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Executive Summary 

Biological inventories were conducted on 20 islets offshore 7 of the main Hawaiian Islands: 

Niôihau (Lehua), Kauaôi (Mokuôaeôae), Oôahu (Mokoliôi, Kapapa, KǕohikaipu, MǕnana), Maui 

(Mokeôehia, Moku mana, Mokuhuki, Mokupipi, Puôuku, óǔlau) LanǕôi (Poôopoôo, Puôu pehe, 

Kiôei), Molokaôi (Moku manu, Mokuhoôoniki, KanahǕ), and Kahoôolawe (Puôu koaôe, óǔleôale). 

Our primary focus was to complete baseline arthropod surveys, but due to the expense and 

difficulty of accessing many of the islets, we took the opportunity to conduct seabird and plant 

surveys as well. All arthropods were collected and taken to Bishop Museum for identification 

and curation while plant and seabird identifications were made in the field. 

 

The offshore islets surveyed are important sanctuaries for at least three species of seabird and 

provide critical habitat for many native plant species. Of the 129 total plant species found during 

our survey, 32 were endemic to Hawaiôi and 25 were indigenous including nine species listed as 

endangered or species of concern. In general, KǕohikaipu, Moku mana, Mokuhoôoniki, KanahǕ, 

Puôu koaôe, and óǔleôale represent the islets with the most intact, diverse, or unique native flora. 

The arthropod community, however, appears to have been decimated on all of the islets. Of the 

155 total arthropod species collected, only 15 were native. KǕohikaipu, with four endemic and 

two indigenous arthropod species, had the highest native diversity, but no natives were found on 

the majority of islets surveyed. 

 

The islets varied dramatically in size, topography, height, rainfall, isolation, and accessibility, but 

all were threatened by invasive species. Introduced weeds were ubiquitous and ten of these are of 

particular concern because they are known to be invasive. Some islets are already dominated by 

these noxious species. For example, on three islets (MǕnana, Poôopoôo and Puôu pehe) the 

invasive grass Cenchrus ciliaris forms an almost complete monoculture at the exclusion of 

native taxa. Other islets have incipient weed populations that will follow a similar path if left 

untreated. Introduced ants are also a widespread problem. Some of the particularly aggressive 

species have undoubtedly played a role in the demise of native arthropod populations. They may 

also affect the plant community and disrupt entire colonies of nesting seabirds. Humans can also 

be seen as a major threat as visitors trample weeds, crush burrows, and introduce new pest 

species. 

 

Fortunately, the small size and discrete boundaries of the offshore islets makes eradication and 

restoration feasible management options and their relative isolation helps prevent re-invasion. A 

restoration program coupled with education and community involvement will help safeguard 

remaining native populations and restore those that have been degraded. 
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1. Introduction 

The Hawaiian Archipelago comprises seven main islands, at least 44 offshore islets and a chain 

of islands to the northwest. The offshore islets, which are uninhabited and mostly located within 

10 km of the coast of the main Hawaiian Islands, act as preserves for species and ecosystems that 

have been lost or are disappearing from the main islands.  

 

Hawaiiôs biota of ca. 25,000 species evolved in isolation from many of the predators, herbivores, 

diseases, and other biological factors prevalent on continents. The introduction during historical 

times of goats, pigs, rabbits, and rats, as well as insect pests and weeds have led to dramatic 

losses of Hawaiôiôs native biota. Although Hawaiôi has only 0.2% of the land area of the U.S., 

approximately 75% of the species historically documented to have gone extinct in the U.S., and 

ca. 33% of the nationôs endangered species are endemic to Hawaiôi. This same extinction process 

is underway on the offshore islets, which harbor a wealth of native species highly susceptible to 

extinction because of small population size. Although this makes the conservation needs of the 

offshore islets particularly acute, the small sizes of these islets and their geographic isolation 

makes it feasible to eliminate destructive alien species and to restore and maintain native 

ecosystems. Restoration of the offshore islets is among the highest and most readily achievable 

conservation priorities in Hawaiôi.  

 

The Offshore Islet Restoration Committee (OIRC) is a multiagency group dedicated to 

conducting biological surveys and restoration on Hawaiôiôs offshore islets. The OIRC has 

completed a preliminary assessment of the biological value, threats and restoration needs of 

offshore islets based on limited data. Our goal was to aid the efforts of the OIRC by developing a 

comprehensive information system and conducting field surveys to document the biota of 

offshore Hawaiian islets. This information will prioritize, guide and inform restoration efforts. 

We compiled a comprehensive literature database and checklist of the biota found on each islet, 

which can be accessed via the Offshore Islet Project website at: 

http://hbs.bishopmuseum.org/offshoreislets/. The following report documents the results of our 

biological surveys along with restoration recommendations. 

 

2. Methods 

Each of Hawaiôiôs offshore islets was evaluated and ranked by the following properties: gaps in 

baseline data, islet size, plant diversity and ease of access. Members of the OIRC were then 

consulted and 20 islets were prioritized for biological surveys (Table 1). 

 

The largest information gap existed for arthropods, so arthropod surveys were our primary focus. 

However, visits to the offshore islets are infrequent because access is typically difficult and 

costly, so every effort was made to completely document the flora and fauna on each visit. The 

basic methods are described below, but adaptations for each islet were necessary due to a variety 

of logistical constraints including permit restrictions (time on islet, number of assistants), 

topography, size, weather and time of year. Adjusted methods are detailed in each islet account. 

