SECTION II NOTES
II.3   Biodiversity assessment

II.3.1
Principles and definitions, the importance of species and their identification (plants, animals and micro-organisms)
· Holistic, concept, at below and above the species level.

· Biological species concept and its limitations (hybrids, time course of speciation)
· Plant identification as the fundamental component of biodiversity assessment: to characterise plant community composition and structure which is at the base of overall biodiversity and ecosystem function (plants as the primary producers dominating ecosystem primary production and defining the habitat structure and resources for animal communities).  Or is it better to inventory animals as indicators of ecosystem condition?
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II.3.2
The distribution of natural variation (below, at and above the species level)

· Molecular methods – within species genetic diversity (more than just eco-/morpho-types and provenances)

· Phylogeny and taxonomic hierarchy; thus higher taxonomic units do reflect genetic similarity and so may have a role as indicators of overall genetic diversity.

· Ecological interactions as a component of biodiversity.

· True meaning of species diversity: richness and evenness components: species rank-abundance, or dominance-diversity curves (to draw these requires data quantifying abundance of each species (methods covered in section 6.).

Most species, in species-rich communities,

are very rare.  Graph compares “typical”

temperate versus tropical shapes

(+ note the impact of management).


A. Is often the impact of conservation
    aimed at protecting rare species or
    maximising biodiversity

B. Is often the impact of management
    for production.  It may be easy to
    achieve if the species you want to

    favour is already naturally dominant.

    But it is much harder if it is a

    naturally rare species (subject to

    much more biological limitation).

C. You need to be careful in choosing which which index to use for abundance: density, dominance or frequency.  In zoology, “abundance” is often treated as being synonymous with “density”, but this is not so for plants [see further details in section 6.4 b) (ii)].
II.3.3
Identification (recognition, determination): in the forest, use of vegetative characteristics, keys, floras, herbaria

II.3.3.1 Terminology
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Recognition




Determination



(field, informal)



(expert, with specimens, formal)

II.3.3.2 General approach to plant identification in forests

· Need for rapid biodiversity assessment (RBA) but, at bare minimum, this invariably requires some taxa to be distinguished from each other.

· For some purposes it requires formal identification of each of the taxa surveyed, with Latin binomial name, if not determination by an expert, at least sufficient evidence reported of methodology to enable the accuracy of the identifications to be verified.

· However, most plants encountered (e.g. > 90%) will have no flowers (short flowering periods, need to inventory juvenile plants) making identification difficult.

· Factors controlling success in plant identification (and time/costs involved):

· existing level of scientific knowledge (published Floras, checklists etc. (many of the world’s major floras are still very incomplete, e.g. Flora Amazonica)

· its use to produce tools for identification, e.g. field identification guides (especially for non-flowering material), but these do not exist for most countries.
· local people’s knowledge (“tree spotters”, participation) – see box below 

· personnel trained in field identification and in working with local knowledge
· specimen collections and trained personnel in herbaria

· costs/budget required are significant

Note the role or local knowledge and expertise – “tree spotters”

Issues of equity, status, ownership of knowledge etc.

Difficulties arising from the relationship of vernacular to scientific species names:
· theoretical considerations (applied anthropology, psychology, in practical terms can the species concept be detached from its cultural context – B. Berlin (19992) Ethnobiological classification. Principles of categorization of plants and animals in traditional societies. Princeton U. P., pp. 335)

· lack of 1:1 correspondence between local names and scientifically-recognised species [instead could be:   many:1   or   1:many] (strong link of value/utility to local delimitation and classification)

· a crucial bridging role for local professionals

II.3.3.3 Past pragmatic/commercial considerations in forest inventory led to:

· a focus on the larger trees closest to exploitable size (thus a lack of the smaller trees, saplings, seedlings and fruit/seeds of significance for future forest composition) – in many plant species character-traits are very variable between juvenile and mature individuals (e.g. ref. oak bark); also this greatly reduced the number of species encountered (note the high richness of subcanopy trees/”treelets”, e.g. Cola in West/Central Africa.

· a focus only on “listed useful species” (at most 40-50 in number), all the rest lumped as “other species”

II.3.3.4 The independent tradition of botanical inventory:

· linkage to specimen collection for dispatch to European/North American herbaria for experts to use for monographic and floristic work (for which fertile material is considered essential)

· therefore a strong focus on individuals that are in flower or fruit

· as a consequence inventory area was small and species not in flower or fruit (even if they were locally abundant) were ignored.

II.3.3.5 Modern approaches

· Use of “morphospecies” (recognised but formal name not known; importance of collecting “voucher specimens")

These combine the pragmatism of forest inventory with specimen collection of unrecognised species (even if flowers/fruits are absent) – mollify the taxonomists with good field/collection notes (they are often lacking)!

Even where species identification is unknown, recognise individuals that belong to the same taxon, e.g. “Species x – long petiole”, “Lauraceae species y”.  (E.g. in Ulu Gombak, Malaysia only 44% of species present flowered during one year and in certain months less than 2% of species were flowering).

II.3.3.6 Resources

Is a flora available, or a field guide? (but note name changes, taxonomic progress, lumping, splitting and cladistics)

Is a herbarium available?

What field and herbarium expertise is available?

Note the distinction of field and herbarium characters (three vs two dimensions; drying effects; floral versus vegetative shoots).

