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Abstract 

The ability to accurately identify many tropical plant species is a skill that is restricted to 

small number of taxonomists and experts. Taxonomy as a science is being overshadowed by 

the increase in the popularity in molecular and genetic plant sciences research which now 

attracts the largest share of skills and financial investment in plant sciences. The resulting gap 

in plant identification skills is having a detrimental effect on conservation and ecology where 

the ability to identify plant species is key to species and habitat conservation strategies.  

In order to bridge this gap, plant identification tools are required that will enable non 

taxonomists to conduct comprehensive taxonomic surveys throughout the tropics. Generation 

of these tools requires good diagnostic photographs to support or replace the botanical 

terminology used in traditional identification guides. However, a lack of good quality living 

plant images of many plant species found in the tropics has resulted in need for alternative 

options being sought.  

This project focuses on the generation of a variety of identification tools illustrated with 

digitized herbarium specimen images, and to assess if this digital resource can be successfully 

used to overcome the dearth of good quality living plant photographs.  
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Chapter 1 

Introduction & Objectives   

Plant identification guides traditionally use dichotomous keys and plant descriptions in 

technical botanical language and, if illustrated at all, use illustrations or photographs of living 

plants to aid identification. In tropical central Africa where many of the plant species are not 

well known good diagnostic photographs of many species are not available. Therefore a 

different approach to generating and illustrating identification tools is required and the 

opportunity to tackle this task from a novel perspective is proffered. 

Historically herbarium specimens have been used to aid and confirm species identification of 

new collections as well as unnamed specimens and it is common practice for much of the 

taxonomic work of identification and determination of specimens to take place in herbaria 

where this resource is readily available. In recent years the botanical community have been 

putting in a tremendous effort to digitize their collections and there is a continuous generation 

of a large number of good quality herbarium specimen images available to download via the 

internet.   

Data-basing collection data and digitally imaging herbarium specimens then making them 

available online has meant that taxonomists no longer need to be in a herbarium to make use 

of this resource. This project explores the feasibility and evaluates the potential of using these 

easily accessible, high resolution images of herbarium specimens to illustrate identification 

tools.  

It is important that we utilise the resources we already have to maximise the potential of our 

vast herbarium collections and increase the potential of our new and increasing digital 

resources. If tools can be developed that successfully use digitized herbarium specimen 

images to enable ecologists, forestry workers, biological science students and parataxonmists 

in areas such as the Sangha Trinational area to easily identify plants to species level, we can 

begin to break down the barriers that prevent non-taxonomists from contributing to 

environmental and conservation work due to lack of plant identification skills. What is more, 

we will be broadening and increasing the value of the herbarium collections by expanding 

their potential use as a resource for non-taxonomists or specialists, currently not utilised due 

to difficulty of access to, or the ability to interpret the data contained in herbarium specimens. 

Most importantly, by utilising the ever increasing number of digitized herbarium specimens 
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to generate these tools we can begin to fill the gap left by a lack of good quality living plant 

photographic data available to create effective visual aids to plant identification.  

The Sangha Trinational area bordering the Sangha River is a protected area complex 

encompassing national parks and reserves, and is located where Cameroon, Central African 

Republic and the Republic of Congo meet. The Sangha Trinational area extends to more than 

4.5 million hectares (WWF, 2012; STN, 2012) and consists mainly of lowland tropical terra 

firma rainforest, seasonally flooded forests, savanna and river habitats.  

Flora treatments of the area are lacking. The Flore du Cameroun section on Zingiberaceae 

(Koechlin, 1965) was published in 1965 and there is no Flora available for the Central 

African Republic or Republic of Congo. Consequently there is a lack of publications to aid 

plant identification in this region. There have been some recent publications, a checklist of 

vascular plants of Dzanga-Sangha Reserve (Harris, 2002) and some books concentrating on 

the trees of the Sangha Trinational area (Harris et al., 2008; Harris et al., 2011), but there are 

currently no identification guides for many of the other vascular plants in this area.  

Aframomum Schumann (1904) is a genus of the Zingiberaceae family endemic to Africa. The 

genus consists of approximately 80 species of giant herbs of which 14 species are to be found 

in the forests, clearings, savanna and waterways of the Sangha Trinational area (Harris, 

2002).  

Aframomum can be a difficult genus to identify in the field and in the herbarium; the 

inflorescence of many species emerges directly from the ground some distance away from the 

leafy stalk. In localities where several species occur, it can be difficult to ascertain which 

inflorescences and infructescences belong to which leaf shoots and consequently some 

herbarium collections in the past have consisted of mixed specimens (Lock & Hall, 1973). 

Flowers and fruits of the same plant can rarely be collected at the same time and the plants 

are so large that specimens are frequently incomplete, with many specimens consisting of 

only parts of the leaf stem, leaves, rhizome, inflorescence, or fruits. Flowers in the genus are 

very delicate and many floral characters are not preserved well in dried specimens (Lock & 

Hall, 1973). Consequently the use of herbarium specimens to aid and confirm identification 

of species of Aframomum is far from straightforward and there are many potential pitfalls that 

may jeopardize successful species identification.  
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The aim of this project is to generate user friendly tools to identify species of Aframomum 

found in the Sangha Trinational area in central Africa.  

It is hoped that once successful formats for these tools have been generated they can be easily 

and efficiently developed further to include all taxa of a given area, or in a specific taxonomic 

group. 

The genus Aframomum is currently under revision by Dr D. J. Harris at the Royal Botanic 

Gardens Edinburgh and much of the taxonomic data and specimens used for this project are 

courtesy of Dr Harris. 
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Chapter 2:  

Background:  Identification Tools & e-taxonomy 

Globally we are facing a biodiversity crisis. According to the IUCN human activity is having 

an increasingly negative impact on species diversity and plant and animal species extinction 

is occurring at an unprecedented rate (IUCN, 2012). Conservation strategies focussing on the 

prevention of plant species extinction require a comprehensive understanding of the biology 

of the plants; including their population size, extent of occurrence, reproductive capacity and 

the ecology and nature of their habitat in order to effectively evaluate the limits of individual 

species survival. Furthermore, in order to implement practical and effective botanical 

conservation strategies we must also fully understand and preserve the full range of 

biodiversity in the ecosystems that these plant species inhabit. A key skill essential to the core 

of both species and ecosystem conservation is good taxonomic knowledge and plant 

identification skills (Wheeler et al., 2004). However, many of the people living and working 

in these areas such as ecologists and forestry workers often lack this knowledge (Wheeler et 

al., 2004; Webb et al., 2010) and this skill is too often limited to a few professional 

taxonomists and specialists.  

The Darwin Initiative project “Building capacity for forest inventory in the Republic of 

Congo” identified the impediment that an inability to identify plants in this region had on the 

development of effective forest management plans (Dhetchuvi et al., 2011). In part the aims 

of the initiative were the production of identification guides, specifically for the trees of the 

region, and supporting the education of local people in plant identification skills (Harris et al., 

2008).     

Traditional methods of undertaking and presenting taxonomic research have changed very 

little over the last few hundred years (Godfray et al., 2007; Penev et al., 2012).  During field 

trips plant specimens are collected, pressed and dried and on returning home the specimens 

are mounted, labelled and stored in the herbaria of academic and research institutions such as 

universities and botanical gardens and in private collections. This process has served the 

botanical community well over the years and these herbaria now hold vast collections of 

specimens covering the biodiversity of different areas of the globe and taxonomic groups that 

have been the focus of research at these institutes over time. The collections represent not 
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only an important taxonomic reference but also an historical record of the collection and 

herbarium management techniques employed by these institutes.  

In recent years it has become a matter of priority to digitize herbarium collections by 

electronic data-basing of label and collection data and linking this to digital images of the 

specimens which can all be freely viewed and downloaded by anyone with a computer and 

access to the internet. This has been an immense step forward in the advancement in making 

taxonomic data available digitally but it does not address some of the issues of accessibility 

of this data to the wider community. Although anyone can now have access to these digital 

specimens, how to go about using them effectively is still something that lies mainly in the 

hands of trained taxonomists. Now, as we find ourselves firmly in the digital age, the 

opportunity and indeed the need to re-address the way we disseminate these taxonomic data 

and make use of the collections has become imperative (Godfray, 2002; Wheeler et al., 

2004). 

Over the last decade there have been several endeavours and initiatives to digitize and 

globalise biodiversity data. The International Plant Names Index (IPNI) is a database of plant 

names for seed plants, ferns and lycophytes and associated bibliographic literature (IPNI 

2012); Global Biodiversity Information Facility (GBIF) was set up in 2004 and aims to 

provide single point access to primary biodiversity occurrence data (Yesson et al., 2007), and 

Encyclopaedia of Life - EOL whose overall aim is to “digitize biodiversity online” (Zauner, 

2009). The International Code of Botanical Nomenclature (ICBN), now known as the 

International Code of Nomenclature for algae, fungi and plants – ICN, at their most recent 

congress in Melbourne in 2011 made some significant changes to the Code, among them, and 

for this first time, permitting electronic publication of new taxonomic names of plants, algae 

and fungi and this amendment took effect in January 2012. 

There are several proposals regarding the way that e-taxonomy for the future should be 

approached. The first and the simplest method is to electronically publish taxonomic research 

and data in the familiar formats used in printed publications such as electronically available 

journal articles and electronic books that visually resemble the printed versions (Blagoderov 

et al., 2012). Even in this most simplistic form this type of e-publishing has several distinct 

benefits over printed media. The first and most obvious advantage is the reduction of costs 

incurred in the production. With no hard copies to produce and no distribution networks to 

consider in physical terms, the production costs of taxonomic literature are greatly reduced. 
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The work produced by the researchers and the taxonomists on their own computers requires 

no special equipment and most standard word-processing software packages can produce 

presentable data that can be uploaded onto the internet in HTML or PDF format. The 

production time is also greatly reduced and works can be disseminated as soon as they are 

complete.  A complete flora of a specific geographical region takes years, even decades to 

complete. If published as an e-flora rather than a traditional print set of books then the work 

can be published as it is being created, chapter by chapter, section by section.  

Godfray has authored and co-authored several publications on his vision of the future of e-

taxonomy and he believes that monographs and revisions could become dynamic taxonomic 

works and can be uploaded and available on the internet with very little production costs and 

virtually no time delay after the work has been completed. These works could then be revised 

as soon as, or as often, as necessary and that changes in nomenclature, discovery of new 

species and changes in taxonomic status of organisms can be incorporated immediately with 

no need to wait for re-prints or new revisions to be carried out. He further states that once a 

taxonomic work has been published that updates and revisions can then become the 

responsibility of the taxonomic community as a whole rather than the just the responsibility 

of the original author (Godfray, 2002; Godfray et al., 2007). Whilst technically it is possible 

to make changes and alterations to electronically published material with very little time and 

effort in comparison to traditional paper publishing, it is hard to believe that scientists and 

researchers would simply change data in already published works without full 

acknowledgement that the work is a revision of previous work and without the preservation 

of the previous work as published. In addition, alterations made in this way to the 

nomenclature of a plant species would be contravention of the Code (McNeill et al., 2006). It 

is even harder to believe that researchers and scientists, the experts in their own fields, would 

elect for their work to be opened up to be altered and changed by wider community rather 

than retaining full responsibility for their own work. 

The simplistic approach of electronic publication of taxonomic works in the familiar formats 

used in printed publications, whilst being quick and effective, can be seen as a missed 

opportunity and many researchers feel that radical change is needed and the only way 

forward is to completely re-think how to present taxonomic research.   

In order to convey the large quantities of taxonomic information in as little space as possible 

a traditional flora of a geographical area uses many abbreviations, technical language and 
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jargon and few illustrations. Whilst this goes someway to reducing the need for the 

production of excessively large sets of books and the accompanying prohibitively expensive 

production costs, it has resulted in many taxonomic works being both physically and 

technically inaccessible to non-taxonomists. Produced electronically, there is no limit to the 

amount and type of information that can be included or linked to the taxonomic research 

presented. The advantage of this being that all the available data on a particular taxonomic 

group or area can be accessed in one place (Godfray, 2002). In addition, if we also alter the 

way in which the data are presented we can potentially open up the target audience to 

virtually anyone who is interested (Godfray, 2002; Godfray et al., 2007; Mayo et al., 2008). 

Whilst there is evidently a need to update the way in which taxonomic research is presented, 

knee-jerk reactions to make dramatic and sudden changes, if not carefully considered, may 

result in a lot of unusable and redundant projects out in cyberspace that were just not fit for 

purpose. Consequently some researchers feel that a more gentle transition between traditional 

taxonomic research presentation and complete radical change in the way taxonomy is 

presented online is more likely to have a greater chance of acceptance and success 

(Blagoderov et al., 2012).   

Taking advantage of the opportunities presented by e-publication, such as unlimited space for 

images and supporting materials and the ability for constant updating and revision, whilst still 

presenting the data in ways that are familiar to the producers and to the end users, will enable 

taxonomic literature to evolve naturally into its new environment. It is important that we look 

clearly at what we are trying to achieve, and where the opportunities that the advances in 

technology can be best directed, to create real, user-friendly and effective tools that can 

develop and evolve along with the technology and users alike. 

Recently a variety of projects and pilot studies have been undertaken to explore different 

approaches to presenting taxonomic information on the web: CATE (Creating a Taxonomic 

E-Science) piloting a peer-reviewed consensus taxonomy system on the monocot family 

Araceae; GrassBase an online grass Flora; and Solanaceae Source, a worldwide e-monograph 

of the genus Solanum. EDIT (European Distributed Institute of Taxonomy) is exploring 

software and ‘tools’ to be used by the taxonomic community to facilitate the transition from 

traditional to e-publication of taxonomic data (Mayo et al., 2008). E-Monocot is a more 

recent project that has evolved out of the lessons learnt from some of its predecessors. An 

issue that had arisen was that all taxonomists had their own systems and databases in use and 
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their data that did not necessarily transfer easily into the single database format proposed by 

projects such as CATE. The system now proposed by E-Monocot is to create a portal for a 

variety of taxonomic projects and presentation styles to be accessed through, allowing 

taxonomists to present their data in their own ways, but still providing a single point of entry 

for access to all the data on a given taxonomic group. This again is a pilot project with the 

aim of expansion to incorporate all groups of plants in the future. 