 

Status codes for organisms are as follows: nat = naturalized, ind = indigenous, end = endemic, E 

= endangered, and SOC = species of concern.  
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2.1 Plants 

Botanical surveys were completed as time allowed. For complete surveys we ran rough transects 

throughout the islet to document all plant species and note their abundance. For partial surveys, 

the majority of the islet was searched, but some sections were omitted, such as vegetation on 

steep cliffs. When time was extremely limited, plants were surveyed opportunistically during the 

arthropod survey. In these cases, notes on the vegetation only reflect the areas covered during the 

arthropod survey. Plant abundance is reported as either rare (typically less than 5-6 plants), 

occasional (scattered individuals or patches, nowhere really abundant) or common (widespread 

throughout the islet, dominant in part of the islet). 

 

2.2 Seabirds 

The extent of the seabird surveys was dependant on species, breeding season, time on the islet 

and accessibility of nest sites. For wedge-tailed shearwaters, a full census was conducted on 

small islets during the breeding season (mid March-mid November). On large islets, a subsample 

of burrows was counted and the number was extrapolated to nesting habitat on the island. Other 

seabird species were surveyed opportunistically during our visits. 

 

2.3 Arthropods 

To document arthropod diversity on the islet, we used a variety of collecting methods. We 

established one or more transects oriented to cover the highest habitat diversity on the islet. We 

established sampling points every 10 meters along the length of the transect and at each point 

used the following techniques: 

 

1. Pitfall trap ï to collect organisms walking along the ground we dug small Solo® brand cups 

into the soil so they were flush with the ground, or when this was not possible, buried the 

cups under rocks. Cups were filled water and a surfactant, baited with blue cheese, and left 

out for 24-48 hours. Arthropods attracted to the traps drowned and were collected. 

 

2. Pan trap ï to collect flying organisms we secured yellow Solo® brand bowls to the ground in 

open areas, filled them with water and surfactant and left them out for 24-48 hours. 

Arthropods attracted to the traps drowned and were collected. 

 

3. Ant cards ï Because ants are considered problematic as invaders, we specifically searched 

for them. We applied 3 baits (peanut butter, honey, and spam) to a 3"x 5" index card and 

placed the majority of the card inside a Ziploc ® brand sandwich bag. Cards were placed in a 

shaded area closest to each sampling point and collected after 1 hour. Ant cards are fairly 

time consuming, so we only able to use this technique on a few islets. However, we did not 

find any species on the ant cards that were not collected using our standard techniques (traps, 

ground search, litter sifting, sweep net) 

 

4. Sweep net ï we walked the length of the transect swinging a net to collect organisms.  
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5. Ground search ï we walked the length of the transect and searched under rocks and along the 

ground for organisms. 

 

We supplemented the transect collections with general collecting and host searching to document 

any host-specific organisms. For each plant species, we selected 3-5 individual plants to sweep. 

We then visually inspected the plants for insects and related arthropods, searching the leaves and 

stems down to the base of the plant, and then sifted the leaf litter around each plant. Because 

many insects are nocturnal and remain hidden during the day, we collected at night when 

possible. We used headlamps for light and employed the same techniques at night as during the 

day.  

 

In the lab, the collected specimens were sorted to separate each morphologically similar form 

(usually species), and representative specimens of each ñmorpho-speciesò were appropriately 

mounted, labeled, and curated for identification. Larger insects were mounted on pins and stored 

dry. Soft-bodied groups were collected and remain in 95% ethanol, while the smaller species 

were mounted on slides to be identified and preserved. Each morpho-species was identified as 

far as practical and sent to experts if possible. Some species could not be named either because 

they were new to science or because there was no qualified taxonomic authority to identify them. 

Names and status follow (Nishida 2002). 
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Table 1. Islets surveyed for this project. 

Islet Trip date(s) 

Surveys 

conducted 

Time on islet 

(including trap time)  

Niôihau 

Lehua 3-4 May 2007 Arthropod 27 hours 

Kauaôi 

Mokuôaeôae 10-11 September 2007 Plant, seabird, 

arthropod 

27 hours 

Oôahu 

Kapapa 29 April 2007, 20-21 October 2007   Plant, seabird, 

arthropod 

31 hours 

KǕohikaipu 28 March 2007, 1-2  December 2007   Plant, seabird, 

arthropod 

32 hours 

MǕnana 9-11 February 2008  Plant, seabird, 

arthropod 

52 hours 

Mokoliôi 12 May 2007, 14-16 October 2007   Plant, seabird, 

arthropod 

53 hours 

Maui 

óǔlau 19 February 2008 Plant, seabird, 

arthropod 

8 hours 

Mokeôehia 25-26 October 2007  Plant, seabird, 

arthropod 

24 hours 

Mokuhuki  20 February 2008 Plant, seabird, 

arthropod 

4 hours 

Moku mana 1 November 2007 Plant, seabird, 

arthropod 

5 hours 

Mokupipi  26 October 2007 Plant, seabird, 

arthropod 

4 hours 

Puôuku 27 October 2007 Plant, seabird, 

arthropod 

3 hours 

Lanaôi 

Kiôei 3 November 2007 Plant, seabird, 

arthropod 

4 hours 

Poôopoôo 1-2 November 2007  Plant, seabird, 

arthropod 

24 hours 

Puôu pehe 2 November 2007  Plant, seabird, 

arthropod 

4 hours 

Molokaôi 

KanahǕ 16 February 2008 Plant, seabird, 

arthropod 

4 hours 

Mokuhoôoniki 15-16 February 2008  Plant, seabird, 

arthropod 

25 hours 

Moku manu 16 February 2008 Plant, seabird 0.25 hours 

Kahoôolawe 

óǔleôale 26 March 2008 Plant, seabird, 

arthropod 

4 hours 

Puôu koaôe 26 March 2008 Plant, seabird, 

arthropod 

6 hours 
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3. Results and Discussion 

