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♦   DAR CRAMP Survey Sites 

 
Mau‘i Benthic Surveys 

Benthic Survey Methods 

Mau’i staff continue to work collaboratively with CRAMP (Coral Reef Assessment and Monitoring 
Program) to gather and analyze coral data and integrate it into the overall DAR and UH-CRAMP 
databases. CRAMP monitoring sites (Figure 1, Table 1) were selected on the basis of existing 
historical data, degree of perceived environmental degradation and/or recovery, level of management 
protection, and extent of wave exposure. A total of 10 sites are surveyed, with two reef area stations, 
a shallow (1-4m) and a deep (6-13m) station at each site (Table 1). 

Each station consists of ten randomly chosen 10m permanent transects marked by small stainless 
steel stakes at both endpoints. Digital stills were taken every half meter perpendicular to the substrate 
at a height of 0.5m along the transect line. Approximately 24 overlapping still photos are acquired and 
approximately 11 non-overlapping images analyzed with Photo grid 1.0 software, for each 10 m long 
transect line. The analysis uses 25 randomly generated points per image with the analysis results 
calculated for percent benthic coverage.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1. Mau’i Coral Reef Assessment Monitoring Sites 
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Table 1. Mau’i Coral Reef Assessment Monitoring Sites listed with their corresponding depth, location, and 
management status.  
*Sites with temperature loggers deployed. 
 

Island Site Name Depth 
(m) 

Latitude Longitude Status 

      

Mau’i  Honolua North 3 21.00.923 -156.38.343 MLCD 

Mau’i  Honolua South 3 21.00.831 -156.38.380 MLCD 

Mau’i  Kahekili 3 20.56.257 -156.41.595 OPEN 

Mau’i  Kahekili 7 20.56.274 -156.41.623 OPEN 

Mau’i  Kanahena Bay 1 20.37.049 -156.26.241 NARS 

Mau’i  Kanahena Bay 3 20.37.015 -156.26.301 NARS 

Mau’i  Kanahena Point 3 20.36.089 -156.26.214 NARS 

Mau’i  Kanahena Point* 10 20.36.070 -156.26.280 NARS 

Mau’i  Ma’alae’a 3 20.47.378 -156.30.607 OPEN 

Mau’i  Ma’alae’a 6 20.47.332 -156.30.596 OPEN 

Mau’i  Mahinahina      3  20.57.436 -156.41.252 OPEN 

Mau’i  Mahinahina 10 20.57.461 -156.41.336 OPEN 

Mau’i  Molokini 8 20.37.889 -156.29.795 MLCD 

Mau’i  Molokini 13 20.37.940 -156.29.783 MLCD 

Mau’i  Olowalu 3 20.48.505 -156.36.693 OPEN 

Mau’i  Olowalu 7 20.48.363 -156.36.733 OPEN 

Mau’i  Papaula Point 4 20.55.307 -156.25.571 OPEN 

Mau’i  Papaula Point* 10 20.55.462 -156.25.571 OPEN 

Mau’i  Puamana 3 20.51.369 -156.40.033 OPEN 

Mau’i  Puamana* 13 20.51.322 -156.40.111 OPEN 

 

 

 

 

 



 

Benthic Survey Results 

In 1999 and 2000, the years Maui benthic surveys started, coral cover averaged 30.7% ± 5.4 SE for 
the 18 stations (9 sites) around Maui County.  At the same 18 stations with the latest available data 
(2009 for most sites), coral cover was 25.8% ± 4.0 SE.  This slight decline in living coral cover does 
not appear to be ecologically significant when viewed as a whole, but this approach tends to masks 
substantial changes that are occurring at the individual site level.  Figure 2 shows the temporal 
changes at the 20 currently monitored reef sites. Nine of these 20 currently monitored reefs have 
experienced significant changes (paired t-tests of first survey year vs. most recent survey year, 
p<0.05).  Coral cover has declined at 7 sites and increased at 2 of these sites.  Of particular concern 
are the coral cover declines at Honolua Bay, Ma‘alaea Bay, and Papaula Point where the 
documented coral declines have been so severe that these individual reefs may have already 
experienced a total coral reef ecosystem collapse.  All three of these locations appear to be effected 
by anthropogenic impacts (land based pollution, overfishing, etc).  Conversely, sites which have 
sustained high coral cover tend to be away from urban areas, are fairly remote or are located offshore 
(Kanahena Bay, Olowalu, and Molokini).  The only sites showing significant increases are within 
Kanahena Bay.  The increased coral cover documented in Kanahena Bay is likely the result of natural 
recovery from past physical disturbances in the mid 1990’s.  In addition, Kanahena Bay is within the 
Ahihi Kinau Natural Area Reserve (NAR), and this area has recently undergone extensive on site 
management to prevent any extractive practices and to better control the potential impacts from 
recreational non-consumptive users. 

The negative impacts of terrigenous sediments on coral reefs are considered a major contributing 
factor to reef degradation all over the world (Wilkinson 2004).  The coral cover within the reef flats of 
Honolua Bay have been rapidly declining for several years.  This decline appears, at least in part, to 
be the result of large, periodic, heavy sedimentation events.  The most recent evidence occurred in 
January 2005 when heavy rainfall produced a large sediment plume within the bay.  That same year 
a decline of nearly 50% of the coral cover on the Bay’s south reef was documented (Figure 2 &3).  
The fact that this heavy sedimentation event coincided with relatively calm ocean conditions make it 
highly likely that the sedimentation was what caused the observed coral decline.  Further evidence to 
this effect was that nearly all of the impacted coral were a shallow water species (Purple Rice Coral, 
Montipora flabellata) that is adapted to live in high wave energy environments and is not known to be 
very tolerant to sedimentation stress (Figure 3). 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Temporal changes in percent coral cover at the 20 monitoring stations. Significance tests (paired t-
tests) compared the first and the last year’s coverage. Solid red triangle represents significant decrease (p-value 
<0.05).  Green triangle represents significant increase in coral cover. 

 

 

 

 

 

 

 

 

 



 

 

Figure 3:  Honolua Bay South Reef percent coral cover plotted by coral genera.  

Several of the monitored Maui reefs may be experiencing negative impacts from land-based nutrient 
pollution.  This is of particular concern for reefs with declining coral cover accompanied by increases 
in macroalgae cover.  Ma‘alae‘a Bay and Papa‘ula Point have experienced the most severe declines 
(Figures 2 & 4).   

In 1972, the coral reefs within Ma‘alae‘a Bay were described as being “striking in their diversity and in 
the presence of rare corals species” (Kinzie, 1972).  Similarly, a U.S. Fish and Wildlife environmental 
assessment in 1993 estimated coral cover in the vicinity of DAR’s survey sites to be between 50% 
and 75% (FWS 1994).  These scientific assessments describe a once healthy and diverse reef 
ecosystem. The Ma‘alae‘a reef is now extremely degraded and heavily overgrown by algae.  

