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a b s t r a c t
Lianas hold an important, but understudied, role in forest dynamics, however they are difﬁcult to measure
and detailed liana measurements are time consuming. Many researchers have therefore used an ordinal
scale index, the crown occupancy index (COI), to describe the liana load carried by trees. Here we assess
the overall effectiveness, in terms of accuracy, precision, repeatability and efﬁciency, of the COI in tropical
forests. We relate the COI to more detailed liana measurements at the individual tree-level and site-level,
comparing sites with different levels of liana infestation. Our results show (1) that the COI accurately
measures individual tree and plot level liana loads, indicated by the strong correlations between the
COI and the number and basal area of lianas. However, (2) as expected, the COI is only weakly related
to the basal area of lianas rooted close to the tree, which is a proxy for competition for below-ground
resources. The COI is also (3) an efﬁcient measure of liana loads, as the input time needed for a COI survey
is considerably less than that of a detailed liana survey. We also (4) found a high degree of repeatability
in COI classiﬁcation between observers. Additionally (5), the COI can be used to differentiate between
sites in terms of their overall liana canopy competition (precision), but (6) may not be a precise indicator
of the site-level mean basal area of lianas in tree crowns.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
Lianas (woody climbing plants) are an abundant and dynamic
component of tropical forests. They rely on other plants for structural support and as such can increase tree mortality risks (Putz,
1984; Phillips et al., 2005), reduce tree growth (Putz, 1984; Clark
and Clark, 1990; van der Heijden and Phillips, 2009a) and fecundity (Stevens, 1987; Kainer et al., 2006; Fonseca et al., 2009), affect
tree regeneration (Schnitzer et al., 2000) and cause trunk and stem
deformations (Putz, 1991). We might expect that the magnitude
of these effects will differ depending on the liana load a host tree
carries, and indeed some studies have shown that more heavily
infested trees are more severely affected by lianas than lightly
infested trees in both tropical (e.g. van der Heijden and Phillips,
2009a) and temperate forests (e.g., Ladwig and Meiners, 2009).
Being able to reliably assess liana infestation loads is therefore
important both for foresters and ecologists to help, for example,
(1) assess whether extracting timber leads to increased infestation of residual stand and regrowth; (2) compare the impact of
different management techniques on liana infestation; (3) deter-

∗ Corresponding author at: Department of Animal and Plant Sciences, University
of Shefﬁeld, Shefﬁeld S10 2TN, UK. Tel.: +44 114 222 4649; fax: +44 114 2220002.
E-mail address: g.m.f.vanderheijden@googlemail.com (G.M.F. van der Heijden).
0378-1127/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2010.05.011

mine the impact of liana loads on commercial fruit production; (4)
test hypotheses of change in liana loads over time; and (5) compare
liana infestation patterns across sites.
However, lianas are notoriously difﬁcult to measure and
detailed liana measurements can be time consuming. Many tropical foresters and ecologists have therefore sought short-cuts to
describing the liana load carried by trees by using simple ordinal
scale indices. Foremost amongst these is the “crown occupancy
index” (COI) (Clark and Clark, 1990), which expresses liana loads
in the tree crown on a ﬁve-point scale: (0) no lianas in the crown,
(1) 1–25%, (2) 26–50%, (3) 51–75%, and (4) >75% of the tree crown
covered by liana leaves. This index and similar 3- or 4-category variations are now widely used in liana research (e.g., Gerwing, 2001;
O’Brien et al., 2004; Rice et al., 2004; Wadt et al., 2005; Wright et
al., 2005; Kainer et al., 2006, 2007; Fonseca et al., 2009; Grogan
and Landis, 2009; Ladwig and Meiners, 2009). However, whilst this
categorical division to classify liana infestation loads is increasingly used, so far the overall effectiveness of the COI has yet to be
assessed. The value of the use of the COI depends on the extent we
can have conﬁdence in the accuracy, precision, repeatability and
efﬁciency with which it can be applied to the forest environment.
To this end, the aims of this study are to (1) evaluate the strength
of the correlation between the COI and detailed liana measurements both for individual tree and stand-levels (accuracy), (2) test
whether the COI can be used to discriminate between differences
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in liana infestation within and between sites (precision), (3) assess
inter-observer bias in using the COI (repeatability), and (4) to compare input time between a detailed liana survey and a COI survey
(efﬁciency).