Biological surveys were conducted on 20 offshore islets around 7 major islands (Table 1). More 

effort was focused on Oôahu islets, which are easily accessible and larger islets where we were 

permitted to overnight.  Our trip to Lehua, Niôihau was cut short due to inclement weather. This 

left us with an insufficient amount of time to survey the plant and seabird populations on the 

island. Because several reports documenting the plant and bird life of Lehua already exist (see 

(Wood et al. 2004; VanderWerf et al. 2007), we omitted a full trip account and appended the 

arthropod list to this document. For Moku manu, Molokaôi, our helicopter pilot was unable to 

find a safe landing area, so we were only able to conduct an aerial survey. 

 

3.1 Plants 

Plant surveys were conducted on 19 islets (all but Lehua). We were unable to perform full 

surveys on all islets and, as a result, likely overlooked several rare or patchy species. The 

following summary is based solely on our findings. Across all islets we detected a total of 72 

non-native species and 57 native species, of which 32 were endemic to Hawaiôi and 25 were 

indigenous (Table 2). Twenty-four of these were new islet records. Looking at abundance 

patterns of native compared to non-native species yields a slightly different pattern. Of the 47 

species we listed as occurring commonly on an islet, 22 were non-native, 12 were endemic and 

13 were indigenous. Of the 78 rare species, 44 were non-native, 18 were endemic and 16 were 

indigenous. Mokoliôi is a unique island in that it has high plant diversity with the majority of 

plants not occurring on other islets. Of all 129 species found on the islets, 14% were found only 

on Mokoliôi. Omitting the data from Mokoliôi shows that both the number and abundance of 

native and non-native plant species are fairly balanced on the offshore islets (Table 2).  

 
Table 2. Total number of plant species and occurrence on the offshore islets.  

All 19 islets  

Native species Non-native 

species 
Total 

species Endemic Indigenous 

Total across islets 32 25 72 129 

Common 

occurrence 12 13 22 47 

Rare occurrence 18 16 44 78 

Mokoli'i omitted      

Total across islets 31 24 56 111 

Common 

occurrence 11 12 15 38 

Rare occurrence 17 15 33 65 
  

The islets surveyed differ dramatically in terms of topography, rainfall, exposure to salt spray, 

and adjacent shore conditions, but in general, smaller islets had lower plant diversity than larger 

islets (Table 3). MǕnana and Mokuhuki are two notable exceptions. Mokuhuki, measuring a 

mere 0.1 hectares, had 25 plant species, resulting in a plant species index of 83.3 species per 

acre. This is by far the highest number of species per acre of all the islets surveyed. At 27.1 

hectares MǕnana was the largest islet in our survey, yet only 26 plant species were found 

compared to 27 and 28 species on nearby Kapapa and KǕohikaipu respectively, islets less than a 
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sixth the size of MǕnana. Low plant diversity may be attributed to harsh growing conditions, as 

is the case on Kiôei and Mokupipi, or invasion by aggressive non-native species. For example, 

the invasive grass Cenchrus ciliaris dominates the vegetation on Puôu pehe, Poôopoôo, and 

MǕnana. Other species have been extirpated or are only able to persist in small numbers along 

exposed areas of these islets. 

 

The islets support populations of several notable natives including five federally endangered 

species: Ischaemum byrone, Kanaloa kahoolawensis, Scaevola coriacea, Sesbania tomentosa, 

Panicum fauriei var. carteri and four species listed by the State as Species of Concern: Bidens 

hillebrandiana subsp. Polycephala, Bidens mauiensis, Capparis sandwichiana, Lepidium 

bidentatum var. o-waihiense and Portulaca molokiniensis. However, the islets also host several 

invasive plants species which are currently threatening or have already decimated native plant 

populations. The most insidious species include Cenchrus ciliaris, Cenchrus echinatus, Setaria 

verticillata, Pluchea spp., Casuarina equisetifolia, Schinus terebinthifolius, Lantana camara, 

Portulaca oleracea and Verbesina encelioides. Recommendations for management of non-native 

plant species are included in section 4.1 below. 
 

Table 3. Plant diversity on 19 offshore islets with adjustment for islet size. Plant index = plant diversity / 

island size.  

 Island  Islet 

Island 

size (ha) 

Plant 

diversity 

Plant 

index 

 Maui  Mokuhuki 0.1 25 83.3 

 Maui  Mokupipi 0.4 9 10.0 

 Lanaôi  Kiôei 0.4 9 9.0 

 Maui  Moku mana 0.6 18 12.9 

 Maui  Puôuku 0.6 16 10.7 

 Lanaôi  Puôupehe 0.6 6 3.8 

 Molokaôi  KanahǕ 0.8 13 6.5 

 Lanaôi  Poôopoôo 0.8 8 3.8 

 Molokaôi  Moku manu 0.9 17 7.4 

 Kauaôi  Mokuôaeôae 1.2 6 2.0 

 Kahoôolawe  óǔleôale 1.2 21 7.0 

 Maui  óǔlau 2.0 19 3.8 

 Maui  Mokeôehia 3.4 13 1.5 

 Oôahu  Kapapa 3.8 27 2.8 

 Oôahu  KǕohikaipu 4.5 28 2.5 

Oôahu  Mokoliôi 5.1 51 4.1 

 Molokaôi 

 

