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Abstract 

 
The identification of organisms is an important task for the conservation or inventory of 

biodiversity. For over a century, it was achieved by means of dichotomous keys, and this is 

still incorporated in today’s Floras, monographs or taxonomic notes. With the progress of 

the digital era, multi-access interactive tools have recently been created offering a new 

software-based experience of taxon identification with many advantages over conventional 

dichotomous keys. Are dichotomous keys therefore facing extinction? The outcome of a 

single-access key similarly using an interactive environment with multi-media is tested for 

the first time in this research using a model a group of taxa which have a reputation of being 

challenging to identify – the genera of Poaceae. Material from 32 genera of grasses from 

Malta has been used in this model. A detailed account of the development of this web-based 

tool, giving good practices on key construction, image production and software interactivity 

are presented. New techniques in software development have been also experimented with 

and documented. The developed tool was finally trialled on eight participants and its 

performance was compared with a multi-access key for the same taxa. Successful results 

were obtained. The main reasons for this achievement were identified as the use of 

character-linked images and selection of easy characters in the key and software 

interactivity. Recommendations gained through this research or from feedback of 

participants are put forward.  
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Chapter 1 Introduction 

1.1 Project background 

Many people have become botanists as a result of the interest and passion they have for 

plants, which in time promotes them from amateurs to qualified botanists. This was how it 

was for me when I started studying the Maltese Flora as a complete novice back in 2002. 

Unfortunately, at that time, there was a lack of concise, user-friendly reference books on 

Maltese Flora; only basic guide books covering a third of the Maltese Flora were available 

to the beginner, for example Lanfranco & Lanfranco (2003). On the other hand, the Flora of 

Sommier & Caruana Gatto (1915) and Borg (1927) were outdated, out of print, not user 

friendly and lacked keys or illustrations for the identification of plants. Haslam et al. (1977) 

produced a bridging book but their good work, incorporating keys and some line drawings, 

was merely an extract of Tutin et al.’s (1964–1976) using difficult terms and contained 

many typing mistakes and omissions of species (Lanfranco, 1977). Instead of discouraging 

me, this situation led me to start researching the subject in more detail and write a website 

on the Flora of Malta (Mifsud, 2013). 

Plant identification was then based on the exhaustive keys found in major Floras namely 

Flora Europaea (Tutin et al., 1964, 1968, 1972, 1976, 1980, 1993) and Flora d’Italia 

(Pignatti,1982), the latter having a more concise Flora related to Malta and very helpful line-

drawing illustrations. The experience gained throughout these years using these keys has led 

to a better understanding of the advantages and disadvantages of dichotomous keys, well 

documented by Walter & Winterton, (2007) and Dalwitz et al. (2013) and summarised here 

in Section 1.4. More importantly, this experience highlighted what makes a key difficult to 

use as well as the reasons why a novice may make an incorrect identification, also pointed 

out by Nimis et al. (2012). This provided a basis for looking at where improvements could 

be made. The reasons for identification failure can be categorised as follows: (1) not fully 

understanding what distinction is tried to be communicated in a couplet and (2) not 

observing the correct character or not judging the character correctly due to lack of 

knowledge and experience in a particular family. Back in 2006, this prompted me into the 

creation of a software based on dichotomous keys, supplemented with illustrations and 

guided text to greatly improve this communication in an attempt to reduce failures. A 

prototype of this software was created only a few years ago and refined to some extent in 
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this project. The main aim of this project, as detailed further below, is to test and compare 

this new approach over text-based conventional keys and also to the highly acclaimed multi-

access keys. The main aim of this project, as detailed further below, is to test and compare 

this new approach which can be considered as an enhancement of the conventional, text-

based keys, which due printing constraints, was standard form of identification up to a few 

decades ago (Scharf, 2009). This enhancement is directly linked to advances in computer 

and digital technology (namely photography) by which interactivity and inclusion of many 

images in an identification tool is nowadays more than feasible, and even becoming the 

standard practice for many authors (Leggett & Kirchoff, 2011) 

1.2  Applications of identification keys 

Classification of plants was probably the first application of diagnostic or identification keys 

in natural science. The classification of Umbelliferae illustrated by Morison (1672) was, 

according to Walters (1975) and concurred by Pankhurst (1991), the first application of a 

diagnostic key in its crudest form. However, in his monograph, Morison (1672) did not call 

it a key. The term ‘clavis’ (= key) was first used by Linneus but he did not apply it to 

classify plants but botanists (Pankhurst, 1991). The application of keys did not catch the 

attention of scientists until Lamarck (1778) used it extensively throughout his Flora 

Françoise in the typical and modern sense. It was only then that identification keys became 

popular and extensively used by several botanists for taxon identification in their floristic 

accounts and still do to the present date. 

According to Pankhurst (1991), applications of keys did not remain restricted to plants, but 

was also employed in other branches of science namely: zoology (cf. Brohmer et al., 1960); 

palaeontology (cf. Sylvester-Bradely & Siveter, 1973); microbiology (cf. Barnett & 

Pankhurst, 1974); pharmacognosy (cf. Claus, 1956) and even in medical diagnosis (cf. 

Essex, 1975).  

With the introduction of the computer in the second half of the 20th century, taxon 

identification took a new twist with the application of software, and gave the right condition 

for multi-access keys to develop from the unpopular punch card system (Pankhurst, 1991). 

During the last 30 years or so, interactive identification tools using a computerised multi-

access approach have evolved in the form of state-of-the-art software. Walter and Winterton 

(2007) gives 22 examples of platform of which Delta IntKey (2011), Dryades (2013) and 
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Lucid Central (2013) are quite popular and offer to the user, as well the developer, a wide 

range of tools and customization options. 

The use of any type of key is simply to identify a specimen, often to species level, using 

statements querying about its characters, either sequentially as in dichotomous keys, or in 

parallel as in multi-access keys. Identification of plant species has important applications, 

such as botanical monographs, biogeography and palaeontology, species conservation; 

moreover there are commercial or industrial applications such as in medicinal and 

pharmaceutical products, agriculture, cosmetics and others which make use of plants where 

working with the correct species is fundamental (Morse, 1971).  

1.3 Terminology of identification keys 

The standard terms which constitute a dichotomous key are couplet and lead. The couplet is 

a single step in a sequence of steps forming the key and consists of two opposing or 

alternate statements (which can be taught as a question with two possible answers) known as 

leads. The lead of a couplet can have one or more statements, always with a corresponding 

and contrasting statement in the other lead of the couplet. The correct lead judged by the 

user according to the character states of the specimen under examination, proceeds either to 

the next couplet or step, here termed child couplet, or to an identified taxon. The couplet 

which led to the current reading couplet is here termed parent couplet, and if the key is 

thought of as a hierarchical structure with different levels of couplets, the parent key is a 

level higher from the current key while the child is a level lower. 

Couplets which lead to two taxa and hence do not have further child couplets are called 

terminal couplets. Each couplet has a number assigned to it which is used as a reference 

from other couplets’ leads in the key. This referencing is sometimes termed ‘calling’ in this 

account: a taxon which is called twice in a key means that there are two couplets that refer 

and key out that taxon.  

Normally, keys have two opposing leads per couplet and hence are known as dichotomous 

or binary key but, rarely, some keys employ three or more alternatives, and are referred to as 

polytomous keys. Some keys which involve many couplets are sectioned into subkeys 

sometimes called more than once from the master key, for example, Pignatti (1982) and 
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Cope and Gray (2009), or often just to simplify a complex key into sections as that used in 

Smith (2013).  

There are two basic strategies to plan a key, either natural (synoptic) or artificial 

(diagnostic). In a natural key the author bases the leads on characters which strictly pertain 

to the classification and evolution of the taxon keyed out. The keying of grasses into Tribes 

by Cope & Gray (2009) is mostly a natural key, whereas the keys of Pignatti (1982) and 

Smith (2013) are artificial and mostly based on characters that are rather easy to distinguish 

but do not have a relationship with the classification of grasses. Two styles of presenting a 

key exists: bracketed (or parallel) and indented (or yoked) and differ in the way contrasting 

leads are organized (Walter & Winterton, 2007). Leads in bracketed keys are grouped 

together and referencing to couplets is done by numbers at their end. Leads in indented keys 

are separated and are their grouping corresponds to their indentation level within the key. 

The next couplet following a lead is always below it and so there is no numerical 

referencing (Walter & Winterton, 2007). This often gives the advantage of visual navigation 

and grouping of related taxa, but can be a nuisance to find the matching indented lead of a 

couplet in a very long key.  

In multi-access keys there are no couplets, but instead a list of characters or statements with 

two or many character states, therefore they are not obligatory binary as in a dichotomous 

key – they are termed multi-state characters. The user usually selects any number of 

character states at one go from the array available, and the software then computes the most 

likely possible taxa accordingly, usually as a ranking with percentage or likelihood scores.  

1.4 The advantages and disadvantages of single-access 
(dichotomous) and multi-access keys. 

From the experience gained over several years toying with conventional dichotomous keys 

to identify Maltese plants, it can be concluded that they work rather well, especially when 

covering small groups of taxa. However, their nature of a serial, step-by-step process using 

usually only short statements of communication give them some critical problems: 

1. Lack of characters in the specimens under investigation. This is of more concern if 

the characters used by the couplet are underground parts, fruit, seeds, bark, odour or 

life cycle, often missing in herbarium specimens.  
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2. Not understanding the text in the couplet, either due to the terminology used or not 

understanding what specifically is meant to be checked.  

3. Identification tends to be too time consuming for keys with many taxa. 

4. Low error tolerance – a single error along the keying will likely result in a wrong 

identification or dead-end situation. 

5. From the development side, including new taxa in dichotomous keys can be 

painstaking unless the new taxa are placed in terminal couplets or chipped out at the 

start of the key. 

Since the serial process implies that one couplet step follows another, until taxon 

identification is reached, getting stuck in one step often results in being unable to continue 

with the identification - referred to as dead-end (Pankhirst, 1991). The longer the key is, the 

more likely that a dead-end occurs. Botanists usually cope with such situations by following 

the two possible leads from the non-diagnostic couplet and see which of the two gives the 

most sensible identification. This usually works out, but gets quite complex when the 

number of unresolved couplets accrues. It is worse when the user does not suspect that 

anything went wrong and only at the end realises that the identification given does not 

concur with the specimen; the only option then is to restart. 

The multi-access type of identification has the major advantage of reducing but not 

eliminating these problems by allowing the user to apply a combination of attributes 

(character states) simultaneously. One of the advantages is that the user can choose the 

characters which are available in the specimen under examination and offering a sound 

judgment of their character state. In its simplest form, the multi-access key presents a 

number of characters each with different character states to choose from, either binary (e.g. 

spines absent vs. present) or multi-state (e.g. number of petals 0, 3, 4, 5, 6, 7–10; or 

measurement ranges), and when a number of characters are assessed by the user, 

identification is narrowed to finally give the single taxon with high confidence or score. 

Such a parallel process can tolerate a degree of user error. Additionally, character states can 

be used over their entire range rather than being subdivided into two ranges as happens in 

single-access keys. These main advantages and other desirable features are well documented 

in detail by Dallwitz et al. (2013) and Walter & Winterton (2007). 
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On the other hand, multi-access keys tend to be much more time consuming to develop than 

single-access for the simple reason that they have to cater for the states of all characters of 

all taxa. A reasonable 30 characters of 50 taxa means scoring (checking) 1,500 characters’ 

states. In practice, 30 characters for a large taxon group is small, whereas true values which 

can be exemplified are 496 characters for 785 genera of grasses (Watson and Dallwitz, 

1992), of which numerous characters have three or more states. If illustrations are 

accompanied, the task of imaging each character state will be of astronomic proportions. It 

must be said that it is not necessary to employ all possible characters to form a multi-access 

key, especially if the number of taxa is not large. However, editing a data matrix to include 

or exclude taxa is then very easy in comparison to single-access, where it may require 

reworking the whole key. 

In a single-access key, only the critical and diagnostic characters are dealt with, namely 

those which distinguish one set of taxa from another and so the amount of character 

diagnosis during development is a fraction of that of a multi-access key. From the user’s 

point of view, one can argue that since a dichotomous key incorporates the best path of 

characters needed to be assessed to reach identification, it can be a more time-efficient tool 

than in a multi-access where the user may have to check many or most of the characters 

presented to him, with likely situations of checking character states that are not diagnostic 

for his specimen. Nevertheless, latest and expensive versions of software such as Lucid 

Central (2013) can give a guide to which characters the user needs to check first, but not all 

multi-access software has this feature. One has to remember that the more features that are 

incorporated in a developing software, the steeper becomes the learning curve for mastering 

its development. If one has to compare the developing of a traditional dichotomous key 

versus a multi-access using advanced software, the former is obviously more easy. 

Speaking about software, it is also important to consider that multi-access keys can be used 

only in a software environment and attempts to produce printed formats such as tabulae or 

matrices result in rather complex layouts, which so far have not gained much popularity, for 

example keys for wood anatomy of European species by Schoch et al.(2004),  

Noteworthy is another, not well-documented, advantage of dichotomous keys: they can give 

a learning experience to the novice botanist. Concurring with Cope & Gray (2009), this 

advantage is more pronounced if the key is natural. Expanding more on this, a dichotomous 
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key distinguishing one taxon (or taxon group) from another will give the user the knowledge 

of how to discriminate between the two, and consequently learn important distinctions on 

repeated use of the key. This can be demonstrated by the following key extract taken from 

the keys of Leguminosae by Tutin et al. (1968):  

“ 
1 Stamens numerous, free, longer than the corolla ................................................  4. Acacia 

1 Stamens not more than 10, the filaments often partly 

 or completely united, usually shorter than the corolla 

2 Corolla absent; stamens 5, free ...........................................................................  2. Ceratonia 

2 Corolla present; stamens more than 5 or the filaments united 

3 At least some leaves 2-pinnate; corolla scarcely  

 zygomorphic ................................................................................. ......................  3. Gleditsia 

3 Leaves simple, 3-foliolate or 1-pinnate; corolla strongly zygomorphic  

4 Flowers with 1 petal ...........................................................................................  42. Amorpha 

4 Flowers with 5 petals, 2 or more sometimes connate 

5 Leaves consisting of a tendril only (but with large 

 leaf-like stipules) ............................................................................................... 51. Lathyrus 

5 Leaves not consisting of a tendril only 

“ 

From shaded leads of this example, the user will learn that Acacia can be identified from the 

rest by their numerous stamens while Lathyrus (which is a large genus) can be identified 

from the particular stipules/tendril character of its leaves. This is also effective in terminal 

couplets distinguishing one taxon from the other. 

1.5 The family of grasses 

Poaceae (or Gramineae) requires no introduction either to the botanist or to the layman: 

notoriously difficult to identify for the former and well-known plants of economical 

importance for the latter. With more than 11,000 described species classified in over 700 

genera, this plant family is the fifth largest in the world, behind Orchidaceae, Fabaceae, 

Asteraceae and Rubiaceae (Cope & Gray, 2009) and without doubt the most economically 

important family in the world (Heywood et al., 2007; Cope & Gray, 2009). Heywood et al. 

(2007) state that grasslands cover one quarter of the earth’s vegetation (one third according 

Cope & Gray, 2009) and that a number of grass species contribute to the majority of cereal 

crops with major examples being wheat (Triticum spp.), barley (Hordeum spp.), rice (Oryza 

spp.), oats (Avena spp.), sorghum (Sorghum spp.) and maize or corn (Zea spp.). Besides 

that, a number grasses are important sources of fodder such as rye grass (Secale spp.); 

provide sugar (Saccharum officinarum L.); are used in building materials from stems of 
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bamboos (Bambusa spp.); are reeds (Arundo spp., Phragmites spp.); and have ornamental 

uses namely to make lawns (e.g. Festuca spp., Cynodon spp.).  

1.6 Grasses in Malta 

While grasses are the fifth largest plant family in the world (Heywood et al., 2007), in Malta 

it is the family which represents most species (Borg, 1927; Haslam et al., 1977). Bromus 

and Hodeum are the largest genera from the 67 cataloged by Haslam et al. (1977). While 

several grasses are common ruderal species and hence plentiful in disturbed and urban 

habitats, they predominate naturally in the steppe and degraded garigue. Several species are 

xerophytes and grow in garigue to pre-desert scrub habits, while fewer are found in shaded 

maquis and woodlands. Rarer are the species of grasses that grow in sand dunes and wetland 

areas, either freshwater habitats such as valleys or brackish-water habitats such as coastal 

marshes. For example Bromus alopecurus Poiret, Catabrosa aquatica L. and Glyceria 

plicata Fries are very rare species of freshwater wetland habitats and habitat loss by the 

invasion from Arundo donax L. is the most apparent reason of decline. Only Ampelodesmos 

mauritanicus (Poiret) Durand & Schinz, represented by only one clump at Wied Gerzuma, is 

protected in Malta (LN311, 2006) while the red list (Lanfranco, 1989) reports 30 

endangered species of grasses of which 14 are marked to be possibly extinct. On the other 

hand, Poaceae has seen further expansion with the introduction of alien species. Three new 

records have been discovered over the last 10 years: Dactyloctaenium aegyptiacum (L.) P. 

Beauv (Mifsud, 2008); Cenchrus echintus L. (Casha & Mifsud, 2010) and Bromus inermis 

Leyss. observed by the present author, T. Tabone and A. Casha (Pers. comm, 2012). In 

Malta, grasses do not have any agricultural significance since cereals such as wheat and 

barley are imported, but many farmers grow Triticum spp solely for fodder.  

1.7 Grass morphology and difficulty in identification 

Concurring with Hubbard (1984), there are three main reasons why grasses are difficult to 

identify:  

i. the unique terminology due to the particular structure of their flowering units;  

ii. the small size of the flowering units and their constituents; and 

iii. the lack of understanding of the spike and spikelet units of a grass owing to the fact 

that they can be complicated, confusing and very variable.  
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The complexity of grasses is highlighted when tribes or genera are distinguished by the 

spikelets that are dimorphic or have different sexuality, namely female-fertile or female-

sterile, the latter referring to a spikelet which is either staminate or completely sterile (Cope 

& Gray, 2009). The identification task of a grass botanist is primarily to understand: what 

the basic flowering unit (the spikelet) of the grass is; what type of arrangement they have 

and so what type of inflorescence they produce; whether spikelets are similar or dissimilar 

based on sexuality and morphology; and finally, the constituent parts of the spikelets: the 

glumes, florets, lemmas, palea and caryopsis).  

Vegetative characters are not always diagnostic in grasses at genus level, except the ligule, 

habit (annual vs. perennial) and underground parts. This is indicated from Watson & 

Dallwitz (1992) where, from the 494 characters they selected from Poaceae for the 

identification of genera, 207 are reproductive morphological characters and only 54 are 

vegetative morphological characters. Cytological or microscopic vegetative characters such 

as microhairs, stomata, silica body types and type of cells and embryo, and seedling 

characters were not included in this total. 

The genera of grasses, however, do not require very fine details for identification as required 

to distinguish species. Primarily, identification of genera is based on: inflorescence type; 

ratio of sizes of the spikelet parts; number of florets per spikelet; and whether spikelets are 

dimorphic, in dissimilar pairs or all alike (Hubbard, 1986; Cope & Gray, 2009). Then there 

are some unique characters specific to the tribe or genus, for example the one spikelet per 

inflorescence enclosed in a bract in Lygeum or the hairy linear glumes in Lagurus. (Tutin, 

1980). The structure of grasses is illustrated in  Figures. 1.1 and 1.2. 

More details are given below on these principal characters composed from Cope & Gray 

(2009). The inflorescence can be divided in three main types:  

Single spike: This type of inflorescence has a characteristic single, central axis with sessile 

spikelets along it. There are principally two forms, either having a conspicuous robust 

central axis with sessile spikelets emerging at one plane (e.g. Lolium) or less often clustered 

all around (some Elymus spp.); or having a short and slender axis well covered by the 

spikelets which appear to be stacked one over each other (e.g. Hordeum, Triticum).  
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Raceme: This can be thought of as the number of spikes either projecting out from a single 

node at the top of the central axis (e.g. Cynodon, Andropogon, Paspalum) or distributed 

sparingly along a central axis (e.g. Echinochloa). Like spikes, they bear a row of sessile 

(rarely subsessile) spikelets. 

Panicle: This differs from raceme and spikes primarily in bearing spikelets subtended by 

branches and sub-branches, usually numerous and evenly distributed around a central axis. 

Difficulty arises here when the branches are so short that, at a first glance, they appear to be 

a spike. This is referred to as a closed panicle or spiciform (spike-like) panicle found in 

Phalaris, Polypogon and Rostratria. In contrast, an open panicle has long branches which 

extend out conspicuously (e.g. Poa, Festuca, Piptatherum).  

The spikelet or the single-flowering unit (see  Figure 1.2) of a grass is composed of a pair of 

scale-like structures called glumes, termed as upper and lower glume, though this distinction 

is not always clear to the naked eye. The glumes in turn bear the florets, which can be 

singular (e.g. Stipa, Polygonum), in pairs (e.g. Sorghum, Panicum) or numerous (e.g. 

Dactylis, Poa). Each floret has its reproductive parts enclosed between two other scale-like 

structures called the lemma and palea, the latter usually more delicate, membranous, 

awnless and ciliate. These open and expose the mature reproductive parts, but will later 

close again around the developing ovary as a means of providing protection and may later 

participate in seed dispersal. 
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 Figure 1.1: General structure of grasses with annotations of the vegetative parts.    

  (Source: http://oregonstate.edu/instruct/dce/ans312/four/images/ Figure8_2.gif) 

 

 Figure 1.2: Inflorescences, spikelets and florets of grasses. (Source: 

http://www.uamont.edu/facultyweb/francis/AGRO3503/grassinflorescence.jpg) 

 

http://oregonstate.edu/instruct/dce/ans312/four/images/Figure8_2.gif
http://www.uamont.edu/facultyweb/francis/AGRO3503/grassinflorescence.jpg
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1.8 Aim of the project 

The aim of this project is to test how conventional dichotomous keys work if their main 

weaknesses are defeated, while keeping their advantages of vast familiarity, printability, 

education, ease of use and quick to develop. While the advantages of multi-access keys have 

been documented over conventional keys (e.g. Walter and Winterton, 2006; Dalwitz et al, 

2013), there is no study testing single-access keys in an enhanced interactive approach using 

multimedia and database-stored characters. The methodology tested here aims, as far as 

possible, to make the dichotomous couplets fail-proof via the following enhancements: 

1) Leads are represented with corresponding side-by-side images. 

2) Brief text guiding or giving the end-user further detail how to interpret the leads. 

3) Combining keys from a few Flora to adopt a key in order to eliminate leads which 

make use of characters that have a tendency to be unavailable; very hard to access 

(dissections or use of microscope) or difficult for the novice to understand. 

4) Make the text in the leads more user friendly and concise. 

5) Interactivity using a web-based (html) user interface 

This is going to be presented by means of a prototype web-based application produced by 

the author which includes the following features: 

• Interactivity: clicking of buttons to go to the next or parent key. 

• One couplet per page. 

• Side-by-side comparison of images (or animations) corresponding to opposing leads. 

• Guidance text to help the user with any of the following: how to interpret the key; 

how to avoid pitfalls; increase awareness of exceptions; increase awareness of 

variability of the character; explain botanical terms; state clearly where the botanical 

part is found; provide further details on how to take measurements (from where to 

where); provide legend used in the images; and provide other notes to be aware of. 

• Up to three statements per lead. 

• Leads fully referenced. 

• Special notes about the identified taxon (endemicity, rarity, conservation measures, 

historical points, etc). 
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• Definition and illustration of the taxon group (terms and botanical characters unique 

to the family or genus). 

• List of taxa present beyond the particular couplet (decreasing as the user progresses 

along the key). 

• Tool to search in the key to distinguish characters between two taxa input by the user 

(in future versions of the application) 

• Software completely database driven through MySql. 

• Data input through tables created by Microsoft Excel (converted to MySql with 

dedicated PHP scripts). 

During the process of developing this tool, other secondary aims include techniques, 

difficulties and recommendations during the photographing of plants in-situ and in studio; 

post-editing images, analysis of published dichotomous keys and reconstruction of an ideal 

key; and adaptation of images to make the communication of the couplets more easy to 

understand.  

This new approach is tested using a rather challenging angiosperm family – Poaceae! The 

fact that identifying a grass is a difficult task is expressed by a number of authors – here 

quoting Hubbard (1984): “Many people capable of identifying common wild plants bearing 

coloured flowers experience considerable difficulties when they attempt to name grasses.” 

Therefore if the identification of specimens by participants in a trial (part of the project) is 

successful, it can be linked to the success of the application, not simply because the taxa are 

themselves easy to identify. 
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Chapter 2 General Methodology and Materials 

2.1 General overview 

Building interactive keys with illustrations for the identification of plants combines three 

principal disciplines: botany, photography and key construction based on character analysis. 

It also incorporates software development and in this thesis, a single-access and a multi-

access key are used and tested. Since software development is beyond the scope of this 

research, it is not covered in any detail. These disciplines are all linked closely together to 

make the identification of living things (genera of grasses in this thesis) easy, fast and 

accurate by employing software interactivity, graphical images and botanical background.  

Despite these three approaches run inseparably hand in hand, it was the botanical part which 

was first studied and examined. The chief characters defining and differentiating one genus 

or group of related genera from another were studied beforehand, so as the type of 

characters dealt with in this study becomes familiar. The Flora of Tutin (1980) was used as a 

principal reference and key since it covers all genera examined. Such practice gave a good 

indication that critical distinguishing characters tend to be small parts in the inflorescences 

in the range of 1–5mm, and hence macro-photography and microscopy were indispensible. 

This preliminary study also gave an insight into the botanical terms used for grasses and 

established which of them could be considered as difficult by the novice user. This was kept 

in mind when constructing the key so as to try to avoid them or restrict them at the end 

couplets of the key.  

It was established that the vegetative parts are of less concern, only the ligule, leaf sheaths, 

habit and leaf width were diagnostic, while seeds, stem, lamina and stigma/anthers were not 

important at genus level; concurring with the characters used in Watson and Dallwitz (1992) 

where there was relatively few macro-morphological characters from these plant parts 

compared to those from the inflorescence. From this initial study, a method plan could be 

devised to establish exactly which characters needed to be examined, photographed and 

compared. 
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2.2 Method plan 

 After this preliminary overview the following steps of methodology were carried out: 

1. Listing of genera of grasses that are already quite common and flowering in May–

June in Malta and not protected or endangered (see Table 2.1). 

2. Location of plants in situ established based on my own experience on the Maltese 

Flora. 

3. Photographing in situ large characters, namely the general habit, habitat, 

underground parts, some vegetative parts such as the ligule and finally the 

inflorescence. 

4. Collection of five (or more) representative specimens for studio examination, 

photography and pressing. 

5. Collection of numerous inflorescences apart from whole specimens as extra material 

to work with.  

6. Studio photography of small characters (spikelets and their constituent parts) guided 

with one major character reference (Tutin, 1980) (see Chapter 3). 

7. Storage of inflorescences and pressed material for future reference. 

8. Photo sorting, renaming and cataloging in a database. 

9. Character examination, scoring and analysis using four major Flora (see Chapter 4). 

10.  Combining easy characters to construct the dichotomous key. 

11. Applying dichotomous key to single-access software making use of pressed or 

collected reference material for more specific photographs and modifying images to 

explain better the specific leads of each couplet. 

12. Applying photographs to multi-access software, again making use of pressed 

material for any photos which need to be taken. 

13. Beta-testing of both keys using several specimens.  

14. Set up a trial for participants to test the software using collected and fresh material. 

 

2.3 Genera examined 

The plan for this project was to construct a key of about 30 common genera of grasses from 

Malta following a three-week fieldwork exercise (15th May – 4th June 2013) for collecting 

and photographing material. Thirty genera were listed for collection and an additional 10 
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were included to serve as a back-up in case some were not found in the field. This strategy 

proved to be important, because a total of 32 genera were found in flower in Malta during 

the fieldwork period, five of which were from the added genera. The list of genera which 

were examined and those not found are listed in Table 2.1. It also gives information about 

the date and location of specimen collection and the number of images taken for each taxon. 

Table 2.1: Genera planned to be studied and actually found for this study 

# Genus 
Examined 

species Date  Location Images 

            

1 Aegilops geniculata 22 May Buskett woodland, Siġġiewi 0164–0239 

2 Andropogon distachyos 31 May Wied Speranza, Mosta 1734–1832 

3 Arundo donax 27 May Wied l-Ortolan, Għasri, Gozo 

1141–1231, 1875–

1879 

4 Avena barbata 10 Mar Żebbuġ, Gozo 8313–9313, 9387 

5 Brachypodium distachyon 25 May Mġarr ix-Xini, Sannat, Gozo 

0870–0903, 0944–

0975 

    retusum 30 May Faqqanija, Dingli 1564–1577 

6 Bromus hordeaceus 18 May Wied il-Għasri, Għasri, Gozo 9843–9917, 0058 

7 

Desmazeria  

(= Catapodium) rigidum 17 May Buskett woodland, Siġġiewi 

9461–9544, 9925, 

9941–9950 

   Desmazeria marinum 28 May Ramla l-Ħamra, Nadur, Gozo. 1249–1259,  

8 Cynodon dactylon 23 May 
Wied tal-Kappuċċini, 

Victoria, Gozo 

0361–0379, 0473–

537 

9 Dactylis glomerata 24 May Wied il-Għasri, Ghasri, Gozo 0733–0820 

10 Echinochloa colona 30 May Wied il-Qlejgħa, Rabat 

1426–1429, 1647–

1733 

11 Elymus repens 24 May Wied il-Għasri, Għasri, Gozo 0679–0732 

12 Festuca arundinaceae 24 May Wied Sara,Victoria, Gozo 

0582–0589, 0592–

0600, 0603–0675 

13 Hordeum leporinum 15 May Żebbuġ, Gozo 9204–9313 

14 Hyparrhenia hirta 22 May Mġarr ix-Xini, Sannat, Gozo 0298–0347 

15 Lagurus ovatus 30 May Mġarr ix-Xini, Sannat, Gozo 1834–1861 

16 Lamarckia aureus 14 May Wied Qirda, Haz-Żebbuġ 9122–9102 

17 Lolium rigidum 18 May Wied il-Għasri, Għasri, Gozo 9545–9577 

   Lolium multiflorum 18 May Wied il-Għasri, Għasri, Gozo 9578–9718, 0591 

18 Lygeum spartum 01 Jun 
Xatt l-Aħmar, Għajnsielem, 

Gozo 

1451–1452, 1862–

1874, 1884–1930, 

1969–1971 

19 Melica  minuta 25 May Ta' Ċenċ, Sannat, Gozo 

0830–0864, 0904–

0942 

20 Panicum repens 28 May Ramla l-Ħamra, Nadur, Gozo. 1263–1377 

21 Paspalum  paspalodes 02 Jun Nuffara, ix-Xagħra, Gozo 

1939–1953, 1967, 

1972–2050 

22 Pennisetum  setaceum 27 May 
Fort Chambray, Għajnsielem, 

Gozo 0980–1061 

file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Lygeum_spartum
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Melica_minuta
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Panicum_repens
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Paspalum_paspaloides
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Pennisetum_setaceum
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23 Phalaris minor  23 May 
Wied tal-Kappuċċini, 

Victoria, Gozo 0538–0580, 0602 

24 Phragmites australis 28 May Salini area, San Pawl il-Baħar 

1378–1415, 1954–

1966 

25 Piptatherum  miliaceum 16 May Żebbuġ, Gozo 9314–9386 

26 Poa infirma 23 May 
Wied tal-Kappuċċini, 

Victoria, Gozo 

0358–0360, 0392–

0470 

27 Polypogon monspeliensis 18 May Wied Sara, Victoria, Gozo 9719–9842 

28 Rostraria  cristata 16 May Żebbuġ, Gozo 9392–9460 

29 Setaria  adherens 21 May Mrieħel estate, Santa Venera 

0003–0112, 0115–

0159 

30 Sorghum halepensis 30 May Mrieħel estate, Santa Venera 1578–1646 

31 Stipa capensis 22 May Buskett woodland, Siġġiewi 0241–0297 

32 Triticum aestivum 27 May Wied l-Ortolan, Għasri, Gozo 1062–1140 
      

33 Alopecurus     Not found   

34 Briza      Not found   

35 Cynosorus      Not found   

36 Cutandia     Not found in flower   

37 Gastridium      Not found   

38 Parapholis     Not found in flower   

39 Trisetaria      Not found in flower   

40 Vulpia     Not found   

            

 

The main reason for not finding specimens of common grasses (No. 33–40 in Table 2.1) is 

thought to be that the precipitation during the rainy period for the Maltese islands (Sep–

May) (Haslam et al. (1977) for the year 2102–2013 was below average. The yearly average 

rainfall in Malta is 600mm, but it was only 438.9mm from 1st Sep 2012 to 30th June 2013 

(MaltaWeather, 2013). This anticipated dryness is likely to have caused some grasses, 

especially annual ones such as Briza, Cynosorus, Gastridium, Trisetaria and Vulpia to have 

a shorter life cycle and so had already flowered and dried down by May. In fact, the general 

vegetation of the Maltese islands was observed to be unusually drier for mid-May ( see 

Figure 2.1). Specimens of annual species of Gastridium, Parapholis and Trisetaria were 

found but their inflorescence was over. The same can be said for Lygeum, Lagurus and 

Arundo but some inflorescences remained in good shape for examination and photography.  

