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a b s t r a c t

Effective monitoring of biodiversity for conservation requires information on spatial and temporal vari-
ation in species’ abundances. As conservation resources are limited, monitoring methods are required
that enable rapid and cost effective data collection. There are many traditional methods of estimating
absolute abundance, such as territory mapping and distance sampling. However, these typically require
more time, expertise and finances than are available across much of the globe. This is especially so in the
tropics, where high species richness, low densities of many species and structurally complex environ-
ments also make monitoring particularly challenging. The MacKinnon lists technique is a rapid assess-
ment methodology designed for use in species rich environments. This method is typically used to
estimate species richness, but it has also been suggested that it can generate consistent abundance indi-
ces, even when observer experience and environmental conditions vary. If this suggestion is correct, the
MacKinnon lists method could be used to assess spatial or temporal changes in abundance using diverse
survey data. Here, we provide the first detailed assessment of intra- and inter-observer consistency of the
Mackinnon List method in generating species abundance indices that could be useful for conservation
monitoring purposes. As a case study, we use one of the world’s most diverse avifaunas, that of the for-
ested Bolivian Andes. We show that MacKinnon lists can provide species abundance indices that are con-
sistent between observers of markedly different experience of the focal avifauna (zero to six years), and
between assessments carried out in different stages of the breeding season, between which detectability
of individuals differed significantly. We believe this is the first time that a biodiversity monitoring
method has been demonstrated to produce consistent abundance indices for a highly diverse avian
tropical assemblage. We also suggest that the MacKinnon lists methodology has the potential to be a very
useful conservation monitoring tool for many taxa in species rich environments, such as the tropics.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Conservation requires effective monitoring of species distribu-
tions and abundances in order to assess the relative importance
of different sites, the effectiveness of management activities and
population trends (Mace and Baillie, 2007; Marsh and Trenham,
2008; Maxwell and Jennings, 2005; Pollock, 2006). There are sev-
eral sophisticated methods available to generate density estimates
and calculate absolute abundances, such as mark-recapture,
distance sampling and territory mapping (e.g. Bibby et al., 2000;
Sutherland, 1996). These methods are resource intensive as they
rely on large data sets that require significant expertise to collect

and interpret (Bibby et al., 2000; de Thoisy et al., 2008; Peres,
1999). Moreover, there is growing awareness that they are not
infallible, and resultant density estimates can be biased by a num-
ber of methodological concerns (Alldredge et al., 2008; Newson et
al., 2008). In tropical regions that are characterised by high species
richness, low population densities and structurally complex vege-
tation, it is particularly difficult to use these traditional methods
without violating their basic assumptions (Bibby et al., 2000;
Herzog et al., 2002). Monitoring in many tropical areas is further
hindered by a lack of experienced field workers and reduced avail-
ability of scientific support and financial resources. There is thus a
pressing need to develop and test survey methods that could en-
able rapid assessment of spatial and temporal variation in species
abundances by relatively inexperienced personnel in tropical re-
gions. The MacKinnon lists (ML), or species lists technique, is advo-
cated as one such method (Bibby et al., 2000; MacKinnon and
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Phillips, 1993), but its use in rapid relative abundance assessments
has had only minimal testing.

The ML technique was originally developed for rapid assess-
ment of avian species richness in tropical environments (Bibby et
al., 2000; MacKinnon and Phillips, 1993). In brief, the method con-
sists of listing all individuals encountered in chronological order of
detection. This master list is then broken down into lists or sam-
ples of a pre-determined number of species; ten is often recom-
mended. Each list thus provides a sample of the species
community at the study site. The ML method can then be used to
derive abundance indices of individual species by calculating the
proportion of samples in which each species occurs (Bibby et al.,
2000; MacKinnon and Phillips, 1993). The ML samples are sug-
gested to be independent of the amount of time needed to collect
them, the spatial extent over which they are collected and observer
expertise; the method may therefore be less sensitive to spatial
and temporal changes in a species’ detectability than many of its
alternatives (Bibby et al., 2000). As a result the ML method has
the potential to be useful in estimating changes in abundance over
time and comparing spatial differences in abundance. The ML
method does not take inter-specific variation in detectability into
account, and thus cannot be used to compare abundances of spe-
cies with different detectability (Bibby et al., 2000). It also cannot
be used to estimate species densities or absolute abundances and
it is therefore not suitable for answering ecological questions that
require this type of data or for estimating population sizes. How-
ever, this is rarely of central importance in conservation monitor-
ing, where intra-species comparisons of abundance indices
between sites and time periods are usually more valuable (e.g.
Bibby et al., 2000; Sutherland, 1996).