Mokuhoôoniki 5.7 23 1.6 

 Kahoôolawe  Puôu koaôe 6.9 18 1.1 

 Oôahu  MǕnana 27.1 26 0.4 
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3.2 Seabirds 

We found evidence of three species of nesting seabird across the 19 islets surveyed (all but 

Lehua). More species likely nest on these islets but were missed because of small populations 

and cryptic nesting habits or because we visited outside the breeding season. For example, sooty 

terns and brown noddies nest in large numbers on MǕnana, but our survey fell outside of their 

summer nesting season to avoid disturbance. Wedge-tailed shearwaters were the most common 

nesting species and were found on all but three islets: Mokuhuki, Puôuku (where there were 

recently abandoned burrows), and Moku manu where we could not confirm nesting during our 

aerial survey. The largest colonies were found on MǕnana and Mokeôehia. Nesting by Bulwerôs 

petrels was detected on five islets: Mokupipi, Puôu pehe, Mokuôaeôae, óǔleôale, and Puôu koaôe. 

Bulwerôs petrels typically nest in small, inaccessible crevices and are difficult to document. The 

easiest way to detect them is by imitating their call early in the breeding season (ca.  

mid May to mid July). We were unable to conduct surveys during this time of year and our 

accounts are based on observations of depredated fledglings and abandoned eggs. Mokuôaeôae, 

KǕohikaipu, and Puôu pehe appear to have the largest colonies, but there has been no attempt to 

document population size. Red-tailed tropicbirds were nesting in small numbers on MǕnana, 

Mokuhoôoniki, Moku manu, Mokuôaeôae and Puôu koaôe. Their nesting season is protracted and 

varies among islands, so it is likely they nest on additional islets as well.  
 

Offshore islets represent the bulk of seabird nesting habitat in the main Hawaiian Islands and it 

should therefore be a priority to assess baseline status on all islets (where possible) using species 

specific surveys. Once this is accomplished, a long-term monitoring program should be 

established to enable detection of population fluctuations. Monitoring is an especially useful tool 

for detecting new threats at specific sites or at-sea factors affecting seabird nesting success. On 

Mokuôauia and Mokoliôi islets on Oôahu, crashes in the shearwater populations led to the 

detection of destructive rats and ants. Methods should be standardized across all islands by 

conducting surveys at the same time of year and using the same plot size and type. Census efforts 

on small islets may be feasible, but on large islands, monitoring plots are less destructive and 

more time efficient. Distribution of some species such as Bulwerôs petrels has been poorly 

documented due to the inaccessibility of their nest sites. Confirmation of nesting and estimates of 

breeding population can be assessed using call-back surveys early in the breeding season (May-

July). Monitoring of this species is valuable because they are highly sensitive to threats such as 

rodents, ants and human disturbance and can therefore be used as an indicator species. 

 

3.3 Arthropods 

We conducted arthropod surveys on 19 offshore islets (all but Moku manu) and found a total of 

155 species constituting 284 new islet records. A very small fraction of these species was native: 

4 were indigenous and 11 were endemic. However, we were unable to identify all the material 

collected during our surveys and some of the indeterminate species may be native.  

 

Some of the natives collected represent important finds. For example Odynerus spp. were 

discovered on KanahǕ, Mokuhoôoniki and óǔlau. Odynerus spp. are typically hunting wasps that 

catch native caterpillars and place them in a hollow twig or mud "pot" inside a twig, branch, or 

under a leaf. The wasp then lays an egg onto the caterpillar and their larvae then parasitizes the 

caterpillar. Competition from non-native wasps as well as parasites that attack the Odynerus 
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larvae and pupae have cause them to crash and many species have gone extinct or have become 

very rare.  

 

It is impossible to know how many native arthropods were originally present or how many have 

become extinct, but it appears that native arthropod populations have been decimated on all the 

offshore islets we surveyed. Although low population levels or seasonal absence may be partial 

explanations, these trends are likely due to competitive displacement or predation by alien 

arthropods, incursion of weeds and other perturbations including climatic change. Of the 

introduced arthropods, ants represent the greatest threat to offshore islet ecosystems. Ant species 

were detected on all of the offshore islets (except óǔleôale) for a total of 16 different species. 

Three of these are of particular concern (fire ant, big-headed ant, and long-legged ant) and are 

discussed in section 4.2 below. 

 

The relatively short time spent surveying the offshore islets limited our ability to conduct a 

comprehensive inventory of all the invertebrates that may occur there. If future collecting 

opportunities exist, it would be ideal to make several trips to each islet at different times of the 

year to take into account changes in rainfall, shifts in vegetation composition and other discrete 

seasonal changes over time. Many of these changes are not readily apparent and how they affect 

the invertebrate species composition is poorly understood. Additional focus should be placed on 

offshore islets that have permanent or semi-permanent wet spots (i.e., Lehua) as they are known 

to attract a diversity of species.  

 

4. Threats and Remediation Strategies 

Following is a general overview of the threats and recommended solutions common across 

multiple islets. Recommendations specific to each islet are included after each islet account.  

 

4.1 Plants 

Most introduced plant species have not significantly affected the ecological equilibrium of the 

offshore islets. However, some species have invaded large areas and/or appear to be adversely 

affecting the long-term survival of native species, the integrity or sustainability of natural 

communities, or genetic variation within indigenous species on one or more islets. The most 

damaging weeds are ones causing drastic habitat changes on the island by forming monospecific 

stands, shading out or otherwise replacing native vegetation communities, or preventing seedling 

regeneration by forming impenetrable carpets. Many of these plants die off in the dry season, 

leaving barren, exposed soil, which may lead to erosion, and collapse of seabird burrows.  