A number of e-tools are available to aid species identification, and the software to create 

these is often freely available. Lucid, Xper-2 and ActKey are interactive key builder software 

packages, all of which have versions available on the internet for free as open access. EDIT 

Scratchpads is a project that enables anyone to build biodiversity and taxonomic focussed 

websites, without the need for webpage development experience, utilizing a template system. 

Rapid Colour Guides are simple photographic identification guides that can be accessed 

online or downloaded as PDF documents and printed to be used in the field. In addition a 

number of plant identification mobile phone applications have been developed using a variety 

of different approaches and techniques. One example is Leafsnap, a North American tree 

species identification tool which utilises the mobile phone or iPad camera to take an image of 

a leaf and then searches the database for matches to reach an identification.   

Typically identification tools are illustrated with living plant photographs and the technology 

required for taking digital photographs is becoming more affordable and the quality of image 

achievable with relatively inexpensive equipment is continuously improving. However, there 

is still a lack of good quality images of living plants to adequately illustrate identification 

guides in many regions of the world. The type of images required to create good 

identification tools would ideally illustrate all of the diagnostic characters in enough detail to 

allow identification to species level. The interactive keys and other illustrated identification 

tools that have been created and are available online to date mainly use photographs of living 

plants or diagrammatic illustrations of characters. Drawings can be useful either alone or as a 

replacement when photographs are not available, but it can often be hard to translate and 

equate this information to living plant characters. When photographs are used, in many cases 

the quality and range of photographs are often not adequate to illustrate all of the diagnostic 

characters and there is often inconsistency of character illustration across the taxonomic 

group described. The issue of lack of good quality photographic images is particularly 

pertinent for many tropical plant groups. 
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This project will explore some of these tools, the option of minimally adapted traditional 

style identification tools for paper and e-publication and explore what other options are 

available to generate user-friendly, plant identification tools that can be used both by 

taxonomists and by the wider community. 
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Background: Aframomum (Zingiberaceae) 

Zingiberaceae is a pan-tropical family of large perennial herbs comprising 51-53 genera and 

c.1300 species (Harris et al., 2000; RBGE, 2012). The majority of genera are native to East 

Asia with a few found in tropical Africa and one genus in South America (MOBOT, 2012). 

Aframomum, endemic to tropical Africa, is the largest African genus with c.80 species 

currently accepted (Dhetchuvi et al., 2011).  

A recent molecular study aimed at re-classification of Zingiberaceae divided the family into 

four sub families, Zingiberoideae, Alpinioideae, Siphonochiloideae and Tamijioideae. 

Alpinioideae is further sub-divided into two main tribes Alpinieae and Riedelieae with 

Aframomum placed within the Alpinieae tribe along with 10 -16 other genera including 

Renealmia, Amomum, Alpinia and Etlingera (Kress et al., 2002). This and other recent 

phylogenetic studies have revealed Aframomum as a monophyletic group closely related to 

Amomum (Harris et al., 2000; Auvray et al., 2010) with Renealmia a likely sister clade 

(Auvray et al,. 2010). 

The diverse morphology of the genus would indicate that potentially Aframomum could have 

diverged gradually over a long period of time (Auvray et al., 2010). This theory could be 

further backed up by the broad range of habitat types and the geographic distribution across 

tropical Africa, occurring in the West-Central Guineo-Congolian regional rainforests, the 

East African montane rainforests, and in the Gulf of Guinea Islands off the east coast and in 

Madagascar in the Indian ocean (Harris et al., 2000). However, variation of ITS sequence 

data and trnL and trnF chloroplast data within the genus is very low in comparison to the 

diverse morphology of the genus (Harris et al., 2000) and inter-generic relationships are not 

clearly defined by molecular data, potentially indicating a more recent radiation. This 

“recent” radiation was estimated at 2.7 million years ago and potentially driven by 

fluctuations of Pleistocene climate change, dispersal of seeds to new and different ecological 

habitats via ingestion by large primates and different pollination syndromes exploited by the 

variation of flower types in the genus, resulting in a morphological diversity that has 

outstripped molecular variation (Harris et al., 2000).  

A more recent study was published in 2010 and by combining data from multiple genomes 

the aim was to date the diversification of the genus and to create an updated phylogeny. The 

results of their study dated speciation of Aframomum between 8.4-2.9 million years ago, 
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considerably earlier than estimated by Harris et al. in their molecular study in 2000 (Auvray 

et al., 2010). They theorized that divergence beginning during the Mid-Oligocene to Miocene 

may have continued through the Pleistocene and again postulated that ecological and climatic 

fluctuations and pollination syndromes are likely to have driven speciation events (Auvray, et 

al., 2010). 

Aframomum are primarily giant forest herbs found in a variety of forest types usually 

occurring in clearings by roadsides and by river and stream edges with only one species, A. 

alboviolaceum K.Schum., found in open savanna (Harris, 2002).  

They have alternate leaves distichously arranged on tall stems with a number of species 

having stilt roots. Individual leaf shoots arise directly from networks of underground 

rhizomes either individually or forming large clumps. The base of the leaf forms a pseudo-

petiole that sheathes the stem overlapping to form a pseudo-stem. The leaf sheaths have 

longitudinal ridges, often rounded, with some species also having transverse ridges giving a 

reticulate appearance or forming shallow or deep pits. Ligules arise from the leaf sheath and 

can be persistent or early caducous, in dried specimens the ligule can be broken off leaving 

an entire edge, deceiving the viewer as to the original shape of the ligule. A. longiligulatum 

Koechlin. has particularly long ligules, up to 6cm in length and frequently reaching all the 

way up to the next leaf node, but these are very thin, delicate and papery and often do not 

survive complete in herbarium specimens. However, it is often still possible to see the 

remnants that still extend beyond the size of the ligule in other species. The shape of the 

lamina varies from ovate, obovate, lanceolate, and parallel sided to elliptical and the apex is 

either apiculate or acuminate. The base of the leaves can be decurrent, rounded, cuneate and 

occasionally cordate or asymmetric. The adaxial leaf surface is usually glabrous with the 

abaxial surface being variously pubescent with distinctive hairs either arising across the 

whole surface, between veins or along the midrib. The surface of the leaves and other parts 

on A. pruinosum Gagnep. can be covered with a distinctive pruinaceous bloom but this is not 

always present. A submarginal vein may be present, sometimes thickened, raised, or coloured 

differently from the lamina and the leaf margin is some species is covered in tightly packed 

rows of fine hairs.  

Secondary parallel venation is either densely packed or wide spaced and clearly visible on the 

abaxial surface of the lamina with some species displaying hairs arising from the veins or in a 

distinctive arrangement between them. The spacing between the secondary veins on the 
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adaxial surface of dried leaves is often a useful character to determine species and is either 

densely packed parallel veins or raised “train track” parallel veins spaced more than 4 or 5 

vein widths apart. Hypodermal sclerenchyma is present on some species that appears between 

the parallel veins as short discontinuous veins (Lock, 1985) or can cover the entire adaxial 

surface of the leaf obscuring the secondary veins entirely (D.J Harris, Royal Botanic Garden 

Edinburgh, 2012 personal communication). 

 
Raised “train track veins  

with no hypodermal sclerenchyma 

 
Free hypodermal sclerenchyma 

 

Figure 1: Venation on adaxial surface of lamina – drawings by Claire Banks 

Leafless peduncles arise separately either at the base of the leafy shoot or from the rhizome 

some distance from the leafy shoot or arising at both in some species. Determination of 

whether the peduncle and leaf shoot are arising from the same plant can be difficult, 

particularly in areas where several plants grow in close proximity. In areas with several 

species of Aframomum determining whether the inflorescences and leaf shoots originate from 

the same rhizome system is vital to ensure that misidentifications and mixed collections are 

not made.  

The peduncle can be either unbranched with either single or multiple terminal flowers or 

branched with either single or multiple flowers arising from each branch of a single flowering 

stalk.  The branching of the peduncle can be simple, form an umbel or have a candelabra-like 

arrangement. Some species have a creeping peduncle borne under the soil emerging to 

produce flowers either at ground level or partially submerged. Distichously arranged bracts 

cover the peduncle for its entire length with the flower subtended by two terminal bracts. The 

calyx is spathaceous and is usually green or can be tinged with colour or have red or purplish 

spots and is often persistent. The inflorescences produce either single or multiple large 

zygomorphic flowers of one of three distinctly different flower shapes. The flower types vary 
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from tubular, to open or platform flowers (where the labellum forms a platform). Flower 

colour varies from purple, white, pink, red and yellow corresponding to variation in flower 

type indicating that flower types and colours are likely to have adapted to attract different 

pollinators (Harris et al., 2000).      

 
Tubular flower type 

 
Open / flag flower type 

 

Figure 2: Flower Types – drawings by Claire Banks 

The flowers of most species are open for one day only and the corolla, particularly on tubular 

flowers is very delicate and does not preserve well in herbarium specimens (Lock & Hall, 

1973). The corolla is formed from a dorsal petal and two lateral petals. A single stamen is 

present and two lateral staminodes. The labellum is staminodal in origin and is likely to have 

formed from two stamens from the inner stamen whorl fusing and the third stamen in this 

whorl remaining as the single stamen. The stamen apex is tri-lobed forming a crest and horns 

and the thecae dehisce partially or their entire length. The outer stamen whorl gives rise to the 

two lateral staminodes, with the third, adaxial, stamen in the outer whorl either not initiated 

or aborted during development or may even have fused with the two adaxial stamens of the 

inner whorl forming the labellum (Ronse de Craene, 2010). There is a simple style with the 

stigma often forming either cup, fan or trumpet shape often with a ciliate margin. Nectaries 

present at the base of the style are variously described as subulate or contorted (Lock, 1985) 

and are thought to be derived from septal nectaries common in many monocot families 

(Ronse de Craene, 2010).  

The inferior ovary is trilocular with axile placentation. The fruits are indehiscent with seeds 

that are frequently surrounded by a fibrous or fleshy aril that can be sweet or acidic tasting. 

The fruits are often eaten by mammals such as gorilla and chimpanzee and these larger 
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primates are likely to be important seed dispersers as the seeds are more likely to pass 

through the gut intact and viable than with smaller primates (Wrangham et al., 1994). The 

seeds are small and range in size from 2-5mm diameter, and vary in colour from pale brown 

through dark brown, black or reddish brown and can be ovoid, elliptical, angular or spherical. 

Many species of Aframomum seeds are edible and have a spicy, peppery aromatic taste. 

Known as grains of paradise, or melegueta pepper Aframomum seeds were exported from 

West Africa to Britain and Europe in the eighteenth and nineteenth centuries, the seeds were 

of huge commercial importance and used in cooking, an additive to alcoholic beverages or 

used medicinally (Hepper, 1967). 
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Figure 3: Floral Diagram of Aframomum  
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Background: The Sangha Trinational Area 

The Sangha Trinational landscape is an important conservation area in central Africa. More 

than 4.5 million hectares in total, 17% of the area is covered by National Parks the largest 

being Lobéké in Cameroon, Dzanga-Ndoki in Central African Republic and Nouabalé-Ndoki 

in the Republic of Congo (WWF, 2012). Population density in the area is relatively low and 

much of the forest is pristine, but logging, cobalt, nickel, iron and diamond mining and slash-

and-burn agriculture are on the increase in the area (Blom, 1997; USAID, 2006; Eyebe, 

2012). The threats to biodiversity is further impacted by the increase in road and rail 

infrastructure and the increasing populations required to support these growing industries 

(Eyebe, 2012).  

The Sangha Trinational area is the subject of many conservation initiatives since the early 

1980’s World Wildlife Fund (WWF) first endeavoured to protect elephants by setting up 

protected areas and in 1988 launched the Dzanga-Sangha project to prevent poaching (Blom, 

1997; WWF, 2012). In 2006 a Darwin Initiative Project was specifically targeted on 

improving plant identification capacity of people living and working in northern Republic of 

Congo (which overlaps with part of the Sangha Trinational area). 

 

Figure 4: Map of Sangha Trinational Area – map by Anna Dorward 

The Sangha Trinational area consists of a large river system, lowland tropical rainforest, 

mixed species terra firma forest, semi deciduous forest, evergreen forest, swamp and 

seasonally flooded forests, mono-dominant forests of Gilbertiodendron dewevrei species and 
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a variety of open landscape, savanna and river habitats (Harris, 2002; USAID, 2006; Eyebe, 

2012). 

Mixed species terra firma forest refers to forest on dry land that is not subjected to seasonal 

flooding. There is no continuous canopy, the forest consists of trees of varying heights and a 

high diversity of species (Harris, 2002). Common Aframomum species found in this habitat 

are A. sericeum, A. verrucosum, A. pruinosum, A. flavum, A. limbatum, A. longiligulatum, A. 

subsericeum and A. thonneri. 

Gilbertiodendron dewevrei forest occurs on a variety of soil types and landscape types and is 

often found along watercourses. The canopy dominated by Gilbertiodendron dewevrei is 

mainly continuous, there is less species diversity overall and the herb layer is almost absent 

except in light gaps caused by watercourses, roads and tree falls (Harris, 2002). Aframomum 

species found in this habitat are A. subsericeum, A. longiligulatum, A. sericeum, A. 

verrucosum, A. pruinosum, A. thonneri, A. flavum and A. species C 

Riparian forest along watercourses has a low, continuous canopy with medium height 

emergent trees. The herb layer is dense with many robust giant herbs (Harris, 2002). Riparian 

forest species of Aframomum, A. polyanthum and A. species B are also commonly found in 

swamp and seasonally flooded forests.  

Open swamp forests are characterised by permanent standing water and no continuous 

canopy, trees do not reach great heights and giant herbs such as  Aframomum polyanthum, 

and A. angustifolium are common (Harris, 2002). 

Seasonally flooded forests flood annually in the wet season the canopy is more or less 

continuous with few light gaps where Aframomum pseudostipulare and A. species B make up 

some of the herb layer (Harris, 2002). 

