm Size Class vs. Feeding Substrate

Table 3.   Two-way ANOVA table of the mean number of H. carunculata in 3 size classes (< 1 cm, 1 – 3 cm, > 3 cm) per observation 
period and the type of food being consumed on the fringing reef in Bonaire.  Observations were made at night using fluorescence to locate 
polychaetes and record feeding activity. 
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Figure 4. Digital photograph of the laboratory setup.  A 
dissecting microscope equipped with a Nikon D70 SLR digital 
camera was used to take micrographs of fluorescent patterns.  
Three BlueStar flashlights were used as the light source for the 
micrographs and with a yellow barrier filter placed over the 
microscope lens to block the reflected excitation wavelengths and 
enhances visualization of fluorescence.  All other sources of light 
in the laboratory were extinguished (not for this photograph). 

Figure 6.  Digital micrographs of H. carunculata > 5 cm. Displays banded orange fluorescence 
patterns across the dorsal surface between segments of the body with bright green outlining the 
anterior (A) and posterior (B) ends. The same pattern is displayed again with more green 
fluorescence on H. carunculata’s anterior dorsum (C). Another H. carunculata displaying more 
blue fluorescence on the anterior dorsum (D).

Figure 5.  Digital micrograph of H. carunculata < 5 cm 
displaying bright green fluorescence. 

1 cm
 

C 

A  B  

  D 
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DISCUSSION 
Many marine organisms show changes in habitat and 
diet as they grow.  By using fluorescence, this study 
documented changes in the distribution, habitat use 
and feeding as H. carunculata increases in size.  In 
all cases, my null hypotheses concerning size class 
versus depth, substrate type and feeding are rejected 
by the data collected in this study.  As H. carunculata 
increase in size, the fluorescence pattern shifts from 
solid green to more complex color variation and 
patterns.  

Large H. carunculata were evenly distributed at the 
depths studied (2, 6, 15 m).  Small (< 1 cm) and 
medium size classes (1 – 3 cm) were found sign-
ificantly more often in the 2 shallower depths.  The 
pattern observed could be explained by predation.  
Perhaps the smaller size classes stay in shallower 
water to avoid predation.  However, Sharp (2005) 
tethered H. carunculata in the water column and 
assessed predation during the night and day, in 2 
habitats (under rubble refuges or barren zones).  No 
relationship was found, and it appeared that predation 
is constant throughout the day and night and among 
different habitats.  The effect of predator-prey 
interactions on the distribution of H. carunculata is 
still unclear.   

Distribution of H. carunculata could be based on 
food availability or habitat preferences, as the results 
of my study on habitat use and feeding may suggest.  
Larger worms were found only eating live coral 
across all depths on the reef, while small worms that 
were abundant in the shallower areas were observed 
feeding on a variety of substrates.  Fauchald and 
Jumars (1979) determined that feeding and motility 
were generally more useful in distinguishing habitats 
used by polychaetes than morphology (Fauchald and 
Jumars 1979).  In this study, food sources could 
determine their distribution, rather than their size or 
morphology.  

It has also been suggested that prey of H. carunculata 
is found by contact, rather than by sensing (Sharp 
2002).  In an observational study of chemo taxis, H. 
carunculata could not detect prey before they 
physically ran into it.  Some would come within 
millimeters of the prey without even stopping.  The 
authors suggest that their inability to detect prey 
could be what drives their expansive diet and that 
certain types of prey are unlikely to affect the 
distribution of H. carunculata (Sharp 2002).  The 
results of my study indicate that different sizes of H. 
carunculata are utilizing different habitats and 
specific prey.  As H. carunculata grow, they expand 
their depth distribution on the reef, are found on 
fewer substrates, and feed more often on live coral.  
Overall H. carunculata size distribution can be 
affected by a variety of factors including depth, 
substrate type, and food sources.  My study showed 
significant differences between size classes and their 
relationship to these 3 factors, which is a good start to 
understanding the behavior and ecology of H. 
carunculata.   

Besides new insight on the night ecology of H. 
carunculata, an important contribution of my study 
was that I was able to conduct my research using 
fluorescence.  Fluorescence is an additional tool that 
will contribute to the study of coral reef organisms 
that are active at night.  Perhaps the property of 
fluorescence influences night/day time activity of 
organisms and fluorescence may lead to a better 
understanding of the ecology of other coral reef 
organisms.    

ACKNOWLEDGMENTS 
I would like to thank Rita Peachey and Caren Eckrich 
for advising me during my research project, CIEE for 
funding and support, and Emily McGrath for support 
and providing transportation.  I would also like to 
thank Annie Hillier, Kate Suek, Amanda deVillers, 
Leslie Baehr, and Luke Dodd for their help in 
conducting my research.

REFERENCES  
Fauchald, K. and P. A. Jumars. 1979. The Diet of Worms: A Study of Polychaete Feeding Guilds. Oceanography 

and Marine Biology Annual Revue,17:193-284. 
Gaston, G.R. 1987. Benthic Polychaeta of the Middle Atlantic Bight: Feeding and distribution. Marine Ecology 

Progress Series 36(3): 251-262. 
Kicklighter, Cynthia E. and Mark E. Hay. 2006. Integrating prey defensive traits Contrasts of marine worms from 

temperate and tropical habitats. Ecological Monographs,76(2): 195-215.   
Mazel, Charles. <www.nightsea.com>. 
Pierce, Justin. 2003.  Fireworm Husbandry. Advanced Aquarist’s Online Magazine Volume II: Issue 5. 
Rouse, G. W., F. Pleijel, and D. McHugh. 2002. Annelida. Segmented worms: bristleworms, ragworms, earthworms, 

leeches and their allies. Version 07 August 2002. http://tolweb.org/Annelida/2486/2002.08.07 in The Tree 
of Life Web Project.  

R. Peachey (personal communication). 
Sharp L. E., S. A. Hunter and R. W. Trierweiler. 2005.  Effects of prey and predators on the distribution and 

abundance of Hermodice carunculata. Dartmouth Studies in Tropical Ecology: 181-184.  



  9

 The effects of daily spawning patterns on cleaning dynamics of Thalassoma bifasciatum, 
bluehead wrasse 

Luke Dodd 
doddl@carleton.edu 

ABSTRACT 
Cleaning is a prevalent behavior on coral reefs.  Many fish, including Thalassoma bifasciatum (bluehead wrasse), 
obtain some portion of their diet from cleaning.  Another important behavior of T. bifasciatum is that they engage in 
group spawning each day around noon.  The ratio of male to female initial phase T. bifasciatum increases 
dramatically with increasing population size.  As a result of this sex ratio shift, initial phase spawning comprises a 
large portion of all T. bifasciatum spawning on reefs with large T. bifasciatum populations.  These initial phase 
individuals are presented a choice: food or reproduction.  This study investigates the choice that T. bifasciatum make 
between cleaning behavior and spawning behavior during their daily spawning period.  

To study the trade-off between cleaning and mating, T. bifasciatum cleaning stations were observed during mating 
and non-mating times.  Data on each cleaning event and station population were recorded.  There was no difference 
in mean initial phase T. bifasciatum populations at the cleaning stations during mating and non-mating periods (t-
test, p = 0.301).  There were no differences in the mean number of cleaning events (t-test, p = 0.478) and cleaning 
time (t-test, p = 0.189) during mating and non-mating periods.  Likely explanations for this result include client 
choice, the opportunistic feeding strategy coupled with the daily spawning habits of T. bifasciatum, and 
experimental design. 

INTRODUCTION  
Cleaning is a widespread behavior in aquatic 
environments (Arnal et al. 2001, Cote 2000, Grutter 
2002).  During a cleaning event, small fish or 
crustaceans beneficially remove parasites, bacteria, 
and diseased or damaged tissue from the client (Arnal 
et al. 2001, Feder 1966).  Cleaner species typically 
occupy established sites called cleaning stations that 
clients visit to solicit cleaning (Arnal et al. 2001).  
Clients approaching a cleaning station will often 
indicate their desire to be cleaned by changing color 
or assuming a certain posture, such as nose up, nose 
down, or swimming sideways.  The cleaner species 
will then systematically remove parasites and dead 
skin until the client twitches to signal that cleaning is 
over, and then leaves (Feder 1966, Wicksten 1995, 
Wicksten 1998). 

Tropical coral reefs are home to a variety of cleaners.  
Cleaners that consume most of their food from 
cleaning are termed primary cleaners and are 
represented by less than ten species in the Caribbean 
(Deloach 1999).  Secondary cleaners are species that 
perform isolated acts of cleaning behavior, utilizing 
cleaning as only a small part of their dietary intake.   

Client species are also very diverse and exhibit 
different cleaning behaviors.  For instance, parrotfish 
have been found to undergo brief cleanings every few 
minutes.  Conversely, groupers remain at cleaning 
stations for periods of up to 45 minutes, but may only 
be cleaned only once a day (Deloach 1999).  
Wickston (1998) observed that some client species 
prefer certain cleaners. 

The system by which clients recognize cleaners has 
only recently been investigated (Cote 2000, Stummer 
et al. 2004).  At a distance, it appears that a 
contrasting stripe running the full length of the body 
and small body size are the main features to which 
client species respond when searching for a cleaning 
station (Stummer et al. 2004).  However, the bold 
contrasting stripe pattern does not seem to hold for 
facultative cleaner species.  Cote (2000) observed 
that non-cleaning relatives of facultative cleaners also 
had bold, contrasting stripes. 

Thalassoma bifasciatum (bluehead wrasse) is the 
most common reef fish in the tropical Western 
Atlantic (Deloach 1999).  T. bifasciatum is a 
sequential hermaphrodite species.  Most 
juvenile/initial phase individuals are females, but 
may become terminal males through a several week 
long process that occurs in the larger females.  Other 
T. bifasciatum, termed primary males, are born males 
and never change sex. 

T. bifasciatum are facultative cleaners, meaning that 
they can exploit food sources other than cleaning.  
Terminal phase T. bifasciatum feed primarily on 
benthic organisms, plankton, and fish eggs and are 
involved in few cleaning events.  Juvenile and initial 
phases obtain a larger part of their diet from cleaning 
and are considered primary cleaners (Deloach 1999, 
Itzkowitz 1979).  T. bifasciatum often hover around 
cleaning stations of other species and serve clients of 
that station, but they also form their own stations 
where groups of initial phase fish swarm clients.  T. 
bifasciatum do not perform a display before 
approaching a client, and unlike most cleaners, do not 
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contact the client with their entire body; instead they 
only pick at the client with their mouths (Itzkowitz 
1979).  In a 1998 survey, Chromis multilineata 
(brown chromis) of the family Pomacentridae 
(damselfish) were the primary clients of T. 
bifasciatum, but the families Acanthuridae 
(surgeonfish), Labridae (wrasses), and Scaridae 
(parrotfish) were also observed being cleaned 
(Wicksten 1998). 