 

Invasive plants may further affect seabird productivity by reducing habitat for ground- and 

burrow-nesting seabird species. Many problem weeds are annuals and as a result, birds nesting 

late in the year may dig burrows under a dense canopy of non-native vegetation only to have it 

die-off months later leaving chicks exposed. The opposite is true of birds nesting early in the 

year. Species that nest in short, sparse weed fields are disrupted as the vegetation grows tall and 

dense around them. 
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In addition, invasive plants may affect terrestrial arthropods by displacing native vegetation that 

provides critical habitat. However, a lack of baseline data on invertebrate populations makes it 

impossible to fully understand the effects. Some non-native plants host introduced ants and scale 

and appear to be sustaining unnaturally large populations of these noxious species, which in turn 

negatively impacts native plant, bird, and arthropod communities. 

 

The best strategy for dealing with invasive species is to prevent their introduction altogether. 

Quarantine protocols should be established for the all islets closed to public access, especially 

those with intact vegetation communities such as Mokuhoôoniki and KanahǕ. Basic measures 

such as cleaning all gear and clothing can go a long way in preventing the dispersal of weedy 

species. Other precautions such as avoiding use of vegetated landing zones for helicopter 

operations and limiting transfer between islets should also be considered.  

 

Quarantine efforts can slow, but not stop introductions. Therefore, a monitoring program must be 

incorporated to detect new invasions before they have a chance to become widely established. 

Early detection and rapid actions are the keys to successful, cost-effective eradication of new 

invasives that evade these controls. Searching for incipient invasives is of paramount importance 

on islets visited infrequently as an overlooked patch of weeds may have years to spread before a 

repeat visit. 

 

Eradication is the most appropriate management tool for dealing with noxious weeds on the 

offshore islets. Eradication is typically more environmentally sound than long-term control, 

which may involve the perpetual use of toxins and can entail more environmental risks than a 

brief eradication campaign. Furthermore, control efforts may be negated by a lapse in funding 

and will be more costly in the long run. Eradication is a cost-effective, long-term solution. 

 

Priority should be given to islets with incipient weed populations that are known to be invasive 

(i.e., Mokuhoôoniki and Moku mana) followed by islets with rare species or fairly intact native 

plant communities (i.e., Mokuhoôoniki, KanahǕ, KǕohikaipu, Kapapa, Moku mana, óǔleôale and 

Puôu koaôe). If left untreated, invasive weeds will undoubtedly spread at the expense of native 

taxa. Other islets that have been highly degraded, such as Poôopoôo, Puôu pehe, Mokoliôi and 

MǕnana, will require a more intense restoration campaign that will necessitate good planning, 

adequate techniques and sustained effort. 

 

4.2 Invertebrates 

Despite the isletsô relative isolation, many of the organisms that threaten native communities on 

the main Hawaiian Islands are also threats on the offshore islets. In addition to invasive weeds, 

countless arthropod species have been inadvertently or intentionally introduced, or found their 

way to the islets over the years. Arthropods have received relatively little attention in the past 

and there have been few surveys and no studies on the ecological effects of these introductions. 

However, introduced arthropods have been observed biting nesting seabirds, damaging native 

plant species, and have likely played a major role in decimating native arthropod populations 

 

Of the introduced arthropod species, ants have the ability to cause the most damage to entire islet 

ecosystems. Ants are voracious predators and are thought to be the most prevalent threat to 
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native invertebrates anywhere in Hawaiôi. A total of 16 species were found during our surveys, 

including the highly invasive big-headed ant (Pheidole megacephala), fire ant (Solenopsis 

geminata), and long-legged ant (Anoplolepis gracilipes). These and other ant species are known 

to exclude or prey upon native arthropods, damage plant communities by forming symbiotic 

relationships with scale insects and aphids (order Homoptera), and some hamper seabird 

reproduction or even kill chicks and adult birds. Fire ants are known to negatively affect nesting 

wedge-tailed shearwaters on Oôahuôs offshore islands (Plentovich  et al. 2008) and big-headed 

ants have been seen harassing red-tailed tropicbirds, sooty and grey-backed terns, bonin petrels, 

and wedge-tailed shearwaters (H.Eijzenga, pers. obsv.).  

 

However, the largest and most destructive species is the long-legged ant, a relatively new 

problem to the offshore islands. Long-legged ants are known to alter entire ecosystems, disrupt 

bird nesting, displace entire seabird colonies, and directly and indirectly kill hatching or newly 

hatched bird chicks (O'Dowd et al. 2003; H. Eijzenga, pers. obsv.). The species was introduced 

to Hawaiôi in 1952 (Reimer et al. 1990) and is currently found on four offshore islets: Mokoliôi, 

Mokuôauia, MǕnana, and Puôuku. On Mokoliôi the ants have reduced Wedge-tailed shearwater 

nesting success to zero, have recently invaded Mokuôauia causing a precipitous decline in 

shearwater nesting success and are increasing their range on MǕnana, one of the most important 

seabird sanctuaries in the state. Their effects on Puôuku are harder to document because no 

seabird surveys were conducted before their introduction. However, recently abandoned burrows 

indicate that seabirds are attempting to nest, but being driven away. Long-legged ants form 

polygynous (multi-queened) super-colonies, in which workers occur at extremely high densities 

(O'Dowd et al. 2003; Abbott 2005). The impact of these ants stretches beyond their threat to 

seabirds. Restoration efforts in other areas in Hawaiôi have been hampered by long-legged ants 

(N. Hoffman, pers. comm.), which have a mutually beneficial relationship with certain insects 

(Homoptera). These insects are tended and defended by these ants in exchange for their sugary 

excretions (honey dew), and as a result plants are weakened by these insects and often are further 

weakened by growth of sooty molds, which cover leaves and inhibit photosynthesis. Long-

legged ants are also aggressive foragers in the inter-tidal area. On Christmas Island, entire 

ecosystems were disrupted when long-legged ants decimated endemic land crab populations 

(O'Dowd et al. 2003). 