Savanna occurs on sandy soils where burning of the vegetation prevents forest regeneration 

(Harris, 2002). Only one species of Aframomum is found in open savanna in this part of 

Africa, A. alboviolaceum (D.J Harris, Royal Botanic Garden Edinburgh, 2012 personal 

communication). 

Collections of A. polyanthum and A. angustifolium have also been made in Cyperaceae 

meadows in lowland forests along permanently flowing watercourses. 
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Chapter 3  

Taxonomic research & character assessment using herbarium specimens  

A literature search was carried using BIOSIS, CAB abstracts, Google Scholar, Kew 

Database, RBGE library database and Google for journal articles, publications, websites, 

books and other information on the genus Aframomum. Journal articles on phytochemical 

analysis and medicinal properties were largely disregarded unless they appeared to contain 

important taxonomic information, all other publications were either downloaded or hard 

copies obtained and researched for taxonomic, ecological, distribution and diversification 

data. Further taxonomic data specifically on these 14 species was provided by Dr David 

Harris from his currently unpublished monograph of the genus, and an exploration of the 

herbarium specimens of Aframomum collected in the Sangha Trinational area was carried out 

with Dr Harris in the herbarium of the RBGE, and discussions of specimens and characters 

was recorded. Over the following few weeks, further exploration of the herbarium specimens 

was carried out and a full character matrix for the 14 species of Aframomum found in the 

study area was constructed using Excel based on all of the data gathered. 

The majority of the Edinburgh herbarium specimens that were used in this project had not yet 

been mounted or entered into the RBGE herbarium database and digital images of the 

specimens had not been generated so much of this work was carried out as part of the project.  

The specimens were mounted by herbarium mounting staff and then returned be barcoded, 

label data was then entered into BG-Base v6.8 Collections Management database. Once all of 

the specimens were entered into the herbarium database, digital images of the specimens 

were then generated in collaboration with the RBGE herbarium digitizing team.  

Following digitization the specimens were retained for further exploration and study and a 

spread sheet was generated containing specimen information such as specimen collector, 

number, collection location, written notes from the specimen label and the barcode data. A 

review of the taxonomic characters visible on each specimen was also recorded on this spread 

sheet and this resource was used to assess and manage the data available from the specimens 

at the RBGE for use in creating the tools for the project.  

A checklist of the vascular plants of the Dzanga-Sangha Reserve published in 2002 (Harris, 

2002) records that 14 out of the c.80 species of Aframomum occur in this region. At the time 
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of publishing the checklist, ten of the species were named and four un-identified. Of the 

named species, specimens that were identified as Aframomum danieillii (Hook.f.) K.Schum 

vel. sp. aff. have now been identified as Aframomum angustifolium (Sonn.) K.Schum.. 

Aframomum letestuanum Gagnep. is now considered to be a synonym of Aframomum 

pruinosum Gagnep.. Specimens identified as Aframomum species A have since been 

identified as Aframomum thonneri De Wild.. Aframomum species D has recently been named 

as Aframomum sericeum Dhetchuvi & D.J.Harris, and until now Aframomum species B and 

Aframomum species C have yet to be named. 

Aframomum alboviolaceum (Ridl.) K.Schum. 

 

Found in open savanna A. alboviolaceum grows up to 2m in height with leafy shoots arising 

in small groups from the rhizome. Parallel secondary veins on the upper surface of the dried 

leaves are partially obscured by hypodermal sclerenchyma, the adaxial and abaxial surface of 

the lamina are glabrous or with minimal indumentum. The ligule is pointed but can be torn, 

or can appear rounded, often with hairs along the margin. The lamina is narrow oblong, 

narrow ovate and often elliptical, and apex attenuate, base rounded to cuneate; leaf margin 

with occasional hairs and a thickened marginal vein. The inflorescence is unbranched and 

arises directly from the rhizome some distance from the leafy shoot. Large white, pink or 

purplish tubular flowers emerge at ground level; the crest and horns on the anther are 4-5mm 

long, sharply pointed and curved. Fruits are ellipsoid and slightly asymmetric, 5-8 x 3-6cm, 

shiny and red with darker spots towards the base with a beak up to 4cm long; the flesh pulp is 

fibrous, whitish and sweet sour tasting.  

 

Aframomum angustifolium (Sonn.) K.Schum. 

 

A. angustifolium is widespread across Africa and is morphologically variable. Growing up to 

5m tall and forming clumps the leaf shoots grow to 2.5cm diameter at the base and are 

swollen when fresh. The ligule is rounded with apex slightly bilobed. The adaxial surface of 

dried leaves shows “train track” parallel venation with some hypodermal sclerenchyma and is 

glabrous; the abaxial surface is pale and whitish occasionally with dense red hairs along and 

over the midrib. The leaves have a distinctly ginger, peppery aroma. Inflorescences of 2 -8 

flowers arise on robust peduncles, 10-50cm tall, emerging from the base of the leaf shoots. 

The flowers are open, slightly waxy or fleshy with red, yellow, orange petals and a spicy 

clove-like aroma. The fruits are ellipsoid or fusiform, 5-8 x 1.3-3cm, strongly ridged and 
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glossy and green turning bright red, then purple black when ripe with a tattered beak up to 

3cm long. The flesh is acidic with aromatic peppery seeds.   

Aframomum flavum Lock 

 

A. flavum is a tall herb up to 5m tall forming clumps and is similar to A. angustifolium also 

found in this area. The base of the leaf shoots grow to 2.5cm diameter and are markedly 

swollen when fresh. The leaf sheath has faint longitudinal and transverse ridges and has a 

smoother appearance than A. angustifolium. The lamina is elliptic / oblong with the apex 

tapering to a short point, the leaf margin is glabrous with a thickened, reddish marginal vein. 

Parallel “train track” venation on the adaxial surface of the dried leaves is often obscured by 

dense hypodermal sclerenchyma. The branched peduncle forming an umbel emerges from the 

base of the leafy shoot bearing open, mainly yellow, or may be orange, pink or red, waxy 

flowers with a curved labellum with frilled tip. The anther is clearly visible with slightly 

flattened or bilobed apex and long fine tapering horns. Up to 10 narrowly ovoid to fusiform 

fruits, 2-8cm long, 1-3cm wide, are clustered on stalks or at ground level. The fruits may be 

deeply ridged towards the apex, ripening bright glossy red with long narrow beak up to 6cm 

long that widens at the tip.  

Aframomum limbatum K.Schum. 

 

A. limbatum is a tall herb up to 4m with leaf shoots up to 2cm diameter at base. The leaf 

sheath has clearly defined longitudinal ridges and fine, well-spaced transverse ridges with 

bristly hairs. Ligules are triangular, up to 12mm long and break off easily. The lamina is 

often parallel sided, or narrowly elliptic and slightly asymmetric with a densely hairy leaf 

margin. The adaxial surface has clear “train track” parallel venation with no hypodermal 

sclerenchyma. Inflorescences arise directly from the ground from creeping unbranched 

runners usually some distance from the leaf shoot. Pale purple, very delicate, tubular flowers 

emerge directly from the substrate often partially underground; the labellum has distinctive 

yellow stripes and glandular hairs in the throat and a frilled edge. The fruits are borne 

underground.  

 

Aframomum longiligulatum Koechlin 

 

A. longiligulatum grows up to 4m tall. Leaf sheaths appear smooth with faint longitudinal 

ridges and a slightly raised rim at the base of the ligule. Ligules up to 6cm long are pointed 
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and papery and very easily broken off. The pseudo-petiole is slightly hairy and swollen at the 

base; the lamina is obovate to broadly elliptic, with long tapering acumen at the apex and a 

thickened marginal vein. The adaxial surface has “train track” venation with little or no 

hypodermal sclerenchyma. Inflorescences bear only one or two open, tubular pale purple 

flowers with distinctive thickened band halfway down the throat. Bright pink/red fruits are 

borne singly or in pairs, 5-6cm long x 1- 1.5cm wide are narrowly elliptic and often slightly 

curved have sheathing bracts covering half their length and beak up to 5cm long.  

Aframomum polyanthum K.Schum 

 

A. polyanthum grows to 3m tall and always grows in water. Leaf sheaths have longitudinal 

ridges only and ligules are rounded or slightly bilobed, hairy and robust. The leaves are 

narrowly elliptic to narrowly obovate with long pointed apex up to 5cm long; leaf margin is 

hairy as is the entire abaxial surface of the lamina including the midrib. The parallel 

secondary venation on the adaxial surface of the dried leaves forms the distinctive “train 

tracks” with no hypodermal sclerenchyma. Inflorescences containing up to 25 flowers form 

dense terminal clusters on peduncles up to 18cm tall; flowers are open, platform type with 

pinkish red translucent corolla and erect yellow labellum with red markings towards the 

centre and a frilled edge. The anther is visible with triangular crest and long straight horns. 

Infructescences contain up to 15 fruits are borne on star-like clusters on robust stalk; the 

fruits, 4cm  x 3.2cm are ovoid or elliptic and are strongly ridged and bright red with a beak 

2.5cm long. The seeds are distinctly sickle-shaped and slightly warty.  

Aframomum pruinosum Gagnep. 

 

A. pruinosum is a tall herb forming large clumps often with a white waxy bloom all over the 

aerial parts. Leaf sheaths have longitudinal ridges only; ligules are rounded or slightly 

bilobed. The leaves are long, up to 60cm, linear or oblanceolate and adaxial and abaxial 

surfaces are glabrous. The parallel veins on the adaxial surface of the dried leaves are 1-

1.5mm apart and raised, forming “train tracks” with no hypodermal sclerenchyma present. 

Branched, candelabra-formation inflorescences arise from the base of the leaf shoot bearing a 

single delicate, trumpet-shaped mauve flower. Fruits, 7-12cm long, 1-2.5 cm wide, are 

fusiform with smooth texture, red with purple spots and a beak up to 5cm long. Seeds are 

tightly packed in rows and are angular.  
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Aframomum pseudostipulare Loes. & Mildbr. ex Koechlin 

 

A. pseudostipulare is a small herb up to 2m in height growing in seasonally flooded forests, 

forming large stands. Leaf sheaths have longitudinal ridges only; ligules are 8 – 15mm long, 

lanceolate and bilobed at the base. Leaves narrowly elliptic with sharply pointed apex and the 

margin is glabrous. Veins on the adaxial surface of the dried leaves are usually obscured by 

scattered hypodermal sclerenchyma with the abaxial surfaces displaying find parallel veins 

that curve slightly at the margin. Inflorescences are borne up to 30cm away from leaf shoot, 

delicate tubular pale purple flowers with yellow throat emerge directly from the substrate, 

often partially underground, in the dry season when the ground is firm. Fruits are solitary 

buried in silt, c. 1.4-1.8cm diameter are globose with rounded ridges and are borne in the wet 

season when much of the plant is underwater. 

Aframomum sericeum Dhetchuvi & D.J.Harris 

 

A. sericeum grows up to 6m tall forming large clumps. The leaf sheaths have rounded and 

branched longitudinal and transverse ridges. Large leaves up to 55cm long are narrowly 

elliptic, the apex is caudate, the leaf base slightly asymmetric and the margin glabrous; the 

adaxial surface is glabrous and abaxial surface covered in erect swollen-based hairs and a 

densely hairy midrib. Branched inflorescences emerge from, or near base of leaf shoot, 

normally bearing two delicate trumpet shaped flowers on or below ground level, the corolla is 

dark reddish purple with the labellum rolled to form a tube with the dorsal petal. Fruits are 

borne on short thin stems are 6cm x 3.5cm, are elliptical, distinctly ridged and bright red 

when mature; with sweetly acidic tasting pulp.  

Aframomum subsericeum (Oliv. & D.Hanb.) K.Schum.  

 

A. subsericeum is a spreading herb growing 2-4m high with brown reticulate ridges on the 

leaf sheaths. The leaves are narrowly elliptic to lorate with the apex tapering to a fine point; 

when fresh the leaves are dark green above, whitish below with a fresh citrus, lemon aroma. 

The parallel secondary veins on the adaxial surface of dried leaves are approximately 1mm 

apart with finer veins between and dense hypodermal sclerenchyma; the abaxial surface has 

dense, short, velvety white hairs between the veins. Branched inflorescences bearing 2-3 

large tubular flowers emerge either directly from the base of the leaf shoot or occasionally 

separately on the rhizome. The mauve corolla has a white tube with a yellow patch in the 

throat and the frilled labellum forms a tube with the dorsal petal. Fruits are 4-8cm long, 2-
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3cm wide and are flask-shaped and smooth when fresh, drying with slight ridges and a fragile 

beak 2-3cm long.  

Aframomum thonneri De Wild. 

 

A. thonneri is a clump forming herb reaching 2-5m tall, often with no leaves on the lower 1- 2 

meters of the leaf shoot. Leaf sheaths have prominent longitudinal and transverse ridges often 

with dark dots and hairs in the pits. The leaves are oblanceolate, narrow obovate or elliptic 

with acuminate apex with occasional hairs on the margin at the apex and a conspicuous 

marginal vein. Parallel secondary venation on the adaxial surface of dried leaves is very 

dense, 0.2-0.4mm apart with no hypodermal sclerenchyma. Branched inflorescences bearing 

two or three tubular flowers emerge either directly from the base of the leaf shoot or 

occasionally separately from the rhizome. The corolla is pale to dark purple with a yellow 

patch in the throat and many glandular-capitate hairs inside, and the anther is entirely hairy 

with a bilobed crest, up to 5mm long and long fine, curving horns. Fruits are flask-shaped, 

sometimes flattened, ripening to bright red orange with distinct beak 1-3cm long.  