T. bifasciatum spawn year-round during daily, two-
hour periods beginning near the noon hour (Warner 
and Hoffman 1980, Warner and Robertson 1978).  
Two reproductive strategies are employed by T. 
bifasciatum (Domeier and Colin 1997, Reinboth 
1973, Warner 1995).  The first strategy is pair-
mating.  In this strategy, terminal phase males occupy 
customary sites and wait for the females to arrive 
from their feeding grounds.  The terminal males 
make repeated dashes toward the surface as a 
courtship signal to the females, or as a demonstration 
of the safety of the area.  When ready to mate, each 
female will join the terminal male on one of his 
mating rises.  Both the male and female release their 
gametes as the pair nears the surface (Warner and 
Robertson 1978).  Mating sites persist for generations 
and appear to be a learned behavior (Warner 1988). 

Group spawning is the second reproductive strategy 
employed by T. bifasciatum, and is common in areas 
with large populations (Warner and Hoffman 1980).  
This second strategy is thought to be triggered by a 
shift in demographics as a population of T. 
bifasciatum grows.  Warner and Hoffman (1980) 
observed that the proportion of terminal males 
dropped from 12 percent on the smallest reefs to less 
than one percent on larger reefs, and also that initial 
phase males increased from zero percent in small 
populations to approximately 50 percent on larger 
reefs.  During mating hours, groups of as many as 80 
initial phase individuals gather near a prominent 
feature of the reef (Randall and Randall 1963).  
Subgroups of five to 15 initial phase males will break 
off from the larger aggregation and accompany a 
female in a spawning rise (Warner 1995).  Terminal 
males are believed to be between 20 to 50 times more 
reproductively successful than primary males, but on 
large reefs nearly 75 percent of eggs are fertilized by 
initial phase males in group spawns due to the sheer 
number of group spawning events (Shapiro et al. 
1994, Warner and Hoffman 1980). 

This study investigated the impact that group mating 
has on cleaning station dynamics.  Many T. 
bifasciatum that were observed participating in group 
mating were of a size that is known to clean (personal 
observation).  If T. bifasciatum switch to mating 
behavior, their cleaning stations could be vacated for 

up to two hours.  Cleaning stations were observed 
during morning, noon, and afternoon windows with 
the intent of comparing the frequency and duration of 
cleaning and changes in T. bifasciatum population at 
the stations during mating and non-mating hours.  
This study tested the hypothesis that group spawning 
causes a drop in numbers of cleaning fish and 
cleaning events at T. bifasciatum cleaning stations.   

METHODOLOGY  
All observations were made at the Andrea I dive site 
on the leeward side of the island of Bonaire in the 
Netherlands Antilles (Fig. 1).  The site has a gently 
sloping forereef with prominent coral outcroppings 
near shore and contained several T. bifasciatum 
cleaning stations in the shallow reef flat (< 4 m). 

 Three permanent T. bifasciatum cleaning stations 
were observed repeatedly for the purposes of this 
study.  Each observation period lasted 20 minutes and 
occurred during three time periods: morning (9:00 – 
10:20 h), mating hours (12:10 – 13:35 h) and 
afternoon (15:10 – 16:45 h).  At the commencement 
of each 20 minute observation period, a 2.5 m2 area 
surrounding the cleaning station was marked with 

Figure 1. Map of the study site, Andrea I (N 12° 11' 17.2'', 
W 68° 17' 47.6''), in Bonaire, Netherlands Antilles. 
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diving weights.  Ten minutes were allowed for the 
fish to acclimate before data were collected.  For 
each cleaning event that was witnessed, its duration, 
client species, and number of T. bifasciatum 
individuals involved were recorded.  A census of T. 
bifasciatum at the station was also taken at the 
beginning of the observation period, after ten 
minutes, and after 20 minutes.  Due to the mobile 
nature of a T. bifasciatum cleaning station, cleaning 
events that did not occur within the plot for at least 
one half of the total event time were not recorded.  
All data were collected by snorkeling approximately 
one to three meters from the observation area.  Data 
collection took place between October 31 and 
November 27, 2007. 

The data were analyzed with SPSS and Microsoft 
Excel.  T-tests were used to test for differences in 
time of cleaning, number of cleaning events, and 
number of T. bifasciatum at the stations during 
mating and non-mating hours.  An ANCOVA was 
also used to correct for differences in station 
population.  

RESULTS  
There was no statistical difference between the mean 
number of initial phase T. bifasciatum present at 
cleaning stations during mating times (5.9 

individuals) and non-mating times (6.9 individuals)(t-
test, p = 0.301)(Fig. 2).  There was no difference in 
mean cleaning time during mating times (16.5 s) and 
non-mating times (10.6 s)(t-test, p = 0.189)(Fig. 3).  
Additionally, there was no difference in the mean 
number of cleaning events during mating times (8.1 
events) and non-mating times (9.7 events)(t-test, p = 
0.478)(Fig. 4).   

In an effort to correct for differences in station 
population, and therefore the possible increase in 
client draw, two ANCOVAs were used to analyze the 
data, with time (mating/non-mating) as the 
independent variable, cleaning events, and mean 
cleaning time as the dependent variables, and mean 
initial phase T. bifasciatum population as the 
covariate.  Neither the number of cleaning events 
(p=0.788), nor the mean cleaning time (p=0.354) 
showed a difference between mating and non-mating 
times.  In addition, for two predominant client 
species, Acanthurus coeruleus (blue tang) and Scarus 
vetula (queen parrotfish), data were separated into 
morning, noon, and afternoon periods for the purpose 
of discussion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Mean number of initial phase T. bifasciatum (± sd) during mating and non-
mating periods based on 20 min observations at Andrea I.  Means were compared using a t-
test (n = 44, p = 0.301).   
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Figure 3.  Mean cleaning time in seconds of T. bifasciatum (± sd) during mating and non-
mating observations periods of 20 min each at Andrea I.  A t-test was used to compare the 
means (n = 44, p = 0.189). 
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DISCUSSION 
There were no differences in the mean number of T. 
bifasciatum at cleaning stations during mating and 
non-mating periods of the day.  There were also no 
differences in the cleaning activity parameters 
(number of cleaning events and cleaning duration) 
during mating and non-mating times of the day.  
Therefore, contrary to my hypothesis, my 
observations show that group spawning does not 
affect cleaning activities occurring at cleaning 
stations.   

There are three possible explanations for the outcome 
of my study.  The first is that client choice may be 
driving cleaning station activity.  Figures four and 
five illustrate cleaning behavior by species for A. 

coeruleus (Fig. 5a,b) and S. vetula (Fig. 6a,b).  The 
different trends exhibited by the two species 
demonstrate the error of making assumptions across 
client species.  While mean cleaning time for A. 
coeruleus follows the trend of less cleaning during 
mating times that I hypothesized (Fig. 5a), total 
cleaning events (Fig. 5b) follow a trend more 
supportive of the theory that cleaning levels drop as 
parasites are removed throughout the day, and then 
build up during the night (Cote 2000).  For S. vetula, 
mean cleaning time (Fig. 6a) and cleaning events 
(Fig. 6b) increased throughout the day, contrary to 
both theories.  This variability across species will 
have a tendency to mask any overall cleaning 
patterns. 
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Figure 4.  Mean number of cleaning events (± sd) of T. bifasciatum during mating and non-
mating periods based on 20 min observation periods at Andrea I.    Means were compared 
using a t-test (n = 44, p = 0.478). 
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Figure 5.  a.) Mean cleaning time in seconds (± sd) for A. coeruleus during morning, 
noon and afternoon time periods based on 20 min observations at Andrea I (n=203).  b) 
Mean number of cleaning events (± sd) for A. coeruleus during morning, noon and 
afternoon time periods based on 20 min observations at Andrea I (n=203). 
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The second factor possibly influencing the results of 
this study concerns the behavior of T. bifasciatum.  
Their reproductive strategy of spawning every day all 
year-round allows T. bifasciatum to place less 
emphasis on spawning on any particular day.  During 
one collection period, I observed the abandonment of 
a fully-established group spawning event in favor of 
feeding on a dense plankton cloud that had moved 
into the area.  The previously spawning individuals 
did not disperse, but were clearly no longer 
interacting in a reproductive manner and were 
individually pursuing food.  Also unknown is how 
group spawning populations change during the 
spawning time.  Do all fish stay with the group for 
the duration of spawning or does the population shift 
as individuals come and go?  Above all, T. 
bifasciatum is an opportunistic cleaner and in larger 
populations with higher densities, like those of this 
study, it is unlikely that any food source will not be 
utilized by some portion of the population at all 
times. 

The third factor influencing the results of this study is 
the choice of experimental design.  If the station 
population data had been broken into more size 
classes, a clearer picture might have been obtained.  
My classification of initial phase individuals as 
greater than 20mm created too great a size range 
within the category.  In the future I suggest following 
Warner and Robertson’s (1978) size classification 
with the addition of one or two extra classes within 

the initial phase category.  I believe there could be a 
noticeable reduction in the largest size classes of this 
new classification system. 
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Figure 6.  a) Mean cleaning time in seconds (± sd) of S. vetula during morning, noon and 
afternoon time periods based on 20 min observations at Andrea I (n=119). b) Mean 
number of cleaning events (± sd) for S. vetula during morning, noon and afternoon time 
periods based on 20 min observations at Andrea I (n=119). 
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Color matching during shadow stalking by the West Atlantic Trumpetfish, Aulostomus 
maculatus 

Leslie Baehr 
baehr@colorado.edu 

ABSTRACT 
This study examines the importance of color in camouflage of the West Atlantic Trumpetfish, Aulostomus 
maculatus during shadow stalking behavior.  Shadow stalking is a foraging technique where A. maculates disguises 
itself to prey by aligning along the dorsal line of another reef fish. The study was done in Bonaire, Netherland 
Antilles between October and November 2007.  Data was taken snorkeling in the shallow waters in front of 
Kralendijk on the leeward side of the island and behavioral changes were recorded.  Two morphotypes of A. 
maculates common to the study site were identical in size and phase range (shade) and varied only in the presence or 
absence of a blue nose.  They provided the basis for testing the hypothesis that the blue-nosed A maculatus morph 
would shadow reef fish that are also blue/green more frequently.  Though the blue-nosed A. maculates did not 
appear to shadow blue/green fish more often, an analysis of different morphotypes (blue-nosed or brown) and phases 
(pale or dark) in the area showed unexpected trends.  Mainly that pale and brown A. maculates shadow a higher 
percentage of blue/green fish than dark or blue-nosed A. maculates respectively. 