The ML method is frequently used to estimate species richness
(Bibby et al., 2000; Fjeldsa, 1999; Herzog and Kessler, 2006; Herzog
et al., 2002, 2005; Poulsen et al., 1997a,b; Trainor, 2002). In con-
trast the ML method has been used surprisingly rarely to compare
species’ abundances at different sites or over time (although see
Herzog, 2008). This is probably largely due to a lack of awareness
of its potential, not least because there have been few formal tests
of its utility in this regard. The only such assessment compared the
ranking of the five most common bird species in two tropical for-
ests and although the authors drew negative implications from
their limited assessment, the results presented appeared to show
that abundance rankings were broadly similar (although not iden-
tical) when calculated from density estimates derived from point
counts and the ML method (O’Dea et al., 2004). A potential major
advantage of the ML method over other methods such as point
counts for generating species abundance indices is its suggested
ability to produce consistent estimates for a focal species despite
variation in survey effort and observer expertise.

Here, we assess whether the ML method generates consistent
relative abundance indices despite marked variation in observer
experience and environmental conditions. We do so using the avi-
fauna of the forested east Andean slope in Bolivia as a case study.
This region comprises one of the most diverse terrestrial hotspot
for biodiversity and supports many species of high conservation
concern (Myers et al., 2000; Soria-Auza and Hennessey, 2005).
We test the hypotheses that the ML sampling technique generates
consistent species abundance indices: (i) during different periods
of the main breeding period, during which time species’ detectabil-
ity will change and (ii) when observer expertise varies (from no
experience to over six years experience of the focal avifauna). We
also test the relative performance of three different forms of the
ML methodology that vary in how species lists samples were used
to construct abundance indices. Finally, in addition to assessing the
utility of ML abundance indices across the entire assemblage, we
assess their utility for subsets of species that varied in the primary
means of their identification at the study site (visual and aural),

and for a subset of species of special importance due to their con-
servation status (Table S1).

2. Methods

2.1. Study area

The study was carried out on the east side of the Cordillera de
Cocapata, Department of Cochabamba, Bolivia between 2nd August
and 19th September 2001. This mountain range, which forms part
of the eastern Andean slope, is located in the Cuzco-Cochabamba
section of the central Andes zoographic region (Stotz et al., 1996)
and lies within the Bolivian and Peruvian Upper and Lower Yungas
Endemic Bird Areas (EBAs 054 and 055; (Stattersfield et al., 1998).
The study focused on the Rio Pampa Grande valley (16�400S;
66�290W) and was primarily conducted within undisturbed and
slightly disturbed primary montane evergreen forest. Small areas
of greater disturbance, including secondary forest and a few areas
cleared for grazing, were also present. From a base camp at
2100 m, four transects (10 km total length) ran through forested
habitat between 1900 and 2600 m so that they covered a represen-
tative selection of the microhabitats in the area. A full description
of the site, where no ornithological survey work had previously
been conducted, is provided by MacLeod et al. (2005).

2.2. Survey work

The survey work reported here was carried out as an indepen-
dent study during an inventory of avian biodiversity that aimed
to document the avian assemblage occupying the focal area dur-
ing the pre-breeding and early breeding period of the main breed-
ing season. The survey work was carried out by a team of six
people. Fieldwork began at first light (�06:15 local time) and
continued for on average three to four hours, with the exact sur-
vey time depending on transect length and the speed at which
observers walked. The work was conducted with each observer
using 8� or 10� binoculars for visual identification, and sound
recording equipment to back up audio identification (either a
Sony TCM 5000EV cassette tape recorder or Sharp Minidisk
MT280E recorder each with a Sennheiser ME 66 shotgun style
directional microphone).