At Papaula Pt, coral cover on the 10m site has declined from around 60% in 2002 to less than 8% in 
2009.  Much of this decline has occurred in the last two years.  Over this same time period a dramatic 
increases in macroalgae, particularly Acanthophora spicifera has occurred (Figure 4).  

As a result of these rapid reef ecosystem collapses, fish stocks are suffering the double whammy of 
overfishing and lack of suitable habitat and are in very poor condition.  These sites are now being 
dominated by small wrasses, triggerfish and puffers, with very few herbivorous species available to 
help control the explosive algal growth.  Some combination of elevated nutrient levels and low 
herbivory are likely driving the observed increases in macroalgal cover, elevated nutrients have been 
implicated at other areas around Maui for Hypnea and Ulva blooms (Smith and Smith, 2006). 
However, in the case of Acanthophora spicifera, which is a highly preferred food for grazing fishes 
(Hunter, 1999), low grazing pressure might be a more fundamental causal factor.  There appears to 
be a relationship between highly-depleted herbivore stocks (e.g. Maalaea) and abundant 
Acanthophora, and conversely, no or very limited Acanthophora growth at sites where grazing fishes 
are abundant (e.g. Honolua Bay). This evidence has lead to the recent management action at North 
Ka‘anapali (see Kahekili Herbivore FMA Baseline Assessment). 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 4: Long-term temporal changes in percent coral (black line) and macroalgae (green line) at both of the 
Ma‘alae‘a sites and at the offshore Papa‘ula Point site.  

Finally, the dramatic decrease in live coral cover at one site (Kanahena Pt 10m in 2005, and 
Kanahena Pt 3m in 2006, Figure 2&5) was attributable to a localized bloom of the crown of thorns 
starfish (COTS).  Increased COTS densities were initially observed in areas just southeast of 
Kanahena Point in 2004, and at the time of one of our surveys in 2005, COTS density was roughly 
one starfish per 10 m2 of reef at Kanahena Pt.  Before the COTS outbreak, coral cover on the deep 
site was at 34% in 2004, and at 12% on the shallow site in 2005.  After the outbreak, the coral cover 
dropped to as low as 7% at the deep site in 2007 and 2% at the shallow site in 2006.  The most 
affected coral genera was Montipora, whereas other genera, particularly Porites, appeared to be 
much less affected (Figure 5).  Fortunately these reefs appear to be recovering.  A comparison of the 
coral cover on the deep site from 2007 to 2009 showed a significant increase (paired t-test p<0.01).  
On the shallow site, comparisons between 2006 and 2009 show a similar recovery (paired t-test 
P<0.06).  Although the COTS outbreak resulted in a rapid decline in coral cover the long-term effects 
of this event on the coral community and potential recovery will be monitored. 

It is too early to determine if this localized coral predation event will result in changes in coral 
diversity, but it appears a trend from montiporid towards more poritid corals may have resulted.  
Overall increase in coral diversity within a reef system could help make the reef more resistant to 
future stressors and improve overall resilience (Carpenter 1997; Birkeland and Lucas 1990). 

Figure 5:  Coral percent cover for Kanahena Point 10 & 3m monitoring sites.  Different color bars represent 
different coral genera.   

 

 



Mau‘i Fish Surveys 
 

Fish Survey Methods 

Three types of fish surveys are conducted on Maui: (1) resource fish surveys, (2) “integrated” fish 
population and urchin surveys, and (3) nearshore habitat and fish assessments (HAFA).  
 
Resource Fish Surveys 
 
The resource fish surveys are conducted three times per year at eight sites (Figure 6).  Four sites that 
are within a reserve, where fishing is prohibited or severely restricted and four are within a ‘control’ 
area, being somewhere close by with relatively similar reef structure and where fishing is permitted. 
The area pairs are: 

Three marine reserves on Mau‘i:  

• ‘Āhihi-Kīna‘ū Natural Area Reserve (NAR), control at La Perouse Bay 
• Molokini MLCD, controls at Makena and Keawakapu 
• Honolua-Mokule`ia MLCD and control sites between Kapalua Bay and Lipoa Point 

 
One marine reserve on Lāna`ī : 

• Manele-Hulopo`e MLCD and control area ‘Lighthouse; on southwest coast of Lāna`ī . 

• Figure 6.  Maui resource fish survey areas 

 
All of the Maui closed areas are fully protected no-take reserves.  Manele-Hulopo`e MLCD on Lāna`ī 
permits pole and line fishing from shore. The Maui County survey areas were selected to allow 
pairwise comparisons between protected areas and controls, but it should be noted that differences in 
habitat and exposure exist between reserve and control areas, particularly between the Molokini 
MLCD and its control area.  Therefore, although we attempt to draw conclusions about performance 



of individual reserves, we also look for broad patterns across all areas within each management 
strata (protected vs. open). 

Five sub sites are surveyed per survey location (3 at 3-5m depth and 2 at 10m depth) using the 
‘resource fish’ survey method.  For this method, 2 pairs of divers start at a fixed center point and head 
in opposite directions.  Each pair of divers swim parallel to each other, 10m apart, and follow a depth 
contour, for a five minute period.  Each diver records all main fishery target species that ≥ 15cm and 
within a 5m wide belt.  Dives are conducted using SCUBA.  Abundance and biomass are then 
standardized for the area covered on each timed swim.  
 
Starting points for each survey are based on the site coordinates for the center point.  End points are 
determined by taking a GPS point from a Garmin handheld GPS that is attached to the dive float.  
 
'Integrated' Fish Surveys 
 
An ‘integrated’ fish survey, wherein all fish species and select invertebrates are assessed, was also 
conducted at each of the eight locations.  Integrated survey sites used the H transect design shown in 
Figure 7.  This design is consistent with the fish survey methods in West Hawaii and will allow for 
comparisons to be made with this data.  Six stainless steel eyebolts (the circles in Figure 7) 
permanently mark the location of the four 25m transect lines.   
 
Starting at the central eyebolt, two divers swim side-by-side on each side of the line, each survey a 2 
m wide belt.  This creates a 4 m wide belt transect.  On the outward-bound leg, each diver rolls out 
their respective transect lines while counting and sizing all fish >15cm (TL).  On the return leg, fishes 
closely associated with the bottom, juveniles, and fishes hiding in cracks and crevices are recorded 
and sized.  The sizes of all fishes are visually estimated to the nearest 5 cm and recorded in 5cm bins 
(i.e. 1-5cm=”A”, 6-10cm=”B”, 11-15cm=”C”, etc.).  Measured hash marks on the top of diver-held data 
slates serve as visual size references.  Fishes whose sizes indicate they have recently recruited are 
noted as “R”.  After the detailed fish assessment, the dive pair swims back towards the end pin 
recording the number of large sea urchins within a 1 m swath on their side of the line.  Each diver pair 
conducts surveys along two 25 m lines that start at their central eyebolt.  When finished with both 
lines, each diver conducts a 5-minute present/absent survey of all fish species that were not seen on 
transect, but were in the general area of the survey site. 
 
