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Appendix B.1 
Seed Ownership, Memorandum of Understanding (MoU) sample 

 
 

Memorandum of Understanding (MoU)  
between the Maui Nui Botanical Gardens (MNBG) 

and ________(Partner)__________ 
 
 
Purpose 
 
The purpose of this Memorandum of Understanding (MoU) is to promote effective communication between us. 
This MoU is not a binding agreement or contract but is intended to explain a plan for seed stored by MNBG, clearly 
documented for future reference. The seed stored by MNBG is owned by __(Partner)__. __(Partner)__ chooses 
the purpose, use and release of their seed stored by MNBG.  
 
Mutual Interest and Benefit 
 
MNBG and __(Partner)__ have a joint interest in conservation and restoration of native species and their habitats. 
Native plant communities provide habitat for native fauna. MNBG will facilitate projects important to 
__(Partner)__. MNBG will safeguard __(Partner)__ target species, ensuring biodiversity within a variety of habitats 
on lands important to __(Partner)__. Such species may be Naio (Myoporum sandwicense) against the Naio thrip 
and ʻŌhiʻa (Metrosideros sp.) against Rapid ʻŌhiʻa Death (ROD). 
 
Maui Nui Botanical Gardens  
 
The MNBG Seed Bank was established to share a role in conservation, restoration and protection of native species 
and their ecosystems by safeguarding seed and other ex-situ aspects of plant conservation. MNBG is managed as a 
non-profit. MNBG seed collection and seed processing protocol is in accordance with standards used at Lyon 
Arboretum. https://manoa.hawaii.edu/lyon/research/hrpp/ 
 
Coordination of Seed Storage 
MNBG oversees activities related to seeds storage (including processing, accessioning, viability testing, drying, 
packaging, and monitoring collections. MNBG coordinates these collections by providing collection and post-
harvest handling protocols, as well as recommendations for re-collection intervals.  These services are at no cost to 
__(Partner)__. 
 
Seed Bank Partnership 
Maui Nui Botanical Gardens, as a member of the Hawaiʻi Seed Bank Partnership, protects seed in a secure location 
for future use. http://laukahi.org/hawaii-seed-bank-partnership/ 
 
Rapid ʻŌhiʻa Death (ROD) 
As a precaution to defend against extinction, MNBG preserves ʻŌhiʻa (Metrosideros polymorpha) seed as a partner 
in the ROD statewide seed banking initiative led by Laukahi Network. Some  of the ʻŌhiʻa seed processed by MNBG 
is stored at Lyon Arboretum for a duplicate place of safe storage, unless otherwise specified by __(Partner)__. 
http://laukahi.org/ohia/ 
 
Target Species for the MNBG Seed Bank 
MNBG priority is to store wild collected seed (seed from a plant not grown by a person). MNBG stores seed from 
cultivated or outplanted plants if that is helpful to Pūlama Lānaʻi projects, yet the best genetic diversity usually 
occurs in natural populations.  
MNBG kuleana is coastal areas, as well as wild ʻŌhiʻa seed from any environment. MNBG stores native Hawaiian 
seed from the four islands of Maui Nui (Maui, Molokaʻi, Lānaʻi and Kahoʻolawe). 
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Permit 
MNBG holds a Natural Area Reserve, Rare Plant, and Native Invertebrate Research Permit from the Department of 
Land and Natural Resources. This permit allows MNBG to collect federally listed threatened and endangered 
species located in Maui County, with permission from the landowner. 
 
(Partner)________________ 
 
__(Partner)__ may choose to facilitate this collaboration by collecting their own seed to be given to MNBG for 
seed storage. __(Partner)__ and MNBG will periodically assess this collaboration. 
 
In Closing 
 
Any revision, modification or termination will be given in writing. Nothing in this MoU shall be construed as giving 
any type of exclusive arrangements to the exclusion of other groups or organizations. Nothing in this MoU shall 
create a contract of employment. Neither party shall be authorized to act in the name of or on behalf of the other. 
This is neither a fiscal nor a funds-obligated document. Nothing in this MoU shall be construed as obligating either 
party to extend funds or other resources, nor incur any obligation in the present or future. 
 