Although all six observers had previously conducted ornitholog-
ical fieldwork in the Neotropics and were competent ornithological
observers, they varied markedly in bird identification skills, partic-
ularly with regard to knowledge and prior experience of the focal
avifauna. This allowed investigation of whether the ML method
provided species abundance indices that were robust to inter-ob-
server differences, a key requirement for any data being collected
for conservation assessments. Two observers had previous South
American experience, but not with the Bolivian avifauna; three
observers had prior experience with the avifauna of the eastern
slope of the Bolivian Andes (the Yungas); the final observer had
six years prior experience with the Yungas, and is one of the most
experienced field ornithologists in this region.

For the purposes of this study, surveys were conducted during
two periods (5th–20th August and 26th August–15th September
2001). These represented respectively the pre-breeding period
(when birds started to sing and vocalise to defend territories and
attract mates), and the early breeding season (when the majority
of birds were singing strongly in conjunction with the onset of
nesting activity). The increased singing and activity levels in the
second period increased the detectability of individuals so that
with the same survey effort 28% more individuals were detected
in the second period than the first, and this difference was signifi-
cant (paired t-test: t4 = 4.8, p = 0.017). During each survey period
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each observer aimed to conduct surveys once along each of four
transects so that each observer was surveying the same standard-
ised area once. Each observer was randomly assigned a survey day
for each transect and so carried out data collection, for this study,
on only four of the days within the survey period. No transect was
surveyed by more than one observer on any one day.

Abundance indices for each species were estimated using the
following methodology. Every individual bird detected, either visu-
ally or aurally, within 50 m on each side of the transect route dur-
ing the outward journey along each transect was recorded. Data
were therefore recorded from a standard survey area by each ob-
server. Registrations for return journeys were not included to avoid
the possibility of prominent individuals being registered twice and
biasing the sampling (Herzog et al., 2002). Observers took descrip-
tions, or sound recordings of any bird not immediately identified
but that was seen, or heard, sufficiently well for identification.
These individuals were subsequently identified using standard ref-
erence works. To ensure that the study was a robust test of inter-
observer differences no other special instructions were given, and
the observers were free to use their own preferred methods of find-
ing and identifying species. For each survey period, a chronologi-
cally ordered master list of all individuals registered by each
observer during their four transects was then compiled. Following
common practice (e.g. Poulsen et al., 1997b; Herzog et al., 2002),
the master list was divided into samples of 10 species each, as con-
structing sample lists of more than 10 species would have reduced
the sample size and variation in species relative abundance esti-
mates. The initial sample recorded the first 10 species registered,
with additional registrations of the same species being excluded
so that the sample comprised 10 different species. After complet-
ing the first 10-species list the process was repeated to produce a
second 10-species sample, and the process was then repeated con-
tinuously until the last complete list of 10 species was generated.
Each observer thus produced a series of samples of the bird assem-
blage from which the relative abundance of a species could be esti-
mated by calculating the proportion of samples (i.e. lists) in which
it occurred (Poulsen et al., 1997b; Bibby et al., 2000).

2.3. Analysis

For each observer three types of species abundance indices
were calculated. First, we used the exact proportion of ML samples
in which each species appeared (ML exact method). Second, we
categorised species into 20 abundance categories of equal width;
as an example, species in 0.00–4.99% of list samples were assigned
to the first abundance category, and species in 5.00–9.99% of sam-
ples to the second abundance category, etc. (ML category method).
Finally, we assessed an alternative abundance measure based on
the proportion of individuals of each species detected compared
to the total number of individuals detected by the observer (indi-
vidual frequency or IF method). This is equivalent to a ML tech-
nique where species lists are compiled with just one, rather than
10, species. Prior to analysis, an arcsine square root transformation
was applied to all abundance indices so that data were normally
distributed. One observer, with an intermediate level of experi-
ence, did not record numbers of individuals detected, so contrib-
uted no data to tests of the individual frequency method and as a
result comparisons between the IF methods and the other methods
have lower degrees of freedom. The same observer was unable to
complete all four transects in each period due to inclement weath-
er and sickness so most of the analysis in the results only includes
comparisons between and within five observers (see Table 1 for
observer details).

