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EXECUTIVE SUMMARY 

Rationale 
     In view of the recent increase in the number of single species and species' cluster recovery 

plans, the integration of individual species recovery efforts in protected ecosystems becomes 
increasingly important.  The Laysan Restoration Plan grew out of a need for coordinated ecosystem 
restoration that takes an integrated approach to managing the island's entire biota.  In the late 1980s, the 
control program for a serious weed, Cenchrus echinatus, or common sandbur, raised numerous 
questions about how best to accomplish restoration.  It became clear that large-scale programs to control 
alien species and to reintroduce or enhance native species should be integrated and prioritized in order to 
accomplish restoration efficiently and effectively.  A series of discussions on how best to approach 
ecosystem restoration on Laysan eventually ensued, and it was agreed that a long-term plan should be 
developed to guide the process through inevitable changes in funding cycles and personnel. 
 

Laysan Terrestrial Biota 
 

     Laysan Island currently hosts one endemic (found only on Laysan) plant species, 2 species of 
(now) endemic birds, and one mammal endemic to the Hawaiian Archipelago.  An additional 3 
Northwest Hawaiian Island endemic (found only in NWHI) plant species, 3 bird species endemic only to 
Laysan, and a plant species endemic to Laysan are now extinct.  Given our current state of knowledge it 
is impossible to know how many endemic invertebrate species were originally present on Laysan or how 
many have became extinct.  There were at least 75 native arthropod species on Laysan, and at least 15 of 
those were endemic to only Laysan Island (Asquith 1994). 
 

     At least 17 of all species on Laysan are federally listed as endangered or threatened, are 
candidates for endangered status, or are species of concern ("SOC"), including 6 current or former plant 
species, 6 species of invertebrates, 1 reptile, 3 bird species (includes migrant Bristle-thighed Curlew, 
Numenius tahitiensis), and 1 mammalian species.  The number of species at-risk indicates that the whole 
island should be considered an endangered ecosystem.  In spite of the numbers of extinct, endangered, 
or otherwise at-risk species, the Laysan biota is still one of the most intact in comparison to other 
Hawaiian Islands.  Virtually all of the island-endemic extinctions or distributional extinctions that have 
occurred on Laysan, and the current endangered status of many species, were caused by the impacts of 
alien species. 

Restoration Objectives 
1) Stabilize the present ecosystem by preventing any new introductions. This is the primary Restoration 
Objective. Human activities in the Northwestern Hawaiian Islands that increase direct or indirect 
introductions of new species should be eliminated or modified, with special attention directed to island-
hopping invasibility by nonnative invertebrates, small terrestrial vertebrates, and small-seeded plants. 
 
2) Recreate as nearly as possible the Laysan Island ecosystem that was present prior to major human-
caused habitat modification during the 1890s and early 1900s, with the entire island treated as an 
endangered ecosytem. 
 

 vii



3) Whenever possible, eliminate nonnative species (plants, invertebrates, and vertebrates), prioritizing 
those that cause obvious and/or significant ecosystem alterations.  If elimination of nonnative 
components is not possible, they should at least be controlled if they are negatively impacting native 
species. 
 
4) Replant or reintroduce native species which are currently extinct on Laysan.  Expert teams will 
evaluate the appropriateness of introducing similar species or ecotypes for native species where original 
species or varieties are extinct. 
 
5) Establish regular comprehensive ecosystem monitoring, so that any new nonnative introductions or 
native species declines will be detected early enough for management to react in a cost/effective manner. 

TABLE 1.  LIST OF RECOMMENDED PROJECTS  
(see Table 15 for Estimated Costs/Year) 
Projects are approximately listed in their order of urgency, although there is some interaction among 
projects (e.g. some weeds must be eradicated prior to reestablishing some native plant species). 
 
1) Weed Control. 
2) Invertebrate Control and Ecology. 
3) Process and Identify Invertebrates. 
4) Vegetation Monitoring. 
5) Vertebrate Monitoring. 
6) Invertebrate Monitoring. 
7) Propagation and Outplanting of Native Plants. 
8) Coordination of Overall Restoration. 
9) Verification of Distribution-wide Extinction and/or Status for some Proposed Plant Reintroductions. 
10) Collection of Plants for Reintroduction. 
11) Collection of Invertebrates for Reintroduction. 
12) Pollen Core. 
13) Millerbird Restoration. 
14) Laysan Duck Recovery. 
15) Himatione Restoration. 
16) Snake-eyed Skink Ecological Study and Evaluation for Eradication. 
17) Evaluation and Restoration of Rails. 
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INTRODUCTION 

Background 
     This Restoration Plan outlines steps which, if taken in the order and manner recommended, should 
allow the re-creation of a functioning ecosystem that is as similar as possible to that which was present 
on Laysan Island when humans first wrote of their visits to the island. 
     There are virtually no records or evidence of Polynesian visits to Laysan, although it is likely that 
Polynesians at least knew about the island.  Other than intermittent records  of landings and shipwrecks 
by westerners throughout the 1800s, and relatively short-term occupation by guano miners, a turtle-seal-
and-sharking expedition, and feather gatherers during the late 1880s through the early 1900s, there is no 
history of long term human habitation on Laysan (Ely and Clapp 1973).  When Schauinsland (1899) 
wrote about his 1896 visit, he recorded only one non-native introduced plant and a few non-native 
invertebrates (of the beetles he said, "Surely all four beetles [species] must have been introduced only a 
short time ago.").  It is miraculous that rats did not become established on Laysan during the 1800s, 
since there were numerous ship landings and at least one shipwreck (dating to before 1859). 
     The nearly pristine condition of Laysan in 1896 clearly indicates that significant human presence was 
a recent event.  Because some information about the original condition of Laysan exists and is relatively 
recent, choosing the time and condition (endpoint) to restore Laysan to becomes much easier.  There are 
numerous definitions of "ecological restoration", that have been the subject of much debate (Higgs 
1997).  Primarily as a result of human occupation at a site, issues that are political, aesthetic, historical, 
moral and cultural complicate the strictly technical aspects of restoration.  Accordingly, the definition 
that we suggest be used is an older definition: "Ecological restoration is the process of intentionally 
altering a site to establish a defined, indigenous, historic ecosystem" (Society for Ecological Restoration 
1990).  Higgs (1997) points out that three principles are the basis for ecological fidelity in restoration: 
structural/compositional replication, functional success, and durability.  This plan attempts to address 
these issues, especially noting the correlation of restoration durability with essential long-term 
management.   
     A strong cautionary statement is needed here: even in 1896 when Laysan's ecosystem superficially 
looked primarily pristine, already its most "invisible" fauna (the invertebrates) were the most affected.  
Even today while Laysan's ecosystem superficially looks restored relative to its devastated condition in 
1923, it is a very different ecosystem than it was.  The seabird fauna is totally restored (Table 11), the 
landbird fauna more seriously impacted (3 of the 5 extinct), the vegetation even more altered (17 of the 
27 natives still present with an additional 11 to 13 introduced species), and the invertebrate fauna altered 
most of all (Asquith 1994).  Primarily due to the vegetation devastation by rabbits that occurred in the 
early part of this century, species undoubtedly existed that went extinct without being detected or 
documented.  Many new invertebrates species became established on Laysan as a result of human 
activities on Laysan.  These introductions probably occurred primarily during the "revegetation" era 
(1923, 1930) when multiple species of plants were introduced on Laysan to restore plant life to a then 
barren island.  The invertebrate fauna remains as the least known and most impacted portion of Laysan's 
unique ecosystem. 

Laysan Island: Legal Mandates and Mission 
     This restoration plan incorporates the guidelines from various federal Recovery Plans governing 
Laysan's vertebrate endangered species: Hawaiian Monk seals (Monachus schauinslandi: Fig. 1), Green 
sea turtles (Chelonia mydas:threatened species), Laysan Finch (Telespiza cantans: Fig. 2), and Laysan 
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Duck (Anas laysanensis: Figs. 3 and 4) as well as other recently-listed endangered plant species, such as 
Mariscus pennatiformis bryanii (Fig. 5), and possible "reintroductions" such as Pritchardia remota (Fig. 
6: NMFS 1992, Gilmartin 1983, USFWS 1984, USFWS 1982, USFWS 1997).  Other planning 
constraints and considerations are listed in the Hawaiian Islands National Wildlife Refuge Master Plan/ 
Environmental Impact Statement (USFWS 1986) and include a listing of approximately 32 International 
Treaties, Executive Orders, Federal and State laws and regulations that govern activities in the 
Northwestern Hawaiian Islands, including Laysan. 
     Generally, USFWS refuge goals in NWHI can be summarized as follows: to maintain bird population 
levels; to prevent man-caused threats, endangerment, or extinctions of plants and animals; to recover 
native species; to perpetuate nationally important ecosystems; to inform and educate the public; and to 
"provide compatible recreation on USFWS lands where adequate funding exists and a need has been 
documented" (USFWS 1986).  Some of these goals present clear conflicts, such as the intent to recover 
and perpetuate nationally important ecosystems and the goal to provide compatible recreation.  On 
refuge islands such as Laysan, where many of the native plants, invertebrates, and vertebrates are 
endangered (and the argument could be made that the whole island should be listed as an endangered 
ecosystem), it is impossible to provide benign public uses on site and without incremental and 
cumulative negative impacts (primarily new species' introductions) that are directly associated with 
increased human use. 

General "Pristine" Description (Historical) 
     The earliest written descriptions of Laysan present a relatively lush picture of this flat coral island 
that rises no more than 35 ft. above sea level around a central hypersaline lake (Fig. 7).  Based on 
relatively detailed description and specimens from Schauinsland (1899), we have a very good 
accounting of Laysan's original flora and macrofauna.  Sandalwood trees (Figs. 8 and 9), native palms, 
caper (Capparis: see Fig. 10) bushes as tall as a man with large white fragrant flowers, tall grasses and 
sedges, and numerous flowering bushes and vines covered the island, along with multitudes of seabirds 
and numerous landbirds flitting from flower to flower or rails scampering along the ground, monk seals 
and green sea turtles basking on the beaches.  (See Table 3 for vegetation, Table 11 for birds, and Table 
9 for invertebrates, and Table 13 for non-avian vertebrates.)  The single nonnative plant present there in 
1896 (Amaranthus viridis) was probably introduced by guano workers during the 1890s (Lamoureux 
1963).  Several of the native plants already seemed to have oddly limited distributions by 1896, 
suggesting that either some introduced invertebrates had already begun their work of impacting the 
vegetation or that the few introduced ungulates that had already been allowed to roam the island (Table 
14) had grazed heavily on certain preferred plants.  In addition to the native plants reported from 1896 
(Table 3), Lamoureux dismisses the idea that Hawaiian Cotton (Ma'o), Gossypium tomentosum, was on 
Laysan, although Heller (1897) reported it.  There are no records of this plant on Laysan and apparently 
Heller never visited Laysan. 

Vegetation Associations 
     In 1961, Lamoureux (1963) identified five distinct vegetation associations on Laysan, which 
occurred in approximately concentric bands around the central lake and mudflats.  Although every 
association did not circle the entire island, the progression from one association to another generally 
followed the same pattern. From the shore to the lake, the vegetation progressed through these native 
plant associations: 1) Nama sandwicensis beach association, 2) Scaevola shrub association, 3) 
Eragrostis bunchgrass association (Fig. 11), 4) the viney Boerhavia-Ipomoea-Tribulus association (Figs. 
12 and 13), and 5) lakeside wetland Sesuvium-Cyperus-Heliotropium association.  In 1961, nonnative 
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Pluchea (Fig. 14) shrubs were just getting a foothold, and the native Chenopodium bush was missing 
from Laysan.  Seasonally, Sicyos spp. are an important component of the viney association (MPM). 
     In 1984, Newman (1988) analyzed the vegetation on Laysan in more detail, and noted changes in the 
23 years since Lamoureux described the vegetation.  Her vegetation association categories more or less 
included all 5 of Lamoureux's, but also included 3 additional associations, apparently due to changes in 
the vegetative composition.  One of the new associations, the nonnative Pluchea shrubland, fringed the 
lake in a narrow band just beyond the wetland Sesuvium-Cyperus-Heliotropium association. The other 
two newly identified associations were the pioneer Portulaca-Tribulus association in the guano hardpan 
area, and the weedy association Portulaca-Eragrostis that was found in the northwest quarter of the 
island.  Presumably the appearance of these two latter Portulaca associations is a result of the 1959 
introduction to Layan of the nonnative Portulaca oleracea.   

The Famous Devastation 
     Guano mining began in 1891, with a lease in 1893 that rented Laysan to the guano company for 
$1.00 a year (Ely and Clapp 1973).  Although there is some disagreement, it seems that rabbits were 
brought to Laysan in about 1903 and probably on more than one occasion.  The rabbits were brought 
with the intent to start a rabbit canning industry; by 1911 they had already succeeded in eliminating 
several of the native plant species and unknown numbers of invertebrate species.  There was also 
grazing and browsing pressure by introduced guinea pigs, mules, pigs, and milk cows (see Table 14) that 
were briefly kept on Laysan during the guano mining days (Ely and Clapp 1973).  Dill and Bryan (1912) 
recommended that the rabbits be eradicated, and two expeditions were mounted.  The expedition in 
1912-1913 killed literally thousands of rabbits, but reportedly ran out of ammunition (Ely and Clapp 
1973).  The second expedition, the 1923 Tanager Expedition, was simply too late, although they did kill 
the final few rabbits.  They found the island a sand desert (Chrisophersen and Caum 1931), because the 
rabbits had NOT been exterminated as Dill and Bryan had recommended.  Only four native plant species 
could be found: (Portulaca lutea, Santalum ellipticum stumps, Sesuvium portulacastrum, and Tribulus 
cistoides).  Probably many or even most of the native insects disappeared or went through population 
bottlenecks since plants were few and plant species diversity was extremely low.  Not surprisingly, the 
land birds also experienced severe bottlenecks or went extinct during this same time interval (see 
Landbirds section).  Tanager Expedition personnel began to replant the island.  In 1923 and 1930 many 
seeds and cuttings were sown and planted in an attempt to revegetate Laysan (see Tables 4 and 5, and 
Appendix A).  Fortunately, most of those plants, which were largely nonnative species, did not take.  
However, the introduction of many nonnative insects and other invertebratres probably occurred at this 
time.  Some of the plantings were reintroductions (e.g. the bunchgrass Eragrostis variabilis and 
naupaka, Scaevola sericea), but also an indigenous Hawaiian plant not originally found on Laysan, the 
button sedge Fimbristylis cymosa, was apparently planted in 1923 on Laysan (Lamoureux 1963).  
Several species native to Laysan were replanted that did not survive (e.g. Lepidium bidentatum and 
Lipochaeta integrifolia).  Because the vegetation is the foundation upon which all the other elements of 
the ecosystem are dependent, detailed accounts of each original native plant species are given under the 
section Native Plant Recommendations.   
     Although we believe that most of the original native plants and macrofauna were still present on 
Laysan in 1896, it is possible that one or a few plant species were already gone by then.  For this reason, 
we recommend that pollen cores be made on Laysan to evaluate the veracity of the 1896 flora and 
indicate any other species which may have been present.  For example, why was Sesbania tomentosa 
('ohai), a dry sandy beach shrub formerly found on all the main islands and some of the Northwestern 
Hawaiian Islands, missing from the Laysan flora?  Perhaps it wasn't. 

 3



PLANTS 

Native Plant Reintroduction 
 
     Horticultural recommendations for collecting, cleaning, storing, and germinating eight important 
native plant species (which were selected beforehand) are provided by Diane Ragone, Ph.D., of the 
National Tropical Botanical Garden, Kaua'i.  Her general recommendations appear in entirety in 
Attachment 6, and are briefly summarized under individual species in the Native Plant 
Recommendations section.  The seeds of three species targeted for reintroduction (Capparis, 
Pritchardia, and Santalum) cannot be stored, but must be started "fresh". All eight species can be started 
from seeds, although Chenopodium, Lepidium, and Lipochaeta can also be easily started from cuttings 
(see Attachment 6).  Generally, if contamination of seeds with nonnative invertebrates (either on or 
inside the seed) is a concern, then transporting soil-free cuttings sprayed with pesticide may be a better 
alternative. See Attachment 1 for guidelines on decontamination of propagated plants. 
     A temporary small greenhouse (germination tent and shade box nursery: see Attachment 7), and 
small movable water catchment units or sheds (see Attachment 7) should be constructed on Laysan, as 
designed by knowledgeable field horticulturists like Bill Garnett, (Wiliwili Natives, Haleiwa, O'ahu) or 
Peter van Dyke, (Amy Greenwell Botanical Gardens, Kona, Hawai'i Island).  The water catchments 
sheds will be used to collect rainwater for use in the germination tent and nursery, and also to supply 
additional water for outplanting sites.  The temporary horticultural structures should not and need not be 
permanent, large, elaborate, or expensive.  The important issues for a temporary nursery and water 
catchment units on Laysan will involve: 1) keeping seabirds from flying into, getting caught in, or 
undermining the structures by burrowing underneath, 2) keeping monk seals from knocking them over, 
3) keeping high winds from knocking them over or working screens and tarps loose, 4) keeping Laysan 
Finches out (they will potentially eat seedlings and seeds in a greenhouse; they also like to go into small 
holes, and easily drown in uncovered water containers), 5) designing some water collection or 
desalinization system to provide water for the greenhouse plants, and 6) making sure that the greenhouse 
and water catchment construction materials themselves are not a source for new nonnative seeds or 
invertebrates.  It is important to recognize that some seabirds and especially Laysan Finches are attracted 
to holes and can drown in standing water only a few inches deep, if the container is left unscreened 
(Morin 1987). The Finches are omnivorous and will eat most seeds and seedlings, so it may not be 
efficient to use surface sowing as a way of reestablishing plant species. 
     In general, if a seed source exists on Laysan (e.g. Mariscus and Chenopodium), that seed source 
should be used to provide material for propagation as much as possible.  This eliminates any quarantine 
issues, because soil, seeds, plants, or cuttings moved from other islands are a source of new 
invertebrates, egg cases, parasitoids, unwanted seeds, and spores.  Other Northwestern Islands are 
definitely the preferred source for seeds and cuttings, with Midway and Kure Atolls being the least 
preferred of the NW islands, due to their numerous invertebrate introductions.  Whenever a desirable 
species occurs on Nihoa Island, seeds and cuttings will be taken from there.  Nihoa is perhaps the 
"cleanest" island in the Northwestern Hawaiian Islands in terms of having the least introductions.  Nihoa 
is suggested as the source for Pritchardia seeds, Chenopodium seeds or cuttings, and Solanum nelsonii 
seeds.  The bush Capparis is no longer present on Pearl and Hermes Reef (Morin and Conant 1990), and 
cannot be a source for Capparis seeds, but Pearl and Hermes Reef could be a source population for 
Lepidium seeds or cuttings.  Midway Atoll is the only remaining Northwestern Hawaiian Island source 
for Capparis (Wagner et al. 1990).  Kure is the suggested source for Lipochaeta seeds or cuttings.  Once 
the nonnative Sporobolus pyramidatus is eradicated on Laysan, rhizomes of native Sporobolus 
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virginicus (Fig. 15) could be gathered on Midway Atoll.  Both Ni'ihau Island and Ka'ena Pt., O'ahu, 
have been suggested as seed sources for Santalum (Fig. 8).  Logistically, Ka'ena Pt. would probably be 
easier to arrange.  Santalum seeds from Ka'ena Pt. should be propagated beginning immediately at a 
clean greenhouse on O'ahu or Midway, for eventual transport and outplanting on Laysan: sandalwood 
takes 3 to 4 years to grow to a good outplant size.  See Tunison's Attachment 1 and Ragone's 
Attachment 6 for guidelines on "cleaning" (eradicating pests) on seeds, seedlings, or cuttings that are 
being reintroduced to Laysan. 
     If it is agreed that Achyranthes atollensis is indeed extinct, and that Achyranthes splendens var. 
rotundata would be an appropriate replacement species on Laysan, then seeds could be gathered on 
O'ahu.  After the nonnative Achyranthes aspera on Laysan is eradicated, Achyranthes splendens 
propagated from a clean green house either on O'ahu or on Midway, and submitted to a cleaning 
protocol designed to kill unwanted invertebrates (see Attachment 1 and 6), could be transported to and 
outplanted on Laysan. Likewise, if Cenchrus agrimonioides var. laysanensis is agreed to be extinct, and 
if Cenchrus agrimonioides var. agrimonioides is agreed to be an appropriate replacement, a similar 
series of actions could ensue (see Recommendation below). 
     RECOMMENDATION: A temporary greenhouse and mobile water catchment units should be 
constructed on Laysan. A professional botanist/horticulturist and technicians with native Hawaiian plant 
propagation experience should be hired to oversee the propagation and outplanting of seven plant 
species being reintroduced and two or three plant species being enhanced/reintroduced (Mariscus and 
Chenopodium, and eventually Portulaca lutea) on Laysan. If two more thorough field surveys 
throughout their entire ranges indicate that Achyranthes atollensis and Cenchrus agrimonioides var. 
laysanensis are truly extinct, then a team of experts should be organized to decide whether or not 
Achyranthes splendens var. rotundata and Cenchrus agrimonioides var. agrimonioides should be 
substituted in their places.  The team should be composed of at least three or more of the following 
persons: Marie Bruegmann (USFWS, Honolulu), Sheila Conant (Univ. of Hawaii, Manoa), Derral 
Herbst (Army Corps), Charles Lamoureux (Lyon Arboretum), and Linda Pratt (USGS BRD, Volcano). 
These persons were chosen due to their extensive experience in Hawaii as botanists and/or experience 
with NWHI plants and ecosystems. Once plant species are reintroduced and reestablished, native 
invertebrates which use the plants as host plants may be reintroduced.  See Projects #7 and #10. 
 

TABLE 2.  LIST OF PLANTS FOR REINTRODUCTION, INTRODUCTION, OR 
ENHANCEMENT 
Hawaiian Scientific Name Growing Ease* Growing Method Priority 
'akia Solanum nelsonii easy seed, cutting 7 
'aki'aki Sporobolus virginicus easy seed, clump, rhizome 10 
'anaunau Lepidium bidentatum var. o-

waihiense 
easy seed, cutting 6 

'aweoweo Chenopodium oahuense easy seed 3 
'ihi Portulaca lutea easy seed, cutting 11 
'iliahialo'e Santalum ellipticum medium/hard seed 4 
Kamanomano Cenchrus agrimonioides 

(var. agrimonioides ?)** 
easy seed 12 

Loulu Pritchardia (remota) easy seed 5 
Maiapilo Capparis sandwichiana easy seed 2 
Nehe Lipochaeta integrifolia easy seed 9 
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Hawaiian Scientific Name Growing Ease* Growing Method Priority 
None Mariscus pennatiformes ssp. 

bryanii 
medium seed 1 

None Lepturus repens var. 
subulatus 

? seed/clump 8 

None Achyranthes (splendens var. 
rotundata)** 

very easy seed/cutting 13 

 
*Primarily extracted from Tables in Kaho'olawe Environmental Restoration Plan (Kaho'olawe Island 
Reserve Commission 1997) and also Diane Ragone, National Tropcial Botanical Garden (see 
Attachment 6). 
** These are different native species or varieties than the original component (now believed extinct: see 
Table 6), and their introduction to Laysan needs to be reviewed by a team of experts. 

Nonnative Plant Control and Eradication 
     At least 12 of the 13 nonnative plant species currently on Laysan are slated for eventual eradication.  
Control should be done in such a manner as to minimally disturb endangered or sensitive species.  A 
major consideration in the use of any chemicals is their impacts on the endangered, threatened, and SOC 
species on Laysan.  Endangered Laysan Finches will eat and drink just about anything, and will enter 
relatively small holes: any spraying or topical applications of relatively toxic pesticides would need to 
be covered or screened so that Laysan Finches could not obtain access.  Technicans, volunteers, and 
others that do the actual eradication must be well versed in plant identification (Kepler 1992), and must 
exercise extreme caution when dealing with unidentified plants, since the possibility of finding a few 
specimens of species believed extinct does exist.  
      Rodeo herbicide has already been approved for use on Laysan, and due to its relative innocuousness 
as a pesticide, it should probably be the herbicide of choice.  Ideally Rodeo should be used before seed 
heads form, indicating that technicians and other workers must be observing the vegetation regularly.  
When possible, manual removal and burning of nonnative vegetation prior to flower formation is an 
alternative (e.g. for tobacco).  Chainsawing coconut trees, tree heliotropes, and Pluchea bushes, and then 
digging out or pulling out (e.g with a Weed Wrench for the bushes) the roots is probably the most 
environmentally friendly alternative.  NOTE: WHENEVER PATCHES OF VEGETATION ARE 
REMOVED OR KILLED, AN APPROPRIATE NATIVE SPECIES SHOULD BE REPLANTED IN 
ITS WAKE IF POSSIBLE, IN ORDER TO PREVENT LARGE BARE AREAS THAT COULD 
FORM "BLOW OUTS" OR BECOME REINVADED WITH ANOTHER WEED SPECIES.  In some 
cases it may be appropriate to try to use dead or girdled nonnative species (e.g. shrubs or small trees) as 
shade or cover or soil stabilizers for  native species as they are replanted.  If the species being removed 
grows sparsely or is thinly scattered, it is not necessary to replant (e.g. scattered tobacco, scattered 
individuals of Conyza, etc.).  The discussions under individual species in the Nonnative Plant 
Recommendation section mention which native species are the "correct" species to use as replacements 
for the nonnatives. 
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TABLE 3.  ORIGINAL 1896 INDIGENOUS AND ENDEMIC LAYSAN FLORA BASED ON 
SCHAUINSLAND DESCRIPTION (1899). 
     Species currently present are in bold type.  Nonnative species that are extirpated, still present, or 
newly introduced on Laysan are listed in TABLES 4 and 5 and Appendix A.  See exceptions at bottom 
of this Table. 
 
COMMON NAME SCIENTIFIC NAME CURRENT STATUS ON LAYSAN 
   
GRASS FAMILY (POACEAE)  
1) Kamanomano Cenchrus agrimonioides var. 

laysanensis 
Endemic**, gone from Laysan since 
1923, probably extinct throughout 
range.  

   
2) Kawelu Eragrostis variabilis Endemic*. Abundant. 
   
3) (None) Lepturus repens var. subulatus Indigenous. Gone after 1903, but seen 

again in 1988 and 1994. 
   
4) 'Aki'aki Sporobolus virginicus Indigenous. Gone after 1903, still 

absent in 1988 (Newman). 
   
SEDGE FAMILY (CYPERACEAE)  
5) Makaloa Cyperus laevigatus Indigenous. Abundant. 
   
6) (None) Mariscus pennatiformes subsp. 

bryanii 
Endemic***. Endangered. Extremely 
localized. 

   
PALM FAMILY (ARECACEAE)  
7) loulu Pritchardia sp. Endemic***. Laysan species extinct 

by about 1896. 
   
SANDALWOOD FAMILY (SANTALACEAE)  
8) 'Iliahialo'e Santalum ellipticum Endemic*. Absent since 1923. 
   
GOOSEFOOT FAMILY (CHENOPODIACEAE)  
9) 'Aweoweo Chenopodium oahuense Endemic*. Very localized. 
   
PIGWEED FAMILY (AMARANTHACEAE)  
10) (None) Achyranthes atollensis Endemic**. Believed extinct. 
   
FOUR O'CLOCK FAMILY (NYCTAGINACEAE)  
11) Alena Boerhavia repens Indigenous. Abundant. 
   
CARPETWEED FAMILY (AIZOACEAE)  
12) 'Akulikuli Sesuvium portulacastrum Indigenous. Abundant. 
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COMMON NAME SCIENTIFIC NAME CURRENT STATUS ON LAYSAN 
PURSLANE FAMILY (PORTULACACEAE)  
13) 'Ihi Portulaca lutea Indigenous. Uncertain abundance. 
   
MUSTARD FAMILY (BRASSICACEAE)  
14) 'Anaunau Lepidium bidentatum var. o-

waihiense 
Indigenous. Gone from  Laysan since 
1896. 

   
CAPER FAMILY (CAPPARACEAE)  
15) Maiapilo, Pua pilo Capparis sandwichiana Endemic*.  Missing from Laysan 

from 1969 on? 
   
TRIBULUS FAMILY (ZYGOPHYLLACEAE)  
16) Nohu Tribulus cistoides Indigenous.  Common. 
   
MORNING-GLORY FAMILY (CONVOLVULACEAE)  
17) Koali 'awa Ipomoea indica Indigenous. Localized. 
   
18) Pohuehue Ipomoea pes-caprae Indigenous. Common. 
   
WATER-LEAF FAMILY (HYDROPHYLLACEAE)  
19) Hinahina kahakai Nama sandwicensis Endemic*.  Common. 
   
HELIOTROPE FAMILY (BORAGINACEAE)  
20) Kipukai Heliotropium curassavicum Indigenous. Abundant. 
   
MINT FAMILY (LAMIACEAE)  
21) (None) Phyllostegia variabilis Endemic**. Last seen on Laysan in 

1903.  Probably extinct throughout 
range. 

   
NIGHTSHADE FAMILY (SOLANACEAE)  
22) 'Akia Solanum nelsonii Endemic*.  Last seen on Laysan in 

1903. 
   
GOURD FAMILY (CUCURBITACEAE)  
23) Puaokama Sicyos maximowiczii Endemic*.  Common. 
   
24) Kupala Sicyos pachycarpus Endemic*.  Common. 
   
25) (None) Sicyos semitonsus Endemic***. Reportedly a hybrid 

between #23 and #24.(Wagner et al. 
1990). 

   
GOODENIA FAMILY (GOODENIACEAE)  
26) Naupaka kahakai Scaevola sericea Indigenous.  Common. 
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COMMON NAME SCIENTIFIC NAME CURRENT STATUS ON LAYSAN 
   
DAISY FAMILY (ASTERACEAE)  
27) Nehe Lipochaeta integrifolia Endemic*.  Last seen on Laysan in 

1903. 
EXCEPTIONS: Although not listed in Laysan's flora until 1930 (apparently planted by the Tanager 
Expedition in 1923: Lamoureux 1963), the subspecies Fimbristylis cymosa subspp. spathacea and 
umbellatocapitata (Mau'u or button sedge: Fig. 16) are thought to be indigenous to the Hawaiian 
Archipelago and it is therefore the only introduced species indigenous to the main islands currently 
present on Laysan.  The only nonnative plant present in the 1896 flora was Amaranthus viridis (slender 
amaranth), which became extirpated sometime after 1903, almost certainly by the rabbits. 
 
*  Endemic to Hawaiian Archipelago. 
** Endemic to Northwestern Hawaiian Islands. 
*** Endemic to Laysan. 
 
 
 

TABLE 4.  PLANTS INTRODUCED TO LAYSAN THAT BECAME ESTABLISHED AND ARE 
STILL PRESENT.   
 
SCIENTIFIC NAME COMMON NAME INTRODUCTION DATE 
   
1) Cynodon dactylon Bermuda grass Before 1903 
2) Nicotiana tabacum tobacco Early 1900s 
3) Cocos nucifera coconut tree Approx. 1895-96 
4) Casuarina equisetifolia* ironwood tree 1905 
5) Fimbristylis cymosa** Mau'u or button sedge 1923? 
6) Portulaca oleracea pigweed By 1959 
7) Pluchea indica Indian fleabane By 1959 
8) Cenchrus echinatus common sandbur By 1961 
9) Tournefortia argentea tree heliotrope By 1961 
10) Solanum americanum*** glossy nightshade or popolo By 1930 
11) Conyza bonariensis hairy horseweed Early 1960s 
12) Achyranthes aspera? (none given) After 1984? 
13) Sporobolus pyramidatus? Indian dropseed After 1992? 
 
*Unclear whether this single plant is able to reproduce. 
** This plant is believed to be indigenous to Hawaiian Archipelago but was not reported or collected on 
Laysan until 1930. 
*** Uncertain if this plant is indigenous or introduced to Hawaiian Archipelago but was first reported 
from Laysan in 1930.  
? Plant Identification may still need to be verified. 
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TABLE 5.  NON-NATIVE PLANTS INTRODUCED TO LAYSAN THAT ARE NO LONGER 
PRESENT1 
Most records summarized in Ely and Clapp (1973) and Herbst and Wagner (1992).  See Appendix A. for 
more detailed information. 
 
SCIENTIFIC NAME COMMON NAME INTRODUCTION DATE(S) 
   
1) Allium sp. Onion 1859,1960s  
2) Solanum tuberosum potato 1859, 1961 
3) Cucurbita pepo pumpkin 1859 
4) Amaranthus viridis Slender Amaranth Before 1896 
5) Hibiscus tiliaceus* Hau Late 1890s 
6) Thespesia populnea* Milo 1923, 1930 
7) Melinis minutiflora Molasses Grass 1930 
8) Phoenix dactylifera Date palm 1930 
9) Pritchardia pacifica Fiji fan palm 1923, 1930? 
10) Coccoloba uvifera Sea grape 1930 
11) Atriplex suberecta Salt bush 1930 
12) Canavalia ensiformis jack bean 1930 
13) Haematoxylon campechianum logwood tree 1923 
14) Leucaena leucocephala Koa haole 1923 
15) Convolvulus sp. Bindweed 1930 
16) Cordia subcordata kou 1930 
17) Nicotiana glauca tree tobacco 1930 
18) Calophyllum inophyllum kamani 1923, 1930 
19) Barringtonia asiatica barringtonia 1923, 1930 
20) Terminalia catalpa false kamani 1930 
21) Terminalia myriocarpa jhalna 1930 
22) Conocarpus erectus buttonwood 1930 
 
* Unclear whether species is indigenous or a Polynesian introduction to the Hawaiian Archipelago. 
1 In most cases, plants probably perished very quickly or never sprouted, but lack of reporting makes it 
impossible to say when a species really disappeared. 