Equipment: binoculars, hand lens, for collecting

II.3.4 Diagnostic plant characteristics
SLIDES:
1.
Plant specimen collecting

2.
Preservation and labelling of specimens

3.
Drying specimens

Reproductive structures:

4.
Flowering of Compositae species

5.
Inflorescence (a raceme) of Cyrilla racemiflora
6.
Terminal infructescence of berries of Trichilla connaroides
7.
Herbarium voucher specimen prepared from leaves, fruit and seeds

Leaf form:

8.
Shoot form; leaves as structures with buds in their axils (which may grow into branches)

9.
Leaves are usually simple, the margin may be entire (smooth) or with teeth

10.
Simple lobed leaves (Bocconia) versus compound leaves with separate leaflets (Rubus)

11.
Sessile leaves (no petiole)

12.
Leaves with a long petiole

13.
Petiole joined within the lamina, a peltate leaf

14.
Distinctive colour and form of young leaves, good field characters are often missing from formal descriptions

Leaf arrangement:

15.
Leaves in opposite pairs, decussate on an orthotropic axis

16.
Leaf pairs directly opposite in one plane on a plagiotropic axis

17.
Alternate leaves, distichous arrangement, with a drip tip (caudate)

18.
Alternate leaves, spiral (phyllotaxis, example of Fibonacci series; ontogeny)

19.
Oak leaves in a whorl, associated with “rhythmic” growth

20.
Branches in a whorl, Hevea brasiliensis (rubber)

Access

21.
Tree climbing

22.
By ladder

23.
Very high tree crown; challenge of what you can see of shoot form from the ground

24.
Sprouting shoots at base, but their form may be atypical

25.
Fallen leaves and fruit (Dipterocarp)

Gross tree form and bark 

26.
Baobab, gross form of tree, trunk shape etc.

27.
Gross architecture, simple branching

28.
Typical architectural model of a pioneer tree (Polyscias fulva)
29.
But the model is often confused by “re-iteration” after damage

30.
Gross form of the trunk, buttresses

31.
Spines

32.
Bark plates

33.
Bark slash

34.
Formal recording of a tree’s combination of bark and fruit characters

II.3.4.1 Flowers
· From sub-classes down to genera the definition of plant taxa is based largely on floral characters

· Why so much the focus of formal taxonomy? Can, in principle work with flowers from first principles to key out family (Hutchinson, Cullen) but very difficult.
· But when you are carrying out a survey/inventory in the field, very few plants will be flowering, so there is a need to develop approaches, guides, tools etc. to help people with the much greater challenge of identifying plants that are not in flower.
II.3.4.2 Fruit/seeds – should be next but under-used/-researched (ref. EJH Corner, The seeds of the dichotyledons (1976) Cambridge Univ. Press)

II.3.4.3 Leaves/shoots 

(NB only available if you can reach the leaves (a major challenge for tall canopy trees) and, for deciduous species, in the summer/autumn or wet season, as appropriate

II.3.4.3.1 Note the strong evolutionary convergence in the tropics resulting in many species having mesophyll leaves/leaflets that are predominantly entire and oblong lanceolate.  Note the community shift to smaller mean leaf size (down to notophyll and even microphyll) with increasing altitude up tropical mountains.
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Percentage of species


category
(cm²)


Papua New Guinea
Sarawak, Malaysia


microphyll
< 20



0


15


notophyll
20-45



13


15


mesophyll
45-183



73


69


macrophyll
> 183



14


1

Total number of species



40


90

II.3.4.3.2 Note the problems of observing tall tree crowns or of collecting foliage (binoculars, pruner poles (utility); catapult, tree climbers, monkeys (time, safety); epicormic shoots may be more accessible but leaves may be very different from those in crown (leaf polymorphism); fallen leaves (which tree? no shoot characters)

II.3.4.3.3 Shoot characters

(a) Shape (angles, wings); colour of each layer (including change)

(b) Accessory structures: buds (terminal and lateral) – shape, size, scales, colour, stickiness, hairs); stipules; spines (type, form etc.), glands, lenticels; hairs (location, form, density, colour).

(c) Growth periodicitiy: continuous (leaves regular), or discontinous (leaves whorled)

(d) Leaf position: in two dimensions - opposite or alternate; in three dimensions - opposite versus decussate (90°), alternate distichitous versus spiral.
II.3.4.3.4 Leaf characters

(a) Leaves compound or simple (check bud in axil, determinate growth (but…))

(b) Size of mature leaves (but risky, e.g. sun versus shade)

(c) Leaf shape safer: ratio of dimensions (length of petiole, length of leaf blade, leaf width); qualitative (overall lamina shape and petiole shape)

(d) Leaf form: “chocolate box” or “kite”; sclerophylous, flatness (but ….)

(e) Shape of leaf tip and base.

(f) Form of leaf margin (lobed, toothed (many types), glandular, hairy

(g) Leaf accessory structures (ornamentation): glands (location, form, density); hairs (indumentum) - distribution, form, density, colour etc.

(h) Venation (much potential but complexity)

(i) Colour (much potential but standardisation difficult)

(j) Smell (especially when crushed)

On saplings: beware branch dimorphism (e.g. contrast between orthotropic and plagiotropic shoots – make sure both types observed/collected).

Note huge variation in character constancy (with species, genus, family, order etc.)