 

Aframomum verrucosum Lock 

 

A. verrucosum grows 1-3m, occasionally up to 5m tall, in deep shade. The leaf sheaths have 

reticulate ridges and thin papery edges and ligules are 2-6mm long, rounded with slightly 

ciliate margins. The leaves are slightly winged, narrowly oblong or oblanceolate with long 

gradually attenuate apex. Parallel secondary veins on the adaxial surface of the dried leaves 

form “train tracks” c. 0.8cm apart with no hypodermal sclerenchyma; the adaxial and abaxial 

surfaces are glabrous occasionally with a flaky pruinaceous covering. The peduncle usually 

arises directly from the base of the leaf shoot and travels horizontally in the leaf litter before 

abruptly emerging bearing inflorescences of 2-4 pale pink, purple tubular flowers. The 

labellum is pale pink and spreading with two distinct yellow patches in the throat and the 

anther has a low, pinkish crest and straight horns. Clustered fruits are borne underground on 

runners often some distance from the leaf shoot; the bright pinkish red, ovoid fruits are 

usually 4-5cm long, 2.5-4cm diameter with deep furrows with a beak 3-5cm long.  
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Aframomum species B  

A. species B grows to 3m tall; leaf sheaths have longitudinal and transverse ridges appearing 

pitted. Ligules up to 1.5cm long and triangular fall off easily leaving ragged collar. Leaves 

are distinctly narrowly elliptic with a sharply pointed apex and a glabrous margin. The veins 

on the adaxial surface of dried leaves are obscured by dense hypodermal sclerenchyma; the 

abaxial surface shows parallel veins 3-5mm apart and is more or less glaucous. Inflorescences 

bearing a single fleshy, tubular, creamy white or purplish flower with small glands inside, 

arise from the rhizome up to 15cm from the leaf shoot or occasionally directly at the base of 

the leaf shoot. The fruits are flattened globose, smooth and violet black becoming slightly 

lenticellate when dry.  

Aframomum species C 

A. species C is a small herb growing up to 1.5m high with small leaves and typically the 

whole length of the plant can fit on a herbarium sheet with 3 or 4 rows of leaves displayed 

across the sheet. The leaf sheath has clear longitudinal and transverse ridges often with short 

pale hairs. The leaves are small, typically 12-23 cm long with the apex tapering to a point. 

Venation of the adaxial surface of the dried leaves shows the raised “train track” parallel 

veins and the whole leaf surface is glabrous. The slender creeping peduncle arises from the 

rhizome up to 50cm from the leaf shoot bearing inflorescences of 2-3 delicate tubular purple 

flowers. The anther horns, up to 5mm long, are borne at right angles to the anther. The fruits 

are smooth and elliptic, c5x2cm, red when ripe with a beak 1-2cm long with reddish brown 

hot peppery seeds.  
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Chapter 4 

Image Selection and Processing  

Herbarium specimens used in this project were predominantly collected by Dr David J. Harris 

from the Sangha Trinational area in central Africa and are housed in the herbarium of the 

Royal Botanic Garden Edinburgh. However, in order to maintain consistency of characters 

illustrated, and to show flowering characters of all species covered by this project, where this 

data was not available within this collection, specimens have been downloaded from other 

herbarium databases. Whilst it has not been possible to find digitized specimens illustrating 

the characters required collected by other collectors from the Sangha Trinational area the 

specimens selected were collected from geographic locations as close to the study area as 

possible. 

Digital images of the specimens were generated using a Cambo 45 Repro 4x5 camera; with a 

Leaf Aptus 11-10 (56 million pixels) digital back; an Apo digitar macro 5.6-80 lens with a 

copal 0 shutter. The lighting used is a Bowens s1855 studiolite starter kit with 55w 5400k 

lamps. LeafCapture version 11.4.5 was used to process the RAW images and save them in 

TIFF format. 

The image files are captured in MOS format which was developed by Leaf Imaging and is 

used in their Aptus range of cameras. MOS files are high resolution and in Camera RAW 

format and therefore need to be converted to TIFF format to be viewable by users without 

specialist photographic imaging software.  The TIFF files are 49.8 megapixels, Iso speed 100, 

bit depth 24 resulting in image files approximately 135-145MB in size.  In order to upload 

the digital images onto the herbarium database the TIFF files are then converted to 11.7 

megapixel JPEG files, linked to the BG-Base database records and made available to 

download via the RBGE herbarium database website www.rbge.org.uk.   

Images used in the identification tools were generated using JPEG images downloaded from 

the database or when finer detailed characters were to be illustrated, the TIFF files were 

downloaded from the RGBE archive. Images not from the original herbarium specimens 

provided were downloaded from the online catalogue of the Museum national d’Histoire 

naturelle, Paris. http://coldb.mnhn.fr/Consultation?catalogue=1 and were only used when the 

characters to be illustrated were missing in the specimens available at RBGE. The images 

downloaded from Paris were 18.8 megapixel JPEG files. All images were processed using 

http://www.rbge.org.uk/
http://coldb.mnhn.fr/Consultation?catalogue=1
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GNU Image Manipulation programme GIMP version 2.6.10, which is free, open access 

graphics manipulation software. 

The digitized herbarium specimen images are high resolution and high quality and it was 

hoped that minimal image manipulation and editing would be required to show the characters 

required to aid identification of the plant species. 

In addition, if the tools created were to be extended to cover much larger taxonomic groups 

then the time and effort required to obtain and edit the images would need to be manageable. 

Therefore the images were minimally manipulated with minor alterations to contrast and 

“sharpening” of focus being the only enhancements employed beyond the selection of 

specific parts to illustrate the specific characters. Scale rules were copied and pasted from the 

original image onto all images produced when this was present in the original image.  

The decision to only use the RBGE specimens where possible was made at the outset of the 

project as a result of discussions with the project supervisors and was in part made due to the 

limited time available, but also due to the richness of the data available at RBGE for this 

particular plant group. However, the inclusion of one or two images from other herbaria in 

the tools generated has demonstrated that it is not necessary to limit the dataset to in this way 

for the production of these types of tools for future projects. In fact one of the strengths of 

producing identification tools illustrated with digitized herbarium specimens is the vast and 

ever increasing resources available from herbaria across the world in the form of virtual 

herbarium specimens that can literally be obtained at the touch of a button. 

The process of selecting specimens to use for larger characters, such as flowers or leaf apex, 

was straightforward as it was easy to see at a glance where good examples of the characters 

were to be found. However, for more finely detailed characters such as leaf sheath texture or 

ligules a considerable amount of time was required to zoom in on the specimens and view 

them in adequate enough detail to pick out good examples to use. This is a significant amount 

of time in comparison to the efficiency of the human eye when viewing the actual herbarium 

specimens. Another disadvantage to using digitized images of the specimens is that only one 

specimen can be viewed clearly at a time whereas having the specimens themselves you can 

quickly view several specimens at a time to pick out good characters. Consequently much of 

the decision making process of what specimens to use for the characters to be illustrated was 

carried out using the actual specimens rather than the digital images of the specimens. 
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For the very fine detailed characters such as leaf venation and in particular pubescence it was 

very difficult to find parts of the digital images of the specimens where these characters 

showed adequately enough to demonstrate the characters to be illustrated. Whilst these 

characters can be clearly seen on the specimens using a good hand lens and good lighting it 

was found that the digitized images lost focus when zoomed in greater than 100%. When 

zoomed in to this level it was felt this equated to a x10 magnification hand lens, whereas 

some of the more detailed features of Aframomum such as pubescence on abaxial surface of 

the lamina or hypodermal sclerenchyma on the adaxial surface of the dried leaf in some 

species required a x20 hand lens or a dissecting microscope to be seen adequately. Whilst use 

of the higher resolution TIFF images was an improvement it was still not possible to 

demonstrate pubescence on the lamina.  

To explore how this issue might be resolved, images of leaf margin and venation characters 

were taken of parts of the specimens using a 8 mega pixel digital camera on a mobile phone, 

and side lighting using the lamps used with the dissecting microscopes in the herbarium. 

Simply by taking the photograph at an angle of less than 90
o
 to the specimen, specifically for 

the purpose of highlighting a particular feature along with the use of stronger side lighting 

rather than the diffuse flood lighting used when digitizing the specimens, it was possible to 

obtain a clearer image of the flatter, finer detailed characters. It may also be possible that this 

issue may also be resolved by manipulation of the CameraRAW, MOS format image files 

rather than using TIFF or JPEG images but this option was not explored as part of this project 

in part due to the lack of professional image manipulation software required to explore this 

and the limited time available for this project.  

As the focus of this project was specifically an exploration of the generation of identification 

tools, utilizing the already available digitized images of herbarium specimens, the use 

additional photographs, drawings or images created using specialist techniques was not 

pursued further. Consequently the tools generated during this project were created using only 

the 11.7 megapixel, 18.8 megapixel or 49.8 megapixel digital images available in the 

herbarium archive or available for download from online herbarium databases. 
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Chapter 5 

Identification Tools: EDIT Biodiversity Scratchpads 

Background: 

EDIT Biodiversity Scratchpads are a platform for creating websites containing biodiversity or 

taxonomic information, that are created and maintained by the scientific, research community 

which are hosted and supported by the Natural History Museum, London (EDIT, 2012).  

Devised by EDIT (European Distributed Institute of Taxonomy) the Scratchpad project 

provides tools to enable communities of taxonomists and researchers to build websites and 

publish their data online without the need for specialist web-developers. The websites are 

built using Drupal which is an open source content management platform which provides 

templates that have been adapted to suit biodiversity information and can either be used as 

provided or further adapted to suit each individual user group’s needs (Mayo et al., 2008; 

EDIT, 2012). Scratchpad version 2.0 was released in March 2012, utilising the latest version 

of Drupal (version 7.14) (EDIT, 2012). 

An important aspect of the Scratchpad ethos is facilitating the sharing of data and making it 

available to be used by other scientists whilst understanding the requirement for recognition 

of original work by researchers. For this reason the Scratchpad uses by default a Creative 

Commons Licence that allows non-commercial use of the work as long as the originators of 

the work are acknowledged ( Roberts et al., 2007). However, the licencing terms for some or 

all of the work on a site can be altered on individual items, groups of items or for the whole 

site to be more or less restricted.   

The Scratchpad development team created the Scratchpad to be a “data publishing 

framework” that has the flexibility to be altered by the users to suit their needs. This is 

achieved through the use of the content management platform allowing users to choose and 

adapt the type of content to be included. Scratchpads are therefore designed to be suitable for 

several categories of creator and users from the development of taxonomy based sites, sites 

for conservation or regional projects, or for society sites and are ideally suited to being built 

and maintained by groups or communities of users.  

Marketing itself as “A social networking tool to build, share and publish information on the 

diversity of life…” (EDIT, 2012) the Scratchpad framework has the facility to integrate 
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forums and blogs for registered users, and webforms to allow members of the public to 

interact with the community and submit data for inclusion on the sites. The site maintainer 

has overall control over all site content and the limitations or freedoms permitted to other 

users of the site is set by the maintainer when users sign up to the site, thus enabling an 

overall quality and content control of information on the site. 

One potential use of Scratchpads is to generate a publication for the description of new 

species where the species description data entered into a site would be used to generate a 

manuscript to be published in an appropriate journal such as Zookeys or Phytokeys – online, 

open access journals. When creating this type of taxonomic work using Scratchpads access to 

the unpublished content would be restricted to specified users and a ‘placeholder’ name 

would be used until formal publication and that can be substituted for the new name to be 

published simultaneously with the publication of the protologue (Blagoderov et al., 2010). 

Content of Scratchpad sites is contained within blocks that can be used to create relationships 

between content and link all relevant parts of the site together. Taxonomic data can be 

uploaded to the site via a dynamic Excel template that can be customised to use the needs 

individual sites, or taxonomies can be uploaded directly from EOL (Encyclopaedia of Life). 

The majority of content can be mass imported using dynamic Excel templates or can be 

added individually via a series of forms. Data management tasks can be performed using a 

grid editor.  

Whilst the Scratchpad project clearly provides an ideal platform for many types of e-

taxonomic publication, primary investigation into using the Scratchpad alone as a complete 

identification tool was not promising as the format of the finished product appeared limited. 

Sites that have already been created for the purpose of species identification have linked an 

interactive key into them such as Lucid (Baker 2012). It was therefore decided to create the 

Scratchpad with a linked Lucid key to aid species identification and use the Scratchpad 

format as the supporting information such as species descriptions and an image gallery. 

The Scratchpad team have future plans to incorporate a key building module into the platform 

and they expect this facility to be available in the next few months. In anticipation of this they 

have already included the ability to build a character matrix into the dataset and in the near 

future users will be able to import SDD data files directly from interactive key software 
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packages such as Lucid and Xper2 (L. Livermore, Scratchpad Team, Natural History 

Museum, London, 2012 personal communication). 

Construction: 

An application for a Scratchpad site was made by completing an online form giving details of 

the user, taxonomic group and the site name and URL address for the site was selected, the 

default being (selected text).myspecies.info, therefore the URL chosen for this site was 

Aframomum.myspecies.info. Once the application was approved and the site was set up by 

the Scratchpad team, notification was received by email with a link to the site. After logging 

on to the site via the link, basic functionality of the Scratchpad site including welcome 

message, tools to be incorporated, licencing options and the look of the site was configured. 

Information on how to perform the following tasks were obtained by utilising the Scratchpad 

online help wiki, the Basic Training tutorial PDF documentation downloaded from the 

Scratchpad help site, and augmented by attendance at a Basic Training workshop held at 

RBGE in June 2012. 

 

Figure 5: Scratchpad - Aframomum of Sangha Scratchpad hompage 

 

Some of the terminology used by the Scratchpad software can be misleading,  some words 

and terms utilised by Scratchpad are taken from biological science but have different 
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meanings from that used by the botanical community. For instance, the “taxonomy” 

backbone on a Scratchpad site does not necessarily need to be a biological classification or 

taxonomy but can be anything such as a list of countries or keywords that are to be used as 

the backbone of the site. The collector of a specimen in the Specimen module of the 

Scratchpad refers to the user in the Scratchpad community that imported the data, and not the 

collector of a zoological or herbarium specimen. 

After the initial set up the first task to build the Scratchpad requires the addition of a 

biological classification, which involved creating a “vocabulary”, which is the backbone of 

the site that links all other content together and to link this to a “taxonomy”, which was in 

this case a taxonomy of the 14 species of Aframomum found in the Sangha Trinational area, 

which was created using an Excel spread sheet template downloaded from the site which was 

then populated with data and imported back to the Scratchpad. 

