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Statement of Purpose.  The goal of outplanting programs is to: 1) bolster small populations to reduce potential loss from disturbance and other variables; 2) increase genetic variability of small populations; 3) reintroduce seed sources of rare or common species in habitats in which they have been depleted.  Outplanting will be done only if standard habitat restoration measures have not resulted in renewed regeneration or adequate population levels.  Demographic and distributional monitoring will be conducted on all listed and candidate species, as well as selected rare species, prior to captive propagation.  Ideally, limiting factors studies will be conducted in conjunction with outplantings to determine further management measures to enhance survival and regeneration.  Propagation and outplantings may also be done for scientific purposes, to facilitate the study of limiting factors.  Outplantings may also be done into a Park arboretum setting as a temporary measure, although such sites have not yet been identified.



The following guidelines will apply to seed collection, propagation, and outplanting efforts in the Park:



1.	Appropriate federal and state permits will be obtained for all listed species prior to collecting and outplanting.  All outplanting will be coordinated by the Resources Management Division.



2.	Collecting and outplanting strategies will be developed for each species to ensure the greatest possible degree of genetic variability in outplanted populations.  Propagules will be collected from as many different plant sources as possible.  Single plants will not be used as source of an outplanted population, unless there is no alternative.



3.	Plant material will be collected from site/habitats as close as possible to the target site/habitat to increase the probability of selecting a locally adapted genotype.  Consideration will be given to the ecotype best suited for the outplanting site.



4.	No more than 10- 15 % of the stand seed crop of an individual plant or plants at a site will be collected.



5.	Seeds will be stored in a dry, cool place, preferably a refrigerator.



6.	Greenhouse maintenance standards will be developed to reduce pest, pathogen, and weed

problem.



7.	Notes will be maintained of growing medium, watering regime, fertilizer applications, and pesticide application for future use



8.	All propagated plants will be decontaminated for weeds, weed seeds, pathogens, slugs, mites, scale, and other invertebrate pests prior to outplanting.  Plants will be propagated in sterile media to reduce weed problems.  All weeds will be removed from pots.  Just prior to outplanting the top one-half inch of media will be removed.  Two applications should be made of Avid, Malathion, Diazanon Plus, Gnatrol, or similar pesticides, prior to outplanting.  Plants will be tested first for sensitivity to these products prior to broadcast application.  Plants will be monitored for diseases.  Diseased plants will not be outplanted.



9.	Outplanted individuals will be first hardened to the target site and then nurtured with water, fertilizer, and selective weeding after planting to enhance survival and reduce wasting seeds.



10.	Seeds or propagules will be tracked to determine lineages by keeping records of plant sources, date collected, date of sowing, success of germination, and the date of reporting and outplanting.  Whenever possible, seeds or cuttings will be tracked by source individuals.



11.	Growth, survivorship, and reproduction of outplanted individuals will be monitored.�PACIFIC REMOTE ISLANDS NATIONAL WILDLIFE REFUGE COMPLEX
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The islands and atolls of the Pacific Remote Islands National Wildlife Refuge Complex are special places providing habitat for many rare, endemic plants and animals.  Many of these species are formally listed as Endangered under the Endangered Species Act.  Endemic plants and insects, and the predators they support, are especially vulnerable to the introduction of competing or consuming species.  Such introductions may cause the extinction of island endemics, or even the destruction of entire island ecological communities.  Notable local examples include: the introduction of rabbits to Laysan Island in 1902 which caused the extinction of numerous plant and insect species, and 3 endemic landbird species; the introduction of rats to many Pacific Islands causing the elimination of many burrowing seabird colonies; the introduction of the annual grass, sandbur, to Laysan Island where it has crowded out native bunch grass thus, eliminating nesting habitat for the Endangered Laysan finch; and, the introduction and proliferation of numerous ant species throughout the Pacific Islands to the widespread detriment of endemic plant and insect species.



Several of the islands within the Refuge Complex are especially pristine, and as a result are rich in rare and special plants and animals.  Nihoa Island has 13 potential candidate Endangered insect species, numerous Endangered plants and 2 Endangered birds.  Necker Island has Endangered plants and 7 endemic insects that are candidates for the Endangered Species List.  Laysan Island has Endangered plants, 5 potential candidate Endangered insect species and the Endangered Laysan finch and Laysan duck.  Other islands in the Refuge Complex such as Lisianski, Howland, Baker, and Jarvis and islets in Atolls such as Rose, Pearl and Hermes Reef and French Frigate Shoals provide homes for a variety of endemic and/or endangered species and require special protection from alien species.



Other Pacific Islands such as Kure and the "high islands" (Oahu, Hawaii, Maui, Kauai, etc.) as well as, certain islands within Midway Atoll, Pearl and Hermes Reef and French Frigate Shoals have plants and/or animals that are of high risk for introduction to the relatively pristine islands discussed above.  Of special concerns arc snakes, rats, ants and a variety of other insect and plant species. Harmful plant species of highest concern that we know of are Verbesina encelioides, Cenchrus echinatus and Setaria verticillata.



The U. S. Fish and Wildlife Service is responsible for the management and protection of the islands and wildlife of the Pacific Remote Islands NWR Complex.  No one is permitted to set foot on any of the Refuge's islands without the express permission of the Refuge Manager and an appropriate Special Use Permit.  Because of the above concerns, the following restrictions on the movement of personnel and materials to the islands of the Refuge Complex exist, Note: Kure Island and Midway Atoll are not part of this Refuge Complex.



With the exception of Tern Island, French Frigate Shoals, the following rules apply:



Clothing and Soft Gear:

1.	Any personnel landing boats at any island should have clean clothes and shoes.



2.	Any personnel going ashore at any island and moving inshore from the immediate area in which waves are breaking at the time of landing must have new footwear, clean clothes and clean soft gear all frozen for at least 48 hours.



3.	At the discretion of the local USFWS representative, personnel from the NOAA ship R/V Thomas Cromwell, or any other vessel servicing the Refuge, may be allowed on shore to visit predesignated areas for guided tours.  For such tours, personnel must have new footwear, clean clothes and clean soft gear all frozen for at least 48 hours.



4.	Otherwise, any personnel entering any vegetated area, -regardless of how sparse the vegetation, must have new footwear, new clothes and new soft gear all frozen for at least 48 hours.



Definitions:

"new" means off the shelf and never used anywhere but the island in question.

"clothing" is all apparel , shoes, socks, over and under garments.

"Soft gear” is all gear such as daypacks, fannypacks, camera bags, binocular straps, nets, holding or weighing bags, bedding, tents, luggage, or any fabric capable of harboring seeds or insects



Clothing or gear coming off Kure and Midway should never be moved to any of the other refuge Islands:



During transit, clothing and gear coming off Kure and Midway must be carefully sequestered to avoid contamination of gear bound for cleaner islands.  Special care must be taken to avoid contaminating gear storage areas and quarters aboard transporting vessels with seeds or insects from these islands.



General Rules

1.	Regardless of origin or destination, inspect and clean all equipment, supplies, etc., just prior to any trip to the Refuge.  Carefully clean all clothing, footwear and softgear following use to minimize risk of cross contamination of materials between islands.



2.	Pack supplies in plastic buckets with fitted lids or other sealable metal or plastic containers since they can be thoroughly cleaned inside and out.  Cardboard is not permitted on islands.  Cardboard boxes disintegrate in a short time and harbor seeds, animals, etc., which cannot be easily found or removed.  Wood is not permitted unless sealed on all surfaces.  Wooden boxes can also harbor insects and seeds and therefore are only allowed if well constructed (tight fitting seams are required).  All wood must be treated, and inside and outside surfaces must be painted or varnished to provide a smooth, cleanable finish that seals all holes.



3.	Freeze or tarp and fumigate then seal all equipment (clothes, books, tents, everything) just prior to departure.  Food and cooking items need not be fumigated but should be cleaned and frozen, if freezable.  Cameras, binoculars, radios, and other electronic equipment must be thoroughly cleaned, including internal inspection whenever possible, but do not need to be frozen or fumigated.  Such equipment can only be packed in wooden crates if treated as in #2 above.  Any containers must contain new, clean packing materials and be frozen or fumigated.



4.	At present, Tern Island is the singular exception to the above rule, having less stringent rules due to the large number of previously established alien species.  Careful inspection of all materials and containers is still required  However, it is acceptable to use wooden and cardboard containers for transporting supplies to Tern Island.  Also, there is no requirement for freezing or fumigating items disembarked at Tern.  Although requirements for Tern Island are more lax, the Refuge is still concerned about the possibilities of new introductions.



Additional Special Conditions for Travel-to-Nihoa Island:

Nihoa is one of the most pristine locations in the Refuge Complex.  It is also home to the highest number of federally listed endangered species in the Refuge.  It is a small rugged island with many inaccessible areas.  Introduction of any alien species could have disastrous results in a very short time.  It would be almost impossible to mount any kind of control or eradication program on this island should an alien species become established.  Because of these reasons, access to Nihoa is strictly limited, and rules governing entry are more stringent.



1.	Access to Nihoa by permittees will only be allowed under the accompaniment and supervision of a Refuge Representative.  The representative, who shall be appointed by the Refuge Manager will work with permittees to assure careful compliance with all rules for inspection, handling and preparation of equipment.  The Refuge Representative will have the authority to control and limit access to various parts of the island to protect animals, plants and archaeological sites, especially endangered species.  The Refuge Representative will have the authority to disallow access to the island, or order an immediate departure from the island if conditions for working on the island aren't met or are violated in some way.



2.	All field equipment made out of fabric material or wood must be new, and saver previously used in the Northwestern or main Hawaiian Islands.  Equipment previously purchased or made for use on Nihoa that has been carefully sealed and stored while away from Nihoa, and not used elsewhere, may also be brought onto the island.  Rules for freezing and/or fumigating are as described for other sites in the Refuge (see above).



3.	Clothing and personal effects must be cleaned and thoroughly inspected.  All footwear (shoes, slippers, socks, etc.) must be new, unused, or previously only used on Nihoa and carefully sealed and stored while off of the island.



Rules Regarding Food:

Fresh foods which are typically transported to island field camps (potatoes, onions, cabbage, apples, oranges, etc.) are not likely to become established and flourish on the Refuge Complex and are allowed.  However, other food items such as tomatoes could easily become established.  Soil can contain many seeds, eggs, larvae, etc., and cannot be transported to or between islands.



Other food species such as alfalfa, mustard and cress, commonly used for sprouted greens, could potentially become established and cannot be brought to the islands.  Other species such as mung beans, soy beans and radishes would not likely survive on the islands and can be used for fresh greens.  A list of fresh foods and seeds which are prohibited is printed below.  Permittees should contact the Refuge Manager for more information, or for questions about items not included on this list.



Strictly Prohibited:

Tomatoes (any variety), raw sunflower seeds, alfalfa seeds, mustard seeds.



Bulk dried fruits are allowed but should be frozen solid for at least one day to kill any insects.