II.3.4.4 Trunk characters

Therefore, to move with speed use trunk characters (but note how poorly described (even completely omitted) they are in classical species descriptions in floras etc. (not herbarium characters):

II.3.4.4.1 Overall form of tree (including the crown as a whole)

(a) Gross trunk features: taper, branch retention (self-pruning)

(b) Crown proportions: depth, height, horizontal spread

(c) Leaf density (leaf area index) and arrangement (mono-layer versus multi-layer (are the trees clustered around the edge of the crown, or more evenly distributed through its volume), any other unusual leaf arrangement)

(d) Branching pattern (Hallé, Oldemann and Tomlinson models, but problems in practice (reiteration))

(i) monopodial/sympodial

(ii) main branches orthotropic or plagiotropic (angle of branch divergence)

(iii) growth continuous or discontinuous (branches in whorls, e.g. some Pinus, Terminalia)

(iv) degree of branching (number of branch orders (most tropical trees only 3 or 4) links to tree being pachycaul or leptocaul in form, note modular demography mechanisms (shoot initiation and abcision)

(v) branch length

(vi) branch rigidity (do they droop under their own weight)

II.3.4.4.2 External features of the bole (particularly as assessed at its base) 
(a) Physical form and appendiges

(i) Root spurs (like oak)

(ii) Stilt roots (e.g. Musanga)

(iii) Buttresses (may only be on old trees, many aspects of variation in buttress form)

(iv) Angularity (circular, fluted or sharply angular)

(v) Twisting (angular features or bark) -may be clockwise or anti-clockwise)

(vi) Thorns (especialy Palmae, Bombacaceae, Rutaceae (e.g. Fagara), and dry zone Leguminosae & Euphorbiacea)

(b)
Bark

(i) Bark surface colour (e.g. red bark of Acacia seyal)

(ii) Bark surface texture/form (spongy/hard, smooth, lenticillate, pitted, scaly, peeling, characteristically scarred or patterned, cracked, fissured, etc.)

II.3.4.4.3
Features of the slash/blaze (also useful to find your way back!)

(a) Method

(i) Cut pole with blade on an undisturbed area with a thick surface (not on buttress)

(ii) First a 1 deep cm horizontal cut, then an oblique cut from above removing a 7-10 cm long and 5 cm wide piece of bark down to the first cut.

(b) Characters

(i) Sound – first cut may make a hissing sound as air enters vessels (but not reliable because of variation with season/tree condition etc.)

(ii) Smell – e.g. camphor, manure, fresh peas, acrid, cyanide; may be immediate, may take time to develop; may only occur if slash has gone deep enough; often reliable (note link to phytochemistry)

(iii) Taste – e.g. bitter or sweat, but be careful (e.g. West African sas wood is very poisonous)

(iv) Touch – e.g. “hard slash” (cutless bounces off), or “soft slash” (a deep easy cut); physical characters of slashed strip, e.g. fibrous (remains attached); brittle (breaks up); “cohesive”; “compact”); physical characters of exudate from cut surface (quantity, watery, sticky – but again note link to season/tree condition etc.)

(v) Sight – appearance of outer bark, middle, bark, inner bark and sapwood.  Colour of each layer (and whether uniform or mottled).  If outerbark is thin/peels off try scraping it to see if layer underneath is distinctive (e.g. green or red colour).  Colour of exudate.  Note time factor, does colour change over time with dehydration/oxidation following exposure (may be useful to make a new slash to compare colours with the old).

II.3.4.5 Poor state of formal information available

· For most of the world’s plant species there is no published information about their most useful (‘critical’) characters for field identification (that are absent/lost from preserved specimens), e.g.: the colour of flowers, fruits, seeds, shoots, leaves, buds etc.; the appearance of hairs and veins on a leaf; the folding of leaves in the bud; smells (e.g. of a crushed leaf); associated insects; tree form (crown, bole shape); bark and slash characters (e.g. the colour of any latex); the size and shape of the bulbs of certain herbs. 

· The situation in the UK is exceptional with a definitive scientific flora (Stace) and many well informed and well illustrated field guides (e.g. Rose)

II.3.5 Identification keys

· Keys to families are available but depend on floral characters

· Vegetative dichotomous keys, e.g. Rose & O’Reilly (2006)

· Issue of character constancy

· Polyclave and more sophisticated computer-based multiple-access keys

· Terminology and glossaries

II.3.5.1 Background

In the absence of detailed field-experience, or whilst your experience is building up and you are trying to develop familiarity with the important species’ characters a field key can be an invaluable tool.  This is simply a method of arranging the descriptive information in a field manual to make it most useful for recognition of the species identity of unknown individuals.  For the reasons cited above, a useful key will work with just vegetative features (it will not require you to have fertile material).

The best vegetative key for Britain that I know is that in Rose & O’Reilly's book called "The wild flower key”.  This requires you to decide which habitat you are in.  If you select the woodland key, you are then faced with a series of either/or questions.  By answering each in turn you are eventually lead to the name of one species.  Because of the likelihood of some error creeping into this process you should always then consult the full description of this species in order to check that your identification seems to be correct.

