
Introduction

“Habitat structure, by definition, is an integral part of

every ecological study” (McCoy and Bell 1991), and in

most terrestrial systems, much of this structure is made up

of plant tissue, both living and dead. Indeed, in many stud-

ies which take above-ground vegetation structure (or ar-

chitecture, which is the term used hereafter, to distinguish

from a structure that is a part of a plant) into account, it

has been shown to strongly influence the associated com-

munity fauna, particularly those components which lo-

cally move along all three spatial dimensions, e.g., arbo-

real mammals (e.g., Bright and Morris 1990), birds (e.g.,

MacArthur and MacArthur 1961, Sabo 1980) and non-

epigeal arthropods (e.g., Murdoch et al. 1972, Southwood

et al. 1979, Scheidler 1990, Denno and Roderick 1991,

Dennis et al. 1995, Halaj et al. 2000). The mechanical im-

portance of plant tissue is clear; the provision of potential

locations where an individual can go about its business.

For terrestrial arthropods (with which the authors of this

paper are most concerned) this includes places to rest,

bask, shelter, moult, pupate, drink, wait in ambush, con-

sume food, hide from predators, lek, and reproduce. Fur-

thermore, the physical properties of a plant interact with

the environment to create variable micro-climatic condi-

tions (Rosenberg 1974), which may be differentially fa-

vourable to different species (e.g., Gilbert 1985). Thus,

where explanations for arthropod community patterns are

sought, the inclusion of some sort of account of vegetation

architecture may well be essential.

Quantification of habitat architecture, however, is not

straightforward. Any object which occupies space does so

in three dimensions, and if a single quantity is used to de-

scribe such occupancy, a degree of distortion must surely

be involved. In addition, the morphology of vegetation is

fractal (Morse et al. 1985, Frontier 1987) which means as

well as such measurements being slow and laborious to

make (e.g., see Williamson and Lawton 1991) the result-

ing quantities are dependent upon the resolution (or grain)

used to take them (Richardson 1960). In addition, plants

exhibit a variety of growth forms (Raunkiaer 1934), e.g.,

prostrate, erect, and may possess a number of different

types of structure (e.g., leaf, stem, seed; the categorizing

��������� �����	� ����� ��	
�� ��
�������������	�� 
 ������� ����� �������

The quantification of habitat architecture for explanations of
arthropod assemblage patterns: a comparison of two methods

C. Moffatt
1
, S. McNeill

2
and A. J. Morton

2

�
Corresponding author. Department of Environmental Management, University of Central Lancashire,

Preston, PR1 2HE, UK. Email: cmoffatt@uclan.ac.uk; Phone: +44 (0)1772 201201, Fax: +44 (0)1772 892926
�

Department of Biological Sciences, Imperial College London, Silwood Park Campus, Ascot, Berkshire,

SL5 7PY, U.K.

Keywords: Architectural complexity, Drop disc, Fisher’s alpha, Habitat structure, Insect community, Point quadrat,
Williams’ alpha.

Abstract: A drop disc, originally conceived as a quick and easy method of measuring vegetation height, was compared
to the more labour-intensive point quadrat pins in terms of usefulness in quantifying the vertical architecture of field-
layer vegetation at a number of broadleaved woodland sites in Buckinghamshire, UK. The drop disc produced measures
of height which correlated strongly with those of the point quadrat, as well as a potentially useful value corresponding
to ‘volume of vegetation’, and it is suggested that this technique was relatively more efficient at producing useful data.
A number of measures of architectural complexity showed considerable variation in how they ranked sites based upon
both real and contrived data. One of these, Fisher’s (or Williams’) alpha, is shown to be unsuitable for this application.
Based upon the weak and non-significant correlations of derived statistics, the practical difficulties in measuring archi-
tecture and unfounded assumptions that regard all arthropod species en masse, it is reasoned that explanations of com-
munity patterns with respect to architecture must be treated with caution.



of which may be subjective), which are likely to be differ-

entially preferable to different individuals, and depending

upon the nature of the study, it may also be necessary to

record the plant species. The potential complications for

a method of quantification to overcome are numerous.