�Keauhou Bird Conservation Center

Maui Bird Conservation Center

The Peregrine Fund



MEMO

TO:  Marie Morin and Sheila Conant



FROM:  Cyndi Kuehler



DATE:  12/9/97



RE:  Laysan Restoration Plan





Thank you for the opportunity to review your draft of the Laysan Restoration Plan.  It was very interesting and I wish you much success.  As per your request, I will comment on the sections within my area of expertise - translocation captive-rearing and reintroduction of birds.



In general I support the idea of establishing a population of Nihoa Millerbirds on Laysan if the founder population can support this action, and if the environment on Laysan can provide adequate habitat for a self-sustaining population of birds.  However it might be beneficial for us to talk about the best strategies available to establish a new population.  Perhaps at some time in the future we could meet to discuss the pros and cons (and costs) of translocation vs. captive-rearing.



Points for discussion:



1)	Translocation is probably the best method to introduce Nihoa Millerbirds to Laysan, but working with this species may be more complicated than translocating finches (maybe not).  Insectivorous passerines are difficult to keep in captivity compared to fruit-eaters or seed-eaters.  Sometimes very flighty and nervous, wild-caught insectivores experience high mortality after capture.  Additionally from a nutritional standpoint it is not easy to provide a high quality diet that the birds will actually eat.  These are some of the reasons I have been reluctant to "jump in with both feet" and work with Poouli.  I would recommend that if translocation is considered for Millerbirds that the wild-caught birds be moved as quickly as possible without holding them in captivity for an extended period of time.  I have included some references for you on this topic.



2)	Collection of first-clutch eggs from the population on Nihoa is a better strategy than collection of juveniles for maintenance, captive-breeding and subsequent release (I am not sure if I understand the plan correctly).  Collection of eggs and subsequent hand-rearing of chicks will have less impact on the founder population, decrease the disease risks and probably minimize mortality.  Hand-reared insectivores are more likely to acclimate to captivity.  "Rear and release" is also more cost-effective than long-term captive breeding.  It would be essential to collect a few eggs to develop artificial incubation and hand-rearing techniques, prior to implementation of the restoration program.



3)	Reintroduction of captive-bred birds may exhibit greater site tenacity after release than translocated wild-caught birds (see Fancy paper).  This would need to be tested.



The Peregrine Fund would be willing to help you with translocation, or captive-rearing and release of Nihoa Millerbirds.  If you would like to discuss any of these strategies, please give me a call.  Thanks again for the opportunity to offer suggestions.





Cyndi Kuehler

�Subject: Nihoa Millerbird

Date: Fri, 05 Dec 1997 16:16:56 -1000

From: Peter Luscomb <Iuscom@hgea.org>

To: mpmorin@ibm.net



Marie

I just realized that I had miss typed your email address and that was the reason I have not been able to contact you earlier.  I don't know much about the Millerbird but I put together some quick ideas for your program which you can review.



Actions which I thought would be needed:



1.	Develop captive self-sustaining population of Nihoa Millerbird.

2.	Introduce Nihoa Millerbirds, acquired from a captive population or from the wild on Nihoa, onto Laysan Island.



Techniques needed to implement actions:



1.  Capture wild birds.

	Capture would probably be done with mist nets and or potter traps. imagine that you and Sheila has lots of experience with this.

2.  Acclimate wild birds to captivity

	Nutrition.  Being an insectivore it will a little tricky to acclimate this species to a captive diet.  It will be critical to develop a system, which will insure that the birds continue eating.  Many of these birds are extremely small 10 - 15 grams ( I think ), have a high metabolic rate and if they are with out food for too long will die.  We will have to-monitor weights and food intake very closely.  If the birds go without food for too long they will be stressed and have medical complications which will lead to death.  Options which could be looked at: . 1. Develop techniques to capture insects on Nihoa in sufficient numbers so as to meet their dietary needs up until they are translocated into a new habitat or they are acclimated onto a captive diet.  We will need to look at sweep nets and night traps to see if we can accumulate enough insects for our needs.  Because of the remoteness of this island, I anticipate that we will need to develop system to house birds for at least one week.  If this is the case then catch wild insects might be impractical. 2. We can also look at bringing in artificial diets and getting the birds acclimated to these diets.  Because of the sensitivity of introducing new insect species onto the islands we will not be able to use live insects typically used for acclimating insectivore species.  We will probably need to use a dry insect mix on the birds.  To facilitate the process we might be able to start the getting the birds used to an artificial diet before we take them out of the wild.  In conversations with James, he has said that Sheila mentioned that the birds were prone to taking food from her camp.  We might use this behavior to our advantage.  In any case getting the birds onto a captive diet or at least keeping them eating will be our primary concern.  We will need to know what type of weight loss these birds could tolerate and at what point we give up our acclimatization attempts and release the birds back into their natural habitat.

	Housing We need to look at field housing for the birds when we are trapping and accumulating birds and waiting for transport off of Nihoa.  This may be up to 2 weeks if the weather is not cooperating.  The two main concerns when handling insectivores are, can you get them to eat and how do you minimize stress.  Many of these species are territorial and very aggressive with other members of their species.  Even if there is not outward aggression between two birds one bird could be stressed just by the presence of the other bird.  This stress could compromise its immune system and allow some pathogen to take hold.  Bird's tolerance to stress varies over the course of the year and we might look at identifying the best time of the year to do our work.  All of the birds will have to be house individually (or as pairs depending on the time of the year).  I have used canvas cages in New Guinea, which worked well.  They were extremely portable, light, and being solid, minimized visual contact with the outside.  These containers being made of a light fabric allow good light penetration and allow the birds to remain active and feeding.  We do need to insure that the canvas boxes have good air ventilation so as not to minimize spore count in the air.. When testing the boxes on the Nihoa Millerbirds we should anticipate that we start by catching a bird holding it for one day and then release it.  If this is successful than try 3 than 5 days, each time monitoring the birds after they have been released to insure that they are in good health.

	Health.  I think it would be a good idea to have a Vet participate in the acclimatization of the birds.  It is important to have medical assistance to deal with sick birds and to do medical assessment on the birds.  I have worked with Glen Olson from Patuxent and he is excellent.  Because of concerns with the health of the birds I think it best to do all of our work in stages, testing everything we do as we go along.  I would start off with surrogates and try all of our techniques.  When we get to Nihoa Millerbirds we will need to try our techniques out on a few bird to start with.  Once we are assured that our techniques are working and we can minimize mortality then proceed with the numbers that you have targeted.



3.  Transport birds, duration of travel up to one week.

	There are two options when translocating birds, the ideal is to catch the birds and then transport the birds to their final distention within 3-4 hours and them release them into a new habitat.  This allows you to not have to acclimate your birds to a captive diet and requires only that you provide the birds with minimal insect matter which you could acquire in the field.  This option will probably be hard to organize.  James thought that we might be able to check with the Navy and have them use an amphibious plane for this transport.  Because of the difficulty in logistics of working on Nihoa and all of the variables that affect you, it is best to anticipate that we will need to be house birds in transport boxes for up to one week.  The boxes will have to be large enough to house a bird for this time period and allow you to easily service ( feed and clean) them.  All of the birds will have to be transported in their own separate compartments.  The compartment will have to have a system whereby you can eliminate visual contact with outside activities when you are working on the birds yet be able to observe and monitor the birds to insure good health.  We will need to monitor weights and food intake very closely and if possible remotely.  The boxes will have to be dimensioned to not only meet the needs of the birds but also be handleable ( easy to carry, stackable and able to fit in your transport vehicle).  These boxes could be developed using appropriate surrogates.  As the old saying goes " if something can go wrong it will" When I last went to New Guinea and attempted to export Birds of Paradise I anticipated that my birds would be in their shipping crates for a maximum time of 48 hours.  My birds ended up being in their shipping crates for 7 days.  Thankfully I designed my crates for this so I was able to manage and not lose any birds.



4.  Transport and incubation of eggs.

	This work should be done or organized by the Peregrine staff.  They are excellent and are the tops in this area.

5.  Handraising of chicks

	Same as 4

6.  Release of hand raised birds and wild caught birds into new habitats.

	Same as 4

7.  Long term holding in captivity

	There are two options in housing the birds, one is to place the birds in a large aviary in a colony situation.  We can use large green houses ( 301 x 1001) to house multiple pairs.  We have found that large aviaries are ideal to elicit a more natural social response from birds and have a greater chance of inducing reproduction.  Another option is to place birds into small cages as individuals or as established pairs.  Being an insectivore I imagine that they would be territorial and will be aggressive toward one another if they were in close contact with each other.  The biggest concern in captivity will be to minimize stress caused by aggression.  In talking with staff at Olinda, when they were working with the Maui Creeper they found that they could put birds together for a while in an aviary and they would do fine for weeks, than one day they come back and they find out that the birds had gotten into a fight and one has been killed.

	The birds could be house at Midway or on Oahu.  The aviaries should be situated near the coast to replicate climatic conditions which they are best adapted to.  The aviaries could be open air aviaries yet they should be mosquito proof.

8.  Breeding birds in captivity.

	This will require extensive work.  To be successful we will need to understand the factors controlling the reproductive system in this species.  We will need to know what factors may inhibit reproduction and the factors which stimulate reproduction.. John Wingfield develop an excellent protocol to conduct research in this area of concern.  If you go through his protocol, it should give you the needed information which will allow you to breed the targeted species.  I have included a copy of his paper for your review.  We should get him involved with this work.

	The basic process in developing a breeding program is to start with a detailed biological profile on the species.  I have included a copy of a bioprofile outline.  The idea is to start with the ideal and then work backwards.  Start with a large flight and a colony situation.  Set up environmental and social conditions to emulate the conditions found in the wild.  Using the bioprofile develop a sequence of behavioral and endocrine activity typically associated with breeding birds.  Use this check off list to monitor the birds progression through the breeding cycle.  When there is a deviation from the behavioral and or endocrine sequence than you implement changes in your environmental and social conditions until your birds resume their appropriate behaviors.



Possible surrogates for Nihoa Millerbird

1.  Japanese bushwarbler - Cettia diphone

2.  Caroline Reedwarbler - Acrocephalus syrinx

3.  Nightingale Reedwarbler - Acrocephalus luscinia





Sequence of activities

I will need to work on this latter.
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�INTRODUCTION



	Insects and related arthropods (jointed legged animals such as spiders, mites, and isopods) are the dominant animals in most terrestrial ecosystems both in terms of numbers of species and numbers of individuals.  Many are also good disperses and were early colonists to isolated oceanic islands like Hawai‘i.   Hawai‘i has a remarkably diverse native arthropod fauna.  There are roughly 5,100 native insects known to science, of which more than 98% are endemic or found only in Hawai‘i, and about 300 native species representing other arthropod groups, mostly spiders and mites.   Laysan  harbors  nearly 38 native insect species of which 10 or  26% are found only on Laysan  (Nishida, 1997).  Many may be restricted to single hosts or to limited geographic areas on the island.   It’s estimated that there are probably more than 10,000 native insect species in Hawai‘i  (Howarth and Mull, 1992).  There are at least 2,500 non-native (that is either purposefully or inadvertently introduced by humans) species of insects established in Hawai‘i.  Laysan has approximately 125 adventive and 5 purposefully introduced insect and related arthropod species .