Signed 
 
In the spirit of cooperation, we the undersigned have read and agree with this Memorandum of Understanding. 
 
 
 
 
 
 
 
 
 
 
 

_________________________________ date_________ 
 
_____________________ 
Executive Director 
Maui Nui Botanical Gardens 
150 Kanaloa Ave., Kahului, HI 96732 
Tel (808) 249-2798 ext 205 
tamara@mnbg.org 

_________________________________ date_________ 
 
Partner Representative 
Title 
Name of Organization 
Address 
Telephone/Cell 
Email address 
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Appendix B.2 
Germination Estimate Protocol 

 
Maui County Rapid ʻŌhiʻa Death (ROD) Resistance Program 
 
Prepare pots & media 

1. Use new or clean 2” or 3” compots (# of pots = # of accessions to test x 2 reps) 
2. Fill about ¾ of pots with well drained potting mix (e.g. 1:1 soil & cinders) 
3. Top with a layer of sterile sphagnum moss 

a. Cut/chop up sphagnum to make transplanting easier later 
b. Saturate sphagnum to prepare pots 

4. Make sure the layer is thin (just enough to fully cover the surface), but complete (no potting mix showing 
through), and press the sphagnum down a bit to make the surface fairly even, to avoid deep (relative to 
seeds) crevices in the moss 

 
Sow ʻōhiʻa seeds 

1. Count out 2 reps of 100 seeds per accession to be tested 
2. Prepare 2 pots per accession, label each pot with: 

a. MNBG seed bank accession number 
b. Species/variety code (e.g. MetPolGla) 
c. Seed zone (e.g. MA-05) 
d. Date seeds sown 

3. Mist/spray sphagnum with water again if not already moist 
4. Sow 100 seeds per pot (1 rep per pot) 
5. Use insect forceps to place seeds on sphagnum, spread them out so seeds aren’t touching each other (do 

not sprinkle seeds, as they can clump) 
6. Mist/spray from above to water the seeds into the sphagnum 

 
Run germination test 

1. Keep sphagnum and soil consistently moist, using sub-irrigation (placing bottom of pots in trays of 
standing water) or by placing pots on mist bench 

2. Allow germination tests to run for 60 days 
3. Check pots regularly to ensure even moisture and watch for any problems 

 
Conclude germination test 

1. At 60 days, count the total number of seedlings germinated per individual pot 
2. Record the % germination for each rep/pot 
3. Calculate the average % germination between the two reps/pots per accession 

 
Potting the seedlings 

1. When seedlings have 4 true leaves, they are ready to up-pot; before this they can be sensitive to being 
handled 

2. Use insect forceps to grasp seedlings by the base of the stem and/or the rooted piece of sphagnum, and 
transfer seedlings into dibble tubes 

3. Also transfer plant tags to dibble rack and add more plant tags as needed 



Appendix B.3 
Procedure for Re-Packaging Frozen Seeds for Transport 

 
 

To mitigate freeze/thaw/freeze destruction (swelling/bursting of seed ovary), while being mailed 
interisland and then stored in Hilo, the decision was made for Hilo to store the seed in the 
refrigerator (not the freezer) once the seed arrived. 
 
Most important is to limit moisture entering previously dried seeds. 
Turn on de-humidifier, in addition to air-conditioner. 
No need to weigh or count anything. Door to freezer will be opened and closed a lot. 
 
Steps:  
1. 
Pull out one clipped package from freezer.  Do one at a time so the other packages stay frozen. 
Note the accession number on the label (7 digits). Choose an empty origami package. Write this 
accession# (with pencil only) onto the empty origami package. 
Open that empty origami on top of a tray, to prepare for receiving 1/8 teaspoon of seed. 
 
2.  
Cut open the closed foil packet. It will need to be resealed, so cut as little as necessary. 
Some foil packets have been opened many times and are too tiny to reseal. See ‘Note b’ (above) if 
this is the case.  
 
Once the foil packet is open, moisture is now entering the packet, and seeds. Remove the origami 
inside (with seed) and place on a tray separate from the tray with opened, empty origami.  
 
