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Introduction

Seed banks are critical resources for ex-situ conservation 
and biological research. They are one of the most 
prevalent and practical approaches to conserving 
resources used for habitat restoration and the 
conservation of wild species. Seed banks have also 
been considered increasingly important in preserving 
plant biodiversity, serving as repositories of genetic 
diversity (Gairola et al. 2013). Their importance has 
become increasingly significant for species in delicate, 
tropical ecosystems such as Hawai’i; where over half of 
its native flora is at risk of extirpation or extinction due 
to specific pollinator loss, habitat degradation, invasive 
species, climate change, and other anthropogenic 
impacts (Chau et al. 2019). Seed collections can also serve 
as a reference collection for phenotypic analysis and 
identification, including efforts to generate botanical 
inventories, track the movement of invasive species, 
determine the diets of birds and mammals, and identify 
the remains of plants used by humans or leftover from 
population declines (Miller et al. 2018).

Despite seed collection’s utility for research, limitations 
in terms of accessibility do exist. Travel restrictions, 
such as time and funding, might impede researchers 
from accessing seed collections for in-person visits. 
Further, many seed collections across seed banks and 
herbaria are not digitised (i.e., imaged or databased) 
or are photographed insufficiently for identification 
(Miller et al. 2019). Technological advances, such 
as Z-stacking software that can bring into focus an 
entire specimen with an increased depth of field, have 
successfully been applied to quantify morphological traits 
like size and shape (Colmer J. et al. 2020). Additionally, 
these detailed, high-resolution images can be used in 
accurately identifying species and made available online 
to researchers worldwide. 

Background

The Harold L. Lyon Arboretum is a part of the University of 
Hawai’i and a public botanical garden. Lyon Arboretum’s 
research and focus on conservation biology has led to 
the development of the Hawaiian Rare Plant Programme 
(HRPP), which consists of 3 facilities; a Micropropagation 
Lab, a Rare Plant Greenhouse, and a Seed Conservation 
Lab. The Seed Lab was founded in 1995 and is the 

repository for seed collections within the Hawaiian 
archipelago. In 2020, a curation project was started to 
image all 141 genera across 63 families currently held in 
the Lyon Arboretum Seed Lab in the hopes that it will 
be a valuable reference to researchers for identification 
and source for seed morphological data. In addition, 
we sought to: update the names in the collection to the 
current taxonomy, photograph the seeds at different 
focal planes and combine them to increase the depth of 
field, upload the images onto a newly developed website, 
SeedsOfHawaii.org, and promote the usefulness of the 
collection for identification and morphological research. 

Nomenclatural updates and collection 
organisation

The Lyon Arboretum Seed Conservation Lab houses 
its 29 million seed collection in full-size freezers for 
orthodox seeds and refrigerators for freeze-sensitive 
seeds. To guarantee the taxonomy of our collection was 
updated to the currently accepted nomenclature, we 
used the Smithsonian’s Flora of the Hawaiian Islands to 
standardise and update our list of scientific plant names. 
The metadata associated with new additions to the 
collection will be maintained in an Excel spreadsheet and 
backed up on Lyon’s servers, intending to add this data to 
a relational database in the future.

To increase the utility of the digitised reference collection, 
we wanted to allow additional images and data to be 
uploaded to the site as our collection continues to 
diversify and grow. Having multiple accessions of the 
same taxon will better denote differences in sizes and 
shapes that might be present across natural populations. 
Additionally, to preserve the morphological integrity 
of the seeds (Nesbitt et al. 2003), we elected to image 
fresher specimens from more recent collections. 
Consequently, it will serve as a better reference tool for 
collectors, researchers, and field botanists. Once the 
inventory sheet was generated, and specimens from 
each taxon were chosen, the seeds were pulled from 
storage alphabetically by genus. The seeds are housed in 
hermetically sealed aluminium foil packets with archival 
quality label tape denoting species name, accession 
number, and storage code that indicates frozen or 
refrigerated (Figure 1a and b). 
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Figure 1. (a) Various species are organised alphabetically in 
the freezer at -18°C in labelled containers containing the foil 
packets. (b) Dubautia arborea in an aluminium foil packet that is 
hermetically sealed and stored in a freezer. Photo: Jaclyn Harvey

Figure 2. The equipment used in the imaging process. (a) The 
Olympus SZ-61 Stereo Zoom Microscope enhances the fine detail 
of the individual species. (b) The MiniVID Microscope Digital 
Camera with microscope adaptor captured the images of the 
seeds. (c) The complete setup with the MiniVID mounted within 
the right ocular lens of the Olympus increases the resolution and 
allows for digital viewing. Photo: Jaclyn Harvey 

Seed photography

To improve the visibility of the Lyon Arboretum Seed 
Lab and to make its resources available to researchers 
worldwide, we photographed seeds that best 
represented each taxon from our entire collection. 
To observe the seeds in detail, an Olympus SZ-61 
Stereo Zoom Microscope with a magnification range of 
6.7x - 45x with 100-120/220-240V~ 0.15/0.1A 50/60Hz 
was utilised (Figure 2a). In addition, an LW Scientific 
MiniVID Microscope Digital Camera with a fixed 
microscope adaptor was used for photographing the 
seeds (Figure 2b). The camera has a mounting size of 
23.2-30 mm (C-Mount, ocular tube) and fits a size 3 USB, 
DC 5V 900mA, with a sensor size of 5.1MP ½.5” APTINA 
CMOS. The camera is plugged into a laptop through 
USB and replaces the right ocular lens of the microscope 
(Figure 2c).

