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Abstract. Siri S, Ponpituk Y, Safoowong M, Nuipakdee W, Marod D, Duangkae P. 2020. Comparing morphological traits of legs of 
understory birds inhabiting forest areas with closed canopies and forest gaps. Biodiversitas 21: 1041-1048. Bird species exhibit 
different adaptations depending on their habitats. The morphological traits of each species represent adaptations that are impacted by 

environmental changes. We conducted a 3-year study from 2015 to 2017 to compare the leg morphology of understory birds that occur 
under closed canopies and in forest gaps in a hill evergreen forest in northern Thailand, with gaps in the natural forest representing forest 
disturbances. We captured 64 bird species over the study period and measured 11 leg morphological features for each individual. 
Ground-foraging birds were generally long-legged and climbing birds generally short-legged. Understory species living in dense forest 
areas were significantly associated with long claws, toes, and tibiae, whereas species occurring in gaps and open areas tended to have 
shorter leg structures. Results from classification tree analysis revealed that digit claw length is the most important trait for predicting 
which habitat a species is most likely to occupy. Our findings suggest that understory birds with long leg structures that live under 
closed canopies are most vulnerable to forest disturbances or the conversion of forests to large-scale open areas. 

Keywords: Bird, classification tree, disturbance, hill evergreen forest, Thailand  

INTRODUCTION 

The varying responses of different species to habitat 

changes may be related to their functional traits (Newbold 

et al. 2012). Thus, the examination of species functional 

traits can help with predicting how a species may respond 

to environmental changes, and contribute to its 

conservation and management.  

A functional trait is a feature of an organism that has a 

demonstrable link to the organism’s niche or role in 

ecosystem functioning (Garnier et al. 2004; Raffaelli and 

Frid 2010). Functional traits provide a general method to 

describe an organism’s structure and function, based on 
measurable properties, within the context of the greater 

community or environmental change (Ames 2012). Trait 

variation is a focus of evolutionary ecology, as examining 

variation allows us to determine adaptations to different 

environmental conditions (McNamara and Houston 1990; 

MacLeod et al. 2008). More recently, functional traits have 

been suggested as a useful conservation tool for birds, 

acting as predictors of groups of species that may be more 

vulnerable to habitat loss, forest succession, land-use 

change, and climate change (Violle et al. 2007; Gilroy et al. 

2014; Thuiller et al. 2014; Srinivasan 2019). In this study, 

we will discuss traits in terms of morphology. 
The study of ecological morphology focuses on 

understanding the relationship between morphological trait 

variation in birds and their ecosystem (Payne and Risley 

1976). Similarities in the external morphology of birds that 
behave in similar ways can be evaluated by comparing the 

size or shape of birds occupying the same microhabitats 

(James 1982). Zeffer et al. (2003) suggested that simple leg 

morphology can reflect the response of birds to their 

environment. The lengths of the tarsus and midtoe indicate 

strong relationships with substrate utilization (Miles and 

Ricklefs 1984). It' is clear that a strong correlation between 

morphological and ecological characteristics generally 

reflects an association between form and function 

(Kennedy et al. 2019). 

In Thailand, information on bird functional traits is 
lacking. Timely research into traits such as leg morphology 

can provide the data necessary for species conservation. In 

this study, we used leg morphological traits, rather than 

taxonomic species, to evaluate bird responses to changes in 

forest structure in hill evergreen forests in Thailand. Marod 

and Kutintara (2009) and Vu (2009) found that biodiversity 

in hill evergreen forests has been declining at a rapid rate, 

primarily due to habitat degradation. In addition, bird 

functional traits have not been well-explored in montane 

habitats, and little is known about differences in the leg 

morphology of understory birds in this habitat type in 

Thailand. To address these knowledge gaps, we 
investigated how leg morphological traits are adapted to 

closed-canopy conditions and mid-sized forest gaps. In 

natural systems, the forest canopy is dynamic changing 

continuously through growth, death, disturbance, and 
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succession. Forest gaps or patches ranging from 10 to 

5,000 m2 can occur naturally as a result of tree death or 

disturbance events such as wind (Desouza et al. 2001; 

Schliemaun and Bockheim 2011). 