Species Which Could Become Introduced "Naturally" 
     There are certain types of plants, invertebrates, and vertebrates that are not indigenous to Laysan 
Island which could become established there.  Of greatest concern are those nonnative pestiferous 
species that are able to "self-introduce", meaning that once they are established at one site, they can 
move by island-hopping from site to site within the Hawaiian Islands via seemingly "natural" dispersal 
methods, such as wind or ocean currents.   One such example of this is the tree heliotrope, Tournefortia 
argentea (Fig. 17), whose seeds are believed to have reached Laysan Island via ocean currents from an 
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introduced population that was planted at Midway (Herbst and Wagner 1992).  The Kuroshio and North 
Pacific Currents flow eastward from Midway Atoll toward Laysan Island.  It is unclear how many of the 
nonnative invertebrates on Laysan have arrived by island-hopping from other islands in the Northwest 
Chain. 
     Seeds which have been found ashore, presumably via wind and ocean forces or possibly flotsam and 
jetsam include: the possibly indigenous liana St. Thomas bean Entada phaseoloides (formerly E. 
scandens), the probably indigenous liana sea bean Mucuna gigantea, the probably naturalized liana cow-
itch plant Mucuna urens and Mucuna sp. (see Ely and Clapp 1973 and Tsuda 1965), the possibly 
indigenous liana Sea bean Dioclea wilsonii (also formerly called D. altissima and D. violacea; see also 
Ely and Clapp 1973, Tsuda 1965), the possibly indigenous shrub Kakalaioa, Caesalpinia bonduc 
(formerly C. crista; see also Tsuda 1965), and the introduced kukui tree, Aleurites moluccana 
(Christophersen and Caum 1931, Fisher 1903, Ely and Clapp 1973).  Dioclea wilsonii and Caesalpinia 
bonduc seeds can be dispersed by oceanic drift and its occurrence naturally is possible (Wagner et al. 
1990).  Mucuna sp. was found sprouting on Laysan in 1962 (Kramer and Beardsley). 
     RECOMMENDATION: During routine monitoring of plants, invertebrates, and vertebrate species, 
new introductions (excluding vagrant or migrant nonbreeding bird species) should be eradicated at the 
point of establishment.  The eradication should be considered the highest management priority once the 
introduction is verified.  Many or perhaps most of the so-called "natural" introductions are actually 
unnatural in that the source population for the seeds, invertebrates, etc., was itself a human-caused 
introduction.  Because of the unforeseen potential for dispersal to other islands, no new species (other 
than deliberate reintroductions of missing species or expert-approved introductions of ecosystem-
equivalent native species for extinct species) should be introduced to any of the Northwestern Hawaiian 
Islands, unless it is shown to be 1) totally infertile and unable to duplicate itself, 2) completely free of 
diseases, symbiotes, and parasitoids (e.g. insect parasitoids) and 3) it is shown that dispersal to other 
islands via wind and ocean currents is not possible, and that accidental human-caused dispersal via 
shoes, boats, tents, backpacks, etc. is also not possible. 

Native Plant Recommendations 
GOAL: Prevent new nonnative species introductions.  Replace missing native plant species that were 
historically present.  All activities are covered under Projects #4, #7, #8, #9, #10, and #12. 
 
     Refer to Tables 2, 4, 6, and 7. Although the flora of Laysan may superficially look recovered, the 
vegetation is missing many of its original components.  Many of the missing plant species apparently 
were mechanically removed via grazing and browsing pressure (primarily by rabbits and guinea pigs, 
but also by mules, donkeys, or other ungulates present during the guano era), which makes their 
replacement simpler to accomplish.  If a plant species is actually missing because of an introduced 
invertebrate that destroyed leaves, flowers, seeds, etc, then that plant might be difficult or impossible to 
replace, depending upon whether or not the nonnative invertebrate is still present on Laysan. 
     The following 27 indigenous or endemic plant species were historically known from Laysan Island.  
Ten of the 27 species are currently missing from the Laysan flora, and 3 (or 4, if the original Pritchardia 
was a unique undescribed species) of these 10 are believed extinct. One of the extinct species almost 
certainly cannot be replaced (Phyllostegia variabilis, an endemic mint), since not only is it believed to 
be extinct, but no other native species with comparable form and habit exists in that genus. Of the 4 
extinct species (assuming the original Laysan Pritchardia was a unique species), 3 of them might be 
"replacable" with similar native species in the same genus. One species currently extant on Laysan is 
endangered, and 3 of the missing species are federal "Species of Concern" elsewhere in Hawaii.  The 
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Pritchardia (remota) proposed to replace the extinct Laysan Pritchardia is itself also an endangered 
species. An additional species, Boerhavia glabrata (= acutifolia), has been listed from Laysan (HI 
Biological Survey checklist, Bishop Museum 1997), but that is apparently an error  (Wagner et al. 
1990). 

Cenchrus agrimonioides var. laysanensis 
1) Native Cenchrus agrimonioides var. laysanensis (C. calyculatus), or kamanomano. This endemic 
variety of perennial grass is federally listed as endangered and it is believed to be extinct throughout its 
former range in the NWHI.  Schauinsland (1899) reported that it occurred as individual plants among 
the Eragrostis bunchgrass. It was apparently about half as tall as the Eragrostis bunchgrass that still 
persists on Laysan and occurred amongst the bunchgrass in dry sites.  It began to flower at the end of 
December and most had finished flowering by July (Schauinsland 1899). Undoubtedly it was used as a 
foraging substrate for insects by one or more of the three endemic passerines and the endemic rail, and 
probably also a seed source by the Laysan Finch, although there are no records of this.  On Laysan, it 
was lost after 1911 but before 1923 (Christophersen and Caum 1931), probably due to grazing by 
introduced herbivores, including mules, cows, and rabbits, but possibly also due to introduced 
invertebrates.   
     C. agrimonioides var. laysanensis occurred on Midway Atoll (Eastern Island) in 1902 
(Christophersen and Caum 1931) and was last collected on Kure Atoll in 1961 by C. Lamoureux.  The 
1961-collected seeds from Kure were planted on Laysan in 1963 (Tsuda 1965) but the species was not 
collected afterward on Laysan.  This subspecies was apparently last seen on Green Island, Kure Atoll, in 
about 1980 but has since gone extinct, apparently because of competition from nonnative introduced 
golden crown-beard and sweet alyssum (Herbst and Wagner 1992). 
     RECOMMENDATION: Verify that this plant is totally extinct in the Northwestern Hawaiian 
Islands and that no seed source exists in botanical gardens anywhere in Hawaiian Islands. A team of 
expert botanists and ecologists should be convened to consider whether it would be appropriate to 
replace var. laysanensis on Laysan with the main islands' Cenchrus agrimonioides var. agrimonioides 
(itself a federally listed endangered species: see USFWS Listed and Candidate Species, January 9, 1998) 
if Cenchrus. a. var. laysanensis is indeed completely extinct. The team should also consider the best site 
for source seed.  Replacement of the original variety (laysanensis), if it is not extinct, is Priority 1+ (see 
Table 6).  Otherwise, introduction of agrimonioides variety from the main islands, if expert team agrees, 
is Priority 12. 

Eragrostis variabilis 
2) Eragrostis variabilis (E. hawaiiensis, E. cynosuroides), or kawelu (Figs. 3 and 11).  This endemic, 
perennial bunchgrass, along with Chenopodium (goosefoot) bushes, was the most common plant on 
Laysan in 1896 (Schauinsland 1899) and Eragrostis is the most common and widely distributed plant on 
Laysan today. Kawelu is 1 to 1 3/4 m tall, and mostly grows in single bunches, although it will form 
tussocks.  Schauinsland (1899) reported the main blooming period as October and November. 
     In 1923 after the introduced rabbits had devegetated Laysan, kawelu was not seen (Christophersen 
and Caum 1931).  Roots from Kure Atoll and Pearl and Hermes Reef were reintroduced, so current 
plants probably represent mostly genes from those sources.  This grass is important for Laysan duck nest 
sites, and is the Laysan Finches' primary nest substrate (Morin and Conant 1990, Morin 1992) and an 
important foraging substrate for seeds and insects.  Before they became extinct, Laysan Millerbirds and 
Laysan Honeycreepers also reportedly nested in this bunchgrass.  It is important to seabirds for shade as 
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well as for stabilizing sand for nest burrows (e.g. shearwaters and petrels).  It is important as a substrate 
for the native snails (Conant et al. 1984). 
     Bunchgrass has been impacted to an unknown degree by introduced insects, which was noted in 1961 
to be injury from mealybugs and aphids (Butler and Usinger 1963).  The sticky black fungus-covered 
honeydew produced by these invertebrates was noted on the bunchgrass leaves in September (Butler and 
Usinger 1963); MPM has also noted it on beaks of Laysan Finches, indicative of their frequent use of 
Eragrostis as a foraging site.  Butler and Usinger (1963) found 2 species of nonnative mealybugs 
(Antonina graminis and Planococcus citri) and 1 species of endemic mealybug (Trionymus insularis)on 
the upper roots, lower stems, and leaves of kawelu. Two species of introduced ants (Pheidole 
megacephala and Plagiolepis alluaudi) were attending the mealybugs and nested in the crowns of the 
bunchgrass. Butler and Usinger (1963) also found the nonnative aphid Rhopalosiphum maidis on the 
leaves, the nonnative lacewing Chrysoperia carnea generally around the plant, the nonnative noctuid 
Helicoverpa zea, the nonnative thrip Haplothrips gowdeyi, and the nonnative beetle Araecerus 
fasciculatus on the heads. 
     RECOMMENDATION: No action recommended at this time, other than mapping and routine 
monitoring of density and health of bunchgrass clumps.  Long-term changes in distribution, health, or 
density of kawelu clumps should trigger a more intensive study, since this plant is a major component of 
the vegetation on Laysan. 

Lepturus repens 
3) Lepturus repens is an indigenous perennial grass which was wiped out during the rabbit "epidemic" 
on Laysan earlier this century.  Lepturus was replanted in 1923 with roots from Pearl and Hermes Reef 
(Christophersen and Caum 1931).  It was next recorded on Laysan in 1988 (Newman 1988).  Only a 
very localized occurrence was noted in the early 1990s (Adams and Nevins 1994), on the west side 
beach berm crest after a major Cenchrus echinatus removal effort was done.  It was reported again by 
M. Bruegmann (1994).  
     Schauinsland (1899) mentioned that Lepturus commonly occurred in locations similar to those where 
Sporobolus virginicus occurred, at higher locations along the shore, especially on the north side of 
Laysan.  Schauinsland also noted that Lepturus grew partly in clusters and partly along the sand in long, 
straight runners.  It began to flower in August, when the other sedges and grasses were finished 
flowering, and only some specimens seemed to bloom. 
     This grass, along with 'aki'aki (Sporobolus virginicus, see #4 below), are sand and dune stabilizing 
grasses, that propagate relatively easily.  One or both of these native grasses could be planted at the 
"blow-outs" to stablize sand. Although no specific information is known to exist, it is highly probable 
that Laysan Finches eat the seeds of this plant, and may be inhibiting the reproduction of this vegetation 
component. 
     RECOMMENDATION: Locate and map the distribution of Lepturus repens and monitor its status 
(health, density, associated invertebrates).  If the patch(es) of Lepturus are few and small, this grass 
should be propagated in a temporary greenhouse on Laysan (with seeds gathered from Laysan) and 
outplanted at appropriate sites along the northern vegetation line. Enhancement of Lepturus distribution 
and abundance has moderate priority. Enhancement of this indigenous grass on Laysan is Priority 8 (see 
Table 6). 

Sporobolus virginicus 
4) Sporobolus virginicus, 'aki 'aki or seashore rushgrass (Fig. 15).  This indigenous perennial 
rhizomitous grass was reported to grow at higher locations, especially on the north side of Laysan, in 
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proximity to the seashore (Schauinsland 1899).  It reportedly grew in tight bunches and its dry, stiff 
stalks could be 1/3 to 1/2 meter long.  It began to bloom in August (Schauinsland 1899).  
     'Aki'aki spreads by rhizomes and, like Lepturus, is another dune stabilizer.  It would make an 
excellent plant to transplant into the east blow-out area.  It was wiped out (by rabbits and other 
herbivores, perhaps aided by non-native insects) on Laysan before 1911 and was not reported there 
again until Herbst and Wagner (1992) reported it.  Neither Conant (1983) nor Newman (1988) reported 
it on Laysan from 1983 through 1988.  (Whether Herbst and Wagner's 1992 report represents a 
resighting or simply a past record is unclear.)  Adams and Nevins report it for 1994, but Bruegmann 
(1994) tentatively identified the Sporobolus present as a different genus (the nonnative S. pyramidatus, 
or Indian dropseed) and said that it also covered much of the southern hardpan area.  Indian dropseed is 
an introduced species that occurs on Tern Island, Midway and Kure Atolls, and Oahu, and was first 
collected on Oahu in 1978 (Wagner et al. 1990).  This grass genus needs IMMEDIATE attention on 
Laysan.  Lamoureux (1963) reported the southern hardpan as "barren" in 1961, but Newman (1988) 
noted the southern hardpan covered with a "pioneer" association of Portulaca spp. and the native 
Tribulus cistoides (nohu) beginning in about 1968 and by 1984 the hardpan was covered with these two 
species.  Newman speculated it might signal the first stage of recovery for the hardpan area.  Portulaca 
sp. (spp.) and Tribulus preceeded the hardpan invasion of whichever Sporobolus is currently present. 
     RECOMMENDATION: It is unclear whether only the nonnative Sporobolus pyramidatus is 
present, or whether both S. pyramidatus and the native Sporobolus virginicus, 'aki'aki, are present.  An 
immediate botanical survey for these two species needs to be undertaken on Laysan, to determine if one 
or both species are present, and where.  The distribution(s) of Sporobolus should be mapped, and 
collected specimens verified against museum specimens in Bishop Museum.  If only S. pyramidatus is 
present, immediately begin eradication with Rodeo herbicide spraying prior to seed formation (to reduce 
Laysan Finch exposure to Rodeo).  If the Sporobolus is the native 'aki'aki, begin propagating in the 
temporary greenhouse and transplanting rhizomes to the east blowout and northern vegetation line. If 
only nonnative Sporobolus is present, during eradication process have a botanist or horticulturist gather 
seeds on Midway Atoll and propagate it there in a clean greenhouse. Or, collect soil-free rhizomes, 
spray them with pesticides, and take them to Laysan (see Attachment 1 for outplanting guidelines where 
quarantine is an issue). After the nonnative Indian dropseed is eradicated, take the clean seedlings or 
rhizomes back to Laysan for propagation and reintroduction. Eradication of nonnative Sporobolus 
pyramidatus is Eradication Priority 1 (see Table 7), and the enhancement/reintroduction of native 
Sporobolus virginicus is Priority 10 (Table 6), partly because the former species must be removed before 
the latter is enhanced or reintroduced. 

Cyperus laevigatus 
5) Cyperus laevigatus, or makaloa (sedge).  Indigenous, perennial sedge which is fairly common in 
undegraded wetlands throughout the Hawaiian Islands.  In 1896, Makaloa formed thick, 60 - 70 cm high 
tussocks in large areas near the lagoon.  It also occurred in a very deep area on the north side, in a deep 
peat-like mass which was likely formed by makaloa (Schauinsland 1899). Makaloa is one of the few 
plants that apparently persisted on its own despite the rabbit-caused devegetation on Laysan.  Makaloa 
seeds are important for Laysan Finch food, and Laysan Ducks nest in this sedge.  It was also an 
important nest site for the extinct Laysan rails.  Adult Nysius fullawayi (Fullaway's seed bug, a federal 
Species of Concern) have been found abundantly on C. laevigatus (Butler and Usinger 1963) and also 
breed on it (although originally Chenopodium bushes, now uncommon on Laysan, were probably the 
predominant host plants like they are on other islands: Asquith 1994). 

 14



     RECOMMENDATION: This plant species appears to have more or less recovered to its pristine 
distribution and status. Other than routine monitoring of distribution and cover, no action recommended 
at this time. 

Mariscus pennatiformis subsp. bryanii 
6) Mariscus pennatiformis subsp. bryanii, (Cyperus pennatiformes var. bryanii, C. canescens, also 
misidentified as C. hypochlorus by Fisher 1903), a sedge with no common name known (Fig. 5).  Listed 
as Endangered by IUCN, and federal endangered species. Schauinsland (1899) reported this plant to be 
widely distributed like the Eragrostis bunchgrass, and sometimes mixed in with it, but not as common as 
the bunchgrass. Schauinsland noticed that Mariscus thrived in moister places than Eragrostis, and 
tended to occur around the lake ("lagoon").  Mariscus is about the same height as Eragrostis and when it 
is not flowering or setting seed it is superficially very similar looking to Eragrostis. Christophersen and 
Caum (1931) reported Mariscus as "exterminated", which apparently was not true.  In the early 1960s, 
nonnative black-armored scale insects (Parasaisettia nigra) were abundant under Mariscus's leaves and 
on its flower heads: these scales were attended by the nonnative ants, Plagiolepis alluaudi (Butler and 
Usinger 1963).  Mealybugs of undetermined species were also present.  
     This very rare endemic Laysan Island sedge had an extremely small population (often reportedly one 
clump) for at least 13 years (since 1984).  It is apparently now confined to the south end of the lake, 
although in 1980 Herbst reported 12 individual plants on sand dunes on northeastern Laysan between 
clumps of Eragrostis bunchgrass. Based on its similarity in growth form to Eragrostis, Mariscus was 
possibly an important nest substrate for the now extinct Laysan Honeycreeper and extinct Laysan 
Millerbird and perhaps the Laysan Finch.  Seeds should be considered Laysan Finch food since the 
Finches will eat seeds from almost all species that occur on Laysan. 
     In 1994 M. Bruegmann obtained tissue and seed samples from the single live plant and seeds were 
distributed to Lyon Arboretum, Waimea Arboretum (both on Oahu), and National Tropical Botanical 
Garden on Kauai, and tissue was given to Greg Koob of Lyon Arboretum for micropropagation. Greg 
Koob has since left Lyon Arboretum. Seeds or seedlings from propagated material need to be returned 
and planted on Laysan in appropriate habitat, if clean propagules from tissue culture exist.  
     Mariscus is reported to sprout after 1 to 3 months, and "birds love to pull the seedlings and young 
plants out of the containers" (Diane Ragone, see Attachment 6). This suggests that on Laysan the finches 
would definitely present a problem for young seedlings, since they have been observed to eat seedlings 
of other plants (MPM).  Mariscus is currently reported to be fenced-in, with young Mariscus growing 
around an older clump (Anne Marshall pers. comm. 1998). 
     RECOMMENDATION: Ripe seeds from this species should be immediately collected on Laysan, 
propagated on-site in a temporary greenhouse, and outplanted after reaching a relatively bird-resistant 
size.  Propagation of this species is high priority (Priority 1: Table 6) due to its single-island endemism 
and extremely small population. 

Pritchardia sp. 
7) Pritchardia sp., or loulu palm.  Apparently no specimens exist for the extinct palm that occurred on 
Laysan, which is assumed to have possibly been an endemic Laysan form since no Pritchardia species 
occurs on more than one island.  Fan palms were first reported on Laysan in 1828 by Isenbeck and other 
visitors  (Kittlitz 1834 ), and others up until 1891, but were extinct by 1896, when only stumps were 
found.  Some of these palms were presumably used for firewood (Schauinsland 1899) by visiting or 
marooned humans. Schauinsland (1899) reports that 5 were reportedly still present in 1859, the tallest 15 
ft. tall.  Schauinsland also reported that none remained by his 1896 visit, but he found numerous stumps 
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and roots in the northern part of the island, some with a diameter of 50 cm.  He also found remnants in 
the southern part of the island near the "lagoon", and estimated that the original population certainly 
numbered several hundred.  Coconut palms (Cocos nucifera) were not present on Laysan during his 
1896 visit. 
     The closest species is Pritchardia remota (Fig. 6), an endangered loulu on Nihoa Island (USFWS 
1997).  Although there is not unanimous agreement on this idea, Rock (Beccari and Rock 1921) 
suggested that the Laysan form was also P. remota. Christophersen and Caum (1931) and George 
Munro (the latter having observed both Nihoa and Laysan loulu) believed that the two palms were 
different species. The Recovery Plan for the endangered Nihoa loulu (Pritchardia remota) proposes 
establishing a population on Laysan Island as part of the recovery process (USFWS 1997).  
     Christophersen and Caum (1931) provide some detail on reports of Pritchardia on Laysan from 
sailors and visitors, including an 1891 report from Munro that he saw a remnant palm grove, two low 
trees, and several dry stumps.  Captain Schlemmer reportedly moved 2 or 3 from the southeast part of 
the island and planted them near the guano buildings, where they died. Schauinsland (1899) and others 
reported the palms (or remnants thereof) in the northeastern "lagoon" shore, the eastern lakeshore, and 
also some near the southeast part of the lakeshore.  The same sites where Cocos currently are growing 
are probably the best sites to reestablish Loulu palms (on Nihoa the Nihoa loulu are clustered in some of 
the moister areas).  Pritchardia seeds are best harvested when mature; plants grow quickly and can be 
outplanted in a year (Diane Ragone, see Attachment 6). 
     RECOMMENDATION: Seeds should be gathered on Nihoa Island and brought directly to Laysan, 
where they should be propagated in the temporary greenhouse and outplanted in areas near the northern, 
eastern and southeastern shores of the lake on Laysan, which traditionally supported Pritchardia.  
Introduction of this loulu is Priority 5 (Table 6).  Coconut trees on the northern end of the lake should be 
incrementally removed as the loulus are outplanted and mature (Eradication Priority 8: Table 7). 

Santalum ellipticum 
8) Santalum ellipticum, (S. cuneatum var. laysanicum, S. ellipticum var. littorale, S. freycinetianum), 
'iliahialo'e, or coast sandalwood (Figs. 8 and 9). This plant is an endemic shrub to small tree. 
Schauinsland (1899) reported that these endemic trees grew in the coastal zone of Laysan, most 
luxuriantly on the northwest side, but Christophersen and Caum (1931) said it was also found on the 
southwest side.  Schauinsland reported that they were sometimes  2.5 m or more tall, with a main stem 
up to 10 cm in diameter, and that the wood was very "fragile".  The fruit was described as the size of a 
small cherry, having a stone, and a little flesh, which looks gray and later is colored bluish red.  
Schauinsland reported that almost all the fruits were eaten by the birds (presumably the three endemic 
passerines).  These sandalwoods appear to have been growing (more or less) in the sites where the non-
native Tournefortia (tree heliotrope) has since invaded.  Sandalwood completely disappeared from 
Laysan, although in 1923 Christophersen and Caum (1931: see also Bailey 1956) reported seeing stumps 
that were trying to resprout despite the rabbits keeping them "trimmed clean". 
     Lamoureux (1963) regarded the Laysan sandalwood as an endemic (S. c. var. laysanicum) whereas 
Fosberg (1962) considered it the same as those on O'ahu (Ely and Clapp 1973).  Populations of S. 
ellipticum are found on all the main islands in dry lowlands.  Ni'ihau Island or Ka'ena Point on O'ahu 
Island are suggested as seed source sites for reintroduction (C. Lamoureux, pers. comm.).  It is best to let 
the fruits ripen on the plant; they are also slow to germinate and may take as long as 3 to 4 years to be 
large enough (equivalent to 1 gallon pot) to outplant. 
     RECOMMENDATION: Immediately gather sandalwood seeds at Ka'ena Pt. (O'ahu) and begin to 
propagate them in a clean nursery. Transport them to Laysan at a small size, clean (soilless?), dusted 
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with pesticides, pot them upon arrival at Laysan and quarantine them.  After they attain a large enough 
size to outplant, reintroduce them to sites on Laysan where tree heliotrope (see #9 under Nonnative Plant 
Recommendations) currently is growing, and gradually begin cutting down tree heliotropes as the 
sandalwood matures.  Reintroduction/introduction of sandalwood to Laysan is Priority 4 (Table 6). 

Chenopodium oahuense 
9) Chenopodium oahuense (C. sandwicheum), 'aheahea or 'aweoweo.  This is an endemic shrub. The 
goosefoot bush was historically, along with Eragrostis bunchgrass, the commonest plant on the island 
(Schauinsland 1899), which is in stark contrast to the current situation.  Like most of the other plants, it 
could not withstand intense grazing pressure from the introduced rabbits, as well as the few cattle and 
equines present on Laysan until approximately 1909.  After 'aweoweo was collected in 1903 on Laysan 
(Christophersen and Caum 1931), it was reported by Coultas (in Ely and Clapp 1973) in 1936, but he did 
not verify his sightings with any specimens. It was not collected again until the 1960s, after it had been  
reintroduced. Tsuda (1965) reported that 'aweoweo was replanted in 1963 with seeds collected in 1961 
on Nihoa, and also replanted on Laysan in 1962 by R. Kramer but the latter planting did not "take".  Ely 
and Clapp (1973) reported that during the 1960s seeds from both Nihoa and French Frigate Shoals were 
used to replant on Laysan, and apparently some from 1966 plantings "took".  Lamoureux (1963) noted 
that in 1961 Chenopodium was one of the three native shrubs absent from the "recovered" Laysan 
vegetation, and although Pluchea was just becoming established at that time, he speculated that it might 
fill that niche, but recommended removing it and re-establishing Chenopodium and Achyranthes instead. 
In 1983, 34 mature Chenopodium plants and 14 seedlings were seen near the ironwood tree on Laysan 
(Conant 1983). One or a few bushes were seen by the ironwood tree by Morin in 1986 and 1987, but by 
1994 Adams and Nevins described two healthy main patches in the Pluchea-Sesuvium association at the 
southwest end of the lake, 5 plants southwest of the Cocos and 3 plants in the camp area (presumably 
near the ironwood tree). 
     Schauinsland (1899) described 'aweoweo plants as growing tightly next to each other, as thick 
shrubs, about 3/4 meter in height. Individual plants which stood alone were tightly leaved to the ground, 
and often several meters in diameter. In dry areas, it lost its leaves in the beginning of September, and by 
the first half of winter, all individuals had lost their leaves.  Christophersen and Caum (1931) report that 
the Chenopodium was as tall as almost 2 meters in 1896, but this does not agree with Udvardy's 
translation of Schauinsland (1899). However, Hillebrand is reported to have found it "12 to 15 feet high" 
in the higher forests of Mauna Kea (Schauinsland 1899). 
     On Nihoa, Chenopodium is one of the plants most important to the Nihoa Millerbirds for nesting and 
foraging (Morin et al. 1997), and establishment of a healthy population of Chenopodium on Laysan is a 
prerequisite for the reintroduction of millerbirds. Chenopodium was reportedly important for Red-footed 
Booby and Great Frigatebird nesting, and also Laysan Ducks nested under this bush (Bailey 1956).  The 
now extinct Laysan Honeycreeper (apapane) and extinct Laysan Millerbird also nested in this bush.  
Laysan Finches have been observed eating its flower buds and leaves (MPM).  The endemic Fullaway's 
seed bug (Nysius fullawayi), a federal "Species of Concern", probably used Chenopodium as its primary 
host plant when Chenopodium was common on Laysan (Asquith 1994). 
     Seeds can be stored; it is also easy to start from cuttings (see Attachment 6). 
     RECOMMENDATION: Gather seeds from 'aweoweo on Laysan and propagate in temporary 
nursery there.  Plant out in areas where it currently occurs, as well as at sites where nonnative Pluchea 
bushes are being gradually removed. If seed source at Laysan is limited, consider the desirability of 
gathering more seeds at Nihoa and transporting them directly to Laysan for propagation (if a qualified 
botanist has evaluated that the risk of new invertebrate introductions is low or zero). The restoration of 
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Chenopodium's original distribution and population on Laysan (and simultaneous eradication of 
nonnative Pluchea) is a high priority activity (Priority 3: Table 6).  The removal of Pluchea is 
Eradication Priority 4 (Table 7).   

Achyranthes atollensis 
10) Achyranthes atollensis (A. splendens, also A. splendens var. reflexa), an endemic shrub with no 
common name, presumably extinct (IUCN). It is also listed as a federal "Species of Concern".  This 25 
to 60 cm tall shrub was already restricted to an area of about 100 ft. in diameter on Laysan in 1896 when 
Schauinsland (1899) reported it; it occurred on the northwest side near the beach.  Schauinsland reported 
it was a compressed stand, not mixed with any other plant species.  It had already withered by August. 
In 1963 Lamoureux suggested that it seemed desirable to remove (the then newly established) Pluchea 
and reestablish Chenopodium and Achyranthes. It might have been possible to reestablish A. atollensis if 
this recommendation had been undertaken in the 1960s.  A. atollensis is (was) a NWHI endemic 
(although Hillebrand said it also occurred on Maui and Lanai: Schauinsland 1899) and is believed to 
have been extinct for about 30 years (Herbst and Wagner 1992). It was reported from Midway Atoll in 
1902 (Bailey 1956) and from Pearl and Hermes Reef in 1923 (Christophersen and Caun 1931).  It was 
last collected in 1964 by Lamoureux (2794 BPB Museum specimen) on Kure Atoll.  It reportedly 
became extinct on Kure Atoll due to competition with introduced golden crown-beard (Verbesina 
encelioides) and sweet alyssum (Lobularia maritima). It became extinct on Laysan before 1911, 
although seeds from Kure Atoll were replanted in the early 1960s (Ely and Clapp 1973, Tsuda 1965), 
which apparently didn't take.  Surveys by D. Herbst in 1988 could not locate this species in its historic 
NWHI range. 
     Lamoureux (1963) referred to the Laysan form of this plant as Achyranthes splendens var. reflexa, 
which would now be listed under A. splendens var. rotundata, a federally listed endangered species from 
Lanai, Oahu, and Molokai (possibly extinct on Molokai and Lanai).   
     Of great concern is the 1994 report of a new nonnative introduction on Laysan, tentatively identified 
as Achyranthes aspera.  This herbaceous plant is reported as "collected once on Laysan" (Wagner et al. 
1990), and also seen by Bruegmann (1994), although not found in 1983 (Conant 1983) nor 1984 
(Newman 1988) nor in any collections back to 1896.  This plant identification needs to be immediately 
verified and eradicated if it is nonnative. 
     RECOMMENDATION: At least two more concerted searches after "normal" rainfall years should 
be made to verify that A. atollensis is extinct throughout the Northwestern Hawaiian Islands, and to 
verify that it does not exist in any cultivated situation.  If it is not extinct, it should be propagated from 
clean seeds and cuttings on Laysan and reintroduced (Priority 1+: Table 6).  If it is extinct, consideration 
should be given (after conference with an expert botanical team) to translocating clean seedlings of the 
endangered Achyranthes splendens var. rotundata  (Priority 13: Table 6) from an Oahu seed source to 
Laysan, and outplanting them at the historical site on the northwest side, as well as in areas where 
Pluchea is removed. However, whether or not other ecologically-similar native Achyranthes are 
introduced to Laysan, the nonnative Achyranthes aspera must be entirely eliminated (Eradication 
Priority 2: Table 7). 

Boerhavia repens 
11) Boerhavia repens (B. diffusa, B. d. var. tetrandra, B. tetrandra), or alena.  This indigenous, prostrate 
perennial herbaceous plant seems to be "correctly" back in the ecosystem. It is distributed almost 
everywhere, especially amongst the Eragrostis bunchgrass, similar to how Schauinsland reported it in 
1899.  It is also very common in the "viney" association (Fig. 12). The thick main root may reach a 
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diameter of 15 cm (Schauinsland 1899), not in proportion with the scanty plant parts above the soil 
surface. Although all plants appeared to be dead on Laysan in 1923 (Christophersen and Caum 1931), 
Lamoureux (1963) said it formed one of the major components of the vegetation in 1961. Laysan 
Finches eat the sticky seeds and also the root (which is somewhat tuberous and also sticky), and surely 
some of the associated invertebrates. Laysan Ducks reportedly forage under this plant also, probably for 
Agrotis larvae.  
     A federal "Species of Concern", Nysius fullawayi (Fullaway's seed bug) breeds on this plant (Asquith 
1994), and endemic cutworm larvae (Agrotis) were abundant in the sand beneath this plant (Butler and 
Usinger 1963).  Butler and Usinger (1963) also found nonnative aphids (Aphis craccivora), nonnative 
mealybugs (Ferrisia virgata), nonnative moths (Megalorhipida defectalis), and a nonnative mirid 
(Cyrtopeltis modesta). 
     RECOMMENDATION: No action needed other than routine monitoring of status and distribution. 

Sesuvium portulacastrum 
12) Sesuvium portulacastrum, sea purslane or 'akulikuli ("pickleweed").  This is an indigenous, 
succulent, low-growing perennial herb, and a common wetland plant (NOT to be confused with the 
common nonnative wetland plant, Batis maritima, which is called 'akulikuli kai). The native 'akulikuli 
was the only plant still somewhat common on Laysan in 1923 after the devegetation by rabbits had 
reached its worst (apparently rabbits did not like to eat it).  Schauinsland (1899) reported that individuals 
of this plant stood alone, only occurring in the low-lying, salty soils in the vicinity of the "lagoon", 
where it grew profusely in the sole company of Heliotropium curassavicum and C. laevigatus.  
Schauinsland also noted that its bluish-red flowers opened only during the hot midday and emitted a 
peculiar and permeating aromatic fragrance. Today 'akulikuli grows in the same places and in 
association with the same primary salt-tolerant native plants as reported by Schauinsland (1899): the 
herbaceous kipukai, Heliotropium curassavicum, and the makaloa sedge, Cyperus laevigatus.  
Schauinsland reported that 'akulikuli hosted 2 small moth species and thus was often visited by the 3 
songbirds (2 of these 3 species are now extinct on Laysan).  Butler and Usinger (1963) reported that 
small white moths were abundant around the 'akulikuli and a nonnative thrips (Haplothrips robustus) 
was found in the flowers. 
     RECOMMENDATION: No action recommended, other than routine monitoring of status and 
distribution. 

Portulaca lutea 
13) Portulaca lutea, purslane or 'ihi.  This is an indigenous, prostrate perenniel herb, although on 
Laysan it may be difficult to locate in the flora during part of a year.  In February 1986, a Portulaca 
(possibly the nonnative annual P. oleracea, or a hybrid) was found on the west side interspersed with the 
bunchgrass, but in 1987 it was not seen there until May or June (MPM, Newman 1988). Schauinsland 
(1899) mistakenly identified his collected Portulaca as the nonnative "P. oleracea" even though he 
acknowledged that it was "more than likely" identical to P. lutea (see also Lamoureux 1963).  His 
description from 1896 Laysan describes a plant that sometimes forms mats, "presenting a cushion (of 
20-40 cm height, 3/4 to 1 meter in diameter) using the numerous side branches which branch off the 
heavy, woody main stem".  Schauinsland reported it only occurred in dry locations, avoiding loose sand, 
and that it flowered in August.  The flowers seem to open only during the hot midday hours.  P. lutea 
was one of the plants that survived the rabbits on Laysan, probably because of its numerous tiny, sand-
size seeds.  An adventive (introduced nonnative) mealybug, Ferrisia virgata, and a possibly endemic 
invertebrate, Chelonus blackburni have been found in association with 'ihi (Butler and Usinger 1963). 
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Laysan Ducks have been reported to feed around the 'ihi and the extinct Laysan Honeycreeper fed on its 
flowers.  The Laysan Finch feeds on the apical buds, stems, seeds, leaves, and flowers, and pick the dark 
seeds from the sand (Conant 1983, MPM). 
     The nonnative annual, Portulaca oleracea, was discovered on Laysan in 1959, and since that time 
has apparently spread across the island.  P. oleracea reportedly hybridizes with P. lutea (Lamoureux in 
Newman 1988, Bruegmann 1994), and this possibility would make control and eradication of the non-
native difficult or impossible.  These two species need to be immediately studied on Laysan and in the 
laboratory: this would make an excellent thesis or dissertation project for a botany, (most ideally) 
genetics, or conservation biology graduate student. 
     RECOMMENDATION: Laboratory and field research is a priority for the two Portulaca spp. on 
Laysan. The extent of hybridization and its ecological consequences need to be determined. 
Enhancement or reintroduction of the native Portulaca lutea is rated Priority 11 (Table 6), but only after 
the nonnative Portulaca oleracea is removed (Eradication Priority 3: Table 7).  See recommendations 
under #6, Portulaca oleracea, under Nonnative Plan Recommendations that follow this section.  