INTRODUCTION 
The West Atlantic Trumpetfish, Aulostomus 
maculates, is an elongate coral reef fish commonly 
found in Florida, the Bahamas, the Caribbean, the 
Gulf of Mexico and Brazil (Human and Deloach 
2002).  A. maculates disguises itself on the reef using 
a variety of behaviors including vertical hovering and 
shadow stalking.  During vertical hovering A. 
maculates aligns its body vertically with gorgonians, 
sponges or slim objects of similar coloring (Aronson 
1983).  Shadow stalking involves the alignment of A. 
maculates with the dorsal line of a similar colored 
reef fish (Aronson 1983).  In another form of shadow 
stalking, A. maculates can also disguise itself among 
a school of fish (Aronson 1983, Kaufman 1976). 

In a previous study, A. maculates was reported to 
shadow fishes of similar coloring (Aronson 1983).  
However, my preliminary observations indicate that 
while A. maculates usually disguises itself alongside 
fishes of like color, they sometimes shadow fish of 
dissimilar coloring.  In these scenarios, A. maculates 
is not nearly as well camouflaged to the human eye.  
This leads me to question the role of color in its 
camouflaging behaviors.  In this study, observations 
of shadow stalking were used to determine the 
importance of color in the selection of the fish that A. 
maculatus shadows.    

The question of interest was whether A. maculates 
shadow fishes of similar coloring more frequently 
than those that are different.  I chose to focus 
specifically on two color morphs of A. maculates of 
similar size.  One was a brown morphotype and the 
other was a brown morphotype with a blue head or 
nose.  The presence of two color morphs in the study 
area that were similar in color and size and differed 
only in the presence or absence of a blue nose 
provided a good basis for an investigation into the 

role of color.  My hypothesis was that the blue-nosed 
A maculatus morph would shadow fish that are 
blue/green more frequently.   

METHODS 
The study took place on the island of Bonaire, 
Netherlands Antilles, in the southern Caribbean.  The 
specific study area was the shallow coastal waters of 
the west side of the island between the dock at the 
Yellow Sub Dive Shop (12˚09’36.38”N, 
68˚16’55.43”W) and a dock located two docks south 
(12˚09’28.56”N, 68˚16’49.91”W).   

Two similar color morphs of A. maculates were the 
focus of this study.  Both morphotypes were of 
medium-sized relative to other A. maculates observed 
in the study area.  The color of one morphotype 
varied from a pale white/pink to a dark reddish-
brown or brown (brown morph).  The second 
morphotype was exactly like the brown one, but with 
a blue nose (blue-nosed morph).  Although A. 
maculates cannot change color completely, they can 
pale or intensify their color (Lochmann 1989).  
Therefore, the two morphotypes were further 
subdivided into dark and pale phases. 

Observations were made in shallow water (1 to 2 m) 
between 7:30 and 16:00 h by snorkeling.  Data were 
recorded on an underwater slate and transferred to a 
notebook upon return to the research station.  Data 
collected included color morph and phase of A. 
maculates, species of reef fish being shadowed 
(shadowee), time of day and size of A. maculates 
relative to the shadowee.   

In order to examine the relationship between the 
color morphs of A. maculates and the color of the fish 
that they shadowed, I developed criteria to categorize 
the shadowed reef fish.  It was difficult to determine 
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what should be considered “blue” as the blue and 
green colors of the reef fish often appeared along a 
dynamic gradient.  This presented a problem for 
determining what shades of blue should constitute a 
“blue” fish.  Additionally, A. maculates’ bluish nose 
sometimes appeared to exhibit a greenish tint.  
Therefore reef fish with blue-green coloring were 
grouped together.   

Yellowtail Parrotfish, Sparisoma rubripinne, and 
initial phase Redtail Parrotfish, Sparisoma 
chrysopterum were grouped together during analysis 
of shadowee by species.  S. rubripinne can vary along 
a gradient of shades with the initial phase S. 
chrysopertum shade appearing in the middle.  The 
two species were grouped together for analysis due to 
the difficulty in distinguishing them under water.  
Despite different color shades all were considered to 
have blue coloring. 

RESULTS 
Of 53 shadowing events observed, there were 34 
shadow stalkings by the blue-nose color morph and 
19 by the brown morph.  The blue morph followed 
blue/green reef fish 41% of the time whereas the  

brown morph shadowed blue/green reef fish 71 % of 
the time (Fig. 1).  An examination of the distribution  

of the 53 shadow stalking events shows that well over 
half the stalking events involved three parrotfish  

species: the initial phase Queen Parrotfish, Scarus 
vetula (11 stalking events); the initial phase Stoplight 
Parrotfish, Sparisoma viride,  (11 stalking events) 
and the Queen Parrotfish, Scarus vetula (12 stalking 
events) (Fig. 2).    

An analysis of the species composition of the reef 
fish that were shadowed by A. maculates shows that 
two out of three fish most frequently used for 
shadowing by the blue-nosed A. maculates contain no 
blue (Fig. 3).  The exception is terminal phase Scarus 
vetula.   The top three preferred shadowees of non 
blue-nosed A. maculates were the S. rubripinne/ S. 
chrysopterum group, the Striped Parrotfish, Scarus 
iserti, and the terminal phase Queen Parrotfish, 
Scarus vetula.  These three fish made up over 30% of 
the total shadowing events (Fig. 3).   

Looking specifically at the pale phases versus the 
dark phases, the pale phases were significantly more 
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Figure 1. Percent of blue/green reef fish shadowed by the brown versus blue-nosed 
color morphs of A. maculatus in the shallow reef flat habitat in Bonaire.  Observations 
were made while snorkeling during October and November, 2007.

Figure 2. Number of shadow stalking events by fish species during observations of A. maculates on the reef flat in Bonaire during October 
and November, 2007. 
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 likely to have shadowed blue/green reef fish.  Pale A. 
maculates were found to shadow fish with blue/green 
65% of the time compared to only 35% of dark 
phased A. maculates (Fig. 4). 

 

An analysis combining morphotype and shade show 
that A. maculates with a blue-nose display little 
variation in the percent blue/green shadowees 
between dark and light phases (Fig. 5). Blue/green 
shadowees were involved in 38% of the dark blue- 
nosed shadowings compared with 44% of the pale 
blue-nosed stalkings.    In contrast, the pale brown 
morphotype of A. maculates showed a preference for 
shadowing blue/green fish compared to their dark 
counterparts.  Brown A. maculates shadowed 
blue/green fish only 33% of the time compared with 
the pale brown phase that shadowed blue/green fish 
92% of the time (Fig 5). 

DISCUSSION 
Aronson (1983) pointed out that “The evolutionary 
problem of prey recognition may have selected for a 
limit to the frequencies with which A. maculates 

Figure 4. Percent of blue/green shadowees by dark vs. pale 
phase A. maculates during observations on the reef flat in 
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Figure 3. Percent of shadow stalking by reef species in brown vs. blue-nosed A. maculates during observations on the reef flat in Bonaire 
during October and November 2007. 
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Figure 5. Percent blue/green shadowees by all possible combinations of brown vs. blue-nose and the dark 
vs. light A. maculates during observations on the reef flat in Bonaire during October and November 2007. 
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utilize their various forms of camouflage.”   The 
above idea seems to be well illustrated by the 
behavioral observations of A. maculates during this 
study. Through intensive monitoring of the use of 
camouflage by A. maculate at the same location, I 
documented that the four different color morphs in 
the area tended to exhibit specific foraging strategies.  
A large, brown morph, of A. maculates was rarely 
observed shadow stalking, but was often found 
hovering vertically around the dock pilings.  A small 
yellow A. maculatus was typically observed in the 
company of a school of French grunts (Haemulon 
flavolineatum) and was never recorded shadow 
stalking. The medium brown and medium blue-nose 
morphs were responsible for the bulk of shadow 
stalking events on the reef flat.  

Contrary to my hypothesis, blue-nosed A. maculates 
did not shadow blue/green reef fish more often than 
brown A. maculates. A. maculates with a blue snout 
do not preferentially follow reef fish possessing 
blue/green coloring.  In fact, brown A. maculates 
were observed shadowing blue/green fish more often. 
A possible explanation for the unexpected results 
could be that the silhouette formed by the shadow 
stalking event is more important than matching the 
color of the shadowee.  Support for this hypothesis 
could come from the observation that the larger 
brown A. maculates were seldom seen shadow 
stalking.  This could be due to an absence of larger 
fish in the shallow waters with which to form an 
appropriate silhouette.   

Aronson’s (1983) study from the same habitat in 
Bonaire found that blue-nosed A. maculates chose 
blue/green reef fish for shadowing more often than 
not.  It may be possible that the behavior of A. 
maculatus has changed over time or that a more 
extensive study is needed to clarify the relationship.  
Another possible explanation for the difference in 
behavior is that foraging may be a locally learned 
behavior or made through individual choice (Aronson 
1983, Lochmann 1989).   

Another interesting observation is that although most 
of the shadow stalking events involved some species 
of parrotfish, terminal phase S. viride were rarely 
shadowed.  S. viride are similar in size, utilize similar 
foraging techniques, and have the same diet as the 
other frequently shadowed parrotfish yet they were 
rarely shadowed.  The results from the study by 
Aronson (1983) echoed this same result.  This leads 
me to believe there is an unknown factor causing S. 
viride to be unsuitable for shadow stalking and could 
serve as an area of interest for future studies.    

Pale color morphs were responsible for 58% of the 53 
stalkings.  The pale morphotypes tended to shadow 

more blue/green fish overall.  The reason for the 
higher level of stalking by pale phases could be due 
to several factors.  A study of the shades and relative 
habitats of cichlid fish found that the pale cichlids 
tended to inhabit lighter exposed areas, while the 
darker shades remained in less illuminated areas 
(Mboko and Kohda 1994).  A. maculates observations 
were made in 1 to 3 m of water, a typically well lit 
area, possibly explaining the presence of pale phases 
during observations.  The study also found that the 
cichlid fish of darker shading became paler when put 
in a lighter environment (Mboko and Kohda 1994).  It 
could be that the A. maculates are changing to a 
temporarily lighter shade in this light abundant 
environment.  It is also possible that a more long term 
shade change, like that of the cichlid, could be taking 
place.  However, the capacity of A. maculatus for 
long term color change has not been well explored.   

Further explanation for the unexpected results in both 
areas of color and shade may be accounted for by 
other factors.  The blue-snout of A. maculates might 
be useful for shadowing schools of fish.  The bright 
blue snout has been used to mimic blue-tang 
(Aronson 1983) and blue chromis (Kaufman 1976) 
allowing them to shadow an individual or a school of 
blue fish.  The study site contained no blue chromis 
schools, perhaps accounting for the lower number of 
blue- nose shadowing events.  It did contain schools 
of blue tang which the A. maculates neared, but made 
fewer formal shadowing attempts than with the larger 
herbivorous fish.  However, it should be noted that 
the line between a formal shadowing stalking event 
and simply being near the schools of fish was 
difficult to discern possibly causing blue tang 
shadowings to be under represented in the data.   
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The relationship between fish diversity and live coral cover and changes in fish diversity 
over time in Bonaire, Netherlands Antilles 
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ABSTRACT 
Bonaire, Netherlands Antilles has one of the healthiest coral reef systems in terms of fish species richness and live 
coral cover in the Caribbean.  Numerous studies investigating the correlation between coral cover and fish diversity 
in reefs throughout the world have yielded inconsistent results.  This study, using data from the REEF Fish Survey 
Project and a vertical transect method of estimating coral cover, found a significant negative correlation between 
coral cover and fish diversity on Bonaire.   