Open up the origami with seed. Measure out 1/8 teaspoon of seed. Place this measured seed onto 
the empty origami.  Stop. 
First priority is to do the next step as soon as possible, so that no more moisture gets into the seed 
that will be refrozen.  
 
3. 
Refold the origami with the remaining (original) seed. Replace that origami package into foil packet. 
Iron closed the foil packet about ¼ inch from the edge, gently pressing out air as you go (not too 
hard so that seeds are not harmed). Replace this seed packet back into freezer. 
 
4. 
Second priority is this step, for the seed going into the refrigerator. Fold up the origami with 1/8 
teaspoon of seed. Put this origami into the new (open) foil packet. Iron closed (about ¼” edge of) 
the foil packet. Place this package into the refrigerator. 
     
 
Note – Issues that might come up are listed on the ʻNotesʻ page.       
 



Appendix B.3.1 
Determine Amount of Seed for Re-Packaging 

 
 
Determine the amount of seed to send to the ʻŌhiʻa Disease Resistance Program (ʻŌDRP)  
in Hilo for Rapid ʻŌhiʻa Death (ROD) disease testing.                                          
 
The Goal 
 
According to the ʻŌhiʻa Disease Resistance Program (ʻŌDRP) workflow chart: 
Grow 80 seedlings to have 40 plants of inoculation size (6mm dia.) 
Math: Use 5% germination rate (5 seedlings per 100 seeds). 
Mail to Hilo ʻŌDRP, 1,700 seeds (1700 seeds @ 5% germ. rate = 85 seedlings). 
 
 
Method 
 
Use weight of 0.0074642 grams per 100 seeds.   
 Note: This weight determined from averaging 12 accessions collected in Waikamoi, 
Haleakalā National Park, Maui, on March 02, 2024 (accession numbers 2024006-2024017). 
 
Average weight for 1,700 seeds equals 0.1268914 grams (0.0074642 times 17 = 0.1268914). 
 
Volume used for 1,700 seeds was 1/8 of a teaspoon.  
 Note: Using volume to measure frozen seeds was quicker than weighing seeds.  

             Speed mitigated the thawing of seed. 
  

 Calculation: Accession #2024010 was used to determine volume.   
Its volume: 1,875 seeds measured 1/8 teaspoon  
Its weight: 0.00970 grams per 100 seeds 
The weight of this seed is larger than the average seed. A larger weight usually 
results in a larger seed. A larger seed takes up more volume than a smaller seed.  
 
Note: A 1/8 teaspoon measurement with smaller seeds would yield more seeds 
than the target 1,700 seeds. 

 



Appendix B.3.2 
Packaging Small Seed – Origami 

 
 

Origami folding directions.  
Best not to use tape, small seeds tend to find it, near impossible to remove the seeds from tape. 

 



Appendix B.4.1 
Timeline – Participant Correspondence 

 
 
Trip Leader to do: 
 

1) Send 1st email:   
Doodle Poll with general fieldtrip info, to find dates volunteers are most available 

 
2) Send 2nd email: (long before fieldtrip): 

 
a) Date of field trip, meeting location, gear to bring, location, elevation, weather, footwear, etc. 

 
b) Fillable Release Forms 

 
c) QR Code with link to upload free KoboToolbox* app.  

Please upload before the day of the fieldtrip to ensure there is internet access for the upload.  
The app can be used off-line after loaded. 
The app is not a requirement, just best for the project. 

 
d) Let participants know more attachments will be in the next email. 

 
3) Send 3rd email:  

a) Reminder of Waiver(s) 
b) Send all other info attachments:  

Waiver and Release form(s); QR Code (with link), Sample Envelope;  
Appendix (with QR Code attached to KoboToolbox Webform);  
Color Photo Identification sheets; Both ʻOhiʻa keys (one complex, one simplified);  
Data answers for particular site; Collecting Protocol 
 

4) Send 4th email:  (Closer to date of field trip.)  
Reminder of field trip date, time and location.  
Request a response. 
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Seed Collection Protocol 
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Date: Year–Month (in letters)–Day 

_______________________Time: ______ 

Variety: (abbreviate genus/species/variety) 

Met –  ___  ___  ___ – ___  ___  ___ 
(If hybrid: Met-Pol-Gla X Inc) 

