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ABSTRACT 

Sightings data identified two species of mantas using the Kona Coast of the island of 

Hawai‘i between 1992 and 2007.  The more common species, Manta alfredi, is thought 

to be a coastal, island associated species due to the 76% resight rate of 105 individuals 

identified along the coast, versus a 7% resight rate of the 29 pelagic M. birostris.  A 

negative binomial model identified significant effects of site, season, plankton 

abundance, and tidal phase on manta abundance at two sites.  The high occurrence of 

mantas attracts over 10,000 visitors per year, providing over $4 million annually to 

Hawai‘i’s economy.  

Nine mantas (M. alfredi) were actively tracked using acoustic telemetry to investigate 

their fine scale movement patterns.  Individuals remained within six km of shore, and 

showed high fidelity to nearshore feeding and cleaning sties.  Home range analysis 

identified a diel cycle between offshore waters, a nearshore cleaning station, a diurnal 

foraging area, and a nocturnal foraging area.  Cycles in productivity likely drive the diel 

cycle in manta site use.   

Long-term movement patterns were investigated using passive acoustic telemetry to track 

the movements of 5 mantas (M. alfredi) on Maui and 26 on Hawai‘i.  The presence of 

mantas was monitored at 2 sites on Maui and 33 on Hawai‘i.  No mantas were identified 

crossing the 47 km wide channel between islands, despite one of the Maui sites being the 

only known area where mating behavior is regularly observed.  Mantas were resident 

along the coast for up to 1 ½ years, and showed high fidelity to foraging and cleaning 

areas. 

These studies provide the first documentation of two manta species in Hawai‘i.  No study 

to date has provided as detailed a look at both the fine scale and long term movements of 

this species.  Short term and long term fidelity to specific sites along the coast indicate 

that efforts to conserve the species would require large marine reserves spanning tens of 

km and would need to include specific foraging and cleaning sites.  Cleaning stations are 

of special concern as they appear to be a limited resource where the potential for 

disturbance is high.  
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CHAPTER 1 

INTRODUCTION 

The genus Manta is comprised of large, circumglobally distributed batoids found in temperate 

and tropical waters around coastal margins, oceanic islands, and seamounts (Last & Stevens 

1994; Compagno & Last 1999; Marshall et al. 2006).  It is the largest of all batoids, and is a 

planktivorous elasmobranches, similar to the whale shark (Rhincodon typus), the basking shark 

(Cetorhinus maximus), and the megamouth shark (Megachasma pelagios), and nine species of 

Mobula rays (Notarbartolo-di-Sciara 1987; Last & Stevens 1994; Compagno & Last 1999).  Very 

little is known about the ecology of the manta due to their elusive nature and small population 

densities.  Confusion also exists about the number of species in the genus, with the most recent 

morphological study recognizing two species in the Pacific and at least one additional yet 

undescribed species in the Atlantic (Marshall et al. 2009).  Lack of information about the 

population size, life history, movement patterns, and habitat use of mantas is of particular 

concern given an increase in both fisheries (Dewar 2000; White et al. 2006) and ecotourism 

(Clark, Chapt. 1). 

 

The recent revision of the species recognizes two species; Manta alfredi and M. birostris, based 

on morphological and meristic differences (Marshall et al. 2009).  M. birostris is found 

circumglobally in tropical and temperate waters, and reaches a larger size at maturity.  M. 

alfredi is smaller and tropically restricted.  The two species can be recognized visually by 

differences in coloration, with M. birostris having a white ventral surface with spots on the 

abdomen posterior to the gill slits and anterior to the cloaca, with dark coloration around the 

mouth and posterior edge of the pectoral fins, and no dark spots medial to the gill slits.  M. 

alfredi have a white ventral surface with dark patches medial to the gill slits, on the abdomen 

between the gill slits and the cloaca, laterally on the pectoral fins, and anterior to the 5th gill slit 

(Marshall et al. 2009).  A black colour morph can also be found in both species (Marshall et al. 

2009). 
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Mantas are caught as a source of food, as by-catch in other fisheries, and recently for Asian 

medicines.  Targeted individuals are harpooned from small boats or caught in large nets, and an 

unknown number of non-targeted individuals are caught as by-catch in other fisheries (Dewar 

2000; White et al. 2006).  Mantas have been traditionally caught in Mexico, the Philippines, and 

Indonesia as a source of meat.  However, the largest current market is for the brachial elements 

(gill rakers and filaments) of the manta.  Dried brachial elements are being used in Asian 

medicines, and this demand has caused a substantial increase in the number of mantas taken in 

the Indonesian fisheries (Dewar 2000; White et al. 2006).  Fishing has also caused a significant 

decline in populations in the Philippines, leading the government there to close all fisheries 

(Alava et al. 1997). 

 

Mantas are known to congregate at only a few specific sites in the world, typically locations 

where they are either cleaned by cleaner fish or feeding on plankton.  Ecotourism businesses 

have developed in these areas to take tourist to snorkel and dive with the mantas.  Manta 

ecotourism is common in Hawaii, Yap, the Philippines, Fiji, the Maldives, Mozambique, Tanzania, 

and at Lady Elliot Island and Ningaloo Reef in Australia.  Tour operators target sites with 

predictable patterns in manta abundance.  However, these are usually small areas which mantas 

visit for specific and limited resources.  The impact of divers and snorkelers on the mantas at 

these spatially and temporally restricted sites is currently unknown.   

 

Although mantas are considered vulnerable to extinction, little has been done to protect the 

species partly due to the limited information on their life history.  Mantas are thought to have a 

low rate of population increase given their long life, small litter size, and low birth rate, making 

them highly susceptible to fishing pressure (Bigelow & Schroeder 1953).  Fishing for mantas has 

lead to their listing as vulnerable in the Gulf of California, West Coast of Mexico, and Southeast 

Asia, and as near-threatened globally (Marshall et al. 2006).  Mantas have been given local 

protection in the Philippines, Mexico, Yap, and Hawaii, but no protection is given to the species 

in Indonesia where most of the current fishery is based.  It is not known if fisheries are 

impacting local regions or larger areas since little information is available on the movement 
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patterns or migration of the species.  In order to make sound conservation decisions, more 

information is needed on the basic ecology of the species.    

 

This dissertation will investigate four areas of concern for mantas: 

1. population size 

2. life history 

3. movement patterns 

4. critical habitat 

 

Population size 

Estimates of abundance are essential for assessment and management of marine species, and 

may help in determining the impact activities have on a species (Shepherd & Meyers 2005).  For 

example, the goal of fisheries managers is to maintain a sustainable abundance of fished stocks, 

to determine when stocks are declining, to increase the abundance of threatened stocks, and to 

determine the effectiveness of recovery efforts. Knowledge of the number of mantas using an 

area is important for determining the degree of impact fishing and ecotourism have on 

populations.  Impacts to a species may be minimal if the population affected is very large, yet 

can be critical on smaller populations.  A census of the number of mantas visiting dive sites in 

Hawaii will help in determining the impact disturbances may have on the species. 

 

Life History 

Elasmobranchs in general have large size, slow growth rates, late maturity, and large size at 

birth, resulting in potential low rates of population increase and high vulnerability to 

exploitation (Hoenig & Gruber 1990; Nicholas et al. 2000; Reynolds et al. 2005).  Their large size 

is especially predictive of their vulnerability (Nicholas et al. 2000; Dulvy & Reynolds 2002; 

Reynolds et al. 2005).  Mantas are the largest of all batoids, reaching over 7 meters in wingspan 

(Bigelow & Schroeder 1953).  They are also thought to have very low reproductive rates.  

Previous studies have reported litter sizes of one are common, although two have been 
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documented (Marshall & Bennett 2010).  However, additional information on their life history is 

necessary to determine the reproductive potential of the species and their ability to withstand 

impacts.  This study estimates minimum life span, number of new pups at the study site per 

year, and age at maturity for male mantas in Hawaii. 

Patterns in movement 

The degree of impact on a population is also dependent on the degree of movement between 

populations.  Elasmobranchs are typically poor targets for fisheries due to their low intrinsic rate 

of population growth.  One way a species with a low rate of population increase could maintain 

a fishery is if the population being fished were large, and individuals from the overall larger area 

(source) were replacing the individuals in the area being fished (sink).  Thus it is important when 

making decisions in fisheries management to know something about the movement patterns of 

the species.   

 

It is assumed that large species with circumglobal distribution have highly interconnected 

populations with individuals migrating across large distances (Eckert & Stewart 2001).  This 

assumption is often applied to mantas, which are commonly thought to be a highly migratory, 

pelagic species.  In Hawaii, this assumption is supported by the fact that mantas are found on all 

the main islands and many of the Northwest islands.  Divers often encounter mantas in areas of 

upwelling or high productivity where they aggregate to feed on plankton.  They are also 

frequently found at cleaning stations on inshore reefs, where reef fish remove parasites, mucus, 

or loose scales.  However, it is not known if mantas migrate between islands, or if there is 

regular movement along an island.  Photo-identification and acoustic tracking studies have 

shown that manta rays can have high site fidelity to certain areas over time (Homma et al. 1997; 

Dewar et al. 2008; Luiz et al. 2009).  Fidelity appears to vary by location, with high fidelity 

throughout the year in some areas (e.g. Hawaii, Yap), and seasonal fidelity in others (e.g. 

Indonesia, Brazil, Mexico, Maldives, Venezuela) (Notarbartolo di Scara & Hillyer 1989; Homma et 

al. 1997; Dewar et al. 2008; Luiz et al. 2009).  However, even in areas where high site fidelity 

occurs on a daily basis, some individuals are only sighted a single time (Clark, Chpt. 1).  This may 

be a sampling effect since most photo-identification studies occur at a specific location that the 

individual may rarely use, or it may reflect the highly transient nature of some individuals or 
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species.  Knowledge of mantas movement patterns will help determine if mantas are a highly 

migratory species with movement on a regular basis between islands, or if they have limited 

migration and populations are restricted to single islands.  Additionally, temporal patterns in 

their movement are investigated to determine if movement patterns change over time.   

 

Critical habitats 

Conservation of marine species requires not only a reduction in exploitation, but also the 

protection of habitats critical for their survival (Dulvy et al. 2003).  In a study of marine 

populations, loss of habitat caused 37% of known extinctions (Dulvy et al. 2003), second only to 

exploitation.  The Magnuson-Stevens Fishery Conservation and Management Act defines 

essential habitat as waters and substrates necessary for spawning, breeding, feeding, or growth 

to maturity (Rosenburg et al. 2000), and requires protection of those habitats for commercially 

valuable species.  Although the value of protecting critical habits is obvious, little work has been 

done to protect critical habitats for elasmobranches due to limited knowledge of their habitat 

use (Carrier & Pratt 1998; Chapman et al. 2005). 

 

One can consider critical habitat as the home range of the species, which has been defined as 

“that area traversed by the individual in its normal activities of food gathering, mating, and 

caring for young” (Burt 1943).  Reports by divers of high site fidelity in mantas suggest that some 

individuals may utilize the same areas on a regular basis.  Site fidelity has been shown for 

feeding areas, cleaning stations, and mating areas (Dewar et al. 2008; Marshall & Bennett 2010; 

O’Shea et al. 2010).  However, it is not known how important these areas are to the species, if 

these areas are used by the entire population, if there are temporal patterns in use of these 

areas, or if there are other areas in the mantas home range with the same function.  

Investigation of home range will help determine what areas are most important for the survival 

of mantas in Hawaii. 

 

Oceanographic conditions affecting habitat use 
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The habitat use of marine species is ultimately dependent on a variety of both biotic and abiotic 

factors.  Individuals need access to mates, food, and to avoid predators.  These needs in turn are 

governed by oceanographic conditions; factors including the optimal temperature, salinity, pH, 

and nutrients.  A number of studies have been conducted on the migration, distribution, and 

habitat use of marine species, but few have considered how environmental variables affect an 

individual’s movements (Parsons & Hoffmayer 2005).   

 

Divers report variable numbers of mantas on night dives at manta foraging areas, with periods 

of low mantas abundance followed by periods of high abundance.  Mantas are attracted to 

these sites due to the presence of zooplankton, which is concentrated in a small area by artificial 

lights carried by the divers.  Variation in manta abundance may be correlated with variation in 

abundance of zooplankton, their primary food source.  Zooplankton is known to be patchy in 

distribution, making optimal foraging difficult.  This study investigated the factors influencing 

manta abundance at coastal sites over time, to determine what variables are most important 

when considering manta conservation efforts. 
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CHAPTER 2 

TRENDS IN ABUNDANCE OF MANTAS (MANTA ALFREDI, M. BIROSTRIS) IN HAWAI‘I 

BASED ON VOLUNTEER COLLECTED DATA 

 

Abstract 

Volunteer collected sightings data was used to investigate the long-term abundance patterns of 

the poorly studied manta.  Divers in Hawai‘i have documented manta sightings along 120 km of 

the Kona Coast for over 15 years.  Volunteer data collected between 1992 and 2007 shows that 

two species of manta are found in Hawai‘i, and indicates that Manta alfredi is a coastal, island 

associated species and Manta birostris is a more pelagic species.   Of the 105 M. alfredi, 76% 

were resighted and 7% of the 29 M. birostris were resighted.  A negative binomial model 

indicated significant effects of site, season, plankton abundance, and tidal phase.  The highest 

mantas abundance was observed at the more northern of the two sites in the model, during the fall 

season, during periods of high plankton abundance, and on falling tides.  Manta based ecotourism 

draws over 10,000 visitors per year, and generates over $4 million annually in revenue to 

Hawai‘i.  Continued observance of industry generated guidelines to protect mantas from divers 

should be continued to avoid negative impacts from ecotourism. 
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Introduction 

Despite their large size and wide geographic distribution, relatively little is known about manta 

biology or ecology, as emphasized by the recent revision of the genus (Marshall et al. 2009).  

This lack of information is largely due to the expense and logistical challenges associated with 

studying large, wide ranging species, a lack of specimens from fisheries, and limited 

opportunities to study mantas in their marine environment.  Morphological and meristic data on 

the genus shows clear separation into two species, Manta birostris and Manta alfredi, and 

indicates a third yet undescribed species in the Atlantic (Marshall et al. 2009).  All species are 

planktivores, with terminal mouths and paired cephalic fins.  M. birostris is thought to be more 

widely distributed, can obtain disc widths over 7 m, has a reduced caudal spine, and lack 

pigmentation medially between gill slits, while M. alfredi reaches maximum disk widths of 5.5 m, 

has no caudal spine, and can have blue-grey to black spots throughout the ventral surface 

(Marshall et al. 2009).  The birth of two pups in consecutive years from a single captive female 

indicates that M. alfredi have single pup litters and gestation rates of approximately one year (374 

and 366 days respectively, Okinawa Charaumi Aquarium).  Overall mantas appear to have typical 

elasmobranch life history characteristics of slow growth rates, late sexual maturity, low 

reproductive rates, and long life spans.  Such characteristics are thought to increase the risk of 

extinction in marine fishes (Garcia et al. 2008 ; Myers & Worm 2005 ; Reynolds et al. 2005).  

Additional information on the mantas life history characteristics are needed to understand the 

threats imposed by fishing and ecotourism.  

 

In recent years there has been a growing concern over population declines in mantas resulting 

from directed fisheries and bycatch mortality (Dewar 2002 ; Notarbartolo di Scara 1987 ; 

Romanov 2002 ; White et al. 2006).  Although information is sparse, directed fisheries exist in 

Indonesia, India, Sri Lanka, and Thailand (Compagno & Last 1999 ; Dewar 2002 ; White et al. 

2006).  Mantas are also taken as by-catch in tuna fisheries in the Pacific, Indian and Atlantic 

Oceans (Romanov 2002 ; White et al. 2006).  Mantas are harvested for their flesh, skin, cartilage, 

and branchial filter elements (Dewar 2002 ; White et al. 2006).  Increased demand in Asia for 

branchial filter plates, which are dried and used in traditional Chinese medicines, has driven 

recent expansion of the Indonesian manta fishery (Dewar 2002 ; White et al. 2006).  Concerns 

about manta overharvesting have led to fishery closures in the Philippines1 and Mexico2

                                                           
1 Fisheries Administrative Order 193, 1988 

, 



17 
 

designation of the waters around Yap as a manta sanctuary, protection from capture in Hawai‘i, 

and to ‘near threatened’ status for mantas on the IUCN Red List of Threatened Species (Marshall 

et al. 2006). 

 

 Regular sightings of mantas in some coastal locations have led to the establishment of an 

ecotourism industry that takes divers and snorkelers out to interact with the rays.  The expansion 

of manta ecotourism has increased the ease of locating and studying mantas in their natural 

environment.  Individual mantas can be identified based on their ventral markings, which are both 

unique to individuals and stable over time (Homma et al. 1997).  This has led to photo-

identification studies in many areas with manta tourism.  Manta tours are conducted at locations 

where mantas congregate, typically either cleaning stations or feeding areas. The regular sighting 

of mantas at these locations provides a unique opportunity to obtain information on manta life 

history, site fidelity, and patterns of movement and abundance from ecotourism based volunteers.   

 

In Kona, Hawai‘i, mantas have been a tourist attraction for over 25 years.  Two sites have been 

popular for observing mantas in Kona; Keauhou and Ho‘ona Bay (Fig. 2.1).  Keauhou, located 

offshore of the Sheraton Keauhou Bay Resort & Spa (formerly the Kona Surf Hotel), has been a 

popular manta dive site since the late 1970’s.  Mantas regularly visit the site to forage at night on 

plankton concentrated by the hotel’s floodlights and underwater lights carried by divers.  The 

Kona Surf Hotel went bankrupt and turned off its lights on June 20, 2000, and the site remained 

dark until it was purchased by the Sheraton Keauhou Beach Resort on October 1, 2004.  Manta 

dives at Ho‘ona Bay  , approximately 23 km north of Keauhou, started in 1998 when divers 

learned that mantas were feeding at the site.  Unlike Keauhou, Ho‘ona is a natural foraging site 

for mantas in the afternoon (Chapter 2).  Divers extend the mantas presence at the site by placing 

lights on the bottom to attract plankton.  Currently manta tours occur at both sites.  However, 

Ho‘ona Bay is more popular among operators due to the greater number of mantas observed at 

the site and the proximity to Honokohau harbor. 

 

                                                                                                                                                                             
2 Norma Oficial Mexicana NOM-029-PESC-2006, PESCA RESPONSABLE DE TIBURÓN Y RAYAS.  
SPECIFICACIONES PARA SU APROVECHAMIENTO 
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The use of volunteer collected data to investigate biological questions has increased in recent 

years (Dartwell & Dulvy, 1996; Colman, 1997;Greenberg & Droege, 1999; Foster-Smith & 

Evans, 2003; Galley & Clifton, 2004; Bell, 2007; Monk et al., 2008), and has been useful in long-

term studies (Theberge & Dearden, 2006; Brightsmith, 2008).  Divers in Kona have been 

reporting manta sightings along the coastline for over 15 years, providing a unique opportunity to 

investigate long-term patterns of abundance.  This study used data collected from recreational 

SCUBA divers to: 

1.  Evaluate site fidelity of mantas to two Hawai‘i Island feeding sites and the degree of 

connectivity between the two sites.  

2.  Identify key factors influencing manta abundance at coastal sites. 

3.  Quantify temporal changes in manta abundance through multiple years (1992-2007). 

4.  Determine life history parameters including maximum life span, birth rate, age of sexual 

maturity, and sex ratio in the population. 