If you take an example of a leaf of Betula pendula (silver birch) the sequence of questions/answers is as follows: 1 5 7 8 9 10 13 15 17 20.  Or for Quercus petraea (sessile oak) it is 1, 5, 7, 8, 21, 22.  Note for birch you could easily score the leaf-shape wrongly.  Therefore, there is a critical need to check your answer against a description for that species.  The same principles would apply to using such a dichotomous key anywhere in the world.

In fact, with the increasing availability of cheap portable computers, in the future you may find that identification is made even easier than this by the use of computer-based so-called POLYCLAVE keys.  These contain the information for every character for every species, so you can work through the key choosing whichever sequence of characters is most appropriate for the plant that you are trying to identify.

Despite the existence of these vegetative keys you will not become very successful at plant identification unless you are familiar with the terminology for all the vegetative parts of plants and also the structure of flowers and all the terminology that goes with it.

II.3.5.2 Types of key

II.3.5.2.1
Polyclave key:

Score all species x characters combinations in a table
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Punched cards used to be used.  Now it is much easier with a computer database.

Positive points: the user can specify which character to use and can go straight to key its distinct characters, i.e. there is complete user control.

Negative points: previously there was no chance for the designer to direct the user to the best questions/characters for that particular taxon.  The user could, unknowingly, pick a completely atypical/unreliable character on the particular specimen that they want to identify.  However, more modern and sophisticated computer-based polyclave keys (e.g. see Newman et al. CD) do allow the designer to direct the user to the best questions/characters at each stage of the keying process (see photocopies of pages from this CD).

II.3.5.2.2
Dichotomous keys (illustrate these as a bifurcating tree/root diagram)

Positive points: there is complete control by the designer of which characters are used to separate which taxa.  The designer can direct the user to the characters/questions that are most reliable at that stage of the identification.

Negative points: there is no user control; the user has to work through the full set of questions even if there is a very obvious and reliable character on their specimen.

II.3.5.3 How to set up dichotomous keys

II.3.5.3.1 Character scoring – ideally would fill out a full species x character table (as for polyclave key) – but making it clear which species x character combinations are unreliable/unscorable.  But you may be able to save time, but being more selective in which characters you need for each species at an early stage.

II.3.5.3.2 Choice of which questions to go where:

(a) start with questions that are easy to score one way or the other (e.g. leave questions where information may be patchy near to the end (e.g. slash characters).

(b) start with characters that are constant for the most species.

(c) try to minimise the number of questions that the user needs to answer to identify their specimen by getting each question to split the species evenly into groups of approximately equal size, e.g. for eight species, the maximum number of questions that you need to answer to identify a specimen could vary from seven to three depending on the design of the key (for a strictly dichotomous key the total number of questions in the key will always be one less than the number of species).

(d) or, if there are a group of species that are very variable for some questions that you need to use in the key, try to put an earlier question that splits them off as a group so that the problematic questions are not applied to them.
II.3.5.3.3 Useful deviations from a strict simple dichotomous structure

Note from Rose that:

(a) in places you can have more than two answers to a question (i.e. it does not need to be strictly dichotomous.

(b) sometimes you have to use characters early in the key that can be ambiguous for some species, you can get round this by having more than one path through the key leading to the same species.

(c) questions near the end of the key can/should refer to several different characters for increased precision.

(d) specify all answers clearly, don’t use “not as above”

II.3.6 Case study: work and needs in biodiversity identification with reference to Mount Cameroon

In the experience of the Mount Cameroon Project, the conventional taxonomic approach of sporadic collections of fertile specimens by a small number of trained experts, tends to miss a great number of species (either because they are infertile or inaccessible due to size) and gives little indication of the distribution status of the individual species, i.e. whether abundant or rare. Collection of specimens, while very important, should not preclude the field identification and rapid estimation of population status of a broad range of uncollected species.

Recognition that biodiversity inventory must progress more rapidly (Reid et al., 1993) prompted the launch of a parataxonomy programme in Costa Rica and the idea is now also being applied in other species-rich tropical countries.  Parataxonomy extends technical plant identification expertise beyond the traditional plant taxonomist but, like orthodox taxonomy, is conducted by a cadre of specially trained individuals.  In this sense, and in placing more emphasis on inventory than on monitoring and not centring activity on species as resources, it is not strongly participatory.

There is a great need to ensure that all stakeholders involved in biodiversity conservation and management share a common framework for the identification of biodiversity and have a firm basis for agreeing on management plans. Identification of resources/species is fundamental in biodiversity assessment and is an area where local people’s knowledge is of particular importance.  The compilation edited by Carter (1996) underlines how well local and professional people can work together on securing the future for resources and the ecosystems containing them. To do this, a major need is to bridge the gap between formal taxonomic and ethnotaxonomic systems and draw indigenous knowledge into identification practices. Stakeholders involved in biodiversity conservation and management need a common framework for the identification of biodiversity and the same firm basis for agreeing on management plans. Identification of resources/species is fundamental in biodiversity assessment and is an area where local people’s knowledge is of particular importance. However, there has often been a difficult interface between the names given to plants by local people and formal botanical names. The criteria used by local people and formal taxonomists to identify and name plants may often be quite different.