  

file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Phalaris_canariensis
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Phragmites_australis
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Piptatherum_miliaceum
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Poa_annua
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Polypogon_monspeliensis
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Rostraria_cristata
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Setaria_adhaerens
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Sorghum_halapense
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Stipa_capensis
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Alopecurus_myosuroides
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Briza_maxima
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Cynosorus_echinatus
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Gastridium_ventriculosum
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Parapholis_incurva
file:///F:/PLANTS/!PLANTSARCHIVE/POACEAE/Trisetaria_aurea
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 Figure 2.3: Photos from Malta (18 May 2013) showing its vegetation already dry 

and in aestivation. Above: Dabrani Hill, Żebbuġ; Below: dry valley bed of Wied 

il-Għasri, Għasri 

 

 

2.4 Specimen collection 

While certain characters such as habit, habitat, ligule and general inflorescence were 

examined and photographed satisfactorily in situ, not the same was experienced for smaller 

spikelets or dissected parts. Their examination in situ was impeded by lack of comfort or 

space, lack of a microscope, excessive heat, dust or insects. The main impediment was the 

prevailing wind which made small and light flower parts move about or get lost during their 

examination or photography. Precision photography and detailed examination was carried 

out in the studio without experiencing these negative conditions of nature. This was very 

feasible because Floral parts of grasses can be preserved very well for three days after 

collection. 
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It is crucially important that specimens selected for making an illustrative identification tool 

are highly representative. This was achieved after careful investigation of a population with 

many specimens and the following criteria were applied when selecting specimens: 

1. Specimens which were stunted or growing in abnormally poor environmental 

conditions were avoided. 

2. Specimens which had leaf discolorations indicating diseases or infestation by 

parasites such as aphids, rusts or smuts were avoided. 

3. Specimens with the average inflorescence size within a population (not the largest) 

were preferred. 

4. Specimens were taken from different populations when possible. 

5. Specimens at different maturities were collected: young spikelets with anthers and 

stigma to spikelets with a mature fruit (sometimes denoted by having a straw colour 

and dry). 

Specimens were primarily taken for studio photography and were saved for future reference 

in case more material was needed to be examined or photographed. They were also used for 

the trial exercise in Edinburgh. Three to five representative specimens were uprooted and 

pressed in the plant pressing equipment, borrowed from the Royal Botanic Garden 

Edinburgh (RBGE). This was not always convenient for tall grasses over 50cm such as 

Festuca, Echinochloa, Sorghum and Hyparrhenia. Instead, inflorescences with 

representative leaves were picked and transferred into an ordinary plastic bag with about 

50mls of water and the opening was tied firmly around the culms. Smaller and delicate 

specimens such as Poa were transferred in long glass jars such as coffee or tomato pulp jars 

with about 25mls of water and closed. The species name, location and date were recorded 

with a permanent marker on each bag or jar and were transported carefully. 

Since the inflorescence is the major and most important part for diagnoses, 5–15 

inflorescences (depending on size) were additionally taken for further supply of material and 

to assess for character variability. These were not pressed but collected in a zip-pock plastic 

bag. Before closing the bag completely, some air was puffed in to partly inflate the bag 

which, besides adding some moisture, gave some air-padding as a means of protection 

against physical shock during transportation. It was important to keep the material fresh 

during fieldwork which lasted for several hours on very warm days (around 26o Celsius). 
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When the specimens were examined and photographed, they were placed between 

newspaper sheets and then between blotting sheets and placed outdoors in the sun to dry out. 

A few kilograms of weight (heavy books) was then applied. They were put indoors during 

the night for protection against humidity, unexpected showers or curious cats. Early in the 

morning the specimens were placed in a new newspaper, and enclosed again between the 

same blotting paper and left outdoors for another day or two. Collections were finally 

mounted in the pressing kit and left in a warm place indoors until transit back to Edinburgh.  

Samples of inflorescences were also stored and brought to Edinburgh for future reference or 

photography. Leaving the inflorescences in the sealed plastic bag resulted in trapped 

moisture and deterioration of the samples due to mould. Instead, the inflorescences were 

first sun dried in open air without any pressing for three days (temp 24–27 o C) and only 

then were they transferred back to the plastic bags or containers. No pressing was done to 

keep the structure of the inflorescence intact. Material was brought to Edinburgh for any 

future reference (more photos or examinations) and for the user trial (see section 6). 

2.5 Botanical dissections 

2.5.1 Understanding what is being dissected 

As a standard procedure, the spikelets of the specimen were routinely dissected and their 

constituent parts were photographed (see Chapter 3). However, before that, it was important 

to become familiar with and comprehend the botanical structure of every genus to have a 

full understanding of what part is being photographed and labeled accordingly. It was 

crucial that for every specimen (representing a genus), the spikelet unit (or units if in pairs) 

was understood.  

Wrong identification of spikelet parts could lead to mistakes that can be difficult to trace at a 

later stage, and then time consuming to dissect and photograph again from scratch. In 

addition to the laborious dissection of the basic spikelet structure of grasses, the process was 

further complicated by the presence of the following special structures or spikelet 

modifications: (Tutin,1980; Pignatti, 1982; Watson & Dallwitz, 1992; Cope & Gray, 2009; 

Smith, 2013): 
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• Sterile florets (many genera, e.g. Paspalum, Hordeum, Andropogon) 

• Male-only florets also known as female-sterile (e.g. Hyparrhenia, Sorghum, 

Panicum) 

• Dissimilar spikelets (e.g. Phalaris, Lamarckia) 

• Florets in pairs, one of which was vestigial or on a pedicel (e.g. Sorghum, 

Andropogon, Hyparrhenia) 

• Sterile florets reduced to a scale-like lemma (e.g. Phalaris) 

• Sterile florets at the top of the spikelet in a club-shaped mass (e.g. Melica) 

• Glume which was very reduced and lemma looking like the glume (e.g. Paspalum) 

• Spikelets arranged in triplets and often dissimilar (e.g. Hordeum) 

• Tightly closed panicles looking like spikes (e.g. Polygonum, Phalaris, Lagurus, 

Lamarckia, Rostraria) 

• Special bracts (e.g. Lygeum) vs bract-like leaf sheaths (e.g. Phalaris paradoxa) 

• Lemma enfolding and tightly bound around palea and caryopsis (e.g. Stipa) 

• Very delicate lemmas or palea often breaking apart during dissection (many species) 

Once the botanical structure of a genus was understood, it helped to understand other genera 

in the same tribe having similar characters, such as Hyparrhenia and Andropogon; 

Pennisetum and Setaria or Arundo and Phragmites. 

2.5.2 Botanical equipment and dissection techniques  

Dissections played an important role in this project, from isolating spikelets in a crowded 

inflorescence to separating constituent glumes, florets, lemmas, paleas and sexual parts for 

individual photography. The equipment used is listed below and a photo of the set-up is 

illustrated in Figure 3.1.  

• Light microscope with top illumination, glass stage and x10 to x20 magnification 

• Scalpel with small blade 

• Pair of dissecting needles 

• Scissors 

• Hand lens (x10) 

• Two tweezers with fine tips 
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The first step was that of isolating a few spikelets. Depending on the size of the spikelet, this 

was done using scissors or a scalpel. The next part of the process was that of dissecting and 

hence isolating individual parts (hereafter referring to glumes, lemmas and paleas) by using 

these two methods: 

1) Pulling away parts with a pair of tweezers while holding the spikelet tight with 

another pair (tweezers dissection) 

2) Cutting out parts with a scalpel (scalpel dissection) 

The tweezers dissection method was faster and worked in many samples, but it failed on 

occasions when some parts were membranous and delicate and resulted in destroying or 

ripping the dissecting part longitudinally (Figure 2.2, left). The scalpel dissection method 

was used to dissect such fragile lemmas or paleas from small spikelets (< 5mm) and was 

performed with the aid of the microscope. It normally involved sliding the scalpel between 

the palea and lemma; twisting the scalpel slightly to open them a bit apart; holding one end 

of the palea with the tweezers; and carefully moving it away from the floret it belonged to 

so as the base of the palea was exposed. Finally the palea was dissected out from its very 

base or just below the tip of the subtending stalklet (called the rhachilla) with the scalpel, 

while still holding it from the top with the tweezers. Trial and error, practice and patience 

played a major role in obtaining successful results.  

The palea and lemma of Stipa could not be successfully isolated because they were stiff and 

tightly enveloping the ovary – a characteristic of the genus and tribe Stipaea (Cope & Gray, 

2009). On the other hand, the separation of the lemma and palea of Polypogon 

monspeliensis was satisfactory using the scalpel dissection method – just 1mm long (Figure 

2.2, right). It is essential to have a good pair of tweezers, light and with fine grip at the tip as 

it was found to be the most important tool during the dissection part. 

Several parts were dissected from the same and different specimens and photographed 

together to demonstrate any variability. They were often positioned so that their vertical axis 

was parallel and sometimes a few were rotated at right angles.  
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  Figure 2.2 – left: Fragile lemma and palea of Poa spp. dissected by pulling them away from the pedicel 

incurring some damage shown as a longitudinal rip; right: membranous bidented lemma of Polypogon 

monspeliensis dissected out by a scalpel – a technique requiring more patience but giving better results.  
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Chapter 3 Photography and digital images 

3.1 Overview 

Advances in digital technology have made it possible to incorporate numerous images into a 

key, making it far more easy to use than conventional text-only keys, as pointed out by 

Leggett& Kirchoff (2011); Kirchoff et al. (2011) and Dallwitz et al. (2013). This chapter 

deals with practices and techniques to display clearly key characters of taxa by the use of 

digital images and illustrations Unlike a few keys which are completely visual (e.g. Kirchoff 

et al., 2011) the single-access web application and the multi-access key combine both text 

and images. The text will expand the user perception about the variability the character may 

show, while having multiple images of the same character from different specimens was 

additionally suggested by Kirchoff et al. (2011) to further overcome this problem. 

A moderate understanding of photographic techniques are employed to reach the goal of 

providing images of good quality of plant parts that are important to distinguish taxa apart, 

even if these are as minute as 1mm, (see example in Figure 2.2) or complex. An overview of 

some photographic techniques, some of which have evolved during this research, will be 

given in this chapter. Challenges encountered and additional recommendations will also be 

discussed in this part. 

Photographing characters of grasses involves very small parts such as ligules, glumes and 

florets mostly in the range of (1–10mm); macro photography is hence essential. One aim is 

that to produce good-quality photographs using inexpensive equipment with a budget of 

around £1,000 (see Section 3.2) and by applying photographic techniques, rather than using 

very expensive equipment. One advantage of images for software (especially web 

applications) in contrast to images for printing, is that they are used for on-screen display 

and their size is not required to be very large. For the dichotomous software which compares 

images side by side on one screen, the image size is set to 400 x 300 pixels, (slightly higher 

for the multistate software) and was found to be satisfactory. The larger, original images 

were kept in an archive for any future reference.  
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The stepwise method for imaging and processing in the development of interactive keys in 

this project is shown in the diagram below: 

Diagram 1: Flowchart of the tasks involved in the photo process 

As the diagram indicates, two photographic environments are met – outdoors and indoors –

in this chapter, they are referred to as in situ and in studio respectively. Deleting unwanted 

images on the fly is recommended, so that there is less work in the downloading and 

management of images on the computer. 

When dealing with many images, post-editing can take a considerable amount of time, 

therefore, trying to get a good image straight from the camera was always kept in mind as 

will be discussed later on. Advanced post-editing was warranted on a few images which 

required annotations and labelling, arrow marking to pinpoint the specific character 

(including scale dimensions in images), combining multiple images (either two or three in 

one image) or producing a simple image-scroll animation. Such practice is very helpful to 

the novice botanists, both for identification and self-education. For the scope of grass 

identification, it was common practice to label the spikelet, glume, lemma and florets in 

images.  

3.2 Photographic equipment and set-up 

Table 3.1 gives a list of the photographic equipment used in this project and the item price 

and main purpose respectively. The total cost was just above £900.  Figure 3.1 shows the 

set-up used for studio photography of grasses in this project. A light microscope was also 

used in photographing very small parts but not included in the list since it is not regarded as 

a photographic tool. If not available, dissecting microscopes can be used through a 

university. The microscope used in this project was a simple light stage microscope with a 

magnification of x10, x40 and x100 which had no sources of illumination.  

Outdoor 

photo-

graphy 

Studio 

photo-

graphy 

Deleting 

unwanted 

images 

Image file 

renaming, 

sorting and 

databasing 

General post- 

editing (crop, 

rotation, focus, 

B&W levels, 

resize, etc.) 

Advanced 

custom post-

editing 
(annotations, mark 

arrows, metric) 

scale, etc.). 
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Table 3.2: List of photographic equipment and accessories used in this project. 

Photographic item or accessory Price 
(GBP) 

Purpose 

Canon G12 digital camera  450 
Portable, manual features, good all-
rounder 

Polaroid 58mm lens / filter adapter 
tube for CanonG12  

15 To fit additional lenses (and filters) 

Canon 58mm 250D close-up lens (x 2) 150 
Close-up lenses +4 dioptre magnification 
each 

Slik Sprint Pro II GM tripod 70 Tripod for holding camera steady 

Pocket tripod 10 Additional tripod for quick instalment 

Velbon Super Mag Slider focus rail 65 Fine manual focusing adjustment 
Neewer Led macro ring flash FC100 25 Ring illumination to reduce side shadows 

Yongnuo Syd-0808 64 Led 480Lm 
photo light for camera 

27 Additional strong light source 

Vanguard PH32 pan & tilt tripod head 50 
Adjust camera alignment with ease and 
precision 

Helping-hand tool  5 Very useful to hold plant parts still 
Dissecting kit (needles, tweezers, 
scalpel) 

30 For dissecting grasses 

Hama lens cleaning pen and brush 7 For cleaning lenses and microscope stage 

Black velvet (60cm x 70cm) borrowed To provide a black background 

A2 black cardboard paper x 2 2 To provide a black background 

Metric graph book 2 Scale next to photos 
 

Total: 910 
 

 

In this set-up, the pan and tilt tripod head was mounted to the tripod. This provided precise 

and easy orientation and tilting of the camera so that the edge of the frame was parallel to 

the longitudinal axis of the subject, and so bringing the subject perfectly straight in the 

image. The head was also used to make the plane of the camera lens parallel to the plane of 

the subject so as all the frame is in focus. The macro focus slider was then mounted on the 

pan and tilt head. This provided fine vertical movements of the camera towards or away 

from the subject ensuring the shortest focus length (closest distance to the subject) while the 

image remains sharply focused. The Canon G12 camera was mounted on the focus slider 

and, through an adaptor, one or two close-up lenses were attached to the camera. Two types 

of external illumination were used. The porTable 64-Led is a powerful source and was 

mounted on a pocket tripod to be easily placed around the subject as required. The 32-Led 

macro ring-flash was mounted on the camera by adaptor rings and was very helpful to 

provide subtle light for close-up subjects. The macro ring-flash came with a controller box 

with manual settings, of which the most important was that of controlling light intensity.  
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3.3 Backgrounds 

Two types of subjects were photographed, large objects which included entire plants, 

inflorescences and leaves; and small objects such as spikelets and their dissected 

components – the glumes, lemmas, paleas, florets, stamens, etc. Practice 4a in a list of 

“practices for good images in guides and keys” by Leggett & Kirchoff (2011: Table 1), 

stipulates that one should make backgrounds that do not distract the main subject of the 

image. For studio images, this was achieved by using a black background wherever 

possible. A black background was favoured to white or pastel backgrounds because dark 

backgrounds provide a better contrast for the detail of many pale-coloured parts of grasses, 

some being membranous (palea, ligule, awns, anthers) or pale green. Having a black 

background in situ was not feasible so, instead, the background was made less distracting by 

blurring it, a photographic technique achieved by using a low aperture (f) value, typically 

4.0 and some zoom (Bishop, 2008; Rowse, 2008). However, reducing this to a lower value 

was found to compromise on depth of field if the subject was less than 100cm from the 

camera (Flemming, 2005). 

For large subjects two types of backgrounds were used: a black A3 cardboard sheet and 

black velvet, the latter recommended and supplied by Dr. Tony Miller (pers. comm., Mar 

2013). In a trial of using cheap fabrics to serve as a black background with flash-

photography, the following materials were tested: crimplene, denim, felt, suede, and cotton. 

Crimplene was found to give the best results in terms of not reflecting light back. This is 

perhaps because of its property of not wrinkling. (Wikipedia: crimpelene, 2013). 

Nevertheless, velvet was by far the best giving a pitch dark background almost without 

‘noise’ (white or grey grainy speckles in the image) from minute specs of reflected light. A 

black A2-sized sheet of cardboard was used for large specimens such as Hyparrhenia and 

Sorghum. When flash was used, it gave a soft dull-grey background (rather than black) with 

little vignetting effect, but on the whole was acceptable and did not reflect light when flash 

was used. Comparison between cardboard and velvet can be judged in Figure 3.2. 
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 Figure 3.2: Comparison of a specimen of Poa using black cardboard and velvet as background with flash 

photography. While velvet gave excellent black background, cardboard gave a greyer background with little 

vignetting effect. 

 

Although one would have also opted for black velvet as a black background for 

photographing dissected parts, this (and probably any fabric) gave problems and was not 

suitable. During dissection, grass material used to adhere to the fabric due to the presence of 

bristles, scabrid awns or rough texture and, as a result, it was very awkward to move around 

these small parts on the fabric. Some awned spikelets used to snag on with the fabric and 

then spring forcefully away due to the elastic nature of the awns. Manipulation, movement 

and alignment of these small dissected grass structures was very difficult. In this respect, the 

smooth surface of the cardboard worked well, while the best was a black tile but its polished 

surface gave problems with light reflection and was difficult to get a uniform dark 

background. As a result, black cardboard was the choice of background.  

The only disadvantage experienced with the cardboard was that it was not uniformly black 

but had small (0.5mm) greyish grains which, during image post-editing (see Section 3.9) to 

enhance the contrast, became pronounced, making the background uneven. This is likely 

because the quality of the cardboard was cheap. Another slight disadvantage was that the 

cardboard was easily scratched superficially with the dissecting needles while manipulating 

the dissected parts, leaving contrasting greyish streaks (see Figure 3.3) which again, showed 

up in several images after post-editing. This problem can be avoided by purchasing better 

quality and hardened cardboard. 
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 Figure 3.3: Rather distracting steaks left on cardboard background 

from the use of dissecting needles to move grass parts around. 

 

 

3.4 Photography of inflorescences, leaves and ligules 

Stems, stem nodes, leaves, ligules, inflorescences and sometimes large singular spikelets 

(e.g Avena) were photographed against, but not resting on, a dark background. While 

placing the material on black velvet gave a satisfactory black background, excellent results 

were also obtained by placing the grass material 30–100cm away from virtually any black 

background. On this occasion the fabric type did not matter that much because being a 

distance away from the subject the illumination was not strong enough to cause any 

reflection or grain.  

The grass was held in position by using the helping-hand tool. The camera was attached 

with a ring-flash illumination (or occasionally the camera built-in flash at strength 1/3) 

standing on a small tripod. When photographing large inflorescences requiring the camera 

to be moved further away from the object, the 32-Led flash-ring was not strong enough and 

instead the 64-Led Yongnuo light source was used. This comes with a hot-shoe adapter and 

could be fitted on the camera or mounted on a small tripod and placed in a particular 

position to counteract shadow from natural light in the room.  
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With the camera on the tripod and the grass material held by the helping-hand tool, one is 

free to hold the ruler next to the object with one hand, and shoot the photo with the other ( 

Figures 3.4 and 3.5). The ruler was held parallel and just aside to the vertical axis of the 

inflorescence (or subject) and, likewise, the camera vertical axis was adjusted to be parallel 

to them so as to ensure that everything was in focus within the focal plane. To bring the 

background more out of focus and hence seamless, a rather low aperture of 4.0–4.5 was 

used and the shutter speed was adjusted to give a well-exposed image (Rowse, 2008). Since 

the camera was on a tripod, low shutter speeds were possible. Some trial photos were taken 

to find the right settings and distance of the light sources.  

 Figure 3.4: Photographic set-up with flash-ring illumination and dark background. 
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 Figure 3.5: The helping-hand tool was of great use in photographing grasses. 

 

 

3.4.1 Ligules and leaf width  

Ligules: In many grasses, the ligule is membranous and found embracing and apressed with 

the stem (Cope & Gray, 2009). In this position, the shape and apex was not always clearly 

shown in a photograph. A practical solution was to pull the leaf slightly apart from the stem 

so as the ligule was detached from the stem by a few millimeters. This way, the ligule was 

fully exposed and photographed. 

Lamina width: The widest part of the lamina was placed behind the ruler and held in place 

by the helping-hand tool. The leaf was placed so that its vertical axis was perpendicular to 

the ruler’s horizontal axis, hence reading precisely the horizontal width of the leaf. Placing 

the leaf in front of the ruler hid the scales and may make it difficult for the user to read the 

measurement. 
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3.4.2 Spikelets and their constituent parts  

The photography of very small reproductive parts, mainly consisting of small racemes, 

spikelets and dissected spikelets into their constituent parts required a more elaborate set-up. 

Three different methods used to photograph these parts were: 

1) Over 2mm x 2mm graph paper (white background) 

2) Over black cardboard (background) adjacent to 2mm x 2mm graph paper 

3) Under the microscope with a 1mm ruler at the side 

The second method was used the most with the grass material placed on the black cardboard 

with the metric graph paper (4cm thick) glued at its border. Photos would show the grass 

material against a black background with a graph grid just aside for the purpose of 

measurement or scale. In instances where the graph scale was not required and so it would 

be cropped out in post-editing (following the recommendation given by Kirchoff et al., 

2011), the material photographed was positioned about 1cm from the graph paper to allow 

enough background space for cropping. 

The routine applied was to take photos of all the dissected parts of three or more spikelets 

for each taxon under study. These were used for the multi-access key since characters of 

each taxon have to be photographed, but they were also suitable for the dichotomous key. 

Photographed subjects included:  

• a number of whole spikelets (aligned with graph axis) to show degree of variability 

within an inflorescence 

• close-up of one to four spikelets  

• glumes and detached florets 

• dissected glumes 

• a few florets (to show any variability) 

• one to four florets 

• floret aside a dissected lemma and palea (sometimes caryopsis too) 

• one or a few lemmas 

• one or a few paleas 

• anthers 

• ovary (sometimes with stigma) 
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3.5 Illumination sources 

In this process, three lighting techniques were tested and each had their advantages.  

1) Artificial Led light (32-Led macro flash-ring or 64-Led light source) 

Light source:  16-Led ring-flash with variable power 

AWB setting:  Fluorescent 

Typical speed:  1/50 to 1/80 (aperture at f5.0–5.6) 

Advantages:  Even illumination with negligible shadow 

 Not dependent on natural light (can be photographed at night) 

 Reliable and easy set-up at the beginning for the rest of the photo 

 session 

Disadvantages: Artifacts in cardboard background became very visible 

 Background greyish not black 

 Contrast and detail good but not excellent 

 Battery consumption of flash 

 Detail and focus slightly inferior from the other illumination 

techniques, especially in texture and minute structural projections 

such as bulging veins or hairs. 

 

2) Direct sunlight from side window with artificial light against shade 

Light source:   Sunlight from one side, artificial 32-Led light from opposing side 

AWB setting:  Sunny (or Auto White Balance) 

Typical speed: 1/250 to 1/500 (at f5.0–5.6) 

Advantages:  Excellent contrast and detail capture 

Side light results in a more detailed texture, namely hairs, bulging  

veins, keels and dentations 

Background artifacts not evident 

No need for tripod set-up (although recommended) 

Disadvantages: Direct sunlight from window limited availability (4hrs) 

 Shadow against sunlight still present 

 Consumption of batteries for Led illumination 

 Glossy parts reflect light and appear too bright (lack of detail) 
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3) Natural side lighting from window (not direct sunlight) with long exposure and 

without artificial light 

Light source:  Natural outdoor light from a window without direct sunlight 

AWB setting:  Auto White Balance or adjusted using a white sheet 

Typical speed:  1/8 to 1/20 (at f 5.0–5.6) 

Advantages: Available considerable time (8hrs) 

 No battery consumption for external light 

 Very good detail capture and excellent contrast 

 Background smoothened with little apparent artifacts 

 Reflections much reduced 

Disadvantages: Long exposure requires tripod set-up 

 Little side shadow was present 

 Slightly inferior image sharpness but still very acceptable 

 Some amount of noise, but also acceptable 

Each set-up can be used to make use of the advantages it offered according to the particular 

object being photographed. The strong shadowing, contrast and reflection in sunlight was 

considerable and, in general, it was best avoided for close-up shots (e.g.  Figure 3.6:1a). On 

the other hand, it was an excellent source of light for subjects, such as large spikelets (e.g. 

Bromus or Avena) or entire inflorescences or specimens.against a background, where 

artificial sources are too weak from such a great distance. This setup was also ideal to 

photograph translucent minute teeth (e.g. at lamina edges), bristles and awns when sunlight 

is used as backlighting (Bishop, 2008). 

The artificial light produced by the 32-Led macro flash-ring (or the 64-Led light) delivered 

very well for close subjects (ca. 10–20cm) with even distribution of light. The main problem 

was that when grass material was photographed against black cardboard, artifacts of this 

background contrasted out in a lighter tone of grey (see Figure 3.3), making the background 

less smooth and more distracting, which is not a good imaging practice according to Leggett 

and Kirchoff (2011). Additionally, the cardboard appeared dull grey rather than black and 

there was a general slight lack of contrast. However, the general result was generally 

satisfactory. 
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Surprisingly, taking photos without any external light and with long exposure gave very 

good results, if not the best, for close-up photography. There was a better capture of texture, 

less artifact exposure in the cardboard background and a slight punch in contrast, which are 

beneficial features also pointed out by Bishop (2008). The little (almost insignificant) drop 

in sharpness can be easily adjusted in post-editing (section 3.9). Here it can be concluded 

that long-exposure photography with side-lighting from a window delivered very well and 

can replace artificial light sources, but requires a setup with a tripod. 

 Figure 3.6: Comparison of different light sources. 1a Sunlight vs. 1b. Long exposure without 

external light (sunlight gives slighty better detail resolution but there were too many distracting 

shadows); 2a Led ring-flash vs. 2b Long exposure without external light (2a is smoother and 

without reflections, but 2b with the natural light coming from the left side gives a better 

contrast and the right amount of shadow to reveal better the lemma veins and general textrure); 

3a Led ring-flash vs. 3b Long exposure without external light (both deliver more or less similar 

results, perhaps a bit more contrast in 2b). 
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3.6 Additional techniques for better images and less post - 
editing 

Below is a list of techniques for getting good images straight from the camera and hence 

reducing time spent in post-editing. 

1) Photos of long exposure were taken with a 3 seconds delay from shutter release. This 

delay avoided camera vibration when the shutter button was released and reduced 

blur. 

2) Used the 3x3 grid review feature of the Canon G12 camera (Canon, 2010) to align it 

with the vertical or horizontal axis of the graph paper in the subject, so as the images 

are straight and less time was spent on rotation/straightening post-editing. 

3) Minimum aperture set to 5.6 (to 7.1) to have an optimum balance between depth of 

field and light. 

4) Spike and compact panicle inflorescences have crowded spikelets around the 

rhachis, often giving a jumbled image of many intricate spikelets. A thick glass slide 

was placed over such inflorescences and exposed using needles (see Figure 3.7). A 

photo was taken with long exposure and without flash. 

5) The AWB of the Canon G12 camera was set to Fluorescent 1 (Canon, 2010) when 

subjects were illuminated by Led sources. 

 Figure 3.7: Glass slide over specimen material to flatten them and expose 

parts lying within the centre. In this case the florets of Phragmites are 

being exposed from many hairs surmounting it from its base. 
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3.7 Magnification with camera and add-on close-up lenses 

One or two stacked +4 dioptre (250mm) close-up lenses were used to make the camera lens 

closer to the object and hence resulting in a larger subject on frame. In addition, the internal 

optical magnification of the camera was also used at the 20cm telephoto (rarely 30cm) 

setting. Without close-up lenses, the only option for getting close images of small subjects is 

by using the camera’s macro mode and positioning the camera just 2–5cm away from the 

subject. This would, however, result in a shadow being cast by the camera body and external 

sources of illumination could not be used. 

To show the magnification gain in such a set-up with and without close-up lenses, three 

images of graph paper have been taken respectively at the closest focal distance (camera 

closest to the subject) and compared. One image was shot without a close-up lens, but with 

an internal telephoto (zoom) of circa 20cm - approximately x3 camera optical 

magnification. Another test employed two close-up lenses on the previous set-up, hence also 

with x3 camera zoom. Finally, another photo was taken without close-up lenses and no 

camera zoom and  used as an empirical value to calculate the magnification ratio.  

The measurement in pixels of a 2cm grid box was taken for each resulting image and 

compared. Results are shown in Table 3.2 and Figure 3.8. The effective magnification was 

calculated by a simple ratio of pixel width of the magnified images with that of the non-

magnified one. Results show that the close-up lenses gave more than twice as much 

magnification to the camera, a very important achievement for small subjects. 

Table 3.3: Width in pixels of a 2cm graph using built-in camera optical magnification and additional close-

up lenses (upon camera magnification). 

Camera 

magnification 

Close-up lenses   Width in pixels 

of 2cm 

Magnification 

(ratio) 

None None  230 pixels x 1 

Set at upper end of 

20cm telephoto 

None  700 pixels x 3.1  (700÷230) 

Set at upper end of 

20cm telephoto 

Attached (+8 dioptre)  1530 pixels x6.6 (1530÷230) 
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 Figure 3.8: Left: photo of a 2cm grid without any magnification (230 pixels); centre: same 

subject using almost maximum camera magnification (700 pixels); right: same subject using 

camera magnification and two +4 dioptre close-up lenses (1530 pixels). 

 

3.8 Images from the dissecting microscope 

Grass parts smaller than 3mm were dissected under the microscope. Photographs were taken 

through the eyepiece using the camera without any add-on lenses. The magnification of the 

microscope was always x10 and the camera was zoomed by a few stops to produce a greater 

frame. The greatest challenge was to have a good depth of field and focus. The results were 

rather hit or miss but, with practice, the number of good images improved. A 1mm ruler was 

used as a scale and was placed close to the object photographed. The glass stage was often 

smudged with fingers or plant material and had to be cleaned regularly. Carson’s DigiKlear 

™ (see Table 3.1) – a penbrush used to clean camera lenses – was found to be very practical 

for cleaning the stage without having to unmount and wipe it. Black velvet (any black 

material is suitable) was placed beneath the microscope stage to give a black background.  

The macro ring-flash was once again very useful as top illumination. It was passed around 

the eyepieces of the light microscope and supported 2-4cm above the stage by three erasers. 

Moreover, a circular polariser filter could have been mounted through the thread of the ring-

flash and used to control glare and reflections, a common application of polarisers (Bishop, 

2008). Without a polariser, reflection on the glass stage was inevitable; nonetheless, it was 

reduced by post-editing.  
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3.9 Post-editing and image database 

Post-editing is the alteration of images by software, normally to enhance them or create 

desirable effects. (Bishop, 2008). There are numerous software packages which offer post-

editing, inarguably Photoshop being the most popular, though in this work Corel Photo 

Paint X5 Pro (Corel, 2013) was used as it is more user friendly, less expensive and generates 

as good results as Photoshop (TTR, 2013). There are countless post-editing applications, the 

most useful being described by Demolder (2013), however, in this thesis, only basic post-

editing applications were applied. These include cropping, rotation, exposure and contrast 

levels, white balance correction, sharpening and resizing. Images were databased using the 

software ACDsee Photo Manager V12 (ACD, 2013) which also offered some basic photo 

editing applications such as cropping and rotating and were often applied while sorting 

photos.  

The photo database allows the user to tag photos with several custom names at different 

hierarchical levels. Ticking these tags will in turn display the corresponding images. 

Tagging was divided into three main categories: plant characters, taxa and photo types. The 

idea behind putting images in a tag-based database is to find particular photos with great 

ease and speed, rather than browsing folders and images on an operating system. For this 

reason, images do not need to be renamed. For example, if the tags ‘Aegilops’and ‘lemma’ 

are selected, the images are narrowed down to show only those with the selected tags 

(Figure 3.9) 
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 Figure 3.9: Snapshot from the ACDsee Photo Manager V12 showing the tags applied to images (right-hand 

side). After tagging each image accordingly, clicking on one or a combination of tags, the program will display 

the corresponding images. In this example ‘Lemma’. 