5.  Investigate trends in manta eco-tourism. 
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Methods 

Study sites 

Manta surveys were conducted along the Kona Coast of the island of Hawai‘i during recreational 

dive and snorkel tours, focusing on the Keauhou and Ho‘ona Bay dive sites.  The bottom 

topography at Keauhou consists of large boulders and a basaltic reef, with heavy winter surf.  

Surveys were conducted in depths from 1 to 12 meters.  Ho‘ona has a fringing reef that extends 

approximately 50 meters offshore before dropping off into a sandy bottom.  Surveys were 

conducted on the reef in water depths between 3 and 18 meters, with the primary study site at 

10.5 meters depth. Opportunistic sightings of mantas were also reported along the Kona Coast. 

 

Manta surveys 

 Information on manta sightings along the Kona coast was collected from volunteer 

recreational SCUBA divers, dive instructors, and underwater videographers from 1992 

through 2007.  Data collection was informal, with volunteers reporting what they 

observed on recreational tours in dive logs or through email communication.  Information 

collected included the date and location of the dive, the number of mantas observed, the 

identity of individual mantas, the number of snorkelers, the number of SCUBA divers, 

and the plankton abundance.  Mantas were identified by the unique pigmentation pattern 

found on the ventral surface of each individual, and were either known to the divers and 

identified by sight, or identified via photographs or video recordings.  A catalog of all 

known individuals is maintained by the non-profit Manta Pacific Research Foundation 

(MPRF) at www.mantapacific.org.  Observations at Ho’ona Bay and Keauhou were made 

on up to two 40-50 minute dives per evening; one just prior to sunset and one after dark.  

Data from all divers who conducted surveys during the two dives were combined into a 

single survey.  Given the ad hoc nature of the surveys, not all divers reported all the data, 

nor did all divers go on both dives.  Opportunistic sightings of mantas at locations along 

the coast were also reported.  Early reports were transcribed from divers log books.  

Starting on December 1, 2002 an email alias and a web-based sightings form were 

http://www.mantapacific.org/�
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created that allowed divers to send and receive dive reports via email, and to add to or 

correct reports sent in by other divers. 

 

Relative abundance 

An index of mantas per unit effort (MPUE), defined as the number of mantas identified 

per survey, was used to investigate changes in manta relative abundance over time at the 

two main dive sites.  Only months with two or more surveys that included plankton 

abundance at both sites were included.  A generalized linear model with a negative 

binomial distribution was used to test the effects of site, year, month, lunar phase, tide, 

and plankton abundance on MPUE.  Site, year, calendar month, lunar phase, and tide 

were treated as categorical variables.  The two sites were Keauhou (19º33’30.2”, -

155º57’59.6”) and Ho‘ona Bay (19º44’10.8”, -156º03’14.0”).  Lunar phase and tide 

followed Dewar et al. (2008).  Lunar phase was recorded as “new” (<10% illuminated), 

“half” (10-90% illuminated), and “full (>90% illuminiated), with % illumination obtained 

from the U.S. Naval Observatory Astronomical Applications Department web site 

(http://www.usno.navy.mil/USNO/astronomical-applications/data-services/frac-moon-

ill).  Tide height was recorded as “rising”, “slack”, and “falling” from mean low low 

water.  Tide data was obtained for Kawaihae Harbor from the National Oceanographic 

and Atmospheric Administration Center for Operational Oceanographic Products and 

Services web site at http://co-ops.nos.noaa.gov/index.shtml and corrected for Kailua-

Kona.  Plankton abundance was estimated as follows; 0 = no plankton present in water 

column, 1 = slight plankton accumulation near lights with none in water column, 2 = 

slight to moderate plankton accumulation near lights and in water column, 3 = medium 

plankton accumulation swarming lights and in water column, 4 = thick plankton 

accumulation at lights, in water column, and at surface, 5 = Very thick plankton 

accumulation at lights, in water column, at surface, and extending horizontally from 

lights. 
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A negative binomial model was used to model MPUE.  Manta ray abundance is a 

nonnegative integer or count variable.  Count data is typically highly skewed, making 

ordinary least squares regression inappropriate.   Models based on the Poisson 

distribution are more appropriate for count variables, but only when the variance is equal 

to the mean.  When the variance is greater than the mean, as is often the case in ecology, 

the data is said to be “overdispersed” and the more general negative binomial model, 

which contains parameters for both the mean and variance, is more appropriate 

(McCullagh &  Nelder 1989).  Both models are related to the generalized linear model by a 

link function which relates the linear predictor to the mean of the distribution function.  

In the case of the negative binomial model, the link function takes the form of: 

   g(μ) =log (μ / κ + μ)  

where μ is the mean and κ the variance of the distribution parameter.  An exhaustive 

search was used to find the confidence set of models based on Akaike’s information 

criterion corrected for small sample size (AICc) (Burnham &  Anderson 2002 ; Kutner et al. 

2004).  Analysis was conducted using the glmulti and MASS packages in R version 

2.11.1 (R Development Core Team 2010). 

 

Ecotourism 

Trends in use of manta sites was investigated by comparing number of snorkelers, divers, 

and boats over time at manta dive sites.  Annual number of individuals and boats visiting 

the site was estimated by taking the average use per day as determined from surveys and 

multiplying it by 365 days.  Annual revenue from manta tours in direct sales to dive 

shops was calculated as the estimated number of trips per year multiplied by the average 

price of the trip.  The average price of dive and snorkel trips was determined from a 

survey of 20 dive shops conducting manta tours in Kona during 2007 (MPRF, 

unpublished data).  Annual revenue to other businesses was calculated as the estimated 

total number of individuals participating in manta tours multiplied by the average amount 

a visitor spent in Hawai‘i per day as reported by the Hawai‘i Department of Business, 

Economic Development, and Tourism (http://Hawai‘i.gov/dbedt).  

http://hawai'i.gov/dbedt�
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Results 

Chromatic variation 

A total of 134 mantas were identified during 3205 surveys between March 18, 1992 and 

December 30, 2007 (1000 surveys at Keauhou, 1813 at Ho‘ona Bay  , 392 at various 

locations along the Kona Coast), with the first survey at Ho‘ona Bay occurring on August 

15, 1998 (Table 2.1, Fig. 2.2).  Three distinct ventral color patterns were observed in 

Hawai‘i mantas.  The most frequent pattern, referred to as the coastal manta in Hawai‘i, 

have a predominantly white ventral surface, black spots, with a concentration of spots 

medial to the gill slits (Fig. 2.3a).   A second, less common pattern referred to as the 

white pelagic manta has mostly white on the ventral surface with a few black spots 

anterior to the gill slits, no spots medial to the gill slits, and pigmentation around the 

mouth and pectoral fin margin (Fig. 2.3b).  The third and least common pattern has a 

predominantly black ventral surface with white patches is referred to as the black pelagic 

manta (not shown).  Comparisons of chromatic patterns with species descriptions in 

Marshall et al. (2009) indicate the coastal form is M. alfredi, the white pelagic is M. 

birostris, and the black pelagic is the melanistic form of M. birostris.  Since both species 

may have primarily black (melanistic) forms (Marshall et al. 2009), these individuals were 

of additional interest and were analyzed as a subgroup within M. birostris in this study.  

Of the 134 individuals identified, 105 (78%) were M. alfredi and 29 (22%) M. birostris, 

with 10 of the 29 M. birostris (34%) melanistic (Table 2.1).   

 

Site fidelity 

Manta alfredi showed a high degree of fidelity to Keauhou and Ho’ona Bay, with a high 

degree of movement along the coast.  Eighty individuals (76%) were observed on two or 

more occasions along the Kona Coast over the 16-year study period, and seven were 

observed in over 10% of the surveys (Fig. 2.4a).  Ho‘ona Bay had the highest number of 

individuals identified out of all the sites.  Of the 83 individuals identified at Ho‘ona Bay  

, 66 (79%) were resighted, and 8 were observed in over 10% of the surveys (Fig. 2.5a).  

Fifty five individuals were identified at Keauhou, with 42 (76%) resighted, only one of 
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which was observed in 7% or more of the surveys (Fig. 2.5b).  The longest period over 

which an individual was resighted was 5629 days (15.42 years), during which it was 

sighted 699 times.  Based on earlier photographs, at least one individual, a large female, 

has shown site fidelity to the Keauhou site since 1979, indicating a minimum age of 31 

years in 2010.  Substantial movement occurred along the coast, with 42 (40%) of the 105 

individuals sighted at both Keauhou and Ho‘ona Bay  , a distance of 22 km.  The longest 

distance between sightings of a single individual was 42 km, although this may be more 

of an indication of the home range of divers reporting sightings than actual manta 

movements. 

 

Manta birostris had an extremely low resight rate (Fig. 2.4b).  However, the few that 

were resighted showed a high degree of movement.  Two of the 29 (7%) M. birostris 

were resighted along the Kona Coast, both melanistic.  One was observed 3 times at 2 

locations 45 km apart over 36 days and one was observed twice at 2 locations 10 km 

apart over 307 days.  No M. birostris were sighted at Keauhou, one (3%) was sighted at 

Ho‘ona Bay, and 28 (97%) were sighted at 24 other locations along the Kona coast 

(Table 2.1).   

 

MPUE 

The MPUE at Keauhou (mean 1.91, range 0 – 11, SD 1.78) was significantly lower than 

Ho‘ona Bay (mean 4.17, range 0 - 28, SD 4.43) (Mann-Whitney U test W=1177654.0, 

p<0.0001).  Keauhou had its largest MPUE per year between 1992 and 1997, followed by 

fewer mantas between 1998 and 2004, and an increasing number of mantas from 2005 to 

2007.  Ho‘ona Bay showed a general increase in the average MPUE per year from 1998 

to 2004, and remained at high levels between 2005 and 2007 (Fig. 2.6).  One or more 

mantas were observed on 74.2% of the surveys at Keauhou and 79.6% at Ho‘ona Bay.  

However, the maximum number observed at Keauhou was only 11, while up to 28 

individuals were observed per survey at Ho‘ona Bay (Fig. 2.7).   
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There were insufficient sightings of M. birostris for formal testing of spatial and temporal 

variation.  Solitary M. birostris were observed on 30 out of the 3205 surveys, with two 

individuals observed on a single survey.  Total number of M. birostris observed per year 

ranged from 0 to 4 between 1992 and 2006, but jumped to 14 in 2007 for unknown 

reasons. 

 

Variables related to manta ray abundance  

The number of mantas observed per survey (MPUE) varied significantly with Site, Year, 

Month, Tide and Plankton but not Moon, with Site and Moon the only significant 

interaction (Table 2.2).  The final model explained 39.3% of the total deviance using 31 

degrees of freedom, and was based on a total of 1004 surveys.   

 

Keauhou had significantly fewer mantas on average than Ho‘ona Bay (Keauhou 

mean=1.94, SD=1.47; Ho‘ona mean=4.57, SD=4.66).  MPUE fluctuates at both sites with 

no apparent trend over the years.  Keauhou had the highest MPUE in 2002, followed by 

the lowest year in 2003 when only two surveys were conducted (Fig. 2.6).    Ho‘ona Bay 

had its lowest MPUE in 1998 based on two surveys the first year data was collected at the 

site, with the highest MPUE in 2006 (Fig. 2.6).  The year 2004 was not used in the model 

due to lack of data at Keauhou. 

 

Mantas were present in all months of the year at both Keauhou and Ho‘ona Bay.  At 

Keauhou, the highest MPUE per month was between June and October.  Ho‘ona Bay 

showed a similar but extended seasonal pattern with the highest months between May 

and December (Fig. 2.8). 
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Plankton abundance explained the highest deviance of any variable (Table 2.2).  In 

general, Keauhou and Ho‘ona Bay showed increases in MPUE for increasing levels of 

plankton, with the highest MPUE on nights with plankton levels of 3, 4, and 5 (Fig. 2.9).   

 

A greater number of mantas were observed on falling tides at both Keauhou and Ho‘ona 

Bay than rising or slack tides, although a greater tidal effect was observed at Ho‘ona Bay 

(Fig. 2.10).   

 

Lunar phase affected both sites but in different manners.  Keauhou had the fewest 

number of individuals during the full moon, more during the half moon, and the most 

during the new moon.  Ho‘ona Bay showed the greatest number of mantas during the full 

moon, with approximately equal numbers during half and new moons (Fig. 2.11). 

 

Population growth 

The discovery curve for M. alfredi along the Kona Coast shows an initial rapid increase 

in the number of mantas identified until survey 242 (9/29/97), followed by a constant 

increase for the remainder of the surveys (Fig. 2.12).  Linear regression of the data 

following survey 242 indicates 2.52 new mantas were recorded in the population for 

every 100 surveys conducted (y=0.0252X + 22.725, R2 = 0.99).  The same data fitted on 

a time scale indicates that an average of 7.37 mantas entered the population per year 

either through birth or immigration (y=0.0199X – 685.17, R2=0.98).  Restricting the data 

to only new pups also shows an initial rapid increase, followed by a long plateau where 

few new pups were observed, then a constant level of increase starting at survey 1593 

(6/16/03).  Liner regression for surveys starting at 1593 indicates 1.35 new pups were 

recorded per 100 surveys (y=0.0135x - 14.398, R2=0.98), or 4.27 new pups per year (y = 

0.0117x - 435.28, R2 = 0.95). 
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In contrast, the discovery curve for M. birostris showed an increase in the population 

until survey 2967 (5/29/07), followed by a more rapid increase in the number of new 

individuals observed in the population.  Since no M. birostris pups were observed during 

this study, the constant increase indicates that the entire population has not been surveyed 

for this species. 

 

Reproductive biology 

Of the 105 M. alfredi observed over the 16-year study period, 51 (49%) were female, 53 

(50%) were male, and 1 (1%) was of undetermined sex.  There was no significant 

difference in the relative proportion of female to male M. alfredi per year for the entire 

Kona Coast (Χ2 = 9.601, df = 13, p = 0.726, pooling 1992, 1993, & 1994), Keauhou (Χ2 

= 2.477, df = 11, p = 0.996, pooled 1993, 1993, & 1994, plus 2002 & 2003) or Ho‘ona 

Bay (Χ2 = 5.389, df = 8, p = 0.715) (Fig. 2.13a), or per month for the entire Kona Coast 

(Χ2 = 2.701, df = 11, p = 0.994), Keauhou (Χ2 = 3.234, df = 11, p = 0.987), or Ho‘ona 

Bay (Χ2 = 2.783, df = 11, p = 0.993) (Fig. 2.13b).   

 

M. birostris consisted of 13 (45%) females, 6 (21%) males, and 10 (34%) of 

undetermined sex, with melanistic M. birostris containing 3 (30%) females, no males, 

and 7 (70%) of undetermined sex.  Comparison of sex ratios was not made for M. 

birostris due to the low number sighted and the high percentage of undetermined sex. 

 

Age of sexual maturity in males was determined by observing clasper growth over time.  

Claspers are known to extend past the pelvic fin in sexually mature manta rays (Marshall 

& Bennett 2010).  Age of birth was estimated as the time of first sighting for individuals 

with wingspans of less than 5 ft.  Photographs showing clasper length for every year 

since birth were found for only one individual with a known year of birth.  This 

individual was first observed on July 24, 2000 with an estimated wing span of 5-6 ft.  

Photographs from November 3, 2002 show immature claspers, but by September 22, 
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2003 the claspers had grown just past the pelvic fins.  This indicates sexual maturity in 

males may occur as early as 3-4 years of age. 

 

The opportunistic observation of mating at Ho‘ona Bay during a night dive after the 

completion of this study supports sexual maturity at an early age.  On June 14, 2009 a 

male originally identified on October 26, 2003 and classified as a new pup mated with a 

female that was first identified as an adult on July 31, 1992.  Mating confirms sexual 

maturity in males can occur at approximately 6 years of age. 

 

Ecotourism 

Not all divers recorded ecotourism data; only years with 70 or more surveys recording the 

number of divers and snorkelers were used in ecotourism analysis.  This limited the 

analysis to data from Ho‘ona Bay for the years 2003-2007.  During this period, an 

estimated 3139-6169 people went on snorkel and 10950-12191 on dive tours at Ho‘ona 

Bay each year, for a total of 10,759 to 13,197 tour participants annually (Table 2.3).   

 

The average price charged by twenty manta tour operators in 2007 was $119 for dive and 

$87 for snorkel tours (MPRF, unpublished data).  Based on the estimated number of 

visitors participating in manta dive and snorkel tours, $1,646,000 to $1,966,000 was 

generated in direct sales to tour operators each year.  Additionally, the Hawai‘i 

Department of Business, Economic Development & Tourism estimated that visitors to the 

island of Hawai‘i spent an average of $159 per day on food, lodging, and other daily 

expenses between 2004 and 2007 (2003 numbers not available) 

(http://Hawai‘i.gov/dbedt), generating an additional $2,356,000 to $2,890,000 per year in 

revenue to other businesses in the State (Table 2.3). 

 

 

 

http://hawaii.gov/dbedt�
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Volunteer data 

Survey data was collected by over 150 volunteers.  Forty seven percent of the data was 

collected by a single individual, Keller Laros, and over 70 percent of the data was 

collected by eleven individuals, all of whom were dive instructors working for 

commercial Ecotourism operators.  The mean number of surveys per volunteer was 18.36 

(SD=126.28, range=1-1524, median=1.5).  There was no significant difference between 

the number of mantas recorded per year between Mr. Laros’s data and all other surveys 

for Keauhou (paired T=0.50, p=0.63, df=11) or Ho‘ona Bay (paired T=0.25, p=0.812, 

df=9).  
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Discussion 

The regular sightings of mantas in Hawai‘i provided a unique opportunity to use diver 

supplied data to investigate their biology and ecology.  Two species were found to be 

sympatric in Hawai‘i; M. birostris and M. alfredi (Fig. 2.3a, Fig. 2.3b).  A melanistic 

chromotype was also observed with a predominantly black ventral surface and white 

patches (not shown).  Both M. birostris and M. alfredi are known to have melanistic 

forms which could be confused with each other (Marshall et al. 2009).  Based on the larger 

size, subtleties in coloration pattern, typically offshore sightings, and low resight rate, all 

of the melanistic individuals were classified as M. birostris.   

 

Site Fidelity 

In Hawai‘i, M. alfredi is commonly referred to as the “coastal” manta and M. birostris the 

“pelagic” manta based on the perception that M. alfredi is a nearshore resident on the 

coast and M. birostris resides in offshore waters and is only occasionally observed 

nearshore.  This study supports those perceptions in Hawai‘i, as M. alfredi showed high 

fidelity year-round to coastal areas with 75% of individuals resighted multiple times, 

while M. birostris had low fidelity and only a 7% resight rate.  The discovery curve for 

the two species indicates a low rate of immigration for M. alfredi and a much higher rate 

of immigration for M. birostris, as would be expected for species with closed vs. open 

populations.   

 

Previous studies of M. alfredi have found both high fidelity to specific sites and seasonal 

shifts in abundance of mantas.  In  Komodo, Indonesia, M. alfredi show high fidelity to 

specific sites, with almost daily visitation for up to 3 months and occasional visitation for 

up to 2 years (Dewar et al. 2008).  In Japan, individuals were identified at dive sites for 

over 15 years (Homma et al. 1997).  A similar pattern of high fidelity to specific sites over 

years was also found with M. alfredi in the Maldives (G. Stevens, pers. comm.).  These 

findings indicate that a high degree of plasticity may exist in the movement patterns 
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mantas.  In Hawai‘i and other areas with stable productivity individuals have access to 

plankton resources throughout the year allowing long term fidelity.  In areas with 

seasonal changes in productivity individuals may migrate to find sufficient foraging 

opportunities.   