	This diversity makes identification and assessment of their status difficult.  Populations of many native insects have declined drastically from habitat destruction and the effects of non-native species.  Those associated with rare or extinct native plants or animals were especially vulnerable, and many insect species are extinct.  Introduced predators, parasites and competitors can also drive native species to extinction even when the habitat appears otherwise suitable

	The purpose of this report is to provide an overview of what is known of the arthropod fauna of Laysan Island, based primarily on past collections and information retrieved from the Bishop Museum’s data bases.  The present status of significant or notable species will be discussed.  

RECOMMENDATIONS

	In the past most insect surveys on Laysan can be characterized as mainly short visits by very few specialists with narrow focus.  In order to asses the current status of the island’s arthropod faunas a long-term survey must be implemented and maintained for at least 5 years.  This may not be possible with current constraints but at least some sort of survey for “sensitive” species must be carried out.  It must also be remembered that expertise for many of the insects groups does not exist and identifications of material already in collections may not be possible.  Below are listed some of the insect and related arthropod species of concern.  These species are of importance because of their rarity and possible source of food for some of the native birds of Laysan.  The relative abundance of each species is unknown.  It is only from the collections of the Bishop Museum and other institutions that we can even guess at what is out there.  Rhycogonus bryani Perkins is still only known from the holotype specimen housed in the BPBM’s collection.  Some of the species listed here were last collected almost 30 years ago.  The collections made by researchers in 1994 are still being worked up and identified and when reasonably sure of what the species is, there are still concerns as to rellative abundance of any of them.  When species are believed to be extinct this is usually based on short visits to sites known have had a specimen or specimens collected and when a particular species can no longer be seen or collected an observation is made and conclusions reached as to when a species should be deemed extinct.  It should be pointed out that when species are believed to be extinct, especially arthropods one should really think that rather than being extinct the species may actually just be super rare.  Some of the species on the list of 38 endemic occurring on Laysan have always been rare and in very low numbers.  How rare is this?   Is it extinct?  How do we know?  Did we look hard enough?   Are super rare species important to the overall health of the island?  Did these rare species provide any substantial food base for any of the native insectivores?

	In order to answer some of these questions we must determine the real status of the 38 species listed below.  We can narrow our efforts by considering only those species that may be known food sources for the native birds and those insects and related arthropods that are intimately associated with a native plant species.  It must also be remembered that even when an insect is collected and the host plant is known a lack of expertise may prevent proper identification.  The present record of arthropods for Laysan is relatively small compared to the high islands, but no real attempt to asses the status of these and newly introduced species has taken place.  The most current look-see was done by excellent researchers and collectors but the short length of time spent on these efforts may not have provided sufficient information to adequately know what the insect fauna is like. 

	In order to begin to answer some of these questions we must consider at the minimum a comprehensive baseline survey of the arthropod based on the specific concerns mentioned above.  Below is a current listing of the species of interest.    Following the list is a brief introduction to basic arthropod collection methods and costs where appropriate.�PRELIMINARY LIST OF IMPORTANT ARTHROPODS RECORDED FROM LAYSAN ISLAND   (based on data from Nishida, 1997) 



Genus			Species		subspecies          Order			Describer	          Host(s)		Parasite(s)



Agrotis			crinigera			Lepidoptera		Butler		        legumes, corn,	Frontina archippvora

												        Datura.

Agrotis			dislocata			Lepidoptera		Walker		        Chenopodium,

												        grasses, sugarcane    Chaetogaedia monticola,

														             Frontina archippvora.	  

Agrotis			evanescens			Lepidoptera		Rothschild	         unknown		unknown

Agrotis			fasciata				Lepidoptera		Rothschild	         unknown		unknown

Agrotis			laysanensis			Lepidoptera		Rothschild	         unknown		unknown

Agrotis			procellaris			Lepidoptera		Meyrick		         unknown		unknown

Anisolabis		perkinsi (misidentified, should be	Dermaptera		Burr		         scavenger.		unknown

			maritima)												

Bryania 			bipunctata			Diptera			Aldrich		         fungus?		unknown

Dryophthorus		distinguendus			Coleoptera		Perkins

Eidoreus 		minutus				Coleoptera		Sharp

Epilohmannia		pallida		pacifica		Acari			Aoki

Euborellia 		eteronoma = maritima Borelli	Dermaptera		Borelli		         scavenger		unknown

												

Halarachne		laysanae			Acari			Furman & Dailey

Hydrophorus 		pacificus			Diptera			Van Duzee                   predator on		unknown

												         aquatic larvae.

Hypena			laysanensis			Lepidoptera		Swezey		         Sporobolus		unknown

Hyosmocoma 		notabilis				Lepidoptera		Walsingham	          unknown		unknown

Littorophiloscia		hawaiiensis			Isopoda			Taiti & Ferrara	          unknown		unknown

Lucilia 			graphita				Diptera			Shannon	          carrion breeder	Mormoniella brevicornis

Lycosa			oahuensis			Araneae			Keyserling	          predator		Anoplius ventralis tarsatus	

Nabis			blackburni			Heteroptera		White		          predator

Nesoribatula 		pacifica				Acari			Aoki

Nysius			fullawayi	fullawayi	Heteroptera		Usinger		          grasses?			unknown

Omiodes		laysanensis			Lepidoptera		Meyrick 	          grasses?			unknown





 



PRELIMINARY LIST OF IMPORTANT ARTHROPODS RECORDED FROM LAYSAN ISLAND   (based on data from Nishida, 1997) cont.



Genus			Species		subspecies          Order			Describer	          Host(s)			Parasite(s)

Oodemas 		erro				Coleoptera		Perkins

Oodemas		laysanensis			Coleoptera		Fullaway

Parapsyllus 		laysanensis			Siphonaptera		Wilson		        unknown		 	unknown

Peridroma 		chersotoides			Lepidoptera		Butler

Pseudeucoila 		hygrophila			Hymanoptera		Perkins

Rhopus 			laysanensis			Hymanoptera		Timberlake

Rhyncogonus		bryani				Coleoptera		Perkins		        ?Chenapodium		unknown

Scaptomyza 		cnecosoma			Diptera			Hardy		        unknown		        	unknown

Scatella 			hawaiiensis			Diptera			Grimshaw	        algae, 		              unknown

												        microorganisms	

Scheloribates		calcaratus			Acari			Jacot	                      soil mite---prob.		unknown

											                      fungi or other 

											                      microorganisms

Tachys 			oahuensis			Coleoptera		Blackburn

Trigonotylus		hawaiiensis			Heteroptera		Kirkald,

Trionymus		insularis				Homoptera		Ehrhorn                      Chaetochloa verticillata,	Anagyrus nigricornis,

											                     Cynodon dactlon,		Anagyrus swezeyi,

											                     Deschampsia australis,	Xanthoencyrtus apterus.

											                     Eragrostis variabilis,

											                     Panicum torridum.

Udea			dryadopa			Lepidoptera		Meyrick                      Scaevola glabra.		Angitia blackburni,

															              Casinaria infesta.

Withius 			laysanensis			Pseudoscorpionida	Simon	                     general predator		unknown					

�MONITORING FOR UNWANTED SPECIES



	List of current biocontrol species introduced to Hawaii



The following list of species is important because they may pose threats to many “critical spp.” (i.e., native puncture vine eradication on the main high islands (Lai 1988 PHES).  The seed weevil introduced to control this “pest” may become established on Laysan and destroy remaining populations.  Movement of any plant material, soil, equipment, etc. must be monitored to prevent infestations of unwanted species.



list to be developed:





ARTHROPOD SPECIES OF CONCERN



Agrotis crinigera (Butler)----This species is now thought to be extinct since it has not been collected for more than 90 years.  It has been recorded from Laysan, Kauai, Oahu, Molokai, Lanai, Maui, & Hawaii Islands.  It’s common name is larger Hawaiian cutworm (“Poko” mo) and has a C3 endangered status.  Zimmerman (1958) lists legumes as it’s host plant as well as Datura. Little is known of it’s current status and it is likely this species will not be rediscovered.  I do not believe A. crinigera to be important to the overall health of Laysan unless it can be found again.  Searches on the high islands have proved unfruitful.

Agrotis dislocata (Walker)----The smaller Hawaiian cutworm has beeb collected from Chenapodium, grasses, and sugarcane.    This species was last recorded by Asquith, A. during his 1994 visit.  No indication from the Draft by Morin and Conant as to current populations.   Butler, 1963 reports that this species is common and is prominent at lights at night.   It should be assumed that this species provides an important food base for some of the birds on Laysan.

Agrotis evanescens (Rothschild)----This species is only recorded from Laysan.  Butler, 1963 reports that this cutworm was found around the bases of Nicotiana.  There are no other host plant records.    This Laysan Island endemic was collected by Asquith, A. in 1994.  No host plant was mentioned and I believe it was light trapped.  There are a number of specimens in the collections of the Bishop Museum indicating this species is doing well and I believe a strong case can be made that it’s importance as  food for the Laysan birds.  



Agrotis fasciata (Rothschild)----This species has not been seen for more than 90 years.  It may be extinct.  Asquith did not collect it during his 1994 visit.  There are no records indicating it’s host plant and we are not likely to rediscover this moth again.  It is currently listed as a C3 endangered status. 



Agrotis laysanensis (Rothschild) and A. procellaris Meyrick----The status of these two moths are as the moth above.  Nothing is known of their habits and nothing is known of their food plants.  They are listed as C3 and C3A endangered status.

Anisolabis perkinsi Burr----This earwig is recorded form Laysan, Kauai, Oahu, Maui, & the island of Hawaii.  The record from Laysan is in doubt as materials identified as perkinsi are actually maritima.  Anisolabis maritima is a rather large species that  is very unlike the smallish perkinsi.  Butler 1963 reported that perkinsi=maritima was common in duff and under dead albatrosses.   Asquith collected A. maritima in 1994.  

Bryania bipunctata Aldrich----A common species recorded from Kure, Laysan, Nihoa, Oahu, and Hawaii Island.  This species is called the Nihoa two-spotted asteriid fly.  Although it’s food preferences are unknown most asterrids are known fungus breeders.   Butler, 1963 made no notes on this fly but Asquith collected it during his 1994 visit.  Nothing is really known about the biologu of  this species and it is not known how important it is as a possible food source for birds.

Dryophthorus distinguendus Perkins----Curculionidae. Endemic: through out Hawaiian Chain; reported from Laysan, Midway, Kure, and the main islands except Kauai.  It is a common species and bores in rotting wood of various hosts; Swezey (1926, PHES 6:287 reported it from koa, bamboo, and kukui.