In the Figure 7, the solid dots represent the center and the hollow dots the designated endpins.  After 
completing the 5-minute resource fish survey, the two dive pairs will return to the start point at the two 
center pins. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Diagram of ‘integrated’ fish survey transect configuration. 
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HAFA Surveys 

The nearshore habitat and fish assessment or HAFA surveys are designed to record both the 
abundance and size of targeted fish species to establish the status and trends of specific reef fishes 
that were commonly taken by lay-gillnets prior to the lay-gillnet ban that went into effect in March of 
2007  (HAR 13-75-12.4). Since several of the fish species potentially affected by gillnet fishing are 
herbivores, the surveys also assess relative sea urchin abundance, and benthic cover [e.g., coral, 
crustose coralline algae, macroalgae, sand, and substrate (rock, rubble, turf algae, etc.)]. 
 
HAFA Surveys are conducted three times per year at seven shallow water reef areas where lay-
gillnets were previously used (Figure 8).  Each survey location has eight sub-sites.     
 
A HAFA survey is comprised of two parts: (1) an outward swim while counting fish followed by (2) an 
inward swim designed to qualitatively assess urchins and the benthic composition.  Swimmers start 
their swim at a fixed GPS point.  A five minute rapid assessment swim on a designated bearing is 
utilized with one pair of observers (snorkeling) at a depth contour of 2-4m.  Within a 5m wide belt, 
each observer records all herbivorous fishes ≥ 10cm as well as, all other resource fish (wrasse, 
goatfishes, snappers, etc.) ≥ 15cm.  The benthic assessments are conducted at each one-minute 
swim interval while returning to the starting location, and the end of the fish survey.  The benthic 
assessment is conducted by looking at an estimated 5m-radius circle of benthos centered at the 
surveyor.  When the five-minute fish survey is complete, the GPS location is marked and the 
surveyors begin the urchin and benthic composition assessments.    This results in a total of six 
benthic assessments per transect.   Upon completion of the return swim, the surveyors rank the 
urchin and general algae abundance using a DACOR scale (Dominant, Abundant, Common, 
Occasional, or Rare). In addition, the dominant algal species are identified and recorded. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  Maui HAFA survey sites 



 
 

Data Analysis 

For all fish surveys the total length (TL) was estimated to the nearest centimeter. Length estimates of 
fishes from visual censuses were converted to weight using the following length-weight conversion:   
W = aSLb. The parameters a and b are constants for the allometric growth equation where SL is 
standard length in mm and W is weight in grams. Total length was converted to standard length (SL) 
by multiplying standard length to total length-fitting parameters obtained from FishBase 
(http://www.fishbase.org) and unpublished data on 150 species commonly observed on visual fish 
transects in Hawai‘i (Hawai‘i Cooperative Fishery Research Unit). In the cases where length-weight 
information did not exist for a given species, the parameters from similar bodied congeners were 
used.  All biomass estimates were converted to grams per square meter (g m-2) to facilitate 
comparisons with other studies in Hawai`i. 

Fish Survey Results 

Resource Fish and Integrated Surveys 

Fish survey results indicate a positive effect of closure to fishing.  Compared to their controls, the 
three fully closed reserves (Honolua-Mokule`ia MLCD, ‘Āhihi-Kīna`ū NAR, and Molokini MLCD) had:: 

• Higher total food fish biomass (all ‘food fishes’ combined) (Figure 9). However, differences 
were only significant in two cases: between Molokini MLCD and its Makena control, and 
between Honolua Bay MLCD and its Kapalua control (p<0.05 paired t-tests of total biomass 
per survey round); 

• A greater prevalence of apex predators (carangids and lethrinids) (Figure 9);  
• Greater abundance and larger size target fishes (Figures 9,10, & 11); and  
• Large schools of manini (the surgeonfish Acanthurus triostegus).  Large manini schools were 

also observed at sites where fishing pressure was presumed to be low due to relative 
inaccessibility and low human population density (i.e. Lāna`ī Lighthouse, Figure 12). 
 

As previously noted, important differences in habitat and exposure exist between reserve and control 
areas, particularly between Molokini MLCD and its control. It is also noteworthy that the highest fish 
biomass at any surveyed area was at the Lāna`ī Lighthouse control (a fished, but fairly remote 
location). It would therefore be overly simplistic to ascribe all differences among areas simply to 
management status (open or closed).  

The high fish biomass at the Lāna`ī sites and the lack of a clear distinction between the partially 
closed (Manele-Hulopo`e MLCD) and the open area (Lighthouse) deserve further comment. ,  Lāna`ī 
has a small resident population, and as a result, sites are likely to have lower fishing pressure 
compared to most reefs on Maui.  The Manele-Hulopo`e MLCD is the only Maui county reserve area 
that is not a complete no-take reserve.   Fishing with pole and line from shore is permitted.  The 
MLCD also has the most accessible section of coastline on the island, with a paved road leading 
down to the ocean and a public park with showers and bathroom facilities.   Due to this easy access, 
it is likely that even though there is no spear fishing, netting, or vessel-based fishing allowed within 
the reserve, it still gets the majority of near-shore fishing activity in that vicinity.  In contrast, the 
Lighthouse control area is located along the southwest coast of Lāna`ī , where the shoreline is only 
accessible via a rough off-road jeep trail.  Fish behavior and shore-based structures indicate that the 
Lighthouse area does get fished, but it seems likely that fishing pressure is relatively low. It is 
therefore reasonable to assume there is no clear distinction in absolute fishing pressure between the 
Lāna`ī reserve and open area.  



The largest fish encountered per survey is a simple metric of fish stock health, and has been found 
useful in other studies (Williams et al. 2006).  In reserve areas, a 60cm or larger fish was observed in 
35% of the survey, but fishes of that size were only seen in 14% of surveys in open areas (Figure 10). 

These observed size distribution trends were further investigated by independently looking at four 
relatively commonly-encountered and heavily-targeted fish species [Caranx melampygus (Bluefin 
Trevally), Naso unicornis (Bluespine Unicornfish), Monotaxis grandoculis (Bigeye Emperor), and 
Scarus rubroviolaceus (Redlip Parrotfish)].  For all four species, reserves contained more and larger 
fishes than open areas (Figure 11).  The biological implication of these results is important because 
large individuals are an important component of most targeted species' breeding stock.  They 
produce disproportionally more gametes than smaller fish, and those gametes tend to be more able 
to survive to become recruits (Birkeland & Dayton, 2005). Marine reserves make up less than 2% of 
nearshore waters in Maui County; therefore, their potential for substantially increasing spawning 
stocks is limited.  Our results nevertheless indicate that these few marine reserves likely contribute 
disproportionately to total population spawning potential in Maui County. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Mean and SE of biomass of ‘resource fishes’ at Maui County sites. Data are averages of all surveys in 
2005-2009. Significant pair-wise differences indicated by ** (p<0.05). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Number and sizes of key target fishes in protected and open areas on Maui.  Data pooled into all 
monitoring stations (red) and all open sites (green). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Number and sizes of key target fishes in protected and open areas on Maui. Data pooled into all 
protected monitoring stations (red) and all open sites (green). 
 