We assessed whether the MacKinnon lists technique produced
comparable abundance indices when used in different circum-
stances. First, we tested whether the same observer produced

similar species abundance indices for both survey periods (intra-
observer consistency). Second, we tested whether species abun-
dance indices were consistent between observers with different
knowledge and experience, when collecting data on different days
during the same survey period (inter-observer consistency). The
latter was assessed across the entire assemblage and separately
for three sub-groups of species: (i) those mainly identified visually
because they rarely vocalise, or are difficult to identify by voice
alone, (ii) those mainly identified vocally because they are more of-
ten heard than seen, or are difficult to identify on plumage alone,
and (iii) those of special conservation importance, i.e. restricted-
range and globally threatened species (BirdLife International,
2000, 2008; Stattersfield et al., 1998). Species were assigned to vi-
sual and vocal identification categories by the authors with previ-
ous Yungas experience prior to the start of the analysis based only
on experience during the study. Species that are often identified
vocally at other sites, but were not vocalising during the fieldwork,
were thus classified in the visual identification category. Species
that were not predominately identified vocally or predominately
identified visually because they were identifiable by both methods
were excluded from the visual and vocal sub-groups.

Intra-observer and inter-observer consistency were assessed
using intra-class correlation coefficients (McGraw and Wong,
1996) and reliability analysis (Cronbach, 1951). These methods
are not well known in ecology or conservation biology. However,
they are a form of random effects model and in other disciplines,
including medicine, psychology, behavioural genetics, and behav-
ioural science, they are widely accepted techniques for comparing
results obtained under varying conditions, such as by different
observers or in different time periods (Howell, 1997; McGraw
and Wong, 1996; Shrout and Fleiss, 1979; Siegel and Castellan,
1999). Intra-class correlation coefficients (ICCs) are used to assess
the strength of association between two or more measures of the
same variable, and Cronbach’s alpha reliability metric (Cronbach,
1951) is used to assess the similarity between each estimate of a
particular variable and the mean of all estimates of that variable.
Absolute values of ICCs and Cronbach’s alpha range from 0 (no
association or reliability) to 1 (perfect association or reliability);
values of 0.7 or greater are typically considered to indicate high
consistency (Table 2; Cohen and Holliday, 1996). We used ICCs to
assess the strength of association between abundance indices ob-
tained under different conditions, and Cronbach’s alpha reliability
measure to assess how close each observer’s abundance indices
were to the average across all observers.

We used an ICC (A, 1) model to test for absolute agreement be-
tween abundance indices for each species (McGraw and Wong,
1996). In the intra-observer analysis used to test for variation over
time, observer formed the class. Intra-class variation and reliability
were calculated from the difference between the observer’s two
abundance indices for each of the 156 species detected in the
study. In the inter-observer analysis used to test for variation be-
tween observers, time period formed the class. Intra-class variation
and reliability for each period were calculated, for each of the 156
species detected, from the differences between the five observers
who collected data in period one and the six observers who col-
lected data in period 2. In each analysis degrees of freedom were
therefore 155. In the results ICCs and Cronbach’s alpha are ex-
pressed as absolute values.

Measures of consistency and reliability were normally distrib-
uted, and we thus used paired t-tests (2-tailed) to assess if these
metrics were influenced by the type ML method used to calculate
abundance indices. We used Spearman rank correlations to assess
if intra-observer consistency was correlated with observer exper-
tise or survey effort (as the latter two variables did not meet the
assumptions of parametric tests). Analysis was carried out using
the SPSS statistical programs (SPSS, 2008).
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3. Results

3.1. Variation in survey effort and ability

The fieldwork conducted for this study took 140 person hours
during eight mornings of fieldwork. Each observer took approxi-
mately three and a half hours to complete the outward leg of each
transect, and thus spent approximately 14 h on data collection, and
collected on average 34 10-species MacKinnon list samples in each
assessment period (Table 1). The fieldwork for this study detected
and calculated ML abundance indices for 156 bird species, which
represents 74% of the 211 species identified in the altitudinal range
of the study area by the team during the 50 days spent in the area
(Macleod et al., 2005). Of these 156 species, 96 (61.5%) and 31
(19.9%) were predominately identified respectively vocally and
visually, the remaining 18.6% of species were identified using both
methods depending on circumstances.