 
 

Figure 6: Scratchpad – Importing a taxonomy 

 

 

Once this taxonomy was added to the site all of the other content can be added or imported. 

General and diagnostic taxonomic descriptions were written then uploaded to the site using 

the import facility. Locations were added individually to the site using the GPS data and 

descriptions from the specimen labels. Specimen records for all of the herbarium specimens 

of Aframomum collected in the Sangha Trinational area that are held at RBGE, were imported 
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and linked to location data using “Location Title” field in the spread sheet. The default import 

form for specimen records did not include the facility to include the name of the collector of 

each specimen or a URL link directly to the specimen on the RBGE database so new fields 

were added to the module and an updated import form was downloaded and populated with 

data to include this information.  

Images to be uploaded to the Scratchpad site are required to be in JPEG format and 50kb or 

less. One low resolution image of a complete herbarium specimen sheet was included for 

each species and a selection of eight to ten images for each species were included illustrating 

characters to aid identification. 

At present, using the “media gallery” and selecting a character, images can be visually 

assessed by simple character comparison one character at a time to aid identification, and 

then species descriptions can be used to confirm or discard the option. However, as there is 

no facility to filter options the media gallery cannot be used even as a simple key. For the size 

of the taxonomic group in this project it is a manageable task to go through the images in this 

way to find a likely species identification but is unlikely to be very user friendly with larger 

taxonomic groups without the aid of an interactive key.  

 
 

Figure 7: Aframomum of Sangha Scratchpad – Media Gallery 

 

Once complete a link to an interactive key will be incorporated in the Aframomum of Sangha 

Scratchpad site. 



P a g e  | 37 

 

Discussion: 

On the whole the Scratchpad site was relatively easy to set up once an understanding of the 

terminology used by the software was reached. The Scratchpad project has been developed to 

provide a platform for the taxonomic data already held by taxonomists in databases and the 

option for importing data via dynamic Excel spread sheets is ideal for this type of upload of 

large amounts of information quickly. Data can be quickly cut and paste into the spread 

sheets from other database systems (providing they have the facility of exporting data in this 

way) and the Excel sheets can be altered to include more or less information fields as desired 

by the user to accommodate the information required. The only issue found with importing 

information in this way was when importing dates that had to be in a specific format which 

was not always obvious or did not always work as it was believed it should. However, the 

layout was a little inflexible and in order to incorporate data that was not already one of the 

import options, manipulation of the site required a considerable amount of investigation  and 

a lot of trial and error importing followed by removal of data on numerous occasions before 

either feeling satisfied with the results or giving up altogether. Some issues are yet to be 

resolved such as the highlighted areas showing distribution of species on the maps that were 

added to the taxonomic descriptions, however the Scratchpad map settings return to default 

after logging out, and therefore the selected distribution areas are not visible. This is a known 

bug in the Scratchpad software, which is yet to be resolved.  

Scratchpad hosting by the Natural History Museum, London was a clear advantage. The 

benefits to having a selection of web sites all with a focus on biodiversity in one place 

provides the advantage of being part of a larger community, including more developers 

contributing to the functionality of the Scratchpad project, a greater potential readership for 

the work created, and the attraction of more funding to keep the project going.  

The greatest disadvantage of Scratchpad as an identification tool is the lack of inclusion of an 

interactive key within the web site. Several Scratchpad sites have interactive keys 

incorporated into them but this currently requires the key to be built using other software 

which then requires to be hosted on a web server somewhere and then a link provided in the 

Scratchpad. This is obviously an issue that Scratchpad are aware of as a proposed interactive 

key tool as part of the Scratchpad suite of tools  is currently in development and was due to 

be released in July 2012. In preparation for this the inclusion of a character project, where a 
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character matrix has already been incorporated so that data for the proposed key can be input 

in advance. To date, the key building facility is not available. 

The layout of the Scratchpad is clear and easy to navigate to find required data although 

uploading pages and links can be slow and frustrating, however, this aspect is likely to 

improve when server capacity at the Natural History Museum is expanded, which is 

anticipated in the near future. 

There is no limit to the quantity of images to be included and the quality of the images 

appears to be adequate to view most of the characters chosen to be illustrated. The facilities 

are available to add a large amount of data in many different formats and with the additional 

option of adding links to other works the Scratchpad could provide a useful e-taxonomic 

platform and even be used as a portal to link a variety of other resources. 

Although Scratchpad has been designed to be used by people not familiar with web site 

development it was felt that a great deal still had be learnt about how the Scratchpad 

templates were constructed, and  the settings options in order to get the site to display some 

of the information in the format desired.  
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Chapter 6 

Dichotomous Keys – Presented Three Ways 

Background: 

The most traditional of plant identification tools is straightforward dichotomous or bracketed 

keys. Used for centuries, the invention of the dichotomous key is usually attributed to Jean 

Baptiste Lemarck who included dichotomous keys in Flora Française first published in 1778 

(Griffing, 2011). However, evidence of dichotomies as teaching method appear in arithmetic 

textbooks in 1574 and again in 1594, by Peter Ramus, and made an early appearance in 

relation to plants in the 1592 work Methodi Herbariae Libri Tres, by Zaluzaiansky (Griffing, 

2011). 

As a plant identification tool, dichotomous keys are simple and straightforward. The user 

must start at the beginning and follow the steps of the key in a specified order, selecting or 

eliminating character options until a reaching a single species name. The ability to easily 

follow a written dichotomous key requires that the user has an understanding of the language 

and terminology used, and an ability to recognise the characters that are described  in the 

field (Silva, et al, 2011).  At times, even when the language and the characters are well 

understood by the user, difficulties can still arise due to misinterpretation of a character state, 

pertinent characters missing on the specimen such a flowering or fruiting characters, or due to 

the natural range of states of a character that can occur within the delineation of the species.  

In order to overcome the hurdles of intellectual inaccessibility, misinterpretation of characters 

and missing data, keys have been presented in different ways. Matrix based keys, and 

punched card keys overcome the issue of missing data as the key can be entered at any point, 

and the user can pick and choose the characters to use based on what they have available, and 

these types of keys will be explored in a later chapter. Another way to overcome the issues 

surrounding misunderstanding of characters or the language used is to present a dichotomous 

key in different ways, such as using illustrations, either to illustrate the characters and 

character states in an illustrated glossary, or to illustrate the options available in the key in an 

illustrated dichotomous key. 

This chapter will focus on presenting a traditional dichotomous key in different ways to aid 

understanding of the key and make it easier to use for a wider variety of users.  
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It was decided to present the same dichotomous key in three different ways, each using 

images derived from digitized herbarium specimens. The first and most simple way was a 

printed booklet, containing a standard dichotomous key and some illustrated species 

descriptions to be used to confirm or disregard the identification reached. Second, a 

dichotomous key with illustrated glossary and illustrated species descriptions, presented as an 

interactive PDF document. The third way is an illustrated dichotomous key will the text only 

plant descriptions, also presented as an interactive PDF. 

Construction: 

The first step was to produce the dichotomous key to be used for all three tools.  

This was done using the full character matrix created in the taxonomic research phase of the 

project. A group of characters were selected that could be used to differentiate between the 

species that would be visible on the herbarium specimens. Although fruiting and flowering 

characters are not present on many herbarium specimens it was felt that these were important 

characters, and when present were good characters for aiding identification. It was therefore 

decided to use these characters, but to use them quite far into the key and to always include a 

vegetative character in the same couplet to be used if flowering or fruiting characters were 

absent. Habitats were included in the key where they are particularly notable and this type of 

information is commonly mentioned on the herbarium specimen label, again, these were not 

used alone but were used as an adjunct to vegetative character states. 

The use of technical language was avoided as much as possible within the key and where it 

was necessary to use specific terminology, an attempt was made to describe the character as 

briefly as possible. 

Once the key was complete it was tested using a randomly chosen group of herbarium 

specimens. Alterations were made where required and the key was tested again. Once the key 

had been thoroughly tested it was then ready to be used to generate the tools. 

Dichotomous key with illustrated species descriptions 

Blurb are a company of software developers, publishers and designers that have developed a 

platform where users can generate a book using their own text and images to be printed using 

professional quality printing and materials (Blurb, 2012).  
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They offer three book making tool options, from the simplest “Bookify” that offers the users 

to add their own content, images and text, into pre-defined templates. The whole process can 

be done online, and a book can be complete and ready to print in minutes. 

The second option offers more flexibility and a personalised layout for your book and this is 

achieved using their free to download software, “BookSmart”. Their third option is aimed at 

professional designers and enables full creative, typographic and layout control. This third 

option requires the users to be proficient in using Adobe In-design, and a Blurb plug-in for 

In-design is provided. 

To create the booklet for this project “BookSmart” was used and once registered the software 

was downloaded. The first task was to select the book size and page orientation and these 

initial settings could not be altered once the project had begun. All later options could be 

changed at any point throughout the process. 

The overall design of the book was to include a contents page, a brief taxonomic 

introduction, the dichotomous key followed by illustrated species pages, consisting of a 

double page containing one full herbarium specimen, and a selection of 9 or 10 smaller 

images illustrating some characters of the species. A brief written taxonomic description was 

included for each species. 

 

Figure 8: Blurb BookSmart – edit page layout screen 
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Layouts for the pages could have been chosen from a selection offered by Blurb, but it was 

decided to custom design the layout to suit the data rather than fit the data to suit the design. 

Three main layout page types were created for the smaller images to be presented to 

accommodate the shape and format of the images selected to illustrate the characters for each 

species. 

 

Figure 9: Blurb BookSmart – inserting content into pages and layout overview 

Images and text were inserted into the designed layout pages until the contents page, the 

introduction and dichotomous key pages, all 14 species pages, and a front and back cover had 

been completed. The book was then proof read and then uploaded to Blurb for printing. Two 

copies of the booklet were ordered, costing £14.99 each. 

 

Dichotomous key with illustrated glossary & illustrated species descriptions 

The illustrated glossary and illustrated plant descriptions were created using Microsoft 

Publisher, one of the Microsoft Office suite of software packages. This software is 

predominantly designed to create printed publications such as flyers, leaflets and cards and 

templates for these can be selected from the page layout menu. The page layout chosen for 

this project was blank, A4, landscape with no margins and this tool could also have been 

created using Microsoft Word or other word processing software, but it was felt that 
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Publisher offered a little more flexibility in layout and colour options, such as layering 

objects and colour background selection.  

The dichotomous key text, and the text and images for species description pages used in the 

Blurb booklet were also used to create this tool. 

Page layout templates were created, again taking account of the format of the images to be 

used and images and text were added to create the species description pages. The 

dichotomous key was split over two pages to ensure that the text would be clear and easy to 

follow. Some characters were chosen that were either difficult to understand or visualize, or 

may be ambiguous and difficult to interpret from the herbarium specimens and these were 

illustrated in the illustrated glossary at the end of the document. 

  

Figure 10: Interactive PDF – species description page in Publisher & converted to PDF 

 

Once all of the text, images and pages were complete, hyperlinks were added to link 

characters in the glossary to the relevant text in the key, to link species names to the species 

description pages and to link all pages back to the key at the beginning. 

This was then converted to a PDF document which can be viewed either as a PDF on a 

screen, uploaded to the internet and viewed as a website, or printed out, but losing the 

interactivity. 

 

Illustrated dichotomous key  

The illustrated dichotomous key was also created using Microsoft Publisher. The same 

dichotomous key text used in the Blurb book and the illustrated glossary was used, and the 

same species descriptions were used, this time without illustrations.   
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The text for the dichotomous key was added to the document displaying two full couplets per 

A4 page and images illustrating the character described in the couplet were displayed 

alongside each part of the couplet. Once complete, hyperlinks were added between the 

species names and the species descriptions and between the different pages of the key to 

make the key easier to navigate. Hyperlinks were also added on each species description to 

take the user back to the relevant section of the key. 

This was then converted to a PDF document which can be viewed either as a PDF on a screen 

or uploaded to the internet and viewed as a website, or printed out, but again, will lose the 

interactivity aspect if viewed in this way. 

 

Figure 11: Illustrated dichotomous key – sample page 

Discussion: 

Overall the most difficult part of generating these, three ways to present a dichotomous key, 

was the construction of the dichotomous key itself, and a good understanding of the 

taxonomic group and the characters displayed on the herbarium specimens was required in 

order to generate a key that works.  
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Dichotomous key presented in three ways, is essentially just one tool, the dichotomous key, 

with variations in the way the key was illustrated and published. The illustrated species page 

aspect of this tool came out of the exploration of different layout possibilities for a Rapid 

Colour Guide type, modular guide for plant identification and it was decided that the layout 

of this would suit the inclusion of a dichotomous key. The development from a basic text 

dichotomous key followed by species descriptions, into the key with illustrated glossary and 

key with illustrations came from the scope of the flexibility in navigation within an 

interactive PDF. 

Whilst the first tool, the booklet, did not fully address the issue of technical language in the 

key, it was hoped that being able to confirm or discard a potential species identification 

would be greatly simplified using the illustrated species description pages. If the key still 

proved too much for non-taxonomists to handle, a species identification could still be made 

by simply going through these illustrated species description pages to get a match. 

The dichotomous key with the illustrated glossary attempted to illustrate only a select few 

characters that were felt to be the most difficult to interpret and again the illustrated species 

description pages provided a useful back-up as well as providing an easy to use set of species 

descriptions to either confirm or discard the species name selected via the key. 

The illustrated dichotomous key aimed to illustrate the main character state from each 

description in both parts of all of the couplets and the species descriptions were there to back-

up or supplement the key data. 