 
 
 



Maui County fish surveys indicate that herbivore fish stocks are likely depleted at several of the 
survey locations.  Several areas (Figure 9) had low acanthurid and scarid biomass.  Large schools of 
manini (Acanthurus triostegus), a key shallow-water grazer, occurred only in reserves or in the 
relatively remote areas on Lāna`ī (Figure 12).  Both Lāna`ī areas had large populations of manini, but 
the only survey sites on Maui Island with abundances greater than 125 manini/ha., were within the 
Honolua MLCD.  In contrast, all of the Maui open access sites had manini densities < 5/ha. (Figure 
12).  This observed distribution of large manini schools strongly suggests that fishing pressure is 
having an impact on this species.  
 
Our growing concern about the spread of invasive algae on Maui, and the evidence that herbivore 
stocks are generally depleted on several Maui reefs suggest that additional management actions to 
protect or restore herbivore populations may be productive.  Significantly, even a partially protected 
reserve such as Manele-Hulopo`e MLCD can maintain large populations of herbivorous fishes (Figure 
12), which suggests that partially-protected reserves, where only herbivores are protected, may have 
some utility while being more acceptable to fishers than fully protected areas. 

 

 

 

Figure 12. Manini abundance at Maui DAR monitoring stations. Density represented by size of circles. Red circles 
are areas where net fishing is prohibited, green circles are from open sites (no restrictions on net fishing). 



 

HAFA Surveys 

In March of 2007, new lay gill-net regulations went into effect (HAR 13-75-12.4).  These new rules banned the 
use of lay gillnets in Maui waters.  Previous to this law, there was concern that laynet fishing was 
indiscriminately catching and killing large numbers of nearshore reef fish.  Many of these fish were herbivores, 
which provide important ecosystem services for maintaining healthy coral reefs.  The new HAFA surveys were 
implemented in early 2007 in an effort to develop baseline information on shallow water reefs that tended to be 
heavily fished by laynets.  These surveys looked at fish biomass levels, as well as, basic qualitative habitat 
characteristics.  The seven sites on Maui were all rated by the intensity of past laynet fishing based on the 
observations by Maui resource managers.  These ratings resulted in the following list of sites in order from 
highest laynet fishing intensity to lowest; Waihe‘e, Paia, Aealoa, Kihei, Makena, Ka‘anapali, and Olowalu.  
Although not enough time has passed to look at trends in fish biomass, we can characterize the baseline fish 
and habitat on the surveyed sites in relation to the intensity of past laynet fishing.  These results are displayed 
in Figures 13 and 14 below. 

In general, there appears to be a trend towards higher fish biomass with lower past laynet fishing intensity 
(Figure 13).  The Makena, Ka‘anapali and Olowalu sites all had the highest overall fish biomass with primary 
and secondary consumer levels higher than the other sites.  It appears, that both the Paia and Aealoa sites 
had high herbivore densities, but much of these fish tended to be brown surgeonfish (Acanthurus nigrofuscus).  
Brown surgeonfish, although important herbivores are not very desirable as food fish and therefore are often 
avoided by fishers.  It was also clear that the four highest laynet fished sites had very low levels of secondary 
consumers, much of which are targeted by net fishers (ie. goatfish).  Going hand in hand with the fish biomass 
levels is the overall health of the coral reef habitats at these survey sites.  The Makena, Ka‘anapali and 
Olowalu sites all had low levels of macroalgae and fairly healthy coral reefs (>30% coral cover).  The four 
highest laynet fished sites, however, displayed macroalgae cover near 20% or higher (Figure 14).  These 
results suggest that if the new laynet regulations are effective, we should be able to measure increasing reef 
fish biomass levels along with increases in overall coral reef ecosystem health.



 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 13. Fish Biomass plotted by trophic guild for 7 shallow water HAFA survey sites.  Graphs organized by 
site in terms of decreasing lay gill-net fishing pressure. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Habitat characteristics plotted by percent cover of coral and macroalgae for the 7 shallow water HAFA 
survey sites.  Graphs organized by site in terms of decreasing lay gill-net fishing pressure. 
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Kahekili Herbivore FMA Baseline Assessment 

Executive Summary 

In July 2009, the Hawaii Division of Aquatic Resource (HDAR) established the Kahekili Herbivore 
Fisheries Management Area (KHFMA).  This new marine managed area encompassing coral reefs 
offshore of the Kahekili Beach Park in West Maui.  The KHFMA was implemented in November 2009, 
with the installation of State rule signage at beach access points within the region.  This reef tract was 
previously known for high coral cover, but recent degradation has lead to significant increases in algal 
cover at the expense of corals. The goal of the HFMA is to increase the reef’s capacity to resist this 
phase shift from coral to macroalgal domination by prohibiting the take of herbivorous fish and sea-
urchins. 

The aims of this assessment project were to: (1) design and implement a statistically and scientifically 
valid baseline of pre-KHFMA establishment conditions on the Kahekili reef; and (2) utilize new and 
existing data generated by HDAR and partners, from survey programs in Maui and elsewhere, to 
draw broader conclusions about the relationships between local herbivore stocks and benthic algal 
communities (particularly in terms of reefs’ vulnerability to macroalgal overgrowth). 

HDAR staff along with staff from the UH Botany Department, designed and implemented baseline 
surveys in 2008 and 2009. Fish and benthic communities were surveyed at a total of 242 sites within 
the HFMA in January and August of 2008 and September 2009.  Starting in 2009, surveys were also 
conducted at Canoe Beach, a control site to the south of the KHFMA with no changes to fisheries 
management.    

Survey sites were grouped into six broad habitat categories, with baseline benthic and fish community 
data analyzed for those different habitats. 

Purpose 
 
The reef in the KHFMA, while still in relatively good condition, have been intermittently stressed by 
the seasonal blooms of the invasive alga Acanthophora spicifera.  The specific goal of the KHFMA is 
to restrict take of herbivorous fishes and sea-urchins to thereby restore the reef’s capacity to prevent 
invasive algal blooms from occurring. The new management regulations were implemented on the 
KHFMA in November 2009, with public presentations and signage used to inform ocean users of the 
changes to management at Kahekili. The baseline assessment effort was designed to generate 
meaningful data against which eventual effectiveness of the HFMA can be assessed. 

While the main spatial focus of this work was on the KHFMA, the problem of coral to algal phase 
shifts is a concern for many Hawaii reef areas, particularly around heavily populated parts of the 
state.  Therefore, this project was also designed to support wider-scale collaborative projects in the 
state related to herbivory and macroalgal domination of local reefs. 