Previous work has classified species into functional 

groups using phylogenetics, discriminant analysis, and 

ordination (e.g., principal components analysis; Dehling et 

al. 2016; Shao et al. 2016; Rolo et al. 2017; Shatkovska and 

Ghazali 2017). Here, we used classification trees to 

distinguish groups, with the intention of presenting a new 
approach to analyzing understory mainland bird species in 

Southeast Asia. Understory birds were selected because 

they are known to be good indicators of forest disturbance, 

and evidence suggests that birds in primary forests in Asia 

may be more sensitive to disturbance than forest birds on 

other continents (Sreekar et al. 2015; Powell et al. 2013; 

Phillips et al. 2017). Research into leg functional traits is 

useful to guide avian habitat conservation and ecosystem 

management in tropical forests. 

MATERIALS AND METHODS 

Study area 
Our study was conducted in a 16-ha permanent plot in 

the Mae Sa-Kog Ma Biosphere Reserve (HKM) 

(18°48′45.7′′ N, 98°54′7.7′′ E) in northern Thailand. Mean 

annual precipitation is 1,736 mm, with peak rainfall (335 

mm/month) in August during the rainy season (Glomvinya 

et al. 2016). Elevation within the HKM ranges between 

1,250 and 1,540 m. 

The vegetation within the 16-ha permanent plot is 

mature hill evergreen forest. To date, 189 plant species 

have been found in this forest. Dominant plant species 

include Castanopsis acuminatissima (Blume) A.DC., 
Castanopsis armata (Roxb.) Spach, Styrax benzoides 

Craib, Schima wallichii (DC.) Korth., and Vernonia 

volkameriiolia Wall. ex DC. (Marod et al. 2014). The 

dominant bird feeding guild is foliage-gleaning 

insectivores, which includes species such as Alcippe 

morrisonia Swinhoe, 1863, Stachyris nigriceps Blyth, 

1844, Pellorneum tickelli Blyth, 1859, and Seicercus 

omeiensis (Martens, Eck, Päckert & Sun, 1999) (Siri et al. 

2013; Siri et al. 2019). 

Mist-netting 

Understory birds were captured using mist-nets at 18 

randomly selected sites within the permanent plot between  

January 2015 and December 2017. Nine sites were located 

under closed canopies (UCC) and each UCC site was 

paired with a forest gap (FG). We defined forest gaps as 

foliage-free areas within the forest canopy. The distance 

between each pair of UCC and FG sites was approximately 

10 m. All gaps were 200-600 m2 in size. Each month, we 

set 72 mist nets (2.5 m x 9 m x 1 m, with four shelves) in 

pairs at the UCC and FG sites. Nets were set for 10 h per 

day (from 6 AM to 4 PM) and checked every 30-60 min, 

with greater frequency in the morning and evening. We 
closed the nets during periods of rainfall (Bibby et al. 1998; 

Wunderle et al. 2005; Werema 2015). All captured birds 

were identified to species. 

Leg morphological traits were measured for 64 

understory bird species. Eleven leg morphological traits in 

linear were measured using dial calipers graduated to a 

tenth of a millimeter (Table 1 and Figure 1). After 

identification and measurement, all mist-netted birds were 

released at their capture points. Activities complied with 

protocols from the Department of National Parks, Wildlife 

and Plant Conservation of Thailand (permit no. DNP 
0907.4/9819).  

Data analyses 

Mean values for all 11 traits were compared between 

UCC and FG sites using t-tests, with differences significant 

at P<0.05. Understory bird species were divided into four 

groups based on their behavior ground, perching, 

climbing, and predatory (Birn-Jeffery et al. 2012). We also 

compared leg morphological traits among these behavioral 

categories using one-way analysis of variance (ANOVA) 

followed by a least significant differences test. Differences 

were significant at P<0.05. 

 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The leg structure of 11 traits: Tibia (1), Tarsus (2), 
Diameter of middle of tarsus (3), Inner toe (4), Middle toe (5), 
Outer toe (6), Digit toe (7), Inner claw (8), Middle claw (9), Outer 
claw (10), and Digit claw (11) – illustrated by Mallika Siri. 

 
 

Table 1. Traits and methods used to measure leg morphological traits of birds (after Baldwin et al. 1931). 
 