There are certain characters present in this taxonomic group that were important in 

differentiating between species that were difficult to show on the images, and were best 

described using technical botanical language, such as hypodermal sclerenchyma. These 

characters therefore presented a real challenge and an opportunity to assess whether these 

tools could convey this type of character clearly enough to enable someone unfamiliar with 

the character or the plant group, to understand it.  
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Chapter 7 

Identification Tools: Lucid Interactive Key 

Background: 

The traditional tools for identification of plant species are dichotomous and bracketed keys 

that require the user to follow the steps of the key in a specified order to reach a species 

identification. A well written key is straightforward, easy to follow and will result in an 

identification being made in the majority of instances. However, as previously mentioned, the 

traditional dichotomous or bracketed keys, whilst serving the botanical community well for 

centuries, have certain distinct drawbacks. The first of these is to convey specific information 

concisely and accurately in a few words. Whilst the use of technical language is not a 

problem for taxonomists, few others are fluent enough in their understanding to follow a key 

without the need for an additional glossary. Secondly, the traditional step by step process 

utilised by these keys requires that features described in the key need to be present and 

correctly interpreted to prevent the user reaching a dead end or a misidentification. 

Matrix based keys resolve the issue of missing characters by having multiple pathways 

through the key, there is no specific start point and the key can be followed based on the 

characters available, in any order the user wishes to take. This type of key is often laid out in 

a table and the user can simply go to whatever character they want and match the character to 

a description and if this leads to one single species the identification can then be confirmed or 

discarded based on a taxonomic description of the species (Walter & Winterton, 2007). The 

speed and flexibility of this approach is a distinct advantage over single pathway keys and the 

number of taxa and the amount of characters included can be quite large, however,  the larger 

the key, the more difficult it is to follow and this is where the use of computers becomes a 

real advantage (Walter & Winterton, 2007).  

There are an increasing number of matrix-based interactive keys builder software 

programmes available many of which are freely available, or have versions that are freely 

available to download from the internet.  

Some of the interactive key software programmes available require both the key builder and 

the key user to download specific software which may only be available for particular 

operating systems (Brach & Song, 2005; Walter & Winterton, 2007) such as the DELTA 

based INTKEY, thus limiting the scope of potential end users to those who have the required 
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operating system and who are prepared to download software onto their computers to operate 

the key. Many interactive key builders are browser based, or have browser based versions 

written in JavaScript or in XML such as Lucid or ActKey. These programmes do not require 

the end user to download software to use the keys, but when the browser based version is 

used, do require internet access (Brach & Song, 2005; Walter & Winterton, 2007) potentially 

limiting their use in the field where internet access may be restricted or absent altogether.  

The genus Aframomum has diagnostic characters such as adaxial leaf venation characters, 

that are only visible on dried specimens therefore tools generated are more likely to be used 

in herbaria, or at a base camp where the user would be comparing the characters in the key to 

a dried pressed unnamed specimen rather than in the field with living plant material. It was 

therefore decided that internet access was not as significant a barrier than the need to 

download specific software or to be running a computer with a specific operating system so 

in order to make the key generated available to more users Java based interactive key builder 

programmes only were considered. Lucid version 3.3 was available as a free download and 

because of the user friendly interface, good online tutorials for building keys and its potential 

to link with ease into a Scratchpad site it was decided to use this software to build a key. 

Once a Lucid key has been built the key can be deployed as an internet based key and can 

also be deployed onto a CD along with the Player software and distributed to be used without 

the need for internet access (Lucid, 2012). 

Lucid v 3.3 was downloaded from http://www.lucidcentral.org and information on how to 

build a key was obtained using the downloaded tutorial from the Lucid Central website 

(Lucid, 2012). Help files and support were not included in the free download version of the 

Lucid Builder software although access to the online help forum was available to all users. 

The tutorial provided with the software download was based on the newer 3.5 version of 

Lucid and the forum was for all Lucid users so many of the topics raised, or solutions offered, 

referred to the newer version of Lucid. However, it was possible to glean enough information 

from these sources to build a basic key, score and illustrate it. 

The first release of version 3 of Lucid only supported a single image per key item, but from 

its second release and in version 3.3 Lucid Builder supports multiple HTML pages or media 

items, including video and sound, to be uploaded to illustrate each the species or character 

states (Lucid, 2012). This potentially offers more scope for illustrating complex character 

http://www.lucidcentral.org/
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states or even to illustrate a range within one state of a single character. There is an additional 

option to enter a written character description within the key if desired.  

Supporting HTML pages can be created and deployed along with the key to function as an 

entry point “homepage”, which is linked to the key, and other pages can be included such as 

taxonomic descriptions, distribution data and any other desired content. This is essentially the 

creation of a website with the key included, but all of the web page files are included within 

the data files of the key. This is an unusual situation in that the home page data file of a 

website is not usually located several folder levels down, but as long as the IT administrator 

knows what folder the home page data is located in, when uploading the site, the 

functionality is not affected once the site has been deployed to the internet.  

 Construction 

The term ‘entities’ refers to the taxa to be keyed out and ‘features’ refers to the characters 

used to differentiate between taxa.  

The initial step undertaken in building the Aframomum of Sangha interactive key with Lucid 

was to enter Aframomum as the overall parent entity then the 14 species of Aframomum found 

in the Sangha Trinational area were entered as children of this parent entity.  

 

Figure 12: Lucid Key Builder: entities, features and feature states 
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The full character matrix created during the taxonomic research phase of the project was used 

as the basis of the key and these characters were added to the features table of Lucid Builder 

and the character states were added as feature states. Features could either be classified as 

group features with specific written states or could be classified as numerical features 

enabling a range of states to be entered and the units measured in was entered both in the 

description of the feature and in the table of figures. Once all of the features and feature states 

were added to the key builder the key could then be scored. 

 

Figure 13: Lucid Key Builder- scoring 

Scoring can be done either by scoring all features of an entity at a time or by scoring one 

feature at a time and entering the data for all of the entities for that feature. It was found to be 

easier to score numerical features for all of the taxa at the same time as the data was laid out 

in a table with the taxon names down the side of the table. If numerical features were scored 

for each individual entity separately then the table would display all the numeric features in 

one single table and if the final state names were similar e.g. “length in mm” which was a 

common occurrence because the name of the feature was described in the feature description 

not in the feature state, then where to enter the data in the table was not clearly apparent. 

Scoring of group features was easy either way and could be done to suit the user.  

Once all of the entities had been scored it was possible to check the scoring of the key using 

the score analyser option. This would highlight any entities that were not clearly 
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differentiated from each other in the key.  When the key had been scored the key was 

checked visually for unused feature states and missing data and then tested using visual and 

label data from several herbarium specimens. 

The key was then illustrated using images of character states selected from the digitized 

herbarium specimens and each taxon was illustrated with one image each of either 

inflorescence or infructescence as the main illustration, and when a taxon is selected in the 

player mode the complete set of images for the taxon can be viewed.  

 

Figure 14: Lucid Key Player – illustrated, showing filtering 

Many of the features included in the key were not features available on the specimens but 

data that may be included on specimen labels. It was therefore decided to split the key into to 

two distinct sections – ‘label data’ and ‘specimen data’. The specimen data section was 

illustrated and the label data section was left un-illustrated. 

The decision was made to include a “homepage” created in Microsoft Publisher and 

taxonomic description pages that were created for the dichotomous key interactive PDF, also 

created in Microsoft Publisher, to provide a link to the key and provide supplementary 

information. The documents were saved as HTML files all in one folder. Hyperlinks were 

then created between each page, including the key, and the homepage taking care to ensure 

that the coded hypertext references would continue to work when deployed to the internet 
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(Crowder & Bailey, 2004) and then saved once again as HTML files with the links now 

included.  

The result of this method enabled quick and easy provision of pages with the desired content 

to support the key, but without the formatting to “autofit” the content for a variety of different 

screen size and formats. For an inexperienced webpage developer this type of formatting 

would be possible using WYSIWYG html editor software, for more experienced webpage 

developers this could be achieved using html code. However, due to lack of experience of 

html mark-up language, and lack of WYSIWYG html editor software this quick fix approach 

was all that was possible within the time available during this project.  

The html files and image files were all included in the media folders for the key and the key 

was then deployed ready for uploading onto the internet. 

Discussion: 

The tutorial provided with the Lucid Software provided adequate information for building, 

scoring and illustrating a basic key, but unfortunately beyond that the information available 

with the free download was limited. There appeared to be no flexibility to alter the 

appearance of the key in any way and the image quality was only just adequate to illustrate 

the characters. Using the free download version of Lucid does not provide the facility to have 

your key hosted on the Lucid Central website and information on how to package and deploy 

the key to internet or for use on a CD was limited. 

The software was relatively easy to use, data input was straightforward and the user interface 

was easy to navigate. The data had to be input manually which took a considerable amount of 

time, even for this small taxonomic group and it would be advantageous to mass import data 

to the key if working with large taxonomic groups. A full key can be imported in several file 

formats, either .csv, .xml, .sdd or .lif (lucid), and entity and feature lists can be imported in 

either .txt or .dat file formats. 

The key was originally constructed with many more characters and character states, however, 

many of these had been included from information gleaned from the taxonomic descriptions 

of living plants rather than from data available from herbarium specimens. The key was 

tested using a random selection of herbarium specimens, using a combination of label and 

specimen data. It was not possible to illustrate many of these features using herbarium 

specimen images and it was therefore decided to alter and edit the key. Information that was 
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not likely to be found either on the specimen label or on a specimen was removed altogether. 

Information that was likely to be found on the label only and not be evident from herbarium 

specimens was put under the heading of label data and all other data, that potentially would 

be found by viewing the specimens was included under the heading of specimen data and this 

section of the key was illustrated with images from the specimens. The resulting more 

streamlined key was again tested using herbarium specimens. The key was found to work 

well for identifying Aframomum herbarium specimens, but it is unsure how beneficial the key 

and the herbarium specimen images would be for identifying living Aframomum in the field. 

The most difficult part of generating the Lucid key was deploying the key to be uploaded to 

the internet as help files were not provided for users of the free Lucid version 3.3, however, 

enough information was obtained by reading questions and responses from the online help 

forum to work this out.  

Character descriptions were not used within the key as it was decided that the combination of 

the illustrations and character state options should be adequate to describe the characters. 

However, if it was felt that the addition of character descriptions would be required then this 

could be included later.   

An “entry” page was created as an HTML document, to lead the user into the key along with 

some background information pages and illustrated species description pages. The entry page 

is the first page that opens when the URL link is opened when the key is accessed online. 

This leads to an information page which contains the link for the key and other pages. All of 

these pages are contained within the Lucid key data folders that are generated with the key 

and this folder also contain all of the images files that displayed within the key. 
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Chapter 8 

Identification Tools: Rapid Colour Guides 

Background: 

Rapid Colour Guides were developed by a team from the Chicago Field Museum led by 

Robin Foster. Designed to be mainly used in the field, Rapid Colour Guides are either 

available online as a PDF that can be printed by the user and then laminated, or can be 

purchased from the Field Museum as A4, double sided, laminated pages. 

Rapid Colour Guides were developed to fill the gap caused by a lack of published 

identification guides to tropical plant species (Foster et al., 2012). These can be produced and 

published in a fraction of the time required to produce more traditional field guides and flora 

treatments (Foster et al., 2012). The guides can be produced to focus on a particular 

geographical area or on a specific plant group, such as family or genus and the focus of the 

Rapid Colour Guide team at the Chicago Field Museum is predominantly on Neotropical 

plant groups. However, some guides have been produced and hosted from other parts of the 

world. 

Some of the benefits of this format for producing and hosting identification guides are the 

speed with which they can be produced and published and the ability for the community to 

contribute their own data to the project and the content can be updated quickly and easily, as 

required. 

Guides that are to be hosted on the Field Museum website are required to include specific 

information including an accurate and appropriate title, and recognition of all significant 

contributors or photographers. A typical Guide will contain a heading, geographic regional 

information, name and contact details of the producer, including institutional information and 

copyright data. Sheets are numbered within the set and a version number and date of 

production is also included. Each sheet contains 20 colour photographs, predominantly of 

living plants, although some Rapid Colour Guides have had diagrams, some text and 

occasionally a herbarium specimen sheet image. Below each illustration text is printed to 

include either taxonomic information such as species name, family name or the characters 

illustrated, or other text linked to the image. The standard format encourages the use of a 

single photograph per species although some producers have used two or three to depict 

different parts such as flowers and vegetative parts. Zoe Goodwin has produced Photo 
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Guides, based on the Rapid Colour Guide principle, as part of a Darwin Initiative project. The 

format of these Photo Guides is slightly different in that the layout is landscape, with the 

images in portrait format, whereas the Rapid Colour Guides templates provided by the Field 

Museum are either portrait format with portrait images, or landscape format with landscape 

images. In addition these Photo Guides use several photographs of each species to illustrate a 

range of characters to aid identification (Goodwin et al.,2012).  

The Chicago Field Museum host the Rapid Colour Guides on their website so that they can 

be accessed from one place and can produce Guides for you if you provide photographs and 

the relevant taxonomic and geographical information. Alternatively you can produce the 

Guides yourself using templates provided for download and the instructions on their web site, 

and they will host your Guide on the Field Museum site when complete. They also provide 

guidelines for taking and processing digital colour photographs to be included in the Guides. 

The approach adopted by the Field Museum of each sheet displaying several species and no 

written descriptions, can be used as a quick reference identification guide in the field by a 

wide range of users, from complete beginners to the more experienced ecologists and field 

workers. Most other modular guides typically use one double sided sheet per species with a 

combination of images and text (Hawthorne, 2012) and are often more suited to be used by 

those more experienced in plant identification. 

Construction: 

Templates along with instructions on how to produce and process images, and on production 

of the Rapid Colour Guides were downloaded from the Chicago Field Museum Tropical 

Plant Guide website http://fm2.fieldmuseum.org/plantguides/default.asp. As the images to be 

used for these guides were not to be of living plants but using digitized herbarium specimen 

images much of the information on image production was irrelevant although the 

recommendations for digital processing of images using image manipulation software, was 

largely similar to that utilized for the other tools produced in this project and so had been 

largely adhered to.  

A different set of images were produced for the Rapid Colour Guides than had been used on 

the Scratchpad and other tools to ensure that the characters illustrated would fit in the 

templates provided by the Field Museum. Image manipulation programme software utilised 

was GIMP version 2.6.10, and this was used to select sections of the digitized herbarium 

http://fm2.fieldmuseum.org/plantguides/default.asp
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specimen images of the appropriate size or dimension ratio, some minor adjustments to 

brightness, contrast and focus and the inclusion of a scale on each image.  