It may be the case that the difficulty of quantifying an

ecological property is proportional to the number of dif-

ferent methods proposed to do it. Within the literature,

there is a nebulous multitude of terms and variables con-

ceived to describe habitat architecture (McCoy and Bell

1991); many authors have used unique category-variables

necessitating some subjective appraisal (e.g., Southwood

et al. 1979), while a great many others use a confusingly

large number of quantity variables (e.g., Sabo 1980).

Such non-uniformity makes structural data difficult to

compare across studies, and has perhaps hindered the

identification of universal ecological patterns.

McCoy and Bell (1991) suggested a conceptual model

with the intention of better defining habitat architecture

(they call it structure), improving comprehensibility, and

so reduce confusion. They propose that habitat architec-

ture is comprised of three components; heterogeneity,

complexity and scale. Heterogeneity is given as variation

in the relative abundance of different structure types (leaf,

stem, etc.), complexity as the absolute abundance of these

types, and scale as the order of magnitude in which the

other two components are set, concordant with the fractal

nature of habitat architecture. These three components are

given as being perpendicular to each other; the x, y and z

axes of a three dimensional plot. Unfortunately, McCoy

and Bell do not accurately define these terms with refer-

ence to real situations, and make no recommendations for

how data relating to these components are to be extracted

from a site. Thus, many theoretical and practical difficul-

ties remain. Nevertheless, their model would appear to

have some merit, and in the absence of a reasonable alter-

native, it is used in this study as a reference, in relation to

which, quantities given herein can be framed.

Given the practical and theoretical difficulties in

quantifying architecture, it is clear that all methods used

to attempt it can only be, at best, approximations. Two

such methods, the point quadrat and the drop disc, were

compared in this study.

The point quadrat was chosen for inclusion because it

is popular (e.g., Murdoch et al. 1972, Wiens 1974, South-

wood et al. 1979, Diaz Narradas et al. 2001). It is a (usu-

ally) vertical pin divided into height classes. The number

of plant structures touching the pin in each height class is

recorded, with the option of distinguishing these touches

by structure (e.g., leaf, flower, etc.) and/or plant species.

Pins can be sampled as part of a regular grid, along linear

transects or entirely randomly. A variety of quantities can

be generated from the data including those equivalent to

heterogeneity (proportions of types of different structure),

complexity (pattern of structure abundance across height

classes) and scale (size and number of height classes), and

so meet McCoy and Bell’s criteria for a good description.

The drop disc is simply a uniform circle of material of

known size and weight (no standard protocol is known to

exist), which is dropped onto vegetation (normally over a

rule which passes through a central hole in the disc) to

produce a value representing height; the distance from the

ground where the drop disc comes to rest. This relatively

new method has been shown to compare favourably with

other techniques when used for measuring the height of

grass swards (Stewart et al. 2001), and has been used to

measure vegetation height in heathland (Bokdam and

Maurits Gleichman 2000).

On the face of it, the drop disc may not seem such a

promising technique for quantifying the architecture of

woodland field-layer vegetation. However, since the drop

disc roughly ‘averages out’ the mechanical strength of the

structures supporting it (so long as the disc is heavy

enough in relation to tissue strength), a course measure of

architecture (structural complexity by McCoy and Bell’s

definition) may be produced if, i) the mechanical proper-

ties are relatively constant when averaged over the scale

of the drop disc, ii) the pattern of vertical distribution of

structures (McCoy and Bell’s [vertical] heterogeneity) is

constant. This would also rely on the size of the drop disc

being appropriate for the scale of the measurement made

by the point quadrat. Of course, these are all considerable

assumptions, but given the difficulties and resulting inex-

actness of architecture quantification, it is worth pursuing,

particularly if some illumination of quantification in gen-

eral results from the process.