 

Although both fire ants and big-headed ants can be easily eradicated with commercial baits, there 

is currently no bait effective for the eradication of long-legged ants. As part of this project we 

have been working with the Department of Land and Natural Resources, Division of Forestry 

and Wildlife to study the ecology of this species and to test the effectiveness of trial baits. 

Although progress has been made, eradication attempts have not yet been successful. As a result 

we highly recommend postponing any eradication plans for the less destructive big-headed or 

fire ants. Once established, these aggressive ants will greatly reduce the chances of colonization 

by long-legged ants. We also recommend thoroughly searching gear and clothing for ants before 

visiting any offshore islets (the most common method of dispersal) and a regular ant monitoring 

program to detect and eradicate noxious species before they become problematic.  
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4.3 Mammals 

No mammals were found on any of the islets surveyed. However, mice (Mus musculus) have 

been recorded on MǕnana, and some isletsô proximity to shore (especially Puôuku and óĄleôale) 

make them vulnerable to invasion by mammalian predators. Monitoring of seabird nesting 

success and periodic rodent trapping will help detect problems at an early stage and allow for 

rapid response. 

 

4.4 Owls 

Seabirds, especially small species like Bulwerôs petrels, have been routinely killed by owls on 

several of the offshore islets. Many questions need to be addressed to fully understand the extent 

of the problem and to consider possible solutions. Mokuôaeôaeôs proximity to Kilauea Point 

National Wildlife Refuge (KPNWR) makes it an ideal site for researching owl predation. Not 

only can the islet be monitored from the point, but KPNWR has access to monitoring equipment 

such as night vision binoculars and a large volunteer base to assist with the project. Two main 

questions need to be addressed: which species of owl is the problem and what effect is predation 

having on seabird populations. There are only two owls in Hawaiôi, the native Short-eared owl 

(Asio flammeus sandwichensis) and the introduced Barn owl (Tyto alba). The larger Barn owl is 

the most likely culprit and if this can be confirmed, owl control is an option. Before embarking 

on an owl control program, it is important to fully understand the effects of predation on seabird 

populations. For example, 20-30 owl-killed Bulwerôs have been found on Mokuôaeôae during 

multiple visits, but there has been no attempt to confirm that they are nesting on the islet let 

alone document the number of nesting petrels. The age of depredated birds can also be an 

important factor to consider. During our surveys for this project, the majority of dead Bulwerôs 

petrels were identified as fledglings; indicating that owls may be targeting the islets during 

fledging season when young birds are easy to catch. 

 

4.5 Anthropogenic disturbance 

Anthropogenic disturbance is a major problem on Oôahu islets, which have easy access and 

receive high visitation rates. Visitors threaten the islets directly by crushing seabird burrows and 

trampling vegetation and indirectly by introducing non-native species and leaving trash, which 

can create entanglement hazards. Additionally, many seabird species are sensitive to human 

activities and will not nest where humans are present. Education and community support are the 

key tools to remedy these problems, but should also be supplemented with increased monitoring 

and enforcement. 
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6. KAUAôI : Mokuôaeôae Islet  

 
 

LOCATION  

Mokuôaeôae is Kauaôiôs only offshore islet. It is located on the northeastern part of Kauaôi just 

north of Kilauea Point at 22º14'5" N latitude, 159º24' 11" W longitude. 

 

STATUS 

Mokuôaeôae is part of the Hawaiôi State Seabird Sanctuary, protected by the Hawaiôi Department 

of Land and Natural Resources (DLNR). Permission to land must be obtained in writing from 

DLNR. 

 

PHYSICAL DESCRIPTION  

Mokuôaeôae is only 1.3 hectares in size including the surrounding basalt bench and reaches 31.7 

meters at its highest point. The top of Mokuôaeôae gently slopes to the southeast with steep cliffs 

on the north and west sides. Flat, rocky shelves surround the base of the islet and include 

abundant tide pools. 

 

ACCESS 

Heather Eijzenga (Bishop Museum), Heather Laederich (Bishop Museum), Brenda Zaun 

(USFWS), and Leah Webb (USFWS) visited the islet from 10 September 2007 at 0900 to 11 

September 2007 at 1200. The islet was accessed by kayak from the southwestern corner of the 
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surrounding basalt bench. This was relatively easy with a northeastern swell of 0.6-1.2 meters. 

However, leaving was much more difficult with an increased swell of 1.5-2.1 meters. from both 

the northwest and northeast. Accessing the islet by kayak under these conditions or worse is 

tricky and potentially dangerous.  

 

VEGETATION  

Methods and general description 

A botanical inventory was conducted by walking rough transects around the entire islet. Our visit 

coincided with a drought period and there was little vegetation. The summit area was 

predominantly bare with occasional patches of stunted Chenopodium oahuense and Boerhavia 

coccinea, while the slopes were dominated by Sesuvium portulacastrum. Small patches of 

Portulaca lutea were interspersed in the Sesuvium. Plant cover was approximately 35% with 6 

plant species total: 3 non-native and 3 indigenous. Seven species found during the most recent 

botanical survey in June 2002 (Wood and Boynton 2002) were not detected during this trip: 

Sonchus oleraceus, Chamaesyce celastroides var. stokesii, Sida fallax, Lycium sandwicense, 

Cynodon dactylon, Digitaria ciliaris, and Eleusine indica (likely a result of drought conditions). 