Eidoreus minutus Sharp----Endomychidae.  Endemic, so far as known: Hawaiian Chain; reported from Oahu, Laysan; with additional specimens in collection from Nihoa.  Ranges from near sea level to 3000 ft. (Waianae Range, Oahu).  Larvae are probably mycophagous.  Collections from Laysan were sifted from bird burrows and Eragrostis; also in dead Scaevola stem and roots.  the Nihoa specimen was taken from Euphorbia celastroides;  Oahu specimens mostly unspecified but one was taken on a rotting papaya stem and a series was berelesed from moist litter and soil near a stream in Lualualei Valley, Oahu.

Epilohmannia pallida pacifica Aoki----This is an oribatid soil mite.  It’s habits are unknown and it’s status is not known.   It is probably an important soil community species.

Euborellia eteronoma (Borelli)----This is the most wide spread earwig we have inhabiting nearly every island in the chain.   It’s  status on Laysan is in doubt as this species is not found on  low islands . It can be found under almost every rock and log and in duff.  It is an important scavenger aiding in decomposition and providing a large food source for others.  It is not know if this species is a food item for some species of birds on laysan.  I suspect it must be as they are so numerous.  Although not recorded by Asquith in 1994, I do not believe this species to be scarce or in any danger of extinction.  No special effort other than collecting it again in order to prove it’s current status need be done.  

Halarchne laysanae Furman & Dailey----This is another oribated soil mite with similar habits to E. pallida pacifica Aoki.

Hydrophorus pacificus Van Duzee----This longlegged fly  is a predator on the aquatic larvae of each other and other invertebrates.  It has been recorded from Laysan, Kauai, Oahu, and Maui.   Butler, 1963 did not say much about this species and Asquith just records it as being collected in 1994.  It is not believed to be rare but another assessment should be undertaken in order to know for sure.  This species may provide an important food item for shore birds and others.

Hypena laysanensis (Swezey)----The Laysan dropseed noctuid moth has a C3 endangered status.  Asquith, 1994 thinks it may be extinct as none were collected during his visit and was  last seen  in 1912 by Swezey.  It has been recorded feeding on Sporobolus sp.  by  Swezey  on specimen No. BPMent35769 Paratype housed in the BPBM insect collections.  Because this species has not been collected for over 70 years and not seen by either Butler in the late 1950’s  or Asquith in 1994, it may be lost.  An extensive look at it’s recorded host plant, Sporobolus and similar grasses should be undertaken in order to make sure of its current status.

Hyposmocoma notabilis Walsingham---- There are over 350 described species of Hyposmocoma recorded from the Hawaiian Islands (Nishida, 1997).   This cosmopterigid moth is recorded from Laysan and Molokai only.  Zimmerman, 1978 considers the Laysan record by Fullaway (1914. 19-20) based on a larval case only to be erroneous.   This species in known from a pair collected on Molokai by R. C. L. Perkins.  One specimen was reportedly collected on Tantalus, Oahu by O.H. Swezey but these data are not published and the specimens were not examined.    No cosmopterigid moths were collected or mentioned by Butler, 1963.  In 1994 there were at least 2 species collected from Laysan in but these were not identified beyond generic level.  Although this is a large group, their biologies are poorly known and when specimens are collected they must be in pristine condition and in most cases dissections must be done in order to make proper determinations.   

Littorophiloscia hawaiiansis taiti & Ferrara----This isopod is recorded from Laysan and Hawaii Islands only.  

Lucilia graphita Shannon----This is a common calliphorid found on Kure, Midway, Pearl & Hermes, Lisianski, and Laysan.  This endemic species is a carrion breeder and the adults can be seen swarming over dead seabirds.  When the carcasses of these birds are examined the larva of this species can be seen feeding on the remains of the bird.  The larva eventually pupate and the adults emerge starting the process all over again.  This fly was reported by Asquith, 1994.

Lycosa oahuensis Keyserling----This wolfspider is found on Laysan, Oahu, Maui, and Hawaii Islands.  It is a generalist predator relying on suitable arthropods and similar  animals for food.  It is most active at night and readily seen when it’s eyes reflect light with a blue-green glow.  I do not believe this species provides a substantial food source for any of the Laysan birds.  This spider is at risk from a newly introduced Pompilid wasp that specializes in capturing spiders.  It is not know if this wasp has made it to Laysan.  Asquith makes no mention of it in his 1994 visit to the island.

Nabis blackburni White----This is one of two species recorded from Laysan.  Nabis capsiformis Germar is the other. N. capsiformis is a wide spread adventive species that is common through out the Hawaiian Islands.  N. blackburni White is much less common and not often collected even on Oahu where it was once very common.  The most recent collection of N. blaciburni White was made by Preston and Nishida in Lualualei Naval Magazine from 1995 - 1996.  This 52 week survey produced only 2 specimens.  The present status on Laysan is unknown  and Asquith, 1994 did not collect either of the nabids.

Nesoribatula pacifica Aoki----This is another soil mite with little known about it.  It is included here only because it is native and recorded from Laysay.

Nysius fullawayi fullawayi Usinger----This  bug is found on Kure, Midway, Pearl & Hermes, Lisianski, and Laysan.  It is one of nearly 26 endemic species with non-uni-insular distributiion recorded from the Hawaiian Islands, Nishida, 1997. One species is recorded from at least 7  Butler, 1963 reports that this species was common on Cyperus laevigatus with nymphs also found on Portulaca, Boerhavia, Nama, Fimbristylis, and other plants.  Asquith does not record any of the host plants he collected this species on.  Present status and host distribution is not known since 1963.

Omiodes laysanensis Meyrick----Recorded only from Laysan, this species is possibly extinct.  It may have always been rare and therefore not of major importance for our purposes.  It is important because of it’s rarity and because little is known about it.  There are over  23 species recorded from the Hawaii Islands.  Many more remain undescribed either because they are unique or because expertise is unavailable.  There is only one researcher semi-active in Hawaiian crambids and he has not been back to Hawaii for several years.   It should be noted that not last date of collection is given in Asquith’s 1994 unpublished report and Butler, 1963 makes no refference to it.

Oodemas erro Perkins and O. Laysanenisi Fullaway----Nishisda, 1997 reports 64 described species in the Hawaii Islands.  Many more remain undescribed.  This in it’s self makes proper identificatioin difficult.  Only two species of this small weevil are known to occur on Laysan.  O. erro Perkins is a single island endemic while O. laysanensis Fullaway has been found on Midway, Laysan, Necker, and Nehoa. 

The Holotype was on Euphorbia; other Nihoa specimens were taken on grasses; labelled Eragrostis and bunch grass. Perkins, 1926.  O. laysanensis was collected from dead branches of Scaevola.  Nihoa records include a series ex Euphorbia celastroides and a series ex Chenopodium oahuense; also 1 specimen from Eragrostis.  This species is smaller than O. erro with body lengths ranging from 2.5-4.05 mm; O. erro measures 4.0-5.25 mm. Fullaway 1914, PHES 3:18.  Butler, 1963 records O. laysanensis but not O. erro Asquith, 1994 does not make it clear if he actually collected the two species, one species, or is just stating that the two species mentioned above are recorded from Laysan.  He has a question mark next to O. erro suggesting that he has a specimen and is unsure of it’s determination.  Lots of questioins on these specious but aparently rare to Laysan weevils.

Parapsyllus laysanensis Wilson----There is only one native species of Parapsyllus  present in the Hawaiian Islands and it seems to be restricted to Laysan.  This seabird ectoparasite is probably much more wide spread and I believe when birds of the same species are examened on other islands  the flea’s distribution will increase.

Peridroma chersotoides (Butler)----There are currently only 6 species contained in the genus Peridroma.  P. chersotoides (Butler) is recorded from Kauai, Molokai, Maui, Hawaii, and Laysan.    Butler, 1963 does not report collecting this species during his survey.  Butler does record Peridroma porphrea (Denis and Schiffermueller) which is now in the genus Lycophotia as being collected.  Asquith, 1994 records niether of these species during his visit.  The Reverand Thomas  Blackburn speculates in Zimmerman, 1958 that chersotoides could possibly be on pokeweed.< check to see if pokeweed occurs on Laysan>.....  No other host records can be found for chersotoides and there are no records for parasites on this moth.

Pseudeucoila hygrophila (Perkins)----This endemic eucoilid wasp was collected on Laysan in the early 1960’s and identified by Carl Yoshimoto.  It is associated with flies inhabiting the inter-tidal zone.  Little is known about the biologiy of this tiny parasite and it’s main host is still a mistery.   It is one of  8 Hawaiian endemics and 1 of  more than 70  Hawaiian species contained in the family Eucoilidae. 

Rhopus laysanensis (Timberlake)----This encyrtid wasp is only reported from Laysan Island.  Encyrtids are mostly parasites of aphids, scale insects, and whiteflies.  Some encyrtids parasitise the eggs of other orders of insects like moth eggs.  Butler, 1963 does not record this wasp during his visit and Asquith, 1994 mentions a 1983 record for the last time it was seen.  Specimens of the possible hosts listed must be collected and parasites need to be reared out.  

Rhyncogonus bryani Perkins----Curculionidae.  Endemic: historically restricted to Laysan; now extinct. This species is known only from the holotype; no other specimens were collected before the population on Laysan was wiped out along with most plants by rabbits that were intentionally released on the island.  It is believed to have been a monoinsular endemic, though if there were populations on Midway or elsewhere, they were never seen.  Unfortunately, there isn’t much that we can say about this species -- since it is a unique specimen, the opposite sex (male) isn’t known.  This species will be included in G.A. Samuelson’s Rhyncogonus study and hopefully he will be able to say something about it’s affinities.  1919 Ent Mon Mag 55.

Scaptomyza cnecosoma Hardy----Nishida, 1997 reports 126 Scaptomyza presently described from the Hawaiian Islands.  There are probably just as many awaiting description.  Only one species has been found on Laysan.   From Asquith, 1994 this species appears to still occur.  Identifications are difficult  and it is likely that other species of Scaptomyza will be found on Laysan.  These flies typically breed in decaying organic mater.  The biology of cnecosoma is unknown and more study needs to be done in order to protect it’s remaining habitat.

Scatella hawaiiensis Grimshaw----An important food source for the Laysan duck this species can be found in abundance along shorelines and pools where it breeds and feeds on microorganisms and algae.  

This is a common Hawaiian Islands endemic and can be readly collected on Kauai, Oahu, Molokai, Lanai, Maui, and Hawaii islands.  Unless there are genetic difference between the High island populations I see no urgency regarding this species.

Scheloribates calcaratus Jacot----There is almost nothing known about the biology of this Laysan and Oahu endemic.  This soil mite probably feeds on fungus and microorganisms.

Tachys oahuensis Blackburn----This carabid beetle is recorded from Laysan, Niihau, Oahu, and Molokai.  Like most carabids it is a general predator both as larvae and adults.  This beetle is very common on Oahu where it is frequently collected at low elevations.   Questions regarding the identification of Asquith’s collections in 1994 remain.  The specimens collected by  researchers in the late 1950’s and early 1960’s were determined by carabid specialist George. E. Ball.  Records from these collections show T. oahuensis associated with dead albatrosses and drying algae.  The decaying bird carcasses provide a good source of prey items for this beetle.  The alge is a favored breeding site for many species of flies providing food for  foraging beetles.