Although each observer surveyed the same length of transects
for a similar period of time there was marked variation in survey
effort as measured by the number of ML samples collected per ob-
server, which varied by a factor of two (Table 1). We consider num-
ber of samples to be the most appropriate measurement of survey
effort because it is a direct measure of the quantity of data col-
lected and is thus more appropriate than less direct measures such
as time spent in the field. There was also considerable variation in
objective measures of observer ability, i.e. the total number of spe-
cies recorded and the number of individuals recorded per ML sam-
ple. The Yungas expert recorded approximately one third more
species, and one quarter more individuals per sample, than the
observers who recorded the fewest species and individuals per
sample (Table 1). Moreover, there was a marked association be-
tween prior observer experience and the number of individuals re-
corded per sample suggesting that prior experience was a suitable
measure of observer ability (Spearman rank correlation rs = 0.738);
although this correlation was not statistically significant this is due
to the small sample size (p = 0.155, n = 5). There was no association
between prior experience and total number of species recorded
(rs < 0.01, n = 6).

3.2. Intra-observer consistency

Species abundance indices calculated by the same observer in
the two different survey periods were closely associated with each

other (Table 3). Across the five observers who collected data in
both periods mean ICC values were greater than 0.70 regardless
of the method used to calculate the abundance indices (Table 3)
and the highest mean ICC value (0.84) was obtained using the cat-
egory method. This was not significantly greater than that obtained
using the exact method (ICC = 0.82; paired t-test: t4 = 1.3,
p = 0.270), but it was significantly greater than that obtained using
the individual frequency method (ICC = 0.75; paired t-test: t4 = 5.5,
p = 0.005). The intra-observer abundance indices were also highly
consistent between the two survey periods as measured by Cron-
bach’s alpha reliability (Table 3). Reliability was also greatest when
abundance indices were calculated using the category method
(Cronbach’s alpha = 0.92). This was not significantly different from
that obtained by the exact method (Cronbach’s alpha = 0.91;
t4 = 1.1, p = 0.335), but it was significantly greater than reliability
when the individual frequency method was used to estimate abun-
dance indices (Cronbach’s alpha = 0.86; t4 = 4.7, p = 0.009).

Intra-observer consistency often increased with survey effort, as
measured by the number of list samples the observer collected.
Such correlations occurred for the ML category method with regard
to both mean ICC value and Cronbach’s alpha (Spearman rank cor-
relations: in both cases rs = 1.00, p < 0.001, n = 5), but only with re-
gard to Cronbach’s alpha when abundance indices were calculated
using the exact method (rs = 0.90, p < 0.037, n = 5). There were no
other significant correlations between measures of intra-observer
consistency and other potential measures of survey effort (i.e.
mean number of individuals per sample or total number of species
recorded; p > 0.1 in both cases). Prior observer experience was not
correlated with intra-observer consistency measured as either
mean ICC value or Cronbach’s alpha (p > 0.1 in both cases).

3.3. Inter-observer consistency

Species abundance indices calculated by different observers
generated similar results (Table 4). In the first survey period (Table
4a) inter-observer consistency was highest when abundance indi-
ces were calculated using the category method (ICC = 0.78), and
this was significantly greater than that for abundance indices cal-
culated with the exact method (ICC = 0.71; paired t-test: t9 = 10.5,
p < 0.001), and also significantly greater than that obtained using
the individual frequency method (ICC = 0.68; paired t-test:
t9 = 7.0, p < 0.001). ML exact correlations where not significantly
higher than those generated by the individual frequency method-
ology (paired t-test: t9 = 0.29, p = 0.78). Reliability measures
showed very high inter-observer consistency using all three
methods (always >0.9) and showed a similar pattern to the ICCs,
with the category method producing the most consistent results
(Table 4a).

In the second survey period (Table 4b), inter-observer consis-
tency measures (mean ICC and reliability values) were slightly
higher than in the first survey period (cf. Table 4a), but the differ-
ences were not statistically significant (paired t-tests: p > 0.1 in all
cases). Abundance indices based on the ML category method again

Table 1
Observer survey information: ‘samples’ represents mean observer survey effort recorded as the number of 10-species list samples, ‘ind/sample’
represents the mean number of individuals detected per list sample, and ‘species’ represents the mean number of species detected per observer
averaged across the two periods.

Observer Experience of focal avifauna prior to this study Samples Ind/sample Species

1* Yungas experience 50 – 86
2 Yungas experience 26 12.0 85
3 South American experience 33 12.2 88
4 Yungas experience 27 14.0 75
5 South American experience 32 11.8 89
6 Yungas expert 39 14.9 97

* Complete data were not available for this observer due to inclement weather and illness.