 

When all fieldwork and photography was completed on 5th June 2013, 2,088 unedited 

images were stored in the database. A quick analysis of all images was carried out to delete 

unwanted images such as unfocused, badly exposed, undesirable background artifacts or 

multiple images, which were very similar and hence only the best one was required. The 

number of workable images was then reduced to 1,550, more or less 50 per taxon. A copy of 

the image files were placed in a store folder and archived, while the working images were 

categorised in folders bearing names of the genera. 

Post-editing and database-input of these photos was a very tedious and time-consuming 

task. The time taken to complete a set of photos of a particular taxon was recorded, and it 

always took about one to two hours per 50 images. During this process, a number of images 

were also deleted mainly because of being duplicates, and hence only the better image was 
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kept. Cropping, rotation and exposure settings were the most post-editing tools that were 

used in the process and their function is briefly discussed. 

3.9.1 Image crop 

Cropping was applied to almost every single photo. The subject of many photos barely filled 

more than 1/6th to 1/9th of the frame, and cropping removed unwanted empty spaces around 

the images. Since the resolution of the Canon G12 is 10 MegaPixels (Canon, 2010), 

cropping small areas still produced good-quality images at around 2 Megapixels 

(Bishop,2008). Cropping was also used to remove eyesores such as a finger holding plant 

material, distracting tools or artifacts near the subject photographed, vignetting and the 

black border of the circular eyepiece in microscope images. 

3.9.2 Exposure and black and white levels 

Exposure can be controlled by a number of settings offered on different tools, but the most 

effective and easy to use was the levels tool which precisely adjusts the contrast and light 

levels in images to generate desirable results. It gives the function to adjust the highlights 

(whiteness), midtones (greyness) and low-lights (blackness) separately – also defined as 

tones of an image (Demolder, 2013). Increasing carefully the blackness level was found to 

be very useful for removing slight dull grey artifacts as a result of reflected light on the 

black cloth background without affecting the exposure of the grass; this mostly consisted of 

midtones and highlights. In other words, this setting produced a uniform black background 

without darkening the subject in the foreground.  

The highlights setting was normally used to make the subject stand out better from the 

background by giving it a brighter contrast from the dark background. It was also used to 

decrease, to some extent, bright reflections or artifacts. Increase of white level was 

particularly useful for images showing white hair, bristles or awns against a dark 

background (backlight illumination). These bright parts of the subject are made whiter and 

therefore contrasting out against the dark background.  

The midtone setting generally increases the general exposure of the image, though it 

sometimes caused undesirable background reflections to show up too, and so it was used 

only in few occasions. Another important use of the level tool was to remove the reflections 



 

Stephen Mifsud (M.Sc. 2012-2013)  43 

on the glass slide in images taken under the microscope by increasing the lowlight value 

(see  Figure 3.10). 

3.9.3 Rotation and straightening 

This was another much-used tool which rotated images perpendicularly to the left or right so 

as the subject was in the correct orientation. More elaborate is the straightening tool which 

can be used to ensure that the vertical axis of the subject, say a stem, spike or central axis of 

a panicle, is straight and parallel to the image vertical side.  

3.9.4 White balance correction 

Since different illuminations were used (sunlight, natural room light and artificial Led light) 

every now and then it was easy to forget to set up the camera AWB accordingly. In such 

events, the white parts of an image will appear slightly tinted to a particular colour. 

Thankfully, the white balance correction restores whiteness from such images. The white 

graph paper was often used as a reference point of what is white for the software. 

 Figure 3.10: Post-editing of image (spikelet of Panicum). Above: original 

photo from microscope; below post-edited using crop, straighten, horizontal 

flip, level and contrast correction (glass reflections eliminated), saturation and 

resize. 
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3.10 Discussion 

The crucial point in producing digital images is to represent the distinguishing characters 

clearly, a more challenging task in grasses due to the small size these characters have. 

Different aspects in digital photography were explored and tested, in many cases having 

satisfactory results, but there is always room for improving.  

Close-up photography is essential and the use of a tripod with a pan head and ideally a focus 

slider were found to be very useful, while close-up lenses gave that important benefit of 

magnification. In some cases this was not sufficient and the use of a light microscope was 

employed when spikelets were smaller than 4mm. (e.g. Piptatherum, Panicum, Polygonum, 

Poa and Sorghum) 

Working outdoors is a hostile environment when photographing morphological parts of 

grasses, simply because many of the distinguishing characters are held within the small parts 

of their inflorescences (spikelets) and need to be dissected out. Indoor photography usually 

entails additional external light sources but using a camera on a tripod with longexposure 

also produced satisfactory results  

Backgrounds were also a main concern and perhaps not enough material was tested in this 

project probably because it was already known that black velvet gives excellent results. It is 

an expensive fabric and apparently not easy to find in shops. From the few materials tested, 

black crimplene performed well, but gave some reflections when strong illumination was 

used. As demonstrated, an alternative means of having dark backgrounds was to hold the 

object away from the background rather than sitting upon it. However, the black cardboard 

sheet on which dissected parts where photographed was of mediocre quality: artifacts in the 

form of grains and dashes caused an uneven greyish background when photographed with 

flash. It is, therefore, suggested to either use a higher quality of cardboard or try different 

materials such as wallpaper or matte unpolished plastic.  

 Underexposed images was a common problem, but thankfully it could be fixed with post-

editing. The problem was traced to the LCD setting of the camera. The Canon G12 camera 

comes with a setting to adjust the brightness of the LCD screen (Canon, 2010). This was 

unintentionally set too high from the previous use for outdoor photography in sunny 

situations. Since photographs were taken on manual setting, the exposure was judged on 
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how the images appeared on the LCD, and with a high setting it gave a false good-exposed 

image by sight. The in-built histogram and exposure displays are useless when shooting 

small objects against a dark background because, since the amount of ‘blackness’ from the 

background is several times more than from the small grass object, it will give a general 

underexposed image reading (Demolder, 2013). This situation is best tackled by manual 

calibration of the LCD screen. First, the LCD camera setting should be set to one level 

lower from normal. Then a test photo of an object against a dark background is taken and 

checked immediately on the PC (not the camera) to judge if it is well exposed. Setting the 

LCD brightness to a lower level and increasing more light entering the camera through the 

manual control of the exposure and shutter speed setting should avoid underexposed images, 

falsely shown good on the LCD.  

It must be noted that adjusting the levels of images to produce a noise-free background and 

retaining a bright contrasting object was the most time-consuming part in post-editing and 

hence reflects the importance of calibration tests before a shoot of so many images. 

As regards post-editing, the chief aim is to have the object filling most of the image, well 

exposed, ideally against a dark or black noiseless background, sharp and its longest axis 

parallel to the side of the photo (straight). The first array of post-editing tools used were 

cropping, straightening, exposure level adjustment, sharpening and white balance – the most 

used tools. It is recommended that cropping would be the first post-editing tool to be used, 

since it decreases the image by at least one quarter, and then it would make the processing 

with subsequent tools faster.  

The second set of post-editing was done on selected photos where labelling or highlighting 

parts of the image was required. Here it is recommended that the original photo is 

maintained so that if different editing is later required, it would be easier to do so from the 

original rather on the already edited image. 

Finally, with regard to measurements, grass material was always placed beside a measuring 

scale. Placing the material over or aside 1mm x 1mm or 2mm x 2mm graph paper was found 

to be very practical. Placing the material aside is preferable to putting it over the graph 

paper just for the reason that if the image needs to be displayed without any measurements, 

then it would be easy to crop away the scale at the side. At any rate, the longer axis of the 
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material should be parallel to the axis of the scale. Rulers were sometimes used and in this 

work; the metallic ruler is not recommended at all because it reflects light and gets easily 

scratched. In general, rulers with scratches and adverts look ‘unprofessional’ and the use of 

a scientific ruler or scale bars are therefore recommended. 

Photos taken for a taxon using Sorghum as an example are exhibited in Appendix 6 
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Chapter 4 Construction of the single-access key 

4.1 Overview 

The success of a key can be gauged by its ability to reach correct identification of any taxon 

in the shortest time by the widest range of users. The main goal in achieving success is to 

make the opposing leads fail-proof as much as possible. This mainly depends on how easy it 

is to judge the characters of opposing leads, the clarity with which the leads are conveyed 

and contrasted to the user, and the availability of the chosen character. It is common opinion 

that this is not always possible in conventional text-based keys, especially if they are many 

couplets long (Walter & Winterton, 2007; Leggett & Kirchoff, 2011; Dalwitz et al., 2013) 

The experimental methodology employed here is to study and scrutinise keys of established 

Floras in order to combine and adapt an easier key by taking the best leads or subkeys from 

each Flora. The traditional way of constructing a key is to make a taxon vs. character 

matrix, and then analyse patterns in the matrix to group and subgroup taxa on shared 

characters ultimately serving as puzzle-pieces to build the key. But when considering that 

this exercise has been meticulously done and revised several times by other experts on 

grasses, then one may employ this available knowledge instead of redoing the process from 

scratch. Key construction differs between authors. Some authors make use of new characters 

that are more easy to access or observe than older keys; others may express the same key 

character in a couplet in a more user-friendly way. The study was hence focused on 

analysing the characters used in the leads by different authors and estimating their ease in 

terms of a) character availability both in time and space; b) speed to observe the character in 

the field, and c) ease in making a judgment on the opposing states of the character. 

This methodology involves the analysis of keys to the genera of Poaceae from four Flora: 

some solely dedicated to Poaceae (Cope & Gray, 2009) and some extracted from continental 

or regional Flora (Tutin, 1980; Pignatti, 1982; Smith, 2013). These Flora range from late 

20th century to recent publications; Mediterranean region (Pignatti, 1982) to north Europe 

(Cope & Gray, 2009) and within Europe (Tutin, 1980), and to extra-continental (Smith, 

2013). They are purposely selected so as to study an array of accounts from different times, 

regions and authors, and hence different ideas for the keying of Poaceae. 
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4.2 Discussion on the keys to the genera of Poaceae 

The following subchapters will give an account on the keys for Poaceae from the four Flora 

(Tutin, 1980; Pignatti, 1982; Cope & Gray, 2009; and Smith, 2013) studied and used as a 

source to develop the key for Maltese grasses. A brief comparison in terms of their ease of 

use, accuracy and which genera are tackled is discussed. 

4.2.1 Flora Europaea (Tutin, 1980) 

The key presented by Tutin (1980) is the only key which does not incorporate any subkeys, 

but is a continuous key with over 200 couplets for the identification of 155 European 

genera. All the Maltese genera were included. Down-sizing this key to the 32 Maltese 

genera was hence not problematic in this research, although it was quite time-consuming 

due its large size. Since this Flora featured all the taxa, it was also used as a master reference 

when photographing spikelet parts. The wording of the leads was sometimes too economical 

(short) leading to difficulty in comprehension for a novice. This key also made use of 

spikelet proliferation, which was not referred to in the other Flora. This is the condition 

when inflorescences revert back to the vegetative state and form leaves (Cope & Gray, 

2009). It is an inconsistent character for few genera (e.g. Dactylon, Poa, Deschampsia) and 

so it was not incorporated in the key constructed in this thesis. This Flora bears some 

difficult couplets at the beginning of the key such as those based on dimorphic spikelets and 

grouping of dissimilar spikelets, but the main bifurcation was then based on inflorescence 

type, which is an easier character to assess. 

4.2.2 Flora d’Italia (Pignatti, 1982) 

The key to grasses by Pignatti (1982) involves a main key with 116 couplets and four nested 

subkeys each with 23, 7, 16 and 24 couplets respectively. This Flora covers 117 genera of 

grasses and from the 32 Maltese ones, only Hyparrhenia was not included. However, this 

genus could be easily included in the key as a sister genus with the closely related 

Andropogon (Tutin, 1980). Piptatherum was found under the synonymous name of 

Oryzopsis. Elymus was represented by one species (E. arenarius L.) and the other species 

currently placed in Elymus (or Elytrigia) are under the old taxon Agropyron. The key is 

artificial and hence many leads were based on characters that are easy to assess. The four 

subkeys A to D were based on the inflorescence type as follows: 
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A. Spikelets distichously arranged along the spikes (e.g. Triticum, Brachypodium) 

B. Digitate spikelets (e.g. Cynodon, Paspalum, Andropogon) 

C. Hairy inflorescences (e.g. Arundo, Setaria, Pennisetum, Lagurus) 

D. Spikelets with ‘Aveneae’ structure, that is, with a lemma having a dorsal, geniculate 

awn and glumes which are equal or larger than the lemma (e.g. Avena, Deschampsia, 

Agrostis) 

Few inaccuracies were spotted, for example couplet #26 in the main key reads: 

 “Subsessile spikelets or with a short peduncle; panicle spiciform, generally cylindrical or irregularly 

racemose.”  

but when following this path up to couplet #2 in subkey C, one of the leads contrastingly 

reads:  

“Open panicle, more or less pyramidal shape with long branches.” 

On the positive side, the key made use of many simple couplets, many of which were placed 

at the initial part of the key. These were based on the shape of the inflorescence (presence of 

long branches or subsessile), presence of awns in the lemmas or glumes, their dimensions 

and the number of florets per spikelet, most of which were easily judged. The risk of making 

a mistake would hence be more at the terminal part of the key, and so, revision is shorter 

than if starting from the initial part. Being purely artificial, the key gave no direction to 

tribes of Poaceae.  

4.2.3 Grasses of the British Isles (Cope & Gray, 2009) 

Cope & Gray (2009) feature 67 genera of grasses found in the British Isles of which 25 are 

shared with the Maltese Islands. The Maltese genera not covered in this account are 

Andropogon, Hyparrhenia (Andropogoneae), Lygeum (Lygeeae), Arundo (Arundineae), 

Pennisetum (Paniceae), Aegilops (Triticeae) and Lamarckia (Poeae). The key in this work is 

natural and is divided into a master key of 18 tribes and then each tribe has a subsequent key 

to the corresponding genera.  

Natural keys offer the advantage of making it more easy to include further genera in the 

relatively short subkeys to genera (according to which tribe they belong) instead of 
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including them in a single, exhaustive key. Another advantage is that the repetitive use of 

such a natural key for tribes will give the user an understanding of the major concepts of 

how to distinguish a tribe and, with repeated use, the user can identify to which tribe the 

investigated grass belongs (Cope & Gray, 2009). Besides learning, it makes the process 

much faster since one can skip directly to the tribe key without the need to access the master 

key to tribes. 

However, these advantages are strongly counteracted by having couplets with long, difficult 

leads nested with many conditions (tentatively to cater for exceptions) at the very beginning 

of the key. Consequently, this increases the risk of a wrong path of identification or having 

to dissect small parts at the very beginning of the key for every identification process. To 

highlight this problem, the second and third couplets of the master key to tribes are given 

below: 

2: “Spikelets dorsally compressed, 2-flowered, falling entire, borne in pairs on short racemes in an open 

panicle one of the pair sessile and bisexual, and the other smaller, pedicelled and male or barren; Glumes as 

long as the spikelet; upper (fertile) lemma of sessile spikelet hyaline, awned. vs not as above 

3: “Spikelets dorsally compressed or somewhat turgid, 2-flowered, falling entire, borne singly in open or 

contracted panicles in digitate or subdigitate racemes or in spiny or bristly burs, if paired then those of a pair 

identical; lower glume shorter than the spikelet (rarely absent); upper (fertile) lemma coriaceous to 

crustaceous, awnless vs not as above.” 

 

The tribes Andropogoneae, Eragrostideae, Meliceae, Arundineae and Aveneae were called 

by two or more different routes in the key. This is because it is not always possible to have a 

single character to classify all the genera (and species) of a tribe. The larger the tribe, the 

more it is prone to have species with exceptional characters. Another point to raise about 

this Flora is that the terminology of the leads are on the difficult side or complex. These can 

be expressed with easier terms or phrases and/or couplets subdivided to simpler couplets, as 

suggested by Walter and Winteron (2007). For example, the lead of couplet 5 below 

incorporates three characters and with the vague condition “with or without”:  

5a “Spikelets with 1 fertile floret, with or without male or barren florets below or a clavate mass of barren 

florets above.”  
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4.2.4 The Jepson Manual – Grasses (Smith, 2013) 

The online Jepson eFlora covers the vascular plants of California and lists 100 genera of 

grasses; 28 of which are also listed in the Flora of the Maltese Islands. The four genera not 

part of this key are Lygeum, Lolium (treated as part of Festuca), Piptatherum (treated as part 

of Stipa) and Rostraria. These genera have been included so that a key covering all the 32 

genera under study could be adapted. Lygeum was placed at the start of the key as the odd 

genus with a developed bract covering the spikelet; Rostraria was inserted at the end of the 

key, at subkey 6 which groups grasses with panicles and have two or more fertile florets; 

Piptatherum was placed at a terminal couplet with Stipa, and similarly, Lolium with Festuca 

in subkey 4 (species with digitate, raceme-like or whorled spikelets without further 

branching) 

Many genera were called in three to four different times within the key, making it longer, 

but often such strategies give a better key as it handles exceptions, variable genera or wrong 

paths that may be taken by the user at certain difficult couplets. Several genera which were 

called more than once, are represented by one or few species in Europe, such as 

Echinochloa, Hordeum, Aegilops, Andropogon and Sorghum (Tutin, 1980). The main 

reason is that these genera are represented by larger number of species in the US than in 

Europe and hence the key has to incorporate different routes and construction to distinguish 

all the species. The more species in a genus, the more difficult it is to find a single common 

character. It was surprising to note that one call of Aegilops (only four species in California) 

required up to 12 couplet steps to be identified and, similarly, Hordeum with 9 to 11 

couplets. 

This key makes use of six subkeys which are called only once from the master key. They are 

artificial genera grouped on similarities of the inflorescence type or their habit (reeds and 

large grasses). The terminology was very easy to understand and the authors did an 

excellent job in avoiding certain difficult characters, for instance the key does not use any 

leads asking if the specimen is an annual or perennial. The use of fertile and sterile florets 

was kept to a minimum (inevitable when many taxa of grasses are keyed).  

Very few inaccuracies were spotted, an example is couplet 14 in subkey group 4 where it 

distinguishes Aegilops by having “Glumes awned; lemmas awnless; florets 2–5” but on checking 

the genus description and species key for Aegilops, all species have a lemma with an awn. 
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4.3 Extraction and modification from existing keys  

The first part of key analysis was to extract a key of the 32 genera of Maltese grasses under 

study from each Flora of the aforementioned authors (Section 4.2), a process which can be 

termed as down-sizing a key. A hard copy of each key was produced (helpful if magnified) 

and the 32 genera were highlighted and listed on a paper. From this list, taxa that were not 

treated by the author were noted. This was used primarily to decide if the particular Flora 

should be used or rejected depending on how many taxa were not treated. For example, the 

key of Hubbard (1984) did not cover 13 genera (almost half) and it was sound to reject it 

because re-inserting many taxa in an existing key tends to be very complex and prone to 

mistakes. Tutin (1980) covered all genera, Pignatti (1982) missed only Hyparrhenia; Cope 

and Gray (2009) did not cover 7 genera, while Smith’s (2013) key possessed 28 genera out 

of 32. It is deemed important, though not necessary, that at least one work (that of Tutin 

(1980) in this research) covers all the rekeying taxa, hence serving as a reference master 

key. When adapting and modifying a key of Flora such as including some missing genera, 

the master key becomes useful for applying leads of such genera.  

The next part was down-sizing each key so as it covered only the genera under test. The 

process involved going stepwise through each couplet and either crossing out couplets or 

blocks of couplets that were not required with a coloured pencil or renumbering couplet 

numbers that were relevant with another colour (see Figure 4.1). The use of erasable colour 

pencils (Staedtler 144) made it easier to rub away corrections. Having the taxa highlighted 

was very useful to ease this progress, especially in indented keys where wanted or unwanted 

couplet blocks could easily be identified at a glance. 
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 Figure 4.4: Key adaptation using coloured pencils. Purple: taxa to be retained in the adapted key; 

orange: new couplet number; blue: unwanted sections of the key. 

 

The resulting key was reconstructed on Microsoft XL (preferred to Microsoft Word). It was 

at this stage that inclusion of missing genera in the original key took place and finally the 

leads were renumbered and re-linked accordingly. The key was printed and revised.  

Inclusion of missing genera, was more or less a uniform process in all Flora. For example, 

Smith (2013) and Cope & Gray (2009) did not include the Mediterranean genus of Lygeum, 

but on checking Tutin (1980) and Pignatti (1982) it was found that this is a monotypic genus 

exceptionally distinct from almost all grasses by its one-spikelet inflorescence enclosed in a 

unique expanded bract. It was chipped-out at the beginning of the key in these Flora. The 

inclusion of Lygeum in the keys of Smith (2013) and Cope & Gray (2013) followed a 

similar pattern, and was dealt with by a chip-out couplet at the start of the key.  

In a different instance, the inclusion of one genus which is closely related to another was 

easily performed by adding a terminal couplet where the included genus sisters the one 

already existing in the key. This occurred for the inclusion of Hyparrhenia in Pignatti 

(1982) and Cope & Gray (2009) by including a terminal couplet sistering with Andropogon, 



 

Stephen Mifsud (M.Sc. 2012-2013)  54 

using character leads as used by Tutin (1982) and Smith (2013). The resulting key for the 32 

genera of Maltese Poaceae adapted from Tutin (1980), Pignatti (1982), Cope & Gray (2009) 

and Smith (2013) are given in Appendix 3. 

One has to comment that when in multi-state keys, deleting or inserting taxa is a question of 

database entry and the software processes the new data without human intervention; an 

advantage over dichotomous key editing. 

4.4 Tracing, scoring and analysis of key couplets  

The combination of different keys to recreate a simpler one seems to be difficult or 

subjective but, in this account, a scientific and basic statistical method was attempted to test 

this. It involves two processes here referred to as lead tracing and lead scoring. Basically, it 

involves tracing the pathway of all leads for each genus, that is from the start of the key 

until its final identification, and then scoring the easiness of each lead (i.e. how easy a lead 

is to judge) in every path for every genus. The more steps (couplets) present in the path, the 

more likely that that genus has a high score for that given key. By comparing the scores of a 

given genus between the four Floras, one could tell which Flora gave the easiest keying for 

that genus and serves as grounds to build the combined modified key. 

4.4.1 Lead tracing  

This process is analogous to ‘reverse-engineering’ a key where, for every genus, the leads 

the user has to go through from the start of the key are recorded in a database. Microsoft XL 

was a good choice of software for this task. For the procedure explained below, refer to the 

example of lead-tracing of Piptatherum in the key of Pignatti (1982) in (refer to Figure 4.2) 

The procedure starts from the last lead that gives the genus identification – the terminal 

couplet. In this example (refer to Figure 4.2), this lead was copied in cell D27. The parent 

lead for this terminal couplet was searched within the key and copied in the cell above, 

hence cell D26. The couplet number of each lead was also recorded in an adjacent column 

(col C). The process was repeated up to the very first lead (D20). The resulting set of data 

hence consisted of all the leads the user has to step in his pathway to arrive at the 

identification of the given genus (Piptatherum in this example). Another column (col.B) was 
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created to count the number of leads (steps) required for identifying the genus and used for 

statistical purposes. 

Things were made more complex when a genus was called in a key by two or more different 

routes (e.g. Poa, Festuca, Bromus and other large  and diverse genera). This situation was 

tackled by having a common path from the start of the key to the branching couplet, where 

the two different key-paths were recorded separately below each other. Referring again to 

Figure 4.2 as an example, Piptatherum was called twice in the key, branching at couplet #37 

to cater for species with awnless lemma (e.g. P. viride) and with awned ones (e.g. P. 

monspeliensis). In one branch (yellow line before the genus name), identification was 

reached in eight steps: the path being leads 1, 2, 17, 34, 35, 36, 37 and 38. For the other 

branch (green), 11 steps were required for identification of the genus with couplets 1 to 37 

being common between both branches. A difficulty score was assessed for each lead and 

more details given in Section 4.4.2. 

 Figure 4.5: Example of lead tracing for Piptatherum from Pignatti (1982) using Microsoft XL. 

 

This was repeated for each genus within the adapted key downsized from a Flora, and then 

the entire process for the three other keys. Although it seems a laborious task, there are 
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major short-cuts involving copying and pasting. In this example (Figure 4.2) Stipa, the taxon 

sistering Piptatherum also follows the same couplets up to couplet step 37 (this couplet 

distinguished between Piptaherum and Stipa) and so, all the key data input for Piptatherum 

can be copied for the datafield of Stipa, and data input for Stipa pursued from couplet 

number 37 downwards. The full lead tracing and scoring process of one key is presented in 

Appendix 4 as an example. 

4.4.2 Lead scoring 

A simple scoring method of three levels of difficulty (1, 2 or 3) was used to grade every lead 

produced by lead tracing exercise described above. Criteria for judging scores were 

specified for the three levels and shown below:  

Easy (S=1):  • Character effortless and requires little equipment to observe  

 (no or bare dissection involved) . 

• Characters that use basic knowledge of terminology (ligule, glume, 

lemma, palea, etc are classified here). 

• Characters that are readily available for example inflorescence, 

spikelets, leaves.  

• Characters that involve sizes, measurements and counting of 

conspicuous bodies. 

• Characters that involve only typical hermaphrodite florets. 

• Characters that are either absent or present (no degree of variability). 

 

Hard (S=3): • Characters that need dissection esp. if under magnification. 

• Characters that are not readily available on plant, for example seeds, 

underground parts, spikelet proliferation, anthers or habitat. 

• Characters that refer to annual or perennial plants.  

• Characters that refer to the sexuality (or sterility) of florets.  

• Characters that use complex terminology and unfamiliar parts 

(lodicules, hilum of grain, callus). 

• Characters that may have a high degree of variability.  
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Moderate (S=2): • Characters that are generally neither difficult nor easy. 

  • Characters that need some time for examination but without  

 dissection (e.g. lemma keeled vs. rounded at back). 

 • Atypical inflorescence shape (can be confusing). 

 • Counting of florets (not always straightforward if compact). 

 • Characters involving texture (element of subjectivity). 

 • Position of awn (terminal, subterminal, dorsal). 

 • Characters involving veins of lemmas or glumes. 

 

The data>filter function of Microsoft XL was found to be very useful to revise and check 

the data. A particular (or multiple) couplet could be filtered out and the corresponding 

genera that it used could be retrieved very easily. These filtered couplets were then easily 

checked for input mistakes since they should have the same wording, score and step 

number.  

This score of leads may suffer from bias since it depends on the user’s knowledge of the 

family. In this examination, scoring given by the present author may be defined to have 

acceptable low bias since he judges himself to be an intermediate user – knows the general 

structural parts of grasses very well, but has never studied the details to genus level and 

hence such examination is mostly new to him.  

 

4.5 Dichotomous key construction 

4.5.1 Theory and strategies 

There are two types of patterns in the construction of a dichotomous key which can be 

thought of as two extremities and where in any dichotomous key a random composite of 

both are employed. One type is termed here the ladder or comb and it eliminates or chips-

out only one taxon every couplet: the odd-man out. The other type is termed bifurcate or fan 

where in the strict sense every couplet divides the remaining taxa in two equal groups, and 

is repeated consecutively, so at last the taxa are all keyed out at the end of the key by many 

terminal couplets (Pankhurst, 1991; Walter &Winterton, 2007).  (Refer to Figure 4.3) 
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Taking an example of a key with 32 taxa (n=32), the ladder form will require n-1 (=31) 

couplets and its longest path or level will also be 31 couplets to distinguish the last two taxa. 

In the bifurcate form, n-1 (=31) couplets are also required to fulfill all the taxa: in fact, n-1 

couplets is a fixed number for any form of key with n taxa (Pankhurst, 1991). However, the 

minimum steps or hierarchical levels of an idealistic bifurcate key is calculated as follows: 

𝑀𝑎𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑣𝑒𝑙𝑠 =  
log(𝑛)

log 2
=

log(𝑛)

0.3
  

So in our example with n =32, the minimum theoretical levels is log(32) / log2 = 

1.505/0.301 = 5 steps. In other words, couplet hierarchical level 1 bifurcates the key into 2 

groups, level 2 into 4, and so forth to 8, 16 and 32 taxa at step 5. The formula here should be 

rounded up to the higher integer so if we had 40 taxa, the mathematic result will be 5.3 so 

the number of steps would be five for some taxa and six for others to be keyed out. 

In the ladder form the number of steps that a taxon requires to be keyed out depends on its 

placement in the key: it can key out at couplet #1 or at couplet #31. Since this is a random 

process, the path length here is simply calculated by a mean, hence half the number of the 

total couplet steps; in this case (32-1)/2 =15.5 rounded to the highest integer so =>16 steps. 

Mathematically, the bifurcate method with 5 couplet steps is easier than the ladder method 

which has an average of 16 couplet steps. However, it must be considered that the couplets 

in the ladder form which tend to have leads pointing to specific and unique or exceptional 

characters might be easier than those of the bifurcate form where, at the beginning of the 

key, the first couplets have to represent a major number of taxa and it is not always easy to 

unify them with one simple couplet. This was already noted by Gyllenberg (1963) cited in 

Pankhurst (1991) who gave the term separation coefficient to couplets (or characters), where 

those used to split a group into two equal groups have a high number, while those used to 

chip out exceptional taxa have a low coefficient.  

Theoretically, the bifurcate method is easier but in practice, a combination is used in a way 

that very odd taxa or small groups of taxa are eliminated by the ladder form at the start of 

the key, and then a bifurcation of major groups will follow after. This strategy was used in 

the construction of the key in this account. 
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 Figure 4.6: Key pattern types. Left: Bifurcation pattern, also known as fan pattern where all eight taxa A–H 

are keyed out by a combination of seven couplets in three levels (1; 2,5 and 3,4,6,7). Centre: Ladder or 

comb pattern, taxon A keyed out by one couplet but taxon G or H by a sequence of seven couplets. Right: 

key with combined patterns. In all three types, seven couplets are required to key out the eight taxa. 

 

 

4.5.2 Constructing the key 

Once all four Flora (Tutin, 1980; Pignatti, 1982; Cope & Gray (2009); Smith (2013)) were 

scored, the leads and patterns of key construction of each was studied in depth in order to 

form a modified key based as much as possible on easy leads through the corresponding 

difficulty score. 

This involved selecting the easiest lead and assuring that it could be used within the key or 

combining two leads from different Flora into one, which in turn makes the couplet easier. 

For example the genus Phalaris was keyed by the different Flora as follows (lead difficulty 

score followed in brackets):  

• Tutin, 1980: “Lowest floret male or sterile” (Score 3) 

• Cope & Gray, 2009: “Spikelets with the fertile floret accompanied by 2 (rarely 1) 

male or barren florets below” (Score 2) 

• Pignatti, 1982: “Glumes unawned (or very short; mucronate)” (Score 1) 

• Smith, 2013: “Glumes keeled, often winged; floret subtended by a membranous flap 

or tuft of hairs” (Score 1) 



 

Stephen Mifsud (M.Sc. 2012-2013)  60 

The leads by Tutin (1980) and Cope & Gray (2009) were rejected and those by Pignatti 

(1982) and Smith (2013) were combined to give couplet 21 of the constructed key as 

follows: 

21a Lemma awnless; glumes extremely keeled often becoming winged ( >> Phalaris) 

21b Lemma awned; glumes not winged >> Lamarckia, Rostraria, Polypogon) 

 

Key pattern strategies were also examined in depth. This is also best explained by means of 

an example. Cope & Gray (2009) keyed Arundo and Phragmites (Arundineae) by six 

couplets with a total difficulty score of 11. Smith (2013) and Pignatti (1982) keyed the same 

genera by three couplets with a score of 3 by singling out these related groups of genera by 

simple leads at the beginning of the key. The latter strategy was hence incorporated in the 

modified key. Setaria and Pennisetum are distinct by having bristles or hairs on the rhachis 

below the spikelets (Tutin, 1980; Pignatti, 1982; Cope & Gray, 2009; Smith, 2013) but only 

Smith (2013) adds that the bristles or hairs are longer than the spikelets they subtend, and 

hence this statement was included in the leads of the couplet discriminating Setaria and 

Pennisetum from the rest. 

The process in constructing a key tended to follow the pattern of singling out odd taxa 

followed by bifurcation or taxa to smaller groups. Sometimes bifurcation was problematic 

because a taxon may share both characters thus making the process more difficult. This was 

resolved by two strategies i) either including the taxon in both split groups or ii) trying to 

single out such taxon before the bifurcation couplet. An example of the former was 

Polypogon, specifically in the couplet which divided grasses with closed spiciform panicles 

and open panicles. P. monspeliensis and P. maritimus are examples of closed panicles and 

P. viridis is an open panicle. In key construction, the first two were part of one lead of the 

couplet and P. viridis was part of the other. This will eventually lengthen the steps (number 

of couplets) of the entire key. Another rarer instance where this can happen is when it is so 

difficult to distinguish a taxon with a given couplet and so, for safety reasons, the same 

taxon is catered for by both leads of the couplet. In other words, the author of the key 

predicts that the user may judge this taxon on either lead and so treats the taxon on both 

leads. Circumstances where taxa are called more than once are always met in keys with 

large number of taxa. 
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In this key, a bifurcation based on inflorescence type is found at couplet 13 which is quite an 

early stage of the key. It was found that Lagurus (described to be a closed panicle) can be 

easily interpreted to be a spike because the branches, apart being so small, are very obscured 

by the hair glumes. As a precaution one could place Lagurus under both subsets led by the 

different leads, hence calling the taxon twice and increase the key length. However, Lagurus 

was instead singled out at couplet 12 before the bifurcation step from its unique character of 

having linear glumes with long soft hair. This made matters easy for the subsequent 

bifurcation couplet based on inflorescence. 