Leg traits Methods 

Tibia From its junction with the femur to its junction with the metatarsus 
Tarsus 
 

From the exact middle point of the joint between the tibia and metatarsus behind, to the lower edge 
of the undivided scute on the front of the junction of metatarsus with the base of the middle toe. 

Diameter of middle of tarsus From antero-tarsus to posterior-tarsus at the middle point 

Toe (inner, middle, outer, digit) 
 

From the lower edge of the lowest entire tarsus scute, to its distal end where its integument ends on 
the base of the claw 

Claw (inner, middle, out, digit) From the tip of the claw to the base of the toe 
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In recent years, classification and regression tree 

(CART) analysis has become more popular among 

ecologists analyzing complex data, as it yields simple 

explanations and high classification accuracy (Cutler et al. 

2007). We used a CART approach to classify birds into 

groups based on their leg morphological traits and to 

determine the associations between bird species and habitat 

type (UCC or FG). Consistent classification trees were 

constructed using the “rpart” package in R software (ver. 

3.1.1; R Core Team 2014). The CART method effectively 

selects the important variables that are used to split groups 
in decision tree models (Kováth and Harnos 2015), in 

which each split partitions the data into two exclusive 

groups. The best predictor variables are shown at the top of 

the classification tree, and the length of the tree reflects its 

ability to explain the observed variation. 

RESULTS AND DISCUSSION 

Morphological traits of understory birds  

Over two years of mist-netting, 969 birds representing 4 

orders, 26 families, and 64 species were captured during 

25,920 net hours at UCC and FG sites. Of all captured 

birds, 492 birds from 52 species were captured at UCC 
sites, and 477 birds from 48 species were captured at FG 

sites (Table 2). Ten of the 11 leg morphological traits were 

significantly different (P<0.05) between birds that occupy 

UCC and FG sites (Table 2). Leg structures tended to be 

longer in birds occupying under closed canopy than in 

birds occupying FG sites. 

Correlations between leg morphology and behavioral 

group (ground, perching, and climbing) are presented in 

Table 3. Predatory birds were not included in this analysis, 

as only one predatory species was observed in the study. 

Ground-dwelling birds such as Garrulax strepitans Blyth, 

1855, Copsychus malabaricus (Scopoli, 1788), Enicurus 
sinensis Gould, 1866, and Pitta cyanea Blyth, 1843, had 

longer tibiae, tarsi, middle toes, and digit claws compared 

to perching and climbing birds. Perching birds such as 

Cyornis banyumas (Horsfiele, 1821), Alophoixus pallidus  

(Swinhoe, 1870), Rhipidura albicollis (Vieillot, 1818), and 

Arachnothera longirostra (Latham, 1790), had longer 

tibiae and tarsi than climbing birds. Finally, climbing birds 

had shorter legs, but longer outer toes and longer inner, 

middle, and outer claws compared to perching birds. 

Classification of understory birds occupying UCC and 

FC sites 

Results from classification tree analysis indicated that 

leg morphological traits can be used to predict habitat 

associations for understory birds. Lengths of the digit, 

middle, and outer claws; diameter of middle of tarsus, 
tarsus; digit, inner, and middle toes; and tibia were 

important in tree construction (Figure 2). Digit claw length 

was the most important variable that predicted bird species 

occur in the two habitat types (UCC and FG). Birds with 

long digit claws; digit, inner, and middle toes; tibiae, and 

middle claws were associated with UCC sites (Figure 2). In 

particular, birds with digit claws that were >6.45 mm in 

length and inner toes that were >7.15 mm in length were 

associated with UCC sites. These traits were found in 28 

bird species in this study, including Myiomela leucura 

(Hodgson, 1845), Serilophus lunatus (Gould, 1834), 
Niltava sundara Hodgson, 1837, and Garrulax chinensis 