2. Methods
2.1. Data collection
We worked in three sites across Amazonia: Nouragues (French
Guyana;) in the north-east (4◦ 4 60.0 N, 52◦ 40 0.1 W); Tambopata Nature Reserve (Peru) in the south-west (12◦ 50 5.1 S,
69◦ 17 9.9 W), and Noel Kempff (Bolivia) in the south (Huanchaca 14◦ 31 45.4 S, 60◦ 43 59.3 W and Los Fierros 14◦ 34 39.0 S,
60◦ 49 55.0 W). These sites lie in distinct ﬂoristic zones (ter Steege
et al., 2006; Honorio Conorado et al., 2009), which can lead to differences both in liana-host relationships and liana dominance (van
der Heijden et al., 2008; van der Heijden and Phillips, 2009a), and so
are expected to provide a suitable range of conditions for comparing the effectiveness of the COI. See Malhi et al. (2002) for further
description of the sites.
At Nouragues, we surveyed nineteen 50 m × 50 m plots, totalling
1641 trees ≥10 cm diameter at breast height (dbh) located in
mature lowland tropical forest of the Grand Plateau. In Tambopata
and Noel Kempff only subsets of trees in 1-ha plots were sampled:
a random subset of 386 trees ≥10 cm dbh in three 1-ha plots in
Tambopata and 178 trees ≥10 cm dbh following a stratiﬁed design
in four 1-ha plots in Noel Kempff.
In each of the three sites, the liana load of trees ≥10 cm (dbh) was
classiﬁed (1) using the COI based upon the ﬁve-category system of
Clark and Clark (1990), and (2) with detailed liana measurements.
In Nouragues and Tambopata, each tree was assigned a COI value
by at least two independent observers; in Noel Kempff, only one
observer was used.
The detailed liana measurements differed slightly between sites.
At Nouragues and Tambopata, the diameter at 1.3 m from the last
rooting point (cf. Gerwing et al., 2006) was measured for lianas
>1.3 m long growing in proximity to the subject tree, or estimated
in 1 cm size-classes at the point where they entered the tree crown
when direct measurement was not possible. As lianas sometimes
climb from tree crown to tree crown (e.g., Putz, 1984), their leaf
area and biomass may be spread over more than one tree. Therefore, to avoid possible double-counting of liana impact on trees,
we also estimated the diameter of liana stems growing out of the
tree crown in 1 cm size-classes at their point of exit from the crown
(cf. van der Heijden and Phillips, 2009a). Additionally, several studies have used lianas rooted in the vicinity of the tree trunk as a
proxy for below-ground competition between lianas and trees (van
der Heijden and Phillips, 2009a; Ingwell et al., in press). To assess
whether the COI is also an accurate measure of non-crown based
liana basal area measurements and therefore can be used in studies
focussing in below-ground interactions between lianas and trees,
we also measured and counted the lianas within a 1 m radius from
the tree trunk. In Tambopata, the detailed liana census was carried out approximately 2 years previous to the COI census. The COI
observers were blind with respect to the liana basal area data previously collected. At this site, we also estimated the input time in
hours for both the COI survey and the detailed liana survey. For
both surveys two observers were used: for the COI, two independent observers, and for the detailed liana survey, one observer and
one observer/notetaker.
In Noel Kempff, trees were selected using a stratiﬁed design consisting of an approximately equal number of randomly selected
trees sampled per 10–20 cm, 20–30 cm, 30–40 cm, 40–50 cm,
50–60 cm, and ≥60 cm size-class in each plot. The number of liana