4.6 Key analyses and simple statistics 

Some simple statistical analysis was carried out to compare the difficultly between the keys 

adapted from the four Flora and also to compare them with the combined constructed key in 

this thesis. Such statistics gave basic, but still valuable, information to gauge the level of 

difficulty for keying out a genus in a particular key. For each genus, the following statistical 

data were measured from the lead tracing and scoring procedure as mentioned above: 

1. No. of couplets per genus: number of couplets to be taken (stepped) along a key to 

reach final identification of a genus. A large number indicates a more difficult 

process of identification from a smaller one, but it is not necessarily so, depending 

how difficult the couplets themselves are to assess within the path (refer to total 

score). A path with five easy steps can be easier than one with three hard steps.  

 

2. Total score: the sum of scores of all leads in respective couplets in a path from the 

start of the key to genus identification. The longer the path or the harder the steps 

then the higher the score, which in turn is interpreted as identification of that genus 

with the given key is more difficult than that of another key with a lower score. 

 

3. Calls: the number of times a genus is called within a key. Usually the more keying 

out, the longer is the key, but it can be argued that such extra calls are a means of 

compensating for error assessment of the user for variable genera, making the key 

more reliable. 

The four documented keys and the one constructed in this study were compared to assess 

their easiness. The parameters used are listed below and the results are given in Appendix 5 

with a summary in Table 4.2: 

1. No. of couplets: As described above. 

2. Double Calls: The number of genera that are called twice or more within a key.  
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3. Total score weight: The total number of scores for the genera within the key (score 

genus 1 + genus 2 + genus n). A large score, indicates a more difficult key. 

4. Highest score: This is the highest score assigned by any taxon within a key. It may 

also be regarded as a measure of hardness or key construction. Taxa at the end of 

ladder-shape keys (see section 4.5.1) typically have large high scores because they 

have long paths. 

5. Abs. no. of leads: Summation of number of leads in the path of all genera. (Leads in 

path for taxon 1 + leads in path for taxon 2 + leads in path for taxon n). Used for 

statistical calculations based on averages.  

6. Average lead score: Total score / No. of leads – index of lead hardness. 

7. No. of S3 leads: Number of hard (Score 3 or S3) leads in a key.* 

8. No. of S2 leads: Number of intermediate (Score 2 or S2) leads in a key.* 

9. No. of S1 leads: Number of easy (Score 1 or S1) leads in a key.* 

10. S3 in first four steps : Hard couplets in the first four couplets. Placement of hard 

couplets at the beginning of a key gives a shift up of hardness to the entire key since 

for every identification the user has to encounter hard keys.  

* A percentage of S1–S3 scored leads out of the total number of leads in a key is also 

given in Table 4.1. 

  

Table 4.1: Statistical data of some dichotomous key parameters used to compare their level of difficulty. FE: 

Flora europaea (Tutin, 1980); FBI: Flora of British Isles (Cope & Gray, 2009); FI: Flora d’Italia (Pignatti, 

1982); JEF: Jepson eFlora (Smith, 2013); MSC: Key constructed in this thesis. 

Parameter FE FBI FI JEF MSC 

    
    

No. of couplets or lead pairs 50 38 48 49 36 

Double called taxa 13 6 11 13 5 

Total score weight 620 526 474 661 333 

Highest score 30 27 20 31 16 

Absolute number of leads 374 288 296 434 291 

Average lead score 1.66 1.83 1.60 1.52 1.14 

No. of S3 leads (%) 9 (18%) 6 (16%) 10 (21%) 6 (12%) 1 (3%) 

No. of S2 leads (%) 14 (28%) 13 (34%) 13(27%) 15 (31%) 6 (17%) 

No. of S1 leads (%) 27 (54%) 19 (50%) 25 (52%) 28 (57%) 29 (80%) 

No. of S3 in first four steps 2 2 0 0 0 

 

 

From the statistical results given in Table 4.2 it can be deduced that the combined key 

constructed for this project is easier than the keys it was derived from. The explanation can 

be pinned down to the fact that hard couplets were avoided; mostly replaced by easier ones 
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obtained from the array of leads available within the four Flora or, if inevitable, they key is 

constructed in a way that they are placed at end of the key. Hard couplets at the very 

beginning of the key can lead to more errors because the end user has to encounter them for 

most identifications, compared to if they are placed at the end of the key. This is further 

discussed in Section 4.12. Many more statistical parameters and interpretations can be 

deduced from lead tracing and scoring, and it is deemed to be beyond the scope of this thesis 

to expand further beyond the basic statistical overview presented here, which are enough to 

interpret how easy a key is. 

4.7 The resulting dichotomous key 

The dichotomous key for 32 genera of Maltese grasses was constructed in 36 couplets. 

Several couplets were represented by two statements in their leads and only one with three. 

Each statement was accompanied by a photo showing the character state and the entire key 

was represented by 108 post-edited photos. The key presented below is a conventional 

bracketed type. The software version is currently uploaded in this link: 

http://www.maltawildplants.com/key.html A pictorial layout with guided text for the first 

five couplets is also furnished in Section 4.11  

 
 

 

1 
Infl. a single terminal spikelet surmounted by a large hood-shaped 

bract. Lygeum 

1. Infl. not a single terminal spikelet and without any special bracts.  2 
   

2 (1) 

Plants large, reed-like habit with hard lignified stem 0.7–3 cm diam; 

infl. a crowded, terminal, plume- or fan-like structure; > 10 cm wide 

when extended. 
3 

2. 
Smaller herbaceous plants with stems less than 5mm diameter; infl. 

not a compact plume or fan-like structure, or if so, then <10cm wide 4 

   

3 (2) Lemma with long hairs; rhachilla glabrous; glumes subequal.  Arundo 

3. Lemma glabrous; rhachilla with long hairs; glumes unequal. Phragmites 
   

4 (2) 
Infl. 2 to many digitate or corymbose rod-shaped, narrow spikes (or 

racemes) each composed of a row of sessile spikelets. 5 

4. 
Infl. a single spike with sessile spikelets or an open or compact 

spikiform panicle.  10 

   

5 (4) 
Spike arising from the same point (or clustered) at the end of the 

culm (digitate infl.) 6 

http://www.maltawildplants.com/key.html
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5. Spikes scattered along a central axis (corymbose or composite infl.) 9 
   

6 (5) 

Spike hairy, fragile and divaricating (spreading apart); spikelets in 2 

different pairs, the lower sessile and bisexual, the upper pedicelled 

male or sterile. 
7 

6. 
Spike not hairy, less fragile and straight; spikelets similar and 

bisexual. 8 

   

7 (6) Stem simple; racemes 4-14cm. Andropogon 

7. Stem usually branched; racemes 2-4cm. Hyparrhenia 
   

8 (6) 
Inflorescence formed by two flattened spikes; ligule membranous > 

0.5mm with little hair. Paspalum 

8. 
Spikes 3-5(7) arising from (or almost) the same point; ligule with 

hairs only. Cynodon 

   

9 (5) Ligule well developed, membranous (1-4mm). Paspalum 

9. Ligule absent or rim-like with hairs at the summit. Echinochloa 
   

10 (4)  
Spikelets subtended by robust bristles or long silky hairs (not part of 

the glume) which are longer than the spikelets. 11 

10. Spikelets not subtended by bristles or long hair. 12 
   

11 (10) Hairs soft, long-ciliate. Infl. a long spike more than 2cm across. Pennisetum 

11. Hairs bristly, stiff and short. Infl. smaller, less than 2cm across. Setaria 
   

12 (10) Glumes linear, covered with long silky hair (feather-like). Lagurus 

12. Glumes not linear and withouth long hairs. 13 

   

13 (12) 
Infl. a single spike with sessile to subsessile spikelets either stacked 

over each or arranged laterally along a rigid, unbranched central axis. 14 

13. 

Infl. an open or compact (spike-like) panicle, formed by many 

spikelets subtended by long to (very) short branches all around the 

main axis. 
20 

   

14 (13) 
Spikelets emerging laterally along a single, unbranched, well defined 

central axis sometimes bearing concavities from where the spikelets 

are borne; spike linear and compressed. 
15 

14. 
Spikelets superficially appearing as stacked one over each other 

without an evidently central axis or concavities; spike cylindrical or 

conical. 
18 

   

15 (14) Glumes 1; spikelets with back of lemma facing central axis (rhachis) Lolium 
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15. Glumes 2; spikelet sides facing the central axis (rhachis) 16 

   

16 (15) Infl. with (1)2-5(6) spikelets only. Brachypodium 

16. Infl. with more than 6 spikelets. 17 

  
 

17 (16) All spikelets sessile. Elymus 

17. Spikelets (at least some) borne on very short but evident rigid stalks. Desmazeria 
   

18 (14) Spikelets borne in groups of (2-)3 at each node of the rhachis. Hordeum 

18. Spikelets borne singly at each node of the rhachis. 19 

   

19 (18) Glumes rounded at theback ending with 2 to 4 awns or teeth. Aegilops 

19. Glumes keeled at the back; truncate apex or with only one long awn. Triticum 
   

20 (13) 
Panicle compacted into spike-like, cylindrical to ovate infl. as a result 

of small obscure 1o and 20 branches.  
21 

20. Panicle open with at the 1o and sometimes 20 branches evident. 24 

   

21 (20) Lemma awnless; glumes extremely keeled often becoming winged. Phalaris 

21. Lemma awned; glumes not winged. 22 

   

22 (21) 
Plants bearing markedly dissimilar spikelets in the same or separate 

inflorescences. Lamarckia 

22. 
Plants bearing similar spikelets, differing only in size and degree of 

maturity. 23 

   

23 (22) 
Spikelets with one floret; glumes with a long awn (several times 

longer than the glume). Polypogon 

23. 
Spikelets with 2 or more florets; glumes awnless or very short (less 

than twice the length of the glume). Rostraria 

   

24 (20) Lemmas unawned or reduced to a short bristle less then 3mm long. 25 

24. Lemmas with an awn at least 3mm long. 32 
   

25 (24) 
Individual spikelets linear, 15-30mm long (excluding any glume 

awns). Bromus inermis 

25. 
Individual spikelets shorter (excluding any glume awns) and not 

linear. 26 

   

26 (25) 
Margin of leaf sheaths fused up to the top; uppermost florets reduced 

to a club-shaped mass of sterile lemmas. Melica 

26. 
Margin of leaf sheaths open at the uppermost part; spikelets without 

a club-shape mass of sterile lemmas. 27 
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27 (26) Spikelet composed of 1 floret only. Polypogon 

viridis 

27. Spikelets with 2 or more florets. 28 
   

28 (27) 
Ligule a row of hairs; spikelet with 2 florets, one bisexual, the other 

male or sterile. Panicum 

28. Ligule membranous; spikelets with >2 florets. 29 
   

29 (28) Cross section of lemma strongly keeled throughout its length. 30 

29. Cross section of lemma rounded. 31 
   

30 (29) 

Lemmas with stiff bristles on the keel; panicle spikelets gathered in 

1-sided clumps at the tips of their branches forming a lobed 

inflorescence. 
Dactylis 

30. 
Lemmas smooth; panicle not clumped, spikelets evenly distributed 

forming a uniform inflorescence. Poa 

   

31 (29) 
Panicle branches stout and stiff, not flexuous, always straight; 

annual. Desmazeria 

31. 
Panicle branches hairlike, flexuous sometimes arched by the weight 

of the spikelet; perennial. Festuca 

   

32 (24) Spikelets unpaired, all similar and strictly with one floret. 33 

32. 
Spikelets either in dissimilar pairs with 2 florets each or unpaired (all 

similar) with 4-12 florets. 34 

   

33 (32) 
Lemma with a bigeniculate (twice-bent) awn, 1 - 30cm long; lemma 

hairy. Stipa 

33. 
Lemma with a straight awn, not much more than 1cm long; lemma 

glabrous. Piptatherum 

   

34 (32) 
Glumes nearly as long as to longer than the florets and ± enclosing 

them; Lemma with a dorsal awn. Avena 

34. 
Glumes distinctly shorter than the spikelet and not enclosing the 

florets, Lemma with an terminal or subterminal awn. 35 

   

35 (34) 
Spikelets in pairs, one sessile and bisexual, the other on a pedicel and 

sterile or male. Sorghum 

35. Spikelets similar, unpaired all with bisexual florets. 36 
   

36. (35) 
Lemma distinctly keeled; lemma awn inserted between two apical 

teeth; spikelet generally > 1 cm. Bromus 

36 
Lemma rounded on the back; lemma without teeth; spikelet generally 

< 1 cm. Festuca 
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4.8 Synopsis of the key couplets 

This section deals with what details and decisions have been taken for each couplet to build 

the dichotomous key. It gives from which sources the characters have been extracted and 

how they where interpolated in the key. Also remarked are problems encountered and how 

they were dealt with. Each paragraph represents a couplet, numbered at the beginning with 

#n 

#1: The first couplet was used to key out Lygeum by its unique hood-shaped bract (Tutin, 

1980; Pignatti,1982). Phalaris paradoxa L. may superficially look to have a hood-shaped 

bract, which is part of the leaf sheath (Tutin,1980) and for this reason, the character that 

Lygeum also has a single spikelet was combined in the lead.  

#2: Arundo & Phragmites, are chipped-out from the rest of the genera by their large plume-

like inflorescences and thick (6-30mm) robust stems (Pignatti, 1982; Smith, 2013). Such 

other genera like Ampelodesmos and Cortaderia can be included beyond this subkey if the 

key is expanded to cover more genera. 

#3: This couplet distinguishes between Arundo and Phragmites based on the location of the 

spikelet hair. There is a concurrence between Tutin (1980); Pignatti (1982) and Smith 

(2013) that Arundo is hairy throughout most of the lemma while restricted only at the 

rhachilla in Phragmites. Additionally, Pignatti (1982) makes reference to the different sizes 

between the two glumes and being an easy character, it was also included in this couplet, 

giving the advantage to identify old inflorescences which have their florets fallen off leaving 

only the persistent glumes.  

#4: The treatment by Pignatti (1982) to circumscribe grasses with digitate or corymbose 

racemes was found easy and used as the next step. Paspalum, Cynodon, Catapodium 

(partial), Echinochloa, Andropogon and Hyparrhenia are separated from the rest by this 

couplet. The key of Pignatti (1982) had two calls for Echinochloa since it has species with 

panicle infloresences and branched racemes. The Echinochloa species reported in Malta - E. 

colonum (L.) Link; E. crus-galli (L.) Beauv. and E. crus-pavonis (Kunth) Schult. - only 

have branched racemes so the panicle-type species was not catered for in the key.  
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#5: This couplet distinguishes between digitate racemes and corymbose racemes type of 

inflorescence. The text used by Pignatti (1982): “ racemes arising from same point at the 

end of the culm” was found to be the easiest between the four Floras.  

#6: This couplet divides the genera of Hyparrhenia and Andropogon (both in tribe 

Andropogoneae) from the genera of Cynodon and Paspalum the former two distinct by 

having the spikelets in pairs; one stalked and one pedicelled (Cope & Gray, 2009; Tutin, 

1980). This is a difficult character to judge as it may need dissection. It was found that two 

species present in Malta (Andropogon distachyos (Kunth) Schult. and Hyparrhenia hirta 

(L.) Stapf in Oliver) have hairy spikelets, while the taxa represented by the other lead are 

not. This character is very easy to observe without any dissection and was used as the 

primary lead, while the other using the spikelet pair was kept as a backup lead.  

#7: Hyparrhenia and Andropogon are easily distinguishable from their different length of 

the racemes and by a branched stem in the former (Tutin, 1980; Pignatti, 1982) 

#8: Cynodon and Paspalum, are told apart without difficulty from their different ligule types 

(Tutin,1980), unequal glumes (Tutin, 1980; Pignatti, 1982) and two spikes per 

inflorescences in Paspalum, more in Cynodon (Pignatti, 1982).  

#9: A terminal couplet to distinguish the racemose Paspalum and Echinochloa from their 

ligule, present in the former, absent in the latter (Pignatti, 1982; Cope & Gray 2009; Smith 

2013) 

# 10. In all four Floras (Tutin, 1980; Pignatti,1982; Cope & Gray 2009; Smith 2013), 

Setaria and Pennisetum were outgrouped by their characteristic setae or hair on the rhachis 

and subtending the spikelets. Same approach was adapted. 

#11. A terminal couplet to distinguish between Setaria and Penisetum, using the characters 

of stiff bristles against soft hairs respectively as used by Tutin (1982), Pignatti (1982) and 

Smith (2013). Cope & Gray (2009) used the character of bristles persistent on rhachis or 

deciduous with spikelet and this was thought to be quite tricky and so excluded from the 

couplet. On consulting the descriptions of the species of corresponding genera from Tutin 

(1980) and Pignatti (1982) a new lead was introduced. Pennisetum was found to produce 
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larger inflorescences than Setaria and therefore a lead based on the differemce of the spike 

diameter was included. 

#12. The remaining 21 genera were planned to be distinguish upon the type of 

inflorescences. On checking this character state for all genera, it was found that it is quite 

difficult to determine if the genus Lagurus; represented only by L. ovatus L. in Europe 

(Tutin, 1980), is either a spike or a spike-like panicle. Lagurus have spikelets that are almost 

sessile giving the impression of a true spike, but on looking very carefully, it is a very 

compact panicle. To avoid this confusion, Lagurus was here singled out by its unique hairy 

glumes (Tutin, 1980; Pignatti, 1982; Smith, 2013). 

#13. This is a main bifurcating couplet used to distinguish the remaining 20 genera of 

grasses based on their inflorescence type, that is, between a singular spike-like inflorescence 

such as Lolium or Hordeum and a panicle, as in Poa, Bromus and Phalaris. This couplet can 

be tricky to amateurs because compact panicles like Phalaris can be judged to be a spike. 

For this reason, some helpful phrases where added to the leads: “spikelets stacked over each 

other” was used in the couplet leading to singular spikes, whereas “branching out from a 

central axis” for the opposing lead to panicles. In line with Tutin (1980); Pignatti (1982) and 

Smith (2013), Desmazeria was treated in both leads here, because for example Desmazeria 

sicula (Jacq.) Dumort. has spikelets on a central axis while Desmazeria rigida (L.) Tutin is a 

panicle.  

#14. This couplet distinguishes long spikes with spikelets arranged in rows at the side of a 

conspicuous rigid rhachis (e.g. Elymus and Lolium), against spikes which are clustered and 

stacked over reach other (e.g. Hordeum and Triticum). Reference was also made to the fact 

that the main rhachis is well visible and robust in the lead to Elymus and Lolium, compared 

to the opposing genera . To make identification more easy in this crucial couplet, a new 

distinguishing character was added. This was the length of the inflorescence where it is was 

found to be generally short in Triticum, Aegilops and Hordeum and a cut-off delimiter of 12 

cm (excluding awns) was used after consulting spike lengths in Tutin (1980). The longest 

spikes in Hordeum are 12-15cm (e.g. H. vulgare L. = 12cm; H. bulbosum L. = 15cm) 

wheras in Triticumit was 12-18cm (e.g. T. turgidum L. = 12cm; T. spelta L. = 15cm; T. 

aestivum L. = 18cm).  These higher-end lengths may intersect with some abnormally small 
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specimens of Elymus, namely E. repens (L.) Gould and so this lead is only meant as 

reinforcement, and such precaution is given to the user in the guidance (see sect.) 

#15. This couplet keys out Lolium by having the characteristic singular glume instead of a 

pair and also the way the spikelets are orientated towards the central axis (Tutin, 1980; 

Pignatti, 1982; Cope & Gray, 2009; Smith, 2013). Here a particular character was found to 

disagree between Tutin (1980) and Pignatti (1982) where the former states that 

Brachypodium have spikelets with the back of the lemmas facing the rhachis like Lolium but 

the latter states that the sides of the spikelets face the rhachis. On investigating this from 

material of B. retusum (Pers.) Beauv. and B. distachyon (L.) Beuv. from Malta, it was found 

that Pignatti (1982) is correct. 

#16. The next three species to be keyed out at this stage of the key are Elymus, Dezmaseria 

and Brachypodium. The character that Brachypodium has few spikelets per inflorescence 

was found very easy and used here (Tutin, 1980; Pignatti, 1982).  

#17. This is a terminal couplet to distinguish between Catapodium and Elymus. The instance 

that the available Floras did not give a clear cut distinction could be said to be found in this 

couplet. Tutin (1980) based the distinction that Dezmazeria (together with Lolium and 

Brachypodium which in this part of the key are already eliminated) have the back of the 

lemmas facing the rhachis. This character was found inconsistent, both from examining 

photos of D. sicula, D. marinum and D. rigidum, and not supported by the keys of Pignatti, 

1982; Cope & Gray (2009) or Smith, (2013). The distinction by Cope & Gray was based on 

inflorescence type and nested at the initial steps of their key; this was found to be quite non-

specific and also rejected. To worsen things, Pignatti (1982) seems to have omitted Elymus 

from his Flora except E. arenarius. It is unclear if this occurred by mistake or for some 

special reason, but the omitted Elymus species (like the common Elymus repens) were not 

listed under synonymous genera like Elytrigia. The lead which eliminated this single species 

of E. arenarius (L.) Hochst.– “Spikelets arranged in a pair at each node of the rhachis” was 

not sufficient to cover the entire genus. Finally, Smith (2013) gave a clue that spikelets of 

Elymus are sessile, and this was found to be consistent and adequate to distinguish it from 

Desmazeria which instead have a short but easily observed peduncle. The distinction is not 

straightforward and such extra guidance was given. 
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#18. A rather simple character to distinguish Hordeum from Aegilops and Triticum was the 

arrangement of (2)3 group of spikelets per each node (Tutin, 1980; Cope & Gray, 2009; 

Smith, 2013). The character used by Pignatti (1982) based on the number of florets per 

spikelet was considered more difficult and not used. 

#19. A straightforward couplet used to distinguish Aegilops (2-3 awns) from Triticum (1 

awn), reinforced by the shape of the glumes (keeled in Triticum; rounded in Aegilops). 

Exceptionally, A. cylindrica Host. (a species not found in Malta) has only one awn. In Smith 

(2013), there are two calls for Aegilops to cater for A. cylindrica with one awn and the rest 

of the Aegilops species with numerous awns. On the other hand, Tutin (1980) and Pignatti 

(1982) widen a bit the character by referring to awns or teeth hence using one call for 

Aegilops. This was the preferred method. Finally, Tutin, (1980) makes reference to a fragile 

rhachis, but this was judged to be a difficult character and destructive when examining 

herbarium specimens. 

#20. The remaining 15 genera are grasses with a panicle type inflorescence. To keep the key 

short and easy, two bifurcation couplets were employed at this stage. This couplet split the 

genera upon the type of panicle present (compact or open). It has a certain element of 

confusion for the novice, and incurs two calls to Polypogon and Phalaris which have both 

types of panicles. This dichotomy was also employed by Pignatti (1982) and Smith (2013) 

and to a less extent, that is further down in the key by Tutin (1980) and Cope and Gray 

(2009). Another available strategy was the number of florets per spikelet as used in Cope 

and Gray (idem.); for example many florets in Bromus, Festuca and Brachypodium; two as 

in Sorghum and Melica or just one in Stipa and Polypogon. It may be a more concise 

character but was judged to be more difficult than the inflorescence type as well requires 

dissection. It is not known why Cope and Gray (2009) had made two calls to Polypogon 

based on one floret or two florets if the genus is characterized by one floret (Tutin, 1980; 

Pignatti 1982; Smith 2013). The terminology used by Smith (2013) was the easiest to 

comprehend and used in this couplet. 

#21. This couplet singles out Phalaris by combining two easy characters from different 

Floras: winged glumes (Smith, 2013) and awnless lemmas (Pignatti, 1982). The distinction 

made by Tutin (1980) based on the sterile/fertile lemmas is a hard character to judge and not 

included.  
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#22. Lamarckia is here contrasted out by its dimorphic spikelets (Tutin, 1980; Pignatti, 

1982; Smith, 2013). It might be a difficult character for the novice but things are made easy 

since this couplet is at the end of the key caterig only few genera.  

#23. This terminal couplet differentiate between Rostraria and Polypogon. Tutin (1980), 

gives an easy character, awned glumes in Polpogon versus none in Lophochloa 

(=Rostraria). However on checking the species description, it was found that Lophochloa 

may have short awns. To eliminate this source of confusion, the key included the detail of 

dimension of the awn, that is, awn several times longer than glume in Polypogon and 

awnless or short not more than the length of the glume for Lophochloa. A problem arises by 

Polypogon viridis (Gouan) Breistr. which has awnless glumes, but if the key is used 

properly, this should not key up in this part of the key because P. viridis has an open panicle 

and so, according couplet #20, it should place itself at another part of the key. Nevertheless, 

a precaution note is given to the user. Another lead was included to waive out any such 

confusion: the number of florets per spikelet was used as in Pignatti (1982) and Cope & 

Gray (2009). 

#24. This couplet is another bifurcation following that in couplet #20 and gathers all grasses 

with open panicles represented here by the remaining 12 genera: Avena, Bromus, 

Desmazeria (D. rigidum), Dactylis, Festuca, Melica, Panicum, Piptatherum, Poa, Sorghum 

and Stipa. Tutin (1980), Pignatti (1982) and Smith (2013) goes to a second bifurcation based 

on the number of florets per spikelet. Apart that it is a rather hard lead, this was going to 

eliminate only four genera (Phalaris, Stipa, Polygonum, and Piptatherum). Another 

characheter was seeked for. It was observed that about half of the genera have an awned 

lemma, a character that it is easy to observe. The disadvantage of using this couplet is that it 

had to cater for two calls for Festuca which have species with or without awns (Tutin, 

1980). On a lesser scale, the large genus of Bromus have awns except B. sibircus Drobov 

(found only in Russia) and B. inermis Leysser, found in the Mediterranean and recently 

discovered as a new casual species for Malta by the present author and allies. Handling 

exceptions are major challenges in constructing keys and can be tackled either by catering 

for a couplet for the exception (eg. Smith, 2013: couplet #19/20 for B. distachyon or couplet 

#3 for Poa bulbosa L.) or notify about the exception in the lead either specifically (Cope & 

Gray, 2009: key to tribes, couplet #16; Smith, 2013: sub-key Group 6, couplet #26), or using 
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“rarely” or “exceptionally” in the leads. At last, it was decided to use the presence of the 

lemma and cater for two calls for Festuca and Bromus inermis.  

#25. This couplet singles out Bromus inemeris from the rest based on the long linear 

spikelets between 15-30mm (Tutin, 1980). It is a an easy and reliable character so it was not 

reinforced with a the typical character of Bromus of having an ovary with a white 

appendage (Cope & Gray, 2009), since this requires dissection and from experience, 

feathery stigmas may raise confusion to judge this character. The caryopsis may also be 

hard to expose such as in some Melica species, Stipa and the indurated palea in Panicum. 

#26. This couplet tell apart Melica from the rest based on the clavate mass of barren (or 

male) florets at the apex of the spikelet, a character used by Cope and Gray (2009) to single 

out the Tribe Melicaea and also by Pignatti (1982) and Smith (2013). This couplet was 

reinforced by another lead: the leaf-sheaths are fused and close at the summit in Melica 

(Cope & Gray, 2009; Smith, 2013). 

#27. Polygonum viridis, which unlike the rest of the genus members, has a panicle 

infloresnce is singled out here by its spikelets composed of one floret only. The species also 

have very small spikelets, 2-2.5mm which is quite distinctive, but some Poa spp., such as P. 

infirma Kunth. and P. annua L. also have borderline dimensions and so was not included in 

this couplet (Tutin, 1980; Pignatti, 1982). 

#28. Panicum was eliminated in this couplet based on an easy character denoted in Tutin, 

1980: ligule a row of hair against being membranous in the other remaining genera (Poa, 

Desmazeria, Festuca and Dactylis). To make the couplet more solid in case ligules are not 

available, the number of florets in the spikelet (two vs many) was the other character used, 

consistent in the four Floras under study. The presence of two types of florets in Panicum 

(bisexual and sterile) was included to make the picture more clear.  

#29. The keeled lemma of Poa and Desmazeria vs the rounded one in Festuca and Dactylis 

was used in this couplet (Tutin, 1980; Pignatti, 1982; Cope & Gray, 2009; Smith, 2013). To 

help the novice, the term ‘in cross section’ (adapted from Smith, 2013) was used as it gives 

a better understanding what is referred to.  
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30. Dactylis is easily identified from Poa by its stiff bristles on the lemma (Pignatti, 1982; 

Smith, 2013). Apart that, in line with Pignatti (1982); Cope & Gray (2009) and Smith 

(2013) the clumped spikelet forming a lobed inflorescence only in Dactylis was considered 

an easy lead and incorporated in this couplet to backup the first lead. Tutin (1982) instead 

preferred to distinguish Dactylis from Poa by its non flowering shoots being very 

compressed, but this part of the plant may be unavailable and not used. 

#31. The last couplet in this subkey is the distinction between Desmazeria (specifically D. 

rigidum - the only species which can form panicle-like inflorescences) and Festuca, both 

with rounded lemmas. The most easy character found to distinguish them was the rigid and 

stiff branches in the panicles of Desmazeria against the slender, flexuous and sometimes 

arched ones in Festuca (Tutin, 1980; Pignatti, 1982; Smith, 2013) 

#32. This remainin group of grasses with awned lemmas and panicle inflorescences was first 

divided between spikelets with single (un-paired) florets and those with two or more florets 

(paired spikelets). This classified Piptatherum and Stipa in the former lead from Avena, 

Sorghum, Festuca and Bromus in the other. This character was used in the keys of the four 

Floras studied. 

#33. This couplet distinguishes Piptatherum from Stipa from an array of options: Tutin 

(1982) - Stipa with a hairy lemma and persistent awn vs a glabrous lemma and caduceus 

awn in Piptatherum; Cope & Gray (2009) – Stipa with bigeniculate awn vs straight awn in 

Pipatatherum; while Pignatti (1982) - Stipa with awns 1-30cm long vs <1cm in 

Piptatherum. A combination of characters was used. Smith (2013) included Piptatherum 

with Stipa and there was no distinction.. 

#34. This couplet easily singles out Avena by its large glumes and lemmas with a dorsal 

awn. (Pignatti, 1982; Cope & Gray, 2009; Smith, 2013) Tutin (1982) had a different 

approach and singled out Avena by its spikelet size of 15-50mm, but this character couldn’t 

be used because Bromus had also such spikelet lengths.  

#35. This couplet discerns Sorghum by its arrangement of spikelets in dissimilar pairs 

(Tutin, 1980; Pignatti 1982; Cope & Gray, 2009; Smith 2013). This is a rather difficult 

character and needs dissection and knowledge of the spikelet units, but since it is placed at 
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the terminal part of the key, it becomes more easy, especially here, where the contrasting 

genera (Bromus and Festuca) are very different. 

#36. The final terminal couplet of the key distinguishes Festuca from Bromus by the cross 

section of the lemma - rounded at the back in the former, keeled in the later (Tutin, 1980; 

Pignatti 1982). According to Smith (2013), Bromus has two teeth at the apex of the lemma 

and generally has a larger spikelet from Festuca.  

4.9 Implementation of the key in the software 

The data of the dichotomous key are fed into the web-based software application through a 

template Microsoft Excel file with specific format that is then converted to csv format and 

through a converter data is input to the database. Images are renamed in a certain format, 

placed in specially named folder(s) and retrieved automatically by the software without any 

inputting. A php-script retrieves data stored in the database to construct a html user-interface 

and hence the layout of the interactive single-access software. Since the technicality of 

software development is beyond the aims of this thesis, further details are given in 

Appendix 1. A review of the software operation and features, and future development is also 

given briefly in this appendix. 

4.10 Lead enhancement and user guidance 

Communication is another important aspect in constructing a successful key (Pankhurst, 

1991; Walter & Winterton, 2007). Below is an example comparing a couplet distinguishing 

the same genera from two Flora: A – Cope & Gray (2009); B – Tutin, (1980).  