In this paper, the use of a drop disc is compared to the

point quadrat method, for quantifying architectural prop-

erties of the field-layer of woodlands. In addition, meas-

ures of architectural heterogeneity are examined using

both real and artificial data with the aim of establishing

how similar they behave to different patterns of data.

Materials and methods

The field-layers of three ancient woodland and eight

secondary plantation sites in Buckinghamshire, UK, were

sampled in July, 2001. Four of the plantations had been

botanically ‘enhanced’ by the deliberate introduction of

plants typical of a mature woodland field layer. 300 point

quadrat pins were sampled at each site, except at two sites
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where stratified sampling was carried out; 400 samples at

each (200:200 and 250:150). At each of the three ancient

woodlands, sampling was carried out in two discrete habi-

tats; woodland edge – alongside paths and in open areas,

and woodland core – under closed canopy, at least several

metres removed from an edge.

All three woodlands were predominantly NVC W8

Fraxinus excelsior – Acer campestre – Mercurialis per-

ennis communities (Rodwell 1991) with similar species

found also at the wood edges, though here with a greater

proportion of taller plants, such as Anthriscus sylvestris

and Epilobium hirsutum. Plantations showed more vari-

ation in terms of field-layer height, density and species,

but with many of the woodland species present, especially

in the botanically enhanced plantations.

Each point quadrat pin was positioned randomly,

whereupon the number of plant structures touching the

pin in each 5 cm height class up to 1.5 m (total of 30 height

classes) was recorded. Each discrete structure only

counted once per pin, at it highest touch. 1.5 m was cho-

sen for practical reasons, but was high enough such that,

in practice, very few measurements were excluded. With

two field-workers, each site took between three and seven

hours to sample in this way. Data entry was slow and me-

ticulous even using a specially written computer pro-

gramme to read the data.

The drop disc was a 300 mm diameter hardboard disc

weighing 200 g lowered from a height of 1.5 m, then

dropped from a height of 1 m over a wooden rule. Forty

drop disc measurements were made at all sites, though at

the sites where stratified sampling took place this was di-

vided in the same proportions as for the point quadrat

(20:20 and 25:15). The drop disc sampling took a fraction

of the time and involved relatively quick and easy data

processing and analysis.

The data were used to produce a number of indices

and descriptive statistics; from the drop disc data, mean

(given in the results as ‘dd mean’), median (dd med) and

variance (s
�
��), and from the point quadrat data, weighted

mean height (pq mean),

(where h = midpoint of height class, and n = number of

touches in the ith height class), median height (pq med),

mean touches per pin (n/pin), touches per pin variance

(s
�
�����), and as measures of vertical architecture: Shan-

non-Wiener Index

(where p� is the proportion of touches that the ith height

class contributes to the total), Simpson’s Index

(p� derived in the same way as for Shannon-Wiener), Wil-

liams’ (or more properly Fisher’s) alpha

(where S� = number of height classes represented, and N

= number of touches. α is calculated using the maximum

likelihood method) and Chi-squared

(where f� = observed number of touches, and fe = ex-

pected number of touches for each of the 30 height classes

= n/30).

χ� was used to quantify how the abundance of struc-

tures changed through height classes (from ground level

to 1.5 m). It would perhaps be most sensible to call this

‘vertical heterogeneity’, but this would clash with McCoy

and Bell’s definition so instead can be termed ‘vertical ar-

chitecture distribution’. The ‘expected’ values were based

upon all height classes being equally represented (there-

fore expected value = total touches divided by 30 for each

class). Thus, χ� will be lowest (zero) when each height

class up to 1.5 m has the same number of structures. This

would seem to offer a greater number of micro-sites in

more locations, for arthropods to occupy. Conversely, the

most inauspicious pattern for arthropod abundance, as-

suming at least some vegetation structures, would pre-

sumably be when only one (most likely the lowest) height

class is represented. This would be at a high value of χ�

(since all 30 height classes up to 1.5 m will have an ex-

pected value). Therefore, χ� is negatively correlated with

architectural pattern.