The health of Bonaire’s reef systems fuel the diving industry, which is a major part of the island’s economy.  
Worldwide fish populations are decreasing due to overfishing and other pressures. In an attempt to monitor the 
valuable fish populations in Bonaire, data from REEF surveys was used to determine whether fish diversity has 
decreased over time in Bonaire.  Although diversity fluctuated at all sites, overall the fish diversity on Bonaire 
showed no significant change between 1995 and 2007.  However, Bari Reef, which is the most surveyed site in the 
Caribbean, showed an increase in diversity over time.  The number of surveys could explain the increase in diversity 
due to more intensive sampling than any other site. 

INTRODUCTION 
Fish populations around the world are constantly 
changing due to natural causes such as predator-prey 
dynamics (Hixon 1991) and natural disturbances such 
as hurricanes (Lassig 1984).  Human-induced stresses 
on the marine environment also affect fish 
populations.  These stresses include overfishing 
(Grigg 2004), pollution (Kerr and Ryder 1992), 
habitat loss (Jones et al. 2004), and climate change 
due to global warming (Holbrook et al. 1997).  
Numerous species of fish are endangered or have 
gone extinct due to human carelessness and lack of 
understanding of fish biology or ecology (Boehlert 
1996).  In order to prevent further destruction of fish 
populations it is important to study and gain 
understanding of fish and the ecosystems in which 
they live.   

Reef Environmental Educational Foundation (REEF) 
is a non-profit organization founded in 1990 that 
aims to protect the marine environment and give 
divers a chance to become involved in the effort.  
Through the Fish Survey Project that began in 1993, 
volunteers have been surveying global coral reef fish 
populations.  Fish species and abundance data are 
collected and entered into a large database accessible 
to the public via the internet (Pattengill-Semmens and 
Semmens 2003).  Surveys are conducted using the 
Roving Diver Technique (RDT) where divers swim 
freely over the reef noting the fish species and 
abundances observed (Schmitt and Sullivan 1996).  
Survey time, depth, temperature, and other 
environmental information are also recorded.  Data 
are separated into expert and novice categories based 
on the experience level of the surveyor and are sorted 
according to dive site (Pattengill-Semmens and 
Semmens 2003). 

Since the Fish Survey Project began, Bonaire, a tiny 
island off the coast of Venezuela, has been the site of 
nearly 7,000 expert level surveys.  Surveyors have 
noted the presence of over 400 species of fish.  This 
is the highest fish diversity recorded in the Caribbean 
(Pattengill-Semmens 2002) making Bonaire an 
important tool in the quest for understanding coral 
reef fish populations of the world.  Survey 
information provided by REEF has been used to gain 
a better understanding of fish populations on Bonaire 
and is useful in a variety of studies including 
evaluations of the species diversity patterns and 
effects of divers (Pattengill-Semmens and Semmens 
2003).  Unfortunately, only a few scientists have 
taken advantage of this useful database. This study 
uses data from the Fish Survey Project to investigate 
whether the fish species diversity of Bonaire has 
decreased over time.   

The present study also uses data from the Fish Survey 
Project to test a second important question: Is there a 
relationship between percent live coral cover of the 
reefs and the species diversity of fish in Bonaire?  
Fish species diversity and percent coral cover of 
Bonaire’s reefs are among the highest in the 
Caribbean (Hawkins et al. 1999).  In other areas of 
the world, studies have shown correlations between 
percent live coral cover and fish species richness and 
abundance (Jones et al. 2004, Bell and Galzin 1984), 
so it would be reasonable to theorize that Bonaire’s 
high percent coral cover would explain the high fish 
species diversity.  Other studies, however, have 
shown no correlation between fish species diversity 
and percent coral cover (Roberts and Ormond 1987).  
In this study, I will compare percent coral cover data 
collected using the line transect method with data 
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from the Fish Survey Project to test for a correlation 
between live coral cover and fish species diversity in 
Bonaire. 

MATERIALS AND METHODS 
FISH DIVERSITY AND CORAL COVER 
Study sites were chosen based on preliminary 
diversity tests.  Four sites showing higher diversity 
(Tori’s Reef, Bari Reef, Angel City, and Red Slave) 
and four sites showing lower diversity (Ol’Blue, 
Witch’s Hut, Something Special, and Andrea II) were 
selected.  Efforts were made to avoid pseudo-
replication by choosing nonadjacent sites (Fig 1).  
Fish diversity was calculated for each site based on 
expert level surveys from the REEF Fish Survey 
Project using surveys from the past year (October 
2006-October 2007).  Five surveys were randomly 
selected for each site for use in the following 
calculations.   

Species number and relative abundance of reef fish 
was used to calculate a species diversity index for 
each site in the past year.  During a REEF survey, the 
abundance of each species is estimated using the 
following scale: 1 = a single fish of the species, 2 = a 
few (2-10), 3 = many (11-100), and 4 = abundant 
(>100).  Using this information, an abundance score 
was calculated for each species per site according to 
the following formulas as demonstrated by Pattengill-
Semmens (2002): 
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In this equation, d is the density score which is 
calculated in order to determine the abundance score, 
n, formulated below.  x 1, x2, x3, and x4 are the number 
of times each species was assigned to the particular 
abundance category. 
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The percent sighting frequency (%SF) is the 
percentage of surveys at a site in which the species 
was recorded. 

The following formula, which is a variation of 
Simpson’s Index (Simpson 1949), was used to 
determine a diversity index for each site.   
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D is the diversity index and n is the abundance score 
of a particular species. 

The diversity index is a number between 0 and 1.  
Zero represents infinite diversity and 1 represents no 
diversity.  In this study, a reciprocal diversity index 
(1/D) was used in order to negate confusion.  A low 

1/D value indicates low diversity and a high value 
indicates high diversity.  

Percent live coral cover was calculated using the 
mean of two vertical transects at each site.  One 
transect was taken approximately 10 kick cycles to 
the right of the entry, and another was taken 
approximately 10 kick cycles to the left of the entry 
at each site.  Transects were laid from 21m to 1m 
depth, noting the total length.  This depth range was 
chosen to approximate the range of a REEF survey.  
Live coral cover under the transect line was estimated 
to the nearest centimeter.  The total live coral cover 
was divided by the length of the transect to calculate 
the percent live coral cover.  A Pearson Correlation 
test was used to test for a correlation between fish 
diversity and live coral cover. 

FISH DIVERSITY OVER TIME 
Expert surveys from the REEF Fish Survey Project 
were used to calculate the 1/D value as above for six 
dive sites (Ol’Blue, Karpata, Bari Reef, Tori’s Reef, 
Margate Bay, and Cliff) (Fig.  2) for the years 1995, 
1999, 2003, and 2007.  Dive sites and years were 
chosen based on the availability of comparable data 
between sites.  Two surveys per site per year were 
used in the 1/D calculation as only two surveys per 
year were available in some cases.  The 1/D values 
for the six sites were used to calculate the fish 
diversity trend on Bonaire over this time period.  A 
Spearman’s Rank Correlation test was used to test for 
significance. 

The same six sites were also evaluated over the 1995-
2007 period by calculating the 1/D value based on 
four randomly chosen surveys for every year which 
had four or more surveys.  This data was considered 
separately for each site to compare trends between 
sites.  Bari Reef, having a substantial number of 
surveys per year (except for 2002), was again 
evaluated separately, this time using six surveys per 
year for the 1/D calculations for 1995-2007 excluding 
2002.  Spearman’s Rank Correlation test was used to 
evaluate the trend over time. 

RESULTS 
FISH DIVERSITY AND CORAL COVER 
Percent live coral cover varied among the sites, 
ranging from 5.45% (Bari Reef) to 23.97% 
(Ol’Blue).  The reciprocal fish diversity indices 
ranged from 199.4964 (Tori’s Reef) to 124.4957 
(Witch’s Hut) (Table 1).The four sites with the 
highest fish diversity had the lowest percent live 
coral cover.  The Pearson Correlation Coefficient of 
the variables is -0.77487, indicating a significant 
negative correlation (p = 0.0210) (Fig. 3). 
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Average length of the transects varied considerably 
among sites (Table 2).  The Angel City transects had 
the longest distance (180.77m) due to the site’s 
double reef structure and large sand flat.  Due to an 
extensive sand flat, Tori’s Reef had the second 
largest transect distance (156.00m).  Witch’s Hut and 
Ol’Blue had the shortest total lengths (74.00m and 
76.16m), reflecting their steeper reef slopes and drop-
offs closer to shore.   

FISH DIVERSITY OVER TIME 
The mean reciprocal diversity indices of the chosen 
dive sites showed a slight decrease over time from 
126.88 in 1995 to 120.05 in 2007 (Fig. 4).  However, 
fish diversity over time was extremely variable 
among and within sites.  This decrease is not 
significant (ρ = -0.102, p = 0.7418).   

When each site was considered separately, there was 
no consistent pattern in fish diversity over time (Fig. 
5).  Tori’s Reef and Cliff decreased in fish diversity 
whereas the diversity at the other sites increased. 
Spearman’s Rank Correlation test revealed no 
significant changes in diversity at any of the six sites 
(Table 3).  Fish diversity peaked at Ol’Blue and 
Karpata around the year 2000 and at Margate Bay 
and Cliff around the years 2003 and 2004.  When 
analyzed using six surveys per year, Bari Reef 
showed a significant increase in diversity over time 
from 130.20 in 1995 to 171.63 in year (ρ = 0.853, p = 
0.0047) (Fig. 6). 
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Changes in Mean Fish Diversity Over Time
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Figure 1.  Study sites for coral cover and fish diversity 
study. 

Figure 4.  Mean fish diversity over time. Each point 
represents the mean of the 1/D values for Bari Reef, Cliff, 
Margate Bay, Karpata, Tori’s Reef, and Ol’Blue.  1/D values 
are based on two surveys per site per year.  Error bars = 
standard deviations (ρ = -0.102, p = 0.7418). 

Figure 3.  Fish diversity and percent live coral cover at Eight 
Dive Sites.  1/D values are based on 5 surveys per site. Error 
bars = standard error. (r = -0.77487, p = 0.0210) 

Figure 2.  Study sites for fish diversity over time study.
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Table 3. Spearman rank correlation results of fish diversity 
over time at six dive. sites. 