Trigonotylus hawaiiensis (Kirkaldy)----The Hawaiian grass bug has been recorded from Laysan, Nihoa, Kauai, Oahu, Lanai, Maui, and Hawaii.  It’s common name betrays it’s affinity for grasses.   This species has not been collected since 1912 and is presumed extinct.   Because it has been recorded feeding on both native and alien grassed there may still be hope for redescovering it on Laysan.   Population  densities on the high islands are unknown.  Collections at the BPBM do not give a current status of the grass bug.

Trionymus insularis Ehrhorn----The insular mealybug is common on the high islands but it’s status on atols is uncertain.  This species is recorded from Pearl and Hermes, Lisianski, Laysan, Kauai, Oahu, Molokai, Maui, and Hawaii.  Host records show this species occuring on Chaetochloa verticillata, Cynodon dactlon, Deschampsia australis, Eragrostis variabilis,  and Panicum torridum.  Parasites of importance:  Anagyrus nigricornis, Anagyrus swezeyi, and  Xanthoencyrtus apterus.   This is a wide spread species and probably not in danger.

Udea dryadopa (Merick)----Recorded from Laysan, Kauai, Oahu, and Maui this crambid moth is recorded on Scaevola glabra.  Following Asquith, 1994: �Fullaway (1914, Proc. Hawaiian Entomological Society 3:20-22) originally reported U. dryadopa (Meyrick) from specimens collected in 1912. But U. dryadopa feeds on Scaevola glabra in wet forests on the main islands.  Probably a misidentification,  as it  represents a distinct species endemic only to Laysan. No other Udea are recorded from the Northwestern Islands.  Asquith further goes on to say this undescribed Udea should be listed as a 3A candidate. and probably extinct.

Withius laysanensis (Simon)----This pseudoscorpion is found only on Laysan.  It’s habits are poorly known.  It is probably a general predator feeding and scavenging on microscopic to small soil invertebrates and other organisms.  

		



PREVENTION AND CONTROL OF NON-NATIVE SPECIES



Imoprtant introduced arthropod species:



Of the over 125 recorded alien arthropod introductions to Laysan the ants are probably  the most important.  Ants are not native to the Hawaiian Islands and as such they are responcible for many inxtinctions of native lowland arthropod species.   Ants have two main feeding stratigies.  Some species feed on animal proteins such as meat and other insects while others  feed on sugars such as nectars and other carbohydrates.  The species that feed on protiens have been responcible for the loss of many lepidopteran species which had no protection against ants since ants were not present in the Hawaiian echosystem.  Ants that feed on nectars and honeydew from aphids, mealybugs, scales, and other homopteran insects protect their food sourse by fending off or killing predators and parasites of their host food.  For any biocontrol agent to be effective against species protected by ants the ant needs to be redued or iliminated.  By their very nature ants are almost impossible to erradicate.  I do not beleive any species of ant has been erradicated from the Hawaiian Islands once established.   Laysan provides a beter chance of at least reducing ant populations due to the island’s size and limited source of fresh water which is required by ants for survival.   It is beleived that the ant populations on Laysan are primarily centered around the camp site where fresh water is available.  It is important that fresh water not be made available to the ants in order to reduce and possibly iliminate some species of ants on Laysan.  At least eleven species of ants are recorded from Laysan, Nishida, 1997.  Of these 11 species, Pheidole megacephala (Fab.) may be the most dangerous species on the island.  P. megacephala (Fab.) will attack and kill any arthropod species.  These ants will even attack sick and dead animals including birds.  These ants have even been implicated in driving adult birds from their chicks when the ants are in sufficienly high numbers.  I have done experiments where large spiders were exposed to only 50 individual P. megacephala.  It only took a few minutes for the ants to swarm over the hapless spiders, subdue them and begin to dismantle them before feeding.  No caterpillar is safe against this ant and caterpillars are an important food item for birds.  Loyd Loope, Haleakala National Park has been implementing an ant control project for sometime now and may provide some assistance regarding a control program for Laysan.  



Costs for Pest Control:

I am not up on current control practices other than my concerns for stringent quarantining of and rigorous testing of biocontrol candidates.  The Hawaii  State Department of Agriculture may be able to provide cost estimates of single species eradication efforts.  These estimates will be based on land area, pest population size, host specificity testing once an agent is chosen, and possibly the cost of control staff to implement and monitor the effort.  All these costs are vague and could be very high depending on the priority given any pest eradication efforts.  Mechanical control methods are the least costly especially when plant species are the target.  Chemical controls are the most difficult due to environmental impacts and legal constraints.  Live biocontrol agents may also be under legal constraints from a potential negative impacts the agent may host shift to an alternate plant or insect.   It is well documented that many so-called host specific introductions have turned out not to be so.  Our native koa bug has been driven to very low numbers due to the southern green stink bug tachinid’s introduction.  It was believed that the parasitic fly would only lay it’s egg on the pest species but it also attacks the native koa bug.  It must also be remembered that when a species becomes established it is nearly impossible to remove it totally from the ecosystem  unless drastic and costly measures are employed.  Biocontrol is the most controversial method of controlling “pest” species.  It’s use here must be thought out very carefully.  Many purposefully introduced biocontrol agents have made their way to even the most remote northwest Hawaiian Islands.







SPECIES PURPOSEFULLY INTRODUCED TO THE HAWAIIAN IS & THAT HAVE MADE THEIR WAY TO LAYSAN ISLAND



Genus�Species�Describer�Order�Family�Agent��Cotesia�marginiventris�(Cresson)�Hymenoptera�Braconidae�parasite��Cryptamorpha�disjardinsi�(Guerin-Meneville)�Coleoptera�Cucujidae�predator��Diomus�debilis�(Le Conte)�Coleoptera�Coccinellidae�predator��Scymnus�loewii�Mulsant�Coleoptera�Coccinellidae�predator��Spalangia�drosophilae�Ashmead�Hymenoptera�Pteromalidae�parasite

��NOTE:  The list of purposefully introduced bio-control agents  have also made their way to other Northwest Hawaiian Islands and is indicative of just how easy arthropods can spread and become established.  It must be pointed out that the above species were originally released on only a few of the main high islands.  Some of these species may have been brought to Laysan purposefully by “well intentioned” humans in efforts to control  or impact perceived pest species.  There is no documentation to prove this theory but when plant materials are moved or reintroduced they must be free of any arthropods for fear of introducing new and potentially harmful species to Laysan.

POSSIBLE SOURCES FOR REINTRODUCTION OF ARTHROPOD SPECIES

Below is a list of species of concern with multiple island distributions.  Status of abundance in unknown.

Genus			Species		subspecies          Order		Distribution	

Agrotis			crinigera			Lepidoptera	Ka, Oa, Mo, La, Ma, Ha.	

Agrotis			dislocata			Lepidoptera	Ly, Ni, Ka, Oa, Mo, La, 										Ma, Ha.		

Agrotis			fasciata				Lepidoptera	Mi, Ly.	

Anisolabis		perkinsi (misidentified, should be	Dermaptera	Oa, Ma, Ku, Mi, Pe, Li, 				maritima)					Ly, Ga, Fr.		

Bryania 			bipunctata			Diptera		Ku, Ly, Ni, Oa, Ha.

Dryophthorus		distinguendus			Coleoptera	Ku, Mi, Ly, Oa, Mo, La, 										Ma, Ha.

Eidoreus 		minutus				Coleoptera	Ly, Oa.

Euborellia 		eteronoma			Dermaptera	Ka, Oa, Mo, Ln, Ma, 										Ha, Pe, Li, L, Ga, Fr.	

Halarachne		laysanae			Acari		Ku, Ly, Fr, Oa.

Hydrophorus 		pacificus			Diptera		Ly, Ka, Oa, Ma.

Hypena			laysanensis			Lepidoptera	Pe, Ly.

Hyosmocoma 		notabilis				Lepidoptera	Ly, Mo.

Littorophiloscia		hawaiiensis			Isopoda		Ly, Ha.	

Lucilia 			graphita				Diptera		Ku, Mi, Pe, Li, Ly.	

Lycosa			oahuensis			Araneae		Ly, Oa, Ma, Ha.		

Nabis			blackburni			Heteroptera	Ly, Ni, Ka, Oa, Mo, La, 										Ma, Ha.			

Nysius			fullawayi	fullawayi	Heteroptera	Ku, Mi, Pe, Li, Ly.	

Oodemas 		erro				Coleoptera	Ly, Ni.	

Oodemas		laysanensis			Coleoptera	Mi, Ly, Ne, Ni.	

Peridroma 		chersotoides			Lepidoptera	Ly, Ka, Mo, Ma, Ha.	

Pseudeucoila 		hygrophila			Hymanoptera	Ly, Oa, Ha.

Scaptomyza 		cnecosoma			Diptera		Ly, Oa.	

Scatella 			hawaiiensis			Diptera		Ly, Ka, Oa, Mo, La, Ma, 										Ha.

Scheloribates		calcaratus			Acari		Ly, Oa.

Tachys 			oahuensis			Coleoptera	Ly, Ni, Oa, Mo.

Trigonotylus		hawaiiensis			Heteroptera	Ly, Ni, Ka, Oa, La, Ma, 										Ha.

Trionymus		insularis				Homoptera	Pe, Li, Ly, Ka, Oa, Mo, 										Ma, Ha.

Udea			dryadopa			Lepidoptera	Ly, Ka, Oa, Ma.



NOTES:  As no current assessment has been done to establish existing populations of potential candidates for reintroduction, it will be necessary to factor into the restoration plan some sort of plan to rediscover these species.  This will be costly and take considerable time.  It will also require the help of a number of specialist in taxonomy to verify species identifications.  Many of these species may be extirpated from their former range and therefore efforts to collect them may be fruitless.  Asquith, 1994 has given last date information for collections of most of the Laysan endemics and this will give an indication of what may still be out there.  The collections of the Bishop Museum has provided most of this information as well as actual collections by Asquith.  It would be logical to try and locate reintroduction candidates from the closest sources to Laysan as there is some concern as to some of the species being separate and distinct species from those on the main islands.  No genetic information to verify this is available but ongoing studies have indicated that morphologically similar species may be very different genetically.  This may not be important to the bird feeding on a caterpillar but may be of some concern to the overall evolution of the Hawaiian Islands.  This may be nit picking but we have an awesome responsibility and must be very careful when moving “species’ around.		



SUGGESTED METHODS FOR ARTHROPOD SAMPLING  ON LAYSAN ISLAND



	Collection Techniques



The following Techniques have been used successfully in previous surveys in the Hawai‘ian Islands and can be employed on Laysan Island with good results.