 

Limited data exists on the movements of M. birostris.  However, individuals appear to 

have limited fidelity to the island of Hawai‘i.  Of the two M. birostris resighted during 

this study, one showed fidelity to the island over a period of 36 days and the second was 

resighted almost a year after its original sighting.  In Brazil, a seasonal pattern of 

occurrence was found for M. birostris, likely due to seasonal changes in current patterns 

and associated productivity (Luiz et al. 2009).  The limited resightings of individuals in 

both Hawai‘i and Brazil provide insufficient data to determine the home range of this 

species.  Additional research is needed to determine if M. birostris is a local offshore 

species that is rarely seen or if it is an oceanic species migrating across the Pacific in 

search of resources. 

 

Spatial patterns 

The attraction of mantas to Keauhou and Ho‘ona Bay appears to be a learned behavior.  

Artificial lights are used at both sites to concentrate plankton at night, providing an easy 

source of prey for mantas.  Tracking studies indicate Ho‘ona Bay is a natural afternoon 

foraging area, where individuals forage offshore of the reef edge in the afternoon and 

mantas extend their stay to forage at night (Chapter 2, 3).  The presence of a natural 

foraging site near the night site may explain the higher abundance of mantas at Ho‘ona 

Bay (Fig. 2.6).  While no individual was actively tracked at Keauhou, passively tracked 

individuals did not visit the site during the closure of the hotel (Chapter 3), and few 

individuals were observed at Keauhou when the hotel closed and turned off its floodlights 

from 2000 through 2004 (Fig. 2.6).  The lack of reports in 2004 is due primarily to the 

low numbers of mantas at the site since 2000, causing tour operators to switch their 

operations to Ho‘ona Bay.  Mantas returned to the site after the flood lights were turned 
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on again when the hotel reopened.  However, pups and juveniles were the first 

individuals to use the site, and continued to be the primary individuals at the site through 

the end of the study.  Some individuals that used the site before the hotel closure were 

resighted at Ho‘ona Bay after the closure of the hotel, indicating a shift in their home 

range.  The lack of mantas at the site during the closure of the Keauhou hotel indicates it 

is an artificial foraging area that is only used when plankton is attracted by lights. 

 

Plankton abundance 

A distinct foraging pattern was observed in both Keauhou and Ho‘ona Bay.  Mantas were 

most abundant when plankton levels were high.  There also appears to be a foraging 

threshold with mantas more abundant above plankton levels of 2 (Fig. 2.9).  Islands are 

known to be more productive due to island mass effect, upwelling, and nutrient input 

from terrestrial sources (Bucciarelli et al. 2001; Coutis & Middleton 1999; Doty & Oguri 

1956; Hasegawa et al. 2009).  Higher near shore productivity would provide mantas with 

a constant and stable foraging base in Hawai‘i coastal waters.  Studies on coastal 

mammals also indicate increased foraging opportunities cause individuals to stay near 

more productive near shore waters (Baird et al. 2008 ; Benoit-Bird & Au 2003 ; McSweeney 

et al. 2007).  While the smaller M. alfredi appear to routinely forage in near shore waters, 

only one M. birostris was observed foraging near shore during this study.  Differences in 

ecological or nutrient needs, or life history characteristics, may be responsible for 

differences in habitat use between the two species.   

 

Seasonal abundance 

Manta abundance was higher at both sites in the fall than during the rest of the year.  

High manta abundance has been recorded during summer periods in New Zealand and 

Venezuela (Duffy & Abbott 2003 ; Notarbartolo-di-Sciara &  Hillyer 1989), and during winter 

periods in Brazil (Luiz et al. 2009).  In Komodo, a shift in manta abundance from the north 

to south side of the island was associated with seasonal monsoons (Dewar et al. 2008), a 
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pattern also found in the Maldives (Anderson 1996).  Seasonal changes manta abundance 

are thought to be associate with either water temperatures (Dewar et al. 2008) or 

productivity (Luiz et al. 2009).  According to Dewar et al. (Dewar et al. 2008) mantas have 

a window of thermal tolerance between 21°C and 30°C.  While water temperature was 

not recorded as a part this study, monthly water temperature data from the point south of 

Ho‘ona Bay ranged from 22.5°C to 28°C for the years 2005 and 2006 (unpublished data, 

Natural Energy Lab of Hawai‘i), making the waters suitable for mantas year round.  Luiz 

et al. (2009) found mantas in Brazil to have higher abundance during the austral winter, 

the same time as a coastal front known for high productivity was present in the area.  

Productivity was measured during this study in the form of plankton index, but no 

correlation was found between season and plankton abundance (data not shown).   

 

The recent revision of the genus (Marshall et al. 2009) may explain some differences in 

reported seasonal patterns in manta abundance.  Based on the new species description, 

Manta alfredi in Hawai‘i, the Maldives, Yap, Komodo, and Japan show island or atoll 

fidelity throughout the year (Dewar et al. 2008; Homma et al. 1997; B. Acker, pers. comm.; 

T. Clark, pers. obs.; G. Stevens, pers. comm.), although they may migrate locally based 

on environmental conditions.  However, M. birostris in New Zealand, Venezuela, and 

Brazil are strictly seasonal (Duffy & Abbott 2003 ; Luiz et al. 2009 ; Notarbartolo-di-Sciara &  

Hillyer 1989), and no study to date has shown the species to reside year-round in local 

waters, indicating the two species may utilize habitats in different ways.  The larger and 

more temperately distributed M. birostris may forage in less productive pelagic waters or 

migrate between locations with seasonally abundant prey, while M. alfredi takes 

advantage of more regular coastal productivity.  Similar divisions in habitat use are seen 

in whale sharks (Rhincodon typus) and basking sharks (Cetorhinus maximus), with whale 

sharks migrating thousands of miles across open ocean to take advantage of seasonally 

abundant prey (Heyman et al. 2001 ; Wilson et al. 2006) and basking sharks foraging in 

productive waters along the continental shelf (Sims et al. 2003a).  If this is the case, then 

different factors may be responsible for differences in seasonal patterns for the two 
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species.  Additional research is needed to determine the plasticity of manta habitat use for 

both species. 

 

Tidal phase 

Tidal currents have been shown to affect oceanic productivity and plankton abundance by 

increasing upwelling and concentrate plankton in frontal systems, along shorelines, and 

in bays (Hamner &  Hauri 1981).  Manta abundance at Keauhou and Ho‘ona Bay increased 

during falling tides, but was about equal on rising and slack tides (Fig. 2.10).  A similar 

effect was observed in Komodo, with a greater number of mantas visiting near shore sites 

during periods of high tidal flux, which the authors attributed to increased prey 

availability (Dewar et al. 2008).  A strong tidal influence was also observed in the 

increased frequency of visitations to a cleaning station at Osprey Reef, Australia during 

ebb tide (O'Shea et al. 2010a).  The authors hypothesized that mantas were moving to the 

cleaning station during periods of low plankton availability, which occurred during ebb 

tide.   Additional work is needed in Hawai‘i to determine if tidal patterns influence 

plankton abundance or if other factors are responsible for the increase in mantas during 

falling tides. 

 

Population structure 

The discovery curves for M. alfredi and M. birostris continued to increase throughout the 

study period, indicating that the entire population has not been counted for either species 

(Fig. 2.12).  Part of the increase in M. alfredi can be attributed to births as approximately 

4 pups were estimated to enter the population each year.  Additional individuals could be 

entering the population from neighboring islands, offshore waters, or from other areas 

along the Kona Coast.  Immigration from neighboring islands is unlikely, as no matches 

were found between photographs of mantas from this study and 84 individuals from the 

neighboring island of Maui (Clark, unpub. data).  Migration from offshore waters is also 

unlikely given the high site fidelity and high resight rate of M. alfredi in Hawai‘i.   
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The most likely source of adult M. alfredi entering the population is from other areas 

along the coast of Hawai‘i.  Although not regularly surveyed, two manta cleaning stations 

are known to exist 4.5 km and 28 km north of Ho‘ona Bay.  The further location is also 

the site of regular manta dives, and mantas from this study have also been observed on 

the cleaning station (Clark, pers. obs.).  It is likely that M. alfredi along the entire coast of 

Hawai‘i constitute a single population.  If this is the case, surveys centered in one area 

would only record a fraction of the population.  Individuals whose home range is 

centered at the survey area would show high resight rates, while those with only the edge 

of their home range in the survey area or those making excursions outside of their home 

range would have low resight rates.  The constant low rate of immigration and the 

exponential curve in percent of times individuals were sighted in surveys (Fig. 2.7) in the 

Hawai‘i population make this the most likely scenario to explain the population structure 

of M. alfredi.   

 

The low resight rate of M. birostris and the lack of a plateau in the discovery curve 

supports the hypothesis that this species is not a coastal or island associated species in 

Hawai‘i and is most likely pelagic with occasional island visits.   

 

Reproductive biology 

Sex ratio was approximately 1:1 for M. alfredi males and females throughout all years 

and during all months at both Keauhou and Ho‘ona Bay (Fig. 2.13).  This differs from 

Mozambique, where approximately 75% of the population were female (Marshall & 

Bennett 2010).  Sexual segregation is common in elasmobranches (Wearmouth & Sims 

2008), including the planktivorous whale shark (Meekan et al. 2006) and basking shark 

(Wilson 2004), and can result from several factors including differences in energetic 

requirements, predation risk, habitat selection, or social factors (Sims 2005 ; Wearmouth & 

Sims 2008).  Mantas in Mozambique are often observed in activities associated with 
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mating, and the area is thought to be a breeding and pupping ground for M. alfredi 

(Marshall & Bennett 2010).  While possible mating activities were recorded on four 

occasions during this study (once at Keauhou, 3 times at Ho‘ona Bay), no sites were 

found where mating activity was regularly observed on the island of Hawai‘i.   

 

Elasmobranchs are often thought of as having late sexual maturity, one of several factors 

that make them highly vulnerable to overfishing (Dulvy et al., 2000; Stevens et al., 2000; 

Dulvy and Reynolds, 2002).  This study indicates mantas have rapid sexual maturity.  

Rapid sexual maturity in Mobulidae was originally suggested by White et al. (2006) 

based the narrow window of disc widths in which clasper length changed in dead 

specimens.  Marshall & Bennett (2010) also found a quick transition to maturity in wild 

mantas in Mozambique, plus few sub-adults, and suggested a rapid transition to maturity.  

In Hawai‘i, changes in clasper length show males reach sexual maturity as early as 3-4 

years of age.  Although clasper growth has been shown to be an indication of sexual 

maturity in male elasmobranchs (Cicia et al. 2009 ; Francis et al. 2001), sexual intercourse 

is the ultimate test of maturity, and the mating of a 6 year old male with one of the 

longest known and largest females in the population shows that male manta rays are 

functionally mature at a very early age.   

 

Ecotourism 

Over 10,000 people per year have interacted with mantas at Ho‘ona Bay  , generating 

over $4 million in revenue based on tourist staying for a single day to observe mantas.  

Lack of data limited these estimations to manta tours at Ho‘ona Bay.  While tours also 

are conducted at Keauhou, the majority of tour operators currently use Ho‘ona Bay when 

weather permits due to the higher number of mantas observed at the site and closer 

proximity to the main boat harbor.   
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This is the first, although conservative, estimate of manta ecotourism in Hawai‘i, and 

highlights the economic value of mantas.  Other large, iconic marine species have 

generated similar levels of interest in the few places they are routinely observed.  For 

instance, an estimated 8,000 – 10,000 customers participate in whale shark tours in 

Ningaloo Marine Park in Australia annually, generating $2.4 - $4.6 million AUD for the 

region (Catlin et al. 2010).  Other studies on ecotourism have found similar levels of 

revenue.  Dolphin watching at Monkey Mia, Australia is estimated to generate $4.2 - $8.8 

million per year in revenue (Stoeckl et al. 2005), whale watching in Hervey Bay, Australia 

generates $6.5 - $11.5 million (Stoeckl et al. 2005).   The economic value of mantas in 

Hawai‘i emphasizes the importance of protecting such an iconic marine animal, and was 

largely responsible for legislation passed in 2009 to protect mantas from take in Hawai‘i, 

even though manta fishing has never been documented in the state. 

 

Conservation 

While ecotourism may support conservation of a species by increasing awareness, it may 

also have a negative impact on a species.  For instance, mantas have been observed 

leaving daytime cleaning stations when divers were present (T.B.C. pers. obs.).  

Increased ecotourism in Shark Bay, Australia caused a significant decline in dolphin 

abundance (Bejder et al. 2006), and changes in the behavior of spinner dolphins have been 

documented over time in Hawai‘i (Courbis &  Timmel 2009).  The impact of manta tours 

on the mantas at Ho‘ona Bay and Keauhou has not been directly investigated.  However, 

general observations can be made.  An increase in MPUE of mantas over time (Fig. 2.7) 

indicates that the food reward provided by artificially attracting plankton is sufficient to 

cause mantas to tolerate human presence.  Guidelines have also been developed by the 

local manta ecotourism industry on how visitors should interact with mantas, including 

not touching or impeding the movements of the mantas.  Continued observance of these 

guidelines should be encouraged to minimize the impacts of ecotourism, and protection 

to more sensitive areas like cleaning stations should be considered. 
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Tables and figures 

Table 2.1.  The number of surveys per year, the number of unique individuals, and the mantas per unit effort (MPUE) at Keauhou, Ho‘ona Bay, 

and for the entire Kona Coast between 1992 and 2007.  Melanistic and white M. birostris are separated by “/”. 

    No. Surveys   No. identified M. alfredi   No. identified M. birostris   M. alfredi MPUE   M. birostris MPUE 

Year   Keauhou Ho'ona  All 

Kona 

  Keauhou Ho'ona  All 

Kona   

Keauhou Ho'ona  All 

Kona 

  Keauhou Ho'ona  All 

Kona 

  Keauhou Ho'ona  All 

Kona 

1992  10 0 10   5 N/A 5  0 0 0  0.80  0.80  0.00 0.00 0.00 

1993  13 0 13   1 N/A 1  0 0 0  0.08  0.08  0.00 0.00 0.00 

1994  19 0 23   3 N/A 3  0 0 0  0.32  0.26  0.00 0.00 0.00 

1995  48 0 52   11 N/A 12  0 0 1/0  1.85  1.73  0.00 0.00 0.02 

1996  55 0 66   18 N/A 20  0 0 0  2.93  2.52  0.00 0.00 0.00 

1997  112 0 121   22 N/A 24  0 0 0  2.54  2.37  0.00 0.00 0.00 

1998  149 4 182   18 2 18  0 0 1/1  1.15 0.75 1.04  0.00 0.00 0.01 

1999  183 63 277   14 22 27  0 0 1/1  0.80 1.95 1.02  0.00 0.00 0.01 

2000  134 167 362   18 28 35  0 0 0  0.82 1.74 1.20  0.00 0.00 0.00 

2001  32 201 324   7 30 34  0 0 0  0.63 1.58 1.11  0.00 0.00 0.00 

2002  22 196 241   9 35 37  0 0 1/0  1.09 2.53 2.20  0.00 0.00 0.00 

2003  6 129 149   2 39 40  0 0 3/1  0.67 4.20 3.70  0.00 0.00 0.03 

2004  2 225 246   0 46 50  0 0 1/3  0.00 4.00 3.69  0.00 0.00 0.02 
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Table 2.1 (cont.).  The number of surveys per year, the number of unique individuals, and the mantas per unit effort (MPUE) at Keauhou, Ho‘ona 

Bay, and for the entire Kona Coast between 1992 and 2007.  Melanistic and white M. birostris are separated by “/”. 

2005  75 270 358   11 40 43  0 1 0/1  1.64 3.46 2.97  0.00 0.00 0.00 

2006  45 280 363   13 58 61  0 0 1/2  1.49 5.10 4.18  0.00 0.00 0.01 

2007  95 278 418   21 46 53   0 0 2/10  1.56 4.12 3.14  0.00 0.00 0.03 

Total   1000 1813 3205   55 83 105   0 1 11/19                 
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Table 2.2.  Results of full negative binomial model of manta abundance at Keauhou and Ho‘ona 

Bay , including source of variation, the degrees of freedom, the deviance remaining after 

including the variable, and the P-value based on Chi-Square.  Significant P-values are in bold. 

Source Df Deviance P 

Plankton 5 288.606 < 0.0001 

Site 1 171.572 < 0.0001 

Month 11 147.333 < 0.0001 

Year 11 74.263 < 0.0001 

Tide 2 14.547 0.0013 

Site:Moon 2 10.216 0.0095 

Moon 2 1.307 0.5513 
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Table 2.3.  Estimated number of divers, snorkelers, and boats on manta tours per year at Ho‘ona 

Bay  based on recreational SCUBA diver surveys.  Direct sales are estimated sales directly to 

dive shops for manta ecotours.  Daily expenses are estimated additional expenses per day for 

visitors to the island of Hawai‘i.   

 2003 2004 2005 2006 2007 

Snorkelers 3285 3139 3942 4891 6169 

Divers 11534 11753 10950 12191 12009 

Direct Sales 1658341 1671700 1646004 1876246 1965671 

Daily Expenses 2356221 2367828 2367828 2716038 2890143 

Total Revenue 4014562 4039528 4013832 4592284 4855814 
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Fig. 2.1.  Map showing the major manta dive sites on the island of Hawai‘i. 
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Fig. 2.2.  Number of manta surveys by a) month and b) year for the Kona Coast between 1992 

and 2007.  Survey data for Keauhou is shown in red, Ho‘ona Bay in Green and all of Kona in 

Black. 

 

 

 

Fig. 2.3.  Color patterns of mantas in Hawai‘i consisted of a) white coastal (M. alfredi) and b) 

white pelagic (M. birostris).  Photo credits: Tim Clark and Jerry Kane. 

  

a b 
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Fig. 2.4.  All sightings of a) M. alfredi and b) M. birostris during surveys at Keauhou (red x), 

Ho‘ona Bay  (green diamond), or elsewhere along the Kona Coast of Hawai‘i (black square).  

Each point represents the sighting of a single individual during a survey. 
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Fig. 2.5.  Percent of time unique individuals of M. alfredi were sighted in surveys at a) Ho‘ona 

Bay  and b) Keauhou.  Individual names come from www.mantapacific.org. 
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Fig. 2.6.  Mean number of mantas per unit effort (MPUE) for all surveys pooled by year for 

Keauhou (red) and Ho‘ona Bay  (green) between 1992 and 2007.  

 

 

0

2

4

6

8

10

12

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

M
PU

E

Year



45 
 

 

 

Fig. 2.7.  Percent of all surveys a given number of individuals were observed on dives at Keauhou 

(red) and Ho‘ona Bay  (green).  
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Fig. 2.8.  Model results showing mean (± SE) MPUE per month for mantas at Keauhou and 

Ho‘ona Bay . 
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Fig. 2.9.  Model results showing boxplot of plankton level versus number of mantas observed for 

Keauhou (red) and Ho‘ona Bay  (green). 
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Fig. 2.10.  Model results showing mean (± SE) MPUE per tidal period for mantas at Keauhou and 

Ho‘ona Bay . 
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Fig. 2.11.  Model results showing mean (± SE) MPUE per month for lunar period at Keauhou 

(red) and Ho‘ona Bay  (green). 
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Fig. 2.12.  Discovery curve of a) all M. alfredi (black), M. alfredi adults (red), M. alfredi pups 

(blue) and b) M. birostris white (green circles) and melanistic (black triangles) chromotypes. 
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CHAPTER 3 

SITE FIDELITY, HOME RANGE, AND HABITAT USE OF MANTAS (MANTA 

ALFREDI) IN HAWAI‘I 

 

Abstract 

Nine manta rays (Manta alfredi) were tracked with active acoustic telemetry along the 

Kona Coast of the island of Hawai‘i between June 2002 and August 2003 to investigate 

their horizontal and vertical movements.  All individuals stayed within six km of the 

coastline and displayed a similar diel cycle of habitat use moving between four discrete 

regions: offshore waters, a nearshore diurnal foraging area, a nearshore nocturnal 

foraging area, and a nearshore cleaning station.  These findings indicate that the diel 

cycle of M. alfredi movement may reflect spatio-temporal variation in abundance of their 

primary food source, plankton, along the Kona coast.  This study provides the most 

detailed movement data on mantas to date, and highlights the significance of protecting 

multiple habitats for M. alfredi. 