Table 1.  Reciprocal fish species diversity indices per site. 

Group Site 1/D 
High Diversity Angel City 161.24 
 Red Slave 174.44 
 Bari Reef 180.80 
 Tori's Reef 199.50 
   
Low Diversity Witch's Hut 124.50 
 Something Special 130.60 
 Andrea II 131.33 
 Ol'Blue 136.96 

 

Table 2.  Total transect length from 21m to 1m depth. 

Site  Transect Length (m) 
Angel City 180.77 
Red Slave 105.94 
Bari Reef 80.50 
Tori’s Reef 156.00 
Witch's Hut 74.00 
Something Special 83.73 
Andrea II 106.75 
Ol'Blue 76.16 

 

Site Rho P-value 
Cliff 0.179 0.6618 
Margate Bay 0.633 0.0732 
Ol'Blue 0.048 0.8997 
Karpata 0.033 0.9249 
Tori's Reef -0.188 0.5730 
Bari Reef 0.027 0.9313 

DISCUSSION 
CORAL COVER AND FISH DIVERSITY 
The results of this study indicate a significant 
negative correlation between coral cover and fish 
diversity in Bonaire.  This does not support my 
original hypothesis that sites with higher fish 
diversity would have higher coral cover.  This study 
provides evidence that there are more factors to 
consider when explaining fish diversity on coral reefs 
than live coral cover.   

In the 1970s, studies showed a positive correlation 
between habitat complexity and fish species diversity 
(Risk 1972, Luckhurst and Luckhurst 1978).  This 
relationship was accounted for by assuming that an 
increase in complexity of coral structure yielded an 
increase in feeding spaces and shelter for fishes.  Bell 
and Glazin (1984) theorized that live coral cover 
would also correlate with fish species diversity, and 
their study around the Mataiva Atoll, Tuamotu 
Archipelago supported this hypothesis.  However, in 
1987, Roberts and Ormond retested this hypothesis in 
the Red Sea and found no significant data to support 
a correlation between coral cover and fish diversity.  
Then, in an eight-year study of marine reserves in 
Papua, New Guinea, Jones and his colleagues (2004) 
again found a strong correlation between the 
degradation of the coral reefs indicated by loss of 
coral cover and a decline in the fish populations in 
the marine reserves.  This study in Bonaire found that 
where there is less live coral cover there is higher fish 
diversity, suggesting that there is more to fish 
diversity than presence of live coral.   

Based on the transect data, a logical explanation for 
these findings is that the lower coral cover sites have 
more habitat types.  It was noted that the variance in 
total length of the transects between sites was due to 
the presence or absence of sand flats and rubble flats.  
Sites that had sand flats and/or rubble flats such as 
Tori’s Reef and Angel City and, subsequently, longer 
transects, showed higher fish diversity than sites such 
as Ol’Blue and Witch’s Hut that lacked large sand 
flats or rubble flats.  Since some fish species live only 
in sand flats, others live only on rubble, and still 
others live only on reefs, the presence of more 
habitats likely yields a higher fish diversity.  Further 
studies could evaluate the relationship between these 
substrates and the fish diversity on Bonaire. 

FISH DIVERSITY OVER TIME 
The results of this study suggest that fish diversity is 
changing on Bonaire over time, however, the 
direction and magnitude of these changes seem to 
vary by site.  It was hypothesized that diversity 
would decrease over time in Bonaire.  At study sites 
Tori’s Reef and Cliff this was the trend, but fish 
diversity at the other sites increased over time.  Fish 
diversity at Bari Reef, the site with the highest fish 
diversity in the Caribbean according to the REEF 
database, increased significantly in diversity from 
1995–2007.  
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In the 1990’s, Hawkins and his colleagues studied the 
effectiveness of the Bonaire National Marine Park 
(BNMP), which surrounds the entire island of 
Bonaire, on protecting the coral and fish species of 
Bonaire by focusing on the impact of divers.  
Indications of coral cover loss were found, but there 
were no indications of changes in fish populations as 
a result of diving activities.  The researchers 
concluded that stricter diving regulations should be 
considered for the protection of the coral, but that the 
fish populations were, for the moment, not a concern 
(Hawkins et al. 1999).  The relative stability of fish 
diversity on Bonaire presented in this study supports 
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Fish Diversity Over Time at Bari Reef
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Fish Diveristy Over Time at Karpata
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Fish Diveristy Over Time at Ol'Blue
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Fish Diversity Over Time at Cliff

100

120

140

160

180

1994 1996 1998 2000 2002 2004 2006 2008

Year

Fi
sh

 D
iv

er
si

ty
 (1

/D
)

Fish Diveristy Over Time at Margate Bay
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Figure 5.  Fish diversity over time at six dive sites. Four surveys per year were used to calculate the 1/D values of all years that were 
represented by four or more REEF surveys. Error bars = standard error. (Spearman Rank Correlation Table 3) 

Figure 6.  Fish diversity at Bari Reef over time. 1/D values are 
based on six surveys per year. 2002 has been excluded. Error 
bars = standard error. (ρ = 0.853, p = 0.0047) 
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that fish diversity is not under great risk in the 
BNMP. 

 The absence of a consistent pattern of change among 
the dive sites suggests that there may be site-specific 
factors controlling fish diversity in Bonaire.  Overall, 
diversity did not change significantly suggesting that 
fish diversity is relatively stable.  However, attention 
may be needed at Tori’s Reef and Cliff where 
declines in fish diversity, although insignificant, were 
observed. 

Bari Reef showed a significant increase in diversity 
over time.  It is the most surveyed site in the 
Caribbean likely because it has the highest recorded 
number of fish species.  It attracts a high number of 
expert surveyors when compared to other sites.  With 
experience, surveyors have the ability to recognize 
rare fish.  The more experienced the surveyor is, the 
more powerful the survey data is (Pattengill-
Semmens and Semmens 1999).  This might account 
for the apparent increase in diversity.  Perhaps 
diversity is not increasing or not as significantly as 
indicated by the results of this study, but rather the 
ability of the surveyors to find rarer fish has 
increased with experience. 

Coral reefs and their associated rich populations of 
reef fish are the main source of income for the island 
of Bonaire through tourism, particularly diving 
(DeMeyer 2007).  Thus, it is important to monitor 
fish populations and diversity and to understand what 
factors affect their populations.  Furthermore, 
Bonaire is a biodiversity hotspot for fish species in 
the Caribbean and will be an important site for future 
research.  Although the data presented in this study 
do not indicate any significant risk to the fish 
diversity on Bonaire and that at certain sites diversity 
is increasing, constant monitoring of this valuable 
resource is imperative.  It is also important to 
consider the effects that changing fish populations, 
whether increasing or decreasing, may have on other 
aspects of the ecosystem. 

In addition, it is important to recognize that 
comparing diversity indexes has certain limitations.  
This method does not address threatened species or 
species biomass.  Populations of species have been 
known to decrease in biomass due to fishing pressure 
(Grigg 2004).  Other methods such as AGGRA 
(Ginsburg 2007) may be applied to measure 
population changes of this manner.   

CONCLUSIONS  
Bonaire is home to the highest fish diversity in the 
Caribbean and diving tourism is a major source of 
income on the island. This makes monitoring of 
Bonaire’s fish populations extremely important.  
Coral cover and fish diversity were found to be 

negatively correlated on Bonaire, indicating that 
factors other than live coral may affect fish 
populations.  Over time, fish diversity fluctuated on 
Bonaire, increasing at some sites and decreasing at 
others, but no significant change was found overall. 
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ABSTRACT 
The purpose of this study is to determine if divers are affecting the reproductive behavior of Halichoeres bivittatus, 
commonly known as slippery dicks.  As an abundant reef fish in the Caribbean, H. bivittatus may be used as a model 
to study diver impacts on reproductive behavior.  If divers are affecting reproductive behavior by delaying the time 
to reproduction, it could negatively affect the fish’s lifetime reproductive potential and cause decreases in the 
population at sites with high diver use.   

I made in situ behavioral observations of H. bivittatus during their daily spawning period between 15:00 and 17:00 
h.  Spawning rises were enumerated in the presence and absence of a diver to determine if divers affect the number 
of spawning rises during the observation period.  To determine if H. bivittatus become acclimated to the presence of 
divers, studies at a site with high diver activity were compared to a site with low diver activity.  At each site 
spawning rises were counted in the presence and absence of a diver.  An ANOVA indicated that there was no 
difference in the average number of spawning rises when a diver was present and when a diver was not present.  In 
this study, there was no effect of divers on the reproductive behavior of H. bivittatus. 

INTRODUCTION 
The coral reef diving tourism industry depends 
directly on marine resources and species thriving and 
remaining healthy.  Several challenges present 
themselves when seeking to minimize any potential 
negative interactions between divers and coral reef 
organisms.  The first is to find a way to limit the 
impact of SCUBA divers on reef corals; the second is 
mitigating diver damage to non-coral organisms, such 
as fishes, crucial to the success and vitality of the reef 
system (Rouphael and Hanafy, 2007). Maintenance 
of healthy coral reefs and their inhabitants is 
fundamental to the success and prosperity of Earth’s 
oceans.   

Previous research has shown that SCUBA divers 
have an impact on the reef around them (Sorice et al. 
2007; Barker and Roberts 2004; Chuchman 2003; 
Rouphael and Hanafy 2007).  SCUBA divers contact 
the reef in several ways including fin taps, touching 
with their hands, and dragging dangling gauges 
across the reef.  The damage to reefs ranges from re-
suspending sediment to breaking off coral pieces 
(Barker and Roberts 2004).  Divers have started to 
recognize their impact and are trying to develop ways 
to protect the reef (Sorice et al. 2007).  Briefings by 
marine parks and other SCUBA diver awareness 
programs have been put in place in many of the top 
diving destinations, such as Bonaire, to better educate 
divers about the potential impact of diving on reefs 
(Sorice et al. 2007). 

H. bivittatus is one of the most common and 
abundant reef fishes in the Southern Caribbean (Fig. 
1).  In Bonaire they are common on the reef flat 
between 1 and 6 m.  The distribution of H. bivittatus 
is intersected in Bonaire by over 100 shore diving 
sites that occur along the leeward coast.  Given that 

approximately 30,000 divers come to Bonaire each 
year (DEZA, 2007) it is likely that the activities of 
divers could affect the reproductive behavior of this 
shallow water fish species.  H. bivittatus’ mating is 
limited to a specific time period, 15:00 to 17:00 h, 
and if the mating period is interrupted by diving 
activities; their reproduction could also be interrupted 
delaying their time to reproduction and causing a 
decrease in the reproductive potential of individuals 
in the population. The interruption could have a 
negative impact on the fitness of individuals by 
reducing their ability to contribute progeny to the 
next generation. 