Pitfall traps----plastic drinking cups are buried to the soil level and filled with a preservative liquid or killing agent.  Insects  then crawl or walk into the cup and are collected.  

�Main types of insects collected:  crawling or walking insects such as ants, beetles, flightless flies, collembola, as well as spiders and mites.
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Diagram of a typical Pitfall trap

• Malaise traps----Malaise traps are tent-like traps using  netting material.  Most arthropods have a habit of going up and over any obstacle encountered.  This type of trap takes advantage of this  behavior.  Large numbers of specimens can be collected  in this manner with a minimum of effort.  

There is little control of  what may come to the trap but many of the surprises are very useful.  Main types 

of insects collected:  flying beetles, flies, moths, butterflies, wasps, bees, flying ants, aphids, etc.
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Diagram of a typical Malaise trap.

•Water traps  (shallow pans)----water traps (a shallow dish of water and surfactant such as soap to promote sinking and drowning of organisms caught in the water) are placed on the ground or slightly above the ground on rocks and/or in plants.  The yellow color of the traps are an attractant for many types of invertebrates, which then hop, fly, fall, or crawl into the water.  The arthropod then sinks to the bottom and drowns.  These traps are especially effective in dry climates as the water alone is an excellent attractant.  Main types of invertebrates collected:  crawling beetles, flies, moths, wasps, bees, ants, aphids, true bugs, etc.
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							Plastic  yellow pan with preservative fluid



Diagram of a typical yellow pan trap

















•Sweep nets (Figure 4)----sweep nets are probably the most useful method for collecting insects.  This method allows for direct observation of species in association with their habitat type and host plants.



���

���



























• Beating sheets----This is a simple meter square, usually made of  white colored canvas.  It is supported by 1" x 1/2" wooden cross braces.  Insects drop onto the sheet when vegetation is beaten above the sheet.

�Main types of insects collected:  Beetles, true bugs, Lepidoptera larvae, spiders, etc.
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• Light traps----There are numerous types of light traps on the market today however the simplest and most useful one will be discussed hear.  It is comprised of a light source hung in front of a white sheet.

Insects that fly at night are confused by the strong light and become attracted to it.  The white sheet 

provided a substrate for the insect to land on and then be captured usually directly into a vile or jar.  A sweep net is also useful for larger moths.

������					     Portable generator
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COSTS FOR VARIOUS COLLECTING METHODS AND TRAPS

Type of Trap/equipment				Average cost  ea.

Malaise Trap��$150.00 - $250.00 ea.��Beating sheet��$30.00 - $60.00��Light Trap:�sheet (white)�$5.00 - $10.00���MV Bulb�$30.00 - $60.00���Rain shield�$30.00 - $60.00���cord�$5.00 - $10.00���support poles�$15 - $25.00���generator (poss. capital equipment).�$350.00 - $600.00��Water traps:�pitfall�$1.00 - $2.00���yellow pan�$2.00 - $5.00��Sweep net:�aerial�$25.00 - $75.00���aquatic�$40.00 - $85.00��COSTS FOR PROCESSING AND IDENTIFICATION BASED ON INDUSTRY STANDARD



Personnel Costs:

	Arthropod Identifications		(@ $25/hr)	#of hrs.?

	Arthropod Mounting		(@ $15hr.)	#of hrs.?

	Specimen databasing (#of specimens ?)

					(@ $20r.)	#of hrs.?

	Administrative Support		(@ $15/hr.)	#of hrs.?

Personnel Costs: cont.



	Fringe Costs (30%)



Non-Personnel Costs:



	BPBM supplies (specimen drawers, jars, vials, pins, labels, etc.) (@ cost)





				       Total Personnel Costs: 	

�

					

				Total Non-Personnel Costs:

�



					Total Direct Costs:

�



		 Indirect Costs (62.18% over all direct costs):



				              15% Museum Fee:

			�

�				            Total Project Costs:





Fee for Researcher:  $100.00/hr.

Fee for Technical Staff: $75.00/hr.
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General information on handling and germinating native Hawaiian plant taxa are provided along with specific information for eight taxa targeted for use in the Laysan Ecosystem Restoration Project.



I. Standard practices and recommendations



1. Harvesting and handling seeds

For the best results, select fresh, mature or ripe seeds.  Immature seeds are apt to be thin, light in weight, shriveled, poor in quality and short-lived.  Seeds should be cleaned before sowing and different methods are described:



Dry seeds

Place seeds and associated material on a sheet of paper or in a paper bag to air dry in a cool, dry place.  Select a strainer with holes just large enough to let the seeds pass through.  Place over a bowl and carefully rub the seed material so the seeds fall into the bowl.  Discard the empty seed capsules and debris that remains in the strainer.



Pulpy fruits

Fruit pulp should be removed before the seeds are planted to prevent spoilage.  This is easily done when the pulp is ripe and very soft-softening can be hastened by placing mature fruits in a plastic bag.  Place soft fruits in a bowl of water and gently massage by hand to separate the pulp from the seeds.  The lighter pulp and empty seeds will float to the top and can be poured off.  Fruits with larger seeds can be cleaned in a strainer under running water.  For either method be sure to discard pulp, wash seeds thoroughly, then dry on a paper towel.



2. Storage of seeds

Viability at the end of any storage period is the result of the initial viability at harvest.  The most important factors are drying the seeds as soon as possible after harvest and the low moisture content of the seed during storage.  Leaving seeds sitting out at ambient humidity and temperature conditions will result in their slow but sure loss of viability.

Fresh, cleaned seeds are easily desiccated using silica gel.  Place the seeds in paper envelopes in an airtight container with a tray of silica gel.  Reduce the moisture content to 10-25%, replacing the silica gel frequently as it absorbs moisture.  Air-tight dessicator cabinets with racks to hold the seed packages are most efficient way to store seeds at room temperature.  Keep a tray of silica gel in the bottom, and monitor the moisture content of the air in the cabinet with a hygrometer, keeping it below 25%.  The seeds can also be refrigerated, but the packages must first be placed in airtight containers with a little silica gel in the bottom.

Not all seeds can be stored, seeds of Capparis, Santalum and Pritchardia must be started fresh.



3. Pretreatment of seeds

Cold water soak: tepid water.  Seeds that sink after soaking are viable and should germinate; those that float usually are empty or contain aborted embryos and should be examined before being discarded.



4. Potting mix

All native plants in pots must have a well-drained media composed of compost, cinder, potting mix or perlite.  Different combinations of components will work, as long as the media drains readily-when you water the potted plant, the water flows through the media and does not pool.  Vermiculite and red wood conditioner are generally not recommended as amendments as they increase water retention and impede good drainage.

An excellent standard propagation media is straight black cinder or 3 parts perlite: 1 part commercial potting mix



5. Propagation



A. Seedling germination

A light, well-drained potting mix is recommended for seed sowing.  Do not add fertilizer to seedling mix.  Fill a small pot or shallow container two-thirds full with mix.  Place seeds on top and cover seeds by no more than twice their width.  Pat down firmly, then water.  Some seeds are surface sown and then watered in which allows them to sink to a desired depth.

Place the seedling containers under cover in a shaded area, out of the rain and wind.  Proper moisture conditions during germination are essential.  The mix should not dry out or remain soggy.  Germination time can vary from 1 month to as long as 2 or 3 years depending on the species.  Seeds from the same pod or fruit may germinate at different rates, some sprout quickly, others take much longer.  Keep the seedling flats for a while to give slower germinating seeds time to sprout.



B. Cuttings

Cuttings should consist of at least three nodes with one or more nodes placed below the surface of the medium.  Medium should be kept uniformly moist and never dry out.



Transplanting to 4-inch containers

Most taxa are large enough to transplant from seedling stage three months after sowing.  Sandalwood is an exception and takes much longer.  The seedling should be transplanted when two- to four-true leaves have appeared.  To avoid damaging the delicate roots, carefully reach under the plant and loosen the soil.  Gently lift the seedling cradled in your hand or transplanting tool.  Be sure to handle only the leaves, not the stem.

Set seedling in a container filled one-third full; add enough mix to cover the roots and tap down gently.  Blend in a small amount of fertilizer (balanced triple NPK - slow-release formulations gradually provide the required elements over a long period of time.  Adding micro-nutrients is also helpful).  Water thoroughly.  Keep in protected and shaded area for 2 to 3 weeks.



Transplanting to 1-gallon containers

Young plants are ready to be transplanted to a larger container when they have reached a height twice as high as the pot.  The same methods and mix described above should be used.  It is essential to use a well-drained mix.



5. Pests

Scale insects, aphids, and red spider mites can be removed by hand or by washing leaves/stems with liquid Ivory soap at a rate of 1tbs/gallon.  Ants affect roots and carry insects such as aphids that affect vegetative organs.  Controlling the ants will help reduce associated pest problems.  Root mealy bugs affect roots.  Use a soil drench of botanical insecticide at a rate of 1tbs/gallon water.  Carefully lift plant from potting mix and gently shake off excess soil.  Dip roots in pesticide solution.  Note that many native plants are very susceptible to pesticides and may be damaged by this treatment.  Coffee twig borers are difficult to control.  No treatment except to remove unaffected tip portion for vegetative propagation and destroy infested plant.

























The following table provides summary information on cleaning seeds, storage, pretreatment, and propagation method.



Species�Type�Storage�Pretreat�Propagation��Capparis sandwichiana�Pulpy�No�Cold H20�Seeds��Chenopodium oahuense�Dry�Yes�No�Seeds/Cuttings��Lepidium bidentatum var. o-waihiense�Dry�Yes�No�Seeds/Cuttings��Lipochaeta integrifolia�Dry�Yes�No�Seeds/Cuttings��Mariscus pennatiformes ssp. bryanii�Dry�Yes�No�Seeds��Pritchardia species�Pulpy�No�Cold H20�Seeds��Santalum ellipticum�Pulpy�No�Cold H20�Seeds��Solanum nelsonii�Pulpy�No�No�Seeds��



II. Specific practices and recommendations



Capparis sandwich



Pick the fruits when soft, orange, and pulpy.  The fruits can also be harvested when there is only a little bit of orange color to the skin, but ripen in a plastic bag until soft.  Fruits picked green will contain immature seeds that will not germinate.  Clean as described above for pulpy fruits.



Pretreat with a 24 hour soak in cold water.  Seeds do not store, sow immediately.  Seeds sprout in about one month, ready for planting into the ground in one year.



Chenopodium oahuense



Seeds are cleaned as above for dry seeds.  Can be stored.  No pretreatment.  Surface sow, seeds sprout in less than one month.  Fast growing and ready for planting in the ground in six months.



Easy to grow from cuttings.  Any part of the plant can be used: tips, side branches.  Remove all foliage, no hormone required, place in medium under mist.



Lepidium bidentatum var. o-waihiense



Seeds are cleaned as above for dry seeds.  Can be stored.  No pretreatment.  Surface sow, seeds sprout in less than one month.  Fast growing and ready for planting in the ground in six months.