stems infesting the tree crown were counted and the diameter
of these liana were estimated in 1 cm diameter classes and the
mid-point of the diameter class used to calculate liana basal area.
However, the basal area of any lianas leaving the tree crown and
the basal area of lianas rooted within 1 m of the tree trunk were not
estimated.
For subsequent analyses, where necessary, we use the mean COI
class rounded to the nearest COI class; results were similar when
either the highest or lowest COI class were used (not shown). The
detailed liana measurements were grouped in eight different categories to evaluate the accuracy of the COI: (i) liana basal area (liana
ba in–liana ba out; Nouragues and Tambopata only), (ii) liana basal
area of only those lianas growing into the tree crown (liana ba in),
(iii) liana basal area rooted within 1 m (liana ba root; Nouragues
and Tambopata only), (iv–vi) these measures controlled for by tree
basal area to control tree-size effects (relative liana basal area), (vii)
the number of lianas infesting the crown, and (viii) the number of
lianas rooted within 1 m from the tree trunk.
2.2. Data analyses
We used data from Nouragues and Tambopata to examine
inter-observer bias in each site. The degree of agreement in the
assignment of COI by different observers was assessed using the
Kendall’s coefﬁcient of concordance (Kendall’s W), where values
close to zero represent no agreement and those close to one indicate
complete agreement between the observers. A Spearman’s rank
test examined whether there is a signiﬁcant correlation between
the ratings of the different observers.
To assess whether the input time for the COI survey was significantly shorter than that of a detailed liana survey, we compared
the average input time per tree per plot between the two survey
methods using a paired Mann–Whitney U-test.
To assess whether the tree-level detailed liana measures
differed amongst the different COI classes, we performed
Kruskal–Wallis tests with post hoc Mann–Whitney U-tests with
a Hochberg correction (Hochberg, 1988) for each site separately.
Tests were also performed for trees in 10–19.9 cm dbh, 20–39.9 cm
dbh and ≥40 cm dbh size-classes separately where sample sizes
allowed this. On a stand-level, we compared the mean COI and
detailed liana measures (all basal area measures were transformed
using the natural log) for each of the 19 plots in Nouragues to test
whether an increase in mean COI corresponds to an increase in
these liana measures by means of a regression model with linear
or exponential curve ﬁt, as appropriate.
To examine whether the precision of the COI was high enough
to be able to differentiate between the three sites, we used a resampling routine to generate 1000 pseudo-plots for each site with the
same size-class distribution, because the sampling protocol and
sample size differed slightly between the sites. For each pseudo
plot, we randomly selected 50 individuals from each site: 25 of
10–19.9 cm dbh, 15 of 20–39.9 cm dbh, 5 of 40–59.9 cm dbh and 5
of ≥60 cm dbh, and calculated the mean COI and liana basal area
(transformed using the natural log) for each pseudo plot. ANOVA
and post hoc t-tests with Hochberg correction were performed to
investigate if COI and liana basal area differed signiﬁcantly between
the sites.
All statistical analyses were carried out using R 2.9.1 (R
Development Core Team, 2009).
3. Results and discussion
In the three sites, on average 37.0 ± 9.1% of the trees did not
carry lianas in their crown and 30.0 ± 3.2%, 14.3 ± 3.5%, 10.9 ± 3.3%
and 7.8 ± 3.3% of the trees were classiﬁed as having 1–25%, 26–50%,
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Table 1
(a) Percentage of trees in each of the COI classes and mean (±1 SE) COI and (b) detailed liana measures (mean per tree) for the three Amazonian sites. Relative measures
are liana basal area/tree basal area. in = growing in the tree crown, inout = growing in the tree crown–growing out of the tree crown, rooted = rooted within 1 m from tree
trunk. In Bolivia, only data on the number and basal area of lianas entering the tree crown were collected NOU, Nouragues, French Guiana; TAM, Tambopata, Peru; PNK, Noel
Kempff, Bolivia.
(a)
Site

Location

COI 0 (%)

COI 1 (%)

COI 2 (%)

COI 3 (%)

COI 4 (%)