Methods and Results 
Survey methods were established with previous work as reported by Ivor Williams, HCRI FY07, 
Project Title: KAHEKILI ECOSYSTEM RECOVERY AREA -Science Planning and Support; Grant 
Number: NA07NOS4000193; Date: May 23rd 2008. 
Surveys sites were haphazardly located on hard bottom areas within the KHFMA boundaries with the 
aim of broadly covering the full extent of the area and with adequate replication within different habitat 
categories (Figure 15). 



	  
Figure 15. Location of 2008 Kahekili Baseline Surveys. January and August 2008 surveys combined.  See Table 2 

for a description of the six habitat types. 
 

Reef habitats vary considerably within the KHFMA, and hence survey habitats were grouped 
into 6 broad classifications (Table 2) corresponding with distinct ecological zones within the 
KHFMA.  These habitats vary considerably in their fish and benthic communities, and therefore 
may have markedly different responses to the implementation of the KHFMA. 

 



 
Table 2. Habitat classifications within the Kahekili HMFA. 

Habitat Depth 
Range (ft) 

Characteristics 

Deep Aggregate Reef 
(DAG) 

23 - 50 Some patches and sand, but substrate 
largely dominated by corals. Consequently, 

reef has moderate or high complexity. 

Shallow Aggregate Reef 
(SAG) 

5 - 23 As above (but shallower-largely 
corresponding with depth range of fringing 

reef in front of Kahekili Beach Park) 

Mid-Deep Spur and 
Groove (DSG) 

17 – 40 Spur and groove habitat – by around 15ft, 
physical structure is well established and 
by deeper portions of this habitat, spurs 

are up to  about 15ft off the bottom 

Shallow Spur and Groove 
(SSG) 

10 – 13 Spur and groove (confined to northern 
edge of proposed HFMA). Shallow spur 

and groove begin to develop at around 10 
ft deep, but do not develop substantial 
physical relief until 15ft deep or lower. 

Shallow spur-and-groove areas were also 
clearly more sedimented than deeper spur-

and-groove 

Mixed Mid-Depth (MMX) 10 – 25 Mixed medium depth and deeper habitat. 
Coral cover low and coral distribution 

patchy, abundant loose sediment and sand 
patches are common 

Shallow Pavement (SPA) 4 – 8 Largely flat, low relief and low coral cover 
areas dominated by limestone pavement 

and loose sediment 

 

Surveys were conducted from a small boat with survey teams of two divers.  The divers entered the 
water over hard bottom habitat and swam straight down to the nearest suitable habitat (hard bottom 
large enough to lay a 25m survey transect in).  One diver tied the starting point of the survey transect 
and the other recorded the transect start location using a GPS in a waterproof bag attached to a 
surface float.  Compass bearings were taken for each transects, and whenever possible were run 
parallel to the shoreline running approximately northwards.  In total, 242 surveys were conducted 
throughout the KHFMA prior to its implementation in November 2009 (Figure 15). 

Survey transects were of 25m length, with one diver conducting fish surveys using methods closely 
based on those used by NOAA-CRED throughout the state of Hawai‘i: species, number and size (in 
5cm slots) was recorded for all fishes larger 15 cm total length (TL) within a 4-m wide belt centered 
on the diver as they laid out the 25 m transect tape.  The diver would then return along the transect, 
recording species, number and size of all fishes smaller than 15 cm TL in a 2m wide belt centered on 
the transect line. 

The other diver followed the fish surveyor, and conducted a photo quadrat survey of the benthos 



under the transect line, and then recorded all sea-urchins within a 1m-wide belt, during the return 
swim along the transect line.  

As expected, significant differences were found in the composition of the benthic communities in the 
different habitat types (Figure 16; two-factor ANOVA with survey date and habitat type as factors, 
Tukey’s multiple comparisons for post hoc comparisons of means).  Coral cover was significantly 
different across the habitats (F5, 137 = 35.38, p < .001), with cover in MMX and SPA significantly lower 
than the other habitats.  Turf algae coverage also varied significantly with habitat type (F5, 137 = 29.68, 
p < .001), with SPA having significantly more turf algae than any other site, and MMX having 
significantly more turf than any of the remaining sites with the exception of DSG. 

	  

	  

Figure 16: Benthic community composition (percent cover) by habitat type 
within the HFMA. Habitats with different letter designations have significant 
differences in coral cover. 

 
 
Fish communities also showed marked variation in size and composition. (Figure 17)  Total fish 
biomass was significantly different across the habitats (F5, 240 = 3.97, p = .002), with biomass in SAG 
and SPA significantly higher than in MMX (though SSG had the highest biomass, there was large 
variability in surveys from that habitat)..  Total herbivore biomass also varied significantly with habitat 
type (F5, 240 = 7.24, p < .001), with SSG, SAG, SPA and DSG having the highest herbivore biomass 
numbers, and MMX significantly lower biomass (Figure 17). 
 
 



 
 
Figure 17: Fish biomass in grams per m2 by habitat type and trophic group. 

 
 
 
With 242 sites surveyed over three different dates, a firm baseline has been established to assess the 
effectiveness of the KHMFA both at protecting herbivores, and at affecting change to the structure of 
the benthic communities. Subsequent survey rounds (the next is planned for September 2010) will 
evaluate the success of this novel management strategy. 
 
 



 
Citizen Science - Kahekili Herbivore Enhancement Area (HEA) Surveys 

 
Citizen scientist surveys are an integral part of the overall assessment of the new KHFMA, and, just 
as importantly, have engaged the community stakeholders to learn, participate, and share their 
knowledge with others in the community.  The community volunteers take part in data collection 
surveys, education, outreach, and frequently participate in helping develop public policy (e.g. public 
testimonies to EPA, County Council, and the Mayor’s Wastewater Community Working Group, Makai 
Watch, etc).  Four different reef fish survey protocols were developed to enhance our knowledge 
base of the critical grazing fishes, and multiple community training workshops have been held that 
included a background of the science behind the establishment of the KHFMA, as well as protocols 
and goals of the surveys. 

Over the course of 2008, eight training workshops for the KHFMA herbivore fish snorkel surveys were 
held, three public talks on the importance of herbivores on the reef were given, and 57 field survey 
days were coordinated.  In 2009, there were four training workshops, four public talks, four 
educational institution talks, eight field trainings, and 54 field survey days.  More than 100 community 
members have participated, contributing over 2,400 hours of volunteer effort.  Volunteer training 
workshops were advertised in local papers, facilitated by the local non-profit Project S.E.A.- Link, and 
held at the Lahaina Civic Center, the NOAA Humpback Whale Sanctuary in Kihei, the Jean-Michel 
Cousteau Ambassadors of the Environment Center, and Maui Community College. 

Herbivore grazing pressure surveys were the first protocol implemented.  These surveys,were 
conducted to assess the contributions of individual species of grazers to overall levels of herbivory 
within the KHMFA and track how these levels change over time in response to the implementation of 
the KHMFA. The herbivore grazing pressure surveys were conducted by volunteers from the local 
community, as well as HDAR staff.   