 

  



52 
 

Introduction 

The fine-scale movement patterns and habitat use of a species are important for 

understanding basic tenants of their ecology such as optimal foraging, predator 

avoidance, mating behavior, competition, and essential habitat (Carey & Robison 1981a ; 

Dagorn et al. 2000 ; Fauchald & Tveraa 2006 ; Meyer et al. 2007 ; Meyer et al. 2010).  In 

exploited species such as the manta (Manta alfredi), this information is critical for 

determining which ecologically important sites may need protection.  M. alfredi are 

currently listed as “Near Threatened” under the IUCN Red List of Threatened Species 

(Marshall et al. 2006) due to targeted and non-targeted fisheries, and reported declines in 

areas where fishing occurs.  For example, increased demands for the branchial filter 

plates, which are used in traditional Chinese medicines, appear to be driving a growing 

fishery in Indonesian (Dewar 2002 ; White et al. 2006).   Laws now protect mantas in the 

Philippines, Mexico, Yap, and Hawai‘i (Marshall et al. 2006).  While manta populations 

have declined in the Philippines and Mexico due to overfishing (Marshall et al. 2006), Yap 

and Hawai‘i have no directed manta fishery.  However, ecotourism related impacts in 

these locations are largely unknown (Clark, Chapt. 1). 

  

Large planktivores like basking sharks, whale sharks, baleen whales, and mantas 

maximize their energy intake by foraging on low trophic level prey, but must locate high 

densities of prey that are typically seasonal and patchy due to oceanographic influences 

such as frontal movements, gyres, and winds (Friedlaender et al. 2006 ; Graham et al. 2006 ; 

Sims 1999 ; Sims et al. 2005 ; Sleeman et al. 2010).  Detailed knowledge of the spatial and 

temporal distribution of resources would allow an animal to minimize energy expended 

on migration and maximize the energy gained from the resource (Bernstein et al. 1991 ; 

MacArthur & Pianka 1966 ; Stephens & Krebs 1986).  While some large planktivores migrate 

thousands of miles across the open ocean to forage on patchy (Ferraroli et al. 2004 ; Hays et 

al. 2004 ; James et al. 2005 ; Polovina et al. 2000) or seasonally abundant prey (Jiang et al. 

2007 ; Martin 2007 ; Stevens 2007), others rely on maximizing the use of coastal resources 

(Shepard et al. 2006 ; Sims 2005 ; Sims et al. 2003b ; Sims et al. 2003c).  For example, whale 

sharks aggregate at Ningaloo Reef in Australia where they forage on seasonally abundant 
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plankton (Wilson et al. 2001), after which they have been tracked up to 1501 km into the 

Indian Ocean where they used both inshore and offshore waters (Wilson et al. 2006).  

Basking sharks, on the other hand, forage on areas of high biomass along the continental 

shelf and shelf edge (Sims et al. 2006a) , allowing them use less energy on movement and 

more on growth and reproduction. 

 

It is currently unknown if mantas are pelagic or coastally distributed.  Previous studies 

have found high site fidelity in mantas, but these studies lacked the resolution needed to 

determine where individuals were located when not at those sites.  Luiz et al. (2009) 

found a seasonal pattern of occurrence in M. birostris at the Laje de Santos Marine State 

Park off of Belize based on photo-identifications, with high abundance in the austral 

winter (June–September), and suggested that this pattern was due primarily to increased 

productivity and foraging opportunities in the region during that time.  O’Shea et al. 

(2010) also used photo-identification to detect a strong tidal pattern in the use of a 

cleaning station at Osprey Reef in the Coral Sea.  They found a higher abundance of M. 

alfredi at cleaning stations on ebb tides, and suggest that mantas may visit cleaning 

stations when foraging opportunities are low compared to other tidal phases.  Dewar et al. 

(2008) used passive acoustic telemetry to determine that M. alfredi occurred within 

Komodo Marine Park year round, but showed seasonal patterns in the use of northern 

versus southern sites, which they attributed to changes in productivity throughout the 

year.  They also showed that individuals were detected on nearshore receivers primarily 

during the day, but were unable to determine their location at night when individuals 

were out of range of the receivers.   

 

This present study used active acoustic telemetry to follow M. alfredi along the Kona 

Coast of the island of Hawai‘i to obtain detailed fine-scale horizontal and vertical 

movement data in order to resolve space use and movement patterns.  This is the first 

study to investigate M. alfredi movements at this level of detail.  This study investigated 
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M. alfredi movements along the Kona Coast of Hawai‘i to address the following 

questions: 

  

1.  Are Kona Coast M. alfredi a coastal species with high site fidelity to specific habitats 

or pelagic wanderers searching for ephemeral resources? 

2.  Are specific behaviors, for example foraging, cleaning, reproduction, correlated with 

site use? 

3.  Do individuals maintain stable home range areas? 

4.  Do the M. alfredi studied show similar patterns of habitat use? 
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Methods 

Tagging sites 

Hawai‘i Island is the youngest (< 1 mybp) and largest (10,432  km2) of the Hawai‘ian 

Islands (State of Hawai‘i 2009).  The Kona Coast (west coast) extends for over 170 km and 

is bordered by a narrow fringing reef, with Keahole Point marking a division between 

steep and shallow reef slopes.  To the south of Keahole Point the reef slope drops 

hundreds of meters depth within one km of shore, while to the north there is a more 

gradual slope to deeper waters (Fig. 3.1).   

 

Tagging of mantas occurred at either Ho‘ona Bay or Makolea Point, 4.5 km North of 

Ho‘ona Bay (Fig. 3.1).   Nightly SCUBA dives are conducted at Ho‘ona Bay, with divers 

using underwater lights to attract plankton and feeding mantas rays.  Makolea Point is a 

relatively unvisited daytime cleaning station where mantas are routinely seen being 

cleaned by cleaner wrasses (Labroides phthirophagus) and other small fish (pers. obs. 

this study).  While initial tagging efforts were conducted at Ho‘ona Bay, later efforts at 

Makolea Point (subsequent to the discovery of the cleaning station) allowed mantas to be 

tagged in a more natural congregation point during the daytime without the need to 

artificially attract them to the area.   

 

Free-swimming mantas were externally tagged with acoustic pressure-sensing 

transmitters (Vemco model V16P-5H, 16mm diameter x 108 mm length, 18 g weight in 

water, frequencies 51 to 81 kHz, 60 day life expectancy).  Transmitters encoded pressure 

(depth) information by varying the time interval between successive pulses (pulse rate).  

Transmitter pulse rates varied linearly from 1000 ms at the surface to 512 ms at a 

maximum depth of 340 m.  Transmitters were attached to a stainless steel dart made by 

the author with either 300 lb. test monofilament line or stainless steel cable.  Darts were 

applied sub-dermally into the dorsal musculature of the manta pectoral fin using a 

modified pole spear while free diving or on SCUBA.  Tagged individuals were identified 
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by photographs of their ventral surface and comparing pigmentation patterns to a catalog 

of known individuals maintained by Manta Pacific Research Foundation 

(http://www.mantapacific.org/mantapacific/identification).   

 

Active tracking 

A 10-meter research vessel equipped with a rotating V10 directional hydrophone and 

VR60 receiver (Vemco Ltd., Nova Scotia) was used for tracking.  Position of the vessel 

(latitude and longitude) was determined using a Garmin 12 GPS.  The receiver and GPS 

were connected to a laptop computer running Vscan software (Vemco Ltd., Nova Scotia).  

Acoustic signals were detected by the hydrophone and decoded by the receiver, and 

manta depth and position were recorded automatically on the laptop computer every time 

a signal was detected (approximately once per second under ideal conditions).  Bottom 

depth was measured with an Ecotec depth sounder.  Manta depth, vessel position, and 

bottom depth were manually recorded approximately every 15 minutes.   

 

Range testing of transmitters prior to deployment in calm, offshore waters resulted in 

detections up to 800 m distance from the vessel with the receiver at maximum gain and 

300 meters on the lowest gain.  The tracking vessel was kept relatively close to the manta 

and the receiver on medium gain, with most fixes estimated to be within 300 meters of 

the manta.  We used the position of the vessel to estimate the position of the manta.   

 

Data edits and filters 

Acoustic tracking data can be corrupted by noise (snapping shrimp, vessel traffic, signal 

echo), electromagnetic interference (radio, radar), or computer malfunctions.  Horizontal 

and vertical data were filtered separately since they were collected using different 

methods (GPS vs. acoustic telemetry) with different sources of error.  Automatically and 

manually recorded horizontal location data were filtered to remove spurious locations 

http://www.mantapacific.org/mantapacific/identification�
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using the McConnell et al. (1992) algorithm.  This algorithm calculates for each position 

the root mean square (rms) of the rate of movement (ROM) to the previous, second 

previous, next, and second next location, removing the peaks of the rms above a given 

ROM .   

∑
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Where ROMi is the ROM for the ith location and ROMi,j is the ROM between locations i 

and j.  Since no data exists on the ROM of a manta, 3.6 m/s (13 km/h) was used as the 

maximum plausible ROM.  This corresponds to the maximum ROM of the vessel, which 

the mantas never exceeded, and removed the most extreme outliers.  Vertical (depth) data 

went through several filters.  First, depths greater than the maximum possible bottom 

depth (500 m) were removed, and all depths above water were set to zero.  Second, a 

modified version of the McConnell algorithm was used to remove depths requiring a rate 

of change in depth greater than 1.0 m/s.  Visual inspection of vertical profiles showed 

that this removed obvious outliers while retaining sufficient data to produce a detailed 

depth profile. 

 

Automatically recorded horizontal data were not available for all tracks due to technical 

difficulties, requiring manually recorded data to be used for some tracks.  Manually 

recorded points used the same position as would have been recorded automatically, but 

recorded fewer errors in depth since obviously erroneous depths were not recorded.  To 

avoid bias from differing sampling intervals, automatically recorded data were sub-

sampled at 15-minute intervals, taking the data point closest to the quarter hour for all 

available time periods.  The automatically and manually recorded datasets were then 

combined, giving priority to automatically recorded data if it was available for a given 

quarter hour period. 
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Home range analysis assumes a constant time lag (frequency) between successive 

relocations.  This assumption is often violated in acoustic tracking studies since 

transmissions are frequently missed due to interference from noise or loss of the animal.  

To avoid bias and allow comparisons between automatic and manual records, the 

horizontal data were divided into “bursts” of locations consisting of series of locations 

where data were recorded at least once in 60 minutes.  Linear interpolation was then used 

to regularize filtered data to a frequency of 15 minutes for each burst. 

 

Movements 

Several measures of movement were analyzed in order to identify patterns in site use.  

Individual’s depth, minimum distance from the Kona Coastline, and ROM were 

calculated for each burst.  Diel cycles in manta movements were investigated by 

comparing these measures during one hour periods starting at midnight.  Sunrise and 

sunset in Hawai‘i varies little throughout the year, averaging 06:20 and 18:30 (range 

05:45-07:00 and 17:45-19:10, respectively).  The Kruskal-Wallis test was used to test for 

significant differences between time periods.  Multiple comparison tests were performed 

for significant values (Siegel &  Castellan 1988). 

 

Home range estimation 

The home range of an animal is the area used in its search for resources while the core 

area identifies areas of importance (critical habitat) within the home range.  To allow 

comparison with other studies, I report the 100%, 90%, 80%, 70%, 60%, and 50% 

isopleths since no consensus has been reached over the percent of an animal’s utilization 

distribution (UD) that constitutes the home range or the core area (Borger et al. 2006).  The 

90% isopleth has been shown to be a more accurate and less biased description of the 

home range over the commonly used 95% isopleth (Borger et al. 2006).  Thus for this 

study I define the area of use as the 100% isopleth, the home range as the 90% isopleth, 

and the core area as the 50% isopleth. 
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An individual manta’s home range was estimated using the adaptive sphere of influence 

local convex hull method (a-LoCoH) (Getz et al. 2007).  This non-parametric method is an 

extension of the k-LoCoH method (Getz & Wilmers 2004).  The k-LoCoH method 

constructs a convex hull around each point and its k-1 nearest neighbors, with the home 

range being the union of all convex hulls.  The UD is then computed by ordering the hulls 

from smallest to largest, with the smallest hulls being areas of highest use, and taking the 

union of these hulls until x% are included, with the boundary of these hulls representing 

the x% isopleths (Getz & Wilmers 2004).  The a-LoCoH method constructs a convex hull 

around a given point and all points within a given radius of that point such that the sum of 

distances between the point and included neighboring points is less than or equal to the 

parameter a (Getz et al. 2007).  This allows the radius of the circle of points included in 

the convex hull construction to change depending on the density of points in that area.  

Smaller convex hulls will be created in areas of high data point density, producing more 

clearly defined home range isopleths in high use areas (Getz et al. 2007).  The a-LoCoH 

method has been shown to have lower error rates than the kernel or k-LoCoH methods, 

and is more robust to proportional changes in the number of nearest neighbors included in 

the analysis than the k-LoCoH method (Getz & Wilmers 2004). 

 

The a-LoCoH is highly sensitive to the value of a used.  This study used the maximum 

distance between any two points in the dataset to select values of a for each individual 

(Getz et al. 2007).    Visual inspection of graphs of a vs. area and of UD’s over a range of 

a’s showed this method produced values of a similar to what would have been obtained 

using the “minimum spurious hole covering” rule (Getz & Wilmers 2004 ; Getz et al. 2007) 

for all but one individual. 

    

Statistics 

All calculations were performed in R version 2.11.1 (R Development Core Team 2010), 

with packages argosfilter (Freitas 2010) to implement the McConnell filter algorithm 
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(McConnell et al. 1992), pgirmess for multiple comparison tests (Giraudoux 2010), and 

adehabitat (Calenge 2006) for home range estimations. 
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Results 

Nine M. alfredi (3 male, 6 female) were tagged with acoustic transmitters at either 

Ho‘ona Bay (n=7) or Makolea Point (n=2) between June 2002 and August 2003 (Table 

3.1, Fig. 3.1).   Individuals were actively tracked for a total of 1,048.0 hours (range 40.4 – 

150.8, median 117.0, mean 116.4, SD 32.9) over periods between 1.7 and 398.3 days 

(median 25.0, mean 66.8, SD 126.1) (Table 3.1).   

 

Data edits and filters 

A total of 365,867 (range 0 – 109,813) automatically and 4,244 (range 162 – 606) 

manually recorded horizontal location fixes were obtained for the nine tracked M. alfredi 

(Table 3.2).  Automatic recording of horizontal location failed for four mantas (BE, BR, 

LE, and SU) due to electronic malfunctions.  While no data were removed for the 

manually recorded data, 0.01% (range 0.00% - 0.078%) of the automatically recorded 

data points were removed due to excessive horizontal speeds, leaving 365,827 (range 0 – 

109,810) valid automatically recorded data points (Table 3.2).  A total of 4,192 horizontal 

data points were available after linear interpolation of the combined data sets.  

 

Automatically recording of the M. alfredi depth resulted in 1,199,733 (range 44,825 – 

168,335) data points for the nine M. alfredi prior to filtering, and 970,566 (range 30,319 – 

135,423) after filtering, a loss of 19.1% (range 10.39% - 32.36%) of data points (Table 

3.3). 

 

Horizontal movements 

All nine individuals made regular movements up and down the coast, changing direction 

several times per day.  Six of the 9 mantas remained between Keahole Point and Kiholo 

Bay, a distance of 20 km.  However, one individual moved south of Keahole Point to 

Paw’ai Bay (manta LE, 12 km), and two moved north of Kiholo Bay as far as Puako 

(manta CU, 15 km) and Mahukona (Manta BO, 42 km) (Fig. 3.2).  The greatest linear 
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distance between locations for all M. alfredi was 63.0 km, with individuals ranging 4.9 – 

54.2 km (mean 22.0 km, SD 14.1).  Individuals were tracked for cumulative distances of 

42.6 - 208.9 km (mean 157.0 km, SD 47.6) over periods of 40.4 – 150.8 hours (mean 

116.4 hours, SD 32.9) (Table 3.1).   

 

Distance from shore 

No manta moved greater than 6 km from shore, suggesting that Hawai‘ian M. alfredi 

constitute a coastal rather than a pelagic population (Fig. 3.2).  Individuals were more 

likely to be further offshore between Makolea Point and Makalawena (Fig 2).  This 

corresponds to a shallow shelf region that extends several km offshore.  All nine M. 

alfredi showed significant differences in distance from shore over the diel cycle (Fig. 3.3, 

Table 3.4).  Individuals were more likely to be in waters one or more km offshore 

between 3:00 and 8:00 and in more shallow coastal waters during the rest of the day (Fig. 

3.3).  In general, mantas were closest to shore between 19:00 and 21:00, started heading 

offshore between 1:00 and 2:00, and reached their maximum distance from shore around 

5:00 before coming back onshore, being on average within 1km of shore by 8:00 (Fig. 

3.3).   

 

Rate of movement 

The mean ROM for all mantas was 1.4 km/h (range 1.1–1.7 km/h), with maximum ROM 

per individual ranging from 4.0 – 5.5 km/h (Table 3.1).  Maximum speeds should be 

taken with some caution as these reflect the movements of the tracking vessel and not 

necessarily the manta.  Individuals appeared to move slower around Ho‘ona Bay, 

Makolea Point, Mahaiula Bay and Kaupulehu (Fig. 3.4).  Manta BO made the longest 

sustained run of all individuals while heading north along the coast from Puako to 

Mahukona, with a mean ROM of 3.4 km/h over the 12.25 h period (Fig. 3.4).   

 



63 
 

The ROM was significantly different throughout the diel period for all individuals except 

manta AB who showed a marginally significant difference (p=0.055) (Table 3.4).  The 

trend in the ROM was not as obvious as the trends in distance from shore and depth (Fig. 

3.5).  Individual mantas showed a slower mean ROM between 17:00 and 21:00, and sped 

up considerably at 22:00.  However, this may be partly an artifact of our tracking method.  

Individuals were often at the commercial night dive site during this time period.  Due to 

safety concerns for the divers and snorkelers in the area, the tracking vessel was often 

tied to a mooring at the site.  While this did not allow us to constantly follow the 

individual manta, the tracking vessel was usually well within detection range of the 

manta being tracked.  Observations in the water of tracked individuals at the site showed 

they remained in close proximity to the underwater lights placed on the bottom by divers 

to attract plankton.  Thus while the tracking vessel was not moving for most of this 

period, the M. alfredi were generally remaining within 100 m of the vessel.   

 

Vertical Movements 

Mantas utilized depths ranging from the surface to 218 m.  Individuals generally followed 

the bottom contour, being deep when offshore and shallow when onshore (Fig. 3.6, 2.7).  

However, individuals also oscillated up and down in the water column, a behavior 

referred to as yo-yo diving (Carey et al. 1990) (Fig. 3.8).  All individuals showed a 

significant difference in depth over the diel cycle (Fig. 3.7, Table 3.4).  Diel changes in 

mean depth followed the same general trend as mean distance from shore.  Individuals 

were more likely to be deeper between 3:00 and 7:00, and closer to the surface between 

18:00 and 22:00 (Fig. 3.7).  An interesting trend was also observed in the maximum 

depth of individuals, with the deepest depths often reached right after sunrise and just 

before sunset, with more shallow maximum depths around midnight and midday (Fig. 