Mean COI

NOU
TAM
PNK

French Guiana
Peru
Bolivia

31.0
32.6
47.6

27.5
33.7
28.8

18.1
11.2
13.5

13.7
11.8
7.3

9.8
10.7
2.9

1.44 ± 0.03
1.34 ± 0.10
0.89 ± 0.06

(b)
Site

NOU
TAM
PNK

Detailed liana measures (mean per tree)
BA in (cm2 )

BA inout (cm2 )

BA rooted (cm2 )

Rel. BA in (cm2 cm2 )

Rel. BA inout
(cm2 cm2 )

Rel. BA rooted
(cm2 cm2 )

No. lianas in

No. lianas
rooted

31.8 ± 2.4
17.0 ± 2.5
59.2 ± 9.8

28.0 ± 2.2
15.3 ± 2.4
NA

20.9 ± 2.4
12.2 ± 2.5
NA

0.055 ± 0.003
0.044 ± 0.005
0.064 ± 0.007

0.045 ± 0.003
0.037 ± 0.004
NA

0.050 ± 0.005
0.034 ± 0.006
NA

3.3 ± 0.1
1.4 ± 0.1
3.1 ± 0.4

0.37 ± 0.02
0.56 ± 0.05
NA

51–75% and >75% of their crown covered by lianas, respectively. The
proportion of trees in each COI class and the mean COI and detailed
liana measures for each site are indicated in Table 1.
We found a high degree of repeatability in COI classiﬁcation
between observers. Two independent observers classiﬁed the liana
load of a tree in the same class in 72% and 87% of occasions
in Nouragues and Tambopata, respectively. COI classiﬁcation differed by more than one class for none of the trees in Tambopata
and only 2% of trees in Nouragues. When classiﬁcations differed,
these differences were most often between COI class 1 and 2
(35% in Nouragues and 40% in Tambopata) and class 2 and 3
(28% in Nouragues and 19% in Tambopata). Kendall’s W for all
comparisons between observers was close to one (Nouragues:
W = 0.87 [P < 0.001, n = 132] for all three observers, and 0.91 for
both observers 1 and 2 [P < 0.001, n = 880] and observers 1 and
3 [P < 0.001, n = 1114] and 0.86 for observers 2 and 3 [P < 0.001,
n = 132]; Tambopata W = 0.97, P < 0.001, n = 383), indicating a high
degree of concordance between observers in the classiﬁcation of
COI.
As expected, the input time per tree was much shorter for the
COI survey than for the detailed liana survey in Tambopata; on average, the input time for a detailed liana survey was 41.3 h to complete
a 1-ha plot, approximately twice as long as for a COI survey (20.3 h;
Table 2), signiﬁcant at the plot level (n = 3, t = 2.80, P = 0.05). This
indicates that the COI is an efﬁcient measure of liana loads in the
tree crown. Furthermore, TAM-06 had signiﬁcantly more lianas per
tree than the other two plots (data not shown), resulting in a longer
input time per tree compared to the other two plots (Table 2). We
therefore expect that the differences in input time between the
two surveys will increase for sites with more lianas or with a liana
infestation which is higher than in Tambopata (52.6%).

Table 2
Comparison of input time between COI survey and detailed liana survey per plot
(hours) and per tree (minutes) in Tambopata. Input time for the detailed liana census
was based on a 1-ha plot, whilst the input time for the COI survey was based upon a
random subset of the trees in the 1-ha plots. The COI input time per plot is estimated
by scaling the COI per tree time to the 1-ha plot. Input time includes travel to and
from the plots to represent a realistic ﬁeld situation.
Plot

TAM-02
TAM-05
TAM-06
Mean (±1 SD)

Per 1-ha plot (h)

Per tree (min)