To achieve effective participatory resource recording and inventory, account must be taken of established ethnotaxonomic practices.  It is important to combine the rich indigenous knowledge of local resources with the rigour of formal taxonomy. With local people, identification/recognition tools need to be devised which are based on visual and descriptive images reflecting the diversity of spot characters (e.g. appearance, smell, taste, feel) used by local people. This will enable the effectiveness and constancy of the tools to be assessed across a number of communities. Such tools would support both resource monitoring (recognition of mature and young individual plants) and resource re-invigoration (fruits, seeds, other propagation materials). Such work would be innovative, will expose generic principles for participatory resource evaluation procedure, and will add a new dimension to field keys through the focus placed on the local resource-using community and in adopting identification protocols informed by indigenous knowledge.  A specific research need is to determine if local people’s assumptions about related species are phylogenetically close or not.  If not, this would suggest that conventional within- family, within-genus keys have no role at village level.  Where more than one form is recognised and is not reflected in conventional taxonomic literature, this might arise from, for example, infraspecific variation, inherent features such as dioecy or circumscription based on utility rather than morphology.

When field guides to plant identification have been produced in the past, emphasis has been on recognition of mature individuals and strongly influenced either by conventional herbarium botany or by field procedures applied in forestry practice to a restricted spectrum of timber trees. Perceived users of field guides have been forestry staff or field biologists. While field identification aids for mature trees (e.g. Burtt, 1939; Dawkins, 1951; Keay et al., 1960; Hopkins & Stanfield, 1966; Chaffey, 1980; Balasubramanyan et al., 1985; Polak, 1992; Hawthorne, 1990) and agricultural weeds (e.g. Moody et al., 1984; Terry & Michieka, 1987) in many tropical areas have been produced, as well as occasionally for tree seedlings (e.g. Duke, 1965; Balasubramanyan & Swarupanandan, 1986), none has been designed primarily with use by local people in mind. The TROPENBOS document on timber trees of Guyana (Polak, 1992) and the FAO East Africa weed guide (Terry & Michieka, 1987) are generally considered by botanists to be well designed – uncluttered, clearly illustrated, easy to use. It is not clear if this appeal extends to other potential users: the value of different forms of imagery to different user groups may vary.

There has often been a difficult interface between the names given to plants by local people and formal botanical names.  The criteria used by local people and formal taxonomists to identify and name plants may often be quite different.  The considerable current work on the development of improved tools for field identification of plant species driven by formal taxonomists results in the creation of sophisticated technical keys, often relying on the availability of high quality fertile specimens.  There has been insufficient attention to the problem that local people and workers are often unable to use these, and that material of an adequate quality is often unavailable.  Practical biodiversity conservation work requires new forms of identification tools which are developed for specific areas and are designed to be flexible in terms of the user and the state of the plant.  In the development of such identification tools it is critical that the knowledge and needs of the full range of users are correctly addressed in the form, design and content.  Local people, parataxonomists, local forest staff and other users of field identification tools are often of cultural and educational backgrounds different from that of the designer making it necessary for draft versions of the tools to be field tested with the participation of the full range of users.  In the past, this stage has often been neglected and the utility of the tool has suffered.  Beyond this, once the final version of a field identification tool is produced and copies are sent to the target country, there has rarely been consideration of formal procedures to train users in its use.  Better procedures are needed building on the progress of INBIO in Costa Rica and experience gained in other fields, e.g. the seedling recognition cards used in agricultural extension.
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II.3.7 Purposes of biodiversity assessment
II.3.7.1 Species of resource or conservation value
Conservation value: “rarity”/”vulnerability”, but these concepts can have very different spatial components, e.g. local rarity (as detected by a site-level or regional forest inventory) versus wider-scale geographical distribution (how widespread or confined to a specific region, e.g. as indicated by the collection locations of all of the species’ herbarium specimens and formalised in the descriptions in floras etc.  The “star rating” system developed in West Africa by Will Hawthorne (see, e.g. Hawthorne, W.D. & M. Abu Juam. 1995. Forest Protection in Ghana (with particular reference to vegetation and plant species). IUCN, Gland, Switzerland and Cambridge, U.K. and the subsequent Ecosyn project (http://www.dow.wau.nl/ecosyn/) are a means of combining the two to give an overall conservation value rating, which can then be used (by combining the scores for all species present (using rather arbitrary weightings)) to give a comparative assessment of the overall conservation area of different patches of habitat.  To quote Will Hawthorne: “I have an ongoing interest in the development and implementation of objective but rapid means of assessing Bioquality, a term for emphasising the critical or globally important aspects of the plant life in a region rather than numbers of species per se. This has involved developing Rapid Botanic Surveys (RBS), and Star ratings for species with interlinked Genetic Heat Indices for plant communities.”
II.3.7.2 Species of “indicator value”
From a theoretical perspective these might be expected to be those with a ‘narrow’ rather than ‘broad’ niche.
Note the use of indicator taxa (usually but not always species) for biodiversity by conservationists, especially birds (e.g. Birdlife International), but what evidence? – see the critique in Lindenmayer and Franklin (2002), pp. 51-53, and “Indicators” section in reference list.

Also the role of higher taxa as a surrogate for species richness (e.g. two papers by Balmford et al.).