3.7).   
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Behavioral Observations 

Observations of mantas while they were being actively tracked showed certain behaviors 

occurred at specific sites.  Foraging was most commonly observed at Ho‘ona Bay and 

Mahaiula Bay, where M. alfredi fed on unidentified surface and mid-water plankton.  

Foraging in Ho‘ona bay occurred offshore of the reef during daylight hours, but 

continued over the reef at night when divers placed artificial lights on the bottom to 

attract plankton.  Nocturnal surface foraging was observed from the research vessel at 

Mahaiula Bay, but no in-water observations were made due to the hazards of navigating 

in the small, reef enclosed bay at night.  Foraging also was observed at other locations 

along sharp gradients from clear to turbid water, which were often demarked by the 

presence of a line of debris.  Mantas BE, CU, LE, and MI were all observed surface 

foraging along such a “front” at some point during their track. 

 

Seven out of 9 individuals were observed being cleaned by a variety of small reef fish 

(Hawai‘ian cleaner wrasse (Labroides pthriophagus), gold-ring surgeonfish 

(Ctenochaetus strigosus), and juvenile Hawai‘ian saddle wrasse (Thalassoma duperrey)) 

at two locations on Makolea Point.  Makolea Point is characterized by a steep drop-off 

from a coral reef at 4.5 m to a sandy bottom at 10.5 m.  Cleaning occurred on the offshore 

edge of the reef at specific outcroppings in the reef where M. alfredi would hover while 

reef fish picked at unidentified objects on their bodies and in their buccal cavity.   

 

Home range estimation 

Eight out of nine individuals showed stable home range size over the tracking period 

(Fig. 3.9).  The 100% LoCoH home range size reached an asymptote at some point 

during the study for all individuals except manta BO.  Manta BO appeared to reach a 

stable area of use at just over 24 hours of tracking, but its area of use increased 

substantially 48 hours later when it migrated north along the coast for almost 1 1/2 days.  

In addition, manta CU appeared to have a stable area of use after 36 hours of tracking, 
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but expanded this area 32 hours later to include previously unused areas to the north 

before re-stabilizing.  The stability of individual’s area of use over time indicates that the 

home ranges measured during this study were accurate representations of the true home 

range of the M. alfredi during this time period, with occasional excursions outside of the 

home range as observed in two individuals. 

 

The home ranges (90% isopleth) used by the M. alfredi in this study ranged from 4.5 km2 

to 55.1 km2, with core areas (50% isopleth) ranging from 0.4 km2 to 5.9 km2 (Table 3.3).  

All individuals had overlapping home ranges, especially in the area between Ho‘ona Bay 

and Mahaiula Bay (Fig. 3.10).  Overlapping core areas were observed between 

individuals at Ho‘ona Bay (mantas AN, BE, LE, MI), between Makolea Point and 

Mahaiula Bay (mantas AB, BO, MI, SU), and between Kukio Bay and Kapulehu (mantas 

CU, SU).   

 

Diel movement patterns and habitat use 

A very general diel pattern of movement was observed in most of the tracked individuals, 

which became more obvious from LoCoH home range analysis of all the individuals 

combined (Fig. 3.11).  M. alfredi were often observed in Mahaiula Bay between the hours 

of midnight and 03:00 (Fig 11 a), after which they would migrate offshore until early 

morning (Fig 11 b), coming near shore by the Makolea Point cleaning station shortly 

after sunrise (Fig 11 c).  They would remain in this area for most of the morning, often 

visiting the cleaning station multiple times during the morning hours (Fig 11 d).  In the 

afternoon they would migrate south, often in a straight course along the coastline with 

little change in speed, to Ho‘ona Bay (Fig 11 e).  Once reaching Ho‘ona Bay they would 

move back and forth across the south side of the bay (Fig 11 f).  During this time they 

were often observed foraging on the surface.  Shortly after sunset they would congregate 

at artificial lights deployed by manta ecotourism operators in the southeast corner of the 

bay on the reef shelf.  However, due to safety concerns the tracking vessel was tied to a 

mooring during this time, causing this congregation to be under represented in the 
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LoCoH home range analysis (Fig 11 g).  Once manta ecotourism operators ended their 

dives and retrieved their lights (approximately 21:00) the M. alfredi would start leaving 

Ho‘ona Bay and migrate north back to Mahaiula Bay (Fig 11 h).   

 

Differences from this general pattern were observed in several M. alfredi.  For example, 

manta CU was never observed in Ho‘ona Bay, and its core area was between Kukio Bay 

and Ka’upulehu, suggesting its primary area of use was shifted northward of the other M. 

alfredi (Fig. 3.10).  Manta LE went past Ho‘ona Bay and spent the night foraging near 

shore along Kaiwi Point before returning to Ho‘ona Bay.  Manta BO migrated north for 

two days before being lost due to rough seas.  During this migration manta BO made a 

large offshore loop before continuing its migration north, similar to the early morning 

offshore migration observed in other individuals off of Mahaiula Bay (Fig 11 b).  These 

variations in movement pattern suggest that there may be other areas of importance for 

M. alfredi along the Kona Coast that were not observed in this study. 
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Discussion 

Active tracking with acoustic telemetry allowed continuous monitoring of manta 

movements along the Kona Coast of Hawai‘i, revealing a previously unknown diel cycle 

in M. alfredi habitat use.  Individuals showed high fidelity to the Kona Coast, and regular 

diel movements to offshore areas in the early morning, a cleaning station after dawn, an 

afternoon/evening foraging area, and a nocturnal foraging area.  While this was a 

common pattern, home ranges covering more northern areas and exploratory excursions 

along the coast were also observed, indicating other patterns of site use may exist.  This is 

the first study of the fine scale movement patterns and habitat use of M. alfredi using 

active acoustic telemetry, providing the most detailed examination of manta movements 

to date.   

 

Island fidelity 

Results indicate all 9 individuals utilized coastal habitats with high site fidelity to the 

Kona coast, with no pelagic wanderings for ephemeral resources.  M. alfredi were found 

in shallow waters (<300 m) within 6 km of the shoreline throughout this study.  Site 

fidelity was also observed in M. alfredi in Komodo (Dewar et al. 2008) and in the Coral 

Sea (O'Shea et al. 2010b), and seasonally in M. birostris in Belize (Luiz et al. 2009).  High 

fidelity to the shallow nearshore environment has been suggested as a means to reduce 

predation risk (Homma et al. 1997), especially given that M. alfredi are observed with 

scars indicative of shark attacks (pers. obs.).  However, acoustic tracking studies show 

that tiger sharks (Galeocerdo cuvier), the most likely predator of mantas, regularly utilize 

coastal waters (Meyer et al. 2009), and fidelity to waters within 6 km of shore would 

provide limited protection to M. alfredi.  A more plausible explanation is the increased 

foraging opportunities available near islands compared to the open ocean.  Hawai‘i is 

relatively isolated in the Pacific Ocean, and has a high concentration of nutrients 

compared to the surrounding energy-poor pelagic environment (Longhurst et al. 1995) due 

to upwelling of nutrients into the photic zone via eddy formation  (Coutis & Middleton 

1999 ; Hasegawa et al. 2009 ; Heywood et al. 1990) and nutrient enrichment from island 
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runoff (Bucciarelli et al. 2001 ; Palacios 2002 ; Signorini et al. 1999).  This “island mass 

effect” (Doty &  Oguri 1956) is likely responsible for the increase in phytoplankton and 

zooplankton biomass in nearshore Hawai‘ian waters (Benoit-Bird et al. 2008 ; Hassett & 

Boehlert 1999 ; Leis 1982).  The high productivity around Hawai‘i provides energy needed 

for fishes, shrimp, and squid in the mesopelagic boundary community (Reid et al. 1991), 

and for other highly mobile yet island-associated top-level consumers such as the spinner 

dolphin (Stenella longirostris) (Benoit-Bird & Au 2003) and rough-toothed dolphin (Steno 

bredanensis) (Baird et al. 2008).  While M. alfredi have the ability to travel large distances 

and may do so elsewhere when foraging on ephemeral plankton source, in Hawai‘i they 

may limit their movements due to the high productivity along the islands slope. 

 

Diel movement patterns 

M. alfredi in Hawai‘i appear to optimize their use of coastal resources by having high site 

fidelity to temporally and spatially predictable foraging areas.  Furthermore, M. alfredi 

show diel patterns in movement along the Kona Coast between putative foraging areas 

and a cleaning station.  Four sites were regularly visited by M. alfredi along the Kona 

Coast; Makolea Point, Ho‘ona Bay, Kekaha Kai Bay, and offshore of Makalawena (Fig. 

3.1).  The regular pattern of occurrence at these sites indicates an underlying diel cycle in 

resource use which would allow M. alfredi to take advantage of oceanographic processes 

affecting island productivity.  While no attempt was made to measure concurrent patterns 

in resources while tracking, some speculation can be made as to the purpose of the 

observed spatio-temporal cycles based on underwater observations at the sites and known 

patterns of resources at the utilized habitats.   

 

Cleaning station 

Seven out of the nine mantas visited Makolea Point while being tracked.  Underwater 

observations detected two previously unknown cleaning stations located in 10 m of water 

on the edge of the reef approximately 50 m apart. Cleaning may also have occurred at 
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other isolated coral heads in the area where it was not possible to make direct 

observations.  However, Makolea Point appeared to be the main cleaning station for 

tracked M. alfredi.  Time of day appeared to be the most important determinant for 

cleaning station visitation, with individuals using the site from 1-2 hours after sunrise to 

as late as 14:00.   Mantas were observed hovering 1-2 m over a cleaning station with the 

Hawai‘ian cleaner wrasse and juvenile Hawai‘ian saddleback wrasses making feeding 

bites directed at unidentified items on the mantas epidermis and in the buccal cavity. 

Close inspection of several mantas revealed dozens of ectoparasites on their epidermis.  

Mantas were observed at the cleaning stations both during tracking and on several 

opportunistic occasions.  However, mantas were also observed surface feeding along 

what appeared to be small fronts in the same area on two occasions.  Foraging was not 

observed while M. alfredi were on the cleaning stations, but the presence of M. alfredi 

near Makolea Point should not be interpreted as solely for cleaning purposes.  The 

presence and high use of the cleaning stations was an unexpected result of this study, and 

highlights the ecological importance of cleaning for M. alfredi.  Protection against 

anthropogenic impacts on cleaning stations (shoreline development, dive tourism, ect.) 

should be considered for proper management of the species. 

 

Tidal phase has been shown to be a factor influencing the presence of M. alfredi in 

Indonesia (Dewar et al. 2008) and on the Great Barrier Reef (O'Shea et al. 2010a).  Dewar et 

al. (2008) found increases in mantas at nearshore sites during maximum tidal flows in 

Indonesia, and suggested tidally generated upwelling would increase zooplankton 

abundance for foraging mantas.  However, O’Shea et al. (2010) found an increase in M. 

alfredi during ebb tide at a cleaning station on the Great Barrier Reef, and suggested 

mantas moved to the cleaning station due to low zooplankton availability in outgoing 

lagoon waters.  Over 20 visits to Makolea Point during daylight hours found minimal 

current (pers.obs.), indicating that tidal flow is not a factor influencing manta presence at 

the cleaning station in this study.   
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Afternoon forging 

All nine mantas were observed surface foraging in the afternoon at some point during this 

study, most often along the southern reef edge of Ho‘ona Bay (Table 3.6), possibly 

indicating a regular cycle of increased prey abundance.  The geography of Ho‘ona Bay 

makes two processes likely to aggregate plankton in the bay; eddies and wind driven 

transport.  Ho‘ona Bay is adjacent to the western corner of the island at Keahole Point.  

Headlands can generate downstream eddies which physically aggregate plankton (Davies 

et al. 1995 ; Jiang et al. 2007 ; Storlazzi et al. 2006 ; Wolanski & Hamner 1988).  Currents 

flowing past Keahole Point could generate an eddy along the south shore of Ho‘ona Bay, 

entrapping plankton and providing increased foraging opportunities for mantas.  Local 

wind-driven currents can also transport planktonic organisms, causing increased 

concentrations along the coast (Bertness et al. 1996 ; Tapia et al. 2004).  Ho‘ona Bay is 

typically calm in the morning, but afternoons bring increased winds (per. obs.).  These 

higher afternoon winds could concentrate plankton near shore, accounting for higher 

presence of M. alfredi in the afternoon. 

 

Shallow water nighttime foraging 

Shortly after sunset, many of the tracked mantas were observed foraging over artificial 

lights set up by manta ecotourism operators in Ho‘ona Bay, which attract and concentrate 

zooplankton.  Increased abundance of nearshore zooplankton at night is often attributed 

to demersal species that emerge at night after spending the day on or near the benthic 

substrate (Emery 1968 ; Hobson &  Chess 1979 ; Jacoby & Greenwood 1989).  These 

demersal zooplankters provide a food source for nocturnally foraging reef planktivores 

(Annese & Kingsford 2005 ; Holzman et al. 2007), and are the most likely source of food for 

the observed M. alfredi foraging near shore at night.   

 

After departing Ho‘ona Bay mantas often would migrate to Mahaiula Bay.  Mantas were 

observed feeding both on the surface and underwater in Mahaiula Bay on several 
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occasions, suggesting this is a natural nocturnal foraging area.  Mahaiula is a small, 

shallow bay (max depth aprox. 3 m) with a rocky reef projects 500 m offshore to the 

south.  Nocturnal emergence of zooplankton is likely to occur in the bay, similar to that 

hypothesized for Ho‘ona Bay.  Additionally, embayments have been shown to retain 

zooplankton (Archambault et al. 1998), which would allow for increased foraging 

opportunities for the M. alfredi inside compared to outside the bay.       

 

Nocturnal offshore migration 

Nocturnal offshore migration was observed for all individuals in multiple locations, 

including an almost linear two-day excursion by manta BO.  Mantas were found further 

from shore and at deeper depths between 02:00 and 07:00 (Figs. 3, 7).  Direct 

observations of behavior were not possible during offshore migrations at night or when 

the manta was below visual range of the surface.  Nocturnal offshore migration would 

explain why acoustically tracked mantas in Indonesia had fewer detections at nearshore 

receivers during the night (Dewar et al. 2008).  Diel vertical migration in other marine 

animals has been suggested as a way to increase foraging opportunities (Carey & Robison 

1981b ; Dagorn et al. 2000 ; Holland et al. 1990 ; Scheuerell & Schindler 2003) or conserve 

energy (Azumaya & Ishida 2005 ; McLaren 1963 ; Sims et al. 2006b).  Nocturnal migration 

of M. alfredi into offshore waters could be a way to take advantage of the highly 

productive plankton community associated with the deep scattering layer.  Zooplankton 

associated with the deep scattering layer are known to migrate into shallow water at night 

to take advantage of increased phytoplankton in the photic zone and reduced predation by 

visually oriented predators (Gliwicz 1986 ; Lampert 1989 ; Longhurst 1976).  Vertical 

migration of plankton feeding basking shark (Cetorhinus maximus)  ; Hays 2003 ; Shepard 

et al. 2006 ; Sims 2005)(Sims et al. 2005)(Sims et al. 2005){Sims2005#233} ; Sims et al. 

2005)(Sims 2005){Sims2005}, whale shark (Graham et al. 2006 ; Gunn et al. 1999) and 

megamouth shark (Megachasma pelagios) (Nelson et al. 1997) are thought to maximize 

foraging opportunities by allowing the animals to track the movements of their 

zooplankton prey.  While it is unknown if M. alfredi forage during offshore migrations, 
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their vertical migrations suggests that they may be foraging on the deep scattering layer 

or on bottom associated plankton while offshore. 

 

Bioenergetic efficiency may also explain the movements of M. alfredi into offshore, 

deeper waters at night.  The bioenergetic efficiency hypothesis predicts that animals will 

make vertical migrations to cooler waters while digesting food in order to maximize the 

efficiency of converting food into growth (Brett 1971 ; McLaren 1963 ; Sims et al. 2006b).  

Sims et al. (2006) showed that adult male dogfish (Scyliorhinus canicula) were able to 

increase their growth rate by foraging in warmer, prey-rich waters at night and selecting 

cooler waters for rest and digestion during the day.  While no data were collected on the 

vertical ocean temperature during tracks, Hawai‘ian offshore waters are stratified year-

round and M. alfredi would have been in cooler waters at depth offshore.  Movement into 

cooler waters at times when food sources were either scarce or depleted or after the 

manta was satiated would allow individuals to conserve energy during digestion (Brett 

1971 ; McLaren 1963 ; Sims et al. 2006b).   

 

Maximum depth 

While the maximum recorded bottom depth was 234 m in this study, it is likely that 

individuals could dive deeper as the two deepest dives were both to the sea floor (Fig. 

3.8).  The deepest dive in this study was made when the ray was startled by dozens of 

fishing boats racing by at the start of a fishing tournament.  The manta quickly dove to 

the bottom, crossed a channel, and came up the other side.   

 

Conclusions 

This study provides the most detailed information on the fine scale movement patterns of 

M. alfredi to date, and indicates a high degree of fidelity to coastal waters in Hawai‘i.  

Overall, the movement patterns of M. alfredi support a combination of local foraging, 

optimal foraging and energetic efficiency.  It is likely that the planktivorous M. alfredi 
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foraged throughout the day and night at locations where prey was temporally abundant 

due to local oceanographic and biological conditions and visited cleaning stations during 

times when prey was scarce or the manta were satiated.  Artificial lights from ecotourism 

operations likely altered mantas foraging patterns by extending the use of a site regularly 

used during the day into the night.  Fidelity to specific nearshore sites and use of coastal 

migratory routes indicates the species is highly vulnerable to targeted fisheries, but 

suggests that large marine protected areas that could provide substantial protection to the 

species.  Regular use of two cleaning stations on a single reef suggests cleaning is an 

integral part of the M. alfredi ecology, and special consideration should be given to 

protect this limited resource.   
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Tables and Figures 

Table 3.1.  Summary of tracking data for nine Manta alfredi tracked in Hawai‘i.  MPRF ID is the name assigned to the individual by 

Manta Pacific Research Foundation. 

Manta 

ID 

MPRF ID Frequency 

(Khz) 

Tracking periods Bursts Hours 

Tracked 

Total Hours Location 

Tagged 

Sex Distance 

travelled (km) 

Mean ROM 

(km/h) 

Max ROM 

(km/h) 

Maximum 

depth (m) 

AB Abigail 75 05/31/03 13:30 - 06/01/03 01:00 

 06/18/03 17:28 - 06/21/03 17:15 

 08/03/03 23:33 - 08/04/03 01:44 

08/04/03 08:15 - 08/04/03 19:00 

 08/05/03 00:44 - 08/05/03 20:15 

5 11.5 

71.8 

2.2 

10.8 

19.5 

115.7 Makolea Pt. F 170.7 1.5 4.0 191.0 

             

AN Andrea 63 07/16/03 21:15 - 07/20/03 18:00 

08/02/03 19:40 - 08/03/03 22:27 

08/05/03 20:50 - 08/06/03 04:00 

08/06/03 14:30 - 08/06/03 17:53 

08/06/03 19:00 - 08/07/03 15:45 

5 92.8 

26.8 

7.2 

3.4 

20.8 

150.8 Ho‘ona Bay F 194.5 1.3 4.6 111.3 

             

BE Bertha 54 07/03/02 21:04 - 07/08/02 04:30 

07/08/02 08:00 - 07/08/02 23:30 

2 103.4 

15.5 

118.9 Ho‘ona Bay F 150.7 1.3 4.0 112.7 
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Table 3.1. (Continued) Summary of tracking data for nine Manta alfredi tracked in Hawai‘i. 