As previously stated the standard Guides predominantly use one image per species and this 

certainly allows for coverage of many species in an easy to carry, and easy to visually scan 

format, but it was clear from the outset that this approach would not be suitable when using 

herbarium specimen images. The living plant photographs used in most guides are images of 

flowers, occasionally supplemented by fruit images, and as living flowers are quite distinctive 

and unique to the species this format works well if the photographs clearly illustrate and 

highlight the distinctive features. Herbarium specimens often do not contain flowers, and 

when they do the flowers are often difficult to interpret and the scope of being able to identify 

plants using herbarium specimens requires a combination of several characters to be used to 

create a “bigger picture” like putting together pieces of a jigsaw puzzle. Therefore, the 

decision was made to create the Guides with one species per line, five images per species and 

consequently four species per side of A4. Illustrations of the same character in different 

species such as ligule were all put in the same column for four of the characters to be 

illustrated, with the fifth column reserved for illustrating a particularly distinctive character 

for that species such as fruit, hairy leaf margin, midrib etc.. 

 

Figure 15: Rapid Colour Guide - layout 
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Once the images were added to the Guides, the images were all labelled with taxonomic 

name and the character illustrated. 

As there were 14 species to be illustrated and four species could be illustrated on a single side 

of A4 paper, there were two free rows left at the end of the Guide. Rather than leaving these 

rows blank it was decided to add some supplementary information in the form of a checklist 

of the species in the region, a very brief written description of the genus, a brief description 

of the geographical area, a map, and a floral diagram. 

Once the Guides were produced all that was required was to convert the guides to PDF 

format, then to print off the Guides and get them laminated ready for submission. 

Discussion: 

The Rapid Colour Guides were the simplest and most straightforward of all the tools created 

for this project. Generation of images was very easy once the decision was made regarding 

which characters should be illustrated. Images were generated from the 49.8 megapixel TIFF 

images downloaded from the archive to ensure the highest quality possible when printed.  

Rapid Colour Guides potentially require the least taxonomic understanding and research to be 

carried out in order to complete. If used as intended by the designers at the Chicago Field 

Museum, with a single living plant photograph of each species, would only require that 

creator of each Guide had identified the taxa correctly. However, the way in which the 

Guides were used in this project required a greater understanding of the differentiating 

characters within the group in order to choose a useful set of characters to illustrate the 

species.  

As a user friendly identification tool, the simplicity of the Rapid Colour Guides is its biggest 

strength. With no technical language barriers to be overcome and little or no technology 

required to use the guides they are easily accessible and easy to use.  However, it was felt that 

whilst an image can speak a thousand words, it can also miss a few important points, for 

example, the ligule of Aframomum alboviolaceum can be blunt and rounded, pointed, 

triangular and may be twisted and by illustrating the ligule of this species with just one of 

these options and no explanation of the variation possible, the user may discount the identity 

of the species based on the incomplete information provided. A way around this would be to 

provide images of all the variations possible for each character, or to provide a written 

description along with the character to explain the variation, alternatively the character could 
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be missed out of the Guide altogether. Providing additional images of all of the options or 

providing written descriptions for the characters illustrated would require that less species be 

presented on one sheet and may result in only one sheet per species. This approach deviates 

from the original aim of the Rapid Colour Guides as a quick reference guide to many species 

on one sheet, and becomes a modular guide that requires more time to produce and results in 

more guides needed to cover the same geographic area. If the option was chosen to miss out 

characters altogether because they are variable could result in a guide that is less able to 

provide an accurate identification.  

Although some Rapid Colour Guides on the Chicago Field Museum website did occasionally 

contain the image of a herbarium specimen sheet image to supplement the living plant colour 

images, no Guides could be found that utilized sections of the specimens to illustrate the 

characters. Therefore the approach undertaken in this project of creating a visual 

identification guide using solely herbarium specimen images to illustrate specific characters 

is completely novel. 

Full nomenclatural and authorship data are not included within the Guides and potential 

nomenclatural discrepancies, such as use of synonyms, or misinterpretation of vernacular 

names, cannot be ascertained. So if the images themselves contained within the Rapid Colour 

Guides cannot provide a clearly definitive identification of a species, with no supplementary 

information to fall back on, the identification provided by the guides would need to be 

checked using more traditional publications such as field guides and floras. As the main 

purpose of the Rapid Colour Guides project is to fill the gaps where these kind of taxonomic 

publications are missing, presumably this would not be possible in many regions and for all 

plant species.  
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Chapter 9 

Identification Tools: RBGE Development Application 

Background: 

The RBGE Development Application is a plant identification application that can be either 

downloaded to a mobile device running Android or other mobile device operating systems, or 

used online as a website. 

The completed application consists of a home page, an about page, an overall species page, 

individual species pages including species profile, characters and an image gallery and a filter 

page where characters can be filtered to reach a species identification.  

The completed application can be downloaded either by entering a URL address or by 

scanning a QR Code (Quick Reference Code) using the camera of a mobile device such as a 

smartphone. To download the application by scanning a QR code, the mobile device or phone 

needs to have appropriate scan application installed such as QuickMark or Bee Tagg 

(MobileBarcodes, 2012) and these can be easily and often freely downloaded from the phone 

or device’s “app store”.  

 

 

Figure 16: RBGE Development Application - QR code for Aframomum Mobile 

 

The QR code is scanned by the device and the application can be downloaded to the device. 

Once downloaded, the device does not need to be connected to the internet or have network 

coverage to use the application, making this an ideal identification platform for use in the 

field. 
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The application can be used online as a website via any computer connected to the internet 

using WebKit based browsers such as Safari, Google Chrome and Android Mobile It also 

works with Firefox which is not WebKit based but still enables most of the multimedia 

functionality of the HTML5 code in which the programme has been written. The online 

version of the application can be accessed from the application’s URL address 

http://elmer.rbge.org.uk/projects/aframomum/index.html. 

The application opens at the home pages displaying home page text entered by the creator. 

There are two and navigation buttons at the top of the screen leading to an About page giving 

details about the application; and a Species page listing all the species included by the 

creator. From the Species page the navigation buttons displayed allow the user to return to the 

Home page or to navigate to the Filter page. On the Species page the user can go to any of the 

species on the list by tapping anywhere on the species name or image, or by selecting with 

the cursor if not using a touch screen device. This then opens the Species profile page with a 

species name and description, and the user can scroll down to display the character profile for 

the species. The navigation buttons at the top now lead back to the main species page or 

forward into the image gallery for that species. Within the filter the user can select characters 

such as flower colour and it will allow the user to choose multiple states. When complete the 

user selects “Done” on the navigation bar. This will take the user back to the filter page 

where more characters can be selected or the user can go back again to the species page, via 

navigation bar, to view the scores based on the character states selected in the filter page. The 

user can go back and forward filtering the character states to get the best match for the 

identification. The species pages and image gallery can then be used to either confirm or 

discard the potential identification. 

The Application was development by Roger Hyam at the Royal Botanic Gardens Edinburgh, 

and was created using HTML5 (Hyper Text Mark-up Language). HTML version 5 was 

launched in part to support up to date multimedia functionality within web sites such as 

video, without the need for additional plug-ins such as FlashPlayer (Pilgrim, 2011; 

Wikipedia, 2012).  

The final application is built into a downloadable application for mobile devices using 

PhoneGap. This open source software enables cross platform mobile applications deployment 

from a single programme written in HTML, CS5 or JavaScript (PhoneGap, 2012). PhoneGap 

http://elmer.rbge.org.uk/projects/aframomum/index.html
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enables developers to build applications for a number of different mobile platforms including 

iOS, Android, Blackberry, Symbian and Windows Phone (PhoneGap, 2012). 

The application builder includes a simulator to enable the user to view progress of the 

application in the format that it will be presented. This simulator was created using JQuery 

Mobile, which is a JavaScript library that will emulate a native application from the HTML 

code (JQuery, 2012). This enables developers to test whether their applications will work and 

what they will look like when running as a completed application on a mobile device such as 

an iPhone or Android phone, and enables alterations to be made before the application is fully 

built. 

Roger Hyam set up the application, ready to be populated with data, and this “Mobile Guide” 

was uploaded to the web server at RBGE and made available via a URL link to be completed.   

Construction: 

When the URL link to the Mobile Guide is opened the initial page has three links: Guide 

Editor, Dynamic version of the Guide (which is the same as the Simulator), and Static 

version of the Guide (if Published). The Guide Editor is where the data are all entered and 

this link opens directly to an Introduction Page where a title and some introductory text about 

the application can be entered. A series of links across the top of the screen, Species, 

Characters, Simulator and Build, lead to pages where further data are added. 

Entering the Guide Editor, the first data to input were a title for the application and an 

introduction. This section was used to add a short introduction to the application and its 

purpose, and a brief note on the Sangha Trinational area, and the genus Aframomum. It is 

important to bear in mind at this stage that the screen size that this will be viewed on as an 

application, will be considerably smaller than an average computer or laptop screen, and 

consequently the text descriptions were kept deliberately brief. 

The next screen, “Species” contained an “Add Species” button, leading to a screen to add a 

species name, a subheading, where the authority for the species was added, except for the two 

un-named species, which were entered as “un-named”. Once the species name had been 

completed a menu with a series of options was presented including “edit”, where a brief 

taxon description was added. Once all 14 species had been added in this way, the next step 

was to enter the characters and character states. 
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Figure 17: RBGE Development Application: Species Edit page 

 

The full character matrix created during the taxonomic research phase of the project was 

again used as the basis of this key although fewer characters and character states were added 

for this application than were included in the Lucid Key. Again the reason for this was to 

keep the look and format of the application simple and compatible with viewing on a smaller 

screen. Character groups were added, then a character in that group was added, and then 

finally, states were added, before moving on to the next character, or character group.  

If a character was missed out at any point during the data entry a new character could be 

added to the list either be clicking + character on the menu bar of the character above where 

you wish to enter it, or can be added at the bottom of the list and then characters can be 

moved up or down the list as desired. 

Images were added to illustrate the species, which were viewed as thumbnails when using the 

application, so care had to be taken to ensure that the images selected had the important data 

to be illustrated in the middle of the image as the edges would be cut off. Full images could 

only be seen when selected in the image viewing screen.  
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Figure 18: RBGE Development Application: Characters page 

The final stage of the data entry was to score the species characters and this was done from 

the individual species pages by selecting the character entered and ticking boxes to select the 

appropriate state from the list previously entered. 

Once all the data had been entered into the Guide Editor, checked and proof read in the 

simulator the guide was ready to be built into an application.  

    

Figure 19: RBGE Development Application – screenshots on iPhone simulator 

 

This phase of the application building was undertaken by Roger Hyam. Once the application 

had been built as an Android application, it was uploaded to the internet, to be viewed online 



P a g e  | 63 

 

via a WebKit based browser or downloaded as an Android application, and a QR code for the 

“App” was generated. 

As the Aframomum Guide was being developed as a pilot project only, to test the feasibility 

of using herbarium specimen images in this type of field guide, the decision was made to 

deploy it only as an Android Mobile application and not to generate applications for iPhone, 

Blackberry or Windows Phone. The main reason for this was down to the availability of 

devices to test the finished product, and the time required for ironing out any bugs that might 

arise in the different formats. 

Discussion: 

The use of the RBGE Development Application, developed by Roger Hyam, as a potential 

identification tool for this project came about after initially making contact with Roger for 

advice on developing a new application for plant identification. After discussions about the 

software requirements and the understanding and experience of web site development that 

would be required to develop a new application it was decided that this was beyond the scope 

and timeframe permitted for this project, However, he had recently developed an application 

that needed testing and the option became available to pilot this application as part of the 

project. As much of the functionality of his application covered the same ground that was 

initially hoped to be included, this provided an opportunity to be involved in gaining an 

understanding of some of the processes involved in application development without having 

to start a new one from scratch.  

All of the hard work and complicated process involved in the creation of this application 

were in the creation and the design of the original Development Application itself and 

building it into mobile application, all done by the developer, Roger Hyam. 

The work involved in making it specifically an Aframomum identification application was a 

simple and straightforward exercise in data entry. The Guide was easy to navigate, and where 

and how to enter data was simple and obvious.  

Even during this data entry phase though there were some issues with full functionality being 

supported on the browser over the remote server, and initially it was not possible to enter any 

text other than headings. Once this bug had been sorted out, the text editor window was still 

not functioning via the remote server, and much of the text had to be entered in HTML code. 

This could only be viewed a few words at time, and a quick self-taught session on basic 
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formatting codes in html had to be undertaken. There was no facility to preview the text 

whilst it was being created, and the formatting such as bold, italics and line breaks could not 

be previewed in the simulator. It was later discovered that this was due to the browser used 

when inputting data, rather than an issue with the application itself. 

Images were only supported in the species pages, and it was not possible to link or tag the 

images uploaded to character states or to enter a title for the images. It was felt that this was a 

missed opportunity and it would have been beneficial to illustrate some of the character and 

character states. This was particularly the case with characters such as hypodermal 

sclerenchyma that would require an explanation or illustration for laypersons and for 

taxonomists unfamiliar with this plant group. Even for more straightforward characters it 

would have been good to have the opportunity to illustrate the characters so that the 

application could be used as an illustrated key. 

It was not possible to test the mobile guide prior to the final build again due to unsupported 

functionality of the browser resulting in the filtering function not being operational.  

Consequently the final build went ahead without the opportunity to fully test it using 

herbarium specimens. Due to a software error the final build of the Aframomum Guide as an 

Android application has lost the Filter functionality and consequently as an identification 

application does not currently work. However, if the decision was made to keep the 

application to be used in the field, this error can be fixed and then rebuilt to create a fully 

working tool. In addition, when using the application online the browser used needs to have 

good HTML5 compatibility for full functionality of the Application. 