(Scopoli, 1786) (Table 4). In addition, bird species such as 

Turdus dissimilis Blyth, 1847 and Psilopogon asiaticus 

(Latham, 1790) had digit claw, middle toe, tibia, and digit 

toe lengths of <6.45, >9.05, >19.15, and >10.05 mm, 

respectively, and were found at UCC sites. Understory 

birds that were most active at FG sites had shorter digit 

claws (<6.45 mm) and middle toes (<9.05 mm). FG species 

with these traits include Aethopyga saturata (Hodgson, 

1836), Phylloscopus intensior Deignan, 1956, Dicaeum 

ignipectus (Blyth, 1843), and Erpornis zantholeuca (Blyth, 

1844). Additionally, understory birds found at FG sites had 
relatively short diameters of middle of tarsus (<2.75 mm), 

tibiae (<19.15 mm), and inner toes (<7.15 mm). These bird 

species include Terpsiphone affinis (Blyth, 1846), 

Pycnonotus melanicterus (Gmelin, 1789), Arachnothera 

longirostra (Latham, 1790), and Sasia ochracea Hodgson, 

1836.

 
 
 
 
Table 2. Mean±SE on leg morphological of birds between under closed canopy (UCC) and forest gap (FG). 

 

Leg traits Code 
Mean±SE (mm.) 

P 
UCC (n=492) FG (n=477) 

Tibia 
Tarsus 
Diameter of middle of tarsus 

Inner toe 
Middle toe 
Outer toe 
Digit toe 
Inner claw 
Middle claw 
Outer claw 
Digit claw 

Tibia 
Tarsus 
Mtarsus 

T.inner 
T.middle 
T.outer 
T.digit 
C.inner 
C.middle 
C.outer 
C.digit 

29.53±0.35 
21.62±0.26 
2.19±0.06 

9.17±0.11 
13.53±0.16 
10.52±0.11 
9.68±0.12 
4.20±0.04 
5.42±0.04 
4.00±0.04 
6.56±0.07 

27.80±0.35 
20.23±0.26 
2.03±0.03 

8.55±0.11 
12.38±0.16 
10.07±0.12 
9.20±0.12 
4.12±0.05 
5.19±0.05 
3.95±0.04 
6.06±0.07 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.38 
0.00 
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Table 3. Mean±SE on leg structure of understory birds follows behavioral categories. Values with different superscript in the same 
column indicate a significant different at P<0.05. 

 

Leg traits 
Behavioural categories 

Ground (n=98) Perch (n=839) Climb (n=31) 

Tibia 
Tarsus 
Mtarsus 

45.34±1.26a 
33.30±0.97a 
3.24±0.10a 

26.95±0.14b 
19.75±0.09b 
1.98±0.03b 

23.18±1.22c 
14.56±0.88c 
1.98±0.11b 

T.inner 
T.middle 
T.outer 
T.digit 

13.84±0.37a 
20.58±0.49a 
15.02±0.38a 
14.07±0.38a 

8.30±0.05b 
12.08±0.07b 
9.71±0.06b 
8.93±0.06b 

8.30±0.54b 
12.60±0.69b 
11.06±0.23c 
9.11±0.91b 

C.inner 
C.middle 
C.outer 
C.digit 

5.23±0.14a 
6.77±0.15a 
4.88±0.13a 
8.88±0.23a 

4.01±0.02b 
5.10±0.03b 
3.81±0.02b 
6.05±0.03b 

4.90±0.38a 
6.40±0.37a 
5.08±0.21a 
5.62±0.47b 

 

 

 
 

 
 
Figure 2. Classification tree model of the morphological traits of understory birds in under closed canopy (UCC) and forest gap (FG). 
Consider only leg structure, nine morphological traits (C.digit, C.middle, C.outer, Mtarsus, T.digit, T.inner, T.middle, Tarsus, and 
Tibia). Scientific name: See Table 4 
 
 

 

Discussion 

Morphological traits of understory birds  
Variation in morphological traits among birds allows 

different species to occupy different habitats, and birds 

further express a variety of behaviors associated with these 

habitats (Grant 1986; Barbosa and Moreno 1999). At UCC 

sites, understory birds generally had longer leg structures. 

Most species with longer legs were ground-dwelling 

species that were largely insectivorous, such as Geokichla 

citrina (Latham, 1790), Turdus obscurus Gmelin, 1789, 

Garrulax monileger (Hodgson, 1836), and Pellorneum 

ruficeps Swainson, 1832. These species use their long legs 

for walking or hopping, to forage for insects in dense leaf 

litter (Dilger 1956; Marod and Kutintara 2009), and to 
maintain stability when crouching (Stover 1960; Bennett 

1996). A long, flat digit claw (hind claw) is an adaptation 

for walking in this group (Osterhaus 1962). Our findings 

were consistent with those reported by Siri et al. (2019), 
that terrestrial insectivores were more likely to be captured 

under closed canopies than in forest gaps. 