Taxa as indicators of site conditions, e.g. “Ellenberg Indicator Values” and “Ecological Site Classification” (the former modified for UK available from CEH web-site (Hill et al. 1999, 2000); the latter (Ray 2001) from the Forest Research web-site).  However, note that these values just give a single mean value per species whereas the variance around that mean will vary hugely between species (those with ‘broad’ and ‘narrow’ niche dimensions).  The Ecological Site Classification has been carefully developed for UK forests/woodlands to focus on the very few species that have a very narrow range for the environmental variable they are used for.  But (a) their response may still be influenced by interaction between variables and (b) how reliable is this from a more fundamental theoretical perspective?  From your knowledge of theoretical ecology note the relevance of the fundamental niche versus realized niche concepts.  E.g. from Ellenberg (#3.5) acidity and moisture for oak and beech.  The ‘realised niche’ of a species depends on the ecology of the species that it co-exists with, just as much as it does on its own ecological characteristics (its ‘fundamental niche’).
Note that species distribution/occurrence is not just determined by limiting environmental factors and competition, but also by dispersal.  Most of the vulnerable (high conservation priority) woodland species are those which are most strictly dependent on woodland habitats and are the poorest dispersed, i.e. they are the least ‘resilient’ (refer back to sections 3.2, 3.3 and 4.2).  In fact, most species cannot reach every potentially suitable site, the environment is constantly changing.  How long does it take them to catch up? This is a question of profound importance in predicting impacts to climate change. Thus the distribution of every species may be heavily influenced by history as well as by current environment, e.g. ancient woodland indicator species (a concept subject to criticism, but at least they have a rationale, see Wulf (1997) and the recent review of Goldberg et al. (2007)).
II.3.7.3 Aggregate biodiversity – community composition and structure

Use and abuse of species lists; species x sites; vegetation ordination and classification, use in site classification 

Ordination versus classification. Ordination allows you to decide which entities to group, whereas classification constrains that to a greater extent (though you can choose which level to take the classification down to).
DRAW CLASSIFICATION AND ORDINATION (‘bi-plot’) diagrams.

In general ordination is more objective, visual, and demonstrates similarity.  Whereas classification accentuates even small differences.

Note the importance of the figure of the percentage of the variance explained by each axis (or ‘component’).  It is on this basis that you can subjectively decide how many axes to consider.
On an ordination diagram you can show the distribution of plots, or of species, or of both together.

 “Cluster analysis” is essentially just another term for methods of classification, but it is often illustrated on an ordination diagram.

Note that these methods are general and are not limited to species x plots matrices.  E.g. you can also use ordination to test for relationships between species and character traits (e.g. Easdale et al. papers introduced in DXX4504).
The National Vegetation Classification – a critique:

This should be a useful way of summarising complex multivariate data, but:

(i) it puts nature into boxes, ignoring the variation within each (e.g. the vegetation of a site may, in reality, be 51% similar to one NVC defined community and 49% similar to another).  The NVC approach would lead it to be classified into the former, whereas (in reality) it is clearly intermediate.  The NVC makes you pretent that habitats that are genuinely “transition” do not exist.  

(ii) how justifiable is its methodology of subjective placement of sample plots in “typical” vegetation of the habitat (rather than a more objective sampling regime)

(iii) it focuses much effort on the quantification of species in ground and field layer vegetation, rather than the shrubs and trees – why?
(iv) it negates the roles of realised niche, site heterogeneity and past management.  How is the ground level vegetation influenced by stand dominance and structure of the forest, rather than just by climate and soils?  Rackham (2003), chapter 31, shows the importance of forest history and its neglected role in influencing plant community composition.
(v) these NVC boxes become management objectives in themselves, defining what kind of community are you trying to restore.

Aggregate biodiversity, community types used to define habitat types, e.g. used for the “Habitat Action Plan” process in UK.  This has designated six priority woodland HAP types, but most forest ecologists (e.g. Kate Hill, Woodland Advisor, SNH) did not think this is useful, i.e. that it is useful to have separate conservation targets for each.  We need to avoid this kind of “management by numbers” to try and achieve a certain habitat type at a given site.  Even experts can’t agree if a given site is an upland birchwood, a native pinewood or an upland oakwood.  It does not matter how we (arbitrarily) classify the native woodlands occurring in the country, instead what matters is that woodlands in general are being restored and expanded with site native or other appropriate speices, and their condition is being maintained or approved.  Therefore it has been proposed to remove the classification and have just one lowland and one upland Habitat Action Plan for UK woodlands.  Other proposals are to have a single woodland HAP, within which you may have certain priorities, such as minimum targets for area and distribution of, e.g. wet woodlands.  We are floundering!

II.3.7.4
Methods

There are many different published methods for rapid biodiversity inventory, but only a few studies set out to systematically compare the methods (as we do in field practical 1).  The most relevant study is probably Gordon and Newton (2006).  The introduction to this paper provides a very useful review of the other literature relevant to this issue.

Software for classification tailored for specific UK NVC is “Match”.  But note the diversity of software that enables a much broader range of analyses, e.g. Principal Components Analysis, Principle Coordinates Analaysis, Detrended Correspondence Analysis, Nonmetric Multidimensional Scaling (all forms of ordination), and TWINSPAN (classification).  Perhaps the simplist package to use is PC-ord.  CANOCO is a package that allows you to relate environmental variables to the differences between plots in species composition.  It is a bit harder to use, but the new version that we have recently required is much improved.  Most of these analyses are available from more general packages such as SPSS, or better SAS or Genstat, but can easily go wrong.  The world is rapidly migrating towards the open-access software “R” and you should follow! – it is a challenge but is greatly facilitated by the front-end packages now available such as “Biodiversity-R” (Kindt and Coe, 2005) and “Vegan-R”.
Kindt and Coe (2005) is a valuable guide to many of these issues, e.g. in Chapter 5 they show how to test differences in diversity between sites (using Rényi profiles etc.), in Chapter 9 they cover classification/clustering, and in chapter 10 ordination.