We did, however, discover a new islet record, the non-native herb Boerhavia coccinea. 

 

Checklist of Vascular plants with notes 

Angiosperms-Dicots 

Aizoaceae 

Sesuvium portulacastrum (óakulikuli), ind. 

Common, abundant on the slopes and lower shelves of the islet; flowering. 

 

Chenopodiaceae  

Chenopodium oahuense (aweoweo), ind. 

Common, plants mostly located on the summit and upper slopes, some were defoliated due to 

drought; fruiting. 

 

Nyctaginaceae 

Boerhavia coccinea, nat. 

Occasional, patches primarily confined to the summit area and upper slopes; flowering. New 

islet record. B. coccinea has recently become widespread at Kilauea Point (Brenda Zaun pers. 

Comm.). Its sticky seeds are easily dispersed by birds. 

 

Portulacaeae 

Portulaca lutea (óihi), ind. 

Occasional, large patches mixed with S. portulacastrum on the lower shelves and a few plants 

found on upper slopes; flowering. 
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Portulaca oleracea (pigweed), nat. 

Occasional, primarily found on the summit and upper slopes, but also found growing near P. 

lutea with which it could potentially hybridize. 

 

Angiosperms-Monocots 

Poaceae 

Digitaria insularis (sourgrass), nat. 

Rare, one cluster of six plants on the lower shelves of the northwest section of the islet. 

 

SEABIRDS 

Methods and general description 

Brenda and Leah searched the entire islet for evidence of nesting seabirds and conducted a 

Wedge-tailed shearwater census on the summit area of the island. Additionally, they used night 

vision goggles to search for nocturnal species, such as Newellôs shearwaters and Bulwerôs 

petrels. Only two seabird species were found nesting on the islet, wedge-tailed shearwaters and 

red-tailed tropicbirds. Although big-headed ants were abundant on the islet, there was no 

evidence that they were negatively affecting nesting seabirds. No nocturnal species were seen or 

heard, however 20 fresh Bulwerôs petrel carcasses were discovered. In the past, Mokuôaeôae 

supported a large colony of nesting red-footed boobies (Tomich 1986) and Laysan albatross 

(Phoebastria immutabilis) have unsuccessfully attempted to nest on the island (Byrd and Telfer 

1977).  

 

Checklist of Seabirds with notes 

Fregatidae 

Fregata minor (Great frigatebird), ind. 

Great frigatebirds flew over the islet throughout the day and in the evening roosted on the 

summit as well as on rocks around the periphery of the island. Thirty-five individuals were 

counted at 0530 on 11 September 2007; however, some had likely departed earlier.   

 

Phaethontidae 

Phaethon rubricauda (Red-tailed tropicbird), ind. 

Two Red-tailed tropicbird nests were found, one containing a 6-week-old chick and the other a 9 

to 11-week old chick. Both were banded.  Two to four adults were seen flying over the island, 

but none were found on the ground or with the chicks.   

 

Procellaridae 

Bulweria bulweri (Bulwerôs petrel), ind. 

No Bulwerôs petrels were seen (using night vision goggles), but it was the end of the breeding 

season when adult visits are infrequent. We did, however, collect and remove 20 Bulwerôs 

carcasses from the entire islet. Characteristic of owl kills, the head and breast of each individual 
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had been removed, leaving a pair of intact wings. Owl predation of Bulwerôs petrels has been 

recorded on past visits to Mokuôaeôae. In August 2005, 24 Bulwerôs petrel carcasses were found 

and removed (Zaun 2005). Similarly, 26 Bulwerôs carcasses were found primarily on the eastern 

and southern slopes of the islet during a survey in September 1984 (Moriarty et al. 1986). 

Although nesting by Bulwerôs has never been confirmed on Mokuôaeôae, the owl kills are strong 

evidence of breeding activity. 

 

Puffinus auricularis newelli (Newellôs shearwater), end. E. 

From 1978-1980, 67 Newellôs eggs were transported to Mokuôaeôae and nearby Kilauea Point as 

part of a cross-fostering experiment with wedge-tailed shearwaters (Byrd et al. 1984). Sixty-

seven of the chicks fledged and in 1997 the first Newellôs pair was found nesting at Kilauea 

Point. Since then a small number of birds have nested at Kilauea Point (B. Zaun pers. comm.). A 

special effort was made to search for Newellôs shearwaters on or around Mokuôaeôae, but no 

birds were seen or heard.  

 

Puffinus pacificus (Wedge-tailed shearwater), ind. 

Brenda and Leah conducted a Wedge-tailed shearwater survey on the summit of the island only.  

They located 91 active nests with chicks and banded 42 of them. There were an estimated total of 

300-400 shearwater adults on the islet during a morning survey. Many of the artificial burrows 

created for nesting seabirds (PVC and cinder blocks) were utilized.  Several shearwater eggs had 

been depredated, presumably by avian nest predators, but the eggs may have been abandoned 

prior to predation.   

 

Sulidae 

Sula sula (Red-footed booby), ind. 

Several adults and immature birds flew around the islet throughout the day. Although a large 

number of birds nest at nearby Kilauea Point, no birds were nesting or roosting on Mokuôaeôae. 

 

Sula leucogaster (Brown booby), ind. 