Mean leg structure lengths in perching birds were 

intermediate between those in climbing and ground-

dwelling birds. A long toe found in perching birds is 

common to foliage-gleaning insectivores such as Stachyris 

nigriceps Blyth, 1844, Abroscopus superciliaris (Blyth, 

1859), Mixornis gularis (Horsfield, 1822), and 

Phylloscopus valentini (Hartert, 1907) which forage over 

short distances. Osterhaus (1962) suggested that long toes 

are critical for the stability needed to perch on small twigs 

or branches. In particular, flycatchers such as Culicicapa 
ceylonensis (Swainson, 1820) and Hypothymis azurea 

(Boddaert, 1783) have a long middle toe that helps them 
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with taking off quickly to capture insects in the air 

(Osterhaus 1962). Moreover, Xing et al. (2019) discovered 

this longer toe has a specific function of support in prey 

detection.  

Shorter leg structures were more common among 

species found in forest gaps, such as Picumnus innominatus 

Burton, 1836, Sasia ochraceu, and Sitta frontalis 

Swainson, 1820, which are bark-gleaning insectivores 

(Round et al. 2011). These species forage in trees and 

climb vertically up tree trunks. Thus, their short legs are an 
adaptation to climbing (Zeffer et al. 2003). A short tibia 

and tarsus are advantageous for climbing, as these traits 

provide support for the body against trees or other 

substrates (Richardson 1942; Osterhaus 1962; Winkler and 

Bock 1976). Furthermore, we found longer claws in 

climbing birds relative to perching birds. Longer claws and 

higher curvature allow understory birds to climb and grasp 

onto tree bark more effectively (Birn-Jeffery et al. 2012). 

Thus, leg structure depends on a species’ foraging substrate 

and is related to species behavior. 

Classification of understory birds occupying UCC and FG 
sites 

The classification tree developed here using leg 

morphological traits was effective in predicting which bird 

species would occupy UCC or FG sites, and suggested that 

38 of the understory species found in this study should 

occur under a closed canopy or in dense forest. Broadly, 

birds expected to occur under closed canopy had a high 

habitat specificity, low mobility, and preferred dense 

forests to open areas (Thiollay 1992; Stratford and Stouffer 

1999; Siri et al. 2019). Forests with high structural 

complexity and high basal area provide important resources 
for closed canopy, long-legged species (Whelan 2001; 

Pratumtong et al. 2018), where these species benefit from 

diverse foraging opportunities in forests with high vertical 

stratification. Walther (2002) suggested that bird species 

foraging at low levels in dense forests can be found in 

small forest gaps with lower light intensities, as they 

require less illumination. However, in our study, long-

legged understory birds spent most of their foraging time at 

high levels in dense forests, and species such as Pteruthius 

flaviscapis (Temminck, 1835), Dicrurus aeneus Vieillot, 

1817, Hypothymis azurea, and Arachnothera magna 

(Hodgson, 1837) were found in large natural forest gaps. 

Thus, if hill evergreen forests are converted to large open 
gaps, ground-dwelling insectivorous birds with long legs 

are likely to be most severely affected (Figure 3) 

(Greenberg 1989; Stratford and Stouffer 2015). Based on 

our research, Pitta cyanea a ground-dwelling insectivorous 

species with long legs, is the most sensitive to large forest 

gaps. Previous studies suggest that species which have 

large body size, are sedentary and specific in habitat and 

diet tend to suffer more from habitat disturbance (Becker et 

al. 2007; Cleary et al. 2007; Tscharntke et al. 2008). 