The finished “App” provides a simple uncomplicated user interface, and an easy to use tool 

that can be downloaded to a phone or other handheld mobile and used offline at any time, or 

can be used online on a computer, laptop or internet ready phone or palm top. The lack of the 

option to provide illustrations for characters meant that the user is still required to interpret 

written character descriptions, although the descriptions provided were made accessible as 

possible. The simplicity of the user interface would be well suited to a fully illustrated 

interactive key and it was felt that this would enhance the appeal of this “App” greatly. 
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Chapter 10 

Discussion  

The overall aims: 

The literature search revealed a considerable number of projects focused on aiding 

identification of plant species, many aimed at the non-taxonomist members of the 

conservation and biodiversity community,  with an emphasis on identifying plants without a 

the requirement of botanical knowledge. The sheer number of these only goes to highlight the 

importance of plant identification to environmental and conservation work as a whole, and 

the resulting impediment to habitat evaluation and conservation strategies caused by an 

inability to identify plant species.   

The primary focus of this project was on the use of digitized herbarium images to generate 

identification tools. This was an interesting prospect with the main challenge being to unlock 

the data contained within the specimens, and express this information clearly to the wider 

community.  

The use of herbarium specimens as a resource to aid plant identification is not an obvious 

choice for those who are unfamiliar with the scope of their use, and indeed, many potential 

users in the wider community are not even aware of their existence. In addition, the facility to 

download and view herbarium specimen images digitally does not necessarily mean that the 

images are any more intellectually accessible than texts written in technical botanical 

language. The ability to interpret the data contained within herbarium specimens is an 

acquired rather than intrinsic skill. Even for those who are reasonably familiar with 

herbarium specimens, the task of trawling through a number of specimens for each species, 

making comparisons and evaluating the significance of the data contained therein is not an 

easy task and can be overwhelming. Unless the user already has a good understanding of the 

taxonomic group, guidelines are often required to which characters and character states are 

likely to be useful in differentiating between species.  

By breaking down the information into bite sized chunks that can be easily digested, and 

displaying the information in such a way that is useful in differentiating between species 

clearly and concisely, one can greatly enhance the usefulness of herbarium specimen data to 

non-taxonomists. A major aim within this project was to explore how to achieve this goal 

whilst making use of the framework provided by existing identification tools. 
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Taxonomic evaluation: 

Evaluation of the species found in the Sangha Trinational area included a review of the 

literature available on the genus. However, decisions on how to differentiate between these 

species for the purpose of the tools to be created was mainly undertaken using the taxonomic 

descriptions provided by Dr Harris and from examination and evaluation of the specimens 

housed in the herbarium of the RBGE. Justification for the decision to focus on data provided 

by Dr Harris lies in the fact that they are the most up to date and thorough data in existence 

for this taxonomic group. In addition, species were included in the project that are currently 

unnamed, and taxonomic information on these species could only be obtained from Dr 

Harris’s work and the specimens provided that had been attributed to these species by Dr 

Harris.   

Careful analysis revealed that although some of the species can be split into groups that are 

morphologically very similar, a clear set of characters could be found to differentiate between 

them. However, the biggest difficulty in incorporating these characters and the range of 

character states present into the tools to be generated was in articulating some of the more 

complex of these concisely and illustrating them using only herbarium specimen images. 

Distance between veins on the upper surface of dried leaves and the absence, presence, and 

the extent of presence, of hypodermal sclerenchyma were the most difficult characters in this 

genus to describe. Hypodermal sclerenchyma is a particularly obscure character that is 

unfamiliar to many taxonomists.  

The distance between the veins is an important character in differentiating between species in 

this genus and cannot be simply be expressed as a measured distance between the veins, as 

this is very much dependant on the size of the leaf. This can be variable on an individual 

plant as well as within a species due to the location of the leaf on the plant, the age of the 

plant and overall size of the whole plant. For example, a species described as having broadly 

spaced veins may therefore have veins that are closer together on small leaves than the 

expression of the veins on large leaves of other species that are described as having densely 

spaced veins. It was felt that differentiation of the broadly spaced veins being described by Dr 

Harris as ‘raised train tracks’ gave a better impression of the character which could be easily 

visualised and when viewed on a specimen was a clearly recognisable character. Hypodermal 

sclerenchyma, described as short discontinuous lines in the surface of the leaf is also a 

complex and variable character. It can appear very faintly and be difficult to differentiate 
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from cell walls; can be quite long, parallel and evenly spaced and difficult to decipher from 

dense secondary veins or tertiary veins; or can be spread across the whole upper surface of 

the leaf, crossing and covering the secondary venation and in some species completely 

obscuring the veins. 

During an exploration of the specimens, Dr Harris described the venation character to be one 

of three distinct states: densely spaced parallel secondary venation, broadly spaced parallel 

secondary venation with hypodermal sclerenchyma between and/or covering the veins and 

broadly spaced parallel secondary venation with no hypodermal sclerenchyma, with all of the 

species of Aframomum more or less falling into one of these three types.  

Obtaining images: 

Obtaining and processing digital images highlighted some interesting issues with regard to 

the value of using digitized herbarium specimens to undertake taxonomic research and what 

impact this may have on how the taxonomic work is carried out. Theoretically, if the 

digitized specimens are as good as having an actual specimen in front of you, would there 

ever be any need to travel to other herbaria to view collections? Would there ever be any 

need to loan specimens from other herbaria? The experience of producing the images for this 

project reveals that the answer very much depends on the scale and scope of the taxonomic 

work to be undertaken. The images are very high quality and clearly being able to download 

images instantly over the internet is a great advantage in both time and cost otherwise spent 

obtaining specimens. However, the increased amount of time required to view the images, to 

zoom in and navigate to view detail of the characters in comparison to having specimens in 

front of you, needs to be taken into account when at the project planning stage of any 

taxonomic work to be undertaken in this way. In addition, if the characters are very small and 

viewing in very fine detail is required, such as differentiating between types of fine 

pubescence, then the specimens would need to be viewed in person or higher quality digital 

images would be required. If the technology was available to produce digital images of the 

specimens that could be viewed at magnification of x20 such as a good quality hand lens, or 

even up to x40 and levels that would equate to viewing through the dissecting microscopes in 

common use in herbaria, there really would be less need for taxonomists or specimens to 

travel to undertake this kind of taxonomic work. When the taxonomic work to be undertaken 

involves destructive sampling, a full exploration of the specimens held at an institute could be 

undertaken to assess their suitability for sampling and therefore travel to other herbaria could 
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be more fully planned and directed at particular specimens, rather than basing the decision on 

the hope that suitable specimens will be found on arrival. Knowing what specimens would be 

required and where they are housed could greatly reduce the time required on such trip and 

would potentially result in a more fruitful expedition.  At present it was found that the 

digitized herbarium specimen images fell a little short of this standard.  

The Tools: 

The tools were selected to explore a variety of formats for presenting simplified taxonomic 

data and images derived from the digitized herbarium specimens and to evaluate how 

successfully this type of data could be used to aid plant identification. For this taxonomic 

group and the type of characters and character states that are useful in differentiating between 

them, the end results are reasonably successful. Some characters were challenging to 

illustrate. It was difficult to see venation and hypodermal sclerenchyma clearly on some 

species, and attempts to show the fine pubescence on the lowers surface of the lamina of 

Aframomum sericeum and A. subsericeum were unsuccessful. However, many of the 

characters such as ligule shape, leaf shape, ridges on leaf sheath and some obvious 

pubescence on leaf margin and midrib are possible to demonstrate using images derived from 

the digitized herbarium specimen images.  

An important aspect that was considered when selecting the tools to be created was how the 

tools could be accessed and therefore their functionality as field identification tools. The tools 

created are presented in a range of media from a completely online web site, offline 

electronic documents, a mobile application and the production of a couple of more traditional 

hard copy paper tools. Some of the tools are accessible in more than one way. Of all of the 

tools generated the Scratchpad is the only one that requires to be used completely online, 

requiring an internet connection to gain access, with no option for downloading the site for 

use offline. As a potential field guide this would obviously be a disadvantage, however, as 

internet provision improves this may become less of a hindrance in the future. The Lucid Key 

and the RBGE Development Application can be used either online via a computer or hand 

held device connected to the internet. Both of these options can be used offline. The Lucid 

Key can be deployed to a CD along with the Lucid Player software for distribution, and used 

on any computer with a CD drive. The RBGE Development Application can be downloaded 

as an App directly to an Android phone or device running Android Mobile operating system. 

There is potential to develop this App to be supported on other mobile devices such as iPhone 
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or iPad. The dichotomous keys have been developed in three formats in order to explore 

different ways of including illustrations to support the dichotomous key as well as to explore 

the different ways to publish the data. One has been produced as a physical book, two as 

interactive PDF documents. The book obviously requires no special equipment, but does 

necessitate acquiring the book in advance and transporting it to the field. Blurb also provides 

the option of supplying publications in e-book format. The interactive PDF documents can be 

used from a CD or downloaded to a computer or hand held device for use without the need 

for internet connection. They would therefore be useful either at a base camp or field station 

or in the field if stored on a portable device. Rapid Colour Guides can be used as an 

electronic PDF document in much the same ways as the other downloadable electronic 

guides, or they can be printed and laminated. They are lightweight, take up little room and are 

ideal for use in the field. 

The tools created use much the same taxonomic information. The Scratchpad contains the 

most background information such as specimen data and distribution information, and with 

the inclusion of the interactive key it is the most comprehensive of all of the tools. However, 

due to the lack of portability and the inability to use the site without an internet connection it 

is also the least accessible tool. Most of the tools occupy the middle ground in the context of 

the quantity and depth of the information provided. The interactive PDF documents, the 

mobile App and the booklet all contain roughly the same information and the level of 

complexity of information. The use of botanical language is pitched at the same level for all 

of these tools and therefore the choice in terms of usability and accessibility comes down to 

personal choice and equipment available. Whilst some may prefer the more traditional, 

physical identification guide in a book format, others may prefer easy access electronic 

applications on a smartphone. The information contained within the Lucid key itself is very 

simple character and character state information, with the optional addition of species 

description and introductory pages. The key is easy to use and the illustrations assist in 

interpreting character states making it easy to use for non-taxonomists. However the need to 

have a computer with a CD drive or access to the internet does hinder the accessibility of this 

tool as a field guide. The tool containing the least data, with only images to convey the 

information on which to base an identification, are the Rapid Colour Guides which can be 

accessed electronically or taken into the field as a printed laminated guide. They are therefore 

ideal for a quick reference identification in the field.  
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None of the tools have been tested in the field or assessed to ascertain whether the data 

provided would translate well enough to aid the identification of living plants. However, 

herbarium specimens are regularly used successfully by taxonomists to identify species and 

to confirm species identification so the information required to identify plants is often 

available within the specimens. It is hoped that by presenting the specimen images in the 

form of selected sections of specific features, as shown within this project, any difficulty in 

interpreting specimen data for non-taxonomists may be overcome. 
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Chapter 11 

Conclusions and Potential Future Work 

The process of generating the tools using an existing framework such as Rapid Colour Guides 

and a Lucid key with the proviso of only using herbarium specimen images to illustrate them, 

has provided the opportunity to investigate new approaches to the generation of identification 

tools. Undertaking this exercise has provided great deal of insight into the challenges and 

opportunities required for generation of new identification tools in the future. 

The use of herbarium specimens has highlighted some issues that were not possible to resolve 

using the tools created in this project. In the most part, this was due to the limitation of using 

the standard digitized images of the herbarium specimens for all of the illustrations in the 

tools. It was felt that these images could be used in combination with other imaging 

techniques that would overcome many of the shortcomings that were come across in the tools 

generated here. One option for improving the ability to see finer details and more obscure 

features would be to take photographs specifically to highlight certain features. This could be 

done by using very high quality macro pictures of the features using designated lighting or by 

the use of a camera / microscope set up to achieve images with good magnification of 

features like fine hairs. 

Appreciation of herbarium specimen data goes beyond knowing where to look on a specimen 

to find relevant characters, but also lies in the ability to interpret the data provided by the 

specimen and equate this to living plant specimens and written plant descriptions. This is 

particularly pertinent when using images of herbarium specimens, where the viewer is 

restricted to being able to visualize the character from ‘above’ only. When examining 

herbarium specimens the viewer can adjust the angle of their view, and essentially have a 

good look around the specimen and characters present, in order to absorb as much data from 

the specimen as possible and to be certain that the data has been interpreted accurately.  

Throughout the process of generating the tools for this project, the overwhelming difficulty in 

conveying the desired information was how to overcome the impediment of misinterpretation 

of the data provided. The creator of a tool knows their intention in providing a particular 

image or piece of text, but there is no way to ensure that the information is understood as 

intended. In an ideal teaching context a concept will be described, illustrated and 

demonstrated, and in this way the information will be experienced rather than just seen or 

heard. In the same way, an ideal identification tool would emulate the experience of having 
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the expert in the field guide you through the identification – a guided identification rather 

than an identification guide.  

With this notion in mind, a tool that could be created using the imaging techniques discussed 

above could be presented as a recorded explanation and demonstration of the process of 

identifying a plant species. This would take the form of a multimedia, audio-visual guide, 

using a selection of images from the herbarium specimens, video footage of demonstration of 

character and character states, audio commentary and discussion of character states that help 

to define each species. The ideal mode of delivery for this could be to present the tool as a 

series of downloadable enhanced podcasts, each episode covering a taxonomic group, or a 

habitat type. It is hoped that the opportunity will arise to explore the production of this tool in 

the future. 

A key issue to be considered for developing any future tools for species identification is 

repeatability. There is little point in developing over complex identification guides that take a 

very long time to produce and provide far more information than is required for the job in 

hand. The beauty of electronically produced tools that can be accessed from the internet is the 

option to provide links to all the supplementary data, leaving the tool itself relatively free and 

uncluttered with data. The data to be included should be relevant and pertinent and the data 

gathering process, such as image processing, should not be overcomplicated. Images need to 

be produced simply and quickly without the need for overcomplicated processes and 

techniques. 

The importance of creating a simple framework that can be populated with data by experts in 

the field cannot be underestimated.  
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