Lepidium bidentatum var. o-waihiense 
14) Lepidium bidentatum var. o-waihiense (L. oahuense, L. owaihiense), or 'anaunau.  This woody 
indigenous perennial subshrub is a federal "Species of Concern" or SOC species on the main islands and 
Kure Atoll, Midway Atoll, and Pearl and Hermes Reef.  A single plant (on the east side near the beach) 
was last seen on Laysan in 1896 and it has been extinct there ever since, despite efforts to reintroduce it 
in the 1960s with seeds from Kure Atoll.  It is curious that only one plant was seen by Schauinsland in 
1896, suggesting that perhaps introduced insects or introduced macro-herbivores (donkey, mule, pig) 
had already decimated this plant by grazing at an early stage in Laysan's most heavily human-influenced 
era.  Schauinsland (1899) reported that it was a small stunted bush about 30 cm in height, and its lower 
woody stem was about 8 cm wide.  Christophersen and Caum (1931) did not find it in 1923 on Laysan, 
but did see it on Middle and Seal Islands at Pearl and Hermes Reef in 1923.  Seeds from Kure Atoll 
were sown in two places on Laysan in 1963 but they didn't take (Tsuda 1965, Ely and Clapp 1973). 
     Seeds can be stored; plant is also easy to grow from cuttings (see Attachment 6). 
     RECOMMENDATION: Collect fertile seeds on Pearl and Hermes Reef and propagate the seeds on 
Laysan in the temporary greenhouse.  Outplant propagules at various sites on the east side of the island 
at the vegetation line near the beach. Study native invertebrates that are known to use this plant as an 
important host elsewhere in the Hawaiian Islands, and see if any of the possibly extinct Laysan 
invertebrate taxa may have used this plant extensively. Evaluate which (if any) nonnative invertebrate 
taxa on Laysan may have caused this species to decline.  Reintroduction of  'anaunau to Laysan is 
Priority 6 (Table 6).    

Capparis sandwichiana 
15) Capparis sandwichiana (C. sandwicheana; however, some consider it possibly conspecific with C. 
cordifolia), or maiapilo (pua pilo: Fig. 10). It is listed as a federal SOC or "Species of Concern".  This 
endemic Hawaiian bush can reach 2 meters in height (Linda Pratt pers. comm.): Schauinsland (1899) 
reported "man-high" bushes on Laysan, primarily on the west side of the island somewhat near the 
beach.  Schauinsland speculated as to why the fruits were rare although the flowers were numerous, 
wondering if it was lack of pollinators.  The Laysan Honeycreeper, still extant in 1896, must certainly 
have pollinated this flower, even though the flower withers slightly after daybreak. Capparis flowers 
were reported as an important food source for the Laysan Honeycreepers (Schauinsland 1899).  Newly 
introduced insects were possibly responsible for the rarity of maiapilo seeds that Schauinsland observed, 
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but it also probable that Laysan Finches cheerfully ate heartily from these seed pods.  The nonnative 
thrips, Frankliniella suphurea (= F. schultzei ?) have been found on maiapilo flowers, ants (unspecified 
species) on the stems, and unspecified chrysopid eggs were observed (Butler and Usinger 1963). An 
unidentified caterpillar was also observed feeding on maiapilo leaves, and a single nonnative mealybug 
(Planococcus citri) was found on a leaf. 
     Maiapilo was first reported on Laysan in 1859 (Ely and Clapp 1973).  Christophersen and Caum 
(1931) said it was collected on Laysan in 1902 and in 1903 patches of it were present all over the high 
parts of the island. Maiapilo somehow managed to survive the rabbit devastation (seeds in the sand? 
stumps resprouted?) even though it was not found in 1923 (Christophersen and Caum 1931).  Linda 
Pratt (pers. comm.) reports that Maiapilo accidentally chainsawed at Kaloko-Honokohau National 
Historical Park (Kona) resprouted.  All recent Laysan Island collections were from the west side of the 
island within or close to the naupaka bushes south of the ironwood tree. It was present up until 1969 
(Newman 1988) and has not been reported from Laysan since (Conant 1983, Bruegmann 1994). Before 
Himatione sanguinea (Apapane) could be reintroduced to Laysan, a healthy population of Capparis 
should be in place, if possible.  
     Capparis seeds should not be stored, but planted immediatlely; but, plants are easy to start from seed 
(see Attachment 6). 
     RECOMMENDATION: A status check on Laysan is needed, and Capparis reintroduced if none 
can be found on Laysan. Seeds can no longer be gathered from Pearl and Hermes Reef (used to be 
present on Seal and North Island: Christophersen and Caum 1931) and Midway Atoll will need to be 
surveyed to locate a Capparis seed source.  It is not reported historically from any other Northwestern 
Hawaiian Island. Reintroduction to Laysan is rated Priority 2 (see Table 6).  If present on Midway, seeds 
should be gathered and germinated in a temporary "clean" greenhouse on Midway.  Once the seeds are 
germinated, seedlings should be dusted with acceptable pesticide and taken without soil to Laysan, 
potted, acclimitized, and then outplanted by Restoration staff. 

Tribulus cistoides 
16) Tribulus cistoides, or nohu (puncture vine).  This indigenous perennial, prostrate viney plant forms 
uniform rosettes of 1 to 2 m in diameter, but only a few cm tall. In 1896, nohu occurred "almost 
everywhere on the island, especially in sandy areas between the single Eragrostis bunches" 
(Schauinsland 1899).  This quote suggests that at the turn of the century, nohu was somewhat more 
common on Laysan than it is currently (see Newman 1988).  It was one of the few plants to survive the 
devegetation by rabbits; nohu has been represented in every botanical collection from Laysan. Its 
relatively large, spiney seeds probably aided in its ability to withstand the rabbits' grazing. Also, as the 
Laysan Finch population fell during the island's devegetated stage, finch predation on nohu and other 
seeds may have decreased, allowing a seed bank to remain. Laysan Ducks have been reported to forage 
under nohu, and the now extinct Laysan Honeycreeper got nectar from it (Munro 1960).  Laysan Finches 
relish its seeds, leaves, flowers, prostrate runners, and seedlings (MPM). 
     The nonnative aphids, Aphis craccivora, and the 2 species of nonnative thrips [Haplothrips gowdei 
and Frankliniella sulphurea (= schultzei?)] were present on the flowers, and the nonnative mealybugs 
(Ferrisia virgata and Planococcus citri) were found on nohu stems, leaves and seeds (Butler and 
Usinger 1931).  In 1961, native Agrotis cutworms were abundant in the sand beneath nohu, and 
coccoons of the nonnative parasite, Cotesia (= Apanteles) marginiventris were found on the nohu leaves.  
A few Cotesia marginiventris were reared out from Agrotis larvae (Butler and Usinger 1963). 
     RECOMMENDATION: Routine monitoring of status and distribution of nohu, and identification 
and monitoring of invertebrates associated with nohu, are recommended. 
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Ipomoea indica 
17) Ipomoea indica (I. Insularis), koali 'awa or morning glory, is a herbaceous vine; individual plants 
vary in their leaf hirsuteness.  This is the indigenous morning glory which occurred in widely scattered 
locations on Laysan, but was not common in 1896 (Schauinsland 1899), although it was not in the area 
around the "lagoon".  It was reported as quite common in 1903 (Christophersen and Caum 1931), 
missing from Laysan's flora in 1911 and 1923, but it apparently has had a localized distribution from 
1961 onward (Newman 1988).  Koali 'awa is still not common, and still has a localized distribution.  In 
1994 it was found only in "Plot 5" by the southwest end of the lake (Adams and Nevins 1994).  Almost 
certainly the nectar was used by the now extinct Laysan Honeycreeper.  The nonnative aphids, Aphis 
craccivora, were abundant on its stem tips, and nonnative mealybugs (Ferrisia virgata) were collected 
on the plant (Butler and Usinger 1963). Butler and Usinger mentioned that larvae of the nonnative sweet 
potato hornworm, Agrius (= Herse) cingulata, might been present on this plant. 
     RECOMMENDATION: No action recommended at this time other than routine monitoring of 
status and distribution. 

Ipomoea pes-caprae 
18) Ipomoea pes-caprae, pohuehue or beach morning glory (Figs. 12 and 13), is a hardy indigenous, 
trailing vine, specimens may be as long as 6 to 10 m.  It bloomed at the end of June, and by the end of 
August or early September it had finished blooming (Schauisland 1899).  Schauinsland reported it 
everywhere on the higher areas on the beach, which is still basically true. Christophersen and Caum 
(1931) reported it as present in 1903 on the eastern, southern, and western shores by the high water 
mark. It apparently was gone by 1911 but was replanted in 1923.  The Laysan Ducks forage under it, 
and the extinct Laysan Honeycreeper drank its nectar (Munro 1960).  Laysan Finches have been 
observed visiting its flowers (MPM).  
     Nonnative mealybugs, Planococcus citri, were found on the pohuehue stems, often attended by 
nonnative ants (Monomorium floricola and Plagiolepis alluaudi).  Nonnative thrips, Frankliniella 
sulphurea (= schultzei?) are present in the flowers, and a metallic-green dolichopodid fly was abundant 
on its leaves (Butler and Usinger 1963).  Butler and Usinger mentioned that Agrius (= Herse) cingulata, 
the sweet potato hornworm, may have been present on this plant. 
     RECOMMENDATION: No action recommended other than routine monitoring of status and 
distribution. 

Nama sandwicensis 
19) Nama sandwicensis (N. s. var. laysanicum), or hinahina kahakai is an annual or short-lived 
perennial mat-forming herb, endemic to the Hawaiian Islands.  It is listed as Vulnerable by IUCN.  In 
the NWHI it is known from Lisianski and Laysan Islands.  Schauinsland (1899) noted that Nama grew 
on the higher parts of the beach around the island, and specimens formed dome-shaped rosettes 10 to 25 
cm in diameter and about 10 cm tall. This plant was missing in 1923 (Christophersen and Caum 1931) 
but otherwise has appeared in most botanical collections from Laysan.  It still grows commonly on the 
upper beach, more or less around the island.  Two of the most vigorous populations of this species in the 
Hawaiian Archipelago are probably Mo'omomi and 'Ilio Pt., Molokai (Linda Pratt pers. comm.), and 
Laysan Island (Conant 1983).  Laysan Ducks forage in association with this plant, probably due to the 
native Agrotis larvae that are abundant in the sand beneath. The "Species of Concern", Nysius fullawayi 
(Fullaway's seed bug) breeds on Nama (Butler and Usinger 1963, Asquith 1994).  In 1961, unidentified 
pyralid larvae were found on the Nama and in the sand, and a nonnative thrips (Halpothrips robustus) 
was in the flowers (Butler and Usinger 1963). 

 22



     RECOMMENDATION: No action recommended other than routine monitoring of status and 
distribution, and associated invertebrate fauna. 

Heliotropium curassavicum 
20) Heliotropium curassavicum, seaside heliotrope or kipukai is an indigenous, perennial herb.  This 
herbaceous, salt-tolerant heliotrope is still widespread around the lake, just as it was in 1896.  
Schauinsland (1899) reported it was restricted to areas around the "lagoon" which were not under water, 
and formed a uniform cover up to 30 cm tall.  Kipukai was not reported in 1911 or 1923 (Christophersen 
and Caum 1931), but apparently it recovered on its own without replanting.  It is the third major 
component of the wetland Sesuvium-Cyperus-Heliotropium Association. 
     Schauinsland (1899) reported that this plant species hosted quite a few of 2 small moth species, and 
was often visited by the 3 endemic songbird species.  The Laysan Finch still feeds frequently in this 
three-plant association (MPM) around the lake.  Kipukai has been reported as a Laysan Duck nesting 
site (Moulton and Marshall 1996).   
     Kipukai leaves were fed upon by a small green looper larva, possibly the nonnative Trichoplusia ni 
(Butler and Usinger 1963).  Underneath the plants, Butler and Usinger found nonnative ants 
(Tetramorium bicarinatum), nonnative sowbugs (Porcellionides sp.), earwigs (spp.?), nonnative roaches 
(Pycnoscelus indicus (= surinamensis?), and the endemic mites, Scheloribates calcaratus. 
     RECOMMENDATION: No action recommended other than routine monitoring of status and 
distribution. 

Phyllostegia variabilis 
21) Phyllostegia variabilis has no common name and is an endemic perenniel herb, with a few 
unbranched runners which were 3/4 to 1 meter long.  This nonaromatic mint species is presumed extinct 
by IUCN.  Although believed extinct, it is a federal SOC species, or "Species of Concern".  It was last 
seen on Laysan in 1903. Christophersen and Caum (1931) found it in 1923 on Eastern Island, Midway 
Atoll.  It is believed to have been most recently exterminated from Green Island, Kure Atoll, due to two 
introduced plants, golden crown-beard and sweet alyssum (Herbst and Wagner 1992). It is now 
considered to be extinct on Kure Atoll, Midway Atoll, and Laysan Island, which was its entire former 
range; it was last collected by C. Lamoureux in 1961 (Lamoureux 1926, BISH). 
     Schauinsland (1899) reported that on Laysan it was "here and there on the east and west side near the 
beach".  This herbaceous mint is perhaps the best "argument" that the original Laysan flora and fauna 
was a relict of an "upland" system (Schlanger and Gillett 1976).  There are no other Hawaiian 
Phyllostegia with dry, lowland forms, only wet or mesic habitat species.  However, a few other native 
mints (e.g. the extinct species, Haplostachys bryanii and H. munroi) occurred in dry, low elevations.  
There is apparently no comparable extant Phyllostegia species (Linda Pratt pers. comm.), and this genus 
will have to remain missing from Laysan unless an unknown remnant population occurs on Kure or 
Midway Atolls. 
     RECOMMENDATION: One or two additional thorough searches should be made in the 
Northwestern Islands, especially on Kure and Midway Atolls, to verify that this plant is extinct.  In the 
unlikely event that it is not extinct, seeds and possibly tissue should be carefully taken for propagation 
and eventual reintroduction to Laysan (Priority 1+: Table 6).  

Solanum nelsonii 
22) Solanum nelsonii (S. laysanense), 'akia or popolo is an endemic trailing shrub.  This endemic 
Hawaiian plant is rare on the main islands now and is a federal "Species of Concern". In 1896 it was 
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already uncommon on Laysan (only about a dozen specimens) and it was reported only on the northern 
side of the island on sand dunes near the beach (Schauinsland 1899).  Schauinsland also reported 'akia 
was a low, ground-hugging shrub that is barely more than 25 cm tall.  The circular leaves were covered 
with gray, feltlike hairs, the small flower was bluish, and the fruit was pea-size. It began blooming at the 
end of August. However, at Pearl and Hermes Reef, it occurred in profuse masses and in some places 
covered the ground with low, thick shrubbery. 
     It was last collected on Laysan in 1903.  In 1923 Christophersen and Caum (1931) found it on Middle 
and Seal Islands in Pearl and Hermes Reef, and Sand and Eastern Islands in Midway Atoll.  Seeds from 
Nihoa Island and Kure Atoll were planted on Laysan during the 1960s but apparently didn't take 
(Kramer and Beardsley 1962, Tsuda 1965, Ely and Clapp 1973).  Solanum americanum (old S. nigrum, 
also called popolo) has been established on Laysan since 1930.  It is unclear if S. americanum is 
indigenous or introduced into the Hawaiian Archipelago (see # 10, Solanum americanum, under 
Nonnative Plant Recommendations). However, it is clear that the short-lived herbaceous S. americanum 
was not present in the original Laysan flora, and the shrub Solanum nelsonii was.  Solanum nelsonii is 
easy to grow from seeds and cuttings (see Attachment 6). 
     RECOMMENDATION: Eradicate Solanum americanum (Eradication Priority 7: Table 7) with 
manual removal and burning the uprooted individuals prior to their flowering, and/or by applying 
limited Rodeo herbicide. Gather Solanum nelsonii seeds from Nihoa Island and propagate them in the 
temporary greenhouse on Laysan.  Outplant them on the north end of the island (see Schauinsland 
description) after Solanum americanum is eradicated.  Due to the overall SOC status of Solanum 
nelsonii, this activity has moderate priority (Priority 7: Table 6). 

Sicyos maximowiczii 
23) Sicyos maximowiczii or puaokama (S. atollensis, Cladocarpa atollensis, mistakenly called S. 
hispidus by Christophersen and Caum 1931 and Schauinsland 1899), and:  

Sicyos pachycarpus 
24) Sicyos pachycarpus or kupala (S. microcarpus, S. nihoaensis, S. laysanensis), and: 

Sicyos semitonsus 
25) Sicyos semitonsus (Cladocarpa semitonsa) will be treated as a unit. 
 
     The first two Sicyos species listed above, #23 (see Fig. 18) and #24 (see Fig. 19), are endemic to the 
Hawaiian Archipelago, but the third "species" is suspected to be a hybrid of the first two and is endemic 
only to Laysan. 
     S. maximowiczii (Fig. 18) is an endemic, climbing or trailing annual vine in the cucumber family.  It 
has large, pubescent fruits and pubescent leaves.  Schauinsland (1899) reported that in 1896 it was not 
uncommon near the brackish pond of the southern guano field. Christophersen and Caum (1931) 
reported it present in the same place in 1903 and 1911, but it was not present in 1923.  Newman (1988) 
reported it was present from 1930 onward.  It was abundant in 1983 (Conant 1983), and seasonally 
common in certain areas from 1986-1988 (MPM). S. maximowiczii vines tend to occur in the "viney" 
vegetation that rims the area above the lake flats (the flats is the area that periodically gets flooded).  It 
commonly grows in association with Tribulus, Boerhavia, and Ipomoea vines, although it can also grow 
over naupaka bushes and Eragrostis bunchgrass clumps. 
     S. pachycarpus (Fig. 19) is a climbing vine sometimes found in the lake flats in association with 
Cyperus sedge and Pluchea bushes.  Schauinsland (1899) said it occurred singularly on the margin of 
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the "lagoon", climbing on the Cyperus.  It was absent in 1923, but present after 1961 (Newman 1988).  
Tsuda (1965) reported that seeds sown on Laysan in 1962 by R. Kramer apparently did not germinate.  
In the 1980s it was not common (Conant 1983, MPM), although possibly this species never was.  The 
fruits of this species are much smaller than maximowiczii, and are not fuzzy; the plant is overall smaller 
and smoother than maximowiczii. 
     S. semitonsus may be the Sicyos sp. reported in Christophersen and Caum (1931).  It reportedly was 
collected in sand and guano in 1903 and 1911, and was not abundant.  This species has only been 
collected from Laysan and is believed to be a hybrid of S. maximowiczii and S. pachycarpus (Wagner et 
al. 1990).  It is apparently intermediate in form between the two other species.  It is apparently either 
very rare or difficult to distinguish from the other two species, since it is seldom collected or noticed. 
     These vines are seasonal growers and their seasonality makes it difficult to monitor them (Newman 
1988), especially when they have "died back".  Laysan Finches eat the fruits, flowers, and flower stalks 
of at least S. maximowiczii, and pick invertebrates from under its stems and leaves.  Two nonnative 
species of mealybugs (Planococcus citri and Ferrisia virgata) were found on S. maximowiczii in 1961, 
attended by two nonnative species of ants (Tetramorium bicarinatum and Monomorium floricola: Butler 
and Usinger 1963). A nonnative aphid, Aphis gossypii, was also collected from this plant. 
     RECOMMENDATIONS: No action recommended other than routine monitoring of status and 
distribution. 

Scaevola sericea 
26) Scaevola sericea (S. koenigii, S. taccada, S. frutescens, S. lobelia), or naupaka kahakai.  This 
indigenous shrub has occurred on Laysan more or less continuously, having been replanted in 1923 and 
1930 after the rabbits had eliminated it (Newman 1988).  Schauinsland (1899) described it as restricted 
to the beach zone of the island, luxuriant on the west side, and more stunted on the east side.  It formed a 
bush 1/2 to 1 meter high, reaching very considerable diameter (4 to 5 meters).  He described "runners" 
that crept several meters tightly over the sand.  In 1923, only three poor patches were found: one patch 
was southeast of the lake (about midway between the shore and the lake, on the inner side of the sand 
hills); a second patch was on the north side of the island (on the outer side of the sand dunes); and a third 
patch was in the northeastern corner of the island (Christophersen and Caum 1931).  Ely and Clapp 
(1973) speculated that naupaka may have actually been more widespread in the 1960s than it was in 
1896, since so many beach zone plant components were missing after the rabbit fiasco.  It appears that 
naupaka has had several distribution shifts on Laysan, having been more common in the northeast in the 
1980s (Newman 1988) and more easily found along the west shore in the 1960s (Lamoureux 1963).  It 
can occur quite far inland, almost to the lake (MPM). 
     On top of naupaka, Great frigatebirds and Red-footed Boobies, and Black Noddies nest; Christmas 
Shearwaters, Red-tailed tropicbirds, and Laysan Ducks nest below its branches.  Laysan Finches eat its 
leaves and fleshy stems (probably mostly for moisture) and fledglings often use the bush for cover 
(MPM).  Butler and Usinger (1963) found the following nonnative invertebrates on naupaka leaves: 
aphids (Aphis gossypii), scales (Parasaissetia nigra), mealybugs (Pseudococcus sp.), ants (Tetramorium 
bicarinatum), golden-eyed lacewings (Chrysoperla carnea), and small spiders (Coleosoma floridanum).  
In 1961 at one southeast coast location, nonnative spider mites (Brevipalpus obovatus) were heavily 
infesting the naupaka, causing the leaves to yellow and drop off.  Butler and Usinger also mentioned the 
presence of abundant muscoid flies of an unspecified genus and species. 
     RECOMMENDATION: No immediate action recommended other than routine monitoring of status 
and distribution, although the effects of  the scale, Parasaissetia nigra, on naupaka decline  should 
eventually be investigated (see Beardsley 1965). 
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Lipochaeta integrifolia 
27) Lipochaeta integrifolia, or nehe is an endemic, prostrate, perennial herb. Older specimens of nehe 
may appear bushlike, 60 to 75 cm tall and 1 to 2 meters in diameter (Schauinsland 1899).  Schauinsland 
described how the plants originally grew in the transition area where the salty flats around the lake 
(Sesuvium-Heliotropium-Cyperus vegetation zone) began to change over to the sandy substrate of the 
outer edge of the island (formerly the Chenopodium-Eragrostis vegetation zone), in the same areas 
where nonnative Pluchea currently is common. Nehe was last collected in 1903 on Laysan, but not in 
1923 or thereafter (Christophersen and Caum 1931).  Apparently nehe is still present on Kure Atoll, the 
only other NWHI where it occurs, (but it also occurs in the main islands). Seeds were collected at Kure 
during the 1960s and taken to Laysan for sowing although the seeds didn't sprout (Tsuda 1965).  
     When this plant is older and bushlike, it was sometimes used by young albatrosses, who climbed on 
top of it. There is no information on which invertebrates or native land birds may have used this plant. 
     Plants can be started from seeds (without pretreatment) or cuttings; see Attachment 6 for details. 
     RECOMMENDATION: The reintroduction of  nehe to Laysan with seeds or cuttings from Kure 
Atoll should be attempted again, but the seeds or cuttings should be propagated in a temporary 
greenhouse on Laysan before being outplanted.  Nehe reintroduction is Priority 9 (Table 6). 

TABLE 6.  PRIORITIZATION OF NATIVE PLANT REINTRODUCTION, INTRODUCTION, 
AND ENHANCEMENT ACTIVITY. 
     A "+" indicates that the reason applies well to the species, and a "-" that it doesn't apply well, or 
doesn't apply at all, to that species. A priority of "1+" indicates that the species would have first priority 
if it were extant, but the species is currently considered extinct.  If any of the "1+" species are 
rediscovered, then they move automatically into the first priority position, and the other native species in 
the genus would not be used for introduction in its place. Many of the reintroductions and all the 
introductions are tied to the prior eradication of specific nonnative pest plants on Laysan. 
 
 
SPECIES     REASONS     PRIORITY 
 A B C D E F G H I J K  
             
Cenchrus agrimonioides 

var.  laysanensis* 
+ - + + + - + - + + - 1+ 

Achyranthes atollensis* + - + + + - - - + + - 1+ 
Phyllostegia variabilis* + - + + ? - + - + - - 1+ 
Mariscus pennatiformes 

ssp. bryanii 
+ + + + + + + - + - - 1 

Capparis sandwichiana + + + - + - + + + - + 2 
Chenopodium oahuense - + + - + - - + + + + 3 
Santalum ellipiticum - + + - - - - + + + + 4 
Pritchardia remota*** + - + - + +* - - + + - 5 
Lepidium bidentatum 

var. o-waihiense 
+ + +** - + - + - + - - 6 

Solanum nelsonii + + + - - - - + + + - 7 
Lepturus repens - + - - + - + - + + - 8 
Lipochaeta integrifolia - + + - + - - - + - - 9 
Sporobolus virginicus - + - - - - - - + + - 10 
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SPECIES     REASONS     PRIORITY 
 A B C D E F G H I J K  
Portulaca lutea - + - - - - - - - + + 11 
Cenchrus agrimonioides 

var. agrimonioides*** 
+ - + - - - - - - + - 12 

Achyranthes splendens 
var. rotundata*** 

+ - + - - - - - - + - 13 

 
* Extinct or believed extinct, but would immediately become highest priority if rediscovered. 
** Endemic variety.  
***Not the original species, subspecies, or variety, since original is believed extinct. 
 
A= Endangered, threatened, or "Species of Concern". 
B= Original species or variety not extinct in entire former  
   range. 
C= Hawaiian Archipelago endemic. 
D= Northwestern Hawaiian Island endemic. 
E= Ease of immediate reintroduction or introduction. 
F= Laysan Island endemic. 
G= No nonnative species need removal prior to reintroduction or  
   introduction. 
H= Species should be in place prior to other reintroductions. 
I= Agreement about appropriateness of reintroduction,  
   introduction, or enhancement. 
J= Native species replacing a nonnative species being removed. 
K= Known importance to other native vertebrates and invertebrates as  
   food, substrate, host plant, etc. 

Nonnative Plant Recommendations 
GOAL: Prevent new nonnative species introductions.  Eradicate nonnative plants currently on Laysan, 
in a prioritized manner (most noxious to least noxious). All activities are covered under Projects #1, #4, 
and #8. 
 
     The 13 following plant species have been introduced accidentally or deliberately to Laysan Island 
and are still present. All 13 of these introduced plants became established after 1896, and 7 of the 13 
became established after 1930. Of the 7 species established since 1930, 2 of the 7 became established 
since 1980.  This works out to an average of about 1.8 new plant species that became established every 
10 years from 1896 to 1930, and about 1 new plant species became established every 10 years from 
1930 to the year 2000.  However, once Cenchrus echinatus is completely eradicated (which has been or 
is almost completed), the "rate" of introduction will drop to about 0.9 new plant species per 10 years (for 
1930 to year 2000), and will continue to drop with every plant species eradication.  Although generally 
the goal should be to reduce the rate of nonnative introductions to some low number or zero, this 
measure of "X nonnative plant species introduced and established every X years" is somewhat 
misleading. Introductions are not equal in their ability to alter the ecosystem, and some nonnative plants 
appear to be relatively innocuous and others have obvious large, immediate, and negative impacts.  
Some plants which are believed to be innocuous may have subtle environmentally-degrading qualities, 
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such as alteration of nutrient cycles, release of germination-inhibiting toxins into the soil, being a 
preferred host for pestiferous nonnative invertebrates, hybridizing with closely related native plant 
species, or altering the soil/sand structure for burrow-nesting seabirds.  See Table 7. for prioritization of 
need for eradication for the nonnative plant species. 
     Two of the 13 introduced and established plant species on Laysan are listed by Wagner et al. (1990) 
as indigenous from other parts of the Hawaiian Archipelago (Fimbristylis and Solanum americanum), 
but they were not found in the original historically-known Laysan flora.  Therefore, these 2 indigenous 
species are considered here as introductions.  An additional nonnative (Brassica rapa) is listed in the 
Bishop Museum Hawaii Biological Survey Flowering Plant Checklist (1997) as having been collected 
on  Laysan, but that entry is incorrect (MPM). 

Cynodon dactylon 
1) Cynodon dactylon, or bermuda grass, also called manienie.  Bermuda grass is a perenniel 
rhizomatous grass, probably introduced by the guano workers (Christophersen and Caum 1931).  This 
introduced species has been present on Laysan since after 1896 (not reported by Schauinsland) but 
before 1903 (when W. A. Bryan reported it).  It is well established in various places on the island, 
including the north-end of the lake.  Bermuda grass does not seem to be aggressively spreading, but it 
has spread steadily over the years.  Mainly adventive (introduced) invertebrates have been collected on 
Bermuda grass, including: Haplothrips gowdeyi (thrips), Antonina graminis (mealybugs), Seira 
(Drepanocyrtus)terretris (collembola), and Deltocephalus sonorus (leafhoppers: Butler and Usinger 
1963), but the Northwestern Hawaiian Island endemic bug Nysius fullawayi was also found in 
association.  Tsuda (1965) reported seeing many Laysan Ducks in the bermuda grass during the day. 
     RECOMMENDATION: Bermuda grass should be gradually and incrementally removed by using 
1% Rodeo spraying, but large patches should not be killed abruptly because of the relatively large areas 
that would be then be left devegetated.  Outer-edge swaths should be sprayed each year, and 4 to 6 
weeks later resprayed (Tim Tunison, HAVO, pers. comm.).  Spraying should not occur during the 
Laysan Duck breeding season and should occur well before the formation of bermuda grass flower and 
seed heads, in order to minimize accidental ingestion of Rodeo herbicide by Laysan Finches and Laysan 
Ducks.  Elimination of bermuda grass is Eradication Priority 9 (Table 7). 

Nicotiana tabacum 
2) Nicotiana tabacum, or tobacco or paka.  Short-lived perennial woody herb; native to South America.  
Can grow to 1 to 1.5 m in height (Tsuda 1965).  This weed was introduced to Laysan in the early 1900s, 
probably by guano workers.  It was first collected on Laysan by botanists in 1911.  By 1923, a rather 
large patch was found near the southern end of the lagoon, and it was observed to have spread through 
the southern and southwestern parts of the island (Christophersen and Caum 1931).  It has been 
collected from 1930 through to the present (Ely and Clapp 1973, Newman 1988, USFWS), and is 
perhaps most abundant on the western side of the island. 
     Two introduced invertebrates, a mirid bug (Cyrtopeltis modesta) and the cutworm, Helicoverpa zea 
(on flowers and seeds), have been collected from the tobacco, as well as the endemic moth Agrotis 
evanescens (the latter from the base of injured plants: Butler and Usinger 1963).  The tobacco is not 
aggressively taking over, but it has also been periodically manually controlled.  It is an excellent 
candidate for manual removal or removal by the Weed Wrench (see Plant Recommendations under Year 
One). 
     RECOMMENDATION: Tobacco plants should be manually uprooted prior to formation of flower 
and seed heads and left to biodegrade in place, or plants with flowers or seeds should have flower and 
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seed heads bagged and the uprooted plant burned.  Plants may be uprooted manually, or large plants 
may need removal by two persons or assistance of the Weed Wrench.  Removal can be done 
opportunistically when plants are encountered by personnel engaged in more urgent nonnative species 
control.  Tobacco has a moderate removal priority, since control can be done in conjunction with other 
activities.  Elimination of tobacco on Laysan is Eradication Priority 11 (Table 7). 

Cocos nucifera 
3) Cocos nucifera, or coconut palm trees.  Introduced to Laysan by 1902, also planted in 1903 and 1911 
(Newman 1988). Wetmore (1923) reports that the coconut palms were planted by Max Schlemmer on 
Laysan in 1895 (unclear why Schauinsland did not record them in 1896 if this were true…?) and were 
obtained from a schooner which had brought them from Jaluit in the Marshall Islands.  Two palms were 
reported by the guano buildings in 1923, probably planted by guano workers (Christopherson and Caum 
1931).  Lamoureux (1963) reported that coconuts were planted in 1959, and by 1961 there were two 
groves (northwest and southeast edge of lagoon).  In the 1980s and 1990s, only the northwest grove 
remains, but the southeast grove persisted until at least 1969 (Ely and Clapp 1973). White Terns, 
Tristram Storm-Petrels, and Wedge-tailed Shearwaters nest in the coconut "rubble" (mainly dead palm 
leaves) beneath the trees.  An introduced mealybug, Planococcus citri, was found on the palms in 1961 
(Butler and Usinger 1963).  
     The area where coconuts are currently established is likely the area best suited to establish native 
Pritchardia palms, since Pritchardia on Nihoa concentrate in some of the wetter sites.  Coconut seeds 
drift ashore frequently (Tsuda 1965, MPM), although they are unlikely to become established on the 
sandy beaches. 
     RECOMMENDATION: Incrementally remove coconut grove and replace with Pritchardia remota 
palm trees (Priority 5: Table 6), with seed stock obtained directly (preferably) or indirectly from Nihoa 
Island and propagated on Laysan in a temporary greenhouse.  Eventually coconut trees should be 
completely eradicated (Eradication Priority 8: Table 7). 

Casuarina equisetifolia 
4) Casuarina equisetifolia, ironwood tree or paina. This species was introduced to Laysan in 1905.  
Five trees were present in 1936 (Ely and Clapp 1973), but only one was present in 1923 (Christophersen 
and Caum 1931). Fortunately the 1.5 to 2 lbs. of ironwood seed sown in 1923 either didn't sprout or 
didn't survive (Ely and Clapp 1973).  Currently only one tree remains, probably the same one as reported 
in 1923 (Lamoureux 1963). It is possibly dioecious, meaning that this plant produces either staminate 
(male) or pistillate (female) flowers and perhaps cannot by itself produce fertile seeds.  However, it is 
reported to flower and bear fruit (sterile?), "…but has never reproduced" (Newman 1988). Due to its 
apparent inability to reproduce itself, this single introduced tree is the least noxious introduction on 
Laysan and poses the least ecosystem risk.  It is used as a landmark for orientation both by sailors on 
ships and persons ashore.  Due to the low elevation of Laysan, the ironwood tree is the first object on 
Laysan visible as one approaches by boat, and it aids in locating the landing bay at the west side camp, 
especially during rough surf.  However, introduced ironwoods are a problem species on Midway Atoll 
and elsewhere in the Hawaiian Islands, and the possibility individual plants switching from dioecious to 
moneocious (both male and female flowers on the same plant) cannot be ignored (M. Bruegmann pers. 
comm.). 
     The introduced invertebrate, Hemiberlesia lataniae (armored scales), have been found on the 
branches, and in the debris beneath the tree, introduced embiids (Oligotoma saundersii), introduced 
collembola (Entomobrya marginata and Seira terrestris), introduced psocids (Cyptophania hirsuta), and 
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introduced sowbugs (Porcellionides pruinosus: Butler and Usinger 1963). The only native invertebrates 
reported from the ironwood tree are earwigs (probably the indigenous Anisolabis maritima: Asquith 
1994).  This single tree is used primarily by Black Noddies but also by White Terns for nesting; Great 
Frigatebirds and Red-footed Boobies also roost in it. 
     RECOMMENDATION: This tree should be regularly inspected for male and female flowers during 
routine vegetation monitoring by botanists.  This individual nonnative plant should be allowed to 
remain, until such time as it reproduces or poses some other unforeseen hazard or risk. If it is ultimately 
decided to remove the ironwood tree (Eradication Priority 13: Table 7), we recommend that this be done 
after the major restoration work is already completed, and other woody shrubs and small trees have been 
replanted and are large enough to support tree-nesting and tree-roosting seabirds. 