Detailed
survey

COI survey

Detailed
survey

COI survey

36
32
56
41.3 ± 12.9

23
18
20
20.3 ± 2.5

3.25
3.60
5.01
3.95 ± 0.93

2.11
2.03
1.75
1.96 ± 0.19

Generally, the median of most detailed liana measures increased
signiﬁcantly with increasing COI for all three sites (Fig. 1 – only
Nouragues shown, see Appendix A supplementary data for Tambopata and Noel Kempff). Total and relative liana basal area of lianas
growing into the crown, regardless of whether or not liana basal
area was corrected for lianas exiting the crown, and the number of
lianas in the crown were all greater for each increasing COI class
(P < 0.001; K-W 2 > 227.1, df = 4, Fig. 1a–d and g). Similar results
were obtained when different tree size-classes were considered
(Appendix B supplementary data). At the stand-level, the COI was
also strongly related to different levels of liana infestation in the
crown. Among the 19 Nouragues plots, the stand-level average of
total and relative liana basal area growing into the tree crown and
the number of lianas per tree crown signiﬁcantly increased with
increasing stand-level COI (all P < 0.001), with slightly better ﬁts
for the liana basal area values that accounted for lianas exiting the
crown (Fig. 2a–d and g).
These results show that the COI can be an accurate measure for
number of lianas and liana basal area in the tree crown – whether
corrected for lianas exiting the crown or not – both for individual
trees and for stands. These results are important for liana research
as they (1) indicate that the COI can be used not only as an efﬁcient
estimate of the liana pressures experienced by tropical trees, but
also as a reliable one, and (2) provide conﬁrmation of the reliability
of the several previous studies based on COI surveys (e.g., Clark et
al., 1990; Kainer et al., 2006, 2007; Fonseca et al., 2009). However, it
remains to be tested whether the COI can be used to detect changes
in liana infestation over time.
On the other hand, the COI did not relate well to non-crown
based liana measures either on an individual or stand-level. Total
and relative basal area of lianas rooted within 1 m of the tree trunk
did increase consecutively with COI class, but there was considerable overlap in the liana basal area values associated with each COI
class (Fig. 1e and f, Appendix B supplementary data for Tambopata).
Furthermore, the number of lianas rooted within 1 metre from the
tree trunk only differed between COI class 0 and 3 (Fig. 1h). There
was no signiﬁcant relationship between mean COI and total liana
basal area and number of lianas rooted within1 m of the tree trunk
on a stand-level (Fig. 2e and h, P = 0.09 and P = 0.16, respectively).
Although relative basal area of lianas rooted in the vicinity of the
tree trunk did relate signiﬁcantly to the stand-level COI (Fig. 2f),
the ﬁt of the relationship (R2 = 0.23) was worse than for any of
the crown-based liana measures (R2 ≥ 0.69). The observation that
non-crown based liana measures do not relate to the crown-based
COI is perhaps not surprising, as trees may have lianas growing
into their crown, but none near to their trunk, and vice versa. For
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Liana Crown Occupancy Index (COI)
Fig. 1. Boxplots of (a) total and (b) relative liana basal area in the tree crown, (c) total and (d) relative liana basal area in the tree crown corrected for liana basal area exiting
the crown, (e) total and (f) relative liana basal area in a 1 m radius from the tree crown, (g) number of lianas in the crown, and (h) number of lianas rooted within 1 m from the
tree trunk, for each COI class for Nouragues. Outliers are not shown. Letters above the boxplots (a–e) denote signiﬁcant differences between COI-categories (Mann–Whitney
U-test, P < 0.05). Results for Tambopata and Noel Kempff are shown in Appendix A supplementary data.

example, in Nouragues, of the trees classiﬁed as part of their crown
covered by lianas (COI ≥ 1), 28% had no lianas rooted within 1 m
from the tree trunk. An extra 5% were classiﬁed as having no lianas
in their crown, but had lianas rooting in the vicinity of the tree.