BO Bob-N-

Ray 

60 07/26/02 21:04 - 07/26/02 22:45 

07/29/02 15:15 - 07/30/02 06:15 

07/30/02 09:17 - 07/30/02 11:15 

07/30/02 14:15 - 07/31/02 02:00 

07/31/02 14:15 - 08/03/02 16:00 

5 1.7 

15.0 

2.0 

11.8 

73.8 

104.2 Ho‘ona Bay M 176.3 1.7 5.0 147.8 

             

CU Curly 60 02/21/03 17:00 - 02/22/03 01:38 

02/22/03 08:18 - 02/22/03 12:30 

03/04/03 11:57 - 03/05/03 10:15 

03/05/03 12:36 - 03/07/03 02:15 

03/07/03 03:15 - 03/07/03 18:00 

03/16/03 10:18 - 03/18/03 01:40 

03/18/03 08:03 - 03/18/03 17:15 

7 8.6 

4.2 

22.3 

37.7 

14.8 

39.4 

9.2 

136.1 Makolea Pt. M 208.9 1.5 4.6 128.8 

             

KA Kaiulani 63 11/08/02 22:22 - 11/10/02 14:45 1 40.4 40.4 Ho‘ona Bay F 42.6 1.1 5.4 124.3 
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Table 3.1 (cont.).  Summary of tracking data for nine Manta alfredi tracked in Hawai‘i. 

LE Lefty 57, 81 07/16/02 21:15 - 07/20/02 15:15 

09/23/02 17:45 - 09/24/02 03:25 

09/24/02 18:30 - 09/25/02 03:45 

08/18/03 21:18 - 08/19/03 03:15 

4 90.0 

9.7 

9.3 

6.0 

114.9 Ho‘ona Bay F 142.5 1.3 5.5 217.9 

             

MI Miki 69 10/21/02 20:15 - 10/22/02 17:15 

10/23/02 22:50 - 10/25/02 06:15 

10/25/02 11:52 - 10/25/02 21:30 

10/25/02 23:26 - 10/27/02 14:00 

11/13/02 18:05 - 11/15/02 19:30 

5 21.0 

31.4 

9.6 

38. 

49.4 

150.0 Ho‘ona Bay F 168.3 1.2 4.6 82.7 

             

SU Sugar 51 06/25/02 21:10 - 06/28/02 23:15 

07/25/02 22:45 - 07/26/02 00:30 

07/27/02 20:45 - 07/29/02 01:00 

08/13/02 20:20 - 08/14/02 02:45 

08/14/02 07:00 - 08/14/02 09:45 

08/14/02 23:00 - 08/15/02 02:45 

6 74.1 

1.8 

28.3 

6.4 

2.8 

3.8 

117.0 Ho‘ona Bay M 158.4 1.4 5.4 115.5 
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Table 3.2.  Horizontal data filter.  Raw data are all data with valid coordinates.  Final data 

are after data has been filtered for excessive speed. 

Manta Method Data Points 
  Raw Final Data % Removed 

Abigail 

 

Manual 469 469 0 
Automatic 96219 96215 0.004 

 

 

Andrea Manual 597 597 0 
Automatic 109813 109810 0.003 

Bertha Manual 480 480 0 
Automatic 0 0 - 

Bob-N-Ray Manual 436 436 0 
Automatic 0 0 - 

Curly Manual 556 556 0 
Automatic 102290 102287 0.003 

Kaiulani Manual 162 162 0 
Automatic 22999 22996 0.013 

Lefty Manual 463 463 0 
Automatic 0 0 - 

Miki Manual 606 606 0 
Automatic 34546 34519 0.078 

Sugar Manual 475 475 0 
Automatic 0 0 - 

All Individuals Manual 4244 4244 0 
Automatic 365867 

 

365827 0.011 
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Table 3.3.  Vertical data filter.  Raw data are the number of depth records.  Final data are 

after filtering data for rate of change in depth and multiple depth records in one second. 

Manta Data Points 
 Raw Final Data % Removed 

Abigail 

 

135713 121614 10.39 
Andrea 168335 135423 19.55 
Bertha 157521 124655 20.86 

Bob-N-Ray 156695 120710 22.96 
Curly 116613 101916 12.60 

Kaiulani 44825 30319 32.36 
Lefty 150960 121665 19.41 
Miki 141718 114250 19.38 
Sugar 127353 100014 21.47 

All Individuals 1199733 970566 19.10 
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Table 3.4.  Results from Krusakl-Wallis analysis of variance of the diurnal variation (by one 

hour intervals) in rate of movement, relative turn angle, depth, and distance from shore for nine 

M. alfredi acoustically tracked along the Kona Coast of Hawai‘i.  D.f. = 23 for all analyses. 

ID  ROM  Rel. angle  Depth  Distance from shore 

  H P  H P  H P  H P 

AB  34.79 0.055  38.55 0.0222  36158.33 <0.001  110.60 <0.001 

AN  118.32 <0.001  36.60 0.0358  52097.44 <0.001  317.25 <0.001 

BE  143.80 <0.001  47.23 0.0021  48352.39 <0.001  324.41 <0.001 

BO  119.64 <0.001  66.21 <0.0001  69149.25 <0.001  262.63 <0.001 

CU  65.21 <0.001  26.98 0.2567  29579.04 <0.001  39.16 0.019 

KA  59.18 <0.001  31.96 0.1010  16856.78 <0.001  107.56 <0.001 

LE  54.29 0.001  35.01 0.0519  28130.31 <0.001  252.73 <0.001 

MI  95.93 <0.001  46.74 0.0024  61030.48 <0.001  422.24 <0.001 

SU  87.93 <0.001  42.18 0.0086  26250.03 <0.001  233.04 <0.001 
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Table 3.5.  The 100-50% LoCoH home range area (km2) for each manta 

ID 100% 90% 80% 70% 60% 50% 

AB 57.3 25.8 16.3 13.6 8.7 5.9 

AN 24.5 11.4 6.9 4.2 3.2 1.6 

BE 20.5 7.8 4.7 3.4 1.8 0.4 

BO 115.6 55.1 30.5 16.3 8.0 3.2 

CU 47.2 27.0 18.9 11.0 6.2 4.9 

KA 8.1 4.5 4.3 2.8 2.1 1.4 

LE 32.5 25.4 13.4 6.5 3.7 1.7 

MI 20.7 11.3 7.7 5.0 3.6 1.9 

SU 25.0 12.2 8.8 7.2 4.9 3.3 
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Table 3.6.  Observations of M. alfredi at key areas during their track.  An “x” indicates 

the manta used the site at some time during their track. 

ID Ho‘ona 

Bay 

Makolea 

Point 

Mahaiula 

Bay 

Kapulehu >2 km 

offshore 

at night 

Foraging along 

frontal system 

Nocturnal 

foraging at 

other sites 

AB x x  x x   

AN x x   x   

BE x x x  x x  

BO x x x  x  x 

CU  x  x x x x 

KA x  x  x   

LE x x   x x x 

MI x x x x x x  

SU x  x x x   
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Fig. 3.1.  Location of study sites on the Kona Coast of Hawai‘i.
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Fig. 3.2.  Distance from shore of nine M. alfredi off the Kona Coast of Hawai‘i Island.  

Distance is in km, manta IDs are above their respective plots.  Note plots are of different 

areas and scales. 
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Fig. 3.3.  Box and whisker plot showing distance from shore for all M. alfredi tracked 

along the Kona Coast of Hawai‘i Island binned by hour.  Box shows the lower quartile, 

median, and upper quartile, and whiskers extend 1.5 times the interquartile range.  
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Fig. 3.4.  Rate of movement of nine M. alfredi off the Kona Coast of Hawai‘i Island.  

Rate of movement is in km/h, manta IDs are above their respective plots.  Note plots are 

of different areas and scales. 
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Fig. 3.5.  Box and whisker plot showing rate of movement for all M. alfredi tracked along 

the Kona Coast of Hawai‘i Island binned by hour.  Box shows the lower quartile, median, 

and upper quartile, and whiskers extend 1.5 times the interquartile range. 
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Fig. 3.6.  Depth of nine M. alfredi off the Kona Coast of Hawai‘i Island.  Depth is in 

meters, manta IDs are above their respective plots.  Note plots are of different areas and 

scales. 
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Fig. 3.7.  Box and whisker plot showing depth for all M. alfredi tracked along the Kona 

Coast of Hawai‘i binned by hour.  Box shows the lower quartile, median, and upper 

quartile, and whiskers extend 1.5 times the interquartile range. 
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Fig. 3.8.  Scatter plot of depth over time for two M. alfredi tracked along the Kona Coast 

of Hawai‘i.  Yellow is daytime depth, blue is nighttime depth, and black line is bottom 

depth measured every 15 minutes. 
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Fig. 3.9.  Cumulative area of 100% LoCoH home range. 
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Fig. 3.10.  LoCoH home range isopleths for 9 M. alfredi along the Kona Coast of 

Hawai‘i.   
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Fig. 3.11.  LoCoH home range density isopleths of all individuals over time.   
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CHAPTER 4 

LONG-TERM MOVEMENT PATTERNS OF MANTAS (MANTA ALFREDI) IN 

HAWAI‘I 

 

Abstract 

Thirty one mantas (Manta alfredi) were tracked on the islands of Maui and Hawai‘i using 

externally attached acoustic transmitters to investigate their long-term movement patterns 

and habitat use.  No movement was detected across the 47 km wide channel separating 

the neighboring islands.  Mantas were resident to coastal waters for up to 1 ½ years, with 

some fidelity for specific areas along the coast.  Diel patterns of detection included 

daytime cleaning stations, daytime foraging areas, and nighttime foraging areas.  Results 

from this study indicate protection of mantas home range would require a large marine 

reserve spanning tens of km.  
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Introduction 

There are many advantages to being big, including greater mobility, decreased risk of 

predation, increased size of offspring, greater fecundity, and lower metabolic cost per 

unit mass (Peters 1983).  Large marine planktivores such as the baleen whales, whale 

shark (Rhincodon typus), basking shark (Cetorhinus maximus), megamouth shark 

(Megachasma pelagios), and ocean sunfish (Mola mola)  are capable of supporting their 

massive bodies by foraging at the base of the food chain thus minimizing energy loss 

through multiple trophic levels (Golley 1960).  However, plankton is known to be spatially 

and temporally patchy, and large planktivores must be capable of tracking these 

ephemeral resources in order to support their metabolic needs (Freedman & Noakes 2002 ; 

Hays et al. 2009 ; Sims et al. 2006a), and take advantage of opportunistic foraging 

opportunities if local resources drop below their foraging threshold (Sims & Quayle 1998 ; 

Sims 1999).  For example, basking sharks vary search strategies to maximize foraging 

success across multiple scales along the northeast Atlantic Ocean (Sims et al. 2006a), but 

will also make transoceanic migrations to forage on seasonally productive areas (Gore et 

al. 2008).  While these species may show fidelity on a small geographic scale over short 

temporal periods, over longer periods they may have a much larger foraging area (Wiens 

1989).  Thus knowledge of both the short and long term movements of a species is 

required to understand its foraging ecology.   

 

It is assumed that large species with circumglobal distribution have highly interconnected 

populations with individuals migrating across large distances (Eckert & Stewart 2001; 

Castro et al. 2007 ; Gore et al. 2008).  Mantas (Manta alfredi) are large batoids (5 m disk 

width) with circumglobal distribution, yet little is known of their population structure 

(Marshall et al. 2009).  Mantas are often found in areas of upwelling or high productivity 

where they aggregate to feed on plankton (Dewar et al. 2008 ; Luiz et al. 2009), and are also 

observed at cleaning stations on inshore reefs, where reef fish remove parasites, mucus, 

or loose scales (O'Shea et al. 2010a), and at mating areas where they congregate for 

courtship activities (Marshall & Bennett 2010).  They are thought to be capable of 

extensive movements, yet studies have shown year-round fidelity to certain areas (Dewar 
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et al. 2008 ; Homma et al. 1997 ; O'Shea et al. 2010a).  However, seasonal movements have 

also been reported within areas, both along contiguous island coasts and between atolls 

(Dewar et al. 2008; G. Stevens, pers. comm..), and it is unknown if similar migrations occur 

at other locations where the species is observed.  In Hawai‘i, mantas are found on all the 

main islands and many of the Northwest islands.  Photo-identification and active acoustic 

tracking studies have shown that some individuals show high fidelity to coastal areas 

(Clark, Chapt. 1 & 2), but it is currently unknown if movement also occurs between 

islands, or the degree of movement along an island.   

 

Inbreeding is of concern in animals due to the increased possibility of deleterious alleles, 

especially for small isolated populations (Frankham et al. 2002).  Migration of individuals 

over large areas to a central spawning site would reduce the chance of inbreeding and 

lead to a healthier population, a common strategy that has been observed in a number of 

reef fish (Bolden 2000 ; Domeier &  Colin 1997 ; Meyer et al. 2007 ; Nemeth et al. 2007).  On 

Maui, mantas are regularly observed displaying mating behavior at a single site.  Up to 

40 males have been observed closely following a single female, swimming at high 

speeds, and swimming on top of the female (pers. obs).  However, no similar mating site 

has been identified on Hawai‘i.  The use of mating sites has also been reported for mantas 

in Japan and Mozambique (Marshall & Bennett 2010 ; Yano et al. 1999).  However, no 

study has investigated whether mating sites are for local island residents, or if mantas 

migrate for mating activities. 

 

Active acoustic telemetry can provide valuable information on the fine scale movement 

patterns of a species by allowing researchers to actively follow an individual animal over 

the course of its daily movements (Andrews et al. 2009 ; Cartamil & Lowe 2004).  However, 

the length of time an animal can be tracked is limited due to the physical demands of 

actively following an animal in the marine environment.  Short term tracking can also 

underestimate the home range of an animal if resource distribution changes over time, or 

if not all resources have been accounted for during the tracking period.  An increasing 
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number of studies are using passive acoustic telemetry, where transmitter equipped 

animals are tracked by an array of moored receivers, to monitor the movements of marine 

species over long periods of time (Heupel et al. 2006a ; Heupel et al. 2010 ; Meyer et al. 2007 

; Meyer et al. 2009).  In this study we used passive acoustic telemetry to monitor the long 

term movement patterns of mantas on the islands of Maui and Hawai‘i.  Knowledge of 

manta long term movement patterns will help determine if they are a highly migratory 

species with movement between islands, or if populations are coastally restricted.  

Additionally, temporal patterns in their movement will be investigated to determine if 

movement patterns change over time.  This study will test the following: 

 

1.  Do mantas regularly migrate between Maui and Hawai‘i for mating or other activities? 

2.  What degree of mixing occurs between mantas along the coast of Hawai‘i? 

3.  Are their temporal trends in manta site use?  
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Methods 

Study site 

Acoustic receivers were deployed at forty three locations spanning the islands of Maui 

and Hawai‘i to monitor for the presence of acoustically tagged mantas, including 

Honolua Bay and Ukumehame on Maui, and 41 sites between Black Point and Okoe Bay 

on Hawai‘i (Fig. 4.1, Table 4.1).  Monitored sites were on the leeward side of the islands, 

and were generally sheltered from high winds and seas.  The waters off the leeward side 

of Maui are fairly shallow, with the islands of Maui, Kahoolawe, Lanai, and Molokai 

having originated geographically from a single island, and generally do not exceed 100 m 

depth between the islands (Fig. 4.1).  Maui is separated from Hawai‘i by the 47 km wide 

and 1900 m deep Alenuihaha Channel.  The coast of Hawai‘i consists of a narrow 

fringing reef that quickly drops to 100 m depth within 0.5 to 5 km of shore, with Keahole 

Point marking the boundary between a gentle reef slope to the north and a steeper reef 

slope to the south (Fig. 4.1).   

 

Acoustic array 

An array of Vemco VR2 and VR2W acoustic receivers was used to track manta 

movements.  The receivers are compact (340 mm long x 60 mm diameter, 170 g in 

water), omnidirectional, single channel (69 kHz) submersible units that continuously 

monitor for the presence of coded acoustic transmitters.  Receivers were anchored to the 

bottom using either sand screws (McMaster-Carr) or chained directly to the substrate, and 

suspended above the bottom by floats.  On Maui receivers were placed at Ukumehame 

and Honolua Bay, two known manta ray cleaning stations separated by 35 km of 

coastline (Fig. 4.1, Table 4.1).  Ukumehame is also thought to be important for mating, as 

mantas are regularly observed in courtship activities at the site (pers. obs.).  On Hawai‘i 

receivers were placed along 126 km of the coastline at known manta aggregation areas, at 

prominent points along the coast, and at additional sites determined by other studies (Fig. 

4.1, Table 4.1).  The location of receivers for the Hawai‘i array was partly determined by 

data from active tracking of manta rays in order to insure that manta congregation areas 
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and points where mantas regularly pass by were monitored.  Receivers were deployed in 

several phases between November 2002 and December 2005 (Fig. 4.2). 

Tagging 

Mantas were tagged with Vemco V16-5H coded acoustic transmitters (95 mm x 16 mm, 

16 g in water, 475 d lifespan) with a 60 second average delay.  The transmitters emit a 

series of 69 kHz acoustic “pings” at random intervals around the average delay.  Ping 

trains code ID information by varying the time interval between pings, allowing each tag 

to be uniquely identified.  Ping trains are detected by the receiver, which store the 

transmitters ID number plus the date and time of detection.  Transmitters were externally 

attached to mantas using a sub-dermal dart inserted into the dorsal musculature of the 

pectoral fin using a modified pole spear.  Mantas were identified comparing photographs 

of the ventral pigmentation pattern with a catalog of all known mantas in Hawai‘i 

maintained by Manta Pacific Research Foundation (www.mantapacific.org).   

 

Range testing 

The detection range of the acoustic array was estimated at five sites by suspending 

acoustic transmitters over the side of a 10 m boat equipped with a hand held GPS varying 

distances and directions from one or more receivers.  The location of the transmitter at 

the time of detection by a receiver was estimated as the latitude and longitude of the 

vessel at the time of detection.  The range of the receiver was estimated as the furthest 

distance a transmitter was detected.  The range of detection for receivers was between 

100 and 400 meters and depended heavily on the environment, with decreased reception 

in shallow, rugose, and high wave energy locations. 

 

Spatial movement patterns 

Manta rays were considered present if two or more detections occurred on any receiver in 

the acoustic array within a 24 hour period.  While this may remove valid detections, it 

http://www.mantapacific.org/�
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was considered more important to avoid counting false detections which occasionally 

occur on acoustic receivers due to code collisions when two or more transmitters are 

detected at the same time (Clements et al. 2005 ; Heupel et al. 2006a).  Difference in centers 

of daily activity for mantas tagged at different sites was evaluated using analysis of 

variance (ANOVA) with Tukey-Kramer test for multiple comparisons (Kutner et al. 

2004).  Centers of daily activity were calculated for each manta as the mean latitude of all 

detections in a given day.  The coast of Hawai‘i runs relatively North to South, allowing 

latitude to be used as a proxy for location along the coast.  The percent of unique calendar 

days each manta was detected on a given receiver was calculated to determine manta 

space use, and was visualized using Bubble plots.  Linear coastal movements were also 

depicted by plotting the daily detections of individuals against latitude over time.  Daily 

movements were reported as the coastal distance traveled per day, with distance between 

locations calculated as the shortest distance between Ukumehame and Honolua Bay on 

Maui, and from Okoe Bay to each receiver on Hawai‘i.   