Plant # or letter(s):   ___  ___  ___ 
 
Latitude: N. _________________________ 

(any format) 

Longitude: W. _______________________ 

(any format) 

Elevation: (ft. or m.) __________________ 

GeoRefCode & Name: (if known) 

 ___  ___  ___ – _______________________ 

 
 

Notes on Location: ___________________ 

_____________________________________ 

_____________________________________ 
 

Collector Name(s):  ___________________ 

_____________________________________ 
 
Lehua Color:  ________ 
 
 

https://histategis.maps.arcgis.com/apps/webap
pviewer/index.html?id=de12e4e512824f90b8be
4fa68ce9e9c1 

------------ (fold here to keep seeds in) -------------- 

A rubber stamp was created to pre-stamp seed 
collection envelopes before going into the field. 
This pre-stamped envelope helped seed collectors 
remember which information was needed.  
Coin Envelope #7  (3-1/2” x 6-1/2”) 
 

Appendix B.4.3 
Efficient Data Collection 

 
Pre-Stamped Seed Collection Envelope 
 

Photograph of pre-stamped seed 
collection envelope. 

Photograph of rubber stamp and ink pad. 

https://histategis.maps.arcgis.com/apps/webappviewer/index.html?id=de12e4e512824f90b8be4fa68ce9e9c1
https://histategis.maps.arcgis.com/apps/webappviewer/index.html?id=de12e4e512824f90b8be4fa68ce9e9c1
https://histategis.maps.arcgis.com/apps/webappviewer/index.html?id=de12e4e512824f90b8be4fa68ce9e9c1


Appendix B.4.4  
Field Kit Items 

 
Field Kits (colorful to find in vegetation): 
 
Place in this order, into field kit (for participants to easily follow during leaderʻs briefing): 

1) Waiver and Release form 
2) QR Code w/ Link, w/ Sample Envelope copied onto this sheet of paper 
3) Appendix w/ QR Code attached to KoboToolbox Webform 
4) ʻŌhiʻa Color Photo identification keys 
5) Both `Ohi`a keys (one complex, one simplified) stapled together 
6) Data Answers for Particular Site 
7) Protocol information 
8) Extra KoboToolbox* webforms (5 per folder) 
9) Copy of last email correspondence (so participants can review and confirm instructions). 
 
In medium sized plastic bag: 
10) Pens, colorful to find in vegetation (two each) 
11) Cup to collect seeds to buffer wind 
12) Coffee filters for seed (no plastic, or seed will rot) (6 each) 
13) Coin Envelopes (6 each) 
14) Additional medium sized plastic bags (2 each) 
 

Leader must bring: 
15) Permits 
16) Fruit Pickers (two) 
17) Orange bags with ROD cleaning kits (rubbing alcohol in spray bottle, boot brushes) 
18) GPS units (two) 
19) Extra batteries for GPS units (lithium) 
20) Gallon zip lock bags to hold packets of seeds 
21) Phone numbers of participants 
22) List of participants w/ those who 

have Waiver forms completed 
23) Extra blank Waivers 
24) Field kits for each participant 
25) Extra coffee filters, coin envelopes, 

pens, plastic bags 
 

* The webform KoboToolbox  
    was helpful, but newer 
    technology could replace 
    it, as the GPS capture  
    was irregular.  
    Pen and paper  
    was preferred. 

 
 

Minimalist 
tools to 
collect 
ʻōhiʻa seed. 

Photo credit: M.M. Chau 



Appendix B.4.5 
Hawaiian Protocol – Chant 

 
 
Have respect (haʻahaʻa).  
Chant (oli) to request entry to an area, permission for an activity.  
Have gratitude (mahalo). 
 
The chant below was offered for the activities of this project by Lonoa Hōnua a me Hālau ʻŌhiʻa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The Hawaiian language, poetic in subtleties, a word may have many meanings. 
 
The translation below is from definitions of the words found in The Hawaiian Dictionary,  
written by Mary Kawena Pukui & Samuel H. Elbert, University of Hawaiʻi Press, 1986. 
 

 
 

E Ulu Kini 
 
E ulu e, e ulu e! 