Easy to grow from cuttings.  Any part of the plant can be used: tips, side branches.  Remove all foliage, no hormone required, place in medium under mist.



Lipochaeta integrifolia



Seeds are cleaned as above for dry seeds.  Can be stored.  No pretreatment.  Surface sow, seeds sprout in less than one month.  Fast growing and ready for planting in the ground in six months.



Best to propagate by cuttings, use green tip, 5-6 inches in length, remove all lower foliage, keeping tip and new leaves.  No hormone required, place in medium under mist.



Mariscus pennatiformes ssp. bryanii



Seeds are cleaned as above for dry seeds.  Can be stored.  No pretreatment.  Surface sow.  Seeds sprout in one to three months.

Note: birds love to pull the seedlings and young plants out of the containers.





Pritchardia species



Best to harvest fully mature, black or purple fruits since green fruits may not be mature enough to germinate.  If green fruits are harvested, place in a plastic bag to ripen and darken.  If fruits do not turn color, discard since the seeds are not developed enough and will not sprout.  Remove softened, ripened pulp with a knife.



Pretreat with a 24 hour soak in cold water.  Discard any fruits that float after soaking.  Seeds germinate in one month if pretreated; take up to three months to sprout if no pretreatment.

Plants grow quickly and are ready for planting into the ground in one year.



Santalum ellipticum



Best to let fruits ripen on the plant and harvest when fruits have turned color.  Clean as described above for pulpy fruits.  Pretreat with a 24 hour soak in cold water.  Seeds are slow to sprout taking 3-6 months if pretreated and up to one year if no pretreatment.  Apply chelated iron solution to plants when leaves yellow.  Slow growing, may take 3-4 years before healthy and large enough to outplant as1-gallon-pot-size plant.



Solanum nelsonii



Seeds are cleaned as above for pulpy fruits seeds.  Can be stored.  No pretreatment.  Plant seeds about 1/8th inch deep or no deeper than the width of the seed.  Sprouts in less than one month.  Seedlings ready to plant in ground in one year.



Easy to grow from cuttings.  Use green tip, 5-6 inches in length, remove all lower foliage, keeping tip and new leaves.  No hormone required, place in medium under mist.  Cuttings ready to plant in ground in six months.
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LAYSAN PLANT RESTORATION
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30 May 1998





In recent years, the USFWS has launched a program to control weeds on the remote island of Laysan, and now they are considering the feasibility of initiating work to restore native vegetation in selected areas throughout the island.  In this report, I have attempted to provide useful background information and recommendations for consideration by the USFWS in planning a major plant restoration effort on Laysan Island.  I have responded to the information requested in the agreement between Bill Garnett and Dr. Marie Morin, dated 26 April 1998 - specifically rough designs for a temporary greenhouse, on-site water catchment and irrigation system, estimates of staffing and personnel costs, material lists, and possible sources for materials needed.  In addition, I have provided a brief discussion of options for ex-situ propagation and field testing of planting techniques and systems.  This may be the most practical way to develop and test the methods and systems to be used on Laysan.  The main purpose of this report is to present different options and stimulate discussion.  If needed, I will be happy to help provide additional information and assistance to pursue the chosen options further.



1. Rough design for temporary removable green house (suitable for a remote site)

Ideally many of the plants to be replanted on Laysan can be grown from seeds sown directly in the field prior to the wet season.  However, some plants will require some kind of nursery to increase survival rates.



Key Issues for Laysan As mentioned in the agreement, the design must prevent entrapment of seabirds, land birds, and monk seals, and minimize possibility of collisions and monk seal entanglement.  In addition, it must be durable and able to withstand high winds.



Recommendations -

Germination Tent The germination of seeds and initial growing of cuttings can be set up in a standard 144 sq. ft. light colored camping tent made from commercially available "agricultural fabric".  Since the field camp already uses tents, this should not introduce any new hazards to the native wildlife.  It would probably be best to locate the germination tent within the field camp, so the plants can be attended daily and any weather problems will be detected and fixed quickly.



The germination tent will need to be equipped with three 2'X8' plastic nursery benches and up to 15 plastic sweater boxes to germinate seeds in.  As the seeds germinate, the seedlings are grown in open trays on the benches until they are large enough to be transplanted into individual dibble tubes or out into a protected planting location.  Hand watering of these plants would require less than 30 minutes per day and would increase monitoring of their health.



This tent should be able to accommodate approximately 800-1500 plants at any one time depending on the species.  Assuming that the seeds or cuttings stay in the tent for an average of 6-8 weeks before transferring to a shade box, the germination tent could produce roughly 800 seedlings per month if full.



Shade Box Nurseries for “Grow-Out” Once the plants have been transplanted to individual containers they need to be transferred to a "shade box" to begin to harden them before planting.  Each shade box will measure 3' x 4' and will be built onto three plastic 55 gallon drums.  Each will accommodate approximately 140 ready-to-plant seedlings.  Figure I is a rough sketch of my design for one shade box, as I have been unable to find a prefab set-up that I think would work. However they should be easy to assemble using readily available materials.



The shade box frame should be made from plastic and/or metal pipe to make it easy to set up and break down.  Water storage tanks, probably 55 gallon plastic drums, are integrated into the base of the design to provide irrigation water and weight.  These will be hooked up to a bilge pump so the irrigation water can be recycled.  A hand pump can also be used as a back-up, if the bilge pump fails.  I will check into what is available from hydroponics suppliers to see if a prefab system is available.  It may be more expensive than building it from parts, but could save time.  If you think you will be using a large number of shade box set-ups, it could be used as a prototype.



The shade box covering should consist of a combination of polypropylene 60% shade cloth and translucent spun bound fabric.  This will be mounted on a frame with a special automated hinge that can be programmed to open and close in response to temperature changes.  This will allow some control over the humidity, light and heat levels in the shade box.



Seedlings should be grown in dibble type tubes or paper sleeves in 6”-8” deep plastic trays that allow recycling of irrigation run off.  Recycling irrigation water requires simple low voltage (UV) water treatment to prevent spread of waterborne pathogens.  Monitoring of the salinity of the irrigation water would also be required.  Both UV and salinity monitoring systems are available from horticultural supply companies.



Materials Required  The following lists estimate the materials required to equip the germination tent and construct the shade boxes.  Materials needed to actually germinate and grow the plants are discussed in Section 3 on propagation and out-planting techniques.  Full contact information for suppliers is in Section 7 (page A7P9).



Item�No.�Price�Source��Germination Tent�����12’ x 12’ tent�1�$900?�Omar, the Tent Maker, custom makes tents of Shieka canvas��Agricultural fabric for tent�30yds�$300�United Horticultural Supplies��Planting benches�3�$80�United Horticultural Supplies��Dibble tubes�5 cases�??�Steuwe & Sons��Dibble tube racks�10�??�Steuwe & Sons��Sweater boxes�6�??�Kilgo’s��Plastic trays�15�??�Honolulu Restaurant Supply��12 volt pump�2�$200�Kilgo’s��2 batteries and solar panel�??�??�Real Goods��Hoses & misc. garden supplies�??�$600�Eagle Hardware or Kilgo’s��

Item�No.�Price�Source��Shade Box Nursery (each)�����Plastic Pipe or Metal Pipe�? ft�$????�Irrigation Tech Corp��Shade cloth (sq. ft)�20�$100�United Horticultural Supplies��Translucent spun bound fabric (sq. ft)�20�$100�United Horticultural Supplies��Thermal sensitive hinge�2�$100�???��Plastic trays�3�$40�Honolulu Restaurant Supply��55 gallon plastic drum�3�$50�Unitek��12v irrigation pump�1�$100�Kilgo’s��Solar panel�1�??�Real Goods��Batteries�1�??�Sears��Hand pump�1�$50�Kilgo’s��Irrigation pipes�50 ft�??�Irrigation Tech Corp��UV water treatment (1 for all)�1�??�United Horticultural Supplies��Salinity meter (1 for all)�1�$50�United Horticultural Supplies��



2. Rough design for moveable onsite water catchment and irrigation



Key Issues for Laysan  Design must prevent seabirds and land birds by exclusion from accidental drowning, and minimize possibility of seabird collisions and monk seal entanglement.  The design of all structures and water tanks should be check by experienced biologists to eliminate any risks to native fauna.  Due to extreme limitations in water supply, the system should be very efficient, minimizing evaporation and reusing water to the maximum extent possible.



Recommendations  Water catchment off of all roofed structures required for staff facilities and nurse facilities should be optimized.  The yield for a good catchment system is 0.6 gallon per inch of rain per square foot of catchment surface.



Water storage alternatives range from large bladders to plastic drums.  For large amounts of water, military surplus and commercial storage bladders exist in a variety of sizes and compounds.  Polyethylene water tanks are made in Hawaii and are available in a variety of sizes up to over 2500 gallons.  These tanks are light and do not require special equipment to set up.  Plastic drums can provide transport for nursery and planting supplies.  These drums should be opaque to prevent algae growth and have sturdy, water tight, resealable lids.



If staff are present, temporary catchment tarps could be deployed when measurable rains are expected.  However, placement and removal of surface tarps may be difficult due to disturbance to nesting birds.  I expect the extensive beach flats on the north side of the island might be the best location for this approach, but it would still require careful placement to avoid disturbance to the nesting albatrosses and to be out of the range for monk seals and turtles.



Alternatively, removable "catchment sheds" could be set up in the island interior adjacent to planting areas.  These moveable "sheds" could be made from commercially available picnic canopies with gutters or simple tarp and pole structures.  Either set up would need 55 gallon drums to store the water and to provide weight to stabilize the canopy.



Irrigation of planted seedlings can best be accomplished with drip tape type products, which require very low water pressure even over long reaches and are reusable  The combination of a catchment shed and drip lines can be set up in an area where seedlings will be planted, and then relocated to another site after they get established.  This approach would minimize the need to carry water to planting areas, and probably mean that they are watered more consistently.



Rodent control is essential for many components, especially irrigation lines and seedling beds.  Rodent repellent products can prevent gnawing on critical equipment, however they need to be reapplied regularly.  These rodent repellents have no impact on wildlife, since it is just a very bitter substance.



Staffing  It would require approximately 3 person days to set up each catchment shed the first time, and 0.5 days per relocation.



Materials Required



Item�No.�Price�Source��Catchment Shed�����12v pump�1�$200�Real Goods��Solar panel�1�??�Real Goods��Battery�1�??�Sears��Pipes, valves�?�?�Drip Works or Diamond Head Sprinklers��Tarps & Poles�2�$260�Kilgo’s��Gutters�40 ft�??�Kilgo’s��55 gal drums�10?�$300�Unitek��



3. Recommendations for Developing Propagation and Out-planting Techniques



Key Issues for Laysan  The weather represents the biggest threat to a nursery on Laysan Island.  Propagation of plants on island will be challenging due to the lack of abundant fresh water and the periodic high winds.  Big storms can cause tents and temporary structures to collapse, causing potentially serious damage to the plants inside.  Long periods without rain can deplete the water supply for even very low-level irrigation, and young plants may be lost.  Propagation of plants off island is expensive due to the need to produce "clean" plants for reintroduction to Laysan.