Fimbristylis cymosa 
5) Fimbristylis cymosa (was Fimbristylis pycnocephala), or Mau'u, or button sedge (Fig. 16). 
Schauinsland did not report this plant as present on Laysan in 1896.  This plant reportedly has two 
suspecies (subspecies spathacea and subspecies umbellato-capitata: Herbst and Wagner 1992) now 
present on Laysan. It is in the awkward category of being considered an indigenous species that was 
introduced to Laysan by humans, where it did not occur prior to 1930 collections. Lamoureux (1963) 
thought it may have come to Laysan in the 1923 plantings, although we could not find references (see 
Christophersen and Caum 1931 and Bailey 1956) to this species, and Newman (1988) has a "?" for date 
of possible introduction. Fimbristylis occurs in the NWHI on the most human-disturbed islands (French 
Frigate Shoals, Midway Atoll, Kure Atoll, and Laysan), which suggests it was not part of the original 
Northwestern Hawaiian Islands flora. It has occurred in all Laysan collections since 1959 and is 
distributed over drier portions of the island (Ely and Clapp 1973).  The federal invertebrate "Species of 
Concern" Nysius fullawayi breeds on this plant species on Laysan (Asquith 1994). 
     RECOMMENDATION: This species has a low priority for removal at the present time (Eradication 
Priority 12: Table 7), although the desirability of its presence should be reevaluated at some regular (e.g. 
every 3 years) interval.  If Nysius fullawayi were known to exist in sufficient numbers on other Laysan 
plant species, removal of Fimbristylis would be a higher priority.  It should be regularly monitored along 
with the other native and nonnative species. 

Portulaca oleracea 
6) Portulaca oleracea, 'akulikuli or pigweed.  Introduced succulent weed first seen on Laysan in 1959 
and now common (Newman 1988).  Schauinsland's Laysan specimens from 1896 were incorrectly 
reported as Portulaca oleracea (they were in fact P. lutea: Lamoureux 1963).  Its presence is seasonal 
(Newman 1988), with seeds sprouting possibly in relation to rainfall (MPM). Portulaca oleracea 
reportedly hybridizes with the indigenous lutea, and forms flowers with variable numbers of stamens 
(Lamoureux pers. comm. in Newman 1988). Newman (1988) reports that P. oleracea or its hybrid with 
the native P. lutea is a possible problem for breeding seabirds, apparently resulting in vegetation that 
does not provide adequate cover for ground-nesting seabirds and altering the stability of burrows for 
burrow-nesting seabirds.  Perhaps its sometimes dense mat-forming habits keep other native vegetation 
from regenerating, as did the formerly common weed Cenchrus echinatus.  It is unknown if the 
invertebrates associated with oleracea are the same as those few known from the native lutea (a 
nonnative invertebrate mealybug  Ferrisia virgata and possibly endemic [?] hymenopteran invertebrate 
Chelonus blackburni : Butler and Usinger 1963).  See also discussion under # 13 Portulaca lutea under 
Native Plant Recommendations. 
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     RECOMMENDATION: The introduced P. oleracea and the native P. lutea  should be studied in 
the laboratory and in the field to document hybridization, and how both species differ ecologically on 
Laysan. An entomological study should also be done to determine which species of invertebrates both 
species of Portulaca support, and if the invertebrate load differs significantly in number and type 
between them.  After more information is available, recommendations should be made as to whether P. 
oleracea should be eradicated  (Eradication Priority 3: Table 7) or controlled on Laysan.  If the plants 
hybridize, then one scenario would be to eradicate all Portulaca on the island and then eventually 
reintroduce only the native lutea (which has an enhancement Priority of 11: Table 6), assuming that no 
native invertebrates survive only on Portulaca (e.g. Chelonus blackburni, if it is still present on Laysan). 
However, Portulaca seeds are very tiny and depleting the seed bank might take many years.  If future 
studies reveal endemic invertebrates found only on Portulaca, then a different control or eradication 
strategy would probably be more appropriate. The possibility of tolerating both species (including 
hybrids, if they exist) on Laysan might be the final outcome, but this decision should be reached only 
after the ecological role of these 2 species and their associated invertebrate faunas are more clearly 
understood. Given the current poor understanding of these interactions, control and eradication of 
nonnative Portulaca oleracea and its probable hybrids is a low priority, but further research and field 
studies are immediately needed. 

Pluchea indica 
7) Pluchea indica, or Indian fleabane (Fig. 14).  Introduced shrub first seen on Laysan in 1959 (Ely and 
Clapp 1973), it now is a broken ring of shrubs from the north lake shoreline along the east side down to 
the southwest.  Several authors have mentioned removing this plant component and allowing native 
plants to revegetate the "zone" that it occupies (Lamoureux 1963, Newman 1988) and we concur. MPM 
has some concern that Pluchea may have allelopathic properties that retard germination or growth of 
other plants but this could be examined by trying to sprout replacement native plants in areas where 
Pluchea had and had not been previously growing. The three native replacements for Pluchea are: 
Lipochaeta (see #27 above), a native Achyranthes (see #10 above), and Chenopodium (see #9 above). 
     So far as recorded, Pluchea is a host to only nonnative invertebrates.  Butler and Usinger (1963) 
found on its leaves an armored scale (Parasaissetia nigra). Also on this plant species were mealybugs 
(Ferrisia virgata), ants (Tetramorium guineense = Tetramorium bicarinatum), and beetles (Araecerus 
fasciculatus).   
     Pluchea is used by Great frigatebirds, black noddies, and red-footed boobies (Fig. 20) for nesting, 
and Laysan Ducks use it for some cover (Newman 1988), but basically reestablished native bushes 
would fill the same role, as they did originally.  The key is to do the replacement gradually, so that the 
shrub-nesting seabirds, although they may lose some nest substrate each year, will gradually retain nest 
sites on different bush species as they grow. It is especially important and urgent to switch from Pluchea 
to Chenopodium for future millerbird reintroductions, since Chenopodium is identified as one of the 
Nihoa Millerbirds most important plants on Nihoa Island.  Another important plant for Millerbirds on 
Nihoa Island is 'ilima, Sida fallax, which was not present historically on Laysan Island and should not be 
introduced. 
     RECOMMENDATIONS:  Begin immediate propagation of Chenopodium (see #9 in Native Plant 
Recommendations section) on Laysan and immediately begin replanting sites primarily with 'aweoweo 
(Chenopodium oahuense) but also with native nehe (Lipochaeta integrifolia) as Pluchea is incrementally 
removed.  Enhancement of the native bush Chenopodium has a Priority of 3 (see Table 6), and the 
removal of nonnative Pluchea has an Eradication Priority of 4 (see Table 7).   Pluchea should be 
removed with Weed Wrench or manually when possible, and woody stems and branches piled and 

 31



burned on days with no wind on sandy area away from vegetation.  If not possible to pull or removed 
manually, cut shrub at base with chainsaw and immediately coat stump with 100% Rodeo herbicide; 
remove cut shrubs and burn on sandy area away from vegetation. It may be desirable to leave some dead 
Pluchea on site to provide some shade and protection for native plants as they are being reintroduced 
(i.e. slash will  keep seabirds from sitting on or stepping on restoration plants).  Onset of Pluchea 
eradication and especially replacement with native shrubby plants is very high priority.  Eventually 
eradicate all Pluchea indica.  

Cenchrus echinatus 
8) Cenchrus echinatus, sandbur or 'ume 'alu (Fig. 2), has been the focus of a removal program since 
1990.  This introduced mat-forming weed was first seen on Laysan in 1961, believed to have been 
introduced accidentally by the military during a visit to Laysan (Ely and Clapp 1973). Early attempts to 
control it in the camp area were apparently unsuccessful: by 1984 it was still spreading (Newman 1988).  
It became apparent that because of its dense mat-forming habit, this rapidly spreading weed threatened 
the integrity of many of the vegetation associations on Laysan, by inhibiting or halting native seed 
germination.  Although it provides food for Laysan Finches, it seriously inhibits regeneration of their 
primary nest substrate, the native bunchgrass Eragrostis variabilis. Sandbur seeds were frequently found 
embedded in the feet of young brown noddy and gray-backed tern chicks (Newman 1988, MPM). Ants 
(species unknown) were often seen underneath the dense Cenchrus mats (MPM), perhaps because the 
mat retained moisture. Since the initiation of a control program involving manual removal and spraying 
with Rodeo, most or all of Laysan has been freed of this weed (Bauer and Gauger 1994, Adams and 
Nevins 1994, Anne Marshall pers. comm. 1998).  Cenchrus seeds are relatively large, and although the 
seed bank was originally thought to be substantial, the Finches probably unintentionally helped to 
eradicate this plant by reducing the seed bank once the production of new seeds was halted.  It is 
possible that this plant has been completely eradicated on Laysan (A. Marshall 1998 pers. comm.), but 
follow-up should continue as part of regular monitoring.  It is not known what invertebrates may have 
used this introduced plant. 
     RECOMMENDATION: Continue current program of monitoring and removal until Cenchrus is 
eradicated on Laysan. Total eradication and prevention of its reintroduction is a high priority 
(Eradication Priority 5: see Table 7).  It appears that Cenchrus has already been eradicated, or nearly 
eradicated, making it the first "success" story for the restoration effort. 

Tournefortia argentea 
9) Tournefortia argentea (Messerschmidia  argentea), or tree heliotrope (Fig. 17).  The tree heliotrope 
was not present on Laysan Island when Schauinsland enumerated the plant species in 1896.  Apparently 
the tree heliotrope became introduced on Laysan after 1930 but before 1961 when it was first collected 
there (Lamoureux 1963).  A single tree heliotrope was seen on Laysan in 1963 by Tsuda (1965).  The 
tree heliotrope fruits probably arrived on Laysan via ocean currents from the introduced population on 
Midway Atoll: Pacific currents flow eastward from Midway Atoll toward Laysan Island (Herbst and 
Wagner 1992).  The tree heliotrope fruits, with their corky tissue, are well adapted for water dispersal.  
The Midway population was originally planted there as ornamentals. 
     The tree heliotrope is most firmly established along the northwest vegetation line (Newman 1988), 
which is apparently the same areas where the native Sandalwood trees previously grew (Schauinsland 
1899).  Christophersen and Caum (1931) stated the native sandalwood was also found on the southwest 
side.  Used by white terns for nesting (Newman 1988), but unknown which invertebrates can be found 
on tree heliotrope.  See Santalum entry (#8) in Native Plant Recommendations. 

 32



     RECOMMENDATIONS: Immediately begin propagating the native sandalwood (S. ellipticum) on 
Laysan from seed (see #8 sandalwood entry under Native Plant Recommendations: Priority 4 in Table 6) 
and plant them out in areas near and between the tree heliotropes.  As the native sandalwood gets big 
enough to support some seabird nesting and roosting, begin gradually (several a year) removing the tree 
heliotropes (Eradication Priority 6: Table 7) by cutting them down with a chainsaw and painting the 
stumps with 100% Rodeo herbicide until they are eventually eradicated.  Continue to monitor for 
reintroduction and resprouting of stumps.  Replanting sandalwood is high priority, although some 
sandalwood can be planted without immediate removal of all tree heliotropes, so removal of tree 
heliotropes has lower and less urgent priority. 

Solanum americanum 
10) Solanum americanum,(Solanum nigrum, S. nodiflorum), glossy nightshade, or popolo.  Apparently 
there is uncertainty whether S. americanum is an indigenous plant or an introduction into Hawaiian 
Archipelago (Wagner et al. 1990), but it did not occur on Laysan until 1930 when it was collected by 
Wilder.  The original component on Laysan was Solanum nelsonii (see discussion of the native Solanum 
nelsonii #22 under Native Plant Recommendations), which became extinct on Laysan before 1911.  
Solanum nelsonii on Nihoa Island is one of the preferred nest substrates for Nihoa Millerbirds, and 
hence its reintroduction to Laysan has a high priority.  Conant (1983) listed glossy nightshade as rare on 
Laysan but possibly more numerous earlier in the year (her visit was during late July/early August).  S. 
americanum is listed as localized in 1984 (Newman 1988).  It is unknown which invertebrates are 
associated with glossy nightshade.  Both S. americanum and S. nelsonii are referred to as "popolo". 
     RECOMMENDATION: Before reintroducing the native Solanum nelsonii to Laysan, glossy 
nightshade (S. americanum) should be eradicated there (Eradication Priority 7: Table 7).  It does not 
form large dense mats nor appear to be spreading rapidly, so its removal priority would only be 
moderate except that the priority for reintroduction of the unquestionably indigenous Solanum nelsonii 
is desirable for reintroduction of Millerbirds (reintroduction of native Solanum is Priority 7 in Table 6).  
S. americanum should be manually removed whenever it is encountered and when removal is feasible. 
The plant should be sprayed with dilute Rodeo prior to flowering and fruiting (in order to reduce Finch 
ingestion of Rodeo) or pulled up in entirety, bagged, and burned on the sand away from vegetation 
during no-wind days.  

Conyza bonariensis 
11) Conyza bonariensis, or hairy horseweed (Fig. 21).  This introduced herbaceous weed was probably 
originally from South America.  It is believed to have been brought to Laysan by the military (HIRAN 
project) in the early 1960s and was first seen in 1963 on the northwest side of the island just south of the 
campsite (Tsuda 1965).  All specimens were believed uprooted in 1963, but by 1968 it had spread 
(Newman 1988).  Conyza is very widespread now, although it does not form dense cover. Laysan 
Finches eat parts of this plant but it is not a primary food source (MPM). It is unknown which 
invertebrates are associated with Conyza. Superficially, Conyza seems to be one of the more innocuous 
weeds on Laysan. It is most abundant in open vegetation such as the Eragrostis grassland or a 
Portulaca-Conyza association identified by Newman (1988). This plant produces abundant, relatively 
small seeds, and control would be time consuming but not impossible.  Newman (1988) speculated that 
once Conyza establishes itself in a mostly native plant community, it possibly precedes the spread of 
Portulaca to a new site. 
     RECOMMENDATION: This weed definitely needs more study in order to ascertain its true impact 
on the ecosystem. Pending results of future research, Conyza is considered a low priority for control 
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measures at this point in time (Eradication Priority 10: see Table 7). Its status should be reevaluated in 
the near future after more urgent restoration has been accomplished. It should be regularly monitored, 
along with the other native and nonnative species. 

Achyranthes aspera 
12) Achyranthes aspera, no common name known.  This nonnative annual-to-perennial herb was 
introduced to the main Hawaiian Islands from the tropics and subtropics prior to 1871.  Although 
Wagner et al. (1990) say A. aspera was once collected on Laysan, we cannot find reference as to who or 
when.  M. Bruegmann reported it on Laysan in October 1994, which is the first record as far as we can 
tell. It was not reported present on Laysan in 1983 (Conant 1983) nor in 1984 (Newman 1988), in spite 
of extensive fieldwork.  This species' identification needs to be verified once more. See native 
Achyranthes atollensis section (#10 under Native Plant Recommendations).  Apparently this nonnative 
species, A. aspera, has become established on Laysan in spite of relatively rigorous quarantine 
procedures, probably arriving via gear or clothing, or possibly as a result of an unauthorized landing. 
     RECOMMENDATION: The presence of nonnative  A. aspera needs to be immediately verified and 
its identity confirmed by comparison with museum specimens (to rule out the remote possibility of 
misidentification), and its distribution on Laysan roughly mapped.  This species should be immediately 
eradicated with the herbicide Rodeo before it spreads (Eradication Priority 2 on Table 7), if its identity is 
again confirmed to be Achyranthes aspera.  Reintroduction of the native Achyranthes atollensis 
(probably extinct) is Priority 1+ (see Table 6), or alternatively, the introduction of the native 
Achyranthes splendens var. rotundata in its place (if approved by an expert team) is rated as Priority 13 
(Table 6). 

Sporobolus pyramidatus 
13) Sporobolus pyramidatus, or Indian dropseed.  This nonnative dropseed grass is a very recent 
introduction, first reported on Laysan after 1992, apparently common on the southern hardpan area of 
Laysan (Bruegmann 1994).  It is also reported from Kure Atoll, Midway Atoll, and French Frigate 
Shoals in the Northwestern Hawaiian Islands.  See native Sporobolus virginicus section (#4 in Native 
Plant Recommendations). 
     RECOMMENDATION: The identification of this species needs to be immediately verified by 
comparison with museum specimens. If verified as the nonnative, it should be immediately eradicated 
(Eradication Priority 1 on Table 7) by spot spraying with Rodeo herbicide before any reintroduction of 
native Sporobolus virginicus occurs (Priority 10 on Table 6). 
 

TABLE 7.  PRIORITIZATION OF WEED ERADICATION ON LAYSAN. 
    A "?" indicates uncertainty, a "+" indicates that the reason applies to that species, and a "-" indicates 
that the reason does not apply well or at all.  Priorities 1 to 8 are high, 9 to 12 are moderate, and 13 is 
low.  A "++" implies an extremely important reason, since the presence of the species prevents other 
restoration projects from proceeding. 
 
SPECIES   REASONS    PRIORITY 
 A B C D E F G H  
          
Sporobolus pyramidatus ++ ? ? + ? + + + 1 
Achyranthes aspera ++ ? ? + ? ? + + 2 
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SPECIES   REASONS    PRIORITY 
 A B C D E F G H  
Portulaca oleracea ++ + + + + + - - 3 
Pluchea indica - + + + - + + + 4 
Cenchrus echinatus - + - + + - + + 5 
Tournefortia argentea - + + + - - + + 6 
Solanum americanum ++ - - - + - + + 7 
Cocos nucifera - + + - - - + + 8 
Cynodon dactylon - + - - - + + - 9 
Conyza bonariensis - - - + + + - - 10 
Nicotiana tabacum - - - - + + - - 11 
Fimbristylis cymosa - - - - + + - - 12 
Casuarina equisetifolia - - - - - + - - 13 
 
REASONS: 
A= Nonnative species in a genus that has a native species which  
   was historically found on Laysan. Nonnative species should be  
   eradicated before the native species is reintroduced.  (Gets  
   double points due to its importance). 
B= Grows densely and prevents regeneration of native species. 
C= Occupies too much space in a habitat area where a native  
   species needs to be reintroduced due to microhabitat  
   conditions. 
D= Has spread rapidly. 
E= Widely distributed on Laysan. 
F= Produces many small seeds. 
G= Certainty/agreement of need for removal. 
H= Urgency of need to eradicate. 

INVERTEBRATES 
GOAL:  Prevent new nonnative species introductions. Eradicate or control nonnative species currently 
present on Laysan, if possible, in a prioritized manner (most noxious, easiest to control, to least noxious, 
hardest to control).  If possible to do so without risk to other ecosystem components, reintroduce 
invertebrates that are currently "missing" but were present in the original fauna. All activities are listed 
under Projects #2, #6, and #11. 
 
     The most heavily damaged component in Laysan's ecosystem is the invertebrate fauna, which 
includes snails, annelids, mites, ticks, and insects. Invertebrates are also the most difficult to manage, 
protect, and restore.  It is not a very well-known fauna, although at least 70 species are native (at least 11 
are Laysan endemics) and at least another 130 introduced (deliberately or accidentally) species (David 
Preston pers. comm.: see Tables 8 and 9, Appendix C, and Attachment 5).  Entomologists use the term 
"adventive" for species which are not native but are not known to have been purposefully introduced 
(although their presence in the Hawaiian archipelago is somehow due to human activities).   At least 125 
of the introduced arthropod species on Laysan are listed as "adventive", while another 5 species are 
listed as "purposefully introduced" (Hawaii Biological Survey, Bishop Museum Arthropod Checklist 
1997).   Many of the original indigenous or endemic species are suspected to be extinct, although this is 
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problematic, since species believed extinct are sometimes collected again many years later (D. Preston 
pers. comm.).  Laysan's endemic species often have (had) specific host plants which disappeared from 
the island, although some apparently could adapt to alternative hosts, others could not and went exinct.  
Some species might be able to be replaced once their host plant is returned, others will not be able to be 
replaced because introduced predator invertebrates will not permit it.  
     Generally, many native invertebrates still remain on Laysan (Table 9), although the invertebrates are 
poorly known and much taxonomic work is needed in order to sort out the taxonomy of what has already 
been collected. There are certainly new undescribed and incorrectly identified species, and probably 
other species which are considered archipelago-wide endemics would be revealed as Laysan endemics if 
given appropriate scrutiny (Asquith 1994).  In particular, the endemic snails have been neglected and it 
is unclear whether they are still present on Laysan.  If still present,  at least Tornatellides bryani is 
worthy of being listed as an endangered species.   Unfortunately, a large number of introduced 
invertebrates are also present (Appendix C), including ants and predatory wasps.  All the ants on Laysan 
are introduced and are causing unknown but surely far-reaching damage to land snails, arthropods, other 
invertebrates, and seabirds (Conant and Rowland in prep.).  At least one ant species, the relatively 
recently introduced Pharaoh ant (Table 10), has caused some mortality to endangered Laysan Finch 
chicks (MPM, Conant and Rowland in prep.), and the effect of ants on the endemic land snails is a high 
priority concern. 
     The sheer numbers of invertebrate species (especially nonnative potential or known pests) makes it 
mandatory that a greater focus be placed on invertebrate control, management, and research for Laysan 
and the rest of the NWHI.  Restoring the vegetation is simply not sufficient unless the invertebrate 
components are also repaired to a more "natural" situation.  It is imperative that entomologists with 
appropriate training and expertise be used, and that control or eradication measures be thoroughly 
researched before being instituted.  For example, spraying some ants species (e.g. Pharaoh ant) with 
typical toxic pesticides can actually cause the ant colonies to split, or multiply, and make eradication 
more difficult.  Pharorid (or methoprene) has been shown to be a powerful juvenile growth hormone 
which eradicates Monomorium pharaonis (Pharaoh), and Pheidole megacephala ant colonies by causing 
juveniles to die and queen ants to become sterile (Edwards et al. 1980).  Once the areas are baited, it 
may take 20 weeks or so before the colonies die due to natural attrition without replacement, but 
patience is rewarded with a high probability of complete eradication for the two ant species mentioned. 
     Some nonnative species of invertebrates are reaching Laysan on their own from other Northwestern 
Islands, probably Midway (due in part to oceanic currents).  This means that keeping alien arthropods 
off Laysan requires stoppingg new introductions at Midway Atoll (Asquith 1994), and elsewhere in the 
NWHI. 
     RECOMMENDATION:  Nonnative invertebrates should be controlled or eradicated when possible, 
if it can be done  without seriously negatively impacting the native invertebrates or other native elements 
of the ecosystem.  All the ants on Laysan are nonnative and should be controlled or eradicated.  
Recommend control with goal of eradication for all ants on Laysan, beginning with the use of Pharorid 
on Monomorium pharaonis and Pheidole megacephala.  See Projects #2 and #6. Other control or 
eradication projects should be added as recommended by the entomologists hired under the above-
mentioned projects, and approved by the expert team. 
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TABLE 8.  PRELIMINARY LIST OF IMPORTANT INVERTEBRATES RECORDED FROM 
LAYSAN.  
   (Mostly modification of attachment 5).  Species in bold type are believed to still be present on Laysan. 
SCIENTIFIC NAME STATUS* HOST or ROLE PARASITE(S) 
MOLLUSCA    
GASTROPODA    
Achatinellidae    
  Lamellidea gracilis NWHI END ? ? 
  Tornatellides bryani LA END ? ? 
Pupillidae    
  Gastrocopta servilis servilis HI END? ? ? 
    
ARTHROPODA    
ARACHNIDA    
ACARI    
Epilohmanniidae    
  Epilohmannia pallida pacifica LA END ? ? 
Halarachnidae    
  Halarachne laysanae HI END Monk seal ? 
Oribataulidae    
  Nesoribatula pacifica LA END ? ? 
Scheloribatidae    
  Scheloribates calcaratus HI END Soil mite ? 
    
AMPHIPODA    
Genus A (2 or more species) prob.END Vegetation roots, 

under algae 
? 

    
ARANEAE    
Lycosidae    
  Lycosa oahuensis HI  or LA END Predator Anoplius ventralis 

tarsatus 
    
COLEOPTERA    
Carabidae    
  Tachys oahuensis HI END? ? ? 
Curculionidae    
  Dryophthorus distinguendus HI END ? ? 
  Dryotribus  wilderi IND (NWHI only) ? ? 
>Oodemas laysanensis NWHI END Scaevola, 

Chenopodium 
? 

>Oodemas erro ? NWHI END ? ? 
>(Pentarthrum blackburni)** (ADV) Pritchardia? ? 
>Rhyncogonus bryani LA END Chenopodium ? 
Endomychidae    
  Eidorus minutus HI END ? ? 
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SCIENTIFIC NAME STATUS* HOST or ROLE PARASITE(S) 
    
DERMAPTERA    
Carcinophoridae    
  Anisolabis maritima IND Scavenger ? 
  Euborellia eteronoma HI END Scavenger ? 
    
DIPTERA    
Asteiidae    
> Bryania bipunctata HI END Fungus? Guano? ? 
Calliphoridae    
  Lucilia graphita NWHI END Carrion breeder Mormoniella 

brevicornis 
Dolichopodidae    
  Hydrophorus pacificus HI END Predator ? 
Drosophilidae    
  Scaptomyza cnecosoma HI END Cyperus? ? 
Ephydridae    
  Scatella hawaiiensis HI END Algae, 

microorganisms 
? 

  Scatella (= Neoscatella) 
sexnotata 

IND Algae,  
microorganisms 

? 

    
HETEROPTERA    
Lygaeidae    
>Nysius fullawayi fullawayi NWHI END Nama, grasses 

and sedges 
? 

Miridae    
  Trigonotylus hawaiiensis HI END ? ? 
Nabidae    
  Nabis blackburni HI END Predator ? 
    
HOMOPTERA    
Pseudococcidae    
  Tryionymus insularis HI END Cynodon, 

Eragrostis, 
Scaevola 

Anagyrus nigricornis, 
Anagyrus swezeyi, 
Xanthoencyrtus apterus 

    
HYMENOPTERA    
Encyrtidae    
  Rhopus laysanensis LA END ? ? 
Eucoiliidae    
  Pseudeucoilia hydrophila HI END ? ? 
    
ISOPODA    
Philosciidae    
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SCIENTIFIC NAME STATUS* HOST or ROLE PARASITE(S) 
  Littorophiloscia hawaiiensis HI END ? ? 
    
LEPIDOPTERA    
Cosmopterigidae    
  Hyposmocoma sp.A.(= 
"notabilis") 

LA END ? ? 

  Hyposmocoma sp. B. LA END ? ? 
Crambidae    
  Omiodes laysanensis NWHI END Grasses? ? 
>Udea (litorea/dryadopa?) LA END? Scaevola Angitia blackburni, 

Casinaria infesta 
Noctuidae    
  Agrotis crinigera HI END Legumes, corn Frontina archippvora 
  Agrotis dislocata HI END Grasses, 

Chenopodium, 
Portulaca, Nama 

Frontina archippvora, 
Chaetogaedia 
monticola 

  Agrotis evanescens LA END Portulaca, 
Nicotiana 

? 

  Agrotis fasciata NWHI END ? ? 
  Agrotis laysanensis LA END ? ? 
  Agrotis procellaris LA END ? ? 
  Hypena laysanensis NWHI END Sporobolus  ? 
  Peridroma chersotoides HI END ? ? 
    
PSEUDOSCORPIONIDA    
Withiidae    
  Withius (Lophochornes) 

laysanensis 
LA END Predator ? 

    
SIPHONAPTERA    
Rhopalopsyllidae    
  Parapsyllus laysanensis LA END ? ? 
 
*LA END = LAYSAN iSLAND ENDEMIC. 
NWHI END = Northwestern Hawaiian Island endemic. 
HI END = Hawaiian Archipelago endemic. 
END = Laysan or Hawaiian Archipelago endemic. 
IND = Indigenous to Hawaiian Archipelago and elsewhere. 
ADV = Adventive (nonnative). 
 
**ALERT: Pentarthrum blackburni is listed by USFWS (1997) as a federal SOC (species of concern) 
while Bishop Museum' s Arthropod Checklist (Hawaii Biological Survey 1997) lists it as an adventive 
(nonnative) species. 
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TABLE 9.  NATIVE TERRESTRIAL INVERTEBRATES KNOWN FROM LAYSAN ISLAND 
AND THEIR CURRENT STATUS. 
     Species believed to still be present are marked in bold type. 
 
SCIENTIFIC NAME STATUS* SOURCE** LAST RECORD*** 
    
ANNELIDA    
  Pontodrilus epphippiger var. 

laysanianus 
LA END? B and U 1963, 

Schauin. 1899 
1959-1961? 

    
MOLLUSCA    
GASTROPODA    
Achatinellidae    
  Lamellidea gracilis NWHI END B and U 1963 ? 
  Tornatellides bryani LA END B and U 1963 ? 
Pupillidae    
  Gastrocopta servilis servilis HI END? BPM ? 
    
ARTHROPODA    
ARACHNIDA    
ACARI    
Ceratozetidae    
  Ceratozetes incurvus LA END ASQUITH 1994 1963 ? 
  Hypozetes laysanensis HI END NISHIDA 1994 1963? 
Cymbaeremaeidae    
  Scapheremaeus sinuosus HI END? ASQUITH 1994 1963? 
Epilohmanniidae    
  Epilohmannia pallida pacifica LA END ASQUITH 1994 1963 
Halarachnidae    
  Halarachne laysanae HI END NISHIDA 1994 ? 
Ixodidae    
  Ixodes laysanensis NWHI END ASQUITH 1994 ? 
Ologamasidae    
  Gamasiphis sp. ? BPM ? 
Oppiidae    
  Multioppia wilsoni HI END? NISHIDA 1994 1963? 
Oribataulidae    
  Nesoribatula pacifica LA END ASQUITH 1994 1963? 
Scheloribatidae    
  Scheloribates calcaratus HI END NISHIDA 1994 ? 
Trombiculidae    
  Schoengastia pobsa IND NISHIDA 1994 1966? 
Xolalgidae    
  New genus and species (Goff 

1980) 
HI END? NISHIDA 1994 ? 
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SCIENTIFIC NAME STATUS* SOURCE** LAST RECORD*** 
AMPHIPODA    
  Genus A (2 or more species) prob.END ASQUITH 1994 1994 
    
ARANEAE    
Lycosidae    
  Lycosa oahuensis HI  or LA END ASQUITH 1994 1994 
    
CHILOPODA    
Geophilidae    
  Honuaphilis alohanus NWHI END ASQUITH 1994 1983? 
    
COLEOPTERA    
Carabidae    
  Tachys oahuensis HI END? ASQUITH 1994 1994 
Curculionidae    
  Dryophthorus distinguendus HI END ASQUITH 1994 EXTINCT+ 
  Dryotribus  wilderi IND (NWHI only) ASQUITH 1994 1962 
>Oodemas laysanensis NWHI END ASQUITH 1994 EXTINCT? 
>Oodemas erro ? NWHI END NISHIDA 1994 EXTINCT ? 
>(Pentarthrum blackburni)**** (ADV) NISHIDA 1994 EXTINCT+  
>Rhyncogonus bryani LA END ASQUITH 1994 EXTINCT+ 
Endomychidae    
  Eidorus minutus HI END ASQUITH 1994 1994 
Staphylinidae    
  Carpelimus sp. HI or LA END? ASQUITH 1994 1994 
  Genus A LA END? ASQUITH 1994 1994 
    
DERMAPTERA    
Carcinophoridae    
  Anisolabis maritima IND ASQUITH 1994 1994 
  Euborellia eteronoma HI END BPM ? 
    
DIPTERA    
Asteiidae    
> Bryania bipunctata HI END NISHIDA 1994 1994 
Calliphoridae    
  Lucilia graphita NWHI END ASQUITH 1994 1994 
Ceratopogonidae    
  Dasyhelea calvescens IND ASQUITH 1994 1994 
Chironomidae    
  Telmatogeton pacificus IND ASQUITH 1994 1994 
Dolichopodidae    
  Hydrophorus pacificus HI END ASQUITH 1994 1994 
Drosophilidae    
  Scaptomyza cnecosoma HI END ASQUITH 1994 1994 

 41



SCIENTIFIC NAME STATUS* SOURCE** LAST RECORD*** 
Ephydridae    
  Scatella hawaiiensis HI END BPM ? 
  Scatella (= Neoscatella)  

sexnotata 
IND ASQUITH 1994 1994 

Hippoboscidae    
  Olfersia aenescens IND? NISHIDA 1994 ? 
  Olfersia spinifera IND? NISHIDA 1994 ? 
Milichiidae    
  Leptometopa beardsleyi NWHWI END ASQUITH 1994 1994 
Sarcophagidae    
  Goniophyto bryani IND NISHIDA 1994 1994 
    
HETEROPTERA    
Lygaeidae    
>Nysius fullawayi fullawayi NWHI END ASQUITH 1994 1994 
Miridae    
  Trigonotylus hawaiiensis HI END ASQUITH 1994 EXTINCT+ 
Nabidae    
  Nabis blackburni HI END BPM ? 
    
HOMOPTERA    
Delphacidae    
  Opiconsiva paludum NWHI END? ASQUITH 1994 EXTINCT? 
Pseudococcidae    
  Pseudococcus sp. A. HI END ASQUITH 1994 1983 
  Tryionymus insularis HI END ASQUITH 1994 1983 
    
HYMENOPTERA    
Encyrtidae    
  Rhopus laysanensis LA END ASQUITH 1994 1963? 
Eucoiliidae    
  Pseudeucoilia hydrophila HI END ASQUITH 1994 1994 
Eupelmidae    
  Zaischnopis sp. LA END or ADV? NISHIDA 1994 1983 
Scelionidae    
  Telonomus vulcanus HI END ASQUITH 1994 1983 
    
ISOPODA    
Philosciidae    
  Littorophiloscia hawaiiensis HI END BPM ? 
    
LEPIDOPTERA    
Cosmopterigidae    
  Hyposmocoma sp.A.(= 

"notabilis") 
LA END ASQUITH 1994 1994 
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SCIENTIFIC NAME STATUS* SOURCE** LAST RECORD*** 
  Hyposmocoma sp. B. LA END ASQUITH 1994 1994 
Crambidae    
  Omiodes laysanensis NWHI END BPM EXTINCT? 
>Udea (litorea/dryadopa?) LA END? ASQUITH 1994 ? 
Noctuidae    
  Agrotis crinigera HI END BPM EXTINCT+ 
  Agrotis dislocata HI END ASQUITH 1994 1994 
  Agrotis evanescens LA END ASQUITH 1994 1994 
  Agrotis fasciata NWHI END BPM EXTINCT? 
  Agrotis laysanensis LA END ASQUITH 1994 EXTINCT+ 
  Agrotis procellaris LA END ASQUITH 1994 EXTINCT+ 
  Hypena laysanensis NWHI END NISHIDA 1994 EXTINCT+ 
  Peridroma chersotoides HI END BPM ? 
Tortricidae    
  Crocidosema leprara END? ASQUITH 1994 ? 
    