E ulu kini o Hawaiʻi (name of ʻāina) 

ʻO Kāne me Kanaloa 

Ulu aʻe kēia ʻŌhiʻa (name of plant) 

E ulu kini, e ulu e 

E ulu e, hū! hā! 
 
Mahalo e Lonoa Hōnua a me Hālau ʻŌhiʻa. 

Grow, Increase the Multitudes 
 
Enter and inspire! 

Grow, increase the multitudes of this land (name of the land) 

Honor the gods giving life, light, fresh water, the depths of the sea, and transformation 

Increase, flourish, and spread these ʻŌhiʻa  

Increase the multitudes, inspire to grow 

Inspire, Rise swell!  The stalks, the breath! 
 
With gratitude and admiration to Lonoa Hōnua a me Hālau ʻŌhiʻa. 



Appendix B.4.6 
Geographic Reference Areas 

 

   
 
https://histategis.maps.arcgis.com/apps/webappviewer/index.html?id=de12e4e512824f90b8be4fa68ce9e9c1 
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petiole 

ovate leaf 
shape 

Appendix B.4.7 
Botanical Key 

ʻŌhiʻa (Metrosideros sp.) types on Maui  

 
 
 
 
 

 

Complete Key:  (Look at the undersides of older leaves.) 
 
1. Plant is found in a forest, not an upper elevation bog .......................... 2 
1. Plant is found in an upper elevation bog ............................................... 6 

 
2. Leaf undersides are hairy ....................................................................... 3 
2. Leaf undersides are smooth/not hairy ................................................... 4 
 
3. Leaf edges are flat ............................................ M. polymorpha var. incana  (common) 
3. Leaf edges are revolute (rolled under) ..... M. polymorpha var. polymorpha (common) 
 
4. Leaves have acute tips (<90 degrees) and long red petioles ... M. waialeale var. fauriei 
4. Not as above .......................................................................................... 5 

 
5. Leaves are large and broadly ovate .... M. polymorpha var. macrophylla 
5. Not as above ......................................... M. polymorpha var. glaberrima (common) 
 
6. Leaves are small (10-15mm long), leaf undersides are hairy, leaf edges are revolute (rolled under),  
     leaves lack petioles, and plant is found in bog near summit of West Maui ... M. polymorpha var. pseudorugosa 
 
6. Leaf edges are slightly rolled under, leaves have petioles, leaf undersides may be hairy or smooth/ 
     not hairy, and plant is found in a bog at upper elevations of East or West Maui ... M. polymorpha var. pumila 
 
Common varieties: 

 
Metrosideros polymorpha var. glaberrima is found on all main Hawaiian islands. New leaves can be hairy, but hairs  
fall off and older leaves are glabrous (no hair, smooth). The margins of the leaves are flat and new leaves are often  
very colorful (liko). 
 
Metrosideros polymorpha var. incana is found on Oʻahu, Molokaʻi, Maui, Lānaʻi and Hawaiʻi Island. More common  
in low elevations, it has flat leaf margins and short hairs on the underside of the leaves. Hybrids with Metrosideros 
polymorpha var. glaberrima are common. These have hair that can be easily scraped off the undersides of the leaves. 
 
Metrosideros polymorpha var. polymorpha is found on Oʻahu,  Molokaʻi, Maui, Lānaʻi and Hawaiʻi.  
The margins of the leaves are rolled (revolute), and the undersides have light-colored woolly hair. 

 

Less common varities: 
 

Metrosideros waialeale var. faurei is found at upper elevations only on Maui, Molokaʻi and Lānaʻi. New leaf buds are large  
and pointed. The long, pointed leaves are glabrous (no hair) and the margins are flat. Petioles are usually reddish color. 
 
Metrosideros polymorpha var. macrophylla is a cryptic taxon reported from Maui and Hawaiʻi Island. Like Metrosideros 
polymorpha var. glaberrima, variety macrophylla has flat leaf margins and no hair on the undersides of the older leaves. 
However, the broad leaf shape and relatively large capsules and other plant parts distinguish this variety. 