 

 

 

 

 

 

 

 

 

 

 

Fitness is a measure of reproductive success.  The 
fittest individuals are those that leave the most 
descendents, and the least fit are those with the 
fewest descendents (Miller 2005).  In this study I will 
use the number of mating rises per individual as a 
measure of fitness.  The assumption is that a decrease 

Figure 1.  Terminal phase H. bivittatus at 1000 Steps. 
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in the number of mating rises will reduce the 
reproductive output of H. bivittatus, thereby 
decreasing the fitness of the individual.  Since 
reproduction of H. bivittatus is restricted in time each 
day, the presence of divers in the spawning area 
could interfere with reproduction at the dive site.  
The delay in reproduction could reduce the numbers 
of offspring that each fish could have contributed by 
decreasing their reproductive potential.  The purpose 
of this research is 1) to determine if diving can alter 
the reproductive behavior of H. bivittatus and 2) if H. 
bivittatus acclimate to diving activity.  The first 
objective will be tested by counting spawning rises 
per individual in areas with and without divers and 
the second objective will be tested by observing H. 
bivittatus spawning behavior in the presence of divers 
at popular dive sites versus the reserve area where 
diving is uncommon.   

The null hypotheses tested were: 

Ho1: There will be no difference in the rate 
of spawning rises in the presence or absence 
of a diver.   

Ho2: There will be no difference in the 
number of spawning rises in the presence of 
a diver at a popular dive site and in a reserve 
area where diving is prohibited 

METHODS 
Research on H. bivittatus was conducted primarily at 
the dive site 1000 Steps in Bonaire from mid-October 
to late-November (Fig. 2).  One Thousand Steps is 
north of Kralendijk on the west coast of Bonaire in 
the Southern Caribbean.  The site is on a fringing reef 
and the substrate is primarily sand, dead coral and 
live coral.  Observation areas were chosen based on 
the presence of H. bivittatus at depths between 2 and 

6 m.   

Observations were conducted between 15:45 and 
16:15 h and were chosen because H. bivittatus spawn 
between 15:00 and 17:00 h daily.  Using SCUBA, a 3 
m2 area was marked with a transect line and compass.  
To facilitate observations, each side of the square was 
marked with a one pound fishing weight attached to 
an empty bottle on 1 m of string.  Observations were 
made from a corner of the square.  

After the observation area was marked, I placed 

Figure 2.  Dive sites along the leeward side of Bonaire 
where H. bivittatus were observed. 

Figure 3.  Sub-surface buoys marking four corners of observation area.
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myself outside the square and remained motionless 
for 5 minutes as my buddy, the experimental diver, 
remained at a distance of at least 10 m from the  

observation area (Fig. 3) There were 4 phases to my 
observation period including a 5 minute acclimation 
period, a 10 min observation period, a 3 min 
acclimation period and another 10 min observation 
period.  

The initial 5 minute acclimation period allowed the 
fish to renew normal activities while I tallied the 
number of initial phase (IP) and terminal phase (TP) 
H. bivittatus present in the observation area.  The 
experimental diver was instructed to either come in 
immediately after the initial acclimation period.  The 
experimental diver was instructed to swim in and 
around the observation area for 10 min.  The diver 
remained about 1 m above the bottom and swam 
slowly as would be expected of a diver normally 
moving through the spawning area.  During this time 
I watched for spawning rises and tallied each rise.   

Normally, H. bivittatus stay near the reef surface 
unless they are feeding or spawning.  During a 
spawning rise a TP male and IP female swim quickly 
up into the water column where they release their 
gametes and return to the reef substrate immediately.  
Following the planted diver, there was another 
acclimation period of three minutes.  No spawning 
rises were counted during this time.  After the 
acclimation period finished, counting spawning rises 
continued again with the diver out of the area.   

To determine if the presence of a diver affected the 
reproduction of H. bivittatus, the mean number of 
spawning rises per observation period with the diver 
present was compared to the mean number without 
the diver.  To compare observation areas with 
differing numbers of H. bivittatus I needed to 

establish criteria for standardizing the observation 
areas by number of H. bivittatus.  There were 3 
options: number of TP H. bivittatus, number of IP H. 
bivittatus, or total H. bivittatus in the observation 
area.  A linear regression analysis was performed on  

the 3 variables to see which metric showed the 
strongest relationship to number of spawning rises.  
A one-way ANOVA (α = 0.05) was used to 
determine if there was a significant effect of divers 
on the number of spawning rises per observation 
period.   

RESULTS 
The regression analysis showed that the total number 
of fish per observation area was a better predictor of 
number of spawning rises (r2 = 0.5491) than number 
of TP or IP H. bivittatus.  Therefore, the basis of the 
comparison between of spawning rises in the 
presence and absence of a diver was standardized by 
total number of H. bivittatus in the observation area.  
With a diver present there were 0.16 spawning rises 
per H. bivittatus during the observation period 
whereas in the absence of a diver there were 0.18 
spawning rises per H. bivittatus (Fig. 4).  The average 
number of spawning rises of H. bivittatus in the 
presence and absence of a diver is not significantly 
different (Table 1) according to the ANOVA (p = 
0.75323).   

DISCUSSION  
There was no significant difference in the mean 
number of spawning rises when the diver was present 
and when the diver was absent.  Therefore, my first 
null hypothesis is accepted: there is no effect of 
divers on reproductive behavior of H. bivittatus.  
However, observations made during the study show 
that initially, when the diver entered the study area, 

Mean spawning rises per H. bivittatus with diver present and diver 
absent
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Figure 4. Comparison between the mean number of spawning rises per H. bivittatus (± se) in the observation area in 
the presence and absence of a diver (n = 6).  Data from 1000 Steps.
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Table 1. One-way ANOVA comparing the number of rises of TP H. bivittatus with and without divers present (α = 
0.05). 

 

H. bivittatus left the area for 5-7 min of the 10 min 
observation period.  When the fish returned, they 
continued to mate as if the diver was not there.  In 
effect, even though there was a behavioral response 

to diver presence the mating behavior resumed at a 
rate high enough to make up for the disturbance of 
the diver.  In addition to effects of divers on mating 

behavior; other marine organisms that got too close 
to the mating behavior caused H. bivittatus to cease 
mating for a short period.   

No previous studies have been done on SCUBA diver 
impact on the reproductive behavior of reef fish, 
particularly H. bivittatus.  However, previous studies 
have been conducted on diver impact on total reef 
health, showing that high diver traffic negatively 
effects reef health.  This study explores some of the 
possible implications of SCUBA divers on reef fish, 
however it the results show that there was no 
detectable impact on the reproductive behavior of H. 
bivittatus.   

Regarding the second null hypothesis comparing 
spawning rises in observation areas with high diver 
activity to reserve areas where the fish are not 
accustomed to divers: no data was collected.  The 
Bonaire National Marine Park did not issue a permit 
for the study.  The purpose of this portion of the 
research was to study the ability of H. bivittatus to 
learn to adjust to diver presence.  I attempted to 
change my study to areas with low diver activity and 
only two observations were made at a site with low 
diver activity.  The site chosen with low diver 
activity was Red Slave in the southern leeward coast 

of Bonaire.  In order to get as far from typical diver 
activity at the site, data was collected 100 m south of 
the mooring buoy.  Though only two observations 
were collected, interesting data was found.  H. 
bivittatus populations in the south were nearly twice 
as dense and in addition there was twice as much 
mating.  This could begin to show possible 
behavioral adaptations to diver presence.  Conducting 
more dives at this site would be the next step in 
testing H. bivittatus behavioral adaptations to diver 
presence.  In order to further study diver impact and 
possible behavior adaptations, more data at 1000 
Steps as well as beginning to collect data at a low 
diver activity site, such as Red Slave, needs to be 
collected. 
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ABSTRACT 
Recent studies show that late stage pelagic larval fish are not simply drifting with the currents as formerly 
believed, but are in some cases strong swimmers and more than capable of swimming against the ambient 
flow.  There is evidence that larval fish may select specific habitats in which to settle.  Although little is 
understood about their sensory abilities, both sound and smell have been linked to settlement of coral reef 
larvae (Leis 1997).   

On Bonaire, Netherlands Antilles, coral reefs, mangrove forests, and seagrass beds provide refuge and food 
for young fish.  Some fish species are thought to spend the juvenile life stages in mangroves and seagrasses 
and abundances of certain adult reef fish species have been shown to be greater in coral reefs with 
surrounding seagrasses and mangroves (Mumby 2004).  Larval fish may be able to select environments for 
settlement based on biological attractions detected by certain senses (Lecchini 2005).   

This study investigates the potential differences in the larval fish recruiting to mangrove and seagrass 
habitats with larval fish recruiting to coral reef habitats.  Samples of larval fish were taken on the three 
nights surrounding the November new moon.  Light traps and dip nets were used at two different sites, one 
a mangrove/seagrass habitat, and the other a coral reef habitat.  Larger numbers of larval fish and more 
families were represented in the samples taken in the coral reef habitat than the mangrove/seagrass habitat.   

INTRODUCTION
Before settling on a coral reef, mangrove habitat, 
or seagrass bed, fish larvae begin their journey in 
the open ocean.  Reef fish disperse high numbers 
of larvae into the plankton, where they remain 
from weeks to months, depending on the species 
(Leis 1997).  Little is known about this pelagic 
period, and until recently larval fish were 
thought of as passive particles, affected by 
currents, winds, tides, and other oceanic 
processes.  This belief is currently under 
investigation, as scientists have revealed that reef 
fish larvae are able to swim faster than ambient 
currents (Leis 1997). 

Experiments using late stage pelagic larvae 
indicate that swimming speeds can exceed 20 
body lengths per second, and that coral reefs can 
be detected from a distance of one kilometer 
(Leis 1997).  The noises created by fish and 
invertebrates near reefs can exceed background 
noise for tens of kilometers, making it a possible 
sensory cue for finding a settlement habitat (Leis 
1997).  Leis (1997) found that certain species of 
the family Pomacentridae (damselfish) use this 
chorus to localize the reef from a distance of 65 
m.  Other studies indicate that olfactory cues, 
over a smaller scale, may attract larvae to certain 
habitats, but the potential ability to localize reefs 
using chemoreception is unclear (Wright and 
Higgs 2006).  

In recent experiments using Acanthurus 
triostegus (convict surgeonfish) and Chromis 

viridis (blue-green chromis), Lecchini (2005) 
observed that, when in close proximity to 
settlement areas, larval reef fish selected and 
settled in habitats regardless of prevailing 
currents.  Visual and vibratory/auditory cues, as 
well as chemical cues produced by conspecifics, 
were used to detect specific locations.  However, 
chemical sensory abilities seemed to be inhibited 
at greater distances (Lecchini 2005).  Although it 
remains unclear how preferences in habitat 
selection are shaped, the findings of these studies 
may be used as a tool for restoration ecology.  
The ability to assist the colonization of vacant 
habitats or the recolonization of over-harvested 
habitats, with the understanding of larval 
settlement techniques and capacities, is an 
important concept as reef environments, such as 
corals, mangrove forests, and seagrass beds, 
continue to be degraded (Lecchini 2005).    