Recommendations  The project should start with an effort to collect and grow many of the selected taxa ex situ in the main Hawaiian islands and/or an offshore island to develop the methods to be used on Laysan.  This approach will provide valuable pest and culture insights in a location where all the needed expertise is easily available.  These plants could also provide large amounts of seeds and cuttings to be used in the restoration project on Laysan, if quarantine requirements can be met.



Recommended procedures for off island (ex situ) propagation and reintroduction



Propagules (seeds, divisions and cuttings) from Laysan should be collected in the first year of the project for growing by at least one contractor.  Due to the extreme conditions, collection and packing should be carried out by an experienced horticulturist to assure maximum survival of propagules.  Seed collection of common taxa can be carried out by technicians on island for other projects.



Plants to be grown ex situ for seed production should be grown in areas where, depending on their pollination biology, out crossing with local individuals or hybridizing with non-native taxa is not possible.  Seedlings raised for reintroduction should be grown in a quarantine style green house and be screened for insect pests and virus prior to shipping.  Protocols for construction and maintenance of such facilities exist, and the highest level of plant quarantine requires use of insect proof screening, double entry doors and foot baths.



Shipment of seedlings back to Laysan will require use of sealed translucent containers and some amount of light during shipment.  These container can be used for seed germination on Laysan after transshipped plants are removed.



Early planting technique trials to determine watering requirements and effective planting techniques should be ran on one of Hawaii's less remote small offshore islands that has many of the same resident species and weather (e.g. Manana).  Other coastal restoration projects in Hawaii can provide valuable experience in which techniques are most effective (e.g. Kaena Point).



Early trials can use local stock of plant taxa found on Laysan.  They should be ran to determine:

Success of direct sowing of seeds of all desired taxa.  Treatments to try include cleaned, soaked, or pre-germinated seeds.



Survival of nursery grown individuals with a variety of water, shelter and soil amendment combinations.



Survival of direct sowing of seeds vs. outplanting seedlings.  It would also be useful to determine the minimum size seedling that can be outplanted for each taxa.



Advantages and/or drawbacks of planting lianas as a first part of successive plantings.



Location of existing natural "nurseries" and the success of transplanting seedlings from these sites to reveg sites.  Treatments to try include direct transplanting and using a "conditioning nursery bed" as an intermediate site.



Water requirements of target replanting species on a per plant basis for plants in nursery, and planted in protected and exposed treatments. (My estimate is 4 fl. oz. per seedling per dry day.)



Fertilization requirements to maximize growth and survivorship of target species.



Acceptable quarantine protocols for re-introduction of seedlings and/or rooted cuttings.  Recommend using existing international plant transfer protocols (contact USDA or HI State Agriculture for details).



Recommended procedures for propagation & planting on Laysan

On the first propagule collecting trip, identify individual plants that can be watered and fertilized to enhance seed production.  The developing seeds should be protected from finches by placing mesh bagging on pollinated inflorescences, which will hold ripe seeds until harvest.



Collection of seeds and other propagules should begin as soon as it is practical.  Initially this work should be conducted by an experienced collector, who can handle and record the handling procedures for future collectors and train the technicians.  Germination and propagation work on Laysan should be based on the results of the ex situ trials described above.



Following are some guidelines for selecting out-planting sites on Laysan:



Planting should be in areas that will facilitate spread of seeds to good recruitment sites.



Protect directly sown seeds from finch predation by covering areas with row cover material weighted by sand bags.



Selected non-native plants should be killed and left standing in place with the frill and squirt (Garlon 3 or Rodeo) method.  This dying canopy will provide semi-sheltered areas for plants to grow into.



On Laysan, attempts should be made to provide some of the required organic material from chipped, composted alien plants materials gathered on site and other organic refuse.  Appropriate measures should be taken to assure that this compost is not an alien seed source.





Materials Required



Item�No.�Price�Source��Propagation & Outplanting Supplies�����Drip tape & ½ inch drip hose��$600�Drip Works or Diamond Head Sprinklers��55 gallon drums�?�$30ea�Unitek��Battery-powered valves (one per planting area or zone)�1�$40�Drip Works or Diamond Head Sprinklers��



4. Recommendations for Horticultural Staffing



Following is the minimum staffing required to set up and maintain this project for the first two years:



Literature search & expert interviews - I month by a qualified professional to document what is already known about propagating the target taxa.

Initial collection of propagation materials - 1-2 horticulturists for 3 trips of ca 3 weeks each.

Ex situ propagation and collection, including trials - 1 horticulturist for at least ¾ time for 3 years.

Prefab construction (assuming one germination tent & 3 shade boxes) - 1 tech for 2 months

Construction on Laysan (same assumptions) - 2 techs for 3-4 weeks

Propagation and outplanting on Laysan - 1 tech full-time, 1 horticulturist visiting 4x per year for ca. 3 weeks (approx. ¼ to ½ time, depending on prep required for the trips)



Since I am not familiar with USFWS salary scales, I have not provided cost estimates.  Since propagation and outplanting is a labor-intensive process, the rate of progress will be determined in large part by the level of staffing.



5.  TAXA FOR REINTRODUCTION / ENHANCEMENT





Species	Status on Laysan	Propagation	Source

		Techniques

Cenchrus agrimonioides 	Extinct	seed	Oahu

Author has experience growing Oahu plants of this species from seed.  They produced viable seeds in 24 months.



Eragrostis variabilis		seed, division	Laysan

Propagation from seeds collected on Laysan will provide adequate plants.  A good candidate for direct sowing of seeds.



Lepturus repens		seed, division	Laysan

Not difficult to propagate from seeds or division.



Sporobolus virginicus		seed, division	Laysan

Need to identify current taxa before propagation.



Cyperus laevigatus		seed, division	Laysan

Plants can be grown from seed easily.



Mariscus pennetiformis		seeds, division	Laysan ex situ

Plants grown on Oahu (ex situ) should be increased and "clean" plants should be reintroduced.



Pritchardia (remota)	Extinct	seeds	Nihoa ex situ

Pritchardia seedlings should be planted in the leaf litter and shade provided by Cocos.



Santalum ellipticum		seeds	Kaena Pt

Author has successfully propagated seedlings from the Kaena Pt population on Oahu.  Rodent predation is severe in most wild habitats.  A native "host" species (to be determined by ongoing research) should be grown with each Santalum seedling.



Chenopodium oahuense		seeds, cuttings	Laysan ex situ

This easy to grow plant can be produced by cuttings if no seed is available.  A good candidate for direct sowing of seeds in areas of historic occurrence.



Achyranthes splendens var. rotundata	seeds, cuttings	Oahu

Easy to grow.  "Clean" seedlings from Oahu population available.  Direct sowing of seeds should be attempted.



Boerhavia repens		seeds, cuttings	Laysan

This fast growing sprawling plant could be a good first choice for reclaiming blowout regions.



Sesuvium portulacastrum		seeds, cuttings	Laysan

Easy to propagate from seeds and cuttings and low water requirements.  This fast growing sprawling plant could be a good first choice for reclaiming blowout regions.



Portulaca lutea		seeds, cuttings	Laysan

Seeds can be produced in a short time span ex situ collection.  Recommend direct sowing trials.





Lepidium bidentatum var. o-waihiense	seeds	Kure, Midway

Author has grown Oahu plants from seeds and cuttings.



Capparis sandwichiana		seeds, cuttings	Pearl & Hermes*

Ex situ cultivation can produce abundant seed and or cuttings in a short period.



Tribulus cistoides		seeds	Laysan

Easily grown from seeds, a good candidate in appropriate zones for direct sowing of seeds collected on island.



Ipomea indica		seeds, cuttings	Laysan

An important colonizing species to be used in harsh exposed situations.



Ipomea pes-caprae		seeds, cuttings	Laysan

Beach stabilizer and a good candidate for direct seeding trials.



Nama sandwicensis		seeds	Laysan

Mechanical stimulation of existing soil seed bank could enhance Nama colonies.  Author has collected seeds from Oahu and Molokai populations but has yet to have measurable success with propagation.  Assuming Laysan population is stable no propagation is required.



Heliotropium curassavicum		seeds, cuttings	Laysan



Solanum nelsonii		seeds, cuttings	Laysan

Easily propagated and short lived.



Sicyos spp.		seeds, cuttings	Laysan

A good candidate to plant at the base of girdled, dead, still standing Pluchea.



Scaevola sericea		seeds, cuttings	Laysan



Lipochaeta integrifolia		seeds, cuttings	Kure



[* note from Morin and Conant: no longer occurs at Pearl & Hermes]

�6. PROPOSED WORK SCHEDULE FOR REVEGETATION EFFORTS



YEAR ONE



Review existing literature and botanical garden records for related propagation techniques and to locate any Laysan taxa in collections.

Identify one or two contract propagators to carry out germination trials and growing of collected materials.

Initial propagule collection on Laysan.

Attempt to initiate cooperative project with DOFAW to test planting and rodent control technique on Manana Island, Oahu.



YEAR TWO



Second collection of propagules for ex situ propagation.

Initiate direct seed sowing trials on Laysan and Manana.

Setup nursery on Laysan to propagate common taxa.

�7. SUPPLIERS





Irrigation supplies



Diamond Head Sprinklers

899 Waimanu St

Honolulu, M 96813

591-1122



Drip Works

380 Maple Street

Willets, CA 95490

Phone 1 800 522 3747



Irrigation Technology Corp.

Haleiwa Hawaii

Phone 637-5078





Plastic water drums



Unitek Supply

2889 Mokumoa

Honolulu, I-H

Phone 831-3066



Rainwater Resources

Honolulu

John Dehann

800 942-3626





Plastic tubs



Honolulu Restaurant Supply

Honolulu, HI

Phone 596-2040



Kilgo's

180 Sand Island Road

Honolulu, HI



Nursery/propagation tent



Omar the Tent Man

94-158 Leoole Whsle A

Honolulu, HI

Phone 677-8785



Shieka Canvas

Phone 808 638-8496

59-611 Kawoa PI.

Honolulu, HI

Green house frame, Catchment tarps and frames



Tek Supply

1440 Field of Dreams Way

Dyersville, IA 52040

1-800-835-7877



American Canvas and Awning inc.

1585a Hau St.

845-1845



Shade cloth, insect screen and agricultural row cover cloth



Green-tek

407 N. Main Street

Edgerton, WI 53534





Low Voltage pumps, fans, and solar panels



Alternative Energy Engineering

P.O. Box 339

Redway Ca. 95560-0339

Phone 800 777-6609

www.alt-energy.com





Nursery containers, dibble tube and racks



Steuwe and Sons, Inc.

2290 S Ekiger Island Drive

Corvallis, Oregon  97333-9461





Nursery supplies and potting soil



United Horticultural Supplies

96-1345 Waihona Street

Pearl City, HI

Phone 454-0041
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