MALLOPHAGA    
Menoponidae    
  Actornithophilus incisus IND BPM ? 
  Ancistrona vagelli IND ASQUITH 1994 ? 
  Austromenopon atrofulvum IND ASQUITH 1994 ? 
  Austromenopon paululum IND ASQUITH 1994 ? 
  Longimenopon puffinus IND ASQUITH 1994 ? 
Philopteridae    
  Docophoroides ferrisi IND ASQUITH 1994 

+ BPM 
? 

  Docophoroides niethammeri IND BPM ? 
  Halipeurus mirabilis IND BPM ? 
  Halipeurus theresae IND ASQUITH 1994 ? 
  Harrisoniella copei IND BPM ? 
  Harrisoniella densa IND BPM ? 
  Paraclisis confidens IND ASQUITH 1994 ? 
  Paraclisis giganticola IND ASQUITH 1994 ? 
  Pectinopygus annulatus IND ASQUITH 1994 ? 
  Pectinopygus gracilicornis IND ASQUITH 1994 ? 
  Pectinopygus sulae IND ASQUITH 1994 ? 
  Perineus concinnus IND ASQUITH 1994 ? 
  Quadraceps birostris IND ASQUITH 1994 ? 
  Quadraceps separatus IND ASQUITH 1994 ? 
  Saemundssonia petersi IND BPM ? 
  Saemundssonia snyderi IND ASQUITH 1994 ? 
  Trabeculus mirabilis IND ASQUITH 1994 ? 
    
PSEUDOSCORPIONIDA    
Withiidae    
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SCIENTIFIC NAME STATUS* SOURCE** LAST RECORD*** 
  Withius (Lophochornes) 

laysanensis 
LA END NISHIDA 1994 ? 

    
SIPHONAPTERA    
Rhopalopsyllidae    
  Parapsyllus laysanensis LA END ASQUITH 1994 ? 
 
> Federal Species of Concern (USFWS 1997). 
 
*LA END = Laysan Island endemic. 
 NWHI END=Northwestern Hawaiian Islands endemic. 
 HI END = Hawaiian Archipelago endemic. 
 END    = Laysan or Hawaiian Arch. endemic. 
 IND    = Indigenous to Hawaiian Archipelago and elsewhere. 
 ADV    = Adventive (nonnative). 
 
** Asquith 1994 
   BPM = Bishop Museum Arthropod Checklist (Hawaii Biological Survey) 1997 
   Butler and Usinger 1963 
   Nishida 1994, 1997 
   Schauinsland 1899. 
 
***EXTINCT+ or EXTINCT? : Probably extinct or possibly extinct on Laysan. 
?: Uncertain. 
 
****ALERT: Pentarthrum blackburni (Blackburn's pentarthrum weevil) is listed by USFWS (1997) as 
a federal species of conceern (SOC) while the Bishop Museum"s Arthropod Checklist (Hawaii 
Biological Survey) lists this same species as an adventive (nonnative) species for Oahu and Laysan. 
Clearly this issue needs to be sorted out, especially in case this species is ever collected again. 
 

TABLE 10.  PRELIMINARY LIST OF INVERTEBRATE SPECIES ON LAYSAN TARGETED 
FOR CONTROL OR ERADICATION. 
 
ORDER FAMILY SPECIES 
   
HYMENOPTERA   
 Formicidae (ants)  
  Camponotus variegatus 
  Cardiocondyla nuda 
  Hypoponera punctatissima 
  Monomorium destructor 
  Monomorium floricola 
  Monomoriium minimum?? 
  Monomorium monomorium 
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ORDER FAMILY SPECIES 
  Monomorium pharaonis * 
  Pheidole megacephala 
  Plagiolepis alluaudi 
  Tapinoma melanocephalum 
  Tetramorium bicarinatum (= guineense) 
  Tetramorium simillimum ** 
 
* This species was first collected in 1984 on Laysan and in 1990 on Lisianski Islands, and again in 1990 
on Laysan (Conant and Rowland in prep.). 
**This species was collected in 1990 on Laysan (Conant and Rowland in prep.). 
 
 

SEABIRDS 
GOAL:  Prevent new nonnative species introductions.  Maintain current seabird species composition 
and natural abundance.  Activities are included under Project #5. 
 
     The seabirds remain the most intact piece of the Laysan puzzle: no species need restoring.  They do 
depend on the Island for safe nesting, but do not gather food there like the land birds, hence they were 
better suited to withstand the two or three decades of depleted vegetation.  Seabirds can be found in all 
vegetation zones on the island (Fig. 12), and utilize many different substrates for nesting.  The burrow 
nesters are the least obvious and probably the most sensitive to disturbance that could be generated by 
some of the restoration work.  Close supervision and educational training of personnel engaged in 
eradication, control, or replanting will be needed in order to minimize the collapsing of active burrows 
during shearwater and petrel nesting seasons. 
     Laysan Finches learn to follow humans through active sooty tern colonies, and will depredate eggs 
that are exposed when a parent is flushed.  Restoration personnel need to be aware of these types of 
behaviors and to actively avoid causing such mortality.  
     Some of the shrub nesters have adapted to nesting on introduced plants like Pluchea indica (Fig. 20) 
and Tournefortia argentea (Fig. 17), but appropriate plant species proposed for reintroduction will 
function as well or better once they become established.  As much as possible, it is important to 
gradually phase out the non-native plant species while the native plants are being phased in and reaching 
mature stature. 
     RECOMMENDATION: Continue routine monitoring of status and distribution of historically 
known species.  See Project #5. 
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TABLE 11.  ORIGINAL 1896 INDIGENOUS AND ENDEMIC LAYSAN AVIFAUNA BASED 
ON SCHAUINSLAND DESCRIPTION (1899), EXCLUDING NON-BREEDING MIGRANTS 
AND VAGRANTS. 
    Species currently present are in bold type: nomenclature sources are AOU 1997, AOU 1998, and Pyle 
1997.  See Appendix B for old scientific nomenclature and common name synonyms.  Hawaiian names 
from Pukui and Elbert 1986. 
COMMON NAME  

(HAWAIIAN NAME) 
SCIENTIFIC NAME **CURRENT POPULATION

   
ALBATROSS FAMILY (DIOMEDEIDAE)  
   
1) Black-footed Albatross  

(none known) 
Phoebastria nigripes 14,000-21,000 pairs 

2) Laysan Albatross  
(Moli) 

Phoebastria immutabilis 105,000-132,000 prs. 

   
SHEARWATER AND GADFLY PETREL FAMILY (PROCELLARIIDAE) 
   
3) Bonin Petrel  

(none known) 
Pterodroma hypoleuca 50,000-75,000 pairs 

4) Bulwer Petrel  
('Ou, also 'Ou'ou) 

Bulweria bulwerii 1,000-2,000 pairs 

5) Wedge-tailed Shearwater  
('Ua'u kani, also Ho'io) 

Puffinus pacificus 
chlororhynchus 

125,000-175,000 prs. 

6) Christmas Shearwater  
(none known) 

Puffinus nativitatis 1,500-2,000 pairs 

   
STORM-PETREL FAMILY (OCEANITIDAE)  
   
7) Tristram's Storm-Petrel  

('Akihi ke'ehi 'ale) 
Oceanodroma tristrami 500-2,500 pairs 

   
TROPICBIRD FAMILY (PHAETHONTIDAE)  
   
8) Red-tailed Tropicbird  

(Koa'e 'ula) 
Phaethon rubricauda 
rothschildi 

1,500-2,500 pairs 

   
BOOBY FAMILY (SULIDAE)   
   
9) Masked Booby  

('A) 
Sula dactylatra personata 400-425 pairs 

10) Brown Booby*  
('A) 

Sula leucogaster plotus 34 pairs 

11) Red-footed Booby  
('A) 

Sula sula rubripes 250-300 pairs 
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COMMON NAME  
(HAWAIIAN NAME) 

SCIENTIFIC NAME **CURRENT POPULATION

FRIGATEBIRD FAMILY (FREGATIDAE)  
   
12) Great Frigatebird  

('Iwa) 
Fregata minor palmerstoni 2,000-2,500 pairs 

   
GEESE AND DUCK FAMILY (ANATIDAE)  
   
13) Laysan Duck  

(none known) 
Anas laysanensis approx. 280-289 birds***  

   
RAIL AND COOT FAMILY (RALLIDAE)  
   
14) Laysan Rail  

(none known) 
Porzana palmeri 0 (extinct) 

   
TERN AND NODDY FAMILY (LARIDAE)  
   
15) Gray-backed Tern  

(Pakalakala) 
Sterna lunata 5,000-10,000 prs. 

16) Sooty Tern  
('Ewa 'ewa) 

Sterna fuscata oahuensis 375,000-500,000 prs. 

17) Brown Noddy  
(Noio koha) 

Anous stolidus pileatus 10,000-15,000 prs. 

18) Black Noddy  
(Noio) 

Anous minutus melanogenys 1,500-2,500 pairs 

19) Common White-Tern  
(Manu-o-Ku) 

Gygis alba rothschildi 600-1,000 pairs 

   
OLD WORLD INSECT EATER FAMILY (MUSCICAPIDAE)  
   
20) Laysan Millerbird  

(None known) 
Acrocephalus familiaris 0(extinct) 

   
CARDUELINE FINCHES AND HAWAIIAN HONEYCREEPER FAMILY (FRINGILLIDAE) 
   
21) Laysan Finch  

(None known) 
Telespiza cantans Approx. 11,000 + 4,000**** 

S.D. 
22) Laysan Honeycreeper  

(None known) 
Himatione sanguinea freethii 0 (extinct) 

* Species reported as a regular visitor but not a  breeder in 1896 by Schauinsland. 
** Status from Harrison 1990 and USFWS file data except where otherwise indicated. 
*** Estimates for early 1998 from Annie Marshall, USFWS (pers. comm.) and Michelle  
       Reynolds, USGS BRD (pers. comm.). 
**** Status from Morin and Conant 1994. 

 47



LANDBIRD RESTORATION 
GOAL:  Prevent new nonnative species introductions.  Replace missing native landbirds that were 
historically present, and enhance 1,000 year survival of landbirds currently present.  Activities are listed 
under Projects #13, #14, #15, and #17. 

Laysan Duck 
     Fossil and other records shows that (in addition to Laysan Island) Laysan Ducks (Figs. 3 and 4) 
previously occurred historically on Lisianski Island and prehistorically on Oahu I., Maui I., and Hawaii 
Island prior to the arrival of humans (Olson and Ziegler 1995, Olson and James 1991, Moulton and 
Marshall 1996).  The endemic Laysan Duck is especially vulnerable to some of the restoration actions 
proposed for Laysan, since the duck is commonly associated with the lake and is in the areas where 
several species will gradually be removed (e.g. Pluchea indica, Cynodon dactylon) and other species 
phased in (e.g. Chenopodium, Lipochaeta). However, this species should certainly benefit in the long 
run, and restoration actions such as anchoring sand with restored native vegetation which harbors native 
invertebrate food will help in long-term habitat stabilization. Other actions, such as restoring the 
southwest brackish-water pond would also be useful (see Special Areas of Concern section), and such 
actions have been recommended previously (i.e. Sincock and Kridler 1977 recommendations to: "Create 
and improve ponds on Laysan Island."  and "Create ponds on Lisianski Island if it were determined as 
desirable to transplant the Laysan duck there".). 
     Some Laysan Ducks may forage mostly terrestrially, leaving one to speculate whether or not most 
necessary moisture may be obtained from juicy invertebrates (Michelle Reynolds, pers. comm.).  This 
possibility deserves further investigation, because if it is true, it suggests that reintroduction to Lisianski 
Island or introduction to other sites with limited brackish or fresh water (e.g. Kaho'olawe Island or 
Midway Atoll) might be even more likely to succeed.  
     Anecdotal information from previous studies suggests that the Laysan Duck's main prey are brine 
flies, Scatella (= Neoscatella) sexnotata, and Agrotis (cutworm) larvae and adults (Butler and Usinger 
1963).  Agrotis larvae and adult moths identified as A. dislocata (but probably a different, distinct 
species: Asquith 1994) and A. evanescens have been identified as food for Laysan ducks.  These Agrotis 
caterpillars hide in the dark during the day (e.g. soil) and climb onto the host plant (e.g. Boerhavia, 
Tribulus, Nama) at night to feed.  This explains why Laysan Ducks have been seen "sifting" sand near 
plants.  The adult Agrotis also hide in dark places during the day.  Six other species of indigenous or 
endemic noctuid moths are believed to no longer exist on Laysan, since they have not been collected 
since 1912; it is probable that these moth species were also part of the Laysan Duck diet.  Possibly a 
higher population of noctuid moths was present before these species disappeared (if they truly have 
disappeared from Laysan), may have been able to support a higher duck population.  
     Western sailors probably started utilizing the Laysan Duck as food as soon as they discovered it: the 
island was visited by sailing ships a minimum of 10 times prior to becoming established as a guano 
mining island (Ely and Clapp 1973).  The earliest recorded Laysan Duck numbers are generally low (Ely 
and Clapp 1973), but the temptation to a sailor or a guano miner to eat a familiar food item (such as a 
duck) perhaps should not be underestimated.  In addition, reproduction is intimately tied to invertebrates 
(e.g. Agrotis) that feed on vegetation, and very dry years can have devastating effects on invertebrate 
numbers and subsequent duck population recruitment (Moulton and Marshall 1996). The population on 
Laysan has regularly been reduced, at least during this century, to very low numbers that guarantee it 
has passed through multiple bottlenecks.  According to current thoughts on minimum populations sizes 
and population viability, the typical Laysan Duck population size on Laysan is simply too small to 
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maintain it for 1,000 years based on our current understanding of population biology, genetics, and 
random events.  
     The recommendation to translocate Laysan Ducks to other islands to ensure their wild survival has 
been made before (Sincock and Kridler 1977), and introductions (or reintroductions) to two or more 
islands seem entirely appropriate, given our current knowledge about the past distribution of Laysan 
Ducks.  Midway Atoll is one such site that should be considered for a possible second population. 
Eventually, once Lisianski Island's vegetation and invertebrate populations have been at least partly 
restored, it should also be considered as a reintroduction site.  The Kaho'olawe Faunal Restoration Team 
has suggested to the Kaho'olawe Island Reserve Commission (KIRC) to consider introducing Laysan 
Ducks to Kaho'olawe Island after the live ordnance has been removed from the island (Lindsey et al. 
1997, KIRC 1997).  Michelle Reynold's "USFWS Translocation Feasibility Report", due in year 1999-
2000, will provide more specific recommendations (M. Reynolds, pers. comm.). 
     RECOMMENDATION: Laysan Ducks should be  reintroduced to other Hawaiian islands, and even 
considered for introduction on islands where, although there is no direct evidence they ever occurred 
there, their presence would not jeopardize other rare plants or animals (e.g. Midway Atoll or Kaho'olawe 
Island).  (Michelle Reynolds of USGS BRD, Volcano, is scheduled to submit a "USFWS Translocation 
Feasibility Report" for FY 1999 or 2000 regarding the establishement of new Laysan Duck populations 
on Midway, Lisianski, and Kaho'olawe).  In order to maintain the Laysan population, known-parentage 
pure Laysan Ducks from captive flocks could be used for the experimental populations on Midway, 
Kaho'olawe, and other islands.  An immediate effort should be made to locate all captive populations of 
Laysan Ducks that may be pure lines, and biological samples obtained for genetic assessment.  A genetic 
variability assessment of the captive and wild stock available for translocation and introduction should 
be made, probably best done by Dr. Judy Rhymer (Dept. of Wildlife Ecology, Univ. of Maine, Orono, 
ME 04469.  Her email address is: jrhymer@apollo.umenfa.maine.edu.  She has already done some work 
on Hawaiian ducks and other Mallard-type species' genetics (Cooper et al. 1996).  A  series of PVAs 
(population viability analyses) should also be done to model different reintroduction and enhancement 
scenarios. The expert team for this restoration project should include at least three of the following 
persons: D.W. Moulton, Annie Marshall, Judy Rhymer, and Michelle Reynolds, plus all remaining 
members of the Laysan Duck Recovery Team.  Enhancement for Laysan Ducks on Laysan should also 
occur.  Along with other management options, the feasibility of re-creating the filled-in, brackish water, 
southwest pond (see section under Special Areas of Concern) for the ducks should be seriously pursued.  
See Project #14. 

Laysan Rail 
     The one land bird it is not possible to restore to Laysan is the Laysan Rail (Fig. 22).  It has been 
extinct since the 1940s when its last population (an introduced population at Midway Atoll) was 
eradicated by introduced rats during World War II (Baldwin 1947, Fisher and Baldwin 1946).  The 
Laysan Rail was also introduced unsuccessfully to Lisianski in 1913, to Pearl and Hermes Reef in 1929, 
and even reportedly back to Laysan from Midway in 1923 (Ely and Clapp 1973).  Another extinct, 
flightless rail is known historically from Hawai'i Island (Porzana sandwichensis) and at least ten other 
fossil species known from (variously) Kauai, Oahu, Molokai, Maui, and Hawai'i Islands (Olson and 
James 1991). 
     The Laysan Rail was apparently first seen on Laysan in 1828 by Russian sailors, who also claimed 
similar birds were on nearby (about 184 km west) Lisianski Island (Baldwin 1947, Fuller 1987), 
although excavations in 1990 on Lisianski suggest that these recollections may have been erroneous 
(Olson and Ziegler 1995).  About 5,000 rails were estimated to be on Laysan by Munter in 1915 (Ely 
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and Clapp 1973), although Dill and Bryan's (1912) estimate of about 2,000 is probably more accurate 
(Balwin 1947).  The rails apparently could not survive the devegetation of Laysan by introduced rabbits 
and disappeared around 1923. 
     The rails ate all types of invertebrates, seabird eggs (small seabird species whose eggs both rails 
and/or Laysan Finches could open), and carrion.  They also were reported to eat seeds and other green 
plant material (Baldwin 1947).  Apparently they ate not only carrion flesh but also insects associated 
with the carcass.  They probably also ate Laysan Finch, Laysan Honeycreeper, and Laysan Millerbird 
eggs when they could get them (Bailey 1956). 
     The Laysan Rail was flightless and small (about 15 cm long).  It was reportedly very tame and easily 
caught.  It built a nest, often with an arching roof, in the grass Eragrostis or the sedge Cyperus.  Two to 
three eggs were laid in May and June, although chicks were seen during March in Midway's introduced 
population (Baldwin 1947). 
     It has been suggested that an ecologically "equivalent" rail might be considered for introduction to 
Laysan at some future date.  Such a suggestion is worth consideration, but great care must be taken and 
considerably more research must be done before such a risky undertaking.  The Laysan Rail was one of 
the smallest rails, and also flightles: it would be difficult to find its equivalent.  Although flightless, large 
rails like the endangered Guam Rail (Rallus owstoni) are inappropriate, being almost twice the size (28 
cm) of the diminutive Laysan Rail.  Morphological evidence strongly suggests that the probably 
ancestral form for the Laysan Rail was a widely distributed flighted rail, Porzana pusilla (Olson 1973, 
pers. comm.).  P. pusilla (known in New Zealand as the Marsh Crake) is known from Euarasia, Japan, 
Australia and New Zealand, in both migratory and resident populations.  Interestingly, the nearest 
ancestral form for the Hawaiian Rail (Porzana sandwichensis) is probably the Spotless Crake or Sooty 
Rail, Porzana tabuensis, which occurs throughout Polynesia, Phillipines, Australia, and New Zealand 
(S. Olson pers. comm., Oliver 1955, Bruner 1972, MacDonald 1973).  Preliminary genetic work also 
seems to confirm the suspected affinity of the Laysan Rail with P. pusilla (S. Olson pers. comm.). 
     If a rail is evaluated for introduction to Laysan in the future, P. pusilla should be the first candidate 
considered.  Numerous issues would need to be addressed, including: 
- whether a flighted species should be introduced in place of a flightless species;  
- whether the diet is similar to the poorly known Laysan Rail diet and how it would impact native 

invertebrates; 
- how the birds would be "cleaned" of avian diseases, and especially internal and external parasites, 

prior to introduction; 
- in what ways will the introduction of a new bird species impact current native bird populations; 
- and, the development of an emergency removal plan, in case it becomes apparent that the introduced 

rail species must be removed for an unforeseen reason. 
 
     It is probable that the introduction of rails to Laysan would reduce the Island's carrying capacity for 
its other native land birds, by reducing available food, foraging sites, and nesting sites.  It is also 
possible that rails will prey on eggs, especially those of smaller species like terns and petrels, and 
possibly Laysan Finches.  It might be wisest to attempt a rail introduction to Midway Atoll and/or 
Kaho`olawe Island as a way of assessing potential impacts a rail introduction might have on the Laysan 
ecosystem.  Both of these islands are currently undergoing restoration, but they have fewer native 
species that might be negatively affected by a rail introduction.  However, Kaho'olawe Island still has 
introduced mice and feral cats and possibly rats present, so it is not an appropriate introduction site in its 
current status. 
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     RECOMMENDATION: Form an expert team to evaluate and recommend a course of action 
concerning the feasibility and appropriateness of introducing an ecologically similar rail to Laysan.  If 
the team decides it is appropriate, formulate an experimental introduction plan.  Any introduction plan 
should have a viable eradication plan also in place, in case the introduction creates unforeseen problems. 
See Project #17. 

Laysan Finch 
     Of the three passerines that originally occupied Laysan, one is still present in robust numbers: the 
Laysan Finch (Fig. 2).  From 1968 to 1990, the mean population estimate was 11,044 finches (S.D. = 
3999: Morin and Conant 1994), although the population fluctuates rather wildly between about 5,000 to 
20,000 birds.  The Finch survived Laysan's devegetation in the early 1900s probably because it is an 
omnivore, eating seeds, roots, flowers, buds, stems, and roots of many plants, but also a multitude of 
invertebrates.  It can also open some smaller-sized bird eggs, and enjoys feasting on rotten albatross 
eggs that explode naturally.  Its occasional habit of utilizing bird eggs for food has been greatly 
overstated in the literature, and the behavior seems to be used more often by a few individuals (MPM).  
It appears to be a learned behavior, and the behavior is reinforced when humans linger near tern 
colonies, causing many eggs to become exposed when incubating adults flush. The finch is 
extraordinarily curious and fearlesss, and will enter underground seabird burrows, tents, open pits, large 
pipes, and traps.  Their natural curiosity and fearlessness make them very vulnerable, and  make it 
necessary for biologists to exercise extreme vigilance when setting up any trapping devices, even with 
relatively small entrances, and especially if pesticides baits or fluids (which can cause drowning: Morin 
1987) are present. 
     The Laysan Finch has suffered a drastic distributional decline throughout the Hawaiian Archipelago. 
It occurred prehistorically on at least Laysan, Oahu, and Molokai Islands, and 4 other closely related 
Telespiza species occurred also on Nihoa, Kauai, Oahu, Molokai, and Maui Islands (James and Olson 
1991).  Besides the Laysan Finch, only the closely related Nihoa Finch still survives today.  Because the 
Laysan Finch population goes through large fluctuations (which increases its probability of extinction), 
and because the large, natural population is vulnerable on a single island (Laysan), it is appropriate that 
it remain listed as endangered species.  This is especially true in light of its large reduction in 
distribution (i.e. loss of Laysan Finches and other endemic finches in the main islands). The introduced 
population of Laysan Finches on Pearl and Hermes Reef acts as a powerful buffer against Laysan Finch 
extinction, although by itself it should not be considered a viable population. 
      The Laysan and Nihoa Finches are two of the four native species suggested for future reintroduction 
to Kaho'olawe Island (KIRC 1997, Lindsey et al. 1997).  Sincock and Kridler (1977) had recommended 
that the Laysan Finch be introduced to Lisianski Island and the Nihoa Finch to Necker Island: we do not 
initially recommend either of these sites.  However, we do concur that their distributions should be 
expanded within the Hawaiian Archipelago to more closely imitate their original distributions and to 
further buffer them from extinction. 
     RECOMMENDATION: Continue to routinely monitor the Laysan and Pearl and Hermes 
populations as to status and distribution (Project #5).  Establish a captive breeding colony of Laysan 
Finches at a facility for the purposes of education, research, and  selective breeding for disease 
resistance. Form an expert team (use same team as for Nihoa/Laysan Millerbird Project #13) and 
consider introducing the Laysan Finch, or possibly the more at-risk Nihoa Finch, to other Hawaiian 
Islands when appropriate management is in place at those sites (e.g. Midway Atoll and Kaho'olawe 
Island) and where their omnivorous dietary habits will not severely impact other rare species (e.g. 
invertebrates, plants).  
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Laysan/Nihoa Millerbird 
     The endemic Millerbird (Fig. 23) originally found on Laysan has been extinct since the island was 
devegetated during the early part of this century, but it could be replaced with an appropriate ecotype 
from Nihoa, the endemic Nihoa Millerbird.  Although the AOU (1998) considers these two forms to be 
the same species, most consider them at least separate subspecies (Morin et al. 1997).  In 1977 Sincock 
and Kridler suggested moving Nihoa Millerbirds (Acrocephalus familiaris kingi) to Laysan Island to 
replace the extinct Laysan subspecies. The move betweeen two bird disease-free islands (Laysan and 
Nihoa) makes the transfer potentially that much simpler, since quarantine would not be necessary. In 
order to replace the Millerbird on Laysan, the replacement of Chenopodium back into the ecosystem is 
important, but especially if the appropriate insects are also present (whether or not Chenopodium is 
present: see Table 12 below).  However, they could probably survive even without Chenopodium (SC), 
as long as sufficient insects and nest sites are available.  Chenopodium is an important Millerbird 
foraging plant and nesting plant on Nihoa (Morin et al. 1997).  Sida fallax ('ilima bush) and Solanum 
nelsonii (popolo) are also preferred nest sites on Nihoa, but there is no evidence that 'ilima ever occurred 
on Laysan.  Solanum nelsonii is one of the plants proposed for reintroduction to Laysan from Nihoa (see 
Native Plant Recommendations, # 22).  On Nihoa, Chenopodium and S. nelsonii support numerous 
insects, and probably represent the most important foraging substrate for Nihoa Millerbirds (Kramer and 
Beardsley 1962, Conant 1983).  Obviously, Sida should not be introduced to Laysan since it was not 
there historically, but the establishment of healthy Chenopodium and S. nelsonii populations on Laysan 
should immediately be undertaken so that introduced millerbirds can find appropriate nesting and 
foraging substrates.  On Necker Island, Oodemus larvae bore into the branches of Chenopodium.  
Although Oodemus (laysanensis) is believed extinct on Laysan, it could be reintroduced from Nihoa 
once the Chenopodium bushes are established again on Laysan. The bunchgrass Eragrostis, which is 
already common on Laysan, will provide a foraging substrate that is also used by millerbirds on Nihoa.  
Table 12 shows a list of invertebrates identified from Nihoa Millerbird fecal samples from Nihoa Island, 
and indicates which invertebrates are already believed present on Laysan.  Many of the invertebrates in 
the Nihoa Millerbird diet are nonnative species (Table 1 in Morin et al. 1997), indicating that they have 
some dietary adaptability. 

TABLE 12.  INVERTEBRATES IDENTIFIED FROM FECAL SAMPLES FROM 16 NIHOA 
MILLERBIRDS ON NIHOA ISLAND, 1980-1993. 
     Abstracted from Table 1. in Morin et al. (1997).  NI = Nihoa and LAY = Laysan Islands. 
 
TAXON SPECIES ON BOTH NI AND LAY NATIVE 
   
COELOPTERA (BEETLES AND WEEVILS)  

Unidentified parts yes ? 
Araecerus fasciculatus yes no 
Epitrix hirtipennis no no 
Coccinellidae yes no 
Oodemus sp. (LAY popul. prob. extinct)* yes 
Carpophilus dimidiatus yes no 
Sciophagus pandanicola no yes 

   
ORTHOPTERA (GRASSHOPPERS)  

Schistocerca nitens no no 
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TAXON SPECIES ON BOTH NI AND LAY NATIVE 
   
HEMIPTERA (TRUE BUGS)   

Unidentified parts yes ? 
Geocoris punctipes no no 

   
HOMOPTERA (LEAFHOPPERS, APHIDS, AND SCALE INSECTS)  

Circulifer tennellus yes no 
   
HYMENOPTERA (BEES, WASPS, AND ANTS)  

Unidentified parts yes ? 
Sclerodermus nihoaensis no yes 
Chelonus blackburni yes no** 
Formicidae yes no 

   
DIPTERA (FLIES)   

Olfersia spinifera yes yes 
   
PSEUDOSCORPIONIDA (PSEUDOSCORPIONS)  

Unidentifed specimen (LAY species prob. extinct) ? 
   
ARANEAE (SPIDERS)   

Unidentified parts yes ? 
*Nihoa source for Oodemus laysanensis should be considered for reintroduction to Laysan after the host 
plant Chenopodium has been reintroduced in large enough numbers.   
**Although in Morin et al. (1997) this species is listed as an endemic, the current thought is that it is an 
adventive invertebrate (David Preston pers. comm.: see Nishida, 1997 Third Edition). 
 
 
     Recent work with the Vortex program has indicated that the Nihoa Millerbird population on Nihoa 
should be backed up with another population elsewhere (Conant and Morin In press)  Replacing the 
millerbird into the Laysan ecosystem would satisfy two management needs: give the Nihoa Millerbird 
the security of two populations and reinstate a cog back into Laysan's "wheel".  However, the Nihoa 
population is so small that birds should probably not be removed from that population if the population 
is too low (e.g. below 200).  Population estimates of Nihoa Millerbirds on Nihoa Island averaged 380 
birds per count between 1967 and 1996, with a median of 395 and a range of 31 to 731 (Conant and 
Morin In press).  Low population estimates of 31 millerbirds on Nihoa (1988 and 1990), if estimates 
were generated correctly, should gravely concern managers; small populations in general are not thought 
to persist well through repeated bottlenecks. 
     RECOMMENDATION: If the Nihoa Millerbird population is 200 or greater, and at least some 
Chenopodium and/or Solanum (and even Pluchea) bushes are available on Laysan, AND it is not a 
drought year, then approximatley 20 to 30 eggs or few-day-old nestlings (any combination of eggs and 
nestlings, but harvest complete nest so that adults will relay) should be taken by boat from Nihoa Island 
immediately to Laysan Island.  The birds should be hand-reared on the boat and on Laysan until fledged.  
Nestlings and fledglings should be exposed to adult male Nihoa Millerbird songs and stuffed forms, so 
that correct imprinting, vocalizations, and pairing can subsequently occur (Peter Grant pers. comm., 
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Butler and Merton 1992).  Fledglings should be kept in cages where invertebrates and invertebrate 
substrates wild-gathered on Laysan can be made available to them, and should be supplementally fed 
until clearly feeding on natural invertebrates on their own.  Every three to five years for at least 15 years, 
approximately 10 nestlings from Nihoa will be taken to Laysan, in order to supplement the genetic 
diversity of the new population, although long-term (e.g. every 50 years) supplementation or genetic 
exchange should also be planned (Conant and Morin In press).  The population should be regularly 
monitored and studied by biologists as it becomes established.  It is not recommended that adult or 
fledged Millerbirds ever be transported for introduction, due to difficulty (stress, maintaining familiar 
food source, etc.) of feeding and keeping older insectivorous birds alive in captivity, even briefly.  Eggs 
and nestlings are relatively easier to transport and nestlings are relatively easy to feed (e.g. bee larvae or 
crickets) and keep.  Also, young of the year are the segment of the population with the highest mortality 
rate, and hence are the most expendable segment of the population.  There is no quick transport (by air) 
between Nihoa and Laysan due to lack of refueling stations, and this severely constrains the ability to 
move older Millerbirds.  Successful movement between islands for the Seychelles Warbler 
(Acrocephalus sechellensis) only entailed transport of about 45 minutes (Komdeur 1994).  The quickest 
boat transport currently feasible between Nihoa and Laysan, when weather is optimal, would involve at 
least a few days. See Project #13. 

Laysan Himatione 
     The once-common Laysan Honeycreeper (Figs. 24 and 25) has been extinct since 1923, the last few 
disappearing in a sand storm three days after being filmed (Bailey 1956).  The Laysan Honeycreeper is 
currently considered a subspecies (freethii) of the main island 'Apapane, Himatione sanguinea. Sincock 
and Kridler (1977) recommended moving 'Apapane from the main islands back to Laysan.to replace the 
extinct Laysan Honeycreeper.  Replacing the Laysan 'Apapane (a.k.a. Laysan Honeycreeper) with main 
island 'Apapanes should only be done after Capparis and perhaps Santalum and more flowering bushes 
and vines are once again present on Laysan: this would assure that the 'Apapane's insectivorous and 
nectarivorous requirements are more easily met.  'Apapane on the main islands are not often observed 
foraging on the ground, although they have been seen foraging on a variety of native and nonnative trees 
and shrubs (Waring et al. 1993).  The evidence suggests that Laysan Honeycreepers were opportunisitic: 
they were observed to forage more often on Portulaca and Sesuvium  (both ground-level flowering 
succulents), after the introduced rabbits had caused the extinction of Capparis bush on Laysan (Ely and 
Clapp 1973).  Besides nectar, 'Apapane from the main islands also eat Lepidoptera (butterflies and 
moths), Homoptera (hoppers), Neuroptera (lacewing larvae), Arachnida (spiders), Hymenoptera (bees, 
wasps and ants), Psocoptera (bark lice), Diptera (flies), Coleoptera (beetles), Thysanoptera (thrips), 
Hemiptera (true bugs), and Acarina (mites: Fancy and Ralph 1997). 
     The absence of mosquitoes and mammalian predators on Laysan makes the reintroduction more 
attractive, because then the success of the reintroduction depends largely upon the ability of the 
vegetation to provide nectar and invertebrates.  Returning any bird to Laysan from the main islands 
('Apapane) would require, at a minimum, extreme care in ensuring that the birds were "clean" of disease 
and new parasites (endo and ecto). 
     RECOMMENDATION: That an expert team be convened to decide what source population to use 
for 'Apapane, and to formulate a restoration plan to return this genus to Laysan Island, addressing such 
issues as how to "clean" the wild caught birds (e.g. using second or third generation captive-reared 
progeny rather than original wild stock) so that they are not able to transmit new diseases and parasites 
to other Laysan passerines.  See Project #15. 
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NATIVE VERTEBRATES OTHER THAN BIRDS 
GOAL:  Prevent new nonnative species introductions.  Maintain and enhance populations of native 
species historically present.  Activities listed under Project #5. 
 