In Bonaire, Netherlands Antilles, coral reefs, 
mangrove forests, and seagrass beds are 
important nurseries for young fish.  It is believed 
that these habitats are selected based on 
minimizing mortality rates, while maximizing 
growth rates (Van der Velde and Nagelkerken 
2002).  All three environments provide food and 
shelter for juvenile reef fish.  However, the 
distance of mangrove forests from the reef, 
which decreases predator frequency, and the 
turbidity of the waters, making predator foraging 
less successful, may appeal to certain species of 
fish more than others (Van der Velde and 
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Nagelkerken 2002).  A study conducted in the 
Caribbean showed 17 juvenile fish species to be 
highly associated with mangroves and/or 
seagrass beds, but to be lacking or completely 
absent on the coral reefs (Nagelkerken and 
Roberts 2002) (Table 2).  The present study 
investigates the question that if reef fish larvae 
have the ability to sense and select their 
environments, then are there differences in larval 
reef fish species settling between habitats on 
Bonaire?  And if so, could this suggest 
dependence of larval reef fish on certain 
systems?  

Settling larval fish were sampled in a coral reef 
habitat and in a mangrove and seagrass habitat 
during three consecutive nights surrounding the 
new moon.  Two procedures involving light were 
used to collect the larvae: light traps and dip 
nets.   

METHODS 
Settling fish larvae were sampled from two sites 
on Bonaire (Fig. 1).  Sorobon is representative of 
the mangrove/seagrass environment and is 
located on the east side of Bonaire, inside Lac 
Bay.  Dip net samples were taken from a dock, 
about one meter away from the mangrove forest, 
while the light trap was anchored about 100 m 
beyond that.  Sabadeco, located north of the 
capital city, Kralendijk, was chosen to represent 
a coral reef environment.  There are no seagrass 
beds or mangroves within approximately ten 

kilometers of this site.  Similarly, dip net 
samples were taken off of a dock, and a light trap 
was anchored about 100 m away.       

Figure 1. Map of Bonaire.  The Sorobon study site is 
representative of the mangrove and seagrass habitat 
and the Sabadeco study site is representative of the 
coral reef habitat. 

Figure 2. Ann holding the light trap, which was 
used to sample larval fish at Sabadeco and Sorobon 
for three consecutive nights.

Figure 3. Ann holding the dip net, which was used 
to sample larval fish at Sabadeco and Sorobon for 
three consecutive nights. 



  34

Two light traps were constructed out of five 
gallon paint buckets with four plastic bottles 
spaced around the perimeter (Fig. 2).  The bottles 
were designed to allow easy entry of larval fish 
through an opening that narrowed towards the 
light, which hung from the center of the bucket’s 
lid.  A rectangle cut in the bottom of the bucket 
was covered with one millimeter mesh to allow 
water to drain out.  The trap floated upright with 
the aid of a plastic buoy connected to the lid and 
weights attached to the bottom, as well as to the 
anchor line.    

For three consecutive nights during the new 
moon (November 8th, 9th, and 10th), light traps 
were deployed for three hours, from 19:00 to 
22:00 h.  The light traps were placed in water 
with a depth of three meters and were suspended 
about a foot beneath the surface.  At the end of 
the sampling period, the traps were brought back 
to shore, allowed to drain, and their contents 
were collected in small containers.  Formalin 
was added to obtain a mixture of 3.7% formalin 
and seawater.  After 24 h the samples were 
transferred to 96% ethanol. 

At 19:15 h, 2 UKMini Q40 eLED dive lights 
were directed into the water from a dock located 
approximately 100 m from the light traps.  Two 
60 cm diameter dip nets lined with 1mm mesh 
(Fig. 3) were used to collect fish larvae at 15 
minute intervals for a total of ten sweeps.  A dip 
consisted of one, long stroke in the area 
illuminated by the two flashlights.  Any 

organisms caught were transferred into collecting 
containers with the aid of a spray bottle filled 
with seawater.  The same preserving techniques 
were used as described for the light trap samples. 

Reef fish larvae were removed from the samples 
and examined under a microscope.  Photos were 
taken of representatives from each family 
sampled and sent to Dr. Benjamin Victor, a 
laboratory director for Los Angeles Area 
Medical Laboratories and expert in coral reef 
recruitment and Caribbean larval fish ecology 
(www.coralreeffish.com), who identified the 
fishes   Based on his identifications, the 
remainder of the fish larvae were separated into 
families and quantified.    

Families Associated with Mangrove/Seagrass 
Habitats 
Haemulidae (grunts) 
Lutjanidae (snappers) 
Acanthuridae (surgeonfishes) 
Chaetodontidae (butterflyfishes) 
Scaridae (parrotfishes) 
Gerreidae (mojarras) 
Sphyraenidae (barracudas) 

Table 1. Families sampled at the reef site and the mangrove/seagrass site, using lights and dip nets on November 8, 9, and 10, 2007 
in Bonaire.  Collections were made between 19:00 and 22:00 h.  

Family Name Sabadeco (reef)  Total 
Sorobon 
(mangrove/seagrass) Total 

 Nov. 8 Nov. 9 Nov. 10  Nov. 8 Nov. 9 Nov. 10  
Pomacentridae (damselfishes) 4 5 7 16 1 1 0 2 
Labridae (wrasses) 1 0 0 1 0 0 0 0 
Clupeidae (herrings) 0 0 0 0 0 0 0 0 
Scorpaenidae (scorpionfishes) 1 0 0 1 0 0 0 0 
Labrisomidae (blennies) 4 6 1 11 0 0 0 0 
Atherinidae (silverside fishes) 2 0 0 2 0 1 0 1 
Bothidae (flounders) 4 1 1 6 0 0 0 0 
Tripterygiidae (triplefins) 3 3 0 6 0 0 0 0 
Albulidae (bonefishes) 1 1 2 4 0 1 5 6 
Anguilliformes (eels) 1 0 1 2 0 0 0 0 
Gobiesocidae (clingfishes) 0 1 0 1 0 0 0 0 
Gobiidae (gobies) 0 1 0 1 0 0 0 0 
Sygnathidae (pipefishes) 0 0 1 1 1 0 0 1 
Blennidae (blennies) 1 0 0 1 0 0 0 0 

Table 2.  Families of coral reef fish known to be associated 
with mangrove and seagrass habitats in the Caribbean 
(Nagelkerken and Roberts 2002).   
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RESULTS  
Data from the light traps were minimal.  Only 
seven fish, from three families, were sampled at 
Sorobon (mangrove/seagrass habitat) and no fish 
were sampled at Sabadeco (coral reef habitat).  
Significantly more families of settling fish larvae 
were caught with a dip net at the coral reef site 
(mean = 7.67) than at the mangrove and seagrass 
site (mean = 2.67; p=0.02) (Table 1).  The most 
abundant family was Pomacentridae 
(damselfish), followed by Labrisomidae 
(blennies) (Fig. 4 & Fig. 5).  Nine of the families 
that were caught in the coral reef habitat were 
completely absent in the mangrove and seagrass 
habitat, including a member from the Bothidae 
family (flounders) (Fig. 6).  Based on a study 
conducted in the Caribbean (Nagelkerken and 
Roberts 2002), seven families of settling larvae 
were anticipated to occur at the mangrove and 
seagrass habitat (Table 2).  However, none of 
these families were sampled at the mangrove and 
seagrass habitat.  One family, Clupidae 
(herrings), was found at the mangrove and 
seagrass sampling area and not at Sabadeco 
(coral reef site).  

DISCUSSION 
Larval fish from more families were collected in 
the coral reef habitat.  In addition, greater 
numbers of larval fish were collected in the coral 
reef habitat. The higher diversity and abundance 
in the coral reef habitat may be explained by the 
recent studies on sensory cues of larval fish, 
which claim that reef fish larvae are homing in 
on specific sounds and smells coming from coral 
reefs (Lecchini 2005).  There is also the 
possibility that there are more families that are 
dependent on reef habitats during their juvenile 
stages.   

Samples were only taken during one new moon 
phase and only one site was sampled for each 
habitat type, coral reef and seagrass/mangrove in 
this study.  Samples would be more 
representative if they were collected during 
multiple new moons and from multiple sites.  
Professional equipment may also sample more 
larval fish than the equipment used for this 
study.  Additionally, it is possible that certain 
families were not collected because of the 
methods used.  Methods of collection without the 
use of light may result in larval fish species that 
are not necessarily phototactic and may include 
the families of larval fish thought to be more 
mangrove and seagrass dependent. 

Although this study does not provide evidence 
for reef fish dependence on certain habitats on 

Bonaire, the more we learn and understand about 
coral reefs, mangroves, and seagrass beds, the 
better protection we can provide.  With many 
tropical environments under the stresses of 
global warming, overfishing, and development, 
the need to effectively manage them is 
increasingly urgent.  According to other studies 
done in the Caribbean, mangrove forests and 
seagrass beds are crucial nurseries to young 
fishes, and seem to enhance fish biomass on 
tropical reef ecosystems (Mumby 2004).  While 
little is understood about this relationship, it 
implies that conservation efforts should focus on 
connected areas of habitats, rather than 
individual ones.  Management schemes need to 

Figure 6. Bothidae (flounder) caught in dip net at 
Sabadeco (reef site). 

5mm

Figure 4. Pomacentridae (damselfish) caught in dip net at 
Sabadeco (reef site). 

5mm 

Figure 5. Labrisomidae (blenny, on right) caught in dip 
net at Sabadeco (reef site).  Trypterygiidae (triplefin) on 
left. 

5mm
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protect natural ecosystems that support one 
another, because the destruction of coral reefs, 
mangrove forests, and seagrass beds is a current 
issue that we must address. 
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ABSTRACT 
An unidentified benthic cyanobacterial species has been documented growing on the reef system of Bonaire, N.A. 
Despite their role as nitrogen fixers in marine environments, cyanobacteria may cause diseases or release toxins on 
coral reefs. This study used line-intercept transects at 7 sites and photographic mapping at one site on Bonaire to 
determine the distribution and growth patterns of the cyanobacteria. The cyanobacteria showed greatest 
concentration at depths of 30-18 m, with largest average patch size occurring at 27-18 m. It grows almost 
exclusively on old dead coral, and appears to overgrow live coral only in rare cases. Patch dynamics are quite stable 
against competitive substrates such as live coral, but if ideal substrates are present patches as large as 100 cm2 may 
form over two weeks. Further study is needed to determine the long-term effects of the growth of the cyanobacteria 
on live coral.  