In tropical forests, anthropogenic conversion of natural 

habitats has increased rapidly, and deforestation has led to 
the creation of large-scale open areas (Newbold et al. 2012; 

Powell et al. 2015). A continued increase in the extent of 

open areas caused by non-natural disturbances will affect 

forest-dependent understory birds (Karr and Freemark 

1983). Here, forest gaps of 200-600 m2 represented forest 

disturbances. The most distinctive trait of birds occurring 

in forest gaps was shorter leg structures. Therefore, the 

fallen trees on the ground impacted the foraging substrate 

of these short-legged birds. Almost all understory birds 

associated with FG sites in this study catch insects by 

perching. The short legs, and especially the short tarsi, of 
perch-gleaning and sally-gleaning insectivores, increase 

stability when birds perch on thin branches or unstable 

surfaces (Schulenberg 1983). 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. The long legs trait of ground-foraging species (in black) need low illumination in the UCC in hill evergreen forests and are 
more sensitive to large open areas. Bird with this trait but forage above the ground (grey) in the UCC can be found in natural forest gaps 

more than terrestrial birds. In the illustration, it is apparent that habitat structure and canopy have an effect on birds – illustrated by 
Mallika Siri. 
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Table 4. Mean of 11 traits of understory birds for considering habitat type on classification tree. Abbreviation: See Table 2 
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Leg traits (mm) 
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Abroscopus superciliaris  
Aethopyga saturata 
Alcippe morrisonia 
Alophoixus pallidus 
Arachnothera longirostra 
Arachnothera magna 
Chalcophaps indica 
Chloropsis hardwickii 
Clamator coromandus 
Copsychus malabaricus 
Culicicapa ceylonensis 
Cyornis banyumas 
Dicaeum ignipectus 
Dicrurus aeneus 
Dicrurus remifer 
Garrulax chinensis 
Enicurus sinensis 
Erpornis zantholeuca 
Erythrura prasina 
Ficedula hyperythra 
Garrulax strepitans 
Garrulax monileger 
Geokichla citrina 
Glaucidium brodiei 
Hemixos flavala 
Pitta cyanea 
Hypothymis azurea 
Hypsipetes mcclellandii 
Larvivora cyane 
Mixornis gularis 
Psilopogon asiaticus 
Monticola rufiventris 
Muscicapa ferruginea 
Myiomela leucura 
Myophonus caeruleus 
Napothera epilepidota 
Niltava sundara 
Pellorneum ruficeps 
Pellorneum tickelli 
Phylloscopus intensior 
Phylloscopus inornatus 
Phylloscopus reguloides 
Phylloscopus ricketti 
Phylloscopus tenellipes 
Picumnus innominatus 
Picus guerini 
Pomatorhinus schisticeps 
Pteruthius flaviscapis 
Pteruthius aeralatus 
Pycnonotus melanicterus 
Rhipidura albicollis 
Sasia ochracea 
Phylloscopus omeiensis 
Phylloscopus valentini 
Serilophus lunatus 
Sitta frontalis 
Stachyris nigriceps 
Staphida castaniceps 

23.90 
17.76 
28.39 
33.76 
23.34 
30.56 
51.36 
29.25 
44.60 
35.54 
18.56 
25.02 
18.55 
25.60 
31.80 
59.90 
40.87 
24.31 
23.70 
23.95 
62.24 
61.27 
46.33 
41.30 
28.95 
60.93 
22.34 
27.69 
32.50 
24.66 
44.20 
37.90 
21.70 
37.33 
69.70 
28.30 
30.41 
33.42 
33.06 
22.90 
23.40 
22.95 
22.02 
22.50 
20.71 
47.95 
41.13 
37.45 
25.36 
27.56 
23.55 
21.37 
22.61 
22.36 
29.95 
23.95 
29.39 
23.00 

21.60 
14.01 
21.50 
21.16 
15.63 
20.60 
28.43 
17.50 
28.40 
26.14 
13.38 
17.98 
12.80 
16.10 
20.90 
41.60 
31.25 
16.97 
14.50 
20.05 
47.20 
44.97 
33.12 
20.50 
16.75 
48.36 
16.60 
18.14 
25.10 
17.62 
25.15 
26.50 
13.90 
28.46 
59.40 
22.30 
22.07 
25.24 
26.21 
17.60 
17.90 
17.72 
16.97 
18.60 
12.22 
31.30 
30.23 
26.65 
19.76 
16.18 
18.20 
13.00 
18.26 
18.76 
20.44 
17.43 
21.97 
16.40 