     The native non-avian vertebrates (the endemic Hawaiian Monk Seal, Monachus schauinslandi, and 
the indigenous green sea turtle Chelonia mydas) originally known from Laysan are still present although 
in greatly reduced numbers (Table 13.).  Sea turtles were reported as "numerous" in 1857 and at least 
130 were taken from Laysan by the schooner Ada in 1882 (Ely and Clapp 1973). 
     The few observations of Monk seals indicate that they also (like the sea turtles) had been severely 
depleted by sealer, fishing, and whaling vessels by the end of the 1800s and early 1900s (Kenyon and 
Rice 1959).  In May 1857, Captain Paty reported Monk Seals to be "numerous"  on Laysan (Ely and 
Clapp 1973).  In 1859, the ship Gambia returned from the Northwestern Hawaiian Islands with 1,500 
seal skins and 240 barrels of seal oil; clearly "This furnishes us with a record of the former abundance of 
the seal..." (Bryan 1915).  In contrast, from late April to early June 1911 (after about 20 years of 
habitation by guano miners and feather poachers), no Monk seals were seen (Dill and Bryan 1912).  
Current total population size is approximately 1300 individuals spread among approximately five 
breeding islands in the Northwestern Hawaiian Islands, with Laysan Island as the second largest 
breeding subpopulation (37 pups in 1997).  The 1997 count indicated 264 seals on Laysan (Brenda 
Becker pers. comm., range: 225-275).  Recent genetic work on the Monk Seal indicates that genetic 
variability appears to be low, probably as a result of small total population size coupled with semi-
isolated subpopulations which has led to random genetic drift and inbreeding (Kretzmann et al. 1997). 
     It appears that both species on Laysan are still slowly recovering from severe population bottlenecks 
that occurred during the end of the last century and first part of this century. 
     RECOMMENDATION: Any restoration activity (vegetation removal or plantings, spraying, insect 
control, etc) that takes place on or affects the area from the shoreline to the end of the haul-out zone (on 
Laysan from the low low watermark to 100 ft. inland beyond the vegetation line for monk seals: 
Gilmartin 1983) must be coordinated with National Marine Fisheries Service. See Project #5. 

NONNATIVE VERTEBRATES 
GOAL: Prevent new nonnative species introductions.  Eradicate or control nonnative vertebrates 
currently on Laysan.  Activities listed under Projects #5 and #16. 
 
     A horde of nonnative vertebrates were introduced to Laysan in conjunction with the guano mining 
industry (Ely and Clapp 1973), and their presence (beginning by at least the 1890s) significantly altered 
the Laysan ecosystem, primarily due to their grazing and browsing.  The only nonnative vertebrate that 
still remains on Laysan Island is the Snake-eyed Skink (see Table 14).  It is unclear when the skink first 
arrived on Laysan.  It probably arrived accidentally from elsewhere via Polynesian voyaging canoes or 
western ships: however,  it was not reported for Laysan Island prior to 1964 (Beardsley 1965).  It is 
known from islands in the western Pacific and Indian Ocean, and is established in the Hawaiian 
Archipelago on all the main islands.  It is reported to eat a variety of insects, including cockroaches, tiny 
beetles, sand flies, small butterflies, moths and their larvae, as well as spiders and other small arthropods 
(McKeown 1996). 
     RECOMMENDATION: The skink should be studied as to diet and ecology, and if the diet overlaps 
significantly with the Laysan Duck, Laysan Finch, and the proposed-for-introduction Millerbird and 
Apapane (Laysan Honeycreeper), then methods for control and eradication should be developed by a 
herpetologist for Laysan.  See Project #16. 

 55



TABLE 13.  NATIVE VERTEBRATES (OTHER THAN BIRDS) ON LAYSAN ISLAND. 
     Species still present are in bold type. 
 
COMMON NAME SCIENTIFIC NAME STATUS 
   
Reptiles   
   
Green Sea Turtle Chelonia mydas Indigenous.Present in small numbers, 

some nesting. 
   
Mammals   
   
Hawaiian Monk Seal Monachus schauinslandi Endemic. Approx. 264 in 1997.  Important 

pupping island. 
   

TABLE 14.  NON-NATIVE VERTEBRATES ON LAYSAN ISLAND. 
     Species still present on Laysan are in bold type. 
 
COMMON NAME SCIENTIFIC NAME STATUS 
Reptiles   
   
Fox or Indo- Pacific Gecko Hemidactylus garnotii Introduced by at least 1896.  

Last seen in 1913) 
   
Snake-eyed Skink Cryptoblepharus poecilopleurus 

(was Alblepharus boutoni 
poecilopleurus) 

Possibly introduced by at 
least 1896?  Still present on 
Laysan. 

   
Mammals   
   
Old World Rabbit Oryctolagus cuniculus 1902 thru 1923 
   
Guinea Pig Cavia porcellus 1903/04 thru 1912 
   
Mule, donkey 
(possibly also horses) 

Equus spp. 1890s thru 1910 

   
Pig Sus scrofa 1890s; gone by 1902 
   
Domestic cattle Bos taurus Approx. 1900 thru about 

1909. 
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SPECIAL AREAS OF CONCERN 

Blow Outs 
      The term "blow out" has been frequently used on Laysan to denote a large open area of devegetated 
and hence mostly destabilized sand that occurs inland, away from the shoreline (the shoreline should 
normally be mostly bare of vegetation to the average high-tide mark).  Over at least the past 20 or 30 
years, there has been an east and a west blowout on Laysan.  Especially during very windy weather, 
these devegetated areas "blow out" with sand, causing small localized sand storms, sometimes even 
forming short sand dunes.  It is hard to know how often this occurred when Laysan had its pristine 
vegetation, which was probably denser and generally taller (more bushes and trees) than the current 
vegetation.  Also, the guano mining removed a fair amount of Laysan's surface, and the impact of that 
substrate removal possibly had an effect in promoting the formation of "blow outs.  
     Both the western and eastern blow out might benefit from stabilization by two native low-creeping, 
sand-stabilizing grasses that originally occurred on Laysan: 'aki'aki (Sporobolus virginicus) and 
Lepturus repens.  See the discussions about Sporobolus on Laysan, but Lepturus repens is apparently 
already reestablished in a small area(Adams and Nevins 1994; Brenda Becker pers. comm.).  It would be 
relatively easy to take some runners from on part of Laysan and move them to the blow outs, especially 
during a rainy spell or before the wet season. Some amount of sand dunes and open sand is probably 
normal, due to the effects of high wind during major storms, but as the vegetation is restored both in 
amount, type, and distribution, these blow out areas will probably become smaller and more localized 
along the shoreline rather than inland. 
     RECOMMENDATION: Under direction of a horticulturist or knowledgeable person with botanical 
training, move bits of clumps or rhizomes of Lepturus into blow out areas during wet season. If 
vegetative Lepturus on Laysan is insufficient to allow collecting of runners, horticulturist should 
propagate on-site from seed gathered on Laysan and outplant.  See Project #7. 

Dead Zone 
     The contaminated site called the Dead Zone was first located in 1988 on the northern shore of 
Laysan.  At first discovery, seabird chicks, crabs, and house flies were dead within its perimeter, which 
was not marked by any other obvious signs.  A black rubber drumlike object was seen near the site 
(MPM).  Subsequent study by EBASCO (1994; formerly Enserch) indicated that the probable 
contaminant (90% Confidence) was carbofuran, and they recommended that this be confirmed by a 
carbamate-specific analytical method.  EBASCO acknowledged that there is a possibility that the 
compound will migrate into the groundwater, and also a strong possibility that it will continue to enter 
the food chain.  It was unclear whether or not Monk Seals hauled out into this area (Brenda Becker pers. 
comm. reports that they do), and whether there are any erected barriers to prevent this (Brenda Becker, 
NMFS, recommends against barriers). 
     RECOMMENDATION: More action should be taken on this, especially relative to the possibility 
that Carbofuran may be entering the groundwater or possibly contaminating the lake and/or 
invertebrates.  This could have consequences for the Laysan Duck (e.g cause invertebrate die-offs, 
reduce Duck fertility, cause mutations, etc.).  All personnel on Laysan should avoid entering the 
contaminated area, (which should be clearly delineated, along with a buffer zone), unless properly 
attired for hazardous wastes. Water samples of the hypersaline lake should be taken both during the dry 
season and during the rainy season and evaluated for Carbofuran and associated chemical forms.  See 
Project #6. 
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Brackish Water Pond 
     Prior to 1923, a brackish water, permanent pond was reported southwest of the lake (Ely and Clapp 
1973), but by 1923 (post-rabbit era) it was "found to be filled by drifting sand" (Christophersen and 
Caum 1931).  Sincock and Kridler (1977) proposed that habitat restoration for the Laysan Ducks might 
include "Create(ing) and improve(ing) ponds on Laysan Island.  The southwest pond that previously 
occurred on Laysan was apparently heavily utilized by the Laysan Ducks until it disappeared during 
sand storms caused by the devegetation due to herbivores.  Ducks have been seen to concentrate at other 
fresh water seeps (notably along the east shore near the blow out) and other brackish water sites 
available after heavy rains (Ely and Clapp 1973; Anne Marshall pers. comm.; Michelle Reynolds pers. 
comm.; MPM).  It would be reasonable to investigate the restoration of this brackish water pond for the 
ducks, and other land birds (Laysan Finches have also been observed drinking from brackish water seeps 
along the east shore: MPM). 
     RECOMMENDATION: The feasibility of manually re-creating the small brackish pond should be 
investigated.  The location, abundance, and types of wetland plants would be useful in locating the 
probableP site.  The importance of freshwater access to Laysan Ducks, especially during the dry season 
or drought years, should be evaluated during ongoing research.  See Project #14. 

Non-Native Plants And Animals On Other Nw Hawaiian Islands That Might Easily Invade 
Laysan (Newman 1988, Harrison 1990, Herbst and Wagner 1992) 
1) Verbesina encelioides, golden crown-beard. 
Introduction on Green Island, Kure Atoll, rapid invasion since 1955 (probable introduction of seeds with 
equipment from Midway).  Has formed a thicket which requires mowing; probably had a major role in 
causing extinction of Cenchrus agrimonioides var. laysanensis, Achyranthes atollensis, and Phyllostegia 
variabilis which used to grow in central plain of Green Island and are now thought extinct for about 25 
years (Herbst and Wagner 1992).  These three plants were formerly all found naturally on Laysan and 
could have been reintroduced from Green Island.  Verbesina has also recently been reported from Pearl 
and Hermes Reef (SC), suggesting that even current strict interisland quarantine measures are not 
always adequate. 
2) Lobularia maritima, sweet alyssum. 
Introduction that on Green Island, Kure atoll, presumably through competition helped caused extinction 
of three leeward islands' endemics (see golden crown-beard entry above, Herbst and Wagner 1992) that 
were also formerly found on Laysan and could have be 
3) Bidens alba var. radiata (spanish needle), introduced  to Kure and Midway atolls apparently since 
about 1958.  Herbaceous plant.  Related Bidens pilosa (also called spanish needles) introduced from 
tropical America to Midway Atoll and main islands but no other leeward islands (so far).  Apparently 
the latter can hybridize with the former experimentally.  Other obvious potential problem species: 
A) Mosquitoes, like Midway Atoll. 
b) Mice, like Midway Atoll. 
c) Black rats, like Midway Atoll, and Polynesian rats, like Kure Atoll, although both have .presumably 
been eradicated at the present time. 
d) MORE ANT AND SPIDER SPECIES. 
e) New introductions of geckos, skinks, and other reptiles. 
     RECOMMENDATIONS: Uniformly and vigorously enforce Refuge quarantine regulations 
throughout the NWHI and thoroughly educate  all visiting persons, regardless of affiliation, about the 
reasons for quarantine.  Coordinate with State of Hawaii, Div. of Forestry and Wildlife (DOFAW), and 
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assist DOFAW in establishing complimentary quarantine regulations for Kure Atoll visitors.  See 
Projects #1, #2, #4, #5, #6, and #8. 

QUARANTINE 
     Quarantine and immediate eradication of newly established nonnative species on Laysan is the most 
cost/effective management action that can be taken to restore Laysan's ecosytem.  USFWS already 
enforces some relatively rigid quarantine rules for many of the remote refuge islands (See Attachement 
2).  However, rigorous quarantine is needed for all Northwestern Hawaiian Islands because of the ability 
of introduced plants to "self introduce" via ocean currents, and ability of some invertebrates to spread 
from one introduction site to another (e.g., from Midway: Asquith 1994).  Although recent invertebrate 
introductions to Laysan are few, they are not zero, and 2 new species of nonnative plants apparently 
became introduced to Laysan between 1988 and 1998.  Another "black box" source of introductions are 
those due to unauthorized and illegal landings by fishing boats, and other mariners.  These persons are 
very likely to have visited numerous ports and also (on a working boat) are unlikely to be concerned 
about seeds embedded in the hems of their clothing and gear.  Any person who has not been screened 
and properly educated about the reasons for the quarantine is a potential risk for new and costly 
introductions. Unfortunately, motivation cannot be objectively measured, and even properly trained 
personnel can present a risk if they are not genuinely motivated to prevent introductions. 
     RECOMMENDATION: Periodic searches for and eradication of newly established species are the 
essential follow-up to any quarantine program.  This implies that the ecosystem is actively and regularly 
monitored by personnel who recognize which species are "supposed" to be present.  Managing for 
nonnative species, especially invertebrates, seeds, and rodents, requires that new introductions are 
controlled throughout the Northwestern Hawaiian Islands, and also requires that gear, clothing, and food 
is properly frozen, cleaned, or sprayed, and that unauthorized landings are controlled.  Projects #1, #2, 
#4, #5,  #6, and #8.. 

PROJECT RECOMMENDATIONS 
OBJECTIVES: Eliminate or at least control non-native species.  Replant or reintroduce native plants, 
invertebrates, and vertebrates that are no longer present.  Rigorously evaluate the wisdom of replanting 
similar species and ecotypes of the same genera in cases where original species or variety is extinct.  
Modify or eliminate human activities that increase direct or indirect introductions of new species in the 
Northwestern Hawaiian Islands, with special awareness toward invertebrates. 
See List of Recommended Projects under Executive Summary, and specific Project Descriptions that 
follow. 

PROJECT DESCRIPTIONS 

Project #1 Weed Control. 
     The project would require two full-time technicians working on Laysan year round (one of the FTE 
could be part-time in horticulture). At least one of the technicians should be full-time and preferably 
permanent, and one could be a volunteer (for at least several months at a time), a series of temporary 
technicians hired back to back, or some combination of volunteer and temporary. The projects will 
change from year to year, starting with the final eradication of Cenchrus echinatus and beginning with 
the eradication of plants with the highest Eradication Priorities (see Table 7) such as Sporobolus 
pyramidatus, Achyranthes aspera, and  Pluchea indica (see Time Line for year by year summary). 
Eradication and control of Portulaca oleracea should not begin until after the Portulaca hybridization 
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study is finished in Year 5. Any new nonnative plant which is found on Laysan should immediately 
assume the Eradication Priority of 1 and be eradicated as quickly as possible once it is positively 
identified by two expert botanists. After year 10, salary is reduced by 1/2 (goes down to one FTE), and 
after year 15, staffing goes to a 1/2 person year-round, with concommittent reductions in food, 
equipment and supplies, and office and weed control supplies goes down to $2,500. The Portulaca study 
(graduate student or contract hire: see Portulaca entries under Native Plant Recommendations and 
Nonnative Plant Recommendations) is included here for Years 1 to 5, because the outcome of the study 
will determines whether or not Portulaca oleracea will be controlled and/or eradicated. 
 
Salary (each year):  
     1 full-time permanent technician $ 25,000 per year 
     2 temporary technicians (6 mos. Each) $ 25,000 per year 
 
 
Food and personal supplies (e.g. toilet paper) 
     $20 per day (x 365) per person (x 2): $ 14,600 per year 
 
Equipment and Supplies: (Tents, Refrigerator, 
     Radios, water and gear buckets, binoculars, propane, 
     generator, gasoline, some equipment lasting several years) 
     Average cost per year: $ 10,000 per year 
 
Office and weed Control supplies: 
     (Rodeo herbicide, propane torches, propane, backpack 
     sprayers, work jumpsuits, shovels, Chainsaws, blades, 
     oil, goggles, masks, gasoline, Weed Wrench, plastic 
     garbage bags, office paper and other supplies): $ 10,000 per year 
 
Grant or contract hire to study Portulaca  
     lutea/oleracea hybridization and ecological roles  
     ($20,000 a year for 4 years of lab and field work and  
    1 year of write-up): $ 20,000 per year for first 5 years 
 
     Travel costs: Variable (0 if hitchhiking with NOAA or 
     USCG or up to $60,000 for chartering a boat for two 
     round-trips):             ? 
 
          TOTAL: $ 104,600 per year for 1st 5 years, 
  declining thereafter 
 (up to $164,600 per year for 1st 5 years 
  if a boat is chartered) 

Project #2 Invertebrate Control and Ecology 
     Begin control and eradication of nonnative invertebrates on Laysan starting with ants (see Table 10), 
which are known to be extremely disruptive to native invertebrate fauna.  There are many nonnative 
species present on Laysan and it is not always obvious which are the most disruptive.  The entomologist 
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hired to do invertebrate control on-site should be trained in Hawaiian entomology and not only have the 
expertise to control or eradicate ants, but also to conduct research on other nonnative invertebrates in 
order to decide which are the most devastating to the Laysan ecosystem, priority of control, method of 
control, etc. (i.e. construct a "hit" list).  This "hit" list and methodologies will be reviewed by the expert 
entomological team (Project  #11) in Year 3 and an updated list at least every three years thereafter.  The 
role of nonnative invertebrates in damaging native plants (especially important concern for those native 
plants in decline on Laysan or those being reintroduced) is another topic which this entomologist may 
need to address. This person should be a licensed Pest Control Operator, with a State of Hawaii Dept. of 
Agriculture license and appropriate short-course training.  All control and research efforts need to be 
designed such that seabirds, Laysan Ducks, Laysan Finches, and other native species are not jeopardized 
by methodology or pesticides. This project should employ one FTE for 5 months each year, (2 weeks for 
travel time and 4 weeks for write-up, and 3.5 months on site).  Project costs may escalate over time, 
depending upon costs for necessary invertebrate control and eradication that emerge from the 
invertebrate ecological studies.  
 
Salary and fringe (for 22.5 weeks): $ 18,900 
 
Food and supplies ($20 day for 105 days): $2,100 
 
Equipment and Supplies (Tent, gasoline, Etc.): $2,000 
 
Entomological supplies (baits, hormone regulators, 
 containers): $1,000 
 
          TOTAL (W/O TRAVEL): $24,000 

Project #3 Process and Identify Invertebrates 
     The invertebrate fauna of Laysan is poorly known partly because many of the specimens collected 
there so far have not been identified, are not entered in the data bases (e.g. at Bishop Museum), and even 
the locations of some specimens, if they exist, are unknown. It is estimated that it would take 
approximately 6 months to get all the past collected specimens straightened out, unknown species 
identified and described, and the data input into the Bishop Museum data base.  An entomologist with a 
Master's degree or higher should do this work. There are three ways to do this project, and it is unclear 
which one would ultimately be cheapest and most efficient.  It appears that the invertebrate information 
and specimens are most wisely stored at Bishop Museum, and therefore the Museum will be involved in 
some manner no matter what. If an outside entomologist is contracted by USFWS, the entomologist 
would have to pay the Museum a "bench fee" for use of the museum resources and lab space. If USFWS 
did it in-house, or contracted USGS BRD, a fee would still need to be negotiated with the Museum.  The 
third method would be to contract with Bishop Museum to do the work, which is probably the most 
logical, since they are warehousing (and SHOULD warehouse) most of the specimens already, but 
probably the most expensive alternative (see Attachment 5).  In addition to the initial 6 months of work, 
periodic work would be necessary after the invertebrate monitoring project on Laysan is done (every 
third year), which would generate probably another month of work each time. Salary and fringe for an 
in-house entomologist is approximately $840 per week, but cost per hour can range up to $100.00 per 
hour for a Researcher at Bishop Museum (see Attachment 5).  It would probably be wisest to put out a 
call for bids, and have various entities assign a cost to this project.  We are unable to assign an actual 

 61



cost based on our current information, but suspect the initial six-month cost would range from about 
$35,000 (at $20 per hour plus a bench fee of about $15,000) to about $100,000 (if a Researcher is used 
for the entire project at Bishop Museum, at $100 per hour).  We will use the lower cost estimate. 
 
          Total Cost estimate: $35,000 to $100,000 

Project #4. Vegetation Monitoring 
     Every year a person trained in botany (B.A. or B.S. in Botany or equivalent and with Hawaiian 
botanical experience) should monitor Laysan for new plant introductions, collect unknown plant 
specimens, and survey status and distribution of currently established species.  Person could be in-house 
botanist or a contract person. This person could be the same person as whomever does Project #9 
(Verification of Distribution-wide Extinction and/or Status for some Proposed Plant Reintroductions) 
and could monitor vegetation during the same trips where probable extinct plants are searched for.  This 
would save some salary and some equipment costs.  This project includes a status report write-up which 
should be required to be permanently filed with USFWS Refuges.  Cost of travel is not included in cost 
estimate, due to uncertainty of travel costs.  Travel is either arranged via NOAA (RV Townsend 
Cromwell) or the Coast Guard, or arranged via a private boat chartered by USFWS (e.g. M/V Machias 
or M/V SS Midway). Estimated time to complete work each year: 5 weeks total, with 2 weeks allotted 
for travel time, 2 weeks allotted for report writing, and 1 week allotted for time on island.  
 
Estimated Salary and fringe costs (5 weeks time): $ 4,200 
 
Food and supplies (7 days at $20 per day): $ 140 
 
Equipment and Supplies: $ 1,000 
 
Botanical and office supplies:    $ 500 
 
          TOTAL (W/O TRAVEL): $ 5,840 

Project #5 Vertebrate Monitoring 
     Every year two trained biologists monitor status and population for Laysan vertebrates, including 
seabirds, Laysan Duck, Laysan Finch, and other native birds as they become introduced or reintroduced, 
and any new nonnative vertebrate introductions.  This project assumes that Monk Seals and sea turtles 
are being appropriately monitored by National Marine Fisheries Service, but if NMFS project work at 
Laysan were to drop below yearly monitoring, this project should fill in the general monitoring gaps for 
all vertebrates.  
     Every individual vertebrate does not need to be counted every year, but any species that is declining 
or rapidly expandiing, any rare species, or newly introduced species, should be censused or otherwise 
appropriately monitored.   Every year the presence or absence of rodents should be monitored as well, 
although any type of traps will have to be enclosed in such a way that Laysan Finches and other birds 
cannot enter the traps or openings to the traps.  The currently-occurring snake-eyed skink (and  potential 
introductiions of other reptiles) should be monitored at least for presence or absence, and after Project 
#16 on snake-eyed skink is initiated, the monitoring should coordinate with that Project's work.  
Obviously, any detection of  new terrestrial nonnative vertebrates (e.g. rats or reptiles) should trigger an 
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immediate and massive eradication effort (see Kaiser et al. 1997, Rauzon 1985, and various other 
eradication papers for techniques).  
     We estimate that it would take 2 people 2 weeks of work on site, 2 weeks of travel, and 1 person 3 
weeks to write up, making a total of 11 weeks. During any years of potential Nihoa Millerbird 
translocation, this project should also include estimating the Nihoa Millerbird population on Nihoa 
Island (if this is not already occurring), which could cost an extra 2 weeks per person and extra 
equipment and supplies. Population monitoring  (to verify that the Nihoa population is high enough to 
withstand movement of genetic material) of Nihoa Millerbids on Nihoa should occur prior to any 
collection and movement of Millerbird eggs and/or nestlings to Laysan, regardless of how small the 
number to be moved. 
 
Salary and fringe (11 weeks total): $ 9,240 
 
Food and Supplies (for 2 people for 2 weeks): $ 560 
 
Equipment and Office supplies: $ 1,200 
 
Extra costs associated with Nihoa Millerbird monitoring 
     (2 weeks extra salary for 2 persons plus extra equipment, 
     food and  supplies): $ 4,920 
 
 
                 TOTAL (W/O TRAVEL COSTS 
                 OR NIHOA SIDE-TRIP) $ 11,000 
 
                  TOTAL WITH SIDE-TRIP 
                  TO NIHOA ISLAND (W/O TRAVEL) $ 15,920 

Project #6 Invertebrate Monitoring 
     The project will require that every third year a trained person (a Bachelor or Master's degree in 
Entomology, with Hawaiian terrestrial invertebrate experience) monitors all invertebrates on Laysan 
(including terrestrial snails), collects specimens as appropriate (it may not be appropriate to collect 
specimens of everything), and especially searches for new introductions, status of important native 
species, and rare or at-risk species.  Native land snails should be a high priority for monitoring, since 
their status seems to be very poorly known. 
     It is anticipated that the monitoring work would take about 8 weeks total every three years, with 2 of 
the weeks as travel time, two of the weeks as work on-site at Laysan, and 4 weeks for writeup and 
rearing out larvae for identification.  Trained person could be an in-house entomologist, or a contract 
entomologist (e.g. Bishop Museum or State Dept. of Agriculture or USGS BRD entomologist).   New 
invertebrate introductions will be referred to the Invertebrate Control (Project #2) personnel for 
immediate attention and eradication, if possible. It is highly recommended that the same person be used 
for this project from year-to-year, if is feasible, or as often as possible, in order to reduce the "learning 
curve" necessary to perform this project optimally. 
 
Salary (every third year, for 8 weeks, including fringe): $ 7,000 
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Food and personal supplies, at $20 for 2 weeks ($20 x 14): $ 280 
 
Equipment and living supplies (Tent, buckets, Etc.): $ 1,000 
 
Entomological equipment and supplies (nets, Malaise 
     trap, light Trap, jars, etc.): $ 1,000 
 
Travel costs (variable,  0 to $30,000, depending upon whether 
     a boat is chartered): ? 
 
One time contract for 2 years (Year 1 and 2) to take samples 
     and do carbamate-specific analysis of "dead zone"  
     Contaminant and lake water samples.: $ 40,000 
 
 
          Year 1:   TOTAL: $ 29,280 
          Year 2:   TOTAL: $ 20,000 
          Per year every third year after Year 1, TOTAL: $ 9,280 
          (Up to $30,000 more per year if a boat is chartered) 

Project #7 Propagation and Outplanting of Native Plants 
     This project includes the hiring of a horticulturist part-time (see possible Contractors such as Bill 
Garnett and Peter van Dyke listed at the end of this Plan), the building of a small temporary greenhouse 
system (e.g. germination tent and shade box nurseries, see Attachment 7) and movable water catchment 
units (see Attachment 7) on Laysan, as well as the actual outplanting of propagated plants.  Germination 
tent and other structures will need to be periodically replaced (e.g. every three years) due to the intense 
effects of uv, wind, and weathering.  Not only would a horticulturist be needed part time to oversee and 
supervise, but also a year-round, full-time-equivalent technician (could be two half-time year-round 
technicians: if two half-time technicians are used, one of the half-time positions could be a volunteer and 
the technician costs reduced by that amount. These half-time technicians could also be used in the Weed 
Control Project #1 to make their positions full-time).  When the horticulturist is not present on the 
island, the technician(s) continue with plant propagation and outplanting as scheduled. The horticulturist 
would be needed for 30 weeks/yr the first 3 years, and 3 1-week trips every year thereafter, not counting 
the 2 week round-trip travel time (equivalent to 9 weeks total).  After Year 10, the technician is reduced 
to half-time and the horticulturist to one 3-week trip per year.  After Year 15, germination tent and shade 
box nursery are not replaced every three years.  After Year 16, no horticulturist is scheduled for regular 
visits and no catchment units will be replaced. 
 
Construction material and greenhouse supplies for  
     temporary germination tent: $ 4,040 
 
Construction material and supplies for 3 shade box 
     nurseries at $1,916 each: $ 5,750 
 
Construction material for water catchment units, 5 units 
     at $2,300 each (see Attachment 7): $ 11,500 
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Outplanting supplies (e.g. drip tape, hose, valves, water 
     drums), 4 sites at $700 per site: $ 2,800 
 
Horticulturist salary and fringe (30 weeks x $840 for 1st 
     3 years then 9 wks/yr up to Year 16 at $7,500/yr): $ 25,200 
 
Technician salary and fringe (fulltime year-round or two 
     half-time year-round): $ 25,000 
 
Food and personal supplies ($20 per day): $ 11,500 
 
Personal equipment and supplies (Tent, generator, etc.):   $ 5,000 
 
          TOTAL (W/O TRAVEL COSTS): $ 90,790 

Project #8 Coordination of Overall Restoration 
     This project requires the hiring or contracting of an individual, or full-time dedication of an existing 
full-time position, to oversee and supervise the Restoration projects of Laysan, including the formation 
of expert teams to decide upon issues identified already in the Plan, and emergency plans to do 
eradication work if some extremely noxious nonnative (e.g. rats or mice) became established, or if a 
deliberate introduction of similar native species goes awry unexpectedly (includes the formation of a 
stand-by volunteer SWAT team). A significant part of this job should include Public Relations, 
including news releases, public speaking at selected meetings, forums, and organizations, and the 
preparation of Laysan-related scientific papers and articles for the popular press.  This person would also 
coordinate the various stages of nonnative vegetation removal and replacement with natives, the various 
reintroductions of invertebrates and vertebrates (e.g. loulu palm, Nihoa Millerbird) and all the associated 
administrative activities, including updating the Restoration Plan every 5 years, and coordinating new 
pesticide approvals as needed (e.g. for ants).  This person would also coordinate the recruitment of 
volunteer staff for specific aspects of the Plan requiring minimal expertise, or where expert staff from 
elsewhere is willing to participate for nominal fees (e.g. during bird translocations or introductions), and 
the preparation of contracts for contract hires.  Every 5 years the Laysan Restoration Plan would be 
appropriately updated by this person.  This position requires a GS 11 or equivalent with training and 
experience in Northwestern Hawaiian Islands ecosystems. Person would make one to two site visits (1-2 
weeks) to Laysan per year.  The magnitude of the restoration task clearly requires a full-time equivalent 
with appropriate training and experience. After Year 15 this position goes to half-time. 
 
Salary and fringe (FTE each year): $ 36,000 
 
Food and personal supplies for yearly Laysan visits: $ 280 
 
Equipment and supplies:   $ 1,000 
 
          TOTAL (W/O TRAVEL): $ 37,280 
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Project #9 Verification of Distribution-wide Extinction and/or Status for some Proposed Plant 
Reintroductions 
     This project requires the contracting or use of an in-house USFWS botanist with extensive NWHI 
experience to search on various leeward islands for the few plant species identified as probably extinct 
(Cenchrus agrimonioidides var. laysanensis, Achyranthes atollensis, Phyllostegia variabilis). Their 
purported extinction needs to be verified, and if they are not extinct, seeds and tissue must be collected 
for immediate propagation efforts so these species can be saved from extinction and also returned to 
Laysan and other appropriate NWHI.  This project would occur for about 2 months for each of two 
years.  This project is more likely to require chartering a boat than most of the other projects, since a 
complete survey of the NWHI would be needed, with sufficient search time during the appropriate 
season on each island.  Because gear used on other refuge islands cannot be used again on a different 
island without being extensively cleaned, frozen, fumigated, etc, the cost of equipment is higher since 
new gear would have to be used if gear was not already available on each island.  In order to reduce 
overall costs among projects, this person could do the Vegetation Monitoring and/or Plant Collection 
projects as well for the two years of this project (see Projects #4 and #10). 
 
Salary and fringe for 2 months (including travel time): $ 8,000 
 
Food and supplies (9 weeks x 7 day/wk x $20 day): $ 1,260 
 
Equipment and supplies (sleeping bags, tent, day packs, 
     radios): $ 3,000  
 
Botanical supplies (for collection of specimens or seeds 
     and tissue): $ 1,000 
 
Travel (assuming that some travel can piggyback with 
     other outgoing and incoming projects) Chartering a 
     boat at $3,000/day for 30 days:   $90,000 
 
          TOTAL: $103,260 

Project #10 Collection of Plants for Reintroduction 
     This project may be able to be combined (done simultaneously) with Project #9 for the two years that 
Project #9 is funded, with the possibility of reducing the overall salary costs.  This project entails the 
collection of seeds and/or cuttings for various reintroductions and possibly (with appropriate expert 
input) introductions of other indigenous species or subspecies of a genus where the original species or 
subspecies is extinct.  It is recommended that this project be done primarily by an in-house USFWS 
botanist, since most of the plant collections will occur in the NWHI and several involve endangered or 
other listed (e.g. SOC) species. Notable exceptions are Santalum (sandalwood) and possibly 
Achyranthes splendens var. rotundata (if an expert team agrees to replace the extinct A. atollensis with 
this native species and subspecies), which would be collected from the main islands (e.g. Oahu) and 
would require special handing in order to be properly quarantined for eventual transplantation on 
Laysan. After Year 10 it is assumed that no more collections of seeds or cuttings from other islands need 
to be made.  
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Salary for 3 weeks plus fringe benefits (includes 2 weeks 
     of travel time): $ 2,520 
 
Food and personal supplies: $ 140 
 
Botanical and related supplies: $ 500 
 
Equipment and other supplies: $ 1,000 
 
Salary and fringe (for 2 months) for plant collection and 
 initial propagation supplies on main Islands for Santalum 
     and possibly native Achyranthes and possibly Capparis 
     in Year 2 (or let an equivalent contract): $ 18,000 
 
          TOTAL (w/o travel costs): $ 22,160   

Project #11 Collection of Invertebrates for Reintroduction 
     It is not possible to estimate the final costs of this project at this time, because the overall final costs 
will be dictated by whether or not invertebrate species that used to exist on Laysan and are not longer 
there should be returned and whether they can be safely returned without excessive risk of introducing 
new parasitoids or pathogens. After 5 years of identifying which invertebrates "should" be on Laysan 
and which have recently been collected there (Project #3), invertebrate monitoring (Project #2), and 
invertebrate control and ecological research (Project #6), an expert team (which includes the persons 
which have done Projects #2, 3, and 6, as well as expert entomologists like David Preston and Frank 
Howarth) should be convened to decide which invertebrates recommended for reintroduction make good 
candidates, and also the protocol for such reintroductions. Expert team will also review "hit" list of 
invertebrates and control/eradication methodologies developed by entomologist  (Project #6).  Team 
first meets in Year 3 after Projects have some firm results, and then at least every three years thereafter. 
 
Air fare, per diem, fees for service, and associated 
     meeting costs: $ 5,000  
 
Reintroduction activities prescribed by expert team 
     after Year 3 meeting: ? 

Project #12 Pollen Core 
     This project will span approximately two to three years and would hire an expert to do pollen cores 
on Laysan (and hopefully other islands such as Lisianski, utilizing the expert while he/she is traveling 
along the NWHI chain).  Pollen cores could help to verify the "pristine" plant species' list that 
Schauinsland (1899) described for us, and whether plant species were already missing from Laysan by 
1896.  (See List of Cooperators and Potential Contractors after Appendix B.)  Without travel costs (other 
than Contractor salary), the costs are grossly estimated.  Work begins in Year 1/Year 2 and results are 
expected in Year 3. 
 