At least one Brown booby roosted on the island. Several adults were seen flying around the islet 

throughout the day including one bird fishing near the islet.  

 

OTHER BIRDS 

A family group of three nene, Branta sandvicensis, (B. Zaun identified by bands) visited the islet 

during the evening. 

 

ARTHROPODS 

Methods and general description 

To document arthropod diversity on the islet, we used a variety of collecting methods. We 

established a transect that ran along an elevation gradient from the intertidal zone up to and 
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across the summit. It was oriented to cover the highest habitat diversity on the islet. We 

established sampling points every 10 meters along the length of the transect and at each point we 

used the following techniques: pitfall trap, pan trap, ant cards, sweep nets, host search and 

ground search. Traps were collected after 24 hours. Additionally, we employed the same 

methods on any plant species or habitat not included in our transect and performed two hours of 

night collection.  

 

Arthropods were abundant despite the lack of vegetation. Big-headed ants were found 

throughout the islet in high numbers with several colonies found in the fleshy roots of B. 

coccinea. Cockroaches were also caught in high numbers and were especially abundant in the 

rocky southwest section of the islet. Several moths, crickets, earwigs, and spiders were collected 

around the summit at night. 

 

Checklist of Arthropods  

ARANEAE 

Clubionidae  

Cheiracanthium mordax (pale leaf spider), nat. 

 

Salticidae  

Hasarius adansoni (Adanson's house jumper), nat. 

New islet record. 

 

BLATTODEA  

Blaberidae 

Pycnoscelus indicus (burrowing cockroach), nat. 

 

Blattidae 

Periplaneta Americana (American cockroach), nat. 

New islet record. 

 

Blattidae 

Periplaneta australasiae (Australian cockroach), nat. 

New islet record. 

 

COLEOPTERA  

Coccinellidae  

Diomus notescens (minute two-spotted ladybird), purposely introduced 

New islet record. 

 

Symunus ocellatus, nat. 
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New islet record. 

 

Scarabaeidae  

Adoretus sinicus (Chinese rose beetle), nat.  

New islet record. 

 

Tenebrionidae  

Gonocephalum adpressiforme (gonocephalum darkling beetle), nat. 

New islet record. 

 

DIPTERA 

Sarcophagidae  

Sarcophaga peregrina (flesh fly), nat. 

New islet record. 

 

Sarcophaga sp. (flesh fly), nat.  

New islet record. 

 

Sciaridae  

Sciara sp. (dark-winged fungus gnat), unknown status 

New islet record. 

 

HETEROPTERA  

Cydnidae  

Geotomus pygmaeus (burrowing bug), nat. 

New islet record. 

 

Lygaeidae  

Nysius kinbergi (seed bug), end. 

New islet record. 

 

HOMOPTERA 

Cicadellidae 

Agallia lingual, nat. 

New islet record. 

 

Coccidae 

Parasiassetia nigra (nigra scale), nat. 

New islet record. 
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Pseudococcidae 

Planococcus sp. (mealybug), nat. 

New islet record. 

 

HYMENOPTERA 

Formicidae 

Pheidole megacephala (big-headed ant), nat. 

 

ISOPODA  

Ligiidae  

Ligia hawaiiensis (mangrove slater), end. 

New islet record. 

 

Scyphacidae  

Alloniscus oahuensis (terrestrial isopod), nat. 

New islet record. 

 

LEPIDOPTERA  

Pterophoridae  

Lantanophaga pusillidactyla (lantana plume moth), purposely introduced 

New islet record. 

 

ORTHOPTERA  

Gryllidae  

Gryllodes sigillatus (tropical house cricket), nat. 

New islet record. 

 

OTHER OPPORTUNISTIC OBSERVATIONS  

There were no signs of rats or mice on the island. Skinks were abundant, especially in the rocks 

on the southeast section, but they all appeared to be of the same species. One was collected and 

identified as Snake-eyed skink (Cryptoblepharus poecilopleurus). We also found and collected 

one gecko identified as: Mourning gecko (Lepidodactylus lugubris). 

 

THREATS AND RECOMMENDATIONS  

Little vegetation was present during our visit. Therefore, a repeat survey during a wetter time of 

year is advisable for a more complete understanding of vegetation status. Overall, Mokuôaeôae 

has a relatively low number of threats, which are detailed below. 
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Table 4. Key threats to Mokuôaeôae ecosystem and recommendations 

Threat Impacts Recommendations 

Owls Predation of Bulwerôs petrels and 

to a lesser extent, wedge-tailed 

shearwaters 

Confirm nesting, monitor population, research 

needed (see section 4.4) 

Weeds 

Grasses 

 

Boerhavia 

coccinea 

 

Portulaca 

oleracea 

 

Displacement of natives 

 

Displacement of natives; 

succulent roots support ants 

 

Potential hybridization with P. 

lutea 

 

Repeat visit needed to assess status and 

consider eradication 

Ongoing control, since it is bird dispersered 

and present on the adjacent coast 

 

Research needed 

Erosion Collapsed burrows Outplant hearty native groundcover and native 

shrubs 

Big-

headed  

ants 

Disrupt nesting seabirds, alter 

arthropods populations 

No action, research needed (see section 4.2) 

N/A Lack of nesting habitat for red-

footed boobies 

Outplanting shrubs, such as Chamaesyce 

celastroides and Scaevola sericea may 

encourage boobies to nest on the islet again 
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Figure 1. The bare summit of Moku'ae'ae (looking towards Kilauea Point) with guano piles from roosting 

frigatebirds. 

 
Figure 2. More erosion along the southwest slope exposing artificial burrows. 