Since the value of χ� is sensitive to the amount of data

used to produce it, one or more corrections can be made.

χ� can be divided by the total number of touches used to

produce it (χ�/tch), or it can be divided by the number of

pins used to produce it (χ�/pin). Both of these quantities

were used in the comparison.
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Using the more homogeneous sites, the Product Mo-

ment Correlation Coefficient was used to quantify the re-

lationship between the various architectural measures.

The measures of architectural pattern (H, D, α, and χ�)
were further investigated using several sets of contrived

data, and their response observed.

Results

Table 1 shows the Product Moment Correlation Coef-

ficient r, multiplied by 100 for convenience, for pairs of

measures derived from the data collected at the ten least

heterogeneous sites, which included all four areas sam-

pled through stratification. (A transformed variance s
�
�����

of 0.8 was used as the arbitrary cut-off point to exclude

the more heterogeneous sites; one woodland site and five

plantation sites, two of which were botanically en-

hanced). With such a large number of correlations, the

chance of Type I errors is, of course, increased. However,

due to the close relationship of the statistics derived, strict

employment of Bonferroni’s correction was considered

imprudent.

The drop disc (in terms of both mean and median,

though mean shows a stronger relationship; r = 0.83) ap-

pears to give an indication of vegetation height compara-

ble to that of the point quadrat mean, however, there is

variation in how each measure ranks the sites (Table 2).

The actual range of site dd means was 7.1 – 39.1 and pq

means 9.1 – 39.8. Correlation between median and mean

for the drop disc is stronger (r = 0.99) than the same cor-

relation for the point quadrat measures (r = 0.89). This

would seem to indicate that the point quadrat median is

less precise, supported by it ranking some of the sites

equally (Table 2), unlike the drop disc median.

The drop disc height measures correlate relatively

strongly with mean number of touches per pin (dd mean,

r = 0.82), i.e., the ‘amount of vegetation’. When this is

multiplied by the point quadrat mean height, the correla-

tion with drop disc height is very strong (dd mean, r =

0.94), reflecting the components which influence where

the drop disc comes to rest on the vegetation. The relation-

ship between mean number of touches per pin and point

quadrat height, however, is rather weaker (pq mean, r =

0.53).

The medians and means of both the drop disc and the

point quadrat correlate significantly with the indices of ar-

chitectural complexity H, D and (less strongly with) χ� /

tch (Table 1). However, α correlates significantly with

only point quadrat mean, and χ� / pin only with point

quadrat median. H , D and χ� / tch show stronger corre-

Table 1. Product Moment correlation coefficient r of measures of architecture (multiplied by 100). Significance levels: ***

p = 0.001, r = 0.90; ** p = 0.01, r = 0.79; * p = 0.05, r = 0.62; (d.f. = 8). See text, for explanation of abbreviations used.
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lations with each other than with eitherα or χ� / pin, these

two quantities being correlated (r = -0.65). It should be

noted that χ� values increase with lower structural com-

plexity, so negative correlations with other structural

measures are expected. In Table 2, reciprocals of χ� are

used so the direction of response is the same as for the

other indices.

The responses of measures of architectural complex-

ity to five artificial data sets, a to e, are shown in Table 3.

It can be seen that α responds in the same way to both b

and c, these data being similar in that they have the same

total n and occupy all ten classes. α then, does not distin-

guish pattern, only total number of constituents. H and D

behave very similarly to each other, though giving rather

different values. They each produce higher values for b

than c (distinguishing pattern), though they each give the

same values for data of the same proportional distribution,

but with different numbers contributing to those propor-

tions; the same values given for a and b, and also for d and

e. The uncorrected form, as well as the two corrected

forms of χ�, produce a value of zero when all classes are

equally represented. All three give different values for

data which is distributed in different proportions but has

the same overall total, as they do for b and c. χ�/ tch, like

H and D, does not distinguish between data of different

numbers but the same proportions, while conversely, χ�/
pin does, illustrated by the values for data sets d and e. A

considerable variation in the ranking of sites by these

measures of structural complexity is evident in Table 2.