1.40 
1.38 
1.93 
3.01 
1.93 
2.62 
4.73 
2.60 
4.50 
2.31 
1.40 
1.85 
1.35 
2.20 
2.70 
4.50 
2.82 
1.73 
2.10 
1.45 
4.83 
4.82 
3.19 
3.60 
2.65 
3.46 
1.64 
2.52 
1.80 
1.92 
3.45 
3.30 
1.55 
2.23 
4.50 
2.10 
1.96 
2.42 
2.15 
1.30 
1.30 
1.39 
1.32 
1.50 
1.71 
4.15 
3.30 
2.40 
1.70 
2.55 
1.71 
1.90 
1.38 
1.37 
2.28 
2.11 
2.40 
1.80 

7.70 
6.40 
8.37 
10.65 
6.30 
10.15 
18.66 
8.20 
19.30 
10.37 
5.34 
8.11 
6.10 
7.20 
9.85 
16.10 
13.20 
6.54 
7.75 
9.55 
18.40 
18.92 
13.62 
15.30 
8.10 
16.43 
6.93 
9.25 
9.20 
7.60 
14.15 
12.50 
6.70 
12.00 
18.40 
10.95 
9.79 
10.91 
10.59 
6.46 
6.40 
6.95 
5.89 
6.40 
7.47 
18.85 
13.60 
12.25 
7.28 
8.53 
6.83 
7.07 
6.85 
6.94 
10.38 
8.21 
8.85 
7.10 

10.80 
8.53 
12.41 
14.92 
10.15 
13.73 
23.20 
12.50 
26.50 
16.21 
7.44 
12.00 
7.60 
10.20 
13.75 
24.90 
19.02 
8.92 
12.50 
12.75 
27.33 
26.47 
20.34 
17.80 
12.30 
24.90 
9.38 
12.88 
14.70 
11.00 
19.37 
20.20 
9.95 
18.56 
29.20 
17.10 
14.88 
16.84 
15.92 
8.83 
9.20 
9.92 
8.65 
9.70 
11.07 
25.30 
19.73 
16.00 
10.26 
11.56 
10.09 
11.02 
9.90 
10.10 
14.97 
14.25 
12.23 
11.20 

9.80 
7.23 
10.30 
12.43 
7.93 
11.30 
18.66 
10.10 
20.30 
11.91 
6.48 
8.95 
6.30 
8.10 
12.20 
18.60 
13.65 
8.05 
8.95 
8.75 
20.33 
19.07 
14.90 
14.20 
9.95 
18.53 
8.22 
10.70 
9.20 
8.74 
18.30 
14.20 
7.05 
13.40 
19.90 
12.10 
11.09 
11.87 
11.68 
7.06 
7.00 
7.74 
6.97 
7.20 
10.76 
14.25 
15.06 
13.70 
8.78 
9.35 
8.75 
NaN 
8.08 
8.02 
13.20 
10.91 
10.21 
8.20 

9.10 
7.33 
9.23 
11.43 
7.77 
11.68 
16.03 
8.25 
15.00 
11.27 
6.14 
8.35 
6.65 
7.20 
11.25 
14.60 
13.00 
7.87 
7.20 
7.60 
19.24 
18.07 
13.65 
10.60 
9.25 
17.56 
7.37 
8.88 
9.90 
8.92 
10.45 
13.50 
6.80 
11.43 
20.10 
10.65 
10.55 
11.28 
10.61 
7.06 
6.40 
7.72 
6.65 
7.50 
5.88 
23.30 
15.20 
11.25 
7.57 
8.14 
7.41 
11.55 
7.42 
7.77 
12.16 
12.95 
9.67 
6.70 

3.60 
3.21 
4.16 
5.02 
4.43 
5.46 
6.16 
4.25 
6.90 
4.38 
3.30 
3.64 
2.45 
4.50 
6.05 
7.00 
4.70 
4.48 
3.60 
3.60 
7.18 
6.65 
4.77 
8.30 
3.90 
5.56 
3.58 
4.25 
3.30 
3.66 
6.17 
5.90 
2.75 
4.76 
8.10 
4.15 
4.11 
4.12 
4.01 
2.90 
3.10 
3.19 
3.00 
3.40 
4.02 
12.75 
5.80 
4.95 
3.43 
3.51 
3.96 
4.72 
3.21 
3.28 
5.52 
5.16 
4.58 
3.20 