The programme Toupview, a camera control software 
that allows the adjustment of each image through 
white balance, exposure, and colour adjustment, was 
used to capture images of the seeds. First, a range of 
photos, about 3-6 per specimen, were taken to capture 
different focal points of the seed. Next, Adobe Photoshop 
combined these images on the Z-plane, creating one 
Z-stacked image with greater depth of field and bringing 
the whole seed into focus. Additionally, a scale bar 
computed by the software was included in the photos. 
Finally, Adobe Lightroom was utilised to “clean up” the 
images. Through the manipulation of contrast, exposure, 
saturation, highlights, white balance, texture, clarity, 
and the removal of any chromatic aberration, Lightroom 
creates high-quality, detailed images of each species.

The morphological variety of the seeds was captured in 
three images for each specimen, including a “close-up” 
image of an individual seed; typically, a white background 
was used to get detailed pictures of the seed edges 

Figure 3. Examples of Wikstromeia villosa seed photographs. 
(a) Close-up, (b) dorsal/ventral or proximal/distal, and (c) cluster 
arrangement. Photo: Jaclyn Harvey

(Figure 3a). A black or purple velvet background was 
occasionally used if images on the white background 
caused distortions of the image. Another image displays 
the seeds from two sides, either “dorsal/ventral” or 
“proximal/distal” (Figure 3b). The third “cluster” image 
highlights the colour, size, or texture variations among 
multiple seeds of the same species (Figure 3c). The final 
images are exported from Lightroom as JPEG and TIF files.
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overall access. Photos are easy to share with distant 
researchers and provide data on the seed’s general 
morphology (colour, size, shape). With technological 
advances, like Z-stacking capabilities, images can capture 
the three-dimensional nature and encompass the entire 
seed in focus. Consequently, seed banks that digitise 
their collections through modern imagery can expand 
their utility and use for reference farther than physical 
collections. The process of imaging the Lyon Arboretum 
Seed Lab collection was a unique experience for the 
staff and students involved. We were able to accomplish 
this project economically, without the use of expensive 
microscopes and cameras. Therefore, we strongly 
urge other seed banks to increase the visibility of their 
collection through imaging and online availability. 
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Uploading images to Seeds of Hawai’i

The Lyon Arboretum website is a datahub for information 
regarding plant conservation and gardens affiliated with 
the University of Hawaii at Mānoa. We are currently in 
the process of uploading all the images of the taxa onto 
the Seeds of Hawai’i website, an extension of the Lyon 
Arboretum site. In doing so, we will make our collection 
available to off-site researchers and digitally preserve the 
morphological characteristics of the specimens. The Seed 
Lab collection images will be located under the ‘Research 
and Conservation’ tab on the Lyon Arboretum home 
screen (manoa.hawaii.edu), in a subtab titled ‘Seeds of 
Hawai’i’ (seedsofhawaii.org). The user interface will be 
organised alphabetically by family, then genus, with a 
search bar allowing users to search by family, genus, 
Hawaiian name, island, or federal listing. The individual 
species page will have all three images of the seed, a 
table with associated morphological data (e.g., size and 
shape), and a Hawai’i map highlighting the distribution of 
that species across the archipelago. We aim to continue 
promoting our collection’s digital use as a reference 
for the most extensive morphological database of 
Hawaiian seeds.

Conclusion

There is a strong connection between seed morphology 
and storage behaviour within a seed bank, with the 
majority of seed banks having tiny seeds. Seeds of 
species that are larger, frequently long or flat, and often 
have hairs or awns are, more often, underrepresented 
in seed banks due to their short-lived or recalcitrant 
nature (Thompson 1987). However, some species have 
orthodox storage behaviour (i.e., storable at -18°C) 
and are greater in size than the average seeds held in 
the Lyon Arboretum Seed Lab. These genera include 
Mucuna, Mezoneuron, Canavalia, Sicyos, and Zanthoxylum. 
We could not use our microscopy techniques to image 
the species in these genera due to size limitations under 
the dissecting scope. Instead, macro-photography with 
a Nikon-D850 DSLR camera and overhead stand will be 
used to capture images of these species. These images 
will be uploaded to the database after the microscopy 
images are all finalised on the Seeds of Hawai’i site.  

Seed collections are instrumental as a reference collection 
for identification. Unfortunately, many researchers 
might not be able to access physical collections due to 
travel costs. These limitations are especially the case in 
Hawai’i, one of the most remote archipelagos on Earth. 
Given these restraints, seed banks are challenged with 
creating broader access to their collection. Therefore, 
having visual representations, such as images, of 
seeds in a digital database can significantly enhance 
the research value of the collection by broadening its 