[A] Involucre persistent, composed of slender bristles     Setaria 

Involucre deciduous with the spikelets, composed of spines and bristles  Cenchrus 

 

[B] Setae persisting on the rhachis after the spikelets have fallen …   Setaria 

Setae or spines falling with the spikelets …      Cenchrus/Pennisetum 

 

In Cope & Gray (2009), the term involucre for a grass is quite unusual, and the meaning of 

persistent and deciduous is too vague. In Tutin (1980), the explanation is clearer as it gives 

the user the definition or location of the bristles (“on the rhachis”) which either remain 
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attached to it after spikelets have fallen or fall together with the spikelet. Perhaps the word 

“setae” should be replaced by hair or bristles as used by Cope & Gray (2009). An important 

part during the construction of the dichotomous key was to revise the text of the leads and 

attempt to make them simpler and more easy to understand. This was achieved either by 

extracting the easiest lead from the four Flora examined, or recreating a new one often by a 

combination of leads from different Flora or inclusion of a few concise definitions. In the 

above example, the corresponding couplet would be presented as follows: 

[X] Bristles or hairs persisting on the rhachis after the spikelets have fallen …  Setaria 

Bristles or hairs falling with the spikelets leaving a bare rhachis     Pennisetum 

 

Avoiding jargon was also an ongoing process: e.g. the term “bigeniculate awn” (Cope & 

Gray, 2009: key to tribe Stipeae) was replaced by “awn with two knee-like bends” or 

alternatively “awn abruptly twice-bent”. Rewording to simpler leads is one of the best 

practices for key construction as stipulated by Walter and Winterton (2009).  

Moreover, guidance text or identification tips were supplied for many couplets. This is a 

novelty for interactive keys and is very helpful for the novice botanist. It refrains from 

having long descriptive leads which might be a nuisance for the expert end user. The type of 

guidance given often was one of the following:  

• Legend to annotations on the corresponding images. 

• Expanded definitions of unfamiliar terms in the lead. 

• Further instructions of how characters should be observed and judged.  

• Exact place from where measurements are taken.  

• Alert about exceptions found in some taxa. 

• Awareness about variability of the character and possible overlapping between the 

couplets 

• Alert to avoid checking characters in certain exceptional parts of the plant (e.g. 

spikelets of Lolium have one glume, except the terminal spikelet which has two). 

All the guidance notes and image modification for each given couplet are listed in Appendix 

2. 
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4.11 The pictorial key in a publishable format  

 Figure 4a-4d demonstrates an example of how a pictorial key can be published on paper. 

Only the first 5 couplets are shown here but enough to give a general idea of the concept. 

Two rows per page should also be suitable without decline the readability of the key, though 

it may still offer printing restrictions for long keys. Smaller layout as that presented by 

Miller and Knees (2006) can be implemented, substituting line illustrations with slightly 

larger images. 

 The first cell (in yellow) gives the couplet number, followed in small print in brackets the 

parent couplet from which the couplet has been called. The opposing lead statements (A and 

B) are give in the left and right columns, followed below by the corresponding image and 

guidance text. The last part of the pictorial is the result to follow depending which lead is 

judged to match the specimen: either a next couplet or taxon identification.  

 Figure 7.4a - Example of a printable layout of an illustrated dichotomous key  (couplet 1) 

 

1(0)

A: Inflorescence a single terminal spikelet 

surrounded by a large, spadix-like, bract

B: Inflorescence without any special 

bracts 

Chr. i

Guide

Result ID: Lygeum Go to step 2

Phalaris paradoxa  may also have a similar bract-like structure,  covering part of the 

inflorescence but this is part of the leaf sheath. Distinction between  Lygeum [Lead A] and P. 

paradoxa  [Lead B] is easily made from the latter having an elongated spike composed of many 

spikelets [Pic: 1B left], while Lygeum  is made of one spikelet.
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 Figure 4.4b - Example of a printable layout (couplet 2) 

 

 Figure 4.4c - Example of a printable layout (couplet 3) 

 

2(1)

A: Plants large, reed-like habit with hard 

lignified stem 0.5 to 3 cm diameter

B: Smaller herbaceous plants with stems 

less than 5mm in diameter

Chr. i

Guide

A:  Inflorescence  a large, crowded, terminal 

plume- or fan-like

B: Inflorescence not a large, compact plume or 

fan-like

Guide

Result Go to step 3 Go to step 4

Measurements are ideally taken from lower half of the stem. Cultivated specimens of Sorghum 

bicolor  might have thick stems over 0.5cm but then the inflorescence is not hairy or plume-like. 

Use the combination of leads.

Chr. ii

Be careful from some  atypical large inflorescences which may vaguely look like those in [lead 

A]. Use both leads in case of difficulty. 

3(2)

A: Lemma with long hairs, rhachilla 

(stalklet at lemma base) glabrous.

B: Lemma glabrous, rhachilla with long 

hairs.

Chr. i

Guide

A:  Glumes subequal B: Glumes unequal

Guide

Result ID: Arundo ID: Phragmites

nil

Legend: L = Lemma; P = Palea; Rh = Rhachis; Cl=Callus. This lead can be interpreted as lemma 

hairy throughout or at its lower half (Arundo ) or hairy at the basal stalklet (Phragmites ).

Chr. ii
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 Figure 4.4d - Example of a printable layout (couplet 4) 

 

 Figure 4.4e - Example of a printable layout (couplet 5) 

 

 

4(2)

A: Inflorescence 2 to many digitate or 

corymbose rod-shaped spikes each 

composed of a row of sessile spikelets

B: Inflorescence a single spike with 

sessile spikelets or an open or compact 

spiciform panicle. 

Chr. i

Guide

Result Go to step 5 Go to step 10

Legend:   OP=Open panicle; SS=Single spike; CP-Closed panicle. If spikelets are held on 

branches or stalklets around the central axis, the inflorescence is a panicle [lead B]. Some grasses 

like Sorghum  may at a glance look as having an inflorescence made of racemes (like 

Echinochloa )  but if examined carefully, the spikelets are shortly branched (a panicle). 

5(4)

A: Spikes arising from the same point at 

the end of the culm (digitate infl.)

B: Spikes scattered along a central axis 

(corymbose or composite inflorescences)

Chr. i

Guide

Result Go to step 6 Go to step 9

Occasionally, genera like Cynodon  form racemes a few mm below the main umbel; such 

examples should still be regarded with [lead A].
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4.12 Development time 

The time taken to construct and acquire the data for the enhanced dichotomous key software 

is given in Table 4.2. The time for each task is only an estimate especially for the imaging 

process (task 6) where the stated estimate of 15 minutes per photo is a mere average 

between a few minutes for images taken in situ to over 30minutes for other images which 

required a prolonged task of dissection, mounting and positioning. The total time of 27 

hours estimated for the imaging process (108 photos, 15mins each) is still to be taken as the 

minimum time, because there were more elaborate detailed images than there were less 

detailed which took few minutes. Besides that, grasses which had dissimilar or very small 

spikelets, required more preparation time.  

On the other hand, it should be reminded that many other families or genera have less 

complex morphology than grasses, and so they would require significantly less time than 

15mins per photo: the table below is only a general guideline. Finally, it should be 

mentioned that in this thesis, a photo of every character and morphological unit for the 32 

taxa was required for the multi-access key. The time for taking and manipulating a total of 

1,500+ photos was about five weeks of work. While taking photos for every character state 

of every taxon is ideal, it is a more time-consuming process, and not always useful. 

Table 4.2: Time record for building the enhanced, interactive dichotomous key 

# Task Time per unit 
Total 

time 

1 
Extraction of a key based on the 32 genera under study 

from a given Flora. (four Flora used) 
3 hours per 

Flora 
12 hours 

2 
Tracing of leads for each genus in the adapted key from 

step 1. (four keys used) 
3 hours per key 12 hours 

3 Scoring of leads of each adapted key (four keys used). 1 hour per key 4 hours 

4 Recreation of a new key from the study of the four keys 8 hours 8 hours 

5 
Field work and specimen collection (usually collected 

specimens from three genera in a morning) 
1 hour per genus 32 hours 

6 

Image production: dissection of plant parts, photo shooting, 

general post-editing (crop, straightening, levels, white 

balance) tagging and image file renaming/sorting (total 108 

photos for the single-access key) 

Average 15mins 

per photo 
27 hours 
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7 

Input of data into software including guidance text and 

specific modification of images to match couplet (e.g. 

annotations, resizing, overlaying two or more images into 

one, etc.) for 36 couplets 

Average of 40 

mins per couplet 
24 hours 

8 Beta testing and revision of key 4 hours 4 hours 

9 Other activities such as studio equipment preparation, 

specimen pressing and data recording, literature review, 

transport (excluding ferries) and tidying 
8 hours 8 hours 

 
TOTAL:  131 hours 

 

4.13 Applying a key to genera to a different region 

The question of whether a key for the genera of grasses adapted for a region will work 

flawlessly if used on another different region was explored on a small scale. Ten common 

wild grasses from Edinburgh centre were collected and genus identification was tested by 

the key. Four were genera not part of the key under test. This leads to a first limitation, that 

some genera in one part of a region are not present in a different region and hence the key 

loses some reliability. From the next six species, five were successfully identified to genus 

level (Poa, Hordeum, Lolium, Dactylis, Festuca) but Phalaris arundinacea did not. This 

species is exceptional for Phalaris because instead of compact spikes, it forms spikelets are 

clumped onto long branches. Hence in couplet 13, Phalaris arundinaceae was keyed with 

lead: “Infl. an open or compact (spike-like) panicle, denoted by many spikelets subtended by long to (very) 

short branches all around the main axis.”; advancing to couplet 20 with the lead: “Panicle open with the 

primary and sometimes secondary branches evident.” being most appropriate and which in turn 

proceeds to the remaining part of the key where Phalaris is not catered for. Hence, Ph. 

arundinaceae could not be keyed out correctly using the key based on the Maltese grasses. 

Therefore it can be concluded that in a particular region there might be taxa which are not 

found in other regions and hence are not dealt with in the key designated out of their region 

or their Flora. 

4.14 Discussion 

The recreation of a key by combining ones from existing Flora while adding new statements 

or leads when necessary proved to be successful from the statistical analysis assessing the 

level of difficulty of the keys in question. The process of scrutinising the Flora as described 
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above might appear to be time consuming, but it is likely to be less time consuming than 

having to a rewrite a key from scratch (as done in monographs) and scoring characters of all 

taxa in the key. Given that this has been diligently done by previous authors, there is no 

guarantee that the new one would be any better. 

At this point, it is opportune to compare the methodology in key construction in this thesis 

with the best practices to construct dichotomous keys recommended by Walter and 

Winterton (2007). Table 4.3 summarises these practices and indicates which have been 

followed in this project and how. 

Recommended practice for key construction 

adapted from Walter & Winterton (2007) 

Status of the constructed key in this study 

Avoid natural keys, their intent is 

identification not phylogeny. 

Key artificial based on easy characters 

adapted from four Flora. 

Avoid couplets that may be unanswered, and 

reinforce by producing two or more 

statements per couplet. 

About half of the couplets have two or three 

statements. 

Reduce technical jargon. Reduced in the leads and by means of the 

identification tips (guidance) and images. 

Leads must be constructed in a parallel 

fashion, with contrasting character states. 

Although there is room for improving, most 

couplets follow this practice. 

Illustrate character states with images on the 

same page. 

All character states are represented by one or 

more images.  

Illustrations must be placed near couplets. Followed as stated. Illustration placed side 

by side for better comparison. 

Provide returns from dead-end situations so 

that user can easily trace back the path to 

source of the error. 

Provided from the interactivity of the 

software via level up (parent) button and 

history of couplet that the user has stepped 

along the identification process. 

Use bifurcation (fan) patterns more than 

ladder (comb) pattern in constructing the 

key. 

Combination of both. 

Provide a taxon description at the 

identification (end-point) level. 

Not currently implemented, but the 

identified taxon will be linked to a taxon 

description. 

Beta test the key with naïve users. Implemented via a trial (see chapter 5). 

• Table 4.3: Table of best practices for construction keys (Walter & Winterton, 2007) and status of their 

implementation in this study. 
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From this exercise, a few more practices could be adopted: 

1) Avoid hard-assessing characters especially at the beginning of the key. If they are 

inevitable, construct the key in a way that they are laid at its terminal parts. 

2) Use the ladder type (chipping off) pattern to exclude problematic or exceptional taxa 

(or groups of taxa) in order to accommodate a better set of bifurcation patterns in the 

key, where the presence of such taxa would not allow these bifurcations to be 

incorporated. 

3) If, in a couplet, a particular taxon may not be well distinguished, an alternative to 

practice 2 above is to treat the taxon in both opposing leads (error prediction and 

compensation) so the taxon is identified in any choice the user makes. Nevertheless 

this must be kept to a minimum so as to keep the key from being unnecessarily long. 

4) Refrain from using “not as above” but write a brief opposing lead. 

5) Minimise using conditioned and nested leads using if/then/except/or. 

6) Minimise using characters that are miniscule and need the use of powerful 

magnification tools such as a microscope. Such tools cannot be carried in the field 

and very few novice botanists have them. 

7) Minimise using leads based on the lifecycle of a plant (annual/perennial) as this is 

not always easy to assess, especially in herbarium specimens.  

One must be aware that the selection of Flora to be examined for key adaptation must 

include or even consist of regional or sub-regional Flora. Those from different regions have 

different taxa and the concepts of a genus and the underlying key and its characters used 

(especially at genus level) may not always be adequate. For example, Paspalum, Panicum 

and Andropogon are represented by a couple of species in Europe (Tutin, 1980) but by 

dozens in central America (Davidse & Pohl, 1994) . For Malta, Flora Iberica (ref) Flora 

d’Italia (Pignatti, 1982), Flora Europaea (Tutin et al., 1964, 1968, 1972, 1976, 1980 and 

1993) and perhaps Flora of Tunisia (Pottier-Alapetite, 1981) would be the most suitable 

Flora to adapt keys from. The New Flora of the British isles (Stace, 2010) is also acceptable 

given that Malta shares a number of species with Britain which were introduced during the 

British colonisation (Haslam et al., 1977) between 1800–1964 (Wikipedia: 

History_of_Malta, 2013). 
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Chapter 5 Multi-access key – Construction 

5.1 Overview 

Multi-access keys have been designed to overcome limitations and difficulties in the 

identification procedure and limitations of single-access keys (see section 1.4). The three 

fundamental differences of multi-access keys according to Dalwitz et al. (2013) are: 

1) Leads are not paired in opposing couplets but presented at one instance letting the 

end user choose any number or order for assessing the character states. 

2) The character states of each lead are not bound to two options (binary state) but a 

range of options can be attributed and the user selects one (or even a few in case of 

uncertainty). 

3) Construction is derived from a matrix of character versus taxon scoring, where 

addition or removal of taxa or characters is an effortless job for the developing 

author. 

 

The principal operation of multi-access software is to remove (or decrease the probability 

of) taxa whose attributes do not match those of the investigated specimen while the taxon 

with highest matches are ranked as the most probable identification result. The larger the 

difference in ranking – usually expressed as a score or percentage – between the first-ranked 

taxon and the next, the greater is the confidence of identification (Dalwitz et al., 2013) The 

multi-access key used in this thesis to compare the enhanced and interactive software based 

on a dichotomous method, also abides by these fundamental principles, using character 

tagging and score-ranking rather than percentages. General details on software operation, 

choice of characters used for genera of grasses and attribute matrix used to construct the key 

are given in this chapter. 

5.2 The multi-access program: features and operation 

The software is a simple application for mobile and smart phones thus giving a multi-access 

tool in the field without internet connection, an option that, according to Nimis et al., 

(2012), is not much exploited in this new market of technology. One of the few examples of 

a mobile identification tool is FRIDA (Martellos, 2010). This is so because most multi-
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access software operates either as a PC installation or through the internet (e.g. Lucidcentral, 

2013). The mobile application used in this thesis is also under development but the current 

version encompasses the important features of a multi-access key.  

The construction of the key is currently done via a user interface, specifically a server-based 

webpage, where data is stored in a mySql database and later retrieved to build or ‘simulate’ 

the key. The construction consists of four steps of data entry: 

1) List of taxa present in the key, with optional taxon description. 

2)  List of characters and their corresponding character states 

3) Scoring (cross-referencing) of the character states with taxa 

4) Uploading of images and selecting suitable thumbnails for each taxon 

When the key is generated, the user enters the character page which displays the whole 

range of available characters and their corresponding states. The task of the user is to tick 

the most appropriate character state of any characters at any order. No images are currently 

linked with the characters or character states. The next step is to go to the results page where 

the most probable identification taxa are ranked, accompanied by thumbnail images of the 

taxon. A further link opens a gallery to all images related to the taxon so as the user verifies 

the identification of the specimen under investigation. Image resizing, generating of 

thumbnail and manipulation is automatically processed by the software. A botanical 

description is also available through a link next to each genus.  

5.3 Key construction. 

Due to a server outage at the RBGE, the multi-access key data input and construction had to 

be postponed to 25 July 2013. The taxa inputted in this key are the same 32 genera or 

grasses used in the dichotomous key listed in Table 2.1 For each taxon, about 25 images 

showing detailed characters have been uploaded in the software database. The list of 

characters and their scoring of states fed to the key are shown in Table 5.1.  
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Table 5.1 Taxon-character data matrix for integration in the multi-access key 

 

# Character Character states

A
egilops 

A
ndropogon

A
rundo
A

vena
B

rachypodium
B

rom
us

C
ynodon

D
actylis

D
esm

azeria
Echinochloa

Elym
us

Festuca
H

ordeum
H

yparrhenia
Lagurus

Lam
arckia

Lolium
Lygeum
M

elica
Panicum

Paspalum
Pennisetum

Phalaris
Phragm

ites
Piptatherum

Poa
Polygonum

R
ostaria
Setaria

Sorghum
Stipa

Triticum

Adventitous roots only

X X X X X  X X X X X X X X X X X X X X X X X X X X X X X

Adventitous roots and stolons 

or rhizomes X X X X X X X X X X X X X X X X X

Adventitious roots and bulbs or 

bulbils X X X

Less than 200cm

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

More than 200cm

X X X X

Less than 7mm

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

More than 7mm

X X

Margin open at apex

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Margin fused at apex

X X

Membranous

X X X X X X X X X X X X X X X X X X X X X X X X X X X

Line of hairs

X X X X X X

Nil or just a rim (<0.5mm)

X X X

One spikelet only

X

Single spike with lateral sessile 

spikelets X X X X

Single terminal spike with 

spikelets superficially arranged 

as stacked over each other
X X X

Twin or digitate spikes 

(racemes), arising from same 

point at the apex of the culm
X X X X

Individual spikes (racemes) 

scattered along a vertical axis X X X

Closed panicle with obscure 

spikelet branches X X X X X X X X

Open panicle with spikelets 

subtended by visible branches X X X X X X X X X X X X

Dense plume-like panicle larger 

than 15cm X X

Absent

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Present

X

1

X X

2 to 6

X X X

7 or more

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Absent

X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X X

Present, short stiff and bristly

X X

Present, long and silky (smooth)

X

FALSE, spikelets single or in 

pairs per node X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

TRUE

X

7

8

9

10

6
Inflorescence 

type

Underground 

parts

Plant Height

Stem width

Leaf sheath

Ligule type

Bract around 

spikelet

Number of 

spikelets per 

floret

Hairs or 

bristles below 

spikelets

Spikelets in 

three per node

1

2

3

4

5
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# Character Character States

A
egilops 

A
ndropogon

A
rundo
A

vena
B

rachypodium
B

rom
us

C
ynodon

D
actylis

D
esm

azeria
Echinochloa

Elym
us

Festuca
H

ordeum
H

yparrhenia
Lagurus

Lam
arckia

Lolium
Lygeum
M

elica
Panicum

Paspalum
Pennisetum

Phalaris
Phragm

ites
Piptatherum

Poa
Polygonum

R
ostaria
Setaria

Sorghum
Stipa

Triticum

1

X X X X X X X X

Florets in pairs (often differing 

in sexuality) X X X X X X X X X X X X X

3 or more florets

X X X X X X X X X X X X X X X X

0
X

1
X

2
X X X X X X X X X X X X X X X X  X X X X X X X X X X X X X X

Distinctly shorter

X ? X X X X X X X X X X ? X X X X X X X X

Subequal

? X X X X X X X X X ? X X X X X

Distinctly longer

? X X X ? X X X X

Absent, if hairy short and 

puberulent X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Present, long and silky (smooth)

X

Absent or less than 2mm

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Present, conspicuous

X X X X

Absent or less than 2mm
X X X X X X X X X X X X X X X X X X X X X X

Present and terminal (or sub-

terminal) X X X X X X X X X X X X
Present and dorsal

X X
Present, bigeniculate (twice-

bent) X
Present, 3-5 per lemma (not 

single) X
Glabrous or short soft hair 

(pubescent) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Stiff short bristles (hispid)

X X

Long hairs at least half the 

length of the lemma X

False

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
True

X
All have similar morphology; 

differ only in size and maturity X X X X X X X X X X X X ? X X X X X X X X X X X X X

Spikelets in pairs, generally 

similar, or else one on a 

pedicel, the other sessile
X X X ? X X

Dimorphic spikelets, two 

distinctly different types of 

spikelets visible by the naked 

eye

X X X ? X

Spikelets divided in female and 

male (or sterile) florets X X X X X X X X X X X

Spikelets either 1-floret or If 

many, all bisexual (rarely the 

uppermost not developed)
X X X X X X X X X X X X X X X X X X X X X X

Rounded (C-shaped)

X X X X X X X X X X X X X X X X X X X X X X X X X X

Keeled once or twice (V-shaped)

X X X X X X X X X X X X X X X X X X X X

Glumes strongly keeled inro a 

broad wing. X

20

19

18

17

11

12

Spikelet 

sexuality

Cross section 

of glumes

General 

morphology of 

spikelets in an 

inforescence

16

Number of 

florets per 

spikelets

Number of 

glumes per 

spikelet

13

14

15

21

Long hair on 

glumes

Awns on 

glumes

Awns on 

lemmas

Indumentum of 

lemma

Upper florets 

reduced to a 

club-shaped 

mass of sterile 

Length of 

glumes in 

respect to the 

spikelet length 

(excluding 

awns)
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5.4 Choosing characters for genera of grasses  

Although Watson & Dallwitz (1992) were able to extrapolate 496 characters for the keying 

of grass genera, only 21 were found to be feasible in this project. Time restrictions and the 

inability of finding useful characters to be scored easily throughout the variable range of a 

genus, were the main reasons for not scoring more characters. The same situation was 

expressed in the thesis on Belizean grasses by Sylvester (2010) and further details are given 

in Section. 5.5 below. 

As seen in Table 5.1 there are characters which discriminated only three or fewer taxa and, 

as termed by Pankhurst (1991), they are non-informative characters. These characters are: 

stem width (3); enclosure of leaf sheath at apex (4); special bract around spikelet (7); hairs 

or bristle below spikelet (9); spikelets arranged in threes per node (10); number of glumes 

per spikelet (12); presence of long hairs on glumes (14); pilosity of lemma (17); and upper 

florets reduced to club-shaped mass of sterile lemma (18). The most taxonomically 

informative characters were the inflorescence type (6); number of florets per spikelet (11); 

length of glumes in contrast to spikelet length (13); type of lemma awns (15); spikelet 

sexuality (20) and cross-section of lemma or glumes (21). The criterion for choosing these 

characters was mainly that their scoring would represent all the range of variations of the 

species within the genus. Several of these characters were obtained from the leads used in 

the dichotomous keys of which some were quite specific to (chipping-off) one or few 

genera, hence the resulting non-informative characters in the matrix mentioned above. 

5.5 Difficulties in creating the taxon–character matrix at 
the genus rank 

One of the main problems of multi-access keys is the huge effort required to score the 

character states of all the numerous characters or all the taxa - this was no exception in this 

project. It is true that during this task, one can afford some degree of partial scoring, but the 

aim is always to score as much as possible for a most reliable key. The problem is worse at 

genus level where the score of character state has to represent all the species within the 

genus. This means that exceptional species within the genus will result in scoring of more 

than one state, which in turn is misleading as that exception would not be a representative 

state for the entire genus. For example, almost all species of Bromus have spikelets with 

long awns but the exceptional B. inermis is awnless (Tutin, 1980) and, in theory, when 
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scoring Bromus, both states (with and without awns) have to be scored as positive. This will 

demote the distinction in this character for Bromus. Similarly, Melica spp. are 

predominantly open panicle types of inflorescences, but M. altissima L. has a closed panicle 

(Tutin, 1980). Again, this infers that both character states have to be scored as open and 

closed panicle for Melica. At species level, this variation is less pronounced. In dichotomous 

keys, exceptions are successfully handled by an additional call in the key, keeping the main 

distinction of the genus viable. Alternatively, the genus is entirely discriminated by a more 

reliable character that has no exceptional species.  

For this reason, when it comes to scoring genera, the developer must have a good 

knowledge about the characters of all the species and awareness of these exceptions, hence 

it makes the process of matrix building harder or more time consuming if all species had to 

be checked individually. This was similarly experienced by Sylvester (2009) and also 

expressed in the acknowledgements by Ford et al. (2009) who changed the multi-access key 

to species identification rather than to genus (as the title suggests). On the same note, in a 

project on the identification of grasses by Lecointre, (2013) using multi-access keys, 

identification was directly to the 159 species, not to genera. This therefore raises another 

disadvantage of multi-access keys, namely their difficulty of dealing with identification of 

taxa of plants at genus level due to the wide variation and overlapping of character states 

within its species. 

Another related problem encountered was the scoring of a character throughout all the 

genera. While genus-bound characters such as the ligules, inflorescence type, number of 

florets per spikelet or sexuality of spikelets were not problematic to score (these often found 

in initial couplets of dichotomous keys), other characters used to discriminate between 

groups of single genera (often sub-terminal couplets in dichotomous keys) were found to be 

unsuitable to score for the rest of the genera. This is best exemplified by the character of 

long hairs on the rhachilla and the lemma. It discriminates between the Arundineae genera 

of Phalaris and Arundo. The theory of multi-access keys conveys that the scoring of these 

characters has to be done for all the genera in the key (and so all their species), unless the 

genus is monotypic or oligotypic. Tutin (1980), Pignatti (1982), Cope & Gray (2009) and 

Smith (2013) had not given details of the hairiness of the rhachilla or lemma of all the 32 

genera tested, and so the only remaining way to score this character is to check all species 

within the genus, a task far from practical. As a result, such characters had to be omitted 
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from the multi-access key. Below are some other examples of characters which could not be 

implemented in the multi-access key. 

• Spikelets sessile or stalked 

• Stiffness and stoutness of panicle branches (if present)  

• Spikelets with back of lemma facing central axis (rhachis) 

• Length of spikelets or of their constituent parts 

• Cross-section of glumes and lemmas (still incorporated in the matrix, but many taxa 

are scored for both states due to uncertainty) 

Finally, it’s noteworthy to mention another problem in special genera with complex 

morphology. Here Lamarckia is exemplified because of its dimorphic (two types of) 

spikelets: one type has sterile awnless florets; the other type has a single bisexual floret with 

an awned lemma. In such circumstances, scoring of lemma as awned is confusing both for 

the developer and the user. Watson and Dalwitz (1992) had tackled this problem by creating 

character sets for bisexual, male or sterile florets, and as a result making the process more 

complex and time consuming. On the other hand, dichotomous keys do not have this 

problem, because exceptional genera such as Lamarkia are chipped out at the beginning of 

the key or a main bifurcation couplet. 
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Chapter 6 Software trials 

6.1 Overview 

Despite the author’s or inventor’s belief in the features, quality and usefulness of their 

software (as in any product), it can only be validated by user testing. For this reason, a trial 

was set up on 31st July 2013 where the interactive and enhanced single-access software was 

tested and compared with a multi-access one. The aims of the trial were as follows: 

• To check if the enhancement incorporated in this software was beneficial. 

• To test if the key to genera of grasses combined from keys in Floras does work. 

• To test whether the navigation and layout of the software was adequate. 

• To observe common difficulties that users face when following a key. 

• To receive feedback for improvements of the web application. 

• To gain experience when setting a trial. 

6.2 Set-up and methodology 

Eleven respondents working or studying at the RBGE were invited for the trial, of whom 

eight were able to participate. From a questionnaire supplied during the trial, two were very 

familiar with keys and with the structure of grasses. Four participants marked the 

questionnaire’s option: “I tried to identify some grasses in the past and I know what a ligule, 

spikelet, glume and lemma are.”, and another two considered themselves as beginners by 

ticking the option: “I never tried to identify a grass and barely know their morphological 

terms.”  
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Lecture Room 1 at the RBGE was an ideal venue because it had good lighting, many 

benches to lay grass specimens over, several computers and some dissecting microscopes. A 

dissecting kit, ruler, writing 

instruments, magnifying 

glass, further illustrations of 

grass morphology (Hickey & 

King, 2000), illustrations of 

species of British grasses 

(Cope & Gray, 2009) and a 

glossary of terms for Poaceae 

(Darke & Griffiths, 1994) 

were supplied at the 

workstation (see  Figure.6.1) 

 

Thirty different specimens of grasses were made available, of which 25 were pressed and 

brought from Malta and another five were common wild grasses collected from Holyrood 

Park and Portobello in Edinburgh a day before the trial. These five species were Poa annua 

L., Dactylis glomerata L., Lolium perenne L., Elymus caninus L. and Phragmites australis 

(Cavanilles) Trinius. 

An instruction sheet was handed out at the beginning of the trial, explaining that the 

participant was to identify two grasses with both software using the single-access software 

first for one attempt, and then with the multi-access software for the other grass. Not all 

participants had time to identify two grasses. This switching over was done to decrease bias 

favouring the second tested software which may occur as a result of learning characters 

during the identification with the first software. 

During the trial, the author accompanied the participant and had occasionally helped to 

explain some botanical terms so as to save time in referring to the glossaries, but the 

decisions in assessing the character states were solely taken by the participant. Notes and 

observations that were taken during the identification process included: 

 

 Figure 6.8: Photo of trial in progress at Lecture Room 1, RBGE 
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• comments expressed on the spot by the participant (which can be forgotten when 

requested at the trial end);  

• difficulties encountered either on the software or on the botanical aspect of the trial;  

• which decisions led participants to assess characters (or leads) incorrectly; and  

• the average time taken for the identification.  

Some sessions were also filmed for any future reference. At the end, a short questionnaire 

was issued including space for general comments. The choice of specimen to be identified 

was at the participants’ discretion, but they were not allowed to try a specimen which was 

previously tested. The identification result was communicated after both software types 

were tested with the exception of two participants. 

6.3 Results 

The results of the trial using the two types of interactive software to identify grasses are 

summarised in Table 6.1 while the feedback from the questionnaire is given in Table .6.2 

Table 6.4: Results of success from the eight participants using single-access and multi-access interactive keys. 

Parti-

cipant  

 Expertise 

level in grasses  

Genus tested Single-access 

(time/min) 

Multi-access 

(time/min) 

First software 

tested 

1 Advanced Piptatherum Success (7) Success (12) Single-access 

2 Beginner Phragmites 

Phalaris 

Success (24) 

Not Tested 

Not tested 

Failed (31) 

Only 1 tested 

Only 1 tested 

3 Intermediate 
Lolium 

Andropogon 

Success (8) 

Success (8) 

Success (10) 

Failed (23) 

Single-access 

Multi-access 

4 Intermediate Pennisetum Success (5) Success (16) Single-access 

5 Intermediate Lagurus 

Triticum 

Success (10) 

Success (6) 

Success (10) 

Failed (14) 

Single-access 

Multi-access 

6 Beginner 
Poa 

Avena 

Success (18) 

Success (10) 

Success (15) 

Success(19) 

Single-access 

Multi-access 

7 Intermediate Dactylis 

Elymus 

Success (16) 

Failed (8) 

Success (12) 

Failed (20) 

Single-access 

Multi-access 

8 Advanced Hyparrhenia Success (n/a) Not tested Only 1 tested 

Success rate (percentage): 11/12 (92%) 7/11 (64%)  
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Table 6.5: Answers to a questionnaire by six participants. 

Question asked (sample size - 6) Strongly 

Disagree 

More or 

less 

disagree 

Not sure, 

uncertain. 

More or 

less agree 

Strongly 

agree 

Used interactive single-access keys in 

the last 5 years 

+ + +  + + + 

Used interactive multi-access keys in 

the last 5 years 

+ + + + + +  

The interactive single-access software 

offered advantages over conventional 

(text-based) keys 

   + + + + + 

The use of images linked to characters 

was useful 

    + + + + + 

+ 

The use of guidance text (identification 

tips) was useful 

  + + + + + + 

The layout/navigation of the single-

access software was easy 

   + + + + + + 

The layout/navigation of the single-

access software was easy 

 +  + + + + + 

Was more confident using the 

enhanced single-access than the multi-

access software 

   + + + + + + 

 

Comments and feedback taken during the trial or expressed in the questionnaire included the 

following (S=single-access software; M=multi-access software; K=comments on the key): 

• [S] Link terms in leads directly to a glossary, ideally represented by an illustration. 

• [S] Change the icon for back to previous step to an arrow pointing left (not up). 

• [S] Change “Remarks” to “Identification Tips” in the guidance text. 

• [S] Highlight the image of the statement being read (=hovered over with mouse). 

• [S] Make guidance text more brief. 

• [S] Make a button or link to restart from the beginning. 

• [S] Statements of same lead confusing, the line separating them should be removed. 

• [S] Use + and – for contrasting statements instead of roman numbers. 

• [S] Some images have a greyish background, better if it was black. 

• [S] Label the awn in image of couplet 24. 