4.80 
3.77 
5.07 
6.40 
5.47 
6.72 
7.06 
5.55 
8.90 
6.37 
4.22 
5.02 
3.15 
6.10 
6.70 
9.00 
5.70 
4.96 
4.95 
5.50 
8.70 
8.90 
6.78 
8.40 
5.15 
7.66 
4.48 
5.38 
4.80 
4.50 
8.05 
7.20 
3.95 
6.53 
9.50 
4.70 
5.58 
5.39 
5.81 
3.30 
4.10 
3.91 
3.47 
4.60 
5.53 
13.81 
6.96 
6.55 
4.31 
4.68 
5.08 
7.45 
4.47 
4.54 
6.78 
5.98 
5.52 
3.70 

3.50 
3.26 
3.97 
4.76 
4.01 
5.14 
5.10 
4.20 
8.00 
4.48 
3.26 
3.48 
2.70 
4.10 
5.65 
6.70 
4.07 
3.84 
3.55 
3.15 
6.68 
6.72 
4.54 
7.30 
4.00 
4.40 
3.55 
4.07 
3.00 
3.26 
7.15 
5.70 
2.70 
4.70 
7.80 
3.45 
4.06 
3.90 
3.61 
2.73 
2.90 
3.19 
2.58 
3.10 
4.71 
7.55 
5.36 
5.00 
3.42 
4.02 
3.96 
NaN 
3.17 
3.08 
5.28 
5.41 
4.07 
2.90 

5.50 
4.87 
6.14 
6.87 
6.43 
8.19 
7.30 
5.85 
6.80 
7.74 
4.20 
5.73 
3.75 
6.60 
9.10 
12.60 
7.97 
5.35 
5.85 
6.20 
12.18 
12.35 
8.22 
7.70 
5.55 
9.76 
5.02 
5.85 
6.50 
5.94 
6.10 
8.60 
4.05 
9.56 
12.60 
6.58 
6.92 
7.69 
8.19 
4.13 
4.60 
4.85 
3.92 
5.30 
3.82 
11.55 
9.73 
7.60 
5.01 
4.94 
5.81 
7.75 
5.40 
5.54 
7.11 
7.95 
7.13 
4.80 

Terpsiphone affinis 
Turdus dissimilis 
Turdus obscurus 
Urosphena squameiceps 
Zosterops erythropleurus 
Zosterops palpebrosus 

25.10 
45.30 
45.00 
24.48 
23.25 
21.25 

15.53 
30.10 
30.05 
18.81 
15.97 
15.00 

1.96 
3.60 
3.15 
1.42 
1.67 
1.59 

7.06 
14.90 
14.85 
8.40 
7.32 
6.70 

10.46 
22.70 
22.10 
12.54 
10.45 
9.20 

8.70 
16.70 
14.90 
8.48 
8.97 
7.80 

8.53 
15.00 
14.45 
8.65 
8.65 
7.65 

4.40 
9.10 
6.05 
3.15 
3.25 
2.80 

5.66 
6.00 
7.60 
3.81 
4.22 
3.35 

4.53 
7.80 
5.50 
2.74 
3.17 
2.65 

6.13 
5.90 
9.10 
5.68 
4.82 
4.55 



SIRI et al. – The morphological traits of legs in understory birds 

 

1047 

 

 

From our results, we can predict which understory bird 

species in the HKM are likely to be negatively impacted by 

artificially-created large open areas, based on leg 
morphological traits. Specifically, species occurring under 

closed canopies with long digit claws and toes; middle 

claws; inner and middle toes; and tibiae are most likely to 

be negatively affected by disturbance. Results from 

classification tree analysis revealed that leg morphological 

traits can be used to associate bird species with habitat 

type. We note that our findings are limited to understory 

birds in hill evergreen forests but suggest that they can be 

used to understand where bird species are most likely to 

occur in general. Functional traits represent phenotypic 

plasticity in birds and dictate which birds may be able to 
adapt to novel environments when short-term 

environmental changes occur (Nussey et al. 2007; Pfenning 

et al. 2010). Long-term monitoring that focuses on 

relationships between leg traits and forest gap succession in 

this region would provide useful data and should be a 

priority for future research. 
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