Three additional survey protocols were introduced in March of 2009 to compliment the herbivore 
grazing pressure data and to attract new volunteers who may have found the herbivore grazing 
survey too challenging.  The first was the behavior survey, where volunteers record the first behavior 
observed for each individual fish of a given species in a specific habitat.  This survey was well 
received by volunteers and has become the most ‘popular’ of the four reef fish survey protocols. 

A second timed grazing survey was designed as a quantitative measure of the total time an individual 
fish spent grazing.  For this survey the same fish was followed for 5-10 minutes and the amount of 
time the fish engaged in actual grazing activity was recorded.  This survey provided a higher 
resolution of grazing activity by species and size class.  Lastly, a protocol was developed specifically 
to better characterize the composition and sizes of fishes in larger schools (> 50 individuals). The 
effects of these schools on the reef were not well-captured with the existing protocols, and this 
method should allow HDAR to assess changes over time for these important grazers.  Both of these 
surveys have proven too challenging for the majority of volunteers and will be taken over by HDAR 
staff.    

Volunteer Herbivore Grazing Survey and Results 

In these surveys, individual fish of the various species of acanthurids (surgeonfish), scarids 
(parrotfish), and kyphosids (rudderfish) were observed, with the grazing rate (number of bites during a 
one minute observation period) by species, size class, behavior, and habitat recorded.  All surveys 
from February 2008 through February 2009 were conducted from 9am until 11am, mainly for 
simplicity of scheduling volunteer observers. In order to explore grazing rates and behavior at 
different times of day, surveys from March through July 2009 were scheduled from noon until 2pm, 
and August data was collected between 2pm and 5pm.  Thereafter, surveys were divided into three 



time slots, morning, mid-day, and afternoon, and selected randomly.  Observations were made from 
within the HFMA and also from a number of appropriate control sites around the island. These areas 
included: Honolua Bay, Kapalua Bay, Olowalu, ‘Āhihi Kīna‘ū Natural Area Reserve (NAR), and 
Maluaka.  Data were only collected on individual fishes that exhibited natural (i.e. undisturbed) 
behavior and only in optimal water visibility conditions.   

Data were collected from 14 species of acanthurids (n = 3127 observations) and seven species of 
scarids (n = 1083 observations).  Chlorurus perspicillatus and Calotomus zonarchus are uncommon 
and the sample sizes were small, so these data were excluded from the analysis. Similarly, only three 
kyphosids were observed during the observation time periods so data from those individuals was also 
removed from the analysis.  Most fishes were observed while grazing, though all behaviors were 
recorded.  It was common for the fish to have multiple behaviors over the observation time period 
leading to the development of new protocols to focus on the percent of time fishes spend grazing (see 
herbivore behavior survey results). 

General grazing trends for both acanthurids and scarids were similar.  A significant negative 
correlation (Pearson’s, -0.276; P-value < 0.001) for grazing rate (bites per minute) versus fish size 
(total length) was observed, which is intuitive because smaller fishes require continuous energy for 
growth.  Conversely, bite sizes increased with fish size. 

Calculations based on bite size and grazing behavior of Chlorurus and Scarus species from Ong 
(2008) indicate the area of algae scraped by scarids over a year has a significant positive linear 
relationship to size (Pearson’s, 0.925; P-value < 0.001), as illustrated in Figure 18.  While Scarus 
psittacus was the smallest of the three species, they also had a significantly greater bite rate than the 
other parrotfish species (Figure 18 & Table 3).   

 
Figure 18.  Parrotfish grazing pressure by size class calculated for area (m2) scraped annually, based on bite data 
for Chlorurus and Scarus spp. by Ong (2008).  Pearson’s correlation for positive linear relationship is significant 
(0.925, P-value = 0.000).   

Acanthurids overall had significantly greater grazing rates than scarids (ANOVA, n = 4210; P-value < 
0.001).  Acanthurids have greater overall species richness and population sizes, though not 
significantly so.  Although no bite size data was available for analysis, surgeonfishes in healthy 



abundances assuredly rival the grazing potential of parrotfishes.  Both are critical grazers for 
controlling algae on the reefs. 

 

Table 3 a-d.  Parrotfish grazing pressure by size class calculated for area (m2) scraped annually, based on bite 
data for Chlorurus and Scarus spp. by Ong (2008). 

 

 

 

 

 

 

 

 

 



Herbivore Behavior Survey and Results 

The herbivore behavior survey provides an estimate of how fish allocate their time between grazing 
and other behaviors throughout the day.  Snorkelers swam in a set direction within a specific habitat 
type and noted the behavior of an individual of the target species at first sight, pausing only a few 
seconds to confirm the behavior.  Fish species are chosen by the observer in situ and choices were 
usually based on their experience level.  The behavior categories are grazing (including foraging), 
swimming (travelling), “hanging out” (semi-stationary), and interaction (with another organism).   

 A total of 7327 individuals from 18 species of acanthurids and scarids have been observed at six 
different sites and in several different habitats (Table 7).  Observations were made between the hours 
of 9:00 am and 5:00 pm, with the bulk of the survey effort allocated between 9:00 am and 2:00 pm.    

 
Table 7.  Behavior Survey.  Data collected on fish behavior along a roaming swim.  The behavior recorded is the 
first behavior observed for a given individual. 
 

Species 
Total 

n 
% 

Grazing 
% 

Swimming 
% 

Interaction 
% 

HangingOut 
% 

Other 
Acanthuridae       
Acanthurus blochii 86 76 21 2 1 0 
A. dussumieri 36 81 8 6 6 0 
A. leucopareius 153 50 36 3 8 3 
A. nigrofuscus 1580 76 22 2 1 0 
A. olivaceus 701 78 18 3 2 0 
A. triostegus 1920 73 21 1 3 1 
Ctenochaetus strigosus 52 69 29 0 2 0 
Naso brevirostris 546 40 55 1 3 1 
N. lituratus 273 59 34 4 2 0 
N. unicornis 292 57 40 1 2 0 
Zebrasoma flavissimus 1123 77 20 1 3 0 
Z. veliferum 27 52 37 0 11 0 
Scaridae       
Calotomus carolinus 56 61 30 7 2 0 
Chlorurus spilurus 49 73 24 2 0 0 
Scarus psittacus 282 72 26 1 1 0 
S. rubroviolaceus 201 59 37 1 1 1 

  

 

Overall, both acanthurids and scarids spent the majority of their time grazing (70% and 66% 
respectively), followed by swimming, with little time devoted to other activities (Figure 19). Both 
families show relatively constant grazing activity, regardless of time of day (Figure 20), but there is a 
suggestion of higher feeing rates in the afternoon, which has been hypothesized to be an optimal time 
for concentrated grazing activity due to the accumulation of photosynthate over the course of the day. 
However, the small sample sizes for these time periods makes it difficult to draw any concrete 
conclusions.  