Table 2
Standard interpretations of correlation and
reliability coefficients (Cohen and Holliday,
1996).

Coefficient Interpretation

0.00–0.19 Very low correlation
0.20–0.39 Low correlation
0.40–0.69 Modest correlation
0.70–0.89 High correlation
0.90–1.00 Very high correlation
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generated the highest measures of inter-observer consistency, and
the individual frequency methodology the lowest. The ML category
mean ICC (0.80) was significantly higher than that of the individ-
ual frequency methodology (ICC = 0.69; paired t-test: t5 = 6.2,
p = 0.002), and also significantly higher than when using the ML
exact methodology (ICC = 0.75; paired t-test: t9 = 6.0, p < 0.001).
The ML exact correlations were significantly higher than those gen-
erated by the individual frequency methodology (paired t-test:
t5 = 3.3, p = 0.022). A similar pattern was observed for the reliabil-
ity values (Table 4b).

3.4. Consistency within sub-groups of species

Calculating abundance indices using the ML category method
generated the highest ICC and reliability values. We thus selected
this method to test how inter-observer consistency of abundance
indices varied between sub-groups of species. Analysing only the
abundance indices of our 12 species of special conservation con-
cern (see Appendix Table S1) produced the highest consistency
measures of any analysis in our study (Fig. 1), with a mean ICC of
0.843 (95% CI: 0.690–0.944) and a mean Cronbach’s alpha of
0.964 (95% CI: 0.917–0.988). Species predominantly identified vo-
cally also showed high consistency (Fig. 1) with a mean ICC of
0.778 (95% CI: 0.718–0.833) and a mean Cronbach’s alpha of
0.946 (95% CI: 0.927–0.962). For predominantly visually identified
species there was a tendency for both mean ICC and reliability to
increase in the second survey period, but these values were much
reduced compared to vocally detected species (Fig. 1). On average

the mean ICC was 0.362 (95% CI: 0.208–0.546), and the mean
Cronbach’s alpha was 0.728 (95% CI: 0.545–0.854).

4. Discussion

The MacKinnon lists technique allowed species abundance indi-
ces to be rapidly estimated for a large number of species, thus in
just eight mornings of fieldwork the team was able to produce spe-
cies abundance indices for 74% (156 species) of the avian assem-
blage. Intra-class correlation coefficients and reliability metrics
demonstrated that these abundance indices were highly consistent
within and between observers even though samples were collected
by observers with different levels of expertise and during two peri-
ods when avian activity levels and thus detectability of individuals
varied. The ML technique worked particularly well for the twelve
species of special conservation concern. This group comprised a di-
verse set of species that did not appear to share a particular suite of
traits other than their conservation interest (see Appendix Table
S1). It thus seems likely that the ML technique was especially suc-
cessful for species of conservation importance because each obser-
ver paid particular attention to these species when familiarising
themselves with the avifauna and when conducting fieldwork. This
suggests that the ML method could be an effective way of rapidly
monitoring abundance indices of any group of species that were
of special interest, be it for conservation reasons or other purposes.

To our knowledge this is the first time that a biodiversity mon-
itoring methodology has been shown to produce consistent abun-
dance indices for the majority of species in a tropical forest bird

Table 3
Intra-observer consistency of species abundance indices. Results generated using three MacKinnon lists methodologies (see text) with consistency measured by intra-class
correlation coefficients (ICC) and Cronbach’s alpha reliability measure for the five observers who collected data in both periods (N = 156 species). ‘Obs’ represents the observer
code from Table 1.