Assuming that you have a three dimensional matrix (sites x species x environmental variables) CANOCO allows you to investigate the relationship between all three by Canonical Correspondence Analysis (CCA).  The usual visual output of this shows the environmental variables as vectors on the species x sites ordination. ILLUSTRATE CCA BY ADDITION OF VECTORS TO EARLIER ORDINATION DIAGRAM.

While CCA has become widely established as a technique it has serious limitations.  Some ecologists now advocate largely replacing it with the use of non-parametric “Classification and Regression Tree” (CART) methods that divide your plots successively into groups on the basis of which environmental variables best explains the remaining variation in species composition.  Each step in the classification is based not just on the species x plots matrix, but on which threshold in which environmental variable best splits the plots in terms of differences in their species composition.

But there is much theoretical debate about the pros and cons of this CART method.  Essentially, like all forms of classification it assumes a threshold (rather than continuous) structure to variation in the data and is thus, usually, artificial.

Therefore, a theoretically preferred approach to CCA or CART is now to carry out a second ordination on sites x environmental variables, in addition to the first one on sites x species.  You can then carry out a ‘procrustes rotation’ of one ordination until it produces the best fit with the other one (the ‘procrustes superimposition’, which you can show fairly clearly to illustrate which set of environmental variables (those linked to axes 1 and 2) are associated with which species communities).

Cutting across all of these analyses mentioned in #5.7 is the issue of whether they can adequately be carried out quickly to record data of species presence and absence (species lists – field practical 1), or how much their power is increased by having data of species abundance (which requires much more time-consuming sampling – field practical 2).  Consider how many different factors can cause a species to be absent (other than just its intolerance of the site environment) – so how much should we rely on this to characterise a site?  Species that are present may still be very rare and confined to certain microsites, with environments that are atypical of most of the site as a whole.

In general it is very valuable to have information on the abundance of each species rather than just its presence/absence (see Gotelli & Colwell 2001; Balmer 2002; Chao et al. 2005).  Tests for difference just based on species lists (e.g. Jacard test) are very weak.  Most of the methods described here (e.g. of classification and ordination can also be carried out (more powerfully) with abundance data, rather than just presence/absence. 
· Note that ordination can be a useful means of synthesising complex multivariate data: sometimes you can use the axis scores as variables in other analyses.
· You can use these same ordination methods (e.g. PCA or NMDS) with any other matrix data, e.g. “species x traits” data rather than “species x plots” data.

II.3.8
The spatial context, species area curves, alpha, beta and gamma diversity


II.3.8.1 Theory and definitions



Key point is that the larger the area that you sample, or the more individuals that you sample, the more species you will record, simply as a matter of probability.

So if comparing two different areas, to avoid this being a source of bias you should make the area sampled the same in both?  Or should that be the number of individuals sampled?  There is no answer to that.

But this is not always possible, and it still might mean that you miss out on important information if the important difference between the two areas is in the shape of their species accumulation curves.

So, people increasingly say that if you only sample the number of species in a fixed area then that should be termed “species density” and it should only be called “species richness” if you actually collect enough data to estimate the total number of species present in the community independent of the sample area.

There are a range of computational techniques that do allow you to do this.  They are referred to in the handout for the first module practical.  The main technique is called “rarefaction” and the computer will calculate a whole family of curves of the cumulative species total in your sample plots added together in many different random permutations.  You might even calculate 1000 curves.  You can then plot them as an envelope and show the mean curve for each site etc.  

Then you can compare two sites looking at how their number of species differs for different areas of habitat.
But as you move further away, you are

more likely to move into a different

environment (new habitat).




Alpha diversity – diversity within a homogeneous habitat

Beta diversity – differentiation diversity between habitats

Gamma diversity – diversity of a larger area (landscape or island) composed of a number of different habitats

Epsilon diversity – diversity of a larger biogeographical area composed of a number of different landscapes

Explaining species richness is explaining the survival of rare species.

Rarity consists either of (1) clumped or (2) highly dispersed species.

(1) contribute to high beta diversity and (2i) to high alpha diversity.

(1) may be (1.1) species with specialist habitat requirements or (1.2) may not be habitat linked but, instead indicate low dispersal/shifting clouds of abundance (ref. Grubb paper).

1.1 may indicate (1.1.1) fundamental niche (competitively successful in particular conditions) or (1.1.2) realised niche (competitively excluded by abundant species elsewhere, but tolerant of adverse conditions in their patches).

1.2  - note in general that the relative abundance of species in a community (and their spatial distribution) is very unlikely to be constant over time.  Whilst some species will have a fairly constant abundance and distribution, most others are constantly experiencing local (or more widespread) increases and decreases in their population size due to changes in climate or other environmental factors, the effects of pests and pathogens, or other more stochastic factors.  For examples of  “shifting clouds of abundance” note Dipterocarp and breckland results; explanations are poor dispersal/chance/low capacity for self-replacement (e.g. due to pathogens).