• [S] Make scroll-animated images controllable by the user. 

• [S] Enjoyable; use of brilliant images linked with every character is a good idea. 

• [K] Change text in lead reading “glumes 1” to “number of glumes = 1”. 
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• [K] Rework text of couplet 6 and 14. 

• [K] Few typing mistakes  

• [M] Make characters linked with images, rather searching in the image gallery. 

• [M] Thumbnails too small. 

• [M] Place the list of taxa and their scores (ranking) aside the scoring of characters 

(same page) rather having to go to previous page. 

• [M/S] Multi-access key is convenient for people with good knowledge about grasses 

while the single state is ideal for beginners.  

 

1.4 Discussion 

The results and feedback from the trial were extremely useful both from the technical aspect 

of the two software packages and the construction of the key itself. There was a better 

success rate of identification using the interactive single-access software (11/12 specimens) 

than the multi-access software (7/11 specimens). Failures of the latter were much more 

frequent when it was tried first (refer to Table 6.1). 

The most feasible explanation for the multi-access software not delivering well was the lack 

of images linked to the characters scored. Since most of the participants had limited 

knowledge of the terminology, they struggled to get the states correct. This problem was 

shared by many participants in their feedback or personal comments. Apparently, viewing 

images in the multi-state gallery (two mouse-clicks away from the character-scoring screen) 

was not very useful. Secondly, the choice of characters in the multi-access key was found to 

be more difficult than expected. Although there were 21 characters, at least eight were non-

informative, that is they had a positive or distinguishing score for only one or two genera. 

For example, only Hordeum has spikelets in threes, and only Melica has its upper florets 

club-shaped and sterile.  

Another observation about the multi-access software was that the taxon with highest score, 

that is, the most likely correct identification, was always one or two points only above the 

next taxon, sometimes even equaling it. Because of this, the participants went to check more 

characters so as to try to widen the margin. This resulted in all characters being attempted 

and hence the process of identification took longer. They had no indication which characters 
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were more relevant for their specimen. Nevertheless, several participants confirmed their 

identification upon consulting the corresponding images in the gallery section. 

Another major problem in the creation of the multi-access key from a taxon-character 

matrix was the choice of characters and their scoring to cover all the species within a genus. 

The characters of a species are fixed (with a small amount of variability), and scoring them 

in a multi-access environment is quite straightforward and feasible. However, a genus 

representing a number of species entail to have characters states that vary considerably, 

leaving few characters which are diagnostic for distinction purposes. Things are made worse 

by the presence of exceptional species, where scoring of such characters leads to non-

distinctive scoring for the whole genus. This is best explained by an example. Almost all 

species of Bromus have awns, but Bromus inermis is an exceptional species which is 

unawned. Strictly speaking, this means that when scoring Bomus in a multi-access 

environment, both awned and unawned character states have to be scored as positive, and so 

this character loses its diagnostic value for the mentioned genus. This was further discussed 

in Section 5.5. 

Some participants found it difficult understand what a functional spikelet in the 

inflorescence was. This seems to be the main obstacle when identifying grasses. For 

example, Pennisetum has a cluster of one-floret spikelets very close to each other and 

surmounted by many hairs, giving the false impression of a single spikelet with many florets 

The illustration in the dichotomous key helped to overcome such difficulties. Most 

participants expressed the opinion that they could make out some characters only thanks to 

the images, such as distinguishing a keeled lemma or one with a rounded back.  

The only couplet which led to a failed identification in the single-access key was 

encountered during the identification of Elymus: 

14a. Spikelets emerging from nodes along a single, unbranched central axis, this sometimes bearing 

concavities from where the spikelets are borne; spikelets arranged in one lateral plane (at the sides of the 

rhachis) forming a spike usually longer than 12cm (excluding awns). 

14b. Spikelets grouped in dense spikes superficially appearing as stacked over each other without an evident 

central axis and concavities; spikelets arranged in a cylindrical or conical spike usually not longer than 12cm 

(excluding awns). 

 

The participant did not visualise the spike as one lateral plane, and the 12cm spike length 

was misleading because the specimens collected had somewhat smaller spikes (9–13cm). 
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The spike-length character (longer than versus shorter than12cm) was based on a different 

species from Malta which generally had spikes longer than 12cm. Here the participant 

subconsciously selected the easiest character (length of spike) and cared less for the other 

characters which were harder to interpret but more important for distinction. For this reason, 

the couplet was amended as follows: 

14a. Spikelets emerging laterally along a single, unbranched, well-defined central axis, sometimes bearing 

concavities from where the spikelets are borne; spike linear and compressed 

14b. Spikelets superficially appearing as stacked one over each other vertically, without an evident central axis 

or concavities; spike cylindrical or conical. 

 

Finally, the trial showed that when one is using software, all the related data (information 

and images) are included in the package. Only one participant made use of the printed 

glossary (three participants commented that it should be part of the package), while others 

emphasised the value in having an image representing the genus dissected in small parts, 

although Cope & Gray’s (2009) detailed illustrations were available during the trial.  
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Chapter 7 Conclusion and recommendations 

The most used tool for organism identifications are dichotomous keys. Their application in 

current publications, either Floras or monographs, is still prominent and all scientists are 

familiar with them. With the advance of the computer era, new identification tools have 

been designed, namely multi-access keys running on software and featuring easy interactive 

user interface. The advantages of a multi-access environment over printed dichotomous keys 

have been established by many authors, in particular by Walter and Winterton (2007) and 

Dalwitz et al.(20l3) to mention a few. However, the advantages of a dichotomous key in an 

interactive environment with multi-media sources, as in a multi-access one, have not been 

tested to any detail and this, therefore, became the focus of this study  

Here, novel interactive software based on a single-access key is created by the author who 

followed, as much as possible, both the best practices for using images in keys and guides 

by Leggett and Kirchoff (2011), and best practices in the construction of dichotomous keys 

by Walter and Winterton (2007). A trial was used to test this approach using a group of 

plants that are unarguably difficult to identify – grasses (Hubbard, 1984). The key presented 

in this study consisted of 32 genera of Poaceae from the Maltese islands. Eleven out of 12 

(94%) specimens from a trial with eight respondents (who were mostly unfamiliar with 

grasses) were identified to genus level in 10–25 minutes.  

Without doubt, the use of images linked to characters are of extreme importance to 

identification tools whether dichotomous or multi-access; both were demonstrated by 

previous studies such as Walter and Winterton (2007); Leggett and Kirchoff (2011) and 

Nimis et al. (2012) to mention a few and from this research (e.g. direct feedback from 

respondents). Moreover, interactivity and specific identification notes for each lead (a 

novelty in this software) played important roles for correct identification. Some tools and 

guides base their identification solely on images (Kirchoff et al., 2011) but the inclusion of 

text-based leads are an invaluable source of information to keep an element of visualisation 

characters in the user’s mind which in turn promotes a degree of self-built variability. For 

this reason, it is suggested that both images and text should be employed in an identification 

tool. 
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As emphasised by Leggett and Kirchoff (2011) this problem with the plasticity of certain 

characters can be overcome by using multiple images of the same character from different 

specimens of the same species or, in this study, different species of the same genus. In this 

project this was achieved by displaying two or three examples in the same image, or  

creating an image-scroll animation showing different images. This was found to work rather 

well but, in future developments, multiple images would be made scrollable by the user by 

means of prev/next button in a form of a slideshow. This entails that, for every statement, an 

unrestricted number of images can be made available to the user without being crammed. 

Another recommendation linked with this new feature is to photograph characters from 

different species when dealing with keys to genera. This was not feasible in this study due to 

the short time allocated for the project. Couplets that are at the beginning of the key are the 

most likely to benefit from multiple images, whereas terminal couplets may require just an 

image of the distinguishing character of the two taxa it discriminates. 

Another improvement which has already been thought of and recommended by Leggett and 

Kirchoff (2011), is the ability for the tool to display large images, so as the user can have a 

clearer vision of any minute details in the image. Another practice of the same authors is the 

use of non-distracting backgrounds. This was partly achieved in the project, and failed only 

to some extent when plant material was photographed with artificial LED light on a cheap-

quality black cardboard. Using long-exposure (typically 1/10 sec) and natural side lighting 

decreased the accent of artefacts in the background, but the use of higher-quality cardboard 

or trialling different material which is neither abrasive nor reflective is still recommended. 

Moreover, metric measurements present in most images were overused, even if the character 

did not rely on any measurement of scale. These can “distract the user’s attention from the 

salient features” according Leggett and Kirchoff, (2011), and hence should be used only in 

appropriate leads. 

Trial participants had also submitted useful comments, some of which were implemented 

soon after the trial. Despite being simple in nature, they were quite effective, such as the use 

of + and – instead Roman numerals i and ii for each contrasting statement within leads; the 

term Identification tips rather than just Remarks for the guidance text; inclusion of graphical 

icons in the text to make the text more attractive; and the highlighting of the image when the 

corresponding statement cell (link) is selected, so that there is an obvious visual link 
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between the statement read and the corresponding image in the software. Other useful 

suggestions were either too time consuming (e.g. implementing an image-based glossary for 

botanical terms in the leads) or technically difficult (e.g. removing the line between the two 

consecutive statements of the same lead.). Other future features include searching terms 

within the couplets of a key and a tool which tells which couplet in a key distinguishes 

between two taxa queried by the user (see Appendix 1 for more details) 

From the assessment of the trial, it was found that there was room also for improving the 

multi-access software. One recommendation is to include a means of guidance to choose the 

next best character, that is, after a few characters have been chosen, the software would 

suggest which best characters should be checked, therefore saving the user having to go 

through all the characters. Another point is that since the software operates by having equal 

weight for all characters, it might be beneficial that certain characters that are strongly 

specific to one or few genera (taxa) are given a higher weighting. For example the club-

shaped, sterile florets at the top of the spikelet is specific to the genus Melica as is the silky, 

long-haired glumes only found in Lagurus (Tutin, 1980; Pignatti, 1982). It is suggested that 

such characters would be a given higher score so when they are encountered, they give the 

corresponding genus a higher level (boost) of distinction compared to other genera. 

Dichotomous keys are criticised for becoming very long when there are numerous taxa. This 

problem can be tackled by the wise use of polytome statements. Pankhurst (1991) already 

discusses this giving the example of the white, pink and rose flower colours as the opening 

‘couplet’ for Epilobium. Two good examples are: (i) rayless pseudanthia, or with ray florets 

and disk florets or with ray florets only for Asteraceae and (ii) bisexual spikes, male spikes 

at top or female spikes at top for inflorescences of Cyperaceae. Polytomy is also very useful 

where there are more than two options for measurement or count-type characters (e.g. length 

of leaves or number of petals) which is an established disadvantage of strict dichotomous 

keys with two couplets (Dalwitz et al, 2013). Polytomes should be encouraged in single-

access keys; so far they are easy to assess, and have minimum overlapping. 

While images and interactivity have an important role in identification in current digitally 

advanced tools , the ‘engine’ driving the tool is the construction of the key itself, principally 

linked to which characters are chosen. The dichotomous key employed in this project was 

not rebuilt from scratch using a character/taxon matrix, but the method used was to 
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reconstruct a key adopted from already existing Floras: Tutin (1980); Pignatti (1982); Cope 

& Gray (2009) and Smith (2013). This method was judged to be less time consuming than 

starting building a taxon-character matrix from scratch, especially at genus level. Genera of 

grasses are well known taxa and suitable keys have been already ingeniously created; such 

as by the aforementioned authors. However looking for new and easier characters should 

always be kept in mind, and few statements in the key are in fact new. In this research, the 

patterns of couplets and their leads from the four Floras were scrutinised As a general rule, 

easiest characters were selected and hard ones were avoided. A classic example is to avoid 

couplets asking if the plants are annual or perennial, an assessment which is difficult 

especially if having a herbarium specimen or an incomplete specimen. If this was not 

feasible, then such characters were restricted towards the terminal couplets so as that there is 

less chance of the user having to face them than if placed at the beginning couplets. 

Theory stipulates that bifurcation type of dichotomous keys gives the fewest levels of steps, 

but on the other hand the chipping-off (ladder) type of key often employs easier steps 

(Pankhurst, 1991). The method for this key was a combination where the chipping off was 

mainly employed to eliminate problematic or exceptional taxa following one or a series of 

more straight forward bifurcation-type couplets. Leads were kept easy without being nested 

with complex conditions and exceptions, often met in natural keys such as those for keying 

tribes by Cope & Gray (2009). From simple statistical calculations the resulting key 

produced in this study was easier than any of the keys in the studied Flora that it was 

derived from. 

As a last-note conclusion, while multi-access interactive keys are successful identification 

tools, it is demonstrated here that interactive dichotomous keys are equally successful 

identification tools if built following the best practices of key construction and incorporated 

with multimedia available in the modern digital age. They seem to perform even better at 

genus level. Apart giving the advantage of being easier to construct, they provide more 

familiarity with the established botanist, and an element of education to the novice botanist.  
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Appendix 1. Development of the interactive 
dichotomous key. 

App:1.1. Architecture and data input 

In simple terms, the software used in this project is a ‘web-script’ which retrieves data 

stored in a server-hosted database and routinely builds a webpage. The layout is governed 

by the web-script and the data shown is fetched from the database. The language of the 

script is php originally (in 1995) stands for personal home page, but now it was renamed to 

hypertext preprocessor. It is a web scripting language to develop websites used in more than 

244 million websites and 2.1million web-servers (Wikipedia, 2013:php). The database 

system used in this software is MySql one of the largest database systems in the world, 

much used in conjunction with php for web development.  

In this software, two main tables (a term used for a database within a main database) are 

employed. One holds the data about the dichotomous key while the other stores image data. 

The data is currently inputted in a Microsoft excel sheet, saved as .csv file and through a 

converter program, it is fed into the database. The developer of a key hence deals with the 

user friendly environment of MS Excel, making advantage of the number of data 

management features it contains, including copy and paste, sorting, spelling checking and 

data filtering to exemplify few basic ones. 

In the database, each row represents a lead and currently the software assumes that each 

couplet is made of two leads. Future expansion for three or four leads per couplet is also 

planned, hence giving polytomous couplets. For every couplet that is displayed in a 

webpage, two rows are hence fetched from the database as a pair and processed: the first 

row represents lead A and the second lead B. The data held within the table consists of the 

following parameter (columns):  

• Code: Programming reference code for every lead 

• Type: Type of lead, does it result in another couplet, identified taxon or group of taxa 

• Size: Denotes the number of leads in this couplet, default is 2 

• Parent: The couplet number which led to this couplet 

• Actual: The actual couplet number (displayed on webpage) 

• Child: Next couplet number (if it leads to another couplet) 

• Taxon: Identified taxon (if it leads to an identification or final step) 
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• Statement 1: First and obligatory statement for a lead 

• Statement 2: Optional additional statement 

• Statement 3: Optional 2n additional statement (hence total of 3 statements per lead) 

• Ref 1-3: Reference literature from where statements are taken (3 columns) 

• Remark 1-3: Optional identification tips for the corresponding statements (3 columns) 

• Pic 1-3: Picture filename for the corresponding statements (3 columns).This can be 

set as automatic if the filename is named to a standardized format. 

• Taxon note: An additional taxomic remark when identification is reached. 

The very first row of the database contains general information about the taxon that is keyed 

out (Family, or genus). The data in this special row consists of the taxon name, authority, 

description, author of description and common names. Inputng data from a web-based user 

interface is also considered which saves the hassle of converting XL data to MySql data, 

although the advantages mentioned above fro XL input are lost. 

The image database is less complex in terms of data parameters (columns), but itself is a 

large database because it holds all image data for all taxa keys. The data parameters of the 

image table are: 

• Code: Programming reference code for every image 

• Folder: Folder location of image (images of same taxon group are placed in a folder) 

• Filename: Image filename. This is often left blank as the software builds up from the image 

filename from the code, but if general images that are used (e.g. clipart), the filename is placed here 

• Species Species or taxon name of plant in image. For captioning purposes 

• Author Photograph author for captioning purposes 

• Locality Place where photograph was taken for captioning purposes. 

• External Source of image if taken from external sources such as webpage. Url is pasted here. 

 

App:1.2. Basic instructions of use 

Many interactive dichotomous keys are simply a layout of the traditional key with 

navigational html links to the next couplet ate every lead’s result (Schmidt-Lebuhn & 

Kessler, 2007). This sofware operates by a displaying a single couplet per webpage. In the 

current version the page layout is divided into three parts a left column (A) and main right 

column further subdivided horizontally in two areas (B+C); (refer to  Figure 8.1).  
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 Figure 8.1: Annotated layout of single access software: Area A: Taxon information and number of subtaxa 

remaining; Area B: Couplet data and key navigation; Area C: Character images and further identification 

tips. Legend of parts: 1: Taxon being keyed out (family or genus); 2: common names; 3: Further 

illustrations, info and functions; 4: List of taxa remaining beyond the couplet displayed; 5: Description of 

taxon; 6: Author of description in 5; 7:Couplet history during the navigation of the key;8: navigation button 

to previous (parent) couplet; 9: Couplet number (lead A vs lead B); 10 Statement index (+ vs - , + + vs. - - 

etc); 11: First statement of Lead A; 12: Second statement of Lead A; 13 First statement of Lead B; 14: 

Second statement of Lead B; 15: hoover-over link to show reference of corresponding statement; 16: Result 

of corresponding leads –taxon identified as Panicum if Lead A is correct, go to next step (29) if Lead B is 

correct; 17: Image of character of selected statement in Lead A; 18: Image of opposing character of Lead B; 

19: Space for legend or further identification tips; 20: Image caption giving taxon name, author and 

sometimes locality of corresponding image; 21: Space reserved for extra remarks, currently about identified 

taxon (button will display and opens a new popup window). 

 

 

Column A contains an array of information about the taxon being keyed out (A1). Apart 

from its description (A5) and common names(A2), external links to images and websites 

with further information are also included (A3). The number of taxa present within the key 

and which narrows down with the progression of the key is also found here (A4). The leads 

of the couplet, are labeled A and B and displayed over each other at the upper horizontal 

portion of the main screen (B). Couplets can have one pair of statements labeled with the 

plus sign for lead A and minus sign for lead B, or two or even three statements each. 

Statements of a lead are displayed one under each other within the cell of the lead, and the 

corresponding contrasting statements are similarly listed in the cell of the opposing lead. On 

hovering the mouse over statements (B11-B14), the corresponding images are displayed in 

the lower half of the screen (C), giving a side-by-side image comparison of both statements 
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(C17-C18). Moreover, identification tips for each statement is given in the right-most cell 

(C19). Hovering over the Ref link (B15) will display a small pop-up box giving references 

of sources from which the statements were taken from. At the end of each lead, there is the 

result cell (B16) which can be of three types. The obvious two options are either a link to 

progress to the next couplet, or the identified taxon (further linked to a taxon description or 

profile). The third option is a combination of both, usually a group of closely related taxa 

which are further keyed down for a more specific identification. For example a species in 

senso lato, which is further keyed to its infraspecific taxa (subsp., var. or froma.) 

Navigation to the parent couplet or couplets in the keying path is achieved either by the back 

button at the left hand side of the leads (B8) or by means of a couplet progress chain sitting 

at the top of the couplet section (B7)  

Basically the user have to hover over the statements of the leads, check the side-by-side 

images and read the identification tips, and finally click on the next step button of the most 

correct lead until identification is complete. The resulting key can be accessed on 

http://www.maltawildplants.com/key.html 

App:1.3. Future upgrades and new features 

Five main features or tools are planned for the future updates of this software: 

1) Different layouts of the key 

Since couplets are stored in a database, the web user interface can be of different 

layouts apart from the one tested here. It could be displayed as a conventional 

bracketed or indexed key with navigation links, or including small thumbnails and 

identification tips  

 

2) Key analysis and couplet searching 

Searching key terms in leads might be useful if for example one know that his 

specimen differs from another taxon through a particular character, but forgot which 

state. More useful is if the user wants to know what is the couplet in the key which 

distinguishes two taxa that he thinks his specimen is. Instead following the entire 

key, the two taxa are inputted and the software will search the database to give the 

couplet that distinguishes them. The code for this has already been programmed. 
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3) Polytomous couplets: 

As discussed, application of three or more leads per ‘couplet’ partly solves the 

problem that dichotomous keys can be too long step-wise to reach identification. 

This is a challenging but useful feature to implement.  

 

4) Controllable image slideshow: 

During the research of this thesis, it was found usef to display several images of the 

character state of a lead, especially if this is at the beginning of the key and is 

represented by many taxa below. The space allocated for one image theoretically 

implies that one taxon can be exemplified. This problem was partially solved by 

producing pic-scrolling animation so as numerous images are displayed in the 

allocated image space. This entails the developer to create animation files with 

special programs, and which is time-consuming and creates another software 

learning curve. Instead, the images for a single lead (or couplet) are inputted in the 

database, and the software arranges them in a user-controlled slideshow by pressing 

the next or previous buttons 

. 

5) Terms in couplets linked to an illustrated glossary: 

During the trial, some users wished for having the possibility that botanical terms 

within the lead are directly linked to a glossary so as they can know on the spot its 

definition. This feature is planned to be implemented in future updates. 
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Appendix 2. Image enhancements and guidance tips. 

This appendix gives all the remarks and guidance text implemented in the interactive 

dichotomous key to help the end user further in distinguishing between the two leads of 

each couplet. Moreover, it tells what modifications have been carried out on the images so 

as to make the distinction stand out or improve the communication of the couplets (for 

example by labelling parts in the image). In addition, a brief statement about the distinctive 

function of each couplet is also given in brackets for convenience.  

 

Couplet #1: (Lygeum vs rest) 

Remarks for user: Phalaris paradoxa can be confused with Lygeum due to the similarly of 

its sheath hooding the inflorescence. Distinction can be easily made by the numerous 

spikelets in Phalaris compared to one in Lygeum 

Image modifications: The bract of Lygeum was labeled on the image. Since flowering and 

fruiting stages of Lygeum are quite different, both images have been used in the image to 

rduce confusion. A composite image of three inflorescences including one of Phalaris 

paradoxa was used for lead B.  

Couplet #2: (Arundo & Phragmites vs rest) 

Remarks for user: Some genera may also have an inflorescence which superficially look 

plume like, for example Lagurus, Polygonum and PennisetumI but smaller. It is also 

suggested to combine both leads, that is, the thickness of the stem. For consistency, the stem 

is measured from its lower half. 

Image modifications: The second lead of this couplet represents many genera. Putting just 

one image tend to be not representing enough. As a result eight contrasting images of the 

non Arundineae genera were displayed by an animated image-scrolling gif. This way, many 

examples can be shown in the space allocated for images within the software layout. 

Dactylis, Festuca, Panicum and the plumose-like Polypogon, Pennisetum and Lagurus 

where chosen for this lead. 
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Couplet #3: (Arundo vs Phragmites) 

Remarks for user: Legend for the annotated images. 

Image modifications: The lemma, palea, and rhachilla were labeled. 

Couplet #4: (Distinction between different types of inflorescences) 

Remarks for user: Digitate racemes (e.g. Paspalum and Echinochloa) and compact spikelets 

on branches like Dactylis and Sorghum can have a superficial resemblance and be confused. 

Guidance was given accordingly. Legend for single spike, open panicle and closed panicle 

used in the images was also given. 

Image modifications: Since this is a crucial couplet at the beginning of the key, images six 

different examples for each lead were used in an animated gif file (see notes for couplet 2). 

The use of different images help the user to understand better the distinction (Leggett and 

Kirchoff, (2011). 

Couplet #5: (digitate vs corymbose raceme-type inflorescences) 

Remarks for user: Racemes which are clustered at the top of the culm and separated by few 

mm are also digitate, not corymbose. This has been observed in Cynodon several times and 

may confuse the amateur. 

Image modifications: None.  

Couplet #6: (divaricated spikes with dissimilar spikelets vs straight spikes with similar 

spikelets) 

Remarks for user: Dissimilarity of spikelets is a hard character for the novice, so further 

information how to distinguish the two was given in the guidance text. It was explained that 

grasses with dissimilar spikelets have spikelets in pairs, of which one is sessile and one is 

held on a pedicel close to it. Moreover, the sessile spikelet is bisexual but the pedicelled is 

male (female-sterile) and assessment is easily checked either by the presence of small 

feathery stigma or/and the presence of a hard, stout grain in mature spikelets (empty or 

barren in female-sterile spikelets). Legend of the image labels was also given. 
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Image modifications: Labeled a sessile spikelet, pedicelled spikelet and the pedicel of a 

dissimilar spikelet pair of Andropogon. 

Couplet #7: (Hyparrhenia vs Andropogon) 

Remarks for user: Not required. 

Image modifications: Marked from where measurements of spikes should be taken.  

Couplet #8: (Paspalum vs Cynodon) 

Remarks for user: Not required. 

Image modifications: Not required. 

Couplet #9: (Paspalum vs Echinochloa) 

Remarks for user: Not required. 

Image modifications: Not required. 

Couplet #10: (spikelets subtended by bristles or hairs vs rest) 

Remarks for user: A clarification is made that the distinctive bristles or hairs are not awns or 

part of the spikelet but present just below the spikelets (as an involucre) growing out from 

the rhachis or stalklets. Awareness is referred to Lagurus which have long-haired glumes 

and may trick the novice to be subtended hairs as in the opposing lead.  

Image modifications: There was no suitable image showing clearly that the long hairs in 

Lagurus are part of the spikelet and not of the rhachis. As a result an image was taken from 

the material brought from Malta to specifically showing this distinction.. Images where 

marked to show that the rhachis is glabrous in one lead and with outgrowing hairs or bristles 

in the other (Setaria and Pennisteum). The bristles or hairs were marked on the images too, 

showing clearly that they are part of the rhachis not the spikelet. 

Couplet #11: (Setaria vs Pennisetum) 

Remarks for user: Bristles of Setaria are additionally scabrid and readily attach to clothes in 

comparison with the smooth ones of Pennistemum. The measurement of the inflorescence 

width includes the bristles. 
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Image modifications: Provided an inset to show the scabrid nature of the bristles of Setaria. 

Scale bar was rotated by 90 degrees and moved at the base of the inflorescences by post-

editing and added dashed lines to show how the measurement of the width of the 

inflorescences should be taken (i.e. including bristles).  

Couplet #12: (Single out Lagurus) 

Remarks for user: Polygonum spp. (e.g. stunted specimens of P. monspeliensis) can be 

superficially alike with Lagurus ovatus and so user is guided to check carefully the glumes 

with the lens, ideally dissecting out some spikelets. Legend of the annotated images was 

given. 

Image modifications: Labeled the glume and floret. 

Couplet #13: (Spike vs. panicle) 

Remarks for user: Gave further details how to identify a true spike and spike-like panicle 

based on the presence of short branches or stalklets holding the spikelets. Legend given for 

spikes and spikelets used in the annotated images. 

Image modifications: Labeled a spike and spikelet since these terms may confuse the 

novice. Pedicels and central axis of a compact panicle (Phalaris as an example) were also 

labeled to show the difference from a true spike which lacks pedicels. 

Couplet #14: (Lateral spikes vs stacked spikes) 

Remarks for user: Made aware that Elymus might have a crowded spike and may not look as 

if the spikelets are arranged laterally. Additionally, a further identification tip was given: 

spikes of Triticum are generally shorter than 12cm, while taxa of the other lead are longer.  

Image modifications: None. 

Couplet #15: (Lolium vs Elymus) 

Remarks for user: Specified that the terminal spikelet of Lolium has exceptionally two 

glumes, and should not be checked. The terminology for lead B was further simplified by 

giving a hint that side of spikelet is the broadest side and the back is the narrowest. 
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 Image modifications: Labeled glumes and florets and added an arrow from the back of the 

spikelet (or glume) pointing towards the rhachis (in lead a) or away (lead b) to show better 

the difference.  

Couplet #16: (Number of spikelets per inflorescence) 

Remarks for user: Abnormal specimens may show lower number of spikelets due to 

environmental conditions and hence representative specimens must be checked. 

Image modifications: None 

Couplet #17: (Elymus vs. Desmazeria) 

Remarks for user: Alerted user that the stalklets are very short, particularly in Desmazeria 

pignatti which can be subsessile and should be examined by a lens and assessed carefully. 

Image modifications: Arrows showing the short stalks in lead [b].  

Couplet #18: (Triplet spikelets in Hordeum vs. single spikelets) 

Remarks for user: Not required 

Image modifications: Photographed spikes which were force opened to show better the 

arrangement of spikelets, either in triplets in lead [a] or singly in lead [b]. 

Couplet #19: (Aegilops vs. Triticum) 

Remarks for user: Explained the difference between keeled and back-rounded glume and 

advised to check this character by checking the profile of a dissected glume (or lemma).  

Image modifications: Made a line-drawing of a keeled and rounded cross-section of a glume 

(or lemma) over the corresponding images. The awns and teeth were labeled. 

Couplet #20: (Open panicle vs. compact, spike-form panicles) 

Remarks for user: Explained that compact panicles have very short branches which are 

covered by the spikelets and usually assume a dense cylindrical or ovate-globose 

inflorescence. Contrastingly, an open panicle bears spikelets on longer branches that are 

easily visible and often sway with wind. A practical advice was also given: “hold the 

inflorescence at arm length and check if you can readily observe some free branches.” 
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Image modifications: None 

Couplet #21: (Phalaris vs. Lamarckia) 

Remarks for user: Noted that lemmas of Phalaris are hidden within the much larger winged 

glumes and that are one or two sterile lemmas that are reduced to scale-like structures beside 

the fertile floret which is larger and fleshy.. 

Image modifications: Annotated the glumes and the sterile and fertile lemmas of Phalaris 

Couplet #22: (Dimorphic vs. similar spikelets) 

Remarks for user: Further expanded the definition of this couplet and gave a legend to the 

annotated images. The images give a clear distinction. 

Image modifications: Labeled different spikelets (S1 and S2) showing clearly two different 

forms of spikelets.  

Couplet #23: (Polypogon vs Rostraria) 

Remarks for user: Polypogon viride have no awns but this species with open panicle should 

not fall under this subkey (spike-form panicles) but to a different subkey with open panicles 

(couplet 20). Besides that, it was noted that Rostraria have awns on the lemmas but not the 

glumes These notes were mentioned just for precaution. 

Image modifications: Labeled glumes and florets (1 floret in Polypogon and several in 

Rostraria)  

Couplet #24: (Lemmas with long awns vs lemmas without or very short awns) 

Remarks for user: Clarified that few genera such as Rostraria may have lemmas ending with 

a bristle-like apex (mucronate), that is a short awn less than 3mm. The user was reminded to 

check the lemma not the glume and made aware of broken or caducous awns (e.g. 

Piptatherum) hence, checking some representative spikelets for a sound judgment. A legend 

for annotations was also given. 

Image modifications: Annotated lemmas, glumes and bristles. 
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Couplet #25: (Singling out Bromus inermis with exceptional unawned lemmas) 

Remarks for user: None required 

Image modifications: Measurement scale of grid box.  

Couplet #26: (Closed leaf sheaths and club-shaped sterile lemmas in Melica vs rest) 

Remarks for user: Gave further details of how to assess these two leads which tend to be 

difficult for the novice botanist. The distinction between truly fused leaf sheaths as in 

Melica and an overlapping sheath was clarified and tipped that it will become more easy to 

judge if the is gently pulled away from the stem. Additionally, gave more details about the 

location of the mass of barren club-shaped lemmas at the top of the spikelet, which is very 

characteristic for the genus Melica.  

Image modifications: Added arrows to indicate upper parts of leaf sheaths and the club-

shaped sterile lemmas in Melica. 

Couplet #27: (spikelets with one floret vs 2 or more) 

Remarks for user: Made aware that some genera like Panicum have 2 florets compacted 

next to each other looking as if they are made of one floret, and hence to check such fine 

detail with a magnifying glass. 

Image modifications: Marked the glumes and the florets showing clearly that one lead has 

one floret and the other consists of a six compact florets. 

Couplet #28: (Two florets vs three or more florets) 

Remarks for user: Gave further details that the two florets of Panicum are composed of a 

bisexual and male (only) floret. 

Image modifications: Labeled the male and bisexual florets of Panicum 

Couplet #29: (Keeled vs rounded lemma) 

Remarks for user: Gave further instructions of how to check this character, that is by 

dissecting a lemma across its halfway its length and check the cross-sectional curvature.  
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Image modifications: Made a dashed line over a lemma (indicating a line of dissection) and 

placed a line-drawing of a rounded and keeled cross-section in the corresponding images. 

Couplet #30: (Dactylis vs. Poa) 

Remarks for user: None required. 

Image modifications: None required. 

Couplet #31: (Thick and stout vs slender and hairlike peduncles) 

Remarks for user: Made aware that it may be difficult to assess this character in some 

species of Desmazeria because they may have subsessile spikelets and such specimens 

should be counted with lead [A]. The hint given was to check mature specimens because 

they often have more developed peduncles. 

Image modifications: Arrow pointing to the peduncles were added to the images. 

Couplet #32: (One floret vs two or more florets) 

Remarks for user: It was tipped that there is no need to dissect individual spikelets in genera 

which have dissimilar spikelets (e.g. Sorghum), but in such case one can opt for lead [B] 

straight away.  