The proposed measures of heterogeneity, s
�
�� and

s
�
����� show no relationship (Table 1; r = 0.04). However,

both are significantly correlated with point quadrat meas-

ures of height, most strongly dd mean (r = 0.82 and r =

0.70, respectively). This suggests that at sites where vege-

tation reaches a greater height, there is more variation in

height (always low vegetation present), and where vege-

tation is lower, there is less of it (dd mean correlates with

Table 2. Ranking of sites for a selection of architectural attributes. Each column represents a site.

Table 3. A comparison of measures of architectural com-

plexity. a to e are five artificial data sets, each of ten obser-

vations.
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/pin, r = 0.83) i.e., vegetation is low due to fewer struc-

tures rather than shorter structures. s
�
�� is also correlated

with those measures of architectural complexity that de-

scribe pattern without magnitude; H and D, but not χ�/ tch

(r = 0.70; 0.68; -0.50 respectively).

Figure 1 shows examples of height profile histograms

which can be produced from the point quadrat data when

tissue type is also recorded. Three categories of tissue

were recorded in this case; leaf, stem and reproductive.

Discussion

It appears that the point quadrat is compromised by

the relatively large (5cm) height classes, which reduces

the accuracy of both the mean, and to a greater extent, the

median. Therefore, while the distribution of structures is

highly unlikely to be normally distributed (see Figure 1),

point quadrat weighted mean height appears to be a more

useful relative measure than the median, though how the

values relate to ‘actual height’ is not known. The drop disc

theoretically has no restriction to resolution, though in

this study, measurements were made only to the nearest

0.5 cm, effecting height classes one tenth the size of those

of the point quadrat. There are no theoretical grounds to

prevent adopting smaller point quadrat classes, though

doing so would proportionately increase the amount of

time and effort required per pin sampled, making the tech-

nique more labour-intensive and therefore less practical.

Figure 1. Height profile histograms of

point quadrat data (for three sites identi-

fied by their ranking by pin /χ� in Table

2) illustrating a style of presentation as

well as variation in distributions. Stem,

leaf and reproductive structures are dis-

tinguished.
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Other sources of inaccuracy with the point quadrat,

though not addressed here, are in the disparity between

the diameter of the pin and a theoretically dimensionless

sample point (Goldsmith et al. 1986), and an overall ori-

entation of growth being assumed, normally vertical,

though some researchers have used an angled pin (e.g.,

Murdoch et al. 1972).

The height at which the drop disc comes to rest is de-

pendent upon the height of the vegetation, the number of

structures contributing to it, and their supporting proper-

ties. Therefore, the main assumption with the drop disc is

that these properties are constant across the site when av-

eraged over the area of the drop disc. The results of this

study suggest that this was the case for the sites included,

and if a single value were sought to represent ‘volume of

vegetation’, then the drop disc may be suitable.

The variation shown in the indices of architectural

complexity calls into question their reliability rather than

the drop disc’s approximation of this attribute. Fisher’s

(often referred to as Williams’) α was used here as it was

by Southwood et al. (1979) (who call it ‘spatial diversity’)