Method Obs ICC L95% CI U95% CI Reliability L95% CI U95% CI

a. Mackinnon lists 2 0.690 0.598 0.764 0.816 0.748 0.866
Exact 3 0.887 0.848 0.916 0.940 0.918 0.956

4 0.843 0.790 0.883 0.915 0.883 0.938
5 0.840 0.787 0.881 0.913 0.881 0.937
6 0.862 0.816 0.980 0.949 0.930 0.964

Mean 0.824 0.768 0.885 0.907 0.872 0.932

b. Mackinnon lists 2 0.759 0.682 0.817 0.862 0.811 0.899
Category 3 0.880 0.839 0.911 0.936 0.912 0.953

4 0.833 0.774 0.873 0.907 0.872 0.932
5 0.847 0.960 0.886 0.917 0.886 0.940
6 0.898 0.864 0.926 0.964 0.950 0.974

Mean 0.843 0.824 0.883 0.917 0.886 0.940

c. Individual frequency 2 0.683 0.589 0.759 0.812 0.741 0.863
3 0.733 0.646 0.800 0.846 0.784 0.889
4 0.751 0.669 0.815 0.858 0.801 0.898
5 0.744 0.660 0.809 0.853 0.795 0.895
6 0.850 0.802 0.890 0.945 0.924 0.960

Mean 0.752 0.673 0.815 0.863 0.809 0.901

Table 4
Inter-observer consistency of species abundance indices. Results generated using three MacKinnon lists methodologies (see text) during the (a) first and (b) second assessment
period. Consistency is measured by the mean intra-class correlation coefficient (ICC) between each pair of observers and Cronbach’s alpha reliability measure. Values are
calculated for the five observers who collected complete data in the first period and six observers who collected data in the second period (N = 156 species).

Methodology Mean ICC L95% CI U95% CI Mean reliability L95% CI U95% CI

(a)
Exact 0.714 0.658 0.767 0.926 0.906 0.940
Category 0.779 0.732 0.822 0.946 0.932 0.959
Individual frequency 0.676 0.607 0.739 0.913 0.885 0.925

(b)
Exact 0.752 0.701 0.800 0.938 0.921 0.952
Category 0.803 0.760 0.842 0.953 0.941 0.964
Individual frequency 0.696 0.633 0.754 0.901 0.873 0.925
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community within a short time period. In one of the most detailed
comparisons of bird census techniques in tropical forests Raman
(2003) was able to estimate abundance for just 13 of the approxi-
mately 68 resident species (19%) that regularly occurred in the
rainforest of the Western Ghats (India). Therefore, despite the rel-
atively low avian diversity of the Western Ghats system, and a
minimum of 18 days of fieldwork by the observer per method, each
of the traditional survey methodologies used (line transects, point
counts and territory mapping) were only able to generate sufficient
data to estimate species abundances for the commonest species
and many of these estimates had very wide confidence intervals
(Raman, 2003). This is frequently the case for these standard meth-
odologies that attempt to estimate absolute abundance rather than
abundance indices (Bibby et al., 2000). In contrast, on average, each
observer in our study was able to detect and produce abundance
indices for 87 species from four mornings of fieldwork (Table 1).
The ability of the ML method to generate consistent species abun-
dance indices suggests that the method has excellent potential as a
rapid assessment and monitoring tool. Further testing will help
determine just how useful the method can be. We suggest it will
be particularly important, although challenging, to study how

relative abundance indices generated by the ML method compare
to density estimates generated by more traditional methodologies.

The ML methodologies worked well for the avifauna as a whole
and for species that were mainly identified vocally, which repre-
sented the majority of species in this study, as is commonly the
case in tropical forest environments (e.g. Bibby et al., 2000). How-
ever, the method worked less well for the approximately 20% of
species predominately identified visually. We believe this is be-
cause observers varied in how they combined the use of vocal
and visual detection methods, with those focusing on aural identi-
fication and sound recording perhaps doing so at the expense of
visually detecting non-vocalising individuals. Some evidence for
this is provided by the large confidence intervals for the consis-
tency metrics relating to visually detected species, which reflect
considerable variation within different observers’ assessments,
with ICCs ranging from 0.167 to 0.568. It is also possible that var-
iation between observers was more pronounced with visually
identified species because, in contrast to the use of sound record-
ing to confirm vocal identification, no physical evidence is rou-
tinely collected for later verification.

We suggest problems in combining different bird detection
methods within a single survey method are unlikely to be a chal-
lenge that is unique to the ML method. In traditional survey meth-
ods such as distance sampling, there also seems to be considerable
potential for variation in abundance estimates to arise from the
greater difficulty in accurately estimating distance to a vocalising
individual than one detected visually (Alldredge et al., 2007,
2008). We suggest that when using the ML methods it would be
useful to increase the constraints placed on observer methodology
and to assess whether such constraints can generate even greater
consistency for the avifauna as a whole and for visually identified
species in particular. For example, observers could choose to use
the ML method only for vocally detected species or only for visu-
ally detected species or could aim to put equal emphasis on detect-
ing species both vocally and visually. Further work is also required
to assess how abundance indices generated by the ML methodol-
ogy respond to large variation in species richness and population
size.