This suggests that (1) a radius of 1 m of the tree trunk may cover
too small of an area to expect a strong relationship with COI, and
(2) the COI should not be used as a proxy for below-ground interactions between lianas and trees. Further research is necessary to test
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Fig. 2. Relationship between mean stand-level crown occupancy index (COI) and mean stand-level (a) total and (b) relative liana basal area in the tree crown, and (c) total
and (d) relative liana basal area in the tree crown corrected for liana basal area exiting the tree crown, (e) total and (f) relative liana basal area rooting within 1 m from the
tree trunk, (g) number of lianas in the crown, and (h) number of lianas rooted within 1 m from the tree trunk. Each data point represents one of the 19 plots in Nouragues.
Basal area measures were transformed using the natural log, but are back-transformed for graphing purposes. R2 denotes variance explained by the model, ns indicates an
insigniﬁcant relationship (P > 0.05).
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Fig. 3. Mean crown occupancy index (COI) and (a) total, (b) relative liana basal area, and (c) number of lianas in the tree crown for Nouragues (NOU), Noel Kempff (PNK), and
Tambopata (TAM) based upon 1000 pseudo-plots (see Section 2). Vertical error bars denote 1 SD of liana measures and the horizontal 1 SD of COI. All sites differ signiﬁcantly
from each other in COI and the detailed liana measures. The analyses were carried out using the natural log of the liana basal area, which were back-transformed for graphing
purposes. Due to the use of pseudo-plots and the strong positive skew of the basal area data, results may differ from the average values per site indicated in Table 1.

whether a similar measure with a larger radius will relate better to
the COI.
The mean COI differed among the three Amazonian sites
(F = 6058, P < 0.001), with Nouragues having a signiﬁcantly higher
COI and Tambopata a signiﬁcantly lower COI (Fig. 3). Mean total
and relative liana basal area and number of lianas in the crown also
differed signiﬁcantly amongst the sites (F = 1549, P < 0.001, F = 834,
P < 0.001, F = 8324, P < 0.001 with df = 1 and n = 3000 for total, relative liana basal area and number of lianas, respectively). The mean
number of lianas in the crown was clearly increasing with mean
COI across sites (Fig. 3c). However, the liana basal area in Noel
Kempff was signiﬁcantly greater than in Nouragues (Fig. 3a and
b). Nouragues has a higher liana infestation rate than the two other
sites (69.0% of trees, vs. 67.4% for Noel Kempff and 52.6% for Tambopata; Table 1a), which may affect the value of the site-based COI.
We therefore also assessed whether total and relative liana basal
area differed between the sites when only taking liana-infested
trees into account. However, the results were similar to those in
which all trees were included (cf. Appendix C supplementary data
with Fig. 3). This indicates that trees with a given COI in Nouragues
are infested by more, but smaller, lianas, and those in Noel Kempff
by fewer, but larger, lianas. The relationship between liana basal
area and the COI on an individual tree-level therefore appears to
vary somewhat from site-to-site. These site-level differences may
be due to different environmental conditions, which affect liana
species composition, growth and abundance (Ibarra-Manríquez
and Martínez-Ramos, 2002; Schnitzer, 2005; DeWalt et al., 2006;
van der Heijden and Phillips, 2008; van der Heijden and Phillips,
2009b). While the COI may therefore be a precise measure when
used to discriminate between sites in terms of general liana competition for light, site-level differences in COI do not necessarily
correspond to differences in average liana basal area in the tree
crown.
4. Conclusions
This is the ﬁrst attempt to evaluate the overall effectiveness of
the liana crown occupancy index (COI). Our ﬁndings indicate that
the COI varies closely with detailed measures of lianas present in
the tree crown both on an individual tree- as well as stand-level
basis. This indicates that the COI is an accurate measure to describe
liana loads carried by trees and stands. On a site-level, the COI is
precise enough to differentiate between sites with different levels
of liana canopy competition, but may not be an accurate indicator
of site liana basal area in the tree crown. Not surprisingly, the COI

is less accurate at indicating the number and basal area of lianas
rooting in the proximity of the tree trunk and can therefore not
be used as a proxy for below-ground competition between lianas
and trees. As the COI is much less time consuming than detailed
liana measurements, it may be a preferential method to assess the
differences in tree-level, within- and amongst site liana loads.
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