with height class and number of touches replacing num-

bers of species and individuals respectively. However, de-

spite resulting height profile plots (Fig. 1) showing a su-

perficial resemblance to a logarithmic series (if axes are

switched), they cannot be used in this way. This is be-

cause the order of height classes here is not relevant to the

calculation of α; in fact, the plot to which α relates is a

derived frequency plot (Fig 2). This explains why the val-

ues obtained for α (2.8 – 5.6 in this study, 5 for ‘spatial

diversity’ of Southwood et al. (1979)) are so low, whereas

when the logarithmic series is approximated, α will be

close to the frequency of the first (and largest) class

(Fisher et al. 1943). A non-logarithmic series is typical for

such data from a point quadrat since the sum of the fre-

quencies is limited to the number of height classes, and as

sample size increases, the likelihood of a single touch in

any class is reduced. Thus, with increasing sample size,

the log series becomes less likely (e.g., the distribution of

site 2 – Fig 2 – is significantly different to log-series; χ�

= 25.83, d.f. = 7, P< .001, categories combined so f > 3),

and α, therefore, should not be used to describe spatial

patterns of vegetation in this way.

Measures of diversity that are affected by evenness

are sensitive to changes in vertical distribution. The Shan-

non-Wiener and Simpson’s diversity indices would ap-

pear to have some merit, based upon this characteristic,

though they are unaffected by the absolute numbers

which make up each proportion within the height classes.

It seems fair to assume that having twice the number of

structures within the same height interval would provide

twice as many locations for an arthropod to go about its

business. Therefore, the insensitivity of H and D to abso-

lute numbers is a shortcoming which undermines their

usefulness. They may be used in conjunction with a meas-

ure of number of touches, but this adds complication.

Hurlbert (1971) recognised other limitations of such indi-

ces in relation to species diversity, in particular their in-

ability to produce an accurate linear hierarchy. In the dis-

tillation of multivariate data to a single value, potentially

gross distortion cannot be avoided.

Chi-squared is a versatile statistic which can be ap-

plied to architectural complexity by its definition used

here. When divided by the number of structures used to

produce it, it behaves, as expected, in a similar way to the

Shannon-Wiener and Simpson’s diversity indices, though
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Figure 2. Frequency plot of height classes against number of touches for site ranked 2 in Table 2. Shaded area represents the

expected distribution of the logarithmic series.
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in an opposite direction (which can be modified by use of

the reciprocal). Chi-squared divided by the number of

pins used to produce it results in a measure that is sensi-

tive to both pattern of height distribution, as well as the

absolute number of structures. As such, it is suggested

that chi-squared per pin is, theoretically, the most relevant

measure of vertical architectural complexity from point

quadrat data of those investigated here.

Whether the drop disc can be used as an alternative to

the point quadrat to quantify vegetation architecture is not

straightforward. It would seem to depend upon which

component of architecture is to be quantified, which in

turn would depend upon the nature and goals of the study

undertaken. Thus, to investigate whether an increase in

architectural complexity leads to an increase in arthropod

species richness demands an understanding of the mecha-

nism by which spatial arrangement exerts influence upon

these species. However, species have distinctive habitat

preferences, and of the relatively few arthropods whose

preferences are known, at least some have been shown to

have very particular requirements, e.g., the large blue but-

terfly Maculinea arion L. (Thomas 1980). In addition,

spatial scale must also be closely considered. Both the

point quadrat and the drop disc have a resolution in terms

of centimetres, and structures at smaller scales, such as

plant hairs (trichomes), are not taken into account, yet

these have been shown to effectively deter some insect

herbivores (Southwood 1986, Myers and Bazely 1991).

Therefore, changes in a particular aspect of architecture at

a given scale cannot be expected to have ‘wholesale’ con-

sequences for all arthropods in the assemblage.

In conclusion, it would seem that the influence of ar-

chitecture is multitudinous and difficult to quantify. The

drop disc is a ‘rough-and-ready’ piece of equipment,

which makes little progress in the sophisticated measure-

ment of architecture. However, given the limitations of

the data that can be extracted from a site using the point

quadrat, it is suggested that the drop disc is relatively

more efficient in terms of the quality of information per

unit sampling time. An important consideration is that

data produced from the drop disc or point quadrat, as well

as from other methods, should be recognised for what

they are. Researchers should be precise in defining ex-

actly what it is that they have measured, and they must be

careful in interpreting the data regarding the influence of

architecture over the animal community.
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