For 1.2- and 2.-species the key is to explain why these are not competitively excluded by abundant (better adapted) more competitive species.  Note that plants don’t move, nearest-neighbour competition between 2.-species is very rare.  I.e. the key is not so much the ecology of the rare species but that of the abundant ones – why do they leave gaps that rare species can occupy; why do they not reach the abundance of Picea abies in the tundra?  Note that limitations to individual species’ abundance in species-rich forests could just be density dependent selection (mediated by specific herbivores and pathogens or more general mechanisms).

II.3.8.2 What is “species diversity”?
Or what else can you do if you measure the abundance of each species?

•
Species diversity indices: for better or for worse?

•
Concepts of “species richness” and “species evenness”

•
The species “rank-abundance” curve


[image: image1]
(Source Nature.com)
•
Simpson and Shannon species diversity indices depend on different properties but who can agree on which index is more appropriate for which purposes? – see Magurran book in section longer reference list

•
Therefore may be better to separate ‘richness’ and ‘evenness’ or report results as species rank abundance curve (above)

•
And if you have information on the phylogenetic status of each species?

•
Increasing interest in reporting ‘disparity’ (phylogenetic distance) as a third measure of ‘biodiversity’

Simpson’s diversity index: based on “the probability of any two individuals drawn at random from an infinitely large community belonging to different species”.  This is influenced by the species richness and evenness of the community, but its value is weighted towards the abundances of the commonest species (i.e. “dominance”) and is less influenced by species richness.

Shannon diversity index: this is based on “information statistic” theory: relating to the proportion of individuals found in every species in the community using a log scale.  Its value is more influenced by species richness and the abundance of the rarer species.

See Magurran (2004) for a simple explanation of these.
II.3.8.3 Practical implications

· Because it is a curve, not a straight line, comparing species richness between habitats where a different area has been sampled in each will be misleading.

· Even if the area sampled is the same in each, simple comparisons using one fixed area may be misleading because the habitats’ species area curves may have different gradients (even if they plateau at the same richness value): so using a different fixed area would give you a different result.

· Therefore, rather than just lumping sample plot data to give an overall value of species richness for a habitat, it is far better to keep it disaggregated and use it to plot a species area curve.

· One of the main causes of variation in species area curves is variation in the size/density of individuals between habitats.  To control for this people often plot a species accumulation curve against number of individuals sampled rather than against area.  I.e. area is not always the most appropriate “independent” (x-axis) variable against which to assess the pattern of species richness.  Instead you might, for instance want to plot the increase in species number (y-) against the number of individual organisms sampled (x-axis).  To describe the generality of such graphs that can be plotted the term “species accumulation curve” is used.
· Another potential source of error is that the shape of your curve may vary greatly depending on the sequence in which you add your sample plots along the x-axis.  To overcome this, modern software packages allow you to use “rarefaction” to draw a large number of different curves each one based on adding your sample plots in a different random sequence.  From this “family” of curves you can identify the mean curve as well as the total “envelope” within which they lie.  But note that to provide the data for this analysis, in the field you must record the full species list of each sample plot (not just the new species that you had not recorded in any previous plot.
· Note that as attention in forest habitats has moved towards assessment of status of species (rather than just the next crop of timber) this has lead to an increased wish to assess species richness (and accumulation) across all size classes (not just for large trees).  This has created a major new need to be able to identify plants at all stages of their life cycle.
· Reference: Magurran (2004), chapter 6.
II.3.9 Participatory biodiversity assessment: inventory, evaluation, monitoring
· e.g. Broader participation issues, e.g. the participation versus rapidity problem (contrast rapid expert appraisal (e.g. gap analysis) that has been carried out by Conservation International with the many years involved at local level in bottom-up participatory projects (e.g. on Mount Cameroon)).

Carter, J. (ed.); Wong, J.E.G. et al. – on module reference list – and http://www.etfrn.org/etfrn/workshop/biodiversity/index.html which includes:

Wong, J.L.G., Healey, J.R. & Phillips, O.L. (2002).  Incorporating values into biodiversity assessment and monitoring – an introduction to some current issues.  In Lawrence, A. (ed.), proceedings of the International Workshop “Participatory Monitoring and Evaluation of Biodiversity”, European Tropical Forest Research Network and Environmental Change Unit, University of Oxford, 7 – 25 January 2002.

Wong, J., Ambrose-Oji, B., Hall, J., Healey, J., Kenfack, D., Lawrence, A., Lysinge, R. & Ndam, N. (2002). Generating an index of local biodiversity value.  In Lawrence, A. (ed.), ibid.

Wong J., Ambrose-Oji, B., Lawrence, A., Lysinge, R. & Healey, J. (2002). Ranks, counts and scores as a means of quantifying local biodiversity values.  In Lawrence, A. (ed.), ibid.
Wong, J. , Lysinge, R., Kenfack, D., Healey, J. & Hall, J. (2002). Naming and recognition of species in participatory biodiversity inventory.  In Lawrence, A. (ed.), ibid.

Ambrose-Oji, B., Lawrence, A., Wong, J., Lysinge, R., Fraser, P., Hall, J., O’Connor, H. & Healey, J. (2002).  Obtaining local values for biodiversity: protocols used by the ERP Mount Cameroon Project.  In Lawrence, A. (ed.), ibid.
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