Field work by Contractor to collect cores (30 days at 
     $350 /day, includes 2 weeks of boat time): $ 10,500 
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Lab work (Subsampling of cores at 5 days/core for 4 cores 
     = 20 days total): $ 7,000 
 
Coring Equipment: $ 7,000 
 
Pollen Samples from core (Analysis, preparation, report 
     writing, 25 samples per core x  4 cores at $300/sample):$ 24,000 
 
          TOTAL (w/o Travel Costs): $ 48,500 

Project #13 Millerbird Restoration 
     It is not possible to estimate the exact costs of this project because the smaller details of the 
reintroduction are not known, but rough estimates can be made.  Recommendations have been made by 
the Authors (see Laysan Millerbird section under LANDBIRDS) to move up to 30 eggs and/or young 
nestling Nihoa Millerbirds from Nihoa directly to Laysan, if the Nihoa Millerbird population is high 
enough and if there has been sufficient rainfall (i.e., not drought conditions) on Laysan.  Year 1 of this 
project should include an expert team meeting where details would be hammered out, and a decision 
made about whether the current habitat on Laysan has appropriate vegetative structure and adequate 
appropriate invertebrate populations.  In addition to agency representatives, the expert team should 
include at least three of the following persons: Sheila Conant (Univ. of Hawaii), Peter Luscomb 
(Honolulu Zoo), Marie Morin (Wildlife Consultant), and a representative from the Peregrine Fund (e.g. 
Cyndi Kuehler), with captive rearing and bird transport experience.  When the Nihoa Millerbird 
translocation occurs, a boat must be chartered (perhaps in conjunction with Project # 9), because the 
crew on Nihoa will have to conduct a population count to verify the population is large enough to 
withstand taking young, and the collection and holding of sufficient eggs/young may take an 
undetermined number of days. It is imperative that the population on Nihoa  (see Project #5) be 
monitored prior to staging such an elaborate expedition,  to assure that the Nihoa birds are breeding and 
that the Nihoa population is high enough to withstand the take.  The transport and transfer of Millerbird 
eggs/nestlings from land to the waiting boat requires relatively calm weather in order to safeguard 
eggshells and embryos, and both land and boat crew may have to wait patiently for appropriate weather 
and sea conditions. After every translocation, a biologist should closely  monitor the population for 
several years.  A second, much smaller propagule (e.g., 10 eggs/nestlings) should be attempted in Year 5 
(or 5 years after the first translocation, if it "takes"), and every 5 years thereafter. Eventually Nihoa 
Millerbird monitoring on Laysan should become part of the routine vertebrate monitoring project 
(Project # 5). 
 
Expert team meeting costs, including fee for service, air fare, 
     and other associated meeting costs (Year 1): $ 5,000 
 
Salary and fringe for 4 months for 3 Biologists and 1 Captive 
     Propagation Specialist to do Nihoa Millerbird population 
     estimate on Nihoa Island, collect eggs/nestlings, feed and 
     transport same by boat to Laysan, erect shelter(temporary 
     holding facility), hand-rear nestlings to fledging, and 
     soft-release them.  Travel time is included in estimate: $ 60,000 
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One Biologist for an additional 8 months to monitor the 
     soft-release. Salary and fringe: $ 30,000 
 
Food and personal supplies (at $20/day): $ 14,880 
 
Equipment and other supplies: $ 6,000 
 
Avicultural related supplies for Nihoa, boat, and Laysan 
     (netting, incubators, live larvae for nestling food, 
     generators, etc.):               ? 
 
          TOTAL (w/o boat charter and Avicultural 
          supplies): $ 115,880 

Project # 14 Laysan Duck Recovery 
     Although known historically only from Laysan Island, this project seeks to establish a viable 
population of Laysan Ducks in the Hawaiian Archipelago, because Laysan Ducks were more widely 
distributed in the past, and the current distribution is relictual. The wild Laysan Island duck population is 
too small for 1,000 year survival.  All captive populations believed to be pure need to be located (and 
sampled); it is possible that some captive ducks may harbor one or more genes that are no longer present 
on Laysan.  A geneticist should be hired under contract for Years 1 and 2  (e.g. Dr. Judy Rhymer; see 
Landbirds section) to assess the genetic variability  (and line pureness for captive birds) of wild and 
captive stock for potential translocations and to run a PVA (population viability analysis) on the wild 
population. An expert team (including all Laysan Duck Recovery team plus others as mentioned under 
Landbirds section) should be gathered, and should meet after the genetic variability is analyzed and the 
PVA has been determined (tentatively Year 2 and/or 3) to decide  when and where 
introductions/reintroductions should occur.  Candidate sites include Midway Atoll, Lisianski Island, and 
Kaho'olawe Island, with Midway as the initial site recommended by the Authors, due to its lack of 
terrestrial predators, logistical ease of introductions, and long-standing alteration by humans (impacts 
caused by introduced Laysan Ducks would  be unlikely to significantly damage the current ecosystem).   
It is not possible to estimate the costs for this project after approximately Year 4 or 5, because plans to 
create a viable Laysan Duck population (as drawn up by the expert team) cannot be predicted.  Results 
of ongoing research on Laysan Ducks by Michelle Reynolds will certainly assist in these plans.  On-site 
(Laysan) duck population enhancement should also be addressed by the expert team. 
 
Locating individuals and flocks of captive Laysan Ducks 
     (nationwide) believed to be pure stock and obtaining 
     biological samples for genetic assessment (Year 1): $ 20,000 
 
Genetic analysis of variability from captive and wild 
     Laysan Duck stock, PVA (population viability analysis) 
     and genetic recommendationsfor reintroductions: $ 30,000 
 
Expert team meetings and associated printing, fees for 
     service, travel, and accomodations (Years 2 through 4): $ 5,000 to $10,000 per year 
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          Total project costs are unable to be ascertained due 
          to inability to anticipate the expert team's recommendations. 

Project #15 Himatione Restoration  
     An expert team should be formed and meet in Year 10 to decide how to return the Himatione 
('Apapane) to Laysan. This should allow sufficient time to return some of the desirable missing 
vegetation components, such as Capparis bushes and Santalum trees.  This project will certainly require 
additional personnel or contract hires, but it is not possible to guesstimate the costs or personnel 
configurations until after the expert team has met.  Details such as source population (lowland? 
mosquito-resistant?), how to physically do the reintroduction/introduction, and how to "clean" the birds 
of ecto- and endo-parasites and diseases are topics to be resolved.  At least some of the expert team 
should be composed of  Wildlife Disease specialists.  
 
Expert team meetings for Year 10 and Year 11: $ 5,000 per year 
 
          Total project costs are unable to be ascertained due 
          to inability to anticipate the expert team's recommendations. 

Project #16 Snake-eyed Skink Ecological Study and Evaluation for Eradication 
It is not possible to estimate the cost of this project after the initial study and preliminary control (if 
necessary) in Year 7 through Year 10.  A graduate student in Zoology or a contract herpetologist should 
be hired part-time for 4 years to study the feeding and other ecological habits of the Snake-eyed Skink to 
see if it competes with native fauna (e.g. passerines or Laysan Ducks) or is a serious predator on native 
invertebrates.  Once the diet and general ecology has been established, a control or eradication program 
will be recommended and initiated.  A thorough written summary report (and/or dissertation or thesis) 
will be a required output from this project.  This project would employ one FTE for 5 months each year 
for Years 7 through 10 (2 weeks of travel time, 4 weeks of write-up, and 3.5 months on site per year).  
Project costs may continue past Year 10 if eradication is deemed desirable and is not completed by the 
original project as outlined. 
 
Salary and fringe (for 22.5 weeks): $ 18,900 
 
Food and supplies ($20 per day for 105 days): $ 2,100 
 
Equipment and Supplies (Tent, gasoline, etc.): $ 2,000 
 
Herpetological Supplies (Preservatives, traps, telemetry 
     gear, etc.):   $ 2,000 
 
          YR 7 thru YR 10  TOTAL (W/O TRAVEL): $ 25,000 

Project #17 Evaluation and Restoration of Rails 
     It is not possible to estimate the cost for this project, because it is not known if the expert team would 
recommend restoring rails to Laysan (and/or Midway Atoll as a trial run), nor which rail would be slated 
for introduction, what time table,, etc.  Only the costs for convening an expert team can be guesstimated.  
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The expert team should include at least two rail experts, such as Storrs Olson of the National Museum, 
and another expert in Porzana rail ecology, preferably on island rails. 
 
          Total project costs: Unknown at this time, except each 
          expert team meeting (planned in Year 5 and Year 6) 
          needs funding to cover fees for service, travel, and 
          accomodations for invited Porzana experts: $ 10,000 
 
 
 
 

TABLE 15.  PROJECT COSTS BY YEAR (NOT ADJUSTED FOR INFLATION). 
    Cost estimated in 1,000s of dollars. 

Year Projects 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 104 24. 35. 5.9 11. 29. 91. 37. 103 22. 0 0 5. 40. 0 0 0 
2 104 24. 0 5.9 16. 20. 66. 37. 103 22. 0 29. 116 10. 0 0 0 
3 104 24. 0 5.9 16. 0 66. 37. 0 4.1 5. 20. 40. 10. 0 0 0 
4 104 24. 6. 5.9 11. 9.3 72. 37. 0 4.1 ? 0 40. 5. 0 0 0 
5 104 24. 0 5.9 16. 0 48. 37. 0 4.1 ? 0 40. ? 0 0 10. 
6 84. 24. 0 5.9 11. 0 48. 37. 0 4.1 5. 0 40. ? 0 0 10. 
7 84. 24. 6. 5.9 11. 9.3 72. 37. 0 4.1 ? 0 65. ? 0 25. ? 
8 84. 24. 0 5.9 11. 0 48. 37. 0 4.1 ? 0 40. ? 0 25. ? 
9 84. 24. 0 5.9 16. 0 48. 37. 0 4.1 5. 0  40. ? 0 25. ? 
10 84. 24. 6. 5.9 11. 9.3 72. 37. 0 4.1 ? 0 40. ? 5. 25. ? 
11 60. 24. 0 5.9 11. 0 31. 37. 0 0 ? 0 40. ? 5. ? ? 
12 60. 24. 0 5.9 11. 0 31. 37. 0 0 5. 0 65. ? ? ? ? 
13 60. 24. 6. 5.9 11. 9.3 52. 37. 0 0 ? 0 40. ? ? ? ? 
14 60. 24. 0 5.9 16. 0 31. 37. 0 0 ? 0 40. ? ? ? ? 
15 60. 24. 0 5.9 11. 0 31. 37. 0 0 5. 0 40. ? ? ? ? 
16 28. 24. 6. 5.9 11. 9.3 42. 20. 0 0 ? 0 40. ? ? ? ? 
17 28. 24. 0 5.9 11. 0 28. 20. 0 0 ? 0 65. ? ? ? ? 
18 28. 24. 0 5.9 11. 0 28. 20. 0 0 5. 0 40. ? ? ? ? 
19 28. 24. 6. 5.9 16. 9.3 28. 20. 0 0 ? 0 40. ? ? ? ? 
20 28. 24. 0 5.9 11. 0 28. 20. 0 0 ? 0 40. ? ? ? ? 
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TIME LINE 
 
(Enhancement or reintroduction/introduction Priorities are referenced to Table 6 for native plants 
and to Table 7 for eradication/control Priorities for nonnative plants.  Projects are listed in Table 
1. ) 

YEAR ONE 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 
 
-Build a germination tent and shade box nurseries, as well as water catchment sheds, on Laysan (Priority 
1, because most of the plant reintroductions or enhancements cannot proceed without an on-site nursery 
set-up: see Attachment 7).  Once water catchment sheds have accumulated some water, begin 
germinating plant stock, starting with easy on-site native species (Project #7). 
 
- Obtain more seeds/tissue from extant Laysan sedge, Mariscus p., and begin propagation (Priority 1, 
Table 6) of seeds in protected on-site germination tent and shade box nurseries; outplant in appropriate 
sites on Laysan after plants reach a nonpalatable (to Laysan Finches) size (Projects #7 and  #10). 
 
-Contract expert to take pollen cores at Laysan (and Lisianski while you're at it) Island in Year 2 in order 
to verify vegetation components believed to be "pristine" condition (Project #12). 
 
-Have a botanist verify with site visits that Cenchrus agrimonioidides var. laysanensis (Priority 1+) is 
extinct throughout its former range in NWHI.  (This search should be done for at least two years: see 
Project #9).  Search for specimens in botanic gardens. (Project #9). 
 
-Verify that Lepturus repens (Priority  8) still occurs on Laysan and verify that it still occurs on the west 
side berm crest.  If sufficient material exists, during a rainy interval take (no more than a quarter of the 
material) runner cuttings to east side blow-out and plant them, and also begin propagating it in the shade 
box nursery (Projects #4 and 7). 
 
-IMMEDIATELY have at least two botanists verify whether the Sporobolus in the hardpan (south) is 
indeed S. pyramidatus (a recently introduced nonnative grass: Eradication Priority 1) or a variety of the 
indigenous S. virginicus.  Examine museum specimens in Bishop Museum (or elsewhere if necessary) 
from original collections in 1903 or earlier.  Map all current locations on Laysan (of one or both 
species!) of Sporobolus (Project #1). 
 
[-If introduced Sporobolus pyramidatus grass (Eradication Priority 1) is present on Laysan, begin 
immediate eradication efforts with herbicide Rodeo and manual removal so that the native Sporobolus 
virginicus  (Priority 10) can be eventually reintroduced (Projects # 1,  #7, and # 10).] 
 
 
-Collect Pritchardia remota (Priority 5) seeds on Nihoa Island and transport them to Laysan Island 
(Project # 10). Begin process of growing Pritchardia remota seedling palms on Laysan in the 

 72



germination tent and nursery for eventual outplanting (Project # 7).  Process should take 2 to 4 years to 
generate plantable stock (C. Lamoureux pers. comm.). 
 
-Begin gradually removing some of the Cocos (Eradication Priority 8) palms on Laysan in preparation 
for eventual reestablishment of Pritchardia remota palms (Projects #1 and # 7). 
 
-Begin gathering sandalwood (Santalum ellipticum: Priority 4) seeds at Ka'ena Point, Oahu, or Niihau 
Island and begin propagation of clean seedlings (see Attachment 1) for eventual planting on Laysan 
(Projects #10 and # 7). 
 
- Begin eradicating the Pluchea (Eradication Priority 4) in areas adjacent to the Chenopodium in the 
southwest end of the lake so that Chenopodium (Priority 3) can expand into the newly opened habitat.  
Purchase a Weed Wrench Woody Plant Puller or two (New Tribe, Tom Ness and Sophia Sparks, 5517 
Riverbanks Rd., Grants Pass, OR 97527 and see how well it works at removing Pluchea manually.  If it 
works abysmally, begin getting permission to paint 10% Garlon 3A on closely cut Pluchea stumps (then 
tightly cover stump with heavy black plastic to keep finches and other birds off: Tim Tunison pers. 
comm.). (Project #1). In some areas  Pluchea stems could be allowed to rot or serve as shade for 
reintroduced native plants; in these areas, the stems should be girdled (Projects # 1 and # 7).  
 
-Gather ripe Laysan Chenopodium seeds and scatter in other sites around the lake where some Pluchea 
has been removed (Eradicatiion Priority 4) and also propagate Chenopodium (Priority 3) seed and 
cuttings (no more than 1/5 of current stock presently growing on Laysan) in temporary nursery on 
Laysan for outplanting once the seedlings are big enough not to be eaten by finches. (Projects #1 and #7 
and #10). 
 
-Use Weed Wrench (see above recommendation) to remove Tobacco plants (Eradication Priority 11 in 
Table 7) after their seed heads have been bagged.  Remove bagged, uprooted plants to camp, dry, and 
burn (Project #1). 
 
-Verify with concerted botanical field surveys that Achyranthes atollensis  (Priority 1+ in Table 6) is in 
fact totally extinct throughout the Northwestern Hawaiian Islands and that no seed or cutting sources 
exist. (Northwestern Hawaiian Islands'-wide survey should be done for at least two years: Project #9.) 

-Immediately have at least two botanists independently verify whether the Achyranthes recently found 
on Laysan is A. aspera (a nonnative: Eradication Priority 2 in Table 7).  Map the distribution of it on 
Laysan and begin eradicating it if it is A. aspera (Project #1). 
 
-Approach professors at Univ. of Hawaii Manoa and convince one to admit a Genetics graduate student 
to study the Portulaca lutea/oleracea problem (i.e., is there hybridization on Laysan and what is the 
ecological significance ?), OR contract a practical plant geneticist to study same (Enhancement Priority 
11 and Eradication Priority 3, for native and nonnative species, respectively).  Target Year Five or Year 
Six as outcome year for results (Projects #1 and #7). 
 
-Gather Lepidium bidentatum var. o-waihiense seeds  (Priority 6 in Table 6) from Pearl and Hermes 
Reef, and sow them prior to the rainy season along the east side of Laysan near the vegetation line 
(Projects #7 and #10). 
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-Do a thorough status check for Capparis on Laysan and Pearl and Hermes Reef (Priority 2 in Table 6), 
and if still absent at both sites, collect seeds from Capparis on Midway.  If seeds can be guaranteed free 
of pests and parasites, transport them to Laysan and try seeding some of them on Laysan, on the west 
side on the "inside" of the vegetation line but "not too near" the beach and propagating some of them in 
the temporary greenhouse.  If seeds from Midway cannot be verified as clean of pests and parasites (i.e. 
a new invertebrate species could be introduced via the seeds), then germinate the seeds on Midway, and 
transport the soilless and pesticide-dusted seedlings to Laysan for propagation in the greenhouse and 
eventual outplanting.  If Capparis cannot be located anywhere in the Northwestern Hawaiian Islands, 
collect Capparis seeds from appropriate sites in the main Hawaiian Islands in Year Two. (Projects #7, 
#9,  #10, and #15). 
 
-Do two more NWHI searches for Phyllostegia variabilis (Priority 1+ in Table 6), concentrating on 
Laysan, Midway, and Kure Atolls (Project # 9). 
 
-Verify that the few Solanum on Laysan are Solanum americanum (Eradication Priority 7 in Table 7).  If 
so, begin to eradicate S. americanum by manual removal before seed set (Projects #1 and #4). 
 
-Collect Lipochaeta integrifolia ( Priority 9 in Table 6) seeds and/or cuttings from plants on Kure Atoll 
for reintroduction onto Laysan, following protocol to make sure they are "clean" prior to being brought 
to Laysan. Propagate them in temporary greenhouse and outplant (Projects #7 and #10). 
 
-Continue to remove Cenchrus echinatus (Eradication Priority 5: Table 7) via Rodeo herbicide and 
manual removal until it is eradicated, or if apparently eradicated, carefully monitoring for small 
populatiions that may have been overlooked (Projects #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Convene an expert team and discuss implications of introducing Nihoa Millerbirds to Laysan Island to 
replace extinct Laysan Millerbirds.  Determine details of the translocation, and whether or not Year 2 is 
too soon to attempt a reintroduction.  Determine personnel for the translocation. (Projects #7, #8, and 
#13). 
 
-Contract experienced geneticist to analyze genetic variability of captive and wild Laysan Ducks, run a 
PVA (population viability analysis),  and make recommendations for reintroductions based on results 
(Projects #8 and  #14). 
 
-Take samples from the Dead Zone and do a carbamate-specific analytical method to determine if 
carbofuran is the contaminant.  Take water samples from the lake to determine if carbofuran or 
breakdown products are present in the lake, and possibly entering the food chain (e.g. brine flies).  
(Projects  # 6 and # 14). 
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Invertebrates 
 
-Begin controlling ants on Laysan (e.g. using the ant growth regulator Pharorid) on Monomorium 
pharaonis and Pheidole megacephala.  20 weeks after first application, repeat in order to knock out 
remaining pockets of ants (Project #2). Begin studies on other nonnative invertebrates (starting with all 
species of ants) that may be targeted for eradication or control (Table 10) and refine the "hit" list.  Great 
care must be taken to exclude Laysan Finches and other native species from control baits. 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary.  Special 
emphasis should be made to ascertain status of native land snails. 
 
-Establish quarantine protocol for Midway and other Northwestern Islands (including coordinating with 
Kure Atoll's administration: the State of Hawaii) order to prevent new insect introductions since an 
unknown number of species can reach the other refuge islands by themselves once they have a foothold 
on any of the northwest islands (Projects #2 and #8). 
 
-Do taxonomic work and write-up for existing invertebrate collections from Laysan, etc., which already 
have been collected and need to be located and/or identified, and certainly will include some new 
undescribed species (Project # 3). 

YEAR TWO 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 
 
-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Expert analyzes pollen cores and supplies results, indicating which results support current ideas about 
pristine vegetation and whether plant species (if so, which ones) were already missing by 1896 when 
first good vegetation descriptions occurred.  Hold expert plant team meeting and modify Restoration 
Plan accordingly, if necessary (Projects #8, and #9,  and #12). 
 
-If exhaustive searching on Laysan, Midway, and Kure during the second year again verifies that 
Cenchrus agrimonioides var. laysanensis is extinct (Priority 1+, Table 6) convene a botanical advisory 
group to decide whether replacing Cenchrus agrimonioides var. laysanensis on Laysan with C. 
agrimonioides var. agrimonioides  (Priority 12, Table 6) is appropriate, and if so, what seed source 
(Lanai, Oahu, or Maui) should be used and begin collecting seeds (Projects #7,  #9,  and #10). 
 
-If population of Lepturus repens  (Priority 8, Table 6) on west side berm can tolerate cropping, take 
more runners (no more than one quarter of material) and plant in east side lake blow out area (Project 
#7). 
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-If the Sporobolus on Laysan was concluded to be nonnative pyramidatus grass (Eradication Priority 1, 
Table 7), continue to control it with the herbicide Rodeo if it still present.  If the Sporobolus was the 
native virginicus  (Priority 10, Table 6) and no pyramidatus is present, begin transplanting rhizome 
cuttings to the east side blow out to stabilize the sand (Projects #1 and #7). 
 
-Establish a cultivated population of Mariscus pennatiformes ssp. bryanii (Priority 1, Table 6) in two or 
more botanical gardens or natural settings away from Laysan, in order to buffer the species from the 
high probability of extinction resulting from its current tiny distribution.  These secondary populations 
should be maintained in such a manner that hybridization cannot occur with other Mariscus sp.  (Project 
#7). 
 
-Plant out the  second round of "clean" (see Attachment 1) propagated Mariscus (Priority 1) seedlings 
obtained from seed  collected during Year One (Projects #7 and #10). 
 
-Continue gradually removing Cocos ( Eradication Priority 8:Table 7) palms in preparation for 
reintroducing/introducing Pritchardia (Priority 5: Table 6) palms back to Laysan when seedlings are 
ready (Projects #1 and #7).. 
 
-Plant out "clean" sandalwood (S. ellipticum) seedlings (Priority 4: Table 6) propagated in Year One, 
interspersed in coastal areas near the current Tournefortia (Eradication Priority 6: Table 7) trees on the 
northwestern shore (Project #7). 
 
-Continue to remove Pluchea (Eradication Priority #4: Table 7) and to gather and scatter Chenopodium 
(Priority 3: Table 6) seeds or propagated seedlings from Laysan plants and Lipochaeta integrifolia 
(Priority 9: Table 6) seed or propagated seedlings from Kure onto the cleared Pluchea sites (Projects #1, 
#7,   #10, and #13). 
 
-Gather and propagate  more Lipochaeta integrifolia (Priority 9: Table 6) seeds from Kure for Year 
Three (Projects #7 and #10). 
 
-If the Achyranthes on Laysan is a nonnative (e.g. A. aspera, with an Eradication Priority of 2) begin 
manual removal.  If infestation is too large, supplement with herbicide methods once they are approved 
(Project #1). 
 
-Convene a group of experts and decide which variety of A. splendens (var. rotundata? from Oahu? 
Listed as Priority 13 in Table 6) could be translocated to Laysan to replace Achyranthes atollensis 
(Priority 1+ in Table 6), if it was pronounced extinct in Year 1 and Year 2. The expert team must decide 
if replacement with a different species is appropriate (Projects #7, #8, #9, and #10). 
 
-Continue funded study by graduate student or contract hire regarding Portulaca (Priority 11 for native 
lutea and Eradication Priority 3 for nonnative oleracea)  hybridization and ecological significance study 
(Projects #1, #7, and #8). 
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-Gather Lepidium bidentatum var o-waihiense seeds (Priority 6: Table 6) from Pearl and Hermes Reef 
and sow them prior to the rainy season along the east side of Laysan at the vegetation line (Projects #7 
and #10). 
 
-If Capparis sandwichiana  (Priority 2: Table 6) was absent on Laysan in Year One, continue gathering 
mature seeds from Capparis at Midway Atoll or (as a last resort) on the main Hawaiian Islands.  
Germinate them in a "clean" greenhouses and transport them to Laysan in such a manner (preferably 
without soil and after having been dusted with insecticide) that no new invertebrate species' 
introductions are possible. Plant previously propagated Capparis seedlings already present on Laysan 
along the western side of the island on the "inside" of the vegetation line but "not too near" the beach 
(Projects #7, #9, #10, and #15). 
 
-Search again for Phyllostegia variabilis (Priority 1+ in Table 6) in the NWHI, on Laysan Island, 
Midway and Kure Atolls (Project #9) and collect seeds if found (Project #10). 
 
-Continue to eradicate nonnative Solanum americanum (Eradication Priority 7: Table 7) by manual 
removal before seeds set (Project #1), employing persons familiar with both the native and nonnative 
Solanum. 
 
-Continue to manually remove tobacco (Nicotiana: Eradication Priority 11 in Table 7) plants (also using 
weed wrench?) before they flower or seed, or to bag the seed head before pulling, take the plant to a 
central site, and burn (Project #1). 
 
-Continue to monitor for, and eradicate Cenchrus echinatus (Eradication Priority 5, Table 7), if it is still 
present, or monitor for recurrence (Projects #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Monitor Nihoa Millerbird population on Nihoa.  If expert team agrees, and if population estimate is 200 
or above, take 20 to 30 eggs or few-day-old nestlings (take entire clutches so that adults will relay) and 
transport them to Laysan via boat while feeding them to fledging.  Soft release them on Laysan after 
they are feeding on Laysan invertebrates on their own.  If expert team does not agree with timing, or if 
population is too low on Nihoa Island, defer transfer to Year 3 (Project #13). 
 
- Experienced geneticist finishes up analysis of genetic variability study and PVA on Laysan Ducks and 
compiles results and recommendations. If possible in Year 2, a team of duck and reintroduction experts 
(including the geneticist) is convened, and the team decides if it is appropriate to release Laysan Ducks 
on Midway Atoll or elsewhere, given the duck's large previous distribution.  If all agree, develop a plan 
(Project # 14). 

Invertebrates 
-Trap to see if pharaoh ants were eradicated in Year 1.  If not, redo eradication treatment with ant 
growth regulator Pharorid; reapply after 20 days to assure that all "pockets" of ants were eradicated 
(Projects #2 and #6). Continue with other ant species' eradication. 
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-Continue studies on other nonnative invertebrates (see Table 10), refine the list of  pest species targeted 
for control or eradication,  and begin control or continue control where appropriate (Project #2). 

YEAR THREE 

Plants 

-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 

-Continue gradually removing Cocos (Eradication Priority 8: Table 7) palms in preparation for returning 
Pritchardia palms (Priority 5: Table 6) back to site when seedlings are ready.  Begin planting 
Pritchardia in cleared areas if seedlings are ready (Projects #1 and #7). 
 
-Plant out more "clean" Santalum ellipticum (Priority 4: Table 6) tree seedlings, interspersed in coastal 
areas adjacent to the Tournefortia  (Eradication Priority 6: Table 7) trees along the northwestern and 
western shores (Projects #1 and #7). 
 
-Manually remove any young Tournefortia (Eradication Priority 6: Table 7) trees that are just becoming 
established (Projects #1 and #7). 
 
-Continue to remove Pluchea  (Eradication Priority 4: Table 7) and to gather and scatter Chenopodium 
(Priority 3: Table 6) seeds from Laysan plants and Lipochaeta integrifolia (Priority 9: Table 6) seeds 
from Kure onto cleared Pluchea sites (Projects #1, #7, and #10). 
 
-Continue to pull tobacco (Nicotiana : Eradication Priority 11 in Table 7) plants opportunistically, as 
described under Year Two (Project #1). 
 
-If recently found Achyranthes verified was nonnative (e.g. Achyranthes aspera: Eradication Priority 2 
in Table 7), continue its eradication on Laysan by manual, and if necessary, herbicidal methods (Projects 
#1, #9,  and #10).  
 
-Once species and subspecies of appropriate native reintroduction Achyranthes (splendens var. 
rotundata? from Oahu? Listed as Priority 13 on Table 6) is chosen to replace A. atollensis (if it is 
extinct: otherwise Priority 1+), gather seeds from source site, clean and conserve them carefully for the 
next field trip to go out to Laysan during rainier season and/or for propagation in temporary greenhouse 
(Projects #7, #8, #9, and #10).  
 
-Continue funded study by graduate student or contract hire regarding Portulaca (see Year 2) 
hybridization and ecological significance study (Projects #1, #7, and #8). 
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-Evaluate whether any Lepidium bidentatum var. o-waihiense (Priority 6: Table 6) has become 
established, and if not, gather seed and/or clean cuttings at Pearl and Hermes Reef and take them to 
Laysan for propagation so that seedlings can be outplanted on Laysan in Year Four (Projects #7 and 
#10). 
 
-If necessary, continue gathering Capparis (Priority 2: Table 6) seeds at Midway Atoll (or other main 
Island site as a last resort) and propagating them in such a "clean" manner as to preclude introducing any 
new anything to Laysan. Continue outplanting (or seed sowing with "clean" seed, if Laysan Finches do 
not eat all the sowed seed) on the  west side of Laysan (Projects #7, #10, and #15). 
 
-If Phyllostegia variabilis (Priority 1+  in Table 6) was confirmed extinct in the NWHI in Year 1 and 
Year 2, convene an expert group to decide if there is any native Phyllostegia that could fill the ecoform 
of and be an appropriate replacement for P. variabilis (Projects #8, #9, and #10). 
 
-Continue to eradicate Solanum americanum (Eradication Priority 7: Table 6) by manual removal before 
seeds set (Project #1). 
 
-Begin incremental spraying of outer edges of Cynodon dactylon (Eradicatiion Priority 9: Table 7) grass 
patches prior to flowering or seeding with 1% Rodeo, followed in 4 to 6 weeks by another treatment of 
the same sprayed area.  Monitor resprouting and plant invasions into sprayed area (Project #1). 
 
-Continue to eradicate Cenchrus echinatus (Eradication Priority 5, Table 7), if necessary  or monitor for 
recurrence (Projects  #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Monitor Nihoa Millerbird population on Nihoa Island and if population estimate is high, carry out 
translocation (as described under Year 2) if it was approved but was not previously carried out.  Monitor 
Laysan population of Nihoa Millerbirds, if present (Projects #5 and #13). 
 
- Laysan Duck expert team meets to evaluate results and recommendations of geneticist's work in Year 1 
and 2 (if not already begun previously).  Specific enhancement plans for Laysan and 
reintroduction/introduction plans for non-Laysan sites and project costs will be developed (Project #14). 
 
-Investigate the feasibility and value of restoring the brackish water pond that historically occurred on 
the southwest side of the lake for Laysan Ducks (Projects # 8 and #14). 

Invertebrates 
-Begin investigating best propagule source (Nihoa Island) and transplant techniques for re-establishing 
missing insect fauna on Laysan once key missing plants (e.g. Chenopodium and Pritchardia) are re-
established (Projects #7, #10, and #11).  Expert team reviews the list of nonnative invertebrates targeted 
for control or eradication (Project #2), and decides whether or not invertebrates should be reintroduced 
to Layan, which ones, and how, based on recommendations from Projects # 2, #3, and # 6 personnel. 
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-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2).  Continue eradication of all 
species of ants. 

YEAR FOUR 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Continue to remove Cocos (Eradication Priority 8 in Table 7) palms in preparation for making sites 
available for Pritchardia ( Priority 5 in Table 6) seedlings.  Continue or begin planting out Pritchardia 
remota seedlings in sites previously dominated by Cocos (Projects #1 and #7). 
 
-Continue to remove Pluchea  (Eradication Priority 4) and to gather and scatter Chenopodium (Priority 
3) seeds from Laysan plants and also (if agreed upon by advisory group) native Achyranthes (Priority 1+ 
or Priority 13: see Table 6) seeds onto cleared Pluchea sites.  Re-evaluate whether Chenopodium is 
becoming reestablished quickly enough (is seeding working?) and whether Pluchea is decreasing 
quickly enough.  If Chenopodium seeds are not germinating well enough, investigate the feasibility of 
using "clean" seedlings germinated on Laysan from seeds from elsewhere (i.e. Nihoa Island). Projects 
#1, #7, and #10. 
 
-Target Year Five as time when all nonnative Achyranthes (i.e. aspera: Eradication Priority 2) should be 
eradicated from Laysan (Project #1). 
 
-Continue funded study by graduate student or contract hire regarding Portulaca (see Year 2) 
hybridization and ecological significance study (Projects #1, #7, and #8). 
 
-Continue to pull tobacco (Nicotiana: Eradication Priority 11) plants opportunistically, as described 
under Year Two (Project #1). 
 
-If seedlings of Lepidium bidentatum (Priority 6: Table 6) were propagated in Year Three (due to poor 
seed germination in previous years), plant the "cleaned" seedlings out on Laysan (Project #7).  
 
-If necessary, continue with previous collecting and propagating activities regarding Capparis (Priority 
2 in Table 6), and restoration of its seedlings or seeds on the west side of Laysan as described previously 
(Project #7 and #10). 
 
-Continue to eradicate nonnative Solanum americanum (Eradication Priority 7: Table 7) by manual 
removal before seed set (Project #1). 
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-If it has not already been done, engage a geneticist, botanist, graduate student, or other qualified person 
to find out if S. semitonsus is merely a hybrid of the other two Sicyos species on Laysan (Projects #4 and 
#7). 
 
-Gather more Lipochaeta integrifolia seeds (Priority 9: Table 6) from Kure for Year Five reintroduction 
to Laysan (Project #7 and #10). 
 
-Continue incremental spraying of outer edges of Cynodon dactylon (Eradication Priority 9: Table 7) 
patches prior to flowering or seeding with 1% Rodeo, followed in 4 to 6 weeks by another treatment of 
the same sprayed areas.  Monitor resprouting and plant invasions into sprayed area (Project #1). 
 
-Continue to eradicate Cenchrus echinatus (Priority 5, Table 7), if necessary, or monitor for recurrence 
(Project #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Monitor Nihoa Millerbird population on Nihoa Island, and if translocation of Nihoa Millerbirds to 
Laysan has still not occurred, carry it out as described under Year 2 (Project # 13). 
 
-Expert team meets as described under Year 3, or begins reintroduction activity of Laysan Ducks to 
other sites (e.g. Midway) and enhancement on Laysan as outlined in their specific plan (Project #14).  