 

 

 

 



 

 

Figure 19. Percentage of time spent in the six behavior categories for acanthurids (surgeonfishes) and scarids 
(parrotfishes). 

 
Figure 20: Diel patterns in observed behavior  for acanthurids and scarids  

 



These observations (herbivore grazing and behavior surveys) were collected by trained volunteer 
citizen scientists who contributed their time and skills to help HDAR develop a better understanding of 
the importance of herbivore fishes in the coral reef ecosystem.  More than 100 community members 
participated in the 532 surveys (through February 2010) for greater than 2400 volunteer hours.  
Through their involvement in these surveys, volunteers have become more informed about the status 
of Mau‘i’s reefs, and they have helped to begin to fill in some knowledge gaps in the state’s overall 
understanding of how to best manage Maui’s coral reef ecosystems. 

 



 
Alien Species 

Roi were intentionally introduced as food fish to Hawai‘i in the1950s in response to declines in 
commercial catches of native food fish.  Assessments of the composition of Hawaii’s fish communities 
at the time determined that “many of the important shallow water game and food fishes such as the 
snappers and groupers abounding in the central and western Pacific are conspicuously missing in the 
Hawaiian Fauna.” It was thought that introducing several mid-size predatory fish into Hawaiian waters 
that fit this “empty niche” would enhance fish catches (Division of Fish and Game, 1956).  Roi 
(peacock grouper, Cephalopholis argus) and several other species were selected for introduction 
based on their ecological characteristics and popularity as food fishes in their native ranges, and 
introduced into state waters in the late 1950s and 1960s. 

However, due to the prevalence of ciguatera fish poisoning in roi, they are infrequently targeted and 
eaten by fishers.  In the absence of sustained fishing pressure, roi populations have increased on 
some reefs around the state in recent years, leading to concerns amongst fishers and managers that 
roi may be a detriment to Hawaii’s reefs rather than a boon to fishers.  The results of research to date 
have been mixed, with roi having been demonstrated to consume large numbers of native reef fishes, 
but without a documented impact on the size and composition of those fish communities (Dierking 
2007, 2008; DAR unpublished data). 

While the science about the effects of roi on reefs in Hawai‘i has been equivocal, the sentiment 
amongst members of the fishing community has been anything but.  Multiple roi removal initiatives 
have been organized at the grass-roots level since 2008 as a proactive step by fishers to combat the 
threat they see as decimating Hawaii’s native reef fish populations (Wood, 2010). “Roi Roundup” 
fishing tournaments are intended to be an environmental conservation movement with the aim of 
restoring Hawaii’s native reef fish populations (D. Tanaka, pers. comm.), were founded on the island 
of Maui, and are now being held on the islands of Maui, O‘ahu, Moloka‘i, and Hawai‘i.  

HDAR’s original attempt to partner with and learn from these Roi Roundup events on Maui involved 
the establishment of a new integrated fish monitoring site at Canoe Beach (in front of the Hyatt at the 
southern end of Honokao‘o Beach, Lahaina).  This site serves as a control site for Kahekili, and the 
hope was to collect data from an area where roi are heavily targeted (Canoe Beach) and from the 
adjacent area at Kahekili, where HDAR asked that fisherman not target roi so as not to confound the 
results of the KHMFA regulations.  However, many fisherman did continue to target roi in the KHFMA, 
and as a result it is unlikely HDAR will be able to measure any roi eradication impacts with in-water 
visual census assessment methods.  

   



Figure 21 and 22: Kill Roi Day event on April 18th at Olowalu, Maui.  Mayor Charmaine Tarvares and local fishers 
support community management of alien fish (roi) populations. 

Subsequently, HDAR has shifted research emphasis on opportunistically collecting data on the 
impact of this grassroots roi control efforts on the roi populations.  Data on the number and size of 
invasive fishes seen and caught at three Roi Roundup tournaments and, more recently, monthly “Kill 
Roi Days” (KRD) were collected on-site.  Tournaments can be either open to fishing from all sites on 
Maui or a discreet stretch of coastline, but the monthly KRD efforts have been focused primarily on 
one site, Olowalu.  Fishers have removed well over 1000 introduced fishes including roi 
(Cephalopholis argus), ta‘ape (Lutjanus kasmira), and to‘au (Lutjanus fulvus) from Olowalu alone.  
Fish weighing greater than one pound were sent to Dr. Paul Bienfang’s lab for ciguatera analysis at 
UH Mānoa.  Fish weighing less than one pound were sold to a public aquarium for fish food or 
donated to organic farmers for composting.   

At Olowalu, we have the best time series of data on roi removal, with data for roi removals conducted 
in July, August and November of 2009 and January and February of 2010.  The following analyses 
use only the data from experienced fisherman present at these events (defined as fisherman who’s 
catch per unit effort exceeded 0.5 roi caught/hour), as their efforts yielded the most consistent data on 
roi abundance and catch. 

Over this seven month time period the catch per unit effort (CPUE) for roi is trending downward 
(Figure 23), as are the total number of roi per hour that escape fishermen (Figure 24).  The CPUE 
may be showing signs of leveling out at 0.5 roi per hour, though the trend is not significant.  The 
number of roi seen that escape capture by fisherman has declined significantly from the initial Roi 
Roundup events.  Taken together, these data suggest that overall abundance of roi has been 
reduced at these sites. 

 

 
Figure 23.  Average number of roi caught per hour by experienced fisherman (CPUE) at Olowalu, Maui.  The 
CPUE trends downward but is not significant due to the rise in the CPUE in 2/21/2010.   Error bars are standard 
error of the mean. 
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Figure 24.  Average number of roi per hour that escaped catch by experienced fisherman at Olowalu, Maui.  The 
downward trend is marginally significant (p=0.052).  Error bars are standard error of the mean. 

When data on both CPUE and the number of roi escaped are combined, a significant decline in roi 
abundance can be seen (Figure 25), with the average number of roi seen per hour declining by 
almost a factor of four. This indicates that these events are significantly decreasing the abundance of 
roi at Olowalu. However, it also suggests that, while roi have been substantially reduced, they are still 
present in moderate densities despite months of removal effort. 

 

 
Figure 25.  Average number of roi observed per hour (total of “roi caught” and “roi left”) at Olowalu, Maui has 
significantly decreased since July 2009 (p=0.001).  Error bars are standard error of the mean. 

Based on the results from Dr. Paul Bienfang’s lab, there were a total of 551 roi from Maui caught 
between July 20, 2008 and November 8, 2009, with the majority of fish coming from the leeward side 
of island.  414 of these roi have been tested for ciguatera (137 remain untested). Of these, 287 roi 
tested positive (69%) and 127 tested negative (31%). The relative toxicity rank assigned to the 
positive Maui fish ranged from 2.19 to 170.89. This is in contrast to positive Oahu fish, whose rank 
ranged from 35.26 to 60.85.  Maui roi body weights versus relative toxicity rank shows no correlation 
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of weight versus toxicity. So larger is not necessarily more toxic. The average body weight of roi 
received from Maui is 990.04g. The average weight of the negative fish from Maui is 946.35g, and the 
positive fish average weight is 1052.2g. 
 