 

Uncommon varieties (only found in bogs): 
 

Metrosideros polymorpha var. pumila is found in upper-elevation bogs on Kauaʻi, Oʻahu, Maui and Molokaʻi.  
The margins of the leaves are slightly rolled under and the undersides can be glabrous (no hair), or hairy. Plants on  
Molokaʻi have been observed to be glabrous. This ʻŌhiʻa is a shrub or small tree and the leaves have a distinct petiole. 
 
Metrosideros polymorpha var. pseudorugosa is found only in summit areas of West Maui. It is a shrub or small tree  
and has very small leaves (10-15mm). The margins of the leaves are rolled (revolute) and the undersides are hairy. 

revolute 

revolute  
leaf edge 

flat leaf 
edge 

Quick Key for common varieties: (Look at the undersides of older leaves.) 

Leaf undersides smooth/not hairy, edges flat = M. polymorpha var. glaberrima 

Leaf undersides hairy, edges flat = M. polymorpha var. incana (unless hairs are rubbed off easily) 
If so, then itʻs a hybrid M. polymorpha var. glaberrima x incana 

Leaf with wooly hair, edges revolute (rolled under) = M. polymorpha var. polymorpha 
 

(Key updated 2022-Aug-09. Compiled by Marian Chau and Cathy Davenport. 
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Botanical Photographic Key 
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Appendix B.4.9 
Rainfall Zones 

 
 
 
 

 

Mean Annual Rainfall Hawaiian Islands of Maui, Molokaʻi and Lānaʻi. 
2013 Rainfall Atlas of Hawaiʻi, Department of Geography, University of Hawaiʻi at Mānoa 
(Islands not to scale.) 

West Maui (Mauna Kahālāwai) 
East Maui  
(Haleakalā) 

East Molokaʻi 

Lānaʻi 
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Lāhaina ʻŌhiʻa Tree Reservation Form 

 
 

 



 
Appendix C.2 

Lāhaina Responses 
(page 1 of 2) 

 
Heather and her Great Uncle collected wild ʻŌhiʻa seed from the Lāhaina area for years. He taught her how  

to grow the seed, a difficult seed to germinate. Heather, friends and family saved 150+ pots of ʻOhiʻa trees and  
seedlings from the Lāhaina Fire. Heather donated the trees to the Lāhaina area people to raise their spirits. 

 

 



 
Appendix C.2 – Lāhaina Responses 

(page 2 of 2) 
 

 



Source: Pamai Tenn Collection - Maddy Lam composed this song for Kahauanu Lake, 
as a gift to Maiki Aiu. This was first danced by April Peeples Chock and presented as a 
hoʻokupu to Maiki. She loved the mele and it became the signature song of her halau. 
This mele compares a sweetheart to the beautiful ʻāhihi blossom. The ʻāhihi, a low 
spreading shrub-like bush with a twisted trunk (Metrosiderous) is a form of lehua. 
Lanihuli is the peak west of the Nuʻuanu pali gap where the ʻāhihi grows profusely. 
https://www.huapala.org/Pua/Pua_Ahihi.html 
 
Lanihuli (2,760 feet elevation, 841 meters) in the Koʻolau (windward) Range. 

Me ʻoe ka ʻanoʻi e ka ʻāhihi 
Ka lei milikaʻa a kaʻu aloha 
 
He aloha makamae kai hiki mai 
He ʻala honehone i ka puʻuwai 
 
He waiwai ʻoe i kaʻu ʻike 
Ua kehakeha i luna aʻo Lanihuli 
 
Huli mai nō ʻoe ʻolu kāua 
I mehana hoʻi au aʻi ko poli 
 
Haʻina ka puana no kuʻu lei 
Ka pua ʻāhihi aʻo Lanihuli 
 

With you is my desire, o ʻāhihi 
The lei caressed over and over by my love 
 
It is a precious love, that comes to me 
A fragrance teasing the heart 
 
You are of great value in my sight 
High above Lanihuli 
 
Turn to me, let us comfort one another 
Let me be warmed by your bosom 
 
The story is told for my lei 
The ʻāhihi blossom of Lanihuli 

PUA ʻĀHIHI 

Appendix D.1 
Pua ʻĀhihi Mele 
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