Image modifications: Marked spikelets which have two florets (F1 and F2) or many florets. 

Couplet #33: (Stipa vs Piptatherum) 

Remarks for user: Gently curved awns are not counted as geniculate. 

Image modifications: Arrows indicating the double geniculation in the awn in Stipa. 

Couplet #34: (Avena vs the rest) 

Remarks for user: Legend for image labeling was given and explained on how to distinguish 

between sub-terminal awns and dorsal awns. 

Image modifications: Spikelets and glumes were annotated and arrows to indicate the 

location of the awn (subterminal vs dorsal) was included to make the distinction more clear. 
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Couplet #35: (Spikelets in dissimilar pairs vs spikelets that are all similar) 

Remarks for user: Legend for distinguishing the different spikelets in Sorghum (sessile- 

bisexual and pedicellate-sterile) and hence the difference from genera with spikelets all 

similar and bisexual (lead [b]). 

Image modifications: Annotated a sessile spikelet, pedicellate spikelet and the pedicel of the 

latter. 

Couplet #36: (Bromus vs Festuca) 

Remarks for user: Gave further explanations how to check between a rounded and keeled 

cross-sectional lemma. Notified that the third lead should be used as a reinforcement since 

some specimens or species may have borderline spikelet lengths.  

Image modifications: Made a dashed line over lemma (indicating a line of dissection) and 

placed a line-drawing of a rounded and keeled cross-section in corresponding images. Made 

line markings to indicate from where the measurements of spikelets should be taken (i.e. 

excluding awns). 
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Appendix 3. Adopted keys to genera of grasses 

The dichotomous keys below are the result of down-sizing and adaptation from the four 

Floras (Tutin, 1980; Pignatti, 1982; Cope & Gray, 2009; Smith 2013) used in this study 

which were combined to produce a master key for the 32 genera of Maltese grasses and 

implemented in the single-access software. 

App:3.1. Adopted key from Flora Europaea (Tutin, 1980) 

1 
Inflorescence of 1 terminal spikelet enclosed in a sheath; palea much 

longer than lemma  
Lygeum 

1. Not as above 2 
   

2 Dioecious, densely caespitose perennials Poa 

2. Monoecious or florets hermaphrodite 3 
   

3 
Spikelets strongly dimorphic, mostly in groups of 3-7 with 1 central 

hermaphrodite spikelet and 2-6 male or sterile spikelets surrounding it 
4 

3. Spikelets not strongly dimorphic, solitary or in pairs (rarely threes) 5 
   

4 Lemma of fertile spikelets awned Lamarckia 

4. Lemma of fertile spikelets unawned Phalaris 
   

5 
Spikelets in pairs (rarely threes), 1 sessile, hermaphrodite, 1(-2) 

pedicellate, male or sterile 
6 

5. Spikelets not in groups of 2(-3) with 1 sessile and 1(or 2) pedicellate 8 
   

6 Inflorescences a panicle with elongate central axis Sorghum 

6. Inflorescences of solitary, paired or subdigitate racemes 7 
   

7 Stem simple; racemes 4-14cm Andropogon 

7. Stem usually branched; racemes 2-4cm Hyparrhenia 
   

8 Inflorescece a single, terminal spike or raceme 9 

8. Inflorescece not a single, terminal spike or raceme 18 
   

9 Glumes longer than the florets Lolium 

9. Glumes shorter than the florets 10 
   

10 Spikelets with the back of the lemma towards the rhachis 11 

10. Spikelets with the side of the lemma towards the rhachis 14 
   

11 Perennial or biennial 12 
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11. Annual 13 
   

12 Lateral spikelets with 1 glume Lolium 

12. Lateral spikelets with 2 glumes Brachpodium 
   

13 Inflorescence of 1-2(-6) spikelets Brachypodium 

13. Inflorescence of numerous spikelets Desmazeria 
   

14 Spikelets in groups of 2-6 at each node of the rhachis 15 

14. Spikelets solitary at each node of the rhachis 16 
   

15 Spikelets with usually 3-5 hermaphrodite florets; rhachis tough Elymus 

15. Spikelets with 1-2 hermaphrodite florets; rhachis often fragile Hordeum 
   

16 Veins of lemma confluent towards the apex Elymus 

16. Veins of lemma not confluent towards the apex 17 
   

17 
Glumes with 1 or more teeth or awns at apex, usually rounded on the 
back; rhachis fragile  

Aegilops 

17. 
Glumes with 1 or 2 teeth at apex, with 1 prominent and sometimes a 
second weaker keel; rhachis fragile or tough  

Triticum 

   

18 Inflorescences of 2 or more spikes or racemes 19 

18. 
Inflorescence not composed of spikes or racemes, though sometimes 

condensed and spike-like 
22 

   

19 Spikes or racemes more or less digitately solitary on the rhachis 20 

19. 
Spikes or racemes not digitate, the main axis easily visible between 

them 
21 

   

20 Ligule membranous Paspalum 

20. Ligule a row of hairs Cynodon 
  

 
21 Lower glume absent or obscure Paspalum 

21. Lower glume distinct, usually well-developed Echinochloa 
   

22 Spikelets subtended by an involucre of setae or spines 23 

22. Spikelets not subtended by an involucre of setae or spines 24 
   

23 Setae persisting on the rhachis after the spikelets have fallen Setaria 

23. Setae or spines falling with the spikelets Pennisetum 
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24 
Spikelets with 1 hermaphrodite floret only, sometimes with the 

rhachilla prolonged, but without a sterile floret above or below the 

fertile floret 
25 

24. Spikelets with 2 or more florets, sometimes some sterile 30 
   

25 Glumes linear, pectinate-ciliate Lagurus 

25. Glumes not linear and pectinate-ciliate 26 
   

26 Lemma strongly indurate and shiny when mature 27 

26. Lemma not strongly indurate when mature 28 
   

27 Lemma glabrous; awn often caducous Piptatherum 

27. Lemma hairy; awn persistent Stipa 
   

28 Lemma unawned Polypogon 

28. Lemma awned 29 
   

29 At least 1 glume awned Polypogon 

29. Glumes unawned Rostraria 
   

30 Ligule a row of hairs 31 

30. Ligule membranous 33 
   

31. Rhachilla and lemma without conspicuous, long silky hairs. Panicum 

31 Rhachilla, callus or lemma with conspicuous, long, silky hairs 32 
   

32 Lemma with long hairs; rhachilla glabrous Arundo 

32. Lemma glabrous; rhachilla with long hairs Phragmites 
   

33 Lowest floret male or sterile Phalaris 

33. Lowest floret hermaphrodite 34 
   

34 
Lemma with an awn extending at least 2mm beyond the apex of the 

spikelet 
35 

34. 
Lemma unawned or with an awn extending less than 2mm beyond the 

apex of the spikelet 
40 

   

35 Annual 36 

35. Perennial 38 
   

36 
Glumes distinctly shorter than the spikelet and not enclosing the 

florets; awn usually terminal or from the sinus. 
Bromus 

36. 
Glumes nearly as long as to longer than the florets and ±enclosing 
them; awn usually dorsal, often geniculate  

37 
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37 Spikelets 10 mm or more. Avena 

37. Spikelets not more than 9mm Rostraria 
   

38 Ovary and grain glabrous or with a very few hairs at the apex Dactylis 

38. Ovary and grain densely hairy at apex or with a hairy appendage 39 

   
39 Awn at apex of lemma; ovary with a hairy apex Festuca 

39. 
Awn from or below the sinus of the 2-dentate apex of lemma; ovary 

with a hairy appendage 
Bromus 

   

40 Annual 41 

40. Perennial 44 
   

41 Spikelets 10mm or more, pendant Avena 

41. Spikelets usually less than 10mm, erect to patent 42 
   

42 Panicle dense, usually ovoid or cylindrical Rostraria 

42. Panicle lax, with obvious branches 43 
   

43 Panicle-banches stout and rigid Desmazeria 

43. Panicle-banches slender and flexuous Poa 
   

44 Ovary and grain densely hairy at apex 45 

44. Ovary and grain glabrous 46 
   

45 Lemma rounded on the back Festuca 

45. Lemma distinctly keeled Bromus 
   

46 Glumes almost as long as to longer than the florets Melica 

46. 
Glumes much shorter than the spikelet, usually about as long as the 

lowest floret 
47 

   

47 Lemma with an awn 48 

47. Lemma without an awn 49 
   

48 
Non flowering shoots very strongly compressed; lemma strongly 

keeled 
Dactylis 

48. 
Non flowering shoots terete; lemma rounded or weakly keeled on the 

back 
Festuca 

   

49. Lemma rounded on the back or weekly keeled near the apex Festuca 

49 Lemma strongly keeled throughout its length 50 
   



 

Stephen Mifsud (M.Sc. 2012-2013)  125 

50 Non-flowering shoots very strongly compressed Dactylis 

50. Non-flowering shoots terate Poa 
   

App:3.2. Adopted key from Flora d’Italia (Pignatti, 1982) 

   
1 Inflorescence surrounded by a large, spadix-like, bract Lygeum 

1. Inflorescence without any special bracts 2 
   

2 
Spikelets sessile or almost, arranged in 1 long or many short spikes and 

situated in a hollowed rhachis.  
3 

2. 
Spikelets with an evident peduncle (even if short) arranged in a 

compact or open pannicle 
17 

   

3. Plants with only one long spike 4 

3 Plants with many short digitate or corymbose spikes 11 
   

4 Spikelets regularly distichous at alternate sides of the rhachis 5 

4. Spikelets arranged all around the rhachis 18 
   

5 Spikelets with one floret Hordeum 

5. Spikelets with many florets 10 
   

6 Spikelets arranged in a pair at each node of the rhachis Elymus 

6. One spikelet at each node of the rhachis 7 
   

7 
One glume per spikelet; spikelets with their back of the lemma facing 

the rhachis or spike 
Lolium 

7. Two glumes per spikelet; spikelets sides facing spike 8 
   

8 
Glumes or lemmas longly awned. Awn of lemma as long as lemma or 

more 
9 

8. 
Glumes or lemmas without awns or with short ones - as long or less as 

the glume or lemma 
10 

   

9 Glumes with a round back; glumes ending with 2 to 4 awns or teeth Aegilops 

9. Glumes keeled at the back; truncate apex or with one long awn. Triticum 
   

10. Spike with (1)2(5) spikelets; lemmas generaly awned Brachypodium 

10. Spike with more than 5 spikelets; lemmas never awned Catapodium 
   

11 Spike arising from the same point at the end of the culm (digitate) 12 

11. Inflorescences made of corymbose spikes or composite spikes 15 
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12 
Spike with a fragile rhachis; divaricating, hairy; spikelets in 2 different 

pairs, the lower sessile and bisexual, the upper pedicelled male or 

sterile. 
13 

12. Spike less fragile and single; spikelets similar and bisexual. 14 
   

13 Stem simple; racemes 4-14cm Andropogon 

13. Stem usually branched; racemes 2-4cm Hyparrhenia 
   

14 
Inflorescnce formed by two flattened spikes; lower glume very small 

(or nil); ligule membranous 0.5mm with little hair 
Paspalum 

14. 
Spikes 3-5(7) arising from (or almost) the same point; lower glume 

well developed; ligule with hairs only. 
Cynodon 

   

15. Spikelet with 2 florets Catapodium 

15 Spikelet with 1 floret 16 
   

16 Ligule well developed, membranous (1-4mm) Paspalum 

16. Ligule absent or rim-like with hairs at the summit Echinochloa 
   

17 
Spikelets subsessile or with a very short peduncle; panicle spikeform, 

generally cylindrical or compact. 
18 

17. 
Spikelets bearing long peduncles or branches; panicle open, 

pyramidical or corymbose 
34 

   

18 Spikelets surrounded by soft hair or bristles 19 

18. Spikelets without hair or bristles 25 
   

19 Spikelets with one bisexual floret (and another sterile or male) 20 

19. Spikelets with two or more bisexual florets 23 
   

20. Panicle open, more or less pyramidal with elongated branches Polypogon 

20 Panicle compact, spike-form, ovate-cylindrical 21 
   

21 
Spikelets surrounded by long soft hairs which gives the infloresecence 

a woolly appearance 
Lagurus 

21. Spikelets surrounded by robust scabrous bristles or long rigid hairs 22 
   

22 
Bristles rigid and harsh; inflorescence cylindrical, often lobed and 

interrupted at the base 
Setaria 

22. Bristles soft; spikelets sessile forming a long continuous spike Pennisetum 

   

23. Culms smooth and delicate; long up to 100cm Melica 

23 Culms robust and thick (3-5mm or more); 1-5m long 24 
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24 Glumes subequal; lemma hairy throughout Arundo 

24. Glumes unequal length; lemma hairy only at the base (callus) Phragmites 
   

25 Spikelet with only one bisexual flower 26 

25. Spikelets with 2 or many florets 29 
   

26 Spikelets with one hermaphrodite floret, and 1 or 2 sterile lemmas Echinochloa 

26. Spikelets with one hermaphrodite floret only, without sterile lemmas. 27 
   

27 Lemma with a long awn, 1-30cm Stipa 

27. Lemma awnless or with an awn shorter than 1cm 28 
   

28 Glumes awned (longer than 1mm) Polypogon 

28. Glumes aunawned (or very short; mucronate) Phalaris 
   

29 
Spikelets in different pairs: one spikelet sessile and bisexual the other 

pedicellate and male or sterile. 
Lamarckia 

29. Spikelets all bisexual and similar 30 
   

30 Lemma awned Rostraria 

30. Lemma unawned 31 
   

31 Plants annual 32 

31. Plants perennial 33 
   

32 Lemmas acute but not awned or mucronate; spikelets with 5-20 florets Catapodium 

32. 
Lemmas ending with 2 teeth through which a bristle or short awn is 

present; spikelets 2-5 flowers 
Rostraria 

   

33 
Spikelets with 1-2 bisexual florets and terminating with a group of 

sterile club-shaped lemmas subtended by a peduncle  
Melica 

33. 
Spikelets with 2 or many florets without apical club-shaped sterile 

floret clusters 
Dactylis 

   

34 
Lemma with a dorsal awn; glumes longer the lemma or surrounding 

completely the whole spikelet (except Rostraria) 
Avena 

34. Lemma with an apical awn or awnless; glumes long or short 35 
   

35 
Spikelets one floret (1 floret bisexual and conspicuous accompanied by 

two sterile lemmas) 
36 

35. Spikelets with many fertile bisexual florets 43 
   

36 One or both glumes very small or nil Panicum 
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36. Glumes conspicuous, as long as the lemma 37 
   

37 Glumes or lemmas awnless or mucronate 38 

37. Glumes or lemma awned 39 
   

38 Glumes rounded at the back Piptatherum 

38. Glumes keeled at the back Polypogon 
   

39 
Spikelets in groups of 3 (rarely 2) the central sessile and fertile, the 

lateral pedicellate and male (or sterile) 
Sorghum 

39. Spikelets not in groups of threes 40 
   

40 
Spikelets in groups of 2, one bisexual and sessile the other pedicelled 

and male (or sterile) 
Sorghum 

40. Spikelets similar, all with fertile florets 41 
   

41 Awn 1-30cm Stipa 

41. Awn shorter than 1cm 42 
   

42 Glumes awned; lemma unawned Polypogon 

42. Glumes unawned or mucronate ; lemma awned Piptatherum 
   

43 Lemma awned 44 

43. Lemma unawned 45 
   

44 
Awn inserted between two apical teeth of the lemma; annual or 

perennial plants with long hair 
Bromus 

44. Awn insertion different; plants perennial and glabrous or subglabrous Festuca 
   

45 Annual plants 46 

45. Perennial plants 47 

    

46 
Spikelets ovate-eliptic, not longer than 4mm; (2-3 times its width); 4-5 

florets per spikelet; inflorescence with smooth branches  
Poa 

46. 
Spikelets longer than 6mm and more elongated; spikelets with more 

than 6 florets; inflorescence wth rigid branches 
Catapodium 

   

47 Spikelets rounded at the back; glumes and lemmas not keeled Festuca 

47. Spikelets laterally compressed; glumes and lemmas keeled 48 
   

48 
Spikelets in dense clumps; leaves with keeled, laterally compressed 

sheaths 
Dactylis 

48. 
Spikelets in a more open panicle, not clumped; leaf sheath not 

compressed, terete. 
Poa 
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App:3.3. Adopted key from Flora of the Brtish Isles (Cope 
& Gray, 2009) 

1 
Inflorescence of 1 terminal spikelet enclosed in a sheath; palea much 

longer than lemma  
Lygeeae 

[Lygeum] 

1. Not as above 2 
   

2 

Spikelets dorsally compressed, 2-flowered, falling entire, borne in pairs 

on short racemes in an open panicle one, of the pair sessile and 

bisexual, and the other smaller, pedicelled and male or barren; Glumes 

as long as the spikelet; upper (fertile) lemma of sessile spikelet hyaline, 

awned. 

Andropogoneae 

[3] 

2. Spikelets not as above 5 
   

3. Inflorescences a panicle with elongate central axis Sorghum 

3 Inflorescences of solitary, paired or subdigitate racemes 4 
   

4 Stem simple; racemes 4-14cm Andropogon 

4. Stem usually branched; racemes 2-4cm Hyparrhenia 
   

5 

Spikelets dorsally compressed or somewhat turgid, 2-flowerd, falling 

entire, borne singly in open or contracted panicles in digitate or 

subdigitate racemes or in spiny or birstly burs, if paired then those of a 

pair identical; lower glume shorter then the spikelet (rarely absent); 

upper (fertile) lemma coriaceous to crustaceous, awnless 

Panicaceae [6] 

5. 
Spikelets not as above, if falling entire then either 2-flowered but 

strongly laterally compressed or 1-flowered 
10 

   

6 Spikelets subtended by an involucre of bristles or spines 7 

6. Spikelets not subtended by bristles 8 
 

 
 

7 Involucre composed of slender bristles, persistent Setaria 

7. Involucre deciduous, falling with spikelet Pennisteum 
   

8 Inflorescence an open pannicle Panicum 

8. 
Inflorescence of unilateral racemes, the spikelet usually single or 

paired but sometimes on short secondary racemelets 
9 

   

9 Ligule absent Echinochloa 

9. Ligule present Paspalum 
   

10. 
Spikelets with 1 fertile floret, with or without male or barren florets 

below or a clavate mass of barren florets above 
11 

10. Spikelets with 2 or more fertile florets 20 
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11 Inflorescence a panicle 12 

11. Inflorescence composed of racemes 16 
   

12 Fertile floret succeeded by a clavate mass of sterile lemmas 
Meliceae        [ 

Melica ] 

12. Fertile floret solitary or with male of barren florets below it 13 
   

13 
Lemmas terete to dorsally compressed, firmly membranous to 

coriaceous, usually enfloding the palea; spikelet strictly 1-flowered; 

awn terminal or absent. 
Stipeae [14] 

13. 
Lemma not indurated and enfloding the palea or if so then fertile floret 

accompanied by 1 or 2 sterile florets, these longer than the fertile or 

vestigeal; awn dorsal or absent. 
Aveneae [15] 

   

14 Floret terete; lemma with bigeniculate awn Stipa 

14. 
Floret laterally or dorsally compressed; lemma with straight or 

flexuous awn or awnless 
Piptatherum 

   

15 Panicle large and loose with pendulous spikelets over 15mm Avena 

15. 
Panicle more compact with spikelets smaller than 10mm and not 

conspicuosuly pendent 
Polypogon 

   

16 
Lemma 3-nerved; racemes several to many and either digitate or 

disposed along an elongated axis 
Cynodonteae 

[Cynodon] 

16. Lemma at least 5 nerved; raceme or quasi-raceme single Triticieae [17] 
   

17. Spikelets borne in groups of two or more at each node of the rhachis Hordeum 

17 Spikelets borne singly at each node of the rhachis 18 
   

18. Perennial Elymus 

18. Annual 19 
   

19 
Glumes with 1 or more teeth or awns at apex, usually rounded on the 

back; rhachis fragile  
Aegilops 

19. 
Glumes with 1 or 2 teeth at apex, with 1 prominent and sometimes a 

second weaker keel; rhachis fragile or tough  
Triticum 

   

20. Ligule a line of hairs Arundineae [21] 

20. Ligule a membrane 22 
   

21 Lemma with long hairs; rhachilla glabrous Arundo 

21. Lemma glabrous; rhachilla with long hairs Phragmites 
   

22 Inflorescence a panicle, rarely spike-like with lower glume absent 23 



 

Stephen Mifsud (M.Sc. 2012-2013)  131 

22. 
Inflorescence a single raceme or a quasi-raceme with up to 3 spikelets 

at a node; lower glume always present 
35 

   

23 
Upper glume far exceeding the adjacent floret, or awn dorsal, or awn 

geniculate 
Aveneae [24] 

23. 
Upper glume shorter than the adjacent floret, or scarcely exceeding it, 

if longer then lower glume absent; lemma with or without a straight or 

curved terminal or subterminal awn 
27 

   

24. 

Spikelets with 2 or more fertile florets, the florets all alike (but the 

uppermost rudimentary or replaced by a short rhachilla-extension), 

sometimes the spikelet 2-flowered with the florets slightly dimorphic, 

one of them fertile and the other male. 

Rostraria 

24. 
Spikelets with 1 fertile floret, sometimes with male or barren florets 

below it, these often reduced to rudiments, but in any case 

morphologically quite different from the fertile 
25 

   

25 
Spikelets with the fertile floret accompanied by 2 (rarely 1) male or 

barren florets below 
Phalaris 

25. Spikelets strictly 1-flowered. 26 
   

26 Spikelets falling entire Polypogon 

26. Spikelets disarticulating above the persistent glumes Lagurus 
   

27 
Ovary surmounted by a lobed fleshy hairy terminal appendage, the 

styles arising from benetah it 
Bromeae 

[Bromus] 

27. 
Ovary hairy or glabrous at the summit but without an appendage; styles 

terminal 
28 

   

28. 
Leaf sheaths cyclindrical, their margins fused; lemmas awnless; 

uppermost florets sometimes reduced to a clavate mass of sterile 

lemmas 

Meliceae        [ 

Melica ] 

28 
Leaf sheaths open, their margins overlapping, if fused almost to the top 

then lemma awned; florets all fertile or the upper progressively 

reduced 
Poeae [29] 

   

29 
Inflorescence a bilateral raceme, the spikelets edgewise to the axis and 

lower glume absent (except in the terminal spikelet)  
Lolium 

29. Inforescence a pannicle 30 
   

30 Plant perennial 31 

30. Plant annual 33 

  

  

 

31 Lemma rounded on the back at least below Festuca 
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31. 
Lemma keeled throughout, sometimes weakly so but then orbicular to 

oblate 
32 

   

32 
Lemmas acuminate, spinulose on the keel; panicle secund, lobed, the 

spikelets gathered in 1-sided clumps at the tips of their branches 
Dactylis 

32. 
Lemmas obtuse to acute, panicle not as above, the spikelets evenly 

distributed. 
Poa 

   

33 Lemmas of fertile spikelet awned Lamarckia 

33. All lemmas unawned 34 
   

34 Lemmas rounded on the back Desmazeria 

34. Lemmas keeled Poa 

35 
Inflorescence a simple raceme with shortly pedicelled (pedicel c. 1mm) 

subterete spikelets 

Brachypodieae 

[Brachypodium

] 

35. 
Inflorescence a spike-like raceme or quasi-raceme, the spikelets or 

spikelet-groups quite sessile 
Triticieae [36] 

   

36 Spikelets borne in groups of two or more at each node of the rhachis Hordeum 

36. Spikelets borne singly at each node of the rhachis 37 
   

37 Perennial Elymus 

37. Annual 38 
   

38 
Glumes with 1 or more teeth or awns at apex, usually rounded on the 

back; rhachis fragile  
Aegilops 

38. 
Glumes with 1 or 2 teeth at apex, with 1 prominent and sometimes a 

second weaker keel; rhachis fragile or tough  
Triticum 
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App:3.4. Adopted key from Jepson’s eFlora Manual of 
Grasses (Smith, 2013) 

 
 

 
1 Inflorescence surrounded by a large, spadix-like, bract Lygeum 

1. Inflorescence without any special bracts 2 
   

2 
Robust perennial herb, generally 1.5–7 m; stem 0.5–3 cm diam, tough, 

hardened to woody, generally persisting; inflorescence terminal, often 

conspicuously plume- or fan-like 
3 

2. 
 Low annual to mid-sized per, generally < 1.5 m; stem generally < 5 mm 

wide, strictly herbaceous, generally dying back annually; inflorescence 

axillary, terminal, or both, but not conspicuously plume- nor fan-like 
4 

   

3.  Spikelet axis glabrous; lemma densely hairy Arundo 

3  Spikelet axis silky-hairy; lemma glabrous Phragmites 

   

4 Spikelets 1–2 per inflorescence Brachypodium 

4. Spikelets few to many in a well-developed inflorescence 5 

   

5 
Spikelets subtended by 1+ bristles, sterile branches, or long, silky hairs > 

spikelet  
6 

5. Spikelets not subtended by bristles or by long, silky hairs  8 

   

6  Bristles short-stiff-hairy Setaria 

6.  Bristles scabrous to long-ciliate 7 

   

7 Infl panicle-like, branches 2–7 Andropogon 

7.  Infl spike-like, dense, cylindrical Pennisetum 

   

8 Glume and/or lemma bodies covered with long, silky hairs Lagurus 

8. Glumes and lemma bodies glabrous to short-hairy 9 

   

9 
Glumes or lemma (perhaps only in a unisexual spikelet) with 3–9 awns or 

awn-like segments (lateral awns sometimes << than central 1)  
Aegilops 

9. Glume or lemma awns 0–2 10 
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10. 

 Spikelets generally dorsally compressed (cylindrical); florets 2, lower sterile 

or staminate, often reduced to sterile lemma, upper floret bisexual; glume and 

fertile lemma texture noticeably dissimilar; spikelets breaking apart below the 

glumes, falling singly or in pairs with segments of inflorescence axis attached 

11 

10. 

Spikelets generally laterally compressed or cylindric; florets 1–many, if > 1, 

lower one(s) generally fertile, upper reduced and sterile; glume and fertile 

lemma texture generally similar; spikelets generally breaking apart above 

glumes and between florets or floret clusters 

16 

   

11 
Glumes leathery to hardened (at least in sessile spikelets), ± equal, 1 or both 

generally > upper floret (except awns); fertile and sterile lemmas generally 

translucent 
12 

11. 
Glumes membranous, flexible, lower glume generally < upper (0), upper 

glume <= upper floret; sterile lemma membranous and resembling upper 

glume, fertile lemma leathery to hardened 
14 

   

12 
Glumes membranous, flexible, lower glume generally < upper (0), upper 

glume <= upper floret; sterile lemma membranous and resembling upper 

glume, fertile lemma leathery to hardened 
Andropogon 

12. Spikelets 2 or 3 per node, 1 sessile and 1 (2) stalked 13 

   

13 Terminal spikelets per branch in 3s, 1 sessile and 2 stalked Sorghum 

13.  Terminal spikelets per branch in 2s, 1 sessile and 1 stalked  Hyparrhenia 

   

14 Ligule 0, at least on upper leaves Echinochloa 

14. Ligule present 15 

   

15. Infl a series of digitate or raceme-like branches Paspalum 

15 Infl panicle-like Panicum 

   

16 
Plants bearing markedly dissimilar spikelets in the same or separate 

inflorescences 
17 

16. Plants bearing similar spikelets, differing only in size and degree of maturity 19 

   

17 Infl spike-like Hordeum 

17.  Infl panicle-like, open to dense  18 

   

18 Lemma awn 0; spikelets in groups of 7 (1 fertile + 6 sterile) Phalaris 
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18. Lemma awned; spikelets paired or in pendant clusters Lamarckia 

   

19 Spikelets sessile or stalked on an unbranched central axis 20 

19. 
Spikelets attached to 1° or 2° branches (dissection may be needed to reveal 

branches) 
30 

   

20. Some or all spikelets stalked 21 

20 All spikelets sessile or nearly so 25 

   

21 
Spikelets 3 per node, sessile and stalked (or only stalk remaining after upper 

spikelet has fallen); inflorescence spike-like  
Hordeum 

21. Spikelets 1 per node, stalked; inflorescence raceme-like 22 
   

22 Spikelet axis thickened, falling with florets; lemma ± circular in ×-section Desmazeria 

22. Spikelet axis not thickened, not falling with florets; lemma flattened 23 
   

23 Upper leaf sheaths closed; lemma tips generally 2-forked or 2-lobed Bromus 

23. Upper leaf sheaths open; lemma tips obtuse or acute 24 
   

24 Upper glume veins (3)5–9; palea keeled, ciliate Brachypodium 

24. Upper glume veins 3(5); palea glabrous or hairy, but not keeled, nor ciliate Festuca 

   

25 Glume 1 (except in uppermost spikelets) Lolium 

25. Glumes 2 26 

   

26 Spikelet bases ± embedded in cavities or pits in thickened inflorescence axis Aegilops 

26. 
Spikelet bases not embedded in cavities or pits of thickened inflorescence 

axis 
27 

   

27 Spikelets 2–8 per node Elymus 

27. Spikelets 1 per node 28 

   

28 Auricles 0 Brachypodium 

28. Auricles present 29 

   

29 Glumes and lemma backs rounded Elymus 

29. Glumes and lemmas keeled Triticum 

   

30 
Infl a series of 2 or more digitate, raceme-like, clusters, or whorls of 1° 

branches 
31 

30. Infl much-branched, 2° or 3° branching evident 34 
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31 Infl branches digitate or clustered at tip of inflorescence axis Cynodon 

31. 
Infl branches raceme-like, 1+ per node along a central, unbranched axis, or in 

whorls 
32 

   

32 Fertile floret 1 per spikelet Echinochloa 

32. Fertile florets 2+ per spikelet 32 

   

33 Glumes 1; Spikelets in concavities of the Rhachis Lolium 

33. Glumes 2; Spikelets not in cavities Festuca 

   

34 Spikelets 1-flowered 35 

34. 
Spikelets 2–many-flowered (sterile florets reduced to small scales or hairy, 

awl-like rudiments) 
38 

   

35 
Glumes keeled, often winged; floret subtended by a membranous flap or tuft 

of hairs 
Phalaris 

35. 
Glumes generally rounded, not winged; floret not subtended by a flap or tuft 

of hairs 
36 

   

36. 
 Lemma and grain membranous or firm, but not hardened, generally 

flattened; callus not especially well-developed  
Polypogon 

36 
 Lemma generally hardened at maturity, margins generally overlapping and 

enclosing palea and grain; grain hardened, round in ×-section; callus well-

developed, blunt or sharp-pointed  
37 

   

37 Floret terete; lemma with bigeniculate awn Stipa 

37. 
Floret laterally or dorsally compressed; lemma with straight or flexuous awn 

or awnless 
Piptatherum 

   

38 Spikelets 2–8 per node Elymus 

38. Spikelets 1 per node 39 

   

39 Fertile florets 1 Phalaris 

39. Fertile floret 2+ 40 

   

40 Spikelets 15–50 mm Avena 

40. Spikelets < 15mm 41 

   

41 Lemma awnless 42 

41. Lemma awned 46 
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42 Lf tips prow-shaped; callus and/or lemma base generally cobwebby-hairy Poa 

42. Lf tips flat; callus or lemma base glabrous to scabrous 43 

   

43 
Spikelet axis segments thickened, falling with florets; lemma ± round in ×-

section 
Desmazeria 

43. 
Spikelet axis segments not thickened, not falling with florets; lemma 

flattened 
44 

   

44 
Lower glume broadly translucent distally and along margins; uppermost 

florets vestigial, densely clustered, sometimes appearing as a club-shaped 

rudiment; leaf sheaths closed 
Melica 

44. 
Lower glume generally membranous or narrowly translucent near tip or 

margins only; uppermost florets, if vestigial, not densely clustered, club-

shaped rudiment 0; leaf sheaths open or closed 
45 

    

45 
Lf sheath closed to near top; lemma tip 2-toothed; spikelets generally 15–70 

mm 
Bromus 

45. 
Lf sheath open for at least 1/2 its length; lemma tip tapering to a point; 

spikelets generally 3.5–12(18) mm 
Festuca 

   

46 
Infl. compact panicle, spike-like (Cylindrical), all around axis with very short 

inconspicuous branches 
Rostraria 

46. Infl. open panicle with spikelet on evident branches 47 

   

47 
Spikelets in dense, 1-sided clumps on distal portions of panicle branches; 

lemma keels stiff-ciliate 
Dactylis 

47. 
Spikelets not densely clumped at ends of panicle branches; lemma keels not 

stiff-ciliate 
48 

   

48 
Lower glume broadly translucent distally and along margins; uppermost 

florets vestigial, densely clustered, sometimes appearing as a club-shaped 

rudiment; leaf sheaths closed 
Melica 

48. 
Lower glume generally membranous or narrowly translucent near tip or 

margins only; uppermost florets, if vestigial, not densely clustered, club-

shaped rudiment 0; leaf sheaths open or closed 
49 

   

49 
Lf sheath closed; spikelet generally 1+ cm; lemma tip 2-toothed; ovary tip 

hairy 
Bromus 

49. 
Lf sheath open for at least 1/2 its length (except in Festuca rubra); spikelet 

generally < 1 cm; lemma tip entire; ovary tip glabrous 
Festuca 
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Appendix 4. Example of a key tracing and lead scoring 

Below is an example of the entire process and result of key tracing and lead scoring of a 

key. The example given is that of the adopted key used in the dichotomous software. 