 

 

 



Coral Disease 

Ahihi Outbreak 

   
Figures 26 and 27.  White Syndrome (tissue loss) outbreak at ‘Ahīhī Kīna‘u Natural Area Reserve, in a semi-
enclosed ‘pond’ adjacent La Perouse Bay.  Monitoring is ongoing. 

In January, 2010, researchers from the University of Hawai‘i at Mānoa (UHM) and Hawai‘i Institute of 
Marine Biology (HIMB) were performing their research within the ‘Āhihi Kīna‘ū NAR, when they 
reported a coral disease (white syndrome) outbreak.  This outbreak had been ongoing for 
approximately one year when DAR learned of it.   Percent cover data from Yuko Stender’s research 
indicated a 47% decline in coral cover over that time frame.  Dr. Greta Aeby visited the site with the 
Maui DAR team to coordinate monitoring and sampling of the outbreak.  Monthly or bi-monthly 
surveys of ten marked colonies using photographs and semiquantitative estimates of live, diseased, 
and old dead are ongoing.  Samples for histology and micro work have been collected and sent out 
for analysis to Dr Thierry Work and Dr Sean Callahan, respectively, as is consistent with the Rapid 
Response Contingency Plan.  Additionally, an inventory of the area (diseases and associated 
species) is planned for later this fall, utilizing the extra manpower of visiting coral disease biologists 
and Eyes of the Reef volunteers.   

NOAA DZ Surveys 

The NOAA Coral Reef Watch and NOAA/NMFS Coral Reef Ecosystems Division (CRED) have 
partnered with DAR on each island to collect coral disease (DZ) data to feed into a computer model 
for the development of a satellite prediction tool.  This tool utilizes sea surface temperature (SST) 
data as an indicator of potential disease outbreaks, and has been thus far successful on the Great 
Barrier Reef.  Hawai‘i poses new challenges to this tool, given that the reefs are very close to the 
shoreline, increasing the need for finer resolution imagery. 

Surveys are performed three times a year (April, July, and late September), and the four priority sites 
for this project include established fish survey and CRAMP sites at Molokini, Keawakapu, Kahekili, 
and Honolua Bay.  Additionally, all of the CRAMP sites will be surveyed in July.   Dr. Bernardo 
Vargas-Angel is the project PI, and Dr. Greta Aeby is the survey advisor.  Megan Ross from 
UHM/HIMB is a participant in the Maui surveys, and CRED is also sending biologists to assist with 
the field work.  All data are sent back to CRED for analysis, and a copy will be housed at DAR Maui 
as well. 

 



 
Internships and Community Education Programs 

 
The Kahekili volunteer surveys and projects relating to the research and management of the KHFMA 
have become a focus for community groups and student learning.  The Kahekili project and 
associated research has been incorporated into the Ka Ipu Kukui Fellowship Program 
(www.kaipukukui.org) which trains future leaders of the community.  The fellows of 2008 and 2009 
participated in presentations relating to the importance of herbivores and the history of the issues 
surrounding the project, field survey training, and engaged in discussion about the challenges of 
managing stressors to the reef.   

The Marine Option Program at Maui Community College, led by Donna Brown, has provided students 
with multiple opportunities to give presentations and trainings to classes and encouraged them to 
participate in volunteer surveys.  In addition, Derek Masaki of USGS, an instructor in Geographic 
Information Systems (GIS) at MCC, brought his students to Kahekili to learn about collecting field 
data and created a GIS by focusing on the stressors to the reef. 

In 2009, two students from Kamehameha School’s KA`IMI internship program 
(http://maui.ksbe.edu//faculty/prmikell/Ka%60imiHome.html) gained valuable skills while aiding the 
project by mapping freshwater seeps (point sources of freshwater intrusion) and ‘dead zones’ 
(obvious death of Porites compressa beds) out on the reef.  The ‘dead zone’ map led to a NOAA 
Hawaii Coral Program funded grant to investigate these anomalies beginning late 2010. 

Additionally, Carrie DeMott, an herbivore survey volunteer, is a science teacher at Maui Preparatory 
Academy.  She has taken the initiative to integrate the herbivore surveys and related science into her 
class curriculum.  Students are graded on their knowledge and skills relating to the Kahekili herbivore 
surveys.   

Partnerships 

 
The Division of Aquatic Resources (DAR) has been working collaboratively with the Coral Reef 
Alliance’s (CORAL; www.coral.org) Hawai‘i Manager, Liz Foote, to help create a web platform for the 
data collected from community-based volunteer surveys (http://monitoring.coral.org).  This will enable 
DAR managers to broaden the scope and efficiencies of monitoring and data collection by enabling 
broader volunteer involvement.  Other organizations that have contributed toward this partnership 
effort in the online Web Portal include the NOAA Humpback Whale Marine National Monument and 
Robin Knox, junior researcher in Celia Smith’s lab at the University of Hawai‘i Botany Department.  
Both of these groups focus on water quality monitoring for part of their activities.   

The data web portal was developed to allow volunteer citizen scientist to independently collect and 
enter data (http://monitoring.coral.org).  Additionally, basic information collection regarding special 
resource issues has also been incorporated to allow recreational users to enter data any time they go 
snorkeling or spearfishing.  The type of information collected on this web portal includes catch data 
and the total observed number of the alien fish roi (Cephalopholis argus), the number of large 
parrotfish observed (>45cm), and the number of large grazing fish schools observed (large schools 
are defined as having > 300 individuals).  With contributions from the NOAA Humpback Whale 
National Sanctuary office, other community-based data will also be available at this site for managers 
including water quality data.  Managers will have access to these data, and volunteers can see 
reports and access information that is important to them. Currently the portal is active but is still under 
construction.   



In addition to the web portal project, CORAL has been an integral partner by helping educating the 
community stakeholders to raise awareness regarding the new KHFMA, sustainable tourism, the 
‘Take a Bite out Of Fish Feeding’ Campaign, responsible stewardship, and coral reef etiquette.   

Project S.E.A.-Link (Science, Education, Awareness), a local non-profit directed by Liz Foote, has 
also been an invaluable partner through initiating press releases, assisting in securing facilities for 
public talks and trainings, and list serve communications to the greater Maui community.  Project 
S.E.A. Link specializes in providing links between agencies, organizations, and the community with 
an emphasis on assisting community based efforts that benefit managers.   

The NOAA Hawaiian Islands Humpback Whale National Marine Sanctuary and the Jean-Michel 
Cousteau Ambassadors of the Environment Center have both been gracious hosts on numerous 
occasions providing free facilities for public volunteer training workshops.  These groups have been 
true partners in our efforts to educate and engage the local community in the research and 
management efforts on Maui’s coral reef habitats.   
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