 

Temporal movement patterns 

Fast Fourier Transformation (FFT) was used to identify cyclical patterns in manta site 

use.  FFT decomposes a sequence of temporal values into its component frequencies and 

corresponding periodic function, with peaks in the periodic function identifying regularly 

occurring temporal patterns in the data (Cowpertwait PSP 2009).  FFT analysis was applied 

to the total number of detections of all tagged mantas binned by hour for each site.  

Additionally, the hypothesis that mantas prefer offshore waters at night was tested using a 

one-tailed t-test applied to the total number of detections at each site binned by day vs. 

night, using local time of sunrise and sunset to define daylight periods.  Diel cycles were 

visualized using plots of manta detections over time at each site.   

All calculations were performed using either the program R (R Development Core Team 

2010) or Minitab16 (Minitab® Statistical Software).  
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Results 

Transmitters were deployed on a total of 32 mantas (Table 4.2).  All mantas on Maui 

(n=5) were tagged at Ukumehame, a known manta cleaning station, in December 2002.  

Hawai‘i mantas were tagged at the Mauna Kea Resort (n=1) in June 2003, Makolea Point 

(n=14) between December 2002 and May 2003, Ho‘ona Bay (n=7) between December 

2002 and July 2003, and Keauhou (n=4) between July 2005 and August 2006 (Table 4.1, 

Fig. 4.3).  Makolea Pont is a daytime cleaning station discovered during this study, while 

all other Hawai‘i locations are areas where mantas were observed foraging by artificial 

lights at night (Clark Chapt. 1 & 2).  Eighteen mantas were identified (13 female, 5 male) 

(Table 4.1).  However, the shallow depth of the site at the Manua Kea Resort and the 

negative reaction to humans at the Ukumehame and Makolea Pt. cleanings stations made 

it difficult to approach individuals and precluded the identification of some mantas.  Care 

was taken to look for signs of dorsal scarring prior tagging to avoid the possibility of 

tagging the same manta twice. 

 

Thirty one (97%) mantas were detected at 35 out of 43 (81.4%) locations monitored by 

acoustic receivers on the islands of Maui (2 locations, 5 mantas) and Hawai‘i (33 

locations, 26 mantas) (Table 4.1, Fig. 4.3).  A total of 5357 detections were recorded on 

Maui and 99695 detections on Hawai‘i, with 18 to 33255 detections per individual 

(median=704) (Table 4.1).  No manta was detected for every day of the study, and 

individuals were absent for varying lengths of time (Fig. 4.4).  Mantas were detected 

between 3 and 620 days (mean 205.3) from the time transmitters were deployed until the 

last time they were detected, during which time they were detected 3 to 571 (mean 86.2) 

unique days (Table 4.1).  Number of days deployed was correlated with number of days 

detected (R2=0.56) (Fig. 4.4).   
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Spatial patterns 

No inter-island movement was detected during this study; 100% of detections occurred at 

the island at which an individual was tagged.  On Maui, 99.9% of detections were at 

Ukumehame.  The highest number of manta detections on Hawai‘i occurred at Ho‘ona 

Bay (32.0%, 23 mantas), Makolea Point (20.7%, 25 mantas), Keauhou (20.1%, 13 

mantas), and Mahaiula Bay (17.6%, 18 mantas) (Table 4.1).  Maximum daily movements 

on Hawai‘i ranged from 1.5 km to 36.5 km (median 16.5), while on Maui a single 

individual was detected at Honolua Bay two days after visiting Ukumehame 34 km to the 

south.  Mantas on Hawai‘i were detected at locations up to 91.1 km apart along the coast 

(median 40.65 km).  No mantas were detected at the most southern location (Okoe Bay) 

during the 11 months it was monitored, 2 mantas were detected on the 2nd most southern 

receiver, and eight mantas were detected on the most northern receiver on Hawai‘i (Black 

Point) (Table 4.1),  indicating that individuals may have used areas outside the Hawai‘i 

study area. 

 

Mantas tagged at different sites showed a significant difference in centers of daily 

activity (F=619.75, df=3, P<0.001), with all sites significantly different from each other 

based on Tukey-Kramer multiple comparisons (P<0.001).  Mantas tagged at Mauna Kea 

Resort had the most northern mean center of daily activity, with those tagged at Makolea 

Pt., Ho‘ona Bay, and Keauhou having successively more southern mean centers of 

activity.  Bubble plots also indicated that mantas prefer areas closest to their tagging site 

(Fig. 4.5).  The only manta tagged at the Mauna Kea Resort showed the highest affinity 

of any of the mantas for the most northern sites, being detected 50% of the time at either 

Black Point or Puako, the sites adjacent to where it was tagged (Fig. 4.5 #283).  Mantas 

tagged at Makolea Pt. and Ho‘ona Bay used areas more central along the Kona Coast, 

especially Makolea Pt., Mahaiula Bay, and Ho’ona Bay (Fig 5 #268, 273,258, 272).  

Mantas tagged at Keauhou showed the highest affinity for Keauhou (Fig. 4.5 # 288, 289), 

but two (287, 289) almost split their time between Keauhou and more central locations. 
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While individuals showed the highest use of areas near their tagging site, they also 

occasionally made forays along the coast to utilize other areas (Fig. 4.6). While most 

forays only lasted a few days before the individual returned to its tagging area, extended 

shifts in site use were also observed.  For example, manta 289 was observed continuously 

at Keauhou for 75 days, visited the central area for eight days, was back in the southern 

area for 17 days, and shifted to the central area for the next 108 days (Fig. 4.6 #289).   

 

Temporal patterns 

Detections of mantas at monitored locations was significantly greater during the day 

(mean=68.4, SE=2.1) than at night (mean=30.2, SE=2.1) (t=12.77, df=2013, P<0.001).  

FFT analyses revealed strong 24 hour diel patterns of site use in mantas at seven 

locations in Hawai‘i (Kona Village Resort, Kua Bay, Makalawena, Mahaiula Bay, 

Makolea Point, Ho’ona Bay, and Keauhou) and at Ukumehame on Maui (Fig. 4.7).  

Seven of these sites showed greater use during the day, with mantas at Mahaiula Bay 

detected primarily at night (Fig. 4.8).  Additional peaks in FFT were observed at 12 hours 

at Ukumehame, Mahaiula Bay and Makolea Pt., plus at 8 and 6 hours at Ho‘ona Bay and 

Keauhou (Fig. 4.7).  These additional peaks are likely harmonics of the 24 hour cycle 

(Cowpertwait PSP 2009).  However, a tidal cycle would also produce a peak at 12.42 

hours.  To further investigate tidal cycles, the number of detections during rising and 

falling tides was compared for mantas with over 1000 detections during those periods.  

No consistent tidal cycle was observed, with five out of seven mantas at Ho‘ona Bay and 

two out of three mantas at Keauhou showed greater detections on falling tides (Fig. 4.9).   
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Discussion 

Island fidelity 

Passive acoustic telemetry was used to monitor the movements of 31 M. alfredi at 43 

locations on two islands in Hawai‘i, allowing investigation of both island and coastal 

movement patterns.  No movement was observed between islands, but individuals did 

show high fidelity to the coast of both islands.  Mantas were resident for up to 8 months 

on Maui and over 1 ½ years on Hawai‘i (Table 4.1, Fig. 4.3), the longest period of time 

any manta has been acoustically monitored.  These results are consistent with photo-

identification studies that show coastal fidelity in M. alfredi for over 30 years (Clark, 

Chapt. 1) and active tracking studies which indicate a preference for coastal habitats in 

Hawai‘i (Clark, Chapt. 2).  However, while mantas were not observed switching islands, 

individuals were detected on receivers up to 91.1 km apart, and moved up to 36.5 km in a 

single day, demonstrating a high degree of movement along the coast and sufficient 

mobility to cross the 47 km wide channel between islands.   

 

High fidelity to coastal areas has been observed in other elasmobranchs which, despite 

their wide-ranging distribution and ability to migrate long distances, prefer nearshore 

habitats (Speed et al. 2010).  Grey reef sharks, Carcharhinus amblyrhynchos, showed high 

fidelity to Enewak atolls inner lagoon and outer reef slope during intermittent tracking 

(Mckibben & Nelson 1986),  bonnethead sharks, Sphyrna tiburo, showed high fidelity to 

estuarine waters over multiple years in Florida (Heupel et al. 2006b),  and blacktip reef 

sharks, C. melanopterus, showed a preference for eastern or western lagoons at Palmyra 

Atoll (Papastamatiou et al. 2010).     

 

Coastal fidelity to areas may be due to habitat quality, with increased residence times in 

optimal habitats (Ford 1983).  Greater habitat quality has been shown to decrease 

movements and home range both in the laboratory (Griffen & Drake 2008) and in field 

conditions (Felton et al. 2003).  Other large planktivorous elasmobranchs, including whale 
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sharks in Belize (Heyman et al. 2001) and Australia (Wilson et al. 2001), and basking sharks 

in the north east Atlantic (Gore et al. 2008 ; Sims & Merrett 1997 ; Sims et al. 2003a), 

migrate thousands of km to take advantage of temporary pulses in productivity.   

 

Movements of mantas may be restricted to coastal areas in Hawai‘i due to an abundance 

of resources along the coast.  Productive coastal waters would eliminate the need for 

mantas to migrate to more distant locations, thus conserving energy and promoting a high 

degree of island fidelity.  Waters on the leeward side of islands are known to be 

especially productive due to upwelling from currents and cyclonic eddies, and nutrient 

input from terrestrial sources.  The flow of currents past islands such as Hawai‘i and 

Maui can cause upwelling and vertical mixing of nutrient rich waters nearshore (Coutis & 

Middleton 1999), leading to increased primary production (Hasegawa et al. 2008 ; Hasegawa 

et al. 2009) and zooplankton biomass (Hernández-León 1991 ; Rissik et al. 1997) in a trophic 

cascade referred to as the “island mass effect (Doty &  Oguri 1956).  Mesoscale eddies that 

spin up on the leeward side of the Hawai‘ian islands are also known to enhance 

productivity in nearshore waters by upwelling nutrients into the euphotic zone, leading to 

a similar trophic cascade which has been linked to increased catches in nearshore 

fisheries (Bibby et al. 2008 ; Calil et al. 2008 ; Landry et al. 2008 ; Seki et al. 2002).  

Additional input of nutrients can come from terrestrial sources, further enhancing 

nearshore productivity for plankton feeding mantas (De Carlo et al. 2007 ; Hoover et al. 

2006).  Predation risk may act to further restrict inter-island migration in Hawai‘i where 

tiger sharks are present and shallow coastal waters would provide more protection than 

deep ocean channels (Holland et al. 1999 ; Meyer et al. 2009). 

 

Coastal movements 

Movements of mantas along the coast of Hawai‘i are similar to central place foragers 

(Stephens &  Krebs 1986), with individuals showing preference for particular locations 

over time.  Three areas showed high use by mantas; a northern area near Puako and Black 

Point, a central area including Mahaiula Bay, Makolea Pt., and Ho’ona Bay, and a 
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southern area near Keauhou (Fig. 4.5).  Mantas showed fidelity for up to 1.7 years to 

areas near where they were originally tagged (their primary area), both in percentage of 

detections and number of days detected (Figs. 4.5, 4.6).  However, a high degree of 

overlap between areas also occurred.  For instance, mantas tagged at in the central area 

were detected on the most northern and second most southern receivers (Fig. 4.6 #258).  

Excursions tended to be quick, with mantas migrating along the coast for a few days to 

weeks before returning to their primary area (Fig. 4.6).  However, longer excursions also 

occurred, with some individuals switching areas for over 3 months, indicating some 

plasticity in site use exists (Fig. 4.6 #289).  Excursions outside of an individual’s regular 

home range have also been observed in other elasmobranchs including lemons sharks 

(Morrissey & Gruber 1993), blacktip reef sharks (Heupel et al. 2004), and grey reef sharks 

(Mckibben & Nelson 1986).   While the purpose of these excursions is unknown, 

exploration of the coast would allow individuals to locate productive areas outside their 

normal home range.   The fact that mantas occasionally switch areas for extended periods 

may indicate more productive areas were found. 

 

A similar pattern of high site fidelity was observed in mantas acoustically tracked in 

Indonesia (Dewar et al. 2008).  Mantas in Indonesia were observed almost daily at the 

same site for up to 3 months, and intermittently for up to 2 years (Dewar et al. 2008).  

Dewar et al. (2008) also detected a seasonal cycle in manta abundance at northern and 

southern sites in Indonesia, which they attributed to seasonal shift in temperature and 

productivity due to the monsoonal cycle.  Photo-identification studies in Hawai‘i have 

shown site fidelity to foraging areas for over 30 years (Clark, Chapt. 1), and site fidelity 

has been documented in Japan for 15 years (Homma et al. 1997).  However, low fidelity 

was recorded at a manta cleaning station on the Great Barrier Reef, where no individuals 

were resighted over periods longer than a few days, which the authors attributed to a 

highly transient population (O'Shea et al. 2010b).   
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Loss of detection of mantas prior to the end of the battery life could be due movement 

outside of receiver range or transmitter shedding/failure.  Examination of patterns in 

detection can offer insight as to which of these possibilities may have affected 

individuals, especially since active tracking of mantas in Hawai‘i indicates regular 

migratory pathways exist along the coast within detection range of receivers (Clark, 

Chapt. 2).  Movement outside of the study area was indicated for three individuals that 

were tracked on successive receivers along the coast going north (manta 271) and south 

(mantas 278, 281) to the end of the receiver array, after which they were never detected.  

Partial use of areas outside the study area is also indicated for two individuals with long 

deployments but low resights (mantas 276, 283), as both had a high percentage of days 

they were detected on the two most northern receivers (27% & 50%, respectively).  

Eleven individuals had short detection periods (<120 days) and were well within the 

study area when last detected (mantas 266, 268, 269, 270, 274, 275, 279, 282, 284, 287, 

290).  Some of these individuals probably lost transmitters as mantas were observed with 

leader lines projecting from their dorsal surface with no transmitter attached (various 

divers, pers. comm.).  Also, no conclusion can be made on the movements of four other 

individuals that had long deployment periods but few detections (mantas 259, 264, 277, 

280).   

 

The high density and strategic placement of receivers at areas identified by active 

tracking allowed a more detailed investigation of manta movements in the central area 

(Fig. 4.8).  The neighboring receivers at Makolea Pt., Ho‘ona Bay, and Mahaiula Bay had 

the highest number of detections among all sites, and showed a strong diel pattern (Fig. 

4.8).  Mantas were detected at Makolea Pt. from early morning through the late 

afternoon, Ho‘ona Bay starting late in the morning and lasting into the early evening, and 

Mahaiula Bay almost exclusively at night (Fig. 4.8).  This cycle of site use was also 

observed in mantas actively tracked along the coast of Hawai‘i, which was attributed to 

cycles in plankton abundance hypothesized to be driven by patterns in wind and currents 

(Clark, Chapt. 2).   
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In Australia, mantas are thought to use cleaning stations when plankton availability is 

low, and move to other areas of the reef to forage when plankton abundance increased 

(O'Shea et al. 2010a).  Use of the cleaning station at Makolea Pt. may be similar, with 

higher use in morning hours when plankton availability is low.  If coastal waters are 

typically plankton-poor in the morning then it would be energetically advantageous to be 

cleaned until plankton had a chance to accumulate above a threshold level (O'Shea et al. 

2010b ; Sims & Quayle 1998).  Clark (Chapt. 2) suggests plankton abundance may increase 

in Ho’ona Bay later in the day as increasing surface winds cause plankton to accumulate 

near shore.  Mantas at Ho‘ona Bay are often observed surface feeding on plankton 

offshore of the reef slope during the day, and on artificially attracted plankton on the 

shallow reef flat at night during a commercial manta dive (Clark, Chapt. 2).  As plankton 

at Ho‘ona Bay dissipates after artificial lights are extinguished, mantas would move to 

more productive areas.  Mahaiula Bay is a small, shallow, partly enclosed bay where 

plankton may concentrate at night (Clark, Chapt. 2), providing a higher abundance of 

nocturnal prey.  The descent of nocturnally active plankton near sunrise would cause 

mantas to depart the site, if they hadn’t already been satiated or if the plankton density 

hadn’t dropped below a profitable threshold level (O'Shea et al. 2010b ; Sims & Quayle 

1998).  

 

Temporal trends in site use 

Passive telemetry revealed a significant diel cycle in coastal use, with more mantas 

detected nearshore during the day than at night (Fig. 4.7).  Nocturnal offshore migration 

may be attributed to either thermal regulations or increased foraging opportunities 

presented by the migrating deep scattering layer (Andrews et al. 2009 ; Hays 2003).  Male 

dogfish (Scyliorhinus canicula) reduced energy costs by over 4% by foraging in warm 

prey abundant waters at night and resting and digesting in deeper cool waters during the 

day (Sims et al. 2006c).  Mantas have been observed on numerous occasions forging at 

near shore sites during the day (Clark, Chapt. 2), and movement into deeper water at 

night would allow individuals to conserve energy by resting and digesting in cooler 

waters where energy requirements are reduced (Sims et al. 2006c).  Dewar et al. (2008) 
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suggested mantas may migrate offshore at night in Indonesia to feed on the deep 

scattering layer.  Acoustic studies have shown an abundant deep scattering comes within 

1-3 km of shore on Hawai‘i, providing an increase in foraging opportunities at night 

(Benoit-Bird et al. 2001).    

 

While mantas may migrate offshore at night to forage on the deep scattering layer, 

detections of mantas in Mahaiula Bay indicate some individuals also forage nearshore at 

night (aside from sites where plankton is attracted by artificial lights) (Fig. 4.8).  Eighteen 

mantas from all four tagging sites were detected using the site at night during the current 

study.  However, it is likely the importance of this site is underestimated since range 

testing showed the lowest detection range of all sites tested, indicating that a greater 

number of detections would have occurred in a more acoustically favorable environment. 

Low acoustic detection range is likely due to the shallow and complex nature of the 

bottom topography (Heupel et al. 2006a).  Detections at Mahaiula Bay peaked between 

23:00 and 02:00, indicating a delayed offshore migration for mantas using the site.  

Delayed offshore migration is supported by detections of mantas 1.5 km offshore at 

Makalawena, where individuals were never detected between sunset and midnight (Fig. 

4.7).   

 

Passive tracking of mantas in Indonesia found tidal phase and intensity to be significant 

factors in predicting mantas presence, where rising tides on a full or new moon were 

thought to concentrate plankton (Dewar et al. 2008).  Visits to cleaning stations in 

Australia also showed tidal periodicity, with mantas being cleaned on ebb tide, which the 

authors suggest is due to decreased plankton availability from outgoing lagoon waters 

(O'Shea et al. 2010a).  Tidal phase in Hawai‘i did not have an effect on manta abundance.  

Mantas were present at all tidal stages, with no universal preference for rising or falling 

tides.  Tides in Hawai‘i typically range less than 1 m (National Oceanographic and 

Atmospheric Administration Center for Operational Oceanographic Products - http://co-

ops.nos.noaa.gov), while Dewar et al. reported almost a 5 m range that generated up to 5 
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knot currents in Indonesia, and O’Shea et al. (2010) reported a 2.5 m tidal change in 

Australia.  It is likely that other factors besides tidal currents are responsible for 

movements of mantas in Hawai‘i.   

 

Keauhou showed lower site use by mantas tagged in 2002/3 than those tagged in 2005.  

Two factors may explain this difference (Fig. 4.7).  First, as previously discussed, mantas 

may have a preference for certain areas of the coast.  Mantas in 2002/3 were tagged in 

areas north of Keahole Pt., and may have a higher fidelity for the more northern areas.  