Although intra-class correlation coefficients and reliability met-
rics are widely used in many scientific disciplines, they have been
neglected by ecologists and conservationists. We provide, to the
best of our knowledge, the first example of how these analyses
can indicate whether survey methods generate consistent results
under the widely varying conditions in which conservation moni-
toring data are typically collated. Although we have shown the
ML method can produce very reliable results, we are not suggest-
ing that the methodology is suitable for generating absolute abun-
dance (density) estimates. Density estimates are essential for
answering many interesting scientific questions and for estimating
population sizes (e.g. Bibby et al., 2000; Sutherland, 1996) and in
these cases the ML method will not be a suitable replacement for
traditional methods that are capable of producing absolute abun-
dances estimates. Calculating the latter can, however, only be
achieved using complex and detailed survey methods such as dis-
tance sampling. Broadly speaking, these will be of limited use for
rapid conservation assessments in tropical forests for two reasons.
First, distance sampling rests upon a number of critical assump-
tions, including that all individuals along the transect route are de-
tected, and that individuals do not move prior to detection. It
seems highly likely that such assumptions are invalid in structur-
ally complex habitats such as tropical forest (Bibby et al., 2000).
Second, methods such as distance sampling require extremely
intensive survey efforts to generate absolute abundance estimates,
and these can thus only typically be calculated for a small propor-
tion of the species in diverse assemblages (de Thoisy et al., 2008;
O’Dea et al., 2004; Peres, 1999; Raman, 2003). Moreover, such
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Fig. 1. Inter-observer consistency of species abundance indices. These are calcu-
lated for the entire assemblage, and for species that are mainly identified vocally,
mainly identified visually and are of special conservation concern. Consistency is
measured by (a) mean intra-class correlation coefficients and (b) Cronbach’s alpha
reliability. Error bars represent 95% CI. P1 and P2 refer respectively to the first and
second observation periods.
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species are often the commonest ones that are thus usually of lim-
ited conservation interest (but see Lloyd (2004)).

The ML category methodology produced the highest consis-
tency in each test, but it was rarely significantly better than the
ML exact methodology. We thus believe that both methods could
be useful for conservation assessments and monitoring. The indi-
vidual frequency methodology generated less consistent results,
and we thus do not recommend its use. The reduced consistency
is probably partly because the abundance indices generated by
the individual frequency methodology are highly dependent upon
whether large flocks of a single species, such as parrots, are present
during a survey. The individual frequency method will also have
lower consistency because it is more sensitive to variation in ob-
server ability than alternative methods in which sample lists are
comprised of a greater number of species. This is because for two
observers to generate the same result, i.e. the presence of a species
within a sample list, they both need to detect the focal species once
during the sample. The probability of this occurring is much lower
when lists comprise just a single individual, than when lists com-
prise a greater number of species.

The consistency of the ML sampling methodologies was not
dependent on observer experience of the focal avifauna. This
strongly indicates that observers which vary in expertise should
be able to generate comparable abundance estimates. Further re-
search is required, however, to assess the minimum level of expe-
rience required as all participants in this study were competent
ornithologists. A key factor that was related to the consistency of
abundance indices was survey effort, measured by the number of
list samples generated. We thus suggest that, until consistency at
lower survey efforts is assessed, survey effort should not be much
smaller than the lowest used in this study (i.e. 23 list samples).

In conclusion, the ML methodology appears to be well suited for
biodiversity monitoring in the tropics. It can certainly rapidly gen-
erate consistent indices of species abundance for large proportions
of species rich communities, despite marked variation in observer
experience and variation in avian activity. Although our study fo-
cused on birds, the method could be employed for species rich
assemblages of other taxonomic groups. Potential applications
could include, but are not limited to, amphibians, large terrestrial
mammals, bats, coral reef fish, or some insects groups. Wider adop-
tion of ML methodologies could enable conservation monitoring
programmes to be implemented where they have previously been
regarded as too complicated and time consuming to be feasible.
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