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR FIVE 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Continue removing the coconut palms (Eradication Priority 8) and continue planting out "clean" 
Pritchardia remota (Priority 5) seedlings (Projects #1 and #7). 
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-Plant out more "clean" S. ellipticum (Priority 4) tree seedlings, interspersed in western and northwestern 
coastal areas near the non-native Tournefortia (Eradication Priority 6) trees (Projects #1 and #7). 
 
-Manually remove any new young Tournefortia  (Eradication Priority 6: see Project #1) trees that are 
just becoming established. 
 
-Continue to remove Pluchea (Eradication Priority 4)  to gather and scatter Chenopodium  (Priority 3)  
seeds from Laysan plants, Lipochaeta integrifolia  (Priority 9) seeds from Kure, and (if approved ) 
native Achyranthes splendens var. rotundata (Priority 13) seeds onto cleared Pluchea sites. Target Year 
Ten as time when all Pluchea bushes should be eradicated (Projects #1, # 7, #9, and #10). 
 
-Evaluate success of Lepidium bidentatum (Priority 6) re-establishment.  Decide whether poor 
germination and seedling survival are occurring, or if other factors such as insect damage are taking 
place (Projects #7 and #10). 
 
-If direct sowing of seeds has been part of the Capparis (Priority 2) restoration, evaluate success of 
sowing seeds to reestablish Capparis.  If direct sowing has not been used, and if some Capparis plants 
are now reestablished on Laysan, begin gathering seeds from the Laysan plants and sow them in 
appropriate sites on Laysan. If previously direct seed sowing has not been successful, eliminate it as an 
activity and only gather seeds for "clean" greenhouse propagation and eventual transplanting to Laysan.  
Evaluate outplanted Capparis on Laysan, and if plants have low or no survivorship, begin a study to 
identify relative importance of various limiting factors, especially in respect to invertebrate species, and 
to identify possible management strategies to enhance restoration (Projects #2,, #7, and #10). 
 
-Continue funded study by graduate student or contract hire regarding Portulaca (see Year 2) 
hybridization and ecological significance study (Projects #1, #7, and #8). 
 
-Evaluate whether Solanum americanum (Eradication Priority 7) has been eradicated, and if not, 
continue manual removal prior to seed set up until Year 10  (Project #1). 
 
-Continue Cynodon dactylon (Eradication Priority 9) spraying as under Year 4 (Project #1). 
 
-Continue to eradicate and/or monitor Cenchrus echinatus (Priority 5, Table 7: Projects #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert duck team (Project #14). 
 
-Monitor Nihoa Millerbird population on Nihoa Island and if translocation of Nihoa Millerbirds to 
Laysan has still not occurred, carry it out as described under Year 2 (Project # 13).   
 
-Convene a team of experts and decide whether or not it is appropriate to put a Porzana sp. Rail, similar 
to the extinct Laysan Rail, back on Laysan Island.  Team should decide whether this is appropriate, who 
should do it, where propagules should be obtained, how propagules should be "cleaned", etc (Projects # 
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8 and 17). The feasibility of introducing a Porzana rail to Midway Atoll, as a trial release, should be 
vigorously explored.  If the team decides that one or both (Laysan and/or Midway) introductions is 
appropriate, then the process of obtaining appropriate permits and clearances should be initiated.  If 
team decides to proceed, meet again in Year 6, OR, if team decides this decision should be deferred 
pending other restoration projects, defer Year 6 funding to Year 10. 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control as appropriate (Project #2). 

YEAR SIX 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Obtain results from graduate student/contract hire studying the native/nonnative Portulaca 
lutea/oleracea situation (i.e. hybridization and ecological significance).  Convene an expert group to 
decide what management action, if any, should be taken in the future based on the results of the study.  
If any actions recommended, begin implementing them as appropriate (Projects #1 and #7). 
 
-Continue to seed or plant "clean" Capparis (Priority 2) in appropriate areas, whichever has the better 
success rate.  Do not bring outside Capparis seeds or seedlings to Laysan once a viable population has 
become established, but instead utilize seeds from the Laysan plants, if necessary  (Projects #7 and #10). 
 
-Evaluate whether Lipochaeta integrifolia  (Priority 9) is becoming established using seed sowing, and if 
not, which other method(s) should be tried (e.g. planting clean seedlings : Projects #7 and #10). 
 
-Continue Cynodon dactylon (Eradication Priority 9) spraying as under Year 4 (Project #1). 
 
-Continue to eradicate Cenchrus echinatus (Eradication Priority 5), if necessary (Projects #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Same as Year 5 for Millerbird and Rail (Projects #13 and #17). 
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Invertebrates 
 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR SEVEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Begin implementing management recommendation regarding Portulaca lutea/oleracea study as 
outlined by expert team in Year 6 (Projects #1, #7, and #10), including eradication or control, 
reintroduction, or possibly "No Action". 
 
-Continue planting out loulu seedlings (Priority 5) and removing coconut trees as necessary (Eradication 
Priority 8). Gather more Pritchardia remota seeds from Nihoa Island and take them to Laysan for 
propagation, if needed (Projects #1, #7, and #10). 
 
-Manually remove any new young Tournefortia (Eradication Priority 6) trees that are just becoming 
established (Project #1). 
 
-Continue to plant "clean" young sandalwoods (S. ellipticum: Priority 4) in appropriate northwest and 
western coastal sites (Projects #7 and #10). 
 
-Continue eradicating Pluchea (Eradication Priority 4) bushes if necessary and seeding area with 
Chenopodium (Priority 3) seeds gathered on Laysan and (if approved by expert team and if nonnative 
Achyranthes aspera has been eradicated)  native Achyranthes splendens var. rotundata (Priority 13) 
seeds gathered from the agreed-upon seed source.  Evaluate whether the native  Achyranthes is 
becoming established adequately using seeds and if not, how to accomplish it more efficiently (Projects 
#1, #7, and #10). 
 
-Continue to propagate and enhance Capparis (Priority 2) on Laysan in appropriate sites (Projects #7 
and #10). 
 
-Continue Cynodon dactylon (Eradication Priority 9) spraying as under Year 4 (Project #1). 
 
-Continue to eradicate Cenchrus echinatus, if necessary (Eradication Priority 5) and/or monitor for it.  
Have Year 10 as goal for complete eradication on Laysan, if it has not already been eradicated (Projects 
#1 and #4). 
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Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue monitoring Nihoa Millerbird population on Nihoa Island and translocate them to Laysan as 
indicated under Year 5, if necessary  (Project #13). 
 
-Have a Herpetologist or graduate student with herpetological experience begin a study of the ecology of 
the snake-eyes skink on Laysan, especially focusing on diet (Project #16). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR EIGHT 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Continue Cynodon dactylon (Eradication Priority 9) spraying as under Year 4 (Project #1).  Target Year 
10 for total bermuda grass eradication. 
 
-Continue to monitor for and to eradicate Cenchrus echinatus, if necessary (Eradication Priority 9: 
Projects #1 and #4). 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue herpetological study of snake-eyed skink, and if warranted, begin evaluation of control 
methods which do not impact other species, especially native land birds (Project #16). 
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Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR NINE 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Continue Cynodon dactylon (Eradication Priority 9) spraying as under Year 4. Target Year 10 for total 
bermuda grass eradication (Project #1). 
 
-Continue to eradicate Cenchrus echinatus, if necessary ( Eradication Priority 5: Projects #1 and #4).. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-If results of Snake-eyed Skink study indicate that the nonnative skink may be competing with birds or 
native invertebrates for invertebrates, then begin formation of a control or eradication plan for the skink 
(Project #16). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR TEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
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-Remove the final Cocos palms (Eradication Priority 8).  Plant the seedling Pritchardia (Priority 5) 
palms that resulted from the seeds gathered on Nihoa Island (Projects #1, #7, and #10). 
 
-If the Sandalwood (Santalum ellipticum: Priority 4) trees along the northwest and west coastal areas are 
big enough to support nesting White Terns, begin gradually removing mature Tournefortia (Eradication 
Priority 6) trees.  Continue to remove any new young Tournefortia trees that are just becoming 
established (Projects #1 and #7). 
 
-Continue to plant "clean" young sandalwoods (Priority 4)  in appropriate northwest and western coastal 
sites (Project #7). 
 
-Evaluate whether Solanum americanum (Eradication Priority 7) has been eradicated.  Is so, begin 
gathering seeds of Solanum nelsonii (Priority 7) from Nihoa, Kure, and/or Midway Atoll (Projects #1, 
#4, #7, and #10). 
 
-Evaluate success of Cynodon dactylon (Eradication Priority 9) eradication.  Change technique if 
gradual incremental control has not been successful in eradication (Projects #1 and #4). 
 
-Verify that Cenchrus echinatus (Eradication Priority 5) is eradicated (e.g. have 10 years of active 
monitoring failed to detect any specimens?). If not, continue with eradication efforts (Projects #1 and 
#4). 
 
-Return to previous Years and do any approved actions which were not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project  #5) and eradicate any new nonnative species. 
 
-If Laysan habitat is appropriate, and if monitored Nihoa Millerbird population is high, and Nihoa 
Millerbirds have still not been released on Laysan, initiate the translocation as described under Year 2 
(Project #13). 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands (e.g. Kaho'olawe) as outlined by expert team (Project #14).. 
 
-Convene avian disease, avian genetic,  and other experts in an expert team, and create begin to 
construct a plan to reintroduce Himatione (using main island 'Apapane) back to Laysan. Decide whether 
the habitat is sufficiently restored, decide on a source population for 'Apapane, where and how to captive 
propagate 'Apapane prior to reintroduction, how to "clean" 'Apapane of disease and parasites so that they 
will not jeopardize the other endangered passerine(s), and how to transport them to and release them on 
Laysan ( Projects #8 and #15). Begin acquiring funding for implementation of restoring 'Apapane to 
Laysan. Begin acquiring necessary permits. 
 
-If eradication plan for skink was approved, begin eradication.  Submit project summary and final 
Snake-eyed Skink management and/or eradication recommendations (Project #16). 
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-If Porzana expert team deferred decision about rail introduction to Year 10, then conduct meeting as 
described under Year 5 (Project # 17).   

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and being or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR ELEVEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-If nonnative Solanum americanum is eradicated, begin planting clean Solanum nelsonii (Priority 7) 
seeds on Laysan that were collected in Year 10.  Plant on north side on the sand dunes  (Project #7). 
 
-Return to previous Years and do any approved actions which were not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Do Nihoa Millerbird release as described under Year 10 if it was not accomplished then (Project #13). 
 
-Expert team finalizes Plan to restore Himatione to Laysan.  Acquire funding and begin implementation 
of the Plan (Projects #8 and #15). 
 
-Continue with Snake-eyed Skink control or eradication management, as appropriate. 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 
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YEAR TWELVE 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Continue to remove any new young Tournefortia (Eradication Priority 6) trees that are just becoming 
established.  If Sandalwoods (Priority 4) are big enough to support nesting White Terns, continue to 
remove all Tournefortia trees (Projects #1 and #4). 
 
-Continue planting clean Solanum nelsonii (Priority 7) seeds on Laysan on north side on the sand dunes 
(Project #7). 
 
-Return to previous Years and do any approved actions which were not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan  and 
other islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR THIRTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
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-Continue to plant or seed Solanum nelsonii (Priority 7) in appropriate sites (Project #7). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain "hit" list targeted for control or eradication, 
and begin or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR FOURTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 
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Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR FIFTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-If sandalwoods (Priority 4) are reestablished, finish eradicating the Tournefortia (Eradication Priority 6) 
trees (Project #1 and #4). 
 
-Evaluate whether Solanum nelsonii (Priority 7) has become re-established.  If not, re-evaluate 
techniques (Projects #4 and #7). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands (e.g. Kaho'olawe Island) as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and  #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR SIXTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
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-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15).. 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR SEVENTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 

 92



Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list for control or eradication, and 
begin or continue control where appropriate (Project #2). 

YEAR EIGHTEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 

YEAR NINETEEN 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 
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Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activities for Laysan Ducks on Laysan and other 
islands as outlined by expert team  (Project #14). 
 
-Continue to acquire funding for Himatione restoration, if necessary, and implement expert team's Plan 
(Projects #8 and #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a  "hit" list targeted for control or 
eradication, and begin or continue control where appropriate (Project #2). 
 
-Monitor native and nonnative invertebrates (Project #6) and produce written summary. 

YEAR TWENTY 

Plants 
-Monitor native and nonnative vegetation and collect/identify any unrecognizable species (Projects #1 
and #4). 

-Continue to eradicate nonnative plants in order of Eradication Priority (Table 7) and reestablish native 
plants in order of priority (Table 6). Projects #1, #7, #9, and #10. 
 
-Continue to eradicate S. pyramidatus and A. aspera, if present (Eradication Priorities 1 and 2: Project 
#1). 
 
-Return to previous Years and do any approved action which was not accomplished due to budgetary 
constraints. 

Vertebrates 
-Monitor native and nonnative vertebrates (Project #5) and eradicate any new nonnative species. 
 
-Continue enhancement and reintroduction/introduction activites for Laysan Ducks on Laysan and other 
islands as outlined by expert team (Project #14). 
 
-Continue to implement expert team's Plan to restore Himatione to Laysan  (Project #15). 

Invertebrates 
-Continue studies on nonnative pest invertebrates, maintain a "hit" list targeted for control or  
eradication, and being or continue control where appropriate (Project #2). 
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APPENDIX A. 
INTRODUCED PLANTS NO LONGER PRESENT ON LAYSAN.  REFERENCED TO TABLE 
5. IN TEXT. 
 
1) Allium spp., onions. 
Introduced bulb.  Planted in 1859 (Brooks 1859 cited in Ely and Clapp 1973) and also started on Laysan 
from HIRAN garbage and found in 1962 but subsequently uprooted by Kramer and Beardsley that same 
year. 
2) Solanum tuberosum, potatoes.  Introduced tubers, planted by Brooks in 1859 and in early 1960s by 
military but unprooted in 1962 by Kramer and Beardsley (Ely and Clapp 1973). 
3) Cucurbita pepo, pumpkin.  Introduced vine planted by Brooks in 1859 but didn't survive (Ely and 
Clapp 1973). 
4) Amaranthus viridis [Euxolus viridis, also Amarantus (mispelling?) viiridis], slender amaranth, pakai: 
currently gone.  Introduced (when?, but before 1896) annual herb, currently not present.  This is the only 
non-native plant reported seen by Schauinsland in 1896. 
(Comments from Schauinsland 1899: Solitarily growing at the brackish pond in the southern guano 
field, a few specimens also occur at the North end of the island near the lagoon among Chenopodium.  
Forb-like, 2 to 3 ft high. According to Hillebrand, accidentally introduced to the (main?) Hawaiian 
Islands, there, in much shorter growths than on Laysan.) 
Christophersen and Caum 1931 report that in 1903 it was common on Laysan along the guano company 
train track and in the guano beds.  Not collected afterafter. 
5) Hibiscus tiliaceus, Hau.  Polynesian Introduction or possibly indigenous, shrub or small tree. 
Introduced to Laysan after 1896 but before 1923, currently not present. 
Christophersen and Caum 1931 say three were growing by the guano company buildings in 1923, 
probably planted by guano diggers. 
Wetmore's 1923 journal says seed, potted plants, and branches were brought 
to Laysan (pages 58 and 118 in Olson 1996).  Wetmore noted that Max Schlemmer reported he had 
planted the hau a "little later" than 1895. 
6) Thespesia populnea, Milo.  Small tree or shrub, indigenous or possibly Polynesian introduction to 
main Hawaiian Islands.  Sowed on Laysan in 1923 (Wetmore 1923), currently not present (apparently 
never "took"). 
Christophersen and Caum 1931: they say that 2 lbs sown in 1923 around Laysan Island, but Wetmore's 
journal said 5 lbs. 
7) Melinis minutiflora, Molasses grass. Introduction to Hawaiian Islands from Africa.  Strong smelling 
perennial grass, considered pestiferous. 
Ely and Clapp (1973) report it was planted on Laysan in 1930 by Wilder but not seen subsequently. 
8) Phoenix dactylifera, date palm.  Originally introduced to Hawaiian Islands from N. Africa or India 
(Neal 1965).  Planted on Laysan by Wilder in 1930 (Ely and Clapp 1973). 
9) Pritchardia pacifica, fiji fan palm, vin.  Introduction to Hawaiian Islands from Fiji (Neal 1965).  
Planted on Laysan in 1923 and 1930 but subsequently not found (Ely and Clapp 1973.) 
10) Coccoloba uvifera, sea grape.  Tree introduced to the Hawaiian Islands  from the Americas.  
Reportedly planted on Laysan by Wilder in 1930 (Gregory 1931)). 
11) Atriplex suberecta, Salt bush, formerly confused with Atriplex muelleri (Wagner, Herbst,and 
Sohmer 1990).  Introduced to the Hawaiian Islands from Australia and Africa.  Reportedly seeds were 
sown on Laysan by Wilder in 1930 (Ely and Clapp 1973). 
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12) Canavalia ensiformis, jack bean, horse bean.  Introduced to the Hawaiian Islands from the West 
Indies.  Reportedly planted on Laysan by Wilder in 1930 but didn't take (Ely and Clapp 1973). 
13) Haematoxylon campechianum, logwood tree, bloodwood tree. Introduced to the Hawaiian Islands 
from tropical America.  Reportedly 3 lbs of seed planted on Laysan by Tanager Expedition in 1923 
(Wetmore 1923). 
14) Leucaena leucocephala, (Leucaena glauca) or koa haole.  Introduced to the Hawaiian Islands from 
tropical America.  Reportedly planted on Laysan by Tanager Expedition in 1923 but fortunately didn't 
take. 
Wetmore's (1923) journal reports 26 lbs brought to Laysan in 1923. 
15) Convolvulus sp., bindweed.  Vine introduced to the Hawaiian Islands  from Eurasia.  Reportedly 
planted on Laysan by Wilder in 1930 (Ely and Clapp 1973). 
16) Cordia subcordata, kou.  Polynesian introduction to main Hawaiian Islands.  Trees planted on 
Laysan by Wilder in 1930 died (Ely and Clapp 1973). 
17) Nicotiana glauca, tree tobacco.  Shrub or small tree. Introduced to Hawaiian Islands from South 
America.  Wilder introduced this to Laysan in 1930 but it didn't survive (Ely and Clapp 1973). 
18) Calophyllum inophyllum, Kamani. Tree introduced by Polynesians to the main Hawaiian Islands.  
Introduced on Laysan by Wilder in 1930 and also by Tanager Expedition in 1923 (Wetmore 1923, Ely 
and Clapp 1973). 
19) Barringtonia asiatica, barringtonia.  Magnolia-like tree.  Introduced to the Hawaiian Islands from 
the South Pacific.  Introduced to Laysan by Wilder in 1930 and Tananger Exped. in 1923 (Wetmore 
1923, Ely and Clapp 1973). 
20) Terminalia catappa, tropical or indian almond, false kamani.  Tree introduced to the Hawaiian 
Islands from elsewhere in the tropics.  Planted on Laysan in 1930 by Wilder (Ely and Clapp 1973). 
21) Terminalia myriocarpa, jhalna.  Tree introduced to the Hawaiian Islands from elsewhere in tropics.  
Planted on Laysan in 1930 by Wilder (Ely and Clapp 1973). Used for reforestation between 1928 and 
1951 in main Hawaiian Islands. 
22) Conocarpus erectus, sea mulberry or buttonwood. Shrub or small tree, originally introduced to the 
Hawaiian Islands from the neotropics and Africa.  Planted on Laysan in 1930 by Wilder (Ely and Clapp 
1973). 

APPENDIX B. 
OTHER OR OBSOLETE SCIENTIFIC AND COMMON NAME SYNONYMS FOR AVIFAUNA 
(referenced to current usage in Table 11.) 
 
1) Black-footed Albatross (= goony, = gooney, = Black-footed Gooney, = Black Albatross, = Brown 
Gooney) 
   Phoebastria nigripes (= Diomedea nigripes, = Diomedea chinensis) 
 
2) Laysan Albatross ( = White Albatross, = White Gooney, = Gooney) 
   Phoebastria immutabilis (= Diomedea immutabilis) 
 
3) Bonin Petrel (= Bonin Island Petrel, = White-breasted Petrel) 
   Pterodroma hypoleuca (= Aestrelata hypoleuca, also Oestrelata hypoleuca) 
 
4) Bulwer Petrel (= Bulwer's Petrel) 
   Bulweria bulwerii (= B. bulweri, = B. anjinho) 
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5) Wedge-tailed Shearwater (= Wedge-tailed Puffin, = Moaning Bird) 
   Puffinus pacificus (= P. cuneatus) 
 
6) Christmas Shearwater (= Christmas Island Shearwater, Black Shearwater) 
   Puffinus nativitatus 
 
7) Tristram Storm-Petrel (= Sooty Storm-Petrel, = Sooty Petrel) 
   Oceanodroma tristrami (= O. markhami tristrami, = O. fuliginosa) 
 
8) Red-tailed Tropicbird (= Bos'n Bird) 
   Phaethon rubricauda rothschildi (= Phaeton rubricaudus) 
 
9) Masked Booby (= Blue-faced Booby) 
   Sula dactylatra personata (= Sula cyanops) 
 
10) Brown Booby (= Common Booby, = Hooded Booby, = Brown-Vested Booby) 
    Sula leucogaster plotus (= S. leucogastra) 
(NOTE: Sula sula reported by Schauinsland (1899) is apparently Brown Booby, not Red-footed Booby.) 
 
11) Red-footed Booby 
    Sula sula rubripes (= S. piscator) 
 
12) Great Frigatebird (= Man-of-War, = Man-o'-War Hawk, Frigate) 
    Fregata minor palmerstoni (=Fregatta aquila) 
 
13) Laysan Duck (= Laysan Teal) 
   Anas laysanensis (= A. wyvilliana laysanensis) 
 
14) Laysan Rail (= Laysan Crake) 
   Porzana palmeri (=Porzanula palmeri) 
 
15) Gray-backed Tern (= Gray Wide-awake, =Bridled Tern, =Spectacled Tern) 
    Sterna lunata  
 
16) Sooty Tern (= Wide-awake Tern) 
    Sterna fuscata 
 
17) Brown Noddy (= Common Noddy, = Noddy Tern) 
    Anous stolidus 
 
18) Black Noddy (= Hawaiian Noddy,= Hawaiian Tern,= White-capped Noddy) 
    Anous minutus (=A. tenuirostris,= A. minutus melanogenys, = Megalopterus  hawaiiensis) 
 
19) White Tern (= Fairy Tern, = Love Tern) 
    Gygis alba rothschildi 
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20) Laysan Millerbird (= Laysan Miller Bird) 
    Acrocephalus familiaris (= Tartare familiaris, = Conopoderas familiaris) 
 
21) Laysan Finch (= Laysan Canary, = Laysan Telespiza) 
    Telespiza cantans (=Telespyza cantans, = Telespiza flavissima) 
 
22) Laysan Honeycreeper (= Laysan Honeyeater) 
    Himatione sanguinea freethii (=Himatione freethi,= Himatione fraithii) 
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APPENDIX C. 
NONNATIVE INVERTEBRATES (ADVENTIVE AND PURPOSEFULLY INTRODUCED) 
THAT HAVE BEEN RECORDED ON LAYSAN.   Primarily extracted from Nishida 1994 and 
Bishop Museum's Hawaii Biological Survey terrestrial arthropod checklist 1997-98. 
 
ORDER FAMILY SCIENTIFIC NAME 
   
ACARI  (mites and ticks)  
 Argasidae Ornithodoros capensis 
   
 Bdellidae Bdellodes longirostris 
   
 Epilohmannidae Epilohmannia cylindrica 
   
 Galumnidae Galumna flabellifera 
   
 Microzetidae Microzetes auxiliaris 
   
 Phytoseiidae Amblyseius largoensis 
   
 Tectocepheidae Tectocepheus sarekensis 
   
 Tenuipalpidae Brevipalpus obovatus 
   
 Trombiculidae Guntheria domrowi 
  Neoschoengastia gallinarum  
   
ARANEAE  (spiders)  
 Araneidae Neoscona theisi 
   
 Clubionidae Cheirancanthium mordax 
   
 Gnaphosidae Urozelotes rusticus 
   
 Pholcidae Smeringopus pallidus 
   
 Salticidae Hasarius adansoni 
  Menemerus bivittatus 
   
 Scytodidae Scytodes striatipes 
   
 Tetragnathidae Tetragnatha nitens 
   
 Theridiidae Coleosoma floridanum 
  Nesticodes rufipes 
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ORDER FAMILY SCIENTIFIC NAME 
COLEOPTERA  (beetles and weevils)  
 Anthribidae Araecerus fasciculatus 
  Megacerus alternatus**** 
   
 Buprestidae Buprestis aurulenta**** 
   
 Cerambycidae Placosternus crinicornis 
   
 Cleridae Necrobia rufipes 
   
 Cucujidae Oryzaephilus surinamensis 
  Cryptamorpha desjardinsi 
   
 Coccinellidae Diomus (=Scymnus) debilis 
  Scymnus loewii 
   
 Curculionidae Dryotribus mimeticus 
  Macrancylus linearis 
  Oxydema fusiforme**** 
  Pentarthrum blackburni * 
  Sitophilus oryzae 
   
 Dermestidae Attagenus fasciatus 
   
 Nitidulidae Carpophilus dimidiatus 
   
 Scolytidae Hypothenemus eruditus 
   
 Tenebrionidae Blapstinus histricus 
  Tribolium castaneum 
   
 Trogositidae Tenebroides mauritanicus 
   
COLLEMBOLA  (springtails)  
 Entomobryidae Cyphoderus similis 
  Entomobrya griseoolivata 
  Entomobrya marginata 
  Seira terrestris 
   
 Hypogastruridae Oudemansia esakii 
   
DERMAPTERA   
 Carcinophoridae Euborellia annulipes 
   
DICTYOPTERA    
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ORDER FAMILY SCIENTIFIC NAME 
 Blaberidae Pycnoscelus indicus 
   
 Blattellidae Balta notulata 
  Blattella germanica 
  Periplaneta americana 
  Platyzosteria soror 
   
DIPTERA  (flies)   
 Calliphoridae Rhinia apicalis 
   
 Canacidae Canaceoides angulatus 
   
 Chloropidae Siphunculina striolata 
   
 Dolichopodidae Chrysosoma globiferum 
   
 Milichiidae Milichiella lacteipennis 
   
 Muscidae Musca domesticus 
   
 Phoridae Megaselia scalaris 
   
 Sciaridae Bradysia tritici 
   
 Sphaeroceridae Coproica ferruginata 
  Coproica hirtula 
  Leptocera fuscipennis 
  Poecilosomella punctipennis 
  Thoracochaeta brachystoma 
  Trachyopella nuda 
   
 Stratiomyidae Brachycara latifrons 
   
 Tachinidae Leucostoma aterrimum 
  Leucostoma simplex 
   
EMBIIDINA   
 Oligotomidae Aposthonia oceania 
  Oligotoma saundersii 
   
HETEROPTERA  (true bugs)  
 Anthocoridae Orius persequens 
   
 Cydnidae Geotomus pygmaeus 
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ORDER FAMILY SCIENTIFIC NAME 
 Miridae Engytatus (=Cyrtopeltis)  modestus 
   
 Nabidae Nabis capsiformis 
   
 Reduviidae Empicoris rubromaculatus 
   
HOMOPTERA  (leafhoppers, aphids, and scale insects) 
 Aphididae Aphis craccivora 
  Aphis gossypii 
  Rhopalosiphum maidis 
   
 Cicadellidae Circulifer tenellus 
  Deltocephalus sonorus 
   
 Coccidae Parasaissetia (= Saissetia) nigra 
   
 Diaspididae Hemiberlesia lataniae 
  Sardia rostrata pluto**** 
   
 Delphacidae Opiconsiva paludum 
   
 Pseudococcidae Antonina graminis 
  Ferrisia virgata 
  Planococcus citri 
  Pseudococcus n.sp. 
   
HYMENOPTERA  (bees, wasps, and ants) 
 Braconidae Chelonus blackburni 
  Cotesia (=Apanteles) marginiventris 
   
 Formicidae Camponotus variegatus 
  Cardiocondyla nuda 
  Hypoponera punctatissima 
  Monomorium destructor 
  Monomorium floricola 
  Monomoriium minimum?? 
  Monomorium monomorium 
  Monomorium pharaonis ** 
  Pheidole megacephala 
  Plagiolepis alluaudi 
  Tapinoma melanocephalum 
  Tetramorium bicarinatum (= guineense) 
  Tetramorium simillimum *** 
   
 Mymaridae Stephanodes similis 
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ORDER FAMILY SCIENTIFIC NAME 
   
 Pteromalidae Spalangia drosophilae 
   
ISOPODA  (sowbugs)  
 Platyarthridae Trichorhina tomentosa 
   
 Porcellionidae Porcellionides pruinosus 
   
ISOPTERA   
 Kalotermitidae Cryptotermes brevis 
   
LEPIDOPTERA  (butterflies and moths)  
 Crambidae Spoladea recurvalis 
   
 Cosmopterigidae Asymphorodes dimorpha 
  Pyroderces rileyi 
   
 Noctuidae Chrysodeixis eriosoma 
  Elaphria nucicolora 
  Helicoverpa zea 
  Lycophotia porphyrea 
  Pseudaletia unipuncta 
  Spodoptera exigua 
  Trichoplusia ni 
   
 Plutellidae Plutella xylostella 
   
 Pterophoridae Megalorhipida leucodactylus 
   
 Pyralidae Cadra cautella 
  Pyralis manihotalis 
   
 Sphingidae Agrius  (= Herse) cingulata 
   
 Tineidae Decadarchis kerri 
  Phereoeca allutella 
  Praeacedes atomosella 
   
MALLOPHAGA  (bird lice)  
 Menoponidae Myrsidea invadens 
   
NEUROPTERA  (lacewings and allies)  
 Chrysopidae Chrysoperla carnea 
   
ORTHOPTERA   
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ORDER FAMILY SCIENTIFIC NAME 
 Tettigoniidae Euconocephalus nasutus**** 
   
PSCOPTERA   
 Lepidopsocidae Cyptophania hirsuta 
  Lepolepis pictus 
   
THYSANOPTERA  (thrips)  
 Phlaeothripidae Haplothrips gowdeyi 
  Haplothrips robustus (= sesuvii) 
   
 Thripidae Caliothrips punctipennis 
  Frankliniella schultzei 
 
* ALERT: Pentarthrum blackburni (Blackburn's pentarthrum weevil) is on the federal listed and 
candidate species list under the Endangered Species Act (as updated Dec. 1997) as a Species of Concern 
(SOC), although Bishop Museum's Checklist and Nishida 1994 have this species listed as an adventive 
(nonnative) weevil. 
** This species was first collected in 1984 on Laysan and in 1990 on Lisianski Islands, and again in 
1990 on Laysan (Conant and Rowland in prep.). 
***This species was collected in 1990 on Laysan (Conant and Rowland in prep.). 
****These species were reported by Asquith 1994 as new introductions to Laysan. 
 

POTENTIAL COOPERATORS AND CONTRACTORS 

Sources for Clean Seeds and Seedlings 
Charlie Lamoureux 
Lyon Arboretum 
3860 Manoa Road 
Honolulu, Hawaii 96822 
(Phone) 808 988-3177 
 
Diane Ragone 
National Tropical Botanical Gardens 
P.O. Box 340 
Lawai, Hawaii 96765 
Phone: (808) 332-7324, ext. 124; FAX (808) 332-9765 
email: ragone@ntbg.org 
 
Bill Garnett 
Wiliwili Natives 
59-753 Alapio Road 
Haleiwa, Hawaii 96712 
(Phone) 808 638-5180 
email: wiliwili@lava.net 
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Source for Pollen Cores and Analysis 
Jerome Ward 
P.O. Box 2592 
Auburn, Alabama 36831-2592 
(Phone/Fax) 334-826-8672 
email: wardjer@mail.auburn.edu 
 
Sara Hotchkiss 
Univ. of Minnesota 
Dept. of Ecology, Evolution, and Behavior 
100 Ecology Building 
1987 Upper Buford Circle 
St. Paul, MN 55108 

Sources for Native Plant Expertise, Planting, Weed Control, and Volunteers 
 
Bill Garnett 
Wiliwili Natives 
59-753 Alapio Road 
Haleiwa, HI 96712 
Phone: (808) 638-5180 
Email: wiliwili@lava.net 
 
Charlie Lamoureux 
Lyon Arboretum 
3860 Manoa Road,  
Honolulu, Hawaii 96822 
Phone: (808) 988-3177 
Email: lamour@hgea.org 
 
Lisa Raymond 
Native Hawaiian Plant Society 
P.O. Box 5021 
Kahului, Hawaii 96733-5021 
Phone: (808) 876-1813 
Email: nhps@maui.net 
 
Diane Ragone 
National Tropical Botanical Garden 
P.O. Box 340 
Lawai, Hawaii 96765 
Phone: (808) 332-7324, ext. 124; FAX (808) 332-9765 
Email: ragone@ntbg.org 
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Tim Tunison 
Resource Management 
National Park Service 
P.O. Box 52 
Hawaii Volcanoes National Park, HI 96718-0052 
Phone: (808) 985-6085 
Email: timtunison@nps.gov 
 
Peter Van Dyke 
Amy Greenwell Ethnobotanical Garden 
Captain Cook, Hawaii 96704 
Phone: (808) 323-3318 

Entomological Expertise and Potential Contractors 
 
David Preston 
Bishop Museum 
Hawaii Biological Survey 
P.O. Box 19000 
Honolulu, HI 96817 
Phone: (808) 848-4192 
Email: davidp@bishop.bishop.hawaii.org 
 
Frank Howarth 
Bishop Museum 
P.O. Box 19000 
Honolulu, HI 96817 
Phone: (808) 848-4164 
Email: howarth@pixi.com 
 
Gregory Brenner 
Pacific Analytics 
Phone: (541) 926-0117 
Email: gregbrenner@proaxis.com 
 
Patrick Conant 
Hawaii State Dept. of Agriculture 
16 E. Lani Kaula St. 
Hilo, Hawaii  96720 
Phone: (808) 974-4140 

Avian Propagation Consultant Expertise and Potential Contractors 
 
Cyndi Kuehler, Alan Lieberman et al. 
Peregrine Fund 
P.O. Box 39 
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Volcano, HI 96785 
Phone:(808) 985-7137 
FAX: (808) 967-8626 
 
Peter Luscomb 
Honolulu Zoo 
151 Kapahulu Avenue 
Honolulu, Hawaii 96 
Phone: (808) 971-7193 or 971-7197 
Email: luscom@hgea.org 
 
Fern Duvall 
State Division of Forestry and Wildlife 
(Home) 211 Ulana St. 
Makawao, HI 96768 
Home Phone: (808) 572-1584 
Email: corvusco@maui.net 
 
Suppliers' contact numbers for horticultural products (e.g. irrigation lines, nursery tent, etc.) can 
be located at the end of Attachment 7 (written by Bill Garnett of Wiliwili Natives). 
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