However, this pattern may also be explained by the closure of the hotel at Keauhou.  The 

hotel historically shone lights out over the water, and mantas would come to feed on 

plankton attracted by the lights at night.  The hotel was closed between June 2000 and 

October 2004, during which time the lights were off and plankton wasn’t artificially 

attracted to the site.  Only one transmitter from the 2002/3 round of tagging was detected 

after the site reopened.  The lack of detections of mantas at the site may indicate either 

the preference of northern mantas for northern sites, or it could also indicate that mantas 

are only attracted to the site due to the artificial manipulation of their prey.  However, the 

area where mantas feed by the hotel at night is in shallow (1-3 m) water in an area with 

high surf.  Range testing at this site showed that the receiver could not detect mantas in 

the shallow waters near shore where nocturnal foraging occurred.  Most detections at this 

site were during the daytime, when artificial lights would not be a factor in attracting 

mantas.  The large number of daytime detections indicates that the lack of mantas during 

the hotel closure was not due to lack of artificially attracted plankton at night and 

supports the hypothesis of site preference in mantas. 

 

The regular diel cycle of site use indicates mantas possess knowledge of spatio-temporal 

cycles in plankton abundance, which requires a clock, a compass, and a map (Lohmann et 

al. 2008 ; Murray et al. 2006), and indicates a high degree of cognitive ability in the manta.  

The ability to tell time and to develop a cognitive map has previously been demonstrated 

by a captive manta which learned to associate specific locations and times with feeding 
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(Ari & Correia 2008).  However, it is currently unknown what other senses mantas may 

use for navigational purposes.  The use of magnetic fields, chemical cues, hydrodynamic 

cues, and celestrial cues have all been proposed as external compasses in other marine 

species (Lohmann et al. 2008).  Mantas in captivity were able to detect visual and chemical 

cues in feeding experiments (Ari & Correia 2008), but no work has been done on the use of 

other senses in mantas.  Additional work is needed to determine which of these senses are 

used by mantas to navigate along coastal waters. 

 

Conclusions 

The results of this study indicate that mantas are long term (1 ½ year) residents of coastal 

areas in Hawai‘i with limited movement between islands for mating or other activities.  

Individuals show high fidelity for specific areas of the coast, and underwent regular diel 

migrations to specific areas for feeding, cleaning, and possibly to conserve energy.  

While individuals showed preference for specific areas, they also ranged widely along the 

coast and would occasionally switch areas for up to 3 months.  Large marine reserves are 

increasingly being considered to protect highly mobile and long lived species such as 

sharks and rays (Chapman et al. 2005), and may be an effective means of conserving 

mantas where they are fished (White et al. 2006).  However, long-term site fidelity in 

mantas also highlights the importance of protecting specific sites where large reserves 

may not be possible.  Additional research is needed to determine if similar movement 

patterns are observed in other areas with high manta abundance.  
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Tables and figures 

Table 4.1.  Receiver locations including number of mantas detected per receiver, percent total detections per island, cumulative 

distance between receivers in latitude, cumulative distance between receivers along the coast, latitude, longitude, and island. 

Location # Mantas 

% 

Detections 

Coastal 

Distance (km) Latitude Longitude Island 

Honolua Bay 1 0.00 34.50 21.02038 -156.64680 Maui 

Ukumehame 5 5.37 0.00 20.78000 -156.56000 Maui 

Black Point 8 0.19 117.45 20.10562 -155.88475 Hawai‘i 

Puako 14 1.24 109.75 19.96480 -155.85842 Hawai‘i 

Kiholo Bay 4 0.05 97.45 19.87322 -155.92272 Hawai‘i 

Kona Village Resort 13 0.96 90.55 19.84457 -155.98118 Hawai‘i 

Kua Bay 14 0.43 87.05 19.82067 -156.00353 Hawai‘i 

Makalawena 8 0.42 81.45 19.79070 -156.05123 Hawai‘i 

Mahaiula Bay 18 17.57 80.95 19.78502 -156.04027 Hawai‘i 
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Table 4.1. (Continued) Receiver locations. 

Makolea Point 25 20.73 79.45 19.77577 -156.05168 Hawai‘i 

Kona Blue Fish Cage 1 0.04 75.65 19.74320 -156.06255 Hawai‘i 

Ho‘ona Bay 23 32.02 75.15 19.73700 -156.05452 Hawai‘i 

Keahole Pt 2 0.02 73.65 19.72630 -156.06218 Hawai‘i 

Suck em up 6 0.06 69.05 19.69147 -156.04177 Hawai‘i 

Koloko Pt 5 0.14 67.75 19.68138 -156.03465 Hawai‘i 

Turtle Central Reef flat 2 0.02 66.85 19.67408 -156.03123 Hawai‘i 

Turtle Central Finger 0 0.00 66.65 19.67278 -156.03230 Hawai‘i 

Turtle Pinnacle 7 0.78 66.45 19.67163 -156.03112 Hawai‘i 

Turtle Pai 5 0.42 66.35 19.67118 -156.03000 Hawai‘i 

Turtle Heaven 1 0.01 66.15 19.67002 -156.02883 Hawai‘i 

Honokohau basin 0 0.00 66.10 19.66997 -156.02672 Hawai‘i 

Slip J-29 0 0.00 66.05 19.66923 -156.02313 Hawai‘i 
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Table 4.1. (Continued) Receiver locations. 

Honokohau channel 8 2.58 66.00 19.66865 -156.02965 Hawai‘i 

Kaiwi Pt North 9 0.36 65.20 19.66207 -156.03168 Hawai‘i 

Kaiwi Pt Middle 15 0.54 64.50 19.65583 -156.03387 Hawai‘i 

Kaiwi Pt South 7 0.17 63.10 19.64628 -156.02585 Hawai‘i 

Keauhou 13 20.14 49.90 19.55848 -155.96797 Hawai‘i 

Nenue Pt 0 0.00 44.40 19.51361 -155.96136 Hawai‘i 

Kealakekua Bay North 1 0.03 41.20 19.48750 -155.95143 Hawai‘i 

Kealakekua Bay - North inside 1 0.01 40.00 19.48275 -155.94372 Hawai‘i 

Fairwind Mooring 1 0.04 38.30 19.48203 -155.93244 Hawai‘i 

Kealakekua Bay - Middle Cliffs 1 0.13 37.70 19.47998 -155.92695 Hawai‘i 

Kealakekua Bay - Light becon 0 0.00 39.30 19.47885 -155.93890 Hawai‘i 

Kealakekua Bay - Fish Point 1 0.03 38.80 19.47793 -155.93447 Hawai‘i 

Kealakekua Bay - Pier 1 0.33 37.00 19.47431 -155.92430 Hawai‘i 
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Table 4.1. (Continued) Receiver locations. 

Kealakekua Bay - Mansion 1 0.34 36.20 19.46740 -155.92451 Hawai‘i 

Kealakekua Bay - Surf Break 1 0.19 35.70 19.46341 -155.92668 Hawai‘i 

Honaunau 2 0.01 31.30 19.42765 -155.91982 Hawai‘i 

Loa Point 1 0.00 27.40 19.39632 -155.91218 Hawai‘i 

Robs Reef 0 0.00 19.60 19.33052 -155.88675 Hawai‘i 

Three Room Cave 2 0.01 18.70 19.32337 -155.89108 Hawai‘i 

Okoe Bay 0 0.00 0.00 19.15640 -155.91785 Hawai‘i 
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Table 4.2.  Acoustically tagged mantas including transmitter number, manta name, manta sex, island and location tagged, date 

transmitter was deployed, date transmitter was first detected, date transmitter was last detected, deployment period between tagging 

date and date of last detection, total number of unique days detected, and total number of detections.  Manta names are based on a 

catalog of all known mantas provided by Manta Pacific Research Foundation (www.mantapacific.org). 

Trans-

mitter 
Manta name Sex Island tagged 

Location 

tagged 

Date 

deployed 

Date first 

detected 

Date last 

detected 

Minimum 

deployment 

period (d) 

Total Days 

Detected 

Total 

Detections 

257 Vicky F Hawai‘i Ho‘ona Bay 12/2/2002 12/19/2002 10/5/2003 308 155 4122 

258 Koie F Hawai‘i Ho‘ona Bay 12/3/2002 12/21/2002 6/27/2004 573 344 25775 

259   Hawai‘i Makolea Point 12/18/2002 12/18/2002 1/25/2004 404 35 474 

260   Maui Ukumehame 12/10/2002 12/10/2002 3/27/2003 108 29 750 

261   Maui Ukumehame 12/11/2002 12/11/2002 4/3/2003 114 26 942 

262   Maui Ukumehame 12/10/2002 12/12/2002 4/7/2003 119 14 352 

263   Maui Ukumehame 12/12/2002 12/12/2002 4/2/2003 112 21 260 

264   Maui Ukumehame 12/12/2002 12/12/2002 8/18/2003 250 72 3053 

266 Lightning M Hawai‘i Makolea Point 2/8/2003 2/8/2003 6/7/2003 120 44 428 

267   Hawai‘i Makolea Point 2/17/2003 2/17/2003 5/7/2003 80 30 525 

268 Curly M Hawai‘i Makolea Point 2/21/2003 2/21/2003 5/22/2004 457 260 3656 
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Table 4.2. (Continued) Acoustically tagged mantas. 

269 Koji F Hawai‘i Ho‘ona Bay 3/21/2003 3/23/2003 5/1/2003 42 30 704 

270 Bertha F Hawai‘i Ho‘ona Bay 3/23/2003 3/23/2003 6/17/2003 87 54 934 

271 Kapono M Hawai‘i Ho‘ona Bay 4/28/2003 4/28/2003 6/14/2003 48 17 244 

272 Lefty F Hawai‘i Ho‘ona Bay 4/27/2003 4/27/2003 12/22/2003 240 151 3588 

273   Hawai‘i Makolea Point 5/6/2003 5/6/2003 8/28/2004 481 251 4282 

274 Yumi F Hawai‘i Makolea Point 4/29/2003 4/29/2003 5/1/2003 3 3 69 

275 Russel M Hawai‘i Makolea Point 5/6/2003 5/6/2003 6/14/2003 40 11 155 

276   Hawai‘i Makolea Point 5/6/2003 5/6/2003 9/28/2004 512 22 157 

277   Hawai‘i Makolea Point 5/7/2003 5/7/2003 3/12/2004 311 50 722 

278 Kanoa F Hawai‘i Makolea Point 5/6/2003 5/6/2003 7/9/2003 65 13 207 

279   Hawai‘i Makolea Point 5/6/2003 5/6/2003 5/11/2003 6 4 108 

280   Hawai‘i Makolea Point 5/7/2003 5/7/2003 3/17/2004 316 79 1060 

281 Isabel F Hawai‘i Makolea Point 5/6/2003 5/6/2003 7/8/2003 64 10 120 

282 Abgail F Hawai‘i Makolea Point 5/31/2003 5/31/2003 8/9/2003 71 18 151 

283   Hawai‘i Mauna Kea 6/17/2003 6/21/2003 8/8/2004 419 78 1192 
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Table 4.2. (Continued) Acoustically tagged mantas. 

284 Andrea F Hawai‘i Ho‘ona Bay 7/16/2003 7/16/2003 10/22/2003 99 22 137 

287   Hawai‘i Keauhou 7/26/2005 7/26/2005 10/4/2005 71 70 6777 

288 Wing F Hawai‘i Keauhou 7/26/2005 7/26/2005 4/6/2007 620 571 33255 

289 Capt. Kirk M Hawai‘i Keauhou 8/16/2006 8/21/2006 3/21/2007 218 186 10835 

290 Salem F Hawai‘i Keauhou 8/31/2006 9/1/2006 9/4/2006 5 3 18 
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Fig. 4.1.  Locations of acoustic receivers along the coasts of Maui and Hawai‘i.  Contours are 1000 m depths.
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Fig. 4.2.  Deployment periods for receivers on Maui (Honolua Bay and Ukumehame) and Hawai‘i in order from the northern most to 

southern most receiver.
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Fig. 4.3.  Detections of acoustically tagged mantas on the Maui and Hawai‘i receiver 

arrays.  Mantas 260-264 were tagged on Maui, while the rest were tagged on Hawaii.
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Fig. 4.4.  Number of days transmitters were deployed versus the number of unique 

calendar days they were detected.  Deployment period is from date tagged to date of last 

detection.
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Fig. 4.5.  Bubble plots of the percentage of days mantas were detected on receivers deployed along the Kona Coast of Hawai‘i out of 

all the days they were detected.  Blue dots mark receiver locations where the mantas was detected.  Mantas were tagged at the Mauna 

Kea Resort (283), Makolea Point (268, 273), Ho‘ona Bay (258, 272), and Keauhou (288, 289).
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Fig. 4.6.  Latitudinal movement of mantas over time along the coast of Hawai‘i.  Dotted lines mark the position from North to South 

of the Mauna Kea Resort (red), Makolea Pt. (blue), Ho‘ona Bay (orange), and Keauhou (green).  Mantas were tagged at the Mauna 

Kea Resort (283), Makalea Point (268, 273), Ho‘ona Bay (258, 272), and Keauhou (288, 289).  Note the change in date for mantas 

288 and 289.
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Fig. 4.7.  Fast Fourier Transformation (FFT) spectral density plots of manta detections 

per hour at Ukumehame, Maui and seven locations on Hawai‘i.   Note logarithmic scale 

on X-axis and differences in the spectral density on the Y-axis. 
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Fig. 4.8.  Scatter plot showing diel cycles in manta abundance at Ukumehame (UK), 

Kona Village Resort (KV), Kua Bay (KB), Makalawena (MA), Mahaiula Bay (MB), 

Makolea Pt. (MP), Ho‘ona Bay (HB), and Keauhou (KE).  
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Fig. 4.9.  Number of detections of mantas at Ho‘ona Bay and Keauhou during rising 

(blue) and falling (red) tides. 
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CHAPTER 5 

CONCLUSION 

This dissertation provides the most detailed look at manta movements and ecology to 

date, showing evidence of two species of manta in Hawai‘i waters and providing 

evidence of different ecological roles.  This is also the first study to look at both the fine 

scale movements of mantas using active acoustic telemetry and the long term movements 

using passive acoustic telemetry, and has shown high coastal fidelity for one species with 

regular diel movements between habitats.  These results indicate that the two species 

need to be managed separately, and highlights the importance of protecting critical areas 

for the coastally restricted species. 

 

Two species in Hawaiian waters 

Difference in ventral color patterns indicate that M. birostris and M. alfredi are found 

sympatrically in Hawai‘i.  M. birostris was rarely seen during 15 years of surveys along 

the Kona Coast of Hawai‘i, with only two individuals sighted more than once, indicating 

it is a pelagic species that rarely visits coastal waters in Hawai‘i.  High fidelity to coastal 

areas was shown for M. alfredi, with 76% of individuals resighted and one individual had 

fidelity to coastal areas for over 31 year, twice the previously reported minimum 

residence of 15 years in Japan (Homma et al. 1997).  A negative binomial model showed 

abundance of mantas was correlated with high plankton abundance at the two primary 

dive sites, indicating that high coastal productivity may drive the high fidelity mantas 

show for some areas.   

 

Early sexual maturity in male M. alfredi 

Age of sexual maturity in males was estimated as less than 6 years based on the 

observation of mating of a known-age male with one of the oldest known females in the 

population.  This is the earliest confirmed age of sexual maturity in males.  Data on 
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clasper growth rate and calcification indicates that mantas mature over a narrow size 

range (White et al. 2006; Marshall & Bennett 2010).  Rapid clasper growth was also 

observed in the current study, with the transition from juvenile to mature adult occurring 

over a period of one year.  

 

High coastal fidelity in M. alfredi 

High fidelity to coastal waters was observed in M. alfredi using photo-identification, 

active tracking, and passive tracking methods.  Individuals were observed along the coast 

for up to 31 years, with some individuals observed on over 10% of surveys at manta dive 

sites.  Actively tracked mantas stayed within 6 km of shore, while passively tracked 

individuals were resident for up to 1 ½ years.  No individual was documented crossing 

the 47 km wide channel between the neighboring islands of Maui and Hawai‘i, despite 

the acoustic monitoring of a manta mating site on Maui.     

Fidelity to coastal waters was also observed for M. alfredi in Indonesia where individuals 

were present for up to 1 ½ years based on passive acoustic telemetry (Dewar et al. 2008), 

in Japan where individuals were observed for up to 15 years (Homma et al. 1997), and in 

Brazil where seasonal occurrence of M. birostris was observed (Luiz et al. 2009).  These 

findings indicate the two species occupy different ecological niches and should be 

considered separately when assessing conservation issues. 

 

Patterns in M. alfredi site use 

Individuals commonly used offshore waters at night, a nearshore cleaning station during 

the day, and separate nearshore foraging areas during the day and night.  This diel cycle 

in site use was observed in both active and passive tracking, and indicates that mantas 

follow diel shifts in productivity along the coast.  Previous studies have shown daytime 

use of nearshore sites and indicate that mantas move offshore to forage at night on the 

deep scattering layer (Dewar et al. 2008).  Passive tracking in Hawai‘i also shows 

nearshore sites are used significantly more during the day than at night, and active 
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tracking confirms this is due to regular nocturnal offshore migrations.  Tidal patterns 

have also been indicated in manta movements in Indonesia and Australia (Dewar et al. 

2008; O’Shea et al. 2010).  Dewar et al. (2008) suggested movement patterns in 

Indonesia are due to shifts in productivity driven by tidally induced upwelling as currents 

are often up to 5 knots and switch 180 degrees in direction.  O’Shea (2010) suggested 

outgoing tides from lagoon waters near a manta cleaning station were low in productivity, 

allowing mantas to be cleaned without sacrificing foraging opportunities.   No consistent 

tidal patter was observed in Hawai‘i, likely due to the small tidal range and lack of the 

strong tidal currents necessary to drive upwelling events.  Instead, island upwelling and 

wind induced mesoscale eddies may cause productivity to increase nearshore, with local 

winds and island topography acting together to concentrate plankton in certain areas.  

Conservation 

Difference in habitat use indicates that different management strategies are needed for the 

two species of manta.  The low fidelity to coastal areas by M. birostris indicate it is a 

more pelagic species that may migrate over large areas, requiring international protection 

of the species through CITES or similar treaties.  Incidental take in offshore fisheries may 

be of greater threat than directed nearshore fisheries.  However, fidelity to coastal areas, 

and a regular diel cycle of site use, indicates M. alfredi can be easily targeted by 

nearshore fishers.  If M. alfredi shows similar patterns of nearshore fidelity in areas 

where they are fished, directed fisheries at critical habitats or along coastal migratory 

routes can quickly wipe out small populations.  Only 105 individuals were observed 

along the Kona Coast of Hawai‘i during a 15 year period of intensive survey effort, 

indicating a small population size that cannot support heavy fishing pressure.  However, 

large marine reserves spanning tens of km and including critical foraging areas and 

cleaning stations would provide effective protection for a subset of the population.  While 

no impact was detected on manta populations due to ecotourism in Hawai‘i, continued 

enforcement of rules protecting mantas should be encouraged, including the policy of not 

touching or interfering with the movements of mantas.  Additionally, consideration 

should be given to protecting cleaning stations due to the high fidelity to these sites, the 

ease of disturbing mantas at the site, and the lack of alternative cleaning stations for 
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mantas to use if disturbed.  Mantas have probably stirred the waters of Hawaii for 

millions of years, and if given modest measures of protection at critical habitats, will 

continue to contribute a unique component to Hawaiian biodiversity. 
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