Highlighted cells indicate couplets where the taxon is keyed in both its leads (called twice) 

and resulting in two pathways from that couplet. For example in Bromus, the genus is called 

twice, splitting at couplet 24 with one lead giving final identification at couplet 25 and the 

other lead at couplet 36. As a result, there are two pathways for keying Bromus: 1 to 25 (in 9 

couplets) or 1 to 36 (12 couplets). This table make use of the following column terms: Step 

is the number of couplets which have to be queried to reach final identification; couplet 

number is the position or reference of a couplet in the key, lead text is the text of each lead 

as written in the dichotomous key and ID Score is a score from 1 (easy) to 3 (difficult) 

indicating how easy is to interpret or assess the lead. 

Genus 

St
ep

 

C
o

u
p

le
t 

N
u

m
b

er
 

Lead text 
ID 

Score 
(1-3) 

          

Lygeum 1 1 Infl. a single terminal spikelet surrounded by a large, spadix-

like, bract 1 

          

Lamarckia 1 1 Infl. without any special bracts  1 

Lamarckia 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Lamarckia 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Lamarckia 4 10 Spikelets not subtended by bristles or long hair 1 

Lamarckia 5 12 Glumes not linear and without long hairs 1 

Lamarckia 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Lamarckia 7 20 
Panicle compacted into spike-like, cylindrical to ovate infl. as a 

result of small obscure 1o and 20 branches.  2 

Lamarckia 8 21 Lemma awned; glumes not winged 1 

Lamarckia 9 22 Plants bearing markedly dissimilar spikelets in the same or 

separate inflorescences 2 
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Hordeum 1 1 Infl. without any special bracts  1 

Hordeum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Hordeum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Hordeum 4 10 Spikelets not subtended by bristles or long hair 1 

Hordeum 5 12 Glumes not linear and without long hairs 1 

Hordeum 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Hordeum 7 14 
Spikelets grouped in dense spikes superficially appearing as 

stacked over each other without an evident central axis. Infl. 

cylindical and normally < 12cm (excluding awns) 
1 

Hordeum 8 18 Spikelets borne in groups of (2-)3 at each node of the rhachis 1 

          

          

Piptatherum 1 1 Infl. without any special bracts  1 

Piptatherum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Piptatherum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Piptatherum 4 10 Spikelets not subtended by bristles or long hair 1 

Piptatherum 5 12 Glumes not linear and without long hairs 1 

Piptatherum 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Piptatherum 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Piptatherum 8 24 Lemmas with an awn at least 3mm long 1 

Piptatherum 9 32 Spikelets unpaired, all similar and strictly with one floret 2 

Piptatherum 10 33 Lemma with a straight awn, not much more than 1cm long; 

lemma glabrous 1 

          

Avena 1 1 Infl. without any special bracts  1 

Avena 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Avena 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Avena 4 10 Spikelets not subtended by bristles or long hair 1 

Avena 5 12 Glumes not linear and without long hairs 1 

Avena 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 
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Avena 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Avena 8 24 Lemmas with an awn at least 3mm long 1 

Avena 9 32 Spikelets either in dissimilar pairs with 2 florets each or 

unpaired (all similar) with 4-12 florets 2 

Avena 10 34 Glumes nearly as long as to longer than the florets and ± 

enclosing them; Lemma with a dorsal awn 1 

          

Rostraria 1 1 Infl. without any special bracts  1 

Rostraria 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Rostraria 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Rostraria 4 10 Spikelets not subtended by bristles or long hair 1 

Rostraria 5 12 Glumes not linear and without long hairs 1 

Rostraria 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Rostraria 7 20 
Panicle compacted into spike-like, cylindrical to ovate infl. as a 

result of small obscure 1o and 20 branches.  2 

Rostraria 8 21 Lemma awned; glumes not winged 1 

Rostraria 9 22 Plants bearing similar spikelets, differing only in size and 

degree of maturity 2 

Rostraria 10 23 Spikelets with 2 or more florets; glumes awnless or very short 

(less than twice the length of the glume) 1 

          

Desmazeria 1 1 Infl. without any special bracts  1 

Desmazeria 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Desmazeria 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Desmazeria 4 10 Spikelets not subtended by bristles or long hair 1 

Desmazeria 5 12 Glumes not linear and without long hairs 1 

Desmazeria 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Desmazeria 7 14 
Spikelets emerging from nodes along a rigid, conspicuous, 

unbranched central axis, this sometimes bearing concavities 

from where the spikelets are borne; infl. spike usually in one 

plane (uni- to bi-lateral spikelets) and more than 12cm long. 

1 

Desmazeria 8 15 Glumes 2; spikelet sides facing the central axis (rhachis) 1 

Desmazeria 9 16 Infl. with more than 6 spikelets 1 

Desmazeria 10 17 Spikelets (at least some) borne on very short but evident rigid 

stalks 2 
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Desmazeria 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Desmazeria 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Desmazeria 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Desmazeria 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Desmazeria 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 

Desmazeria 11 27 Spikelets with 2 or more florets 1 

Desmazeria 12 28 Ligule membranous; spikelets with >2 florets. 1 

Desmazeria 13 29 Cross section of lemma rounded  2 

Desmazeria 14 31 Panicle branches stout and stiff, not flexuous, always straight; 

annual 1 

          

Lolium 1 1 Infl. without any special bracts  1 

Lolium 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Lolium 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Lolium 4 10 Spikelets not subtended by bristles or long hair 1 

Lolium 5 12 Glumes not linear and without long hairs 1 

Lolium 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Lolium 7 14 
Spikelets emerging from nodes along a rigid, conspicuous, 

unbranched central axis, this sometimes bearing concavities 

from where the spikelets are borne; infl. spike usually in one 

plane (uni- to bi-lateral spikelets) and more than 12cm long. 

1 

Lolium 8 15 Glumes 1; spikelets with back of lemma facing central axis 

(rhachis) 1 

          

Polypogon 1 1 Infl. without any special bracts  1 

Polypogon 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Polypogon 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Polypogon 4 10 Spikelets not subtended by bristles or long hair 1 

Polypogon 5 12 Glumes not linear and without long hairs 1 

Polypogon 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Polypogon 7 20 
Panicle compacted into spike-like, cylindrical to ovate infl. as a 

result of small obscure 1o and 20 branches.  2 

Polypogon 8 21 Lemma awned; glumes not winged 1 
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Polypogon 9 22 Plants bearing similar spikelets, differing only in size and 

degree of maturity 2 

Polypogon 10 23 Spikelets with one floret; glumes with a long awn (several 

times longer than the glume) 1 

          

Polypogon 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Polypogon 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Polypogon 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Polypogon 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 

Polypogon 11 27 Spikelet composed of 1 floret only. 1 

          

Aegilops 1 1 Infl. without any special bracts  1 

Aegilops 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Aegilops 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Aegilops 4 10 Spikelets not subtended by bristles or long hair 1 

Aegilops 5 12 Glumes not linear and without long hairs 1 

Aegilops 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Aegilops 7 14 
Spikelets grouped in dense spikes superficially appearing as 

stacked over each other without an evident central axis. Infl. 

cylindrical and normally < 12cm (excluding awns) 
1 

Aegilops 8 18 Spikelets borne singly at each node of the rhachis 1 

Aegilops 9 19 Glumes rounded at the back ending with 2 to 4 awns or teeth 1 

          

          

Setaria 1 1 Infl. without any special bracts  1 

Setaria 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Setaria 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Setaria 4 10 Spikelets subtended by robust bristles or long silky hairs (not 

part of the glume) 1 

Setaria 5 11 Hairs bristly, stiff and short. Infl. smaller, less than 2cm across 1 

          

Bromus 1 1 Infl. without any special bracts  1 

Bromus 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Bromus 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 



 

Stephen Mifsud (M.Sc. 2012-2013)  143 

Bromus 4 10 Spikelets not subtended by bristles or long hair 1 

Bromus 5 12 Glumes not linear and without long hairs 1 

Bromus 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Bromus 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Bromus 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Bromus 9 25 Individual spikelets linear, 15-30mm long (excluding any 

glume awns) 1 

          

Bromus 8 24 Lemmas with an awn at least 3mm long 1 

Bromus 9 32 Spikelets either in dissimilar pairs with 2 florets each or 

unpaired (all similar) with 4-12 florets 2 

Bromus 10 34 Glumes distinctly shorter than the spikelet and not enclosing 

the florets, Lemma with an terminal or subterminal awn 1 

Bromus 11 35 Spikelets similar, unpaired all with bisexual florets 2 

Bromus 12 36 Lemma distinctly keeled; lemma awn inserted between two 

apical teeth; spikelet generally > 1 cm 1 

          

Stipa 1 1 Infl. without any special bracts  1 

Stipa 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Stipa 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Stipa 4 10 Spikelets not subtended by bristles or long hair 1 

Stipa 5 12 Glumes not linear and without long hairs 1 

Stipa 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Stipa 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Stipa 8 24 Lemmas with an awn at least 3mm long 1 

Stipa 9 32 Spikelets unpaired, all similar and strictly with one floret 2 

Stipa 10 33 Lemma with a bigeniculate (twice-bent) awn, 1 - 30cm long; 

lemma hairy 1 

          

Hyparrhenia 1 1 Infl. without any special bracts  1 

Hyparrhenia 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Hyparrhenia 3 4 Infl. 2 to many digitate or corymbose rod-shaped, narrow 

spikes (or racemes) each composed of a row of sessile spikelets 1 

Hyparrhenia 4 5 Spike arising from the same point (or clustered) at the end of 

the culm (digitate infl.) 1 
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Hyparrhenia 5 6 
Spike hairy, fragile and divaricating (spreading apart); 

spikelets in 2 different pairs, the lower sessile and bisexual, the 

upper pedicelled male or sterile. 
3 

Hyparrhenia 6 7 Stem usually branched; racemes 2-4cm 1 

          

Cynodon 1 1 Infl. without any special bracts  1 

Cynodon 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Cynodon 3 4 Infl. 2 to many digitate or corymbose rod-shaped, narrow 

spikes (or racemes) each composed of a row of sessile spikelets 1 

Cynodon 4 5 Spike arising from the same point (or clustered) at the end of 

the culm (digitate infl.) 1 

Cynodon 5 6 Spike not hairy, less fragile and straight; spikelets similar and 

bisexual. 3 

Cynodon 6 8 Spikes 3-5(7) arising from (or almost) the same point; ligule 

with hairs only. 1 

          

Phalaris 1 1 Infl. without any special bracts  1 

Phalaris 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Phalaris 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Phalaris 4 10 Spikelets not subtended by bristles or long hair 1 

Phalaris 5 12 Glumes not linear and without long hairs 1 

Phalaris 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Phalaris 7 20 
Panicle compacted into spike-like, cylindrical to ovate infl. as a 

result of small obscure 1o and 20 branches.  2 

Phalaris 8 21 Lemma awnless; glumes extremely keeled often becoming 

winged 1 

          

          

Dactylis 1 1 Infl. without any special bracts  1 

Dactylis 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Dactylis 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Dactylis 4 10 Spikelets not subtended by bristles or long hair 1 

Dactylis 5 12 Glumes not linear and without long hairs 1 

Dactylis 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Dactylis 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Dactylis 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 
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Dactylis 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Dactylis 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 

Dactylis 11 27 Spikelets with 2 or more florets 1 

Dactylis 12 28 Ligule membranous; spikelets with >2 florets. 1 

Dactylis 13 29 Cross section of lemma strongly keeled throughout its length 2 

Dactylis 14 30 
Lemmas with stiff bristles on the keel; panicle spikelets 

gathered in 1-sided clumps at the tips of their branches forming 

a lobed inflorescence. 
1 

Elymus 1 1 Infl. without any special bracts  1 

Elymus 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Elymus 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Elymus 4 10 Spikelets not subtended by bristles or long hair 1 

Elymus 5 12 Glumes not linear and without long hairs 1 

Elymus 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Elymus 7 14 
Spikelets emerging from nodes along a rigid, conspicuous, 

unbranched central axis, this sometimes bearing concavities 

from where the spikelets are borne; infl. spike usually in one 

plane (uni- to bi-lateral spikelets) and more than 12cm long. 

1 

Elymus 8 15 Glumes 2; spikelet sides facing the central axis (rhachis) 1 

Elymus 9 16 Infl. with more than 6 spikelets 1 

Elymus 10 17 All spikelets sessile. 2 

          

Festuca 1 1 Infl. without any special bracts  1 

Festuca 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Festuca 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Festuca 4 10 Spikelets not subtended by bristles or long hair 1 

Festuca 5 12 Glumes not linear and without long hairs 1 

Festuca 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Festuca 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Festuca 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Festuca 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Festuca 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 
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Festuca 11 27 Spikelets with 2 or more florets 1 

Festuca 12 28 Ligule membranous; spikelets with >2 florets. 1 

Festuca 13 29 Cross section of lemma rounded  2 

Festuca 14 31 Panicle branches hair-like, flexuous sometimes arched by the 

weight of the spikelet; perennial 1 

          

Festuca 8 24 Lemmas with an awn at least 3mm long 1 

Festuca 9 32 Spikelets either in dissimilar pairs with 2 florets each or 

unpaired (all similar) with 4-12 florets 2 

Festuca 10 34 Glumes distinctly shorter than the spikelet and not enclosing 

the florets, Lemma with an terminal or subterminal awn 1 

Festuca 11 35 Spikelets similar, unpaired all with bisexual florets 2 

Festuca 12 36 Lemma rounded on the back; lemma without teeth; spikelet 

generally < 1 cm 1 

          

Melica 1 1 Infl. without any special bracts  1 

Melica 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Melica 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Melica 4 10 Spikelets not subtended by bristles or long hair 1 

Melica 5 12 Glumes not linear and without long hairs 1 

Melica 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Melica 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Melica 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Melica 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Melica 10 26 Margin of leaf sheaths fused up to the top; uppermost florets 

reduced to a club-shaped mass of sterile lemmas 1 

          

Poa 1 1 Infl. without any special bracts  1 

Poa 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Poa 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Poa 4 10 Spikelets not subtended by bristles or long hair 1 

Poa 5 12 Glumes not linear and without long hairs 1 

Poa 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 
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Poa 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Poa 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Poa 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Poa 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 

Poa 11 27 Spikelets with 2 or more florets 1 

Poa 12 28 Ligule membranous; spikelets with >2 florets. 1 

Poa 13 29 Cross section of lemma strongly keeled throughout its length 2 

Poa 14 30 Lemmas smooth; panicle not clumped, spikelets evenly 

distributed forming a uniform inflorescence 1 

          

Brachypodium 1 1 Infl. without any special bracts  1 

Brachypodium 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Brachypodium 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Brachypodium 4 10 Spikelets not subtended by bristles or long hair 1 

Brachypodium 5 12 Glumes not linear and without long hairs 1 

Brachypodium 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Brachypodium 7 14 
Spikelets emerging from nodes along a rigid, conspicuous, 

unbranched central axis, this sometimes bearing concavities 

from where the spikelets are borne; infl. spike usually in one 

plane (uni- to bi-lateral spikelets) and more than 12cm long. 

1 

Brachypodium 8 15 Glumes 2; spikelet sides facing the central axis (rhachis) 1 

Brachypodium 9 16 Infl. with (1)2-5(6) spikelets only. 1 

          

Pennisetum 1 1 Infl. without any special bracts  1 

Pennisetum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Pennisetum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Pennisetum 4 10 Spikelets subtended by robust bristles or long silky hairs (not 

part of the glume) 1 

Pennisetum 5 11 Hairs soft, long-ciliate. Infl. a long spike more than 2cm 

across. 1 

          

Arundo 1 1 Infl. without any special bracts  1 

Arundo 2 2 Plants large, reed-like habit with hard lignified stem 0.6–3 cm 

diameter; infl. a large, crowded, terminal plume- or fan-like 1 

Arundo 3 3 Lemma with long hairs; rhachilla glabrous; glumes subequal  1 
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Triticum 1 1 Infl. without any special bracts  1 

Triticum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Triticum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Triticum 4 10 Spikelets not subtended by bristles or long hair 1 

Triticum 5 12 Glumes not linear and without long hairs 1 

Triticum 6 13 
Infl. a single spike with sessile to subsessile spikelets either 

stacked over each or laterally along a rigid unbranched central 

axis. 
1 

Triticum 7 14 
Spikelets grouped in dense spikes superficially appearing as 

stacked over each other without an evident central axis. Infl. 

cylindical and normally < 12cm (excluding awns) 
1 

Triticum 8 18 Spikelets borne singly at each node of the rhachis 1 

Triticum 9 19 Glumes keeled at the back; truncate apex or with only one long 

awn. 1 

          

Panicum 1 1 Infl. without any special bracts  1 

Panicum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Panicum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Panicum 4 10 Spikelets not subtended by bristles or long hair 1 

Panicum 5 12 Glumes not linear and without long hairs 1 

Panicum 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Panicum 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Panicum 8 24 Lemmas unawned or reduced to a short bristle less then 3mm 

long. 1 

Panicum 9 25 Individual spikelets shorter (excluding any glume awns) and 

not linear. 1 

Panicum 10 26 Margin of leaf sheaths open at the uppermost part; spikelets 

without a club-shape mass of sterile lemmas. 1 

Panicum 11 27 Spikelets with 2 or more florets 1 

Panicum 12 28 Ligule a row of hairs; spikelet with 2 florets, one bisexual, the 

other male or sterile;  1 

Phragmites 1 1 Infl. without any special bracts  1 

Phragmites 2 2 Plants large, reed-like habit with hard lignified stem 0.6–3 cm 

diameter; infl. a large, crowded, terminal plume- or fan-like 1 

Phragmites 3 3 Lemma glabrous; rhachilla with long hairs; glumes unequal  1 
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Echinochloa 1 1 Infl. without any special bracts  1 

Echinochloa 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Echinochloa 3 4 Infl. 2 to many digitate or corymbose rod-shaped, narrow 

spikes (or racemes) each composed of a row of sessile spikelets 1 

Echinochloa 4 5 Spikes scattered along a central axis (corymbose or composite 

infl.) 1 

Echinochloa 5 9 Ligule absent or rim-like with hairs at the summit 1 

          

Sorghum 1 1 Infl. without any special bracts  1 

Sorghum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Sorghum 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Sorghum 4 10 Spikelets not subtended by bristles or long hair 1 

Sorghum 5 12 Glumes not linear and without long hairs 1 

Sorghum 6 13 
Infl. an open or compact (spike-like) panicle, denoted by many 

spikelets subtended by long to (very) short branches all around 

the main axis. 
1 

Sorghum 7 20 Panicle open with at the 1o and sometimes 20 branches 

evident. 
2 

Sorghum 8 24 Lemmas with an awn at least 3mm long 1 

Sorghum 9 32 Spikelets either in dissimilar pairs with 2 florets each or 

unpaired (all similar) with 4-12 florets 2 

Sorghum 10 34 Glumes distinctly shorter than the spikelet and not enclosing 

the florets, Lemma with an terminal or subterminal awn 1 

Sorghum 11 35 Spikelets in pairs, one sessile and bisexual, the other on a 

pedicel and sterile or male. 2 

          

Andropogon 1 1 Infl. without any special bracts  1 

Andropogon 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Andropogon 3 4 Infl. 2 to many digitate or corymbose rod-shaped, narrow 

spikes (or racemes) each composed of a row of sessile spikelets 1 

Andropogon 4 5 Spike arising from the same point (or clustered) at the end of 

the culm (digitate infl.) 1 

Andropogon 13 6 
Spike hairy, fragile and divaricating (spreading apart); 

spikelets in 2 different pairs, the lower sessile and bisexual, the 

upper pedicelled male or sterile. 
3 

Andropogon 6 7 Stem simple; racemes 4-14cm 1 

          

          

Lagurus 1 1 Infl. without any special bracts  1 

Lagurus 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 
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Lagurus 3 4 Infl. a single spike with sessile spikelets or an open or compact 

spiciform panicle.  1 

Lagurus 4 10 Spikelets not subtended by bristles or long hair 1 

Lagurus 5 12 Glumes linear, covered with long silky hair (feather-like) 1 

          

Paspalum 1 1 Infl. without any special bracts  1 

Paspalum 2 2 Smaller herbaceous plants with stems less than 5mm diameter; 

infl. not a compact plume or fan-like 1 

Paspalum 3 4 Infl. 2 to many digitate or corymbose rod-shaped, narrow 

spikes (or racemes) each composed of a row of sessile spikelets 1 

Paspalum 4 5 Spike arising from the same point (or clustered) at the end of 

the culm (digitate infl.) 1 

Paspalum 5 6 Spike not hairy, less fragile and straight; spikelets similar and 

bisexual. 3 

Paspalum 6 8 Inflorescence formed by two flattened spikes; ligule 

membranous > 0.5mm with little hair 1 

          

Paspalum 4 5 Spikes scattered along a central axis (corymbose or composite 

infl.) 1 

Paspalum 5 9 Ligule well developed, membranous (1-4mm) 1 
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Appendix 5. Statistical results for dichotomous keys 

Below is the full set of results obtained from the key tracing and scoring of each genus in 

the four dichotomous keys studied in this research (see below) and the adopted one used in 

the single-access software. Legend of keys: FE: Flora Europaea (Tutin, 1980); FI: Flora 

d’Italia (Pignatti,1982); FBI: Flora of the British Isles (Cope & Gray, 2009); JE: Jepsons 

eFlora (Smith, 2013); Msc: Adopted key constructed from the examination of the afore-

mentioned Floras; n/a genus not available in the corresponding Flora so number of species is 

not available. In such cases the key is adopted to include the genus (see Chapter 4). 

AEGILOPS  ANDROPOGON 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 10 10 9 12 9  Pathlength 6 4 6 9 6 

Calls 1 2 1 2 1  Calls 1 1 1 2 1 

High Score 16 19 11 17 9  High Score 10 6 8 15 8 

spp. 4 n/a 8 4 1  spp. 1 n/a 1 2 1 

                 

Partial Scr. 1 0 17 0 7 0  Partial Scr. 1 0 0 0 7 0 

Partial Scr. 2 0 19 0 17 0  Partial Scr. 2 0 0 0 15 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0   

   
          

ARUNDO  AVENA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 11 6 7 3 3  Pathlength 14 8 4 14 10 

Calls 1 1 1 1 1  Calls 2 1 1 1 1 

High Score 13 11 11 3 3  High Score 24 15 6 22 12 

spp. 2 n/a 2 1 2  spp. 14 6 4 4 9 

                 

Partial Scr. 1 0 0 0 0 0  Partial Scr. 1 23 0 0 0 0 

Partial Scr. 2 0 0 0 0 0  Partial Scr. 2 24 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
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BRACHYPODIUM  BROMUS 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 9 7 9 15 9  Pathlength 14 8 7 19 12 

Calls 2 1 1 3 1  Calls 3 1 1* 3 2 

High Score 16 13 11 22 9  High Score 26 15 13 31 15 

spp. 5 2 7 3 3  spp. 37 22 30 32 12 

         Did not cater for the unawned B. inermis! 

Partial Scr. 1 16 0 0 3 0  Partial Scr. 1 23 0 0 20 10 

Partial Scr. 2 16 0 0 22 0  Partial Scr. 2 26 0 0 31 15 

Partial Scr. 3 0 0 0 18 0  Partial Scr. 3 26 0 0 29 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 

             

CYNODON  DACTYLIS 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 8 6 6 11 6  Pathlength 17 13 9 17 14 

Calls 1 1 1 1 1  Calls 3 1 2 1 2 

High Score 12 12 8 17 8  High Score 30 24 16 25 16 

spp. 1 1 1 1 1  spp. 1 2 3 1 1 

                 

Partial Scr. 1 0 0 0 0 0  Partial Scr. 1 24 0 15 0 0 

Partial Scr. 2 0 0 0 0 0  Partial Scr. 2 28 0 16 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 30 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
             

DESMAZERIA  ECHINOCHLOA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 15 15 9 18 14  Pathlength 8 6 6 9 5 

Calls 2 1 4 2 2  Calls 1 1 2 2 1 

High Score 24 27 16 27 16  High Score 12 10 10 12 5 

spp. 3 2 5 1 3  spp. 3 4 6 7 3 

                 

Partial Scr. 1 16 0 6 17 11  Partial Scr. 1 0 0 10 13 0 

Partial Scr. 2 24 0 11 27 16  Partial Scr. 2 0 0 10 19 0 

Partial Scr. 3 0 0 14 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 16 0 0  Partial Scr. 4 0 0 0 0 0 
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ELYMUS  FESTUCA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 9 9 6 15 10  Pathlength 16 12 8 19 14 

Calls 2 2 1 3 1  Calls 4 1 2 4 2 

High Score 15 17 8 24 11  High Score 28 22 16 31 16 

spp. 22 4 (1) 21 2  spp. 170 14 44 21 2 

.          

Partial Scr. 1 14 16 0 18 0  Partial Scr. 1 26 0 12 20 15 

Partial Scr. 2 15 17 0 20 0  Partial Scr. 2 26 0 16 22 16 

Partial Scr. 3 0 0 0 24 0  Partial Scr. 3 28 0 0 31 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 28 0 0 29 0 
             

HORDEUM  HYPARRHENIA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 9 8 5 11 8  Pathlength 6 4 6 10 6 

Calls 1 1 1 2 1  Calls 1 1 1 1 1 

High Score 15 20 7 19 8  High Score 10 6 8 18 8 

spp. 11 6 7 8 5  spp. 1 n/a n/a 1 1 

                 

Partial Scr. 1 0 0 0 14 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 0 0 19 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
             

LAGURUS  LAMARCKIA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 9 10 7 5 5  Pathlength 4 14 6 10 9 

Calls 1 1 1 1 1  Calls 1 1 1 1 1 

High Score 13 20 11 6 5  High Score 8 25 10 15 11 

spp. 1 1 1 1 1  spp. 1 0 1 1 1 

                 

Partial Scr. 1 0 0 0 0 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 0 0 0 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
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LOLIUM  LYGEUM 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 9 10 7 13 8  Pathlength 1 1 1 1 1 

Calls 1 1 1 2 1  Calls 1 1 1 1 1 

High Score 16 17 9 20 8  High Score 1 1 1 1 1 

spp. 5 4 7 n/a* chk  spp. 1 n/a 1 n/a 1 

* Included with Festuca          

Partial Scr. 1 0 0 0 16 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 0 0 20 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 

             

MELICA  PANICUM 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 14 9 9 18 10  Pathlength 10 5 6 10 12 

Calls 1 2 1 2 1  Calls 1 1 1 1 1 

High Score 25 16 16 29 11  High Score 12 9 10 14 13 

spp. 10 2 9 12 1  spp. 6 4 5 10 1 

                 

Partial Scr. 1 0 10 10 29 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 16 16 27 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 

   
          

PASPALUM  PENNISETUM 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 8 6 6 10 6  Pathlength 8 5 8 6 5 

Calls 2 1 2 1 2  Calls 1 1 1 1 1 

High Score 12 10 8 14 8  High Score 13 10 12 7 5 

spp. 4 2 3 4 2  spp. 2 0 2 4 2 

                 

Partial Scr. 1 12 0 6 0 6  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 12 0 8 0 8  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
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PHALARIS  PHRAGMITES 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 10 9 8 13 8  Pathlength 11 6 7 3 3 

Calls 1 1 1 3 1  Calls 1 1 1 1 1 

High Score 16 18 11 25 9  High Score 13 11 11 3 3 

spp. 9 6 7 11 chk  spp. 1 1 1 1 1 

                 

Partial Scr. 1 0 0 0 10 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 0 0 15 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 25 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
             

PIPTATHERUM  POA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 11 7 17 14 10  Pathlength 17 15 9 16 14 

Calls 1 1 2 1 1  Calls 3 2 2 1 1 

High Score 17 15 20 24 12  High Score 30 24 17 26 16 

spp. 5 1 3 1 n/a2 1  spp. 44 14 28 44 10 

1 Piptatherum listed as Oryzopsis; 2 incl. in Stipa          

Partial Scr. 1 0 0 19 0 0  Partial Scr. 1 3 23 14 0 0 

Partial Scr. 2 0 0 26 0 0  Partial Scr. 2 24 24 17 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 30 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 
             

POLYPOGON  ROSTRARIA 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 12 10 11 13 11  Pathlength 14 8 9 16 10 

Calls 2 2 4 1 2  Calls 4 1 2 1 1 

High Score 18 20 20 23 12  High Score 24 16 16 24 12 

spp. 3 2 5 11 4  spp. 5 1 3* 1 1 

         * Listed as Lophochloa 

Partial Scr. 1 17 15 10 0 12  Partial Scr. 1 11 0 11 0 0 

Partial Scr. 2 18 20 12 0 12  Partial Scr. 2 18 0 16 0 0 

Partial Scr. 3 0 0 14 0 0  Partial Scr. 3 23 0 0 0 0 

Partial Scr. 4 0 0 20 0 0  Partial Scr. 4 24 0 0 0 0 

  
  

          



 

Stephen Mifsud (M.Sc. 2012-2013)  156 

SETARIA  SORGHUM 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 8 5 8 5 5  Pathlength 5 3 10 10 11 

Calls 1 1 1 1 1  Calls 1 1 1 1 1 

High Score 13 10 12 6 5  High Score 9 5 17 18 14 

spp. 4 6 6 7 chk  spp. 3 2 2 2 2 

                 

Partial Scr. 1 0 0 0 0 0  Partial Scr. 1 0 0 0 0 0 

Partial Scr. 2 0 0 0 0 0  Partial Scr. 2 0 0 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 

   
          

STIPA  TRITICUM 
  FE FBI FI JE Msc    FE FBI FI JE Msc 

    
         

    

Pathlength 11 8 10 14 10  Pathlength 10 9 9 15 9 

Calls 1 1 2 1 1  Calls 1 2 1 1 1 

High Score 17 15 18 24 12  High Score 17 19 11 20 9 

spp. 42 1 13 30 2  spp. 9 3 8 1 4 

                 

Partial Scr. 1 0 0 11 0 0  Partial Scr. 1 0 17 0 0 0 

Partial Scr. 2 0 0 18 0 0  Partial Scr. 2 0 19 0 0 0 

Partial Scr. 3 0 0 0 0 0  Partial Scr. 3 0 0 0 0 0 

Partial Scr. 4 0 0 0 0 0  Partial Scr. 4 0 0 0 0 0 

 

Description of terms used in these tables are as follows: Pathlength: the number of couplets 

(steps) required to identify genus in a key; Calls: number of times the genus is keyed-out; 

High Score: highest value of the total of lead scores in the path of couplets leading to the 

identification of the genus. When there is one call (so one path) there is only one score, but 

where there are two or more calls and which in such cases each call have a different path 

and a different score, then the highest score is given here (see chapter 4 and appendix 8.4); 

spp.: number of species covered by a genus for that key; Partial Scr 1-4: the individual 

total lead score of each path, if there are two or more calls. The highest is given in the row 

high score. 
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Appendix 6. Photos taken for a taxon 

This appendix bring a set of photos typically taken for each taxon – in this example for the 

genus of Sorghum. These images (Figures 8.2a-d) were used to compliment the single-

access and multi-access software. In the single-access, only those few images which were 

critical in the dichotomous key leading to the identification of the taxon were used.  

 

 Figure 8.2a: Photos of Sorghum halapense in situ: 1. Leaves showing, white midrib; 2-3. 

inflorescences (panicle); 4. spikelets subtended by branches; 5. detail of spiklets and stamens 
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 Figure 8.2b. Photos of Sorghum halapense taken in studio : 1. Habit; 2-3. Underground parts (rhizome and 

roots); 4. Leaf sheath; 5. Lamina with ruler to show its width; 6. Inflorescence; 7. Lamina margin; 8. 

Lamina against light showing veins; 9-11. Ligule. 
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 Figure 8.2c. Photos of Sorghum halapense taken in studio. 1.Inflorescence and spikelets; 2-3. Glumes;. 4-6. 

Row or cluster of spikelets; 7.Spikelet pairs; 8. Isolated spikelet pairs; 9. Two spikelet pairs each composed 

of one sessile and fertile spikelet, the other being pedicelled and sterile (or male only); 10. Spikelet pair; 11. 

Spikelets of a pair isolated; 12. Anthers. (grid box=2mm) 
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 Figure 8.2d. Photos of Sorghum halapense taken in Studio: 1. Fertile spikelet with geniculate awn; 2-3. 

Dissected spikelet; 4. Lemma, caryopsis and palea. 5. Caryopsis; 6. Palea; 7-9 Awned lemma (grid box = 

2mm) 

 