INTRODUCTION 
Cyanobacteria are prokaryotic, photosynthetic 
organisms which are among the oldest forms of life 
on Earth.  They are considered bacteria on the basis 
of their genetics and morphology, but are also known 
as “blue-green algae” because of the role they 
perform as primary producers in aquatic ecosystems 
(Littler and Littler 2000).  Cyanobacterial species 
differ greatly in their morphology, allowing them to 
exploit a large number of possible environments 
(Stahl 1995).   
In coral reef ecosystems, cyanobacteria are important 
because of their ability to fix dissolved atmospheric 
nitrogen into ammonia and nitrates or nitrites that are 
utilized by algae and marine plants (Littler and Littler 
2000).  Fixed nitrogen may enter the reef community 
by ingestion of the cyanobacteria by herbivorous fish, 
mat breakup and subsequent consumption by 
detritivores, or direct secretion into the environment 
by leaky cell walls (Weibe et al. 1975).   

Despite this essential role, when external forces such 
as temperature or nutrient level changes weaken an 
ecosystem, cyanobacteria may “bloom”, rapidly 
multiplying and further altering the environment by 
changing levels of sunlight, oxygen, and other 
chemicals (Rabalais 2005).  Additionally, some 
species of cyanobacteria produce toxic chemicals or 
diseases such as Black Band Disease which may 
harm aquatic organisms (Rutzler and Santavy 1983). 

During or following catastrophic environmental 
events cyanobacteria may increase the ability of 
macroalgal communities to establish themselves and 
decrease the possibility of coral regrowth (Fong et. al 
2006).  Benthic cyanobacteria are often early 
colonizers of dead coral and disturbed substrates 
(Paul et. al 2005).  Aggregation into mats is usually 
prevented by grazing pressures, but some species 
may be adapted to avoid this by producing 
unpalatable secondary metabolites (Stahl 1995; Paul 
et al 2005).   

On Bonaire in the Netherlands Antilles, mats of 
unidentified red filamentous epiphytic cyanobacteria 
were documented growing on an unknown number of 
dive sites along the leeward coast, with a possible 
concentration in the south of the island (De Leon, 
2006; Littler et al. 2006).  The 2006 Bonaire Algal 
Survey Report illustrates the red cyanobacteria 
overgrowing corals resulting in dead coral 
underneath when the algae is swept away (Littler et al 
2006).  However, Ritson-Williams et al. (2005) note 
the difficulty of determining if cyanobacteria are 
overgrowing dead organisms or killing live ones.   

To study the distribution of the cyanobacteria, as well 
as what effect it is having on the benthos of Bonaire’s 
coral reefs, I collected data using a line-intercept 
transect method at several sites on the leeward side of 
Bonaire (Fig. 1).  Because of the versatility of 
cyanobacteria I predicted that it would grow on all 
substrates occurring on the reef including living and 
dead organisms.   Secondly, I predicted that the 
cyanobacteria will be found at all depths from the 
reef flat to the reef slope. 

There was some interest in the patch dynamics of the 
cyanobacteria generated by members of the dive 
community that thought the patches may have been 
rolling up at night and changing dramatically over 
brief time periods.   Since little is known about the 
dynamics of the cyanobacterial mats, I studied the 
meso-scale changes of the mats over a 4 week time 
period.  Using underwater photography I documented 
the changes in patch size and shape on a specific 
portion of the reef by taking photographs of the same 
area every week and plotting the mat areas.  

METHODS 
CYANOBACTERIA SPECIES IDENTIFICATION 
In October 2007, a sample of the cyanobacteria 
preserved in a 3% formaldehyde/seawater mix was 
sent to Dr. Jiri Komarek of the Institute of Botany in 
Trebon, Czech Republic. I am currently awaiting the 
results of Dr. Komarek’s analysis. 
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CYANOBACTERIAL DISTRIBUTION 

A line-intercept transect was performed at seven sites 
on the leeward coast of Bonaire (Fig. 1).  A 
continuous transect was sampled from a depth of 30.5 
m to 6 m using a 30 m tape measure.  For every patch 
of cyanobacteria under the tape, the depth and length 

of the patch along the tape was recorded.  If not 
immediately visible, some algae along the periphery 
of the patch was brushed away to reveal the substrate 
being overgrown.  The substrates were classified as 
old dead coral, (OD) smaller possibly unstable 

chunks of rubble, (RB) sand (SD) and live coral 
(LC).  Macroalgal overgrowth was also noted, but for 
statistical analysis this growth was grouped with old 
dead coral growth, because the macroalgae always 
grew on old dead coral.   

CYANOBACTERIAL PATCH DYNAMICS 
To monitor patch dynamics, a 9 m2 area of the reef 
slope at the 1000 Steps dive site was photographed 
once a week for 4 weeks.  The northeast corner of the 
patch is roughly 5.2 m west of the mooring block 
below the site marker, and the area continues 3 m 
south and west of this point.  Prior to photographing 
the area, the area was outlined with a lead line 
marked in 1 m increments.  A 1 m2 quadrat was 
placed over each square m before taking the 
photograph to provide scale for plotting the patches.  
Several prominent corals were photographed close-up 
to monitor growth and other changes on a smaller 
scale than the rest of the 9 m2 site.  

RESULTS 
CYANOBACTERIAL DISTRIBUTION 
The line intercept transects were performed 
throughout October and November, 2007.  Despite 
variations in individual sites, plotting the depth and 
numbers of algal patches for all sites reveals a trend 
toward higher concentrations of cyanobacteria from 
18-30 m (Fig. 2).  Average patch size was also 
greater in the 18-27 m depth range (Fig. 3.)  

There was also a clear substrate preference.  In 83% 
of cases, the cyanobacteria grew on old dead coral 
(Fig. 4).  Growth occurred on rubble or sand 
appeared to occur only when the preferred substrate 
was absent in the environment.  Where old dead coral 
with cyanobacteria growing on it met live coral, a 
clearly defined border formed. Discoloration or 
bleaching of the live coral was rare even directly on 
the border of the cyanobacterial patch. Underneath 

Figure 1.  Study sites for line-intercept and mapping 
experiments. 

Bonaire 

Figure 2.  The average number of cyanobacterial patches is plotted 
versus depth in intervals from 6 to 30.5 m (±sd) along the fringing 
reef in Bonaire. 
 

Figure 3.  The mean patch size of cyanobacteria is plotted versus 
depth in intervals (±sd) from 6 – 30.5 m along the fringing reef in 
Bonaire.   
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the patch, the skeletons of the individual polyps were 
not distinguishable, as the patch trapped sand and 
gritty filamentous material for its base.  

CYANOBACTERIAL PATCH DYNAMICS  
The mapping data show fairly stable algal patches, 
but when the preferred substrate was available to be 
overgrown, up to 100 cm2 of growth was observed 
over two weeks.  The pictures at right show the 
northeastern square m of the mapping site at week 1 
and week 4, with the cyanobacterial patches 
highlighted (Fig. 5).  Red designates thick 
cyanobacterial coverage (marked “A”), and orange 
sparse coverage (marked “B”).  By week 4 the some 
patches had increased to a peak thickness and begun 
to dissociate and become sparse coverage again 
(Week 4, marked “B”).   

All typical substrates were present in the area 
mapped.  Pencil coral, (Madracis mirabilis) flower 
coral, (Eusmilia fastigiata) and lettuce coral 
(Agaricia agaricites) show growth at their bases.  In 
only one case was the coral cup of a flower coral 
covered by the algae.  A soft coral was also 
progressively covered over 4 weeks (Fig. 6), but no 
other overgrowth of live or newly dead coral was 
observed.  When the border of a patch was against a 
competitive substrate, such as a tunicate or live coral, 
growth was halted and the border appeared stable 
within 1-2 cm over 4 weeks.  By week 4, there was a 
sharp and sudden increase in the presence of Dictyota 
species, a type of Y-shaped macroalage, throughout 
the mapping area.  This algae grew both inside and 
outside the algal patches, though its effect is 
unknown.  

DISCUSSION 
The ranges at which the cyanobacteria were observed 
to grow best appear to be influenced by the makeup 
of the individual reef crest and slope.  The pattern of 
growth that is observed when the numbers of patches 
at each depth are may be derived from the fact that 
few reefs have extensive coral cover above the reef 

a. Week 1 

Figure 5.  a) A digital photograph of a 1 m2 area of the reef at 
the dive site 1000 Steps in Bonaire during week 1 (31/10/07) 
and b) the same area during week 4 (28/11/07) (A = thick 
cyanobacterial coverage; B = sparse cyanobacterial coverage; 
C =  live tunicate).   

Week 1 

Week 4 

Figure 4. Percent of occurrences of cyanobacteria on different 
substrata.   

Figure 6. The same soft coral at weeks 1 and 3. At week 1, 
some live tissue is still visible. By week 3, the coral is 
completely covered.  
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crest at roughly 7 m. Below 30 m, there may not be 
enough light to permit photosynthesis. The observed 
lack of growth in at depths below 30 m may also be 
influenced by shortened study time at that depth 
within recreational diving limits.   

The cyanobacteria was observed growing almost 
exclusively on old dead coral.  In the bases of M.  
mirabilis and E.  fastigiata, the algae may be more 
sheltered from patch dissociation by currents and 
surge.  In the line-intercept portion of the experiment, 
the cyanobacteria often appeared to grow on Y-
shaped (Dictyota) and Lobophora algal patches.  
However, in the mapping portion, the cyanobacteria 
had established patches first, which were then 
invaded by Dictyota.  The increased algal presence 
could be due to a decline in the overall health of the 
mapping area. Bleaching was noted over the month 
of study, and other algal species began to overgrow 
the dead coral during the third and fourth weeks. The 
long-term relationship between macroalgae and the 
cyanobacteria is not known, but unpalatable epiphytic 
cyanobacteria such as the studied species may 
prevent re-grazing of otherwise edible patches of 
macroalgae, allowing an increased algal presence to 
be sustained against populations of herbivorous fish 
(Stahl 1995). 

The mapping data showed variable change over 4 
weeks.  When an old dead substrate was available, 
the cyanobacteria overgrew it.  Those sections which 
had very little change over the study period were 
almost always touching a tunicate or live coral, 
suggesting that this cyanobacteria does not easily 
overgrow live substrates.  However, the flower coral 

that was overgrown suggests that it is possible, if not 
typical, for the cyanobacteria to do so. The old dead 
coral substrate on which the cyanobacteria grew 
invariably appeared degraded underneath the sand 
and grit forming the patch’s base. This indicates that 
the substrates had either been dead for an extended 
period or had been somehow degraded. In the latter 
case, it is possible that the algae may secrete a 
chemical which dissolves the calcium carbonate 
skeleton, producing a degraded appearance on newly 
dead coral. Nevertheless, it remains very difficult to 
determine if the cyanobacteria is actively killing a 
live substrate or simply following new substrates as 
they become available.  More extensive mapping, for 
a longer period, might be more successful in making 
this crucial distinction.   
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