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Abstract 

Background: Mixed-species flocks (MSFs) have been well sampled in the South Asia, but there has been as yet 
surprisingly little work on MSFs of Nepal, despite a diverse and well-studied avifauna. We surveyed MSFs in two forest 
types in and around the Important Bird Area of Chitwan National Park in Nepal, between 150 and 800 m a.s.l., to pro-
vide a first description of the composition of MSFs in this area. We also aimed to understand which species should be 
considered ‘nuclear species’, important to forming MSFs or leading them forward.

Results: In total, we collected records on 222 MSFs that included 100 species, and 6097 individuals. The MSFs were 
similar to worldwide patterns in being dominated by leaf-gleaning, non-terrestrial insectivores. However, the MSFs 
were more dominated by canopy species than usual, and did not have a clear gregarious, understory leading species. 
Rather drongos (Family Dicruridae) and minivets (Family Campephagidae, Genus Pericrocotus) acted as leaders, and a 
cluster analysis of composition showed one group of large body size MSFs particularly characterized by the presence 
of the Greater Racket-tailed Drongo (Dicrurus paradiseus).

Conclusions: Drongos are known to provide both costs and benefits to other flock participants: they are aggressive 
birds that can steal food, and manipulate other species with their vocalizations, but at the same time they are ‘sentinel 
species’ that produce information about predation risk other species can use. This study demonstrates that drongos 
can be considered nuclear species for some types of MSFs, despite the potential costs of their presence. MSFs led by 
sentinel species thus may form in Asia, as well as in the Neotropics.
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Background
Of all vertebrate animals, birds are most likely to group 
and move together with other species (Morse et  al. 
1977; Goodale et al. 2017). Mixed-species flocks of birds 
(MSFs) reach their peak of diversity in forested habitat, 
where they are found, year-round in the tropics, and 
in migration and winter in temperate regions (Green-
berg 2000; Goodale et al. 2017). Forest MSFs have been 

described on all continents except Antarctica, with at 
least 170 descriptive studies over a century of research 
(Zou et al. 2018). Participation in MSFs helps dilute pre-
dation risk (Beauchamp 2014), and increase foraging 
efficiency without increasing competition as much as 
monospecific flocks (Sridhar et  al. 2009; Goodale et  al. 
2017). However, mixed-species flocking may also have 
costs, including that species may have to move at speeds 
or in locations that are not optimal for them (Hutto 1988; 
Darrah and Smith 2013).

A frequent observation about MSFs is that some 
‘nuclear’ species are more important than others to 
their formation or maintenance, and tend to lead them 
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(Moynihan 1962; Zou et al. 2018). These nuclear spe-
cies are keystone species for their communities: essen-
tial to their functioning and conservation (Mills et  al. 
1993). Nuclear species tend to be gregarious  and to 
engage in conspicuous calling and otherwise active 
behavior (Hutto 1994; Goodale and  Beauchamp 2010; 
Pagani-Nunez et  al. 2018). Because they have an 
important conspecific audience in MSFs, which may 
include kin or mates, it is thought these species are 
likely to produce costly information such as alarm calls 
(Goodale et al. 2020).

However, whether a species is a nuclear species is 
not necessarily black-and-white. In some systems, for 
example, there are ‘secondary’ leaders that appear to 
gain importance when the primary nuclear species is 
absent (Diamond 1987; Weeks et al. 2020), whereas in 
other systems there may be several redundant nuclear 
species (Jones and Robinson 2021). Another complex 
issue involves a ‘sentinel species’, one that is particu-
larly vigilant about predation risk, such as drongos 
(Family Dicruridae) in Asia (Goodale et al. 2020), and 
whether such a species should be considered nuclear 
or not. Although drongos make alarm calls to which 
other species respond, drongos can manipulate other 
species with false alarms (Flower et  al. 2014), attract 
other species towards MSFs from which they are ben-
efitted (Goodale and Kotagama 2006), and even klep-
toparasitize other species (King and Rappole 2001a). 
It is not clear whether a bird that gives such a com-
plex mix of benefits and costs should be considered a 
nuclear species, and thus it is necessary to search for 
more evidence of whether drongos are able to lead 
MSF systems.

There have been many MSF studies in the southern 
regions of the South Asia (specifically the Western 
Ghats and Sri Lanka; Goodale et  al. 2009), and some 
systems have been described in Northeastern India 
(Srinivasan et  al. 2012) and central Myanmar (King 
and Rappole 2001b). However, to our knowledge there 
have been no formal descriptions of MSFs in Nepal. 
This is despite an exceptionally rich avifauna of 887 
species, a large ornithological literature, and a strong 
bird conservation ethos and community (Inskipp et al. 
2016; Baral et  al. 2018). As an introductory study, we 
initially aimed to describe MSFs inside and around 
Chitwan National Park, Nepal’s oldest national park 
and an Important Bird Area for the country (Inksipp 
et  al. 2016), surveying the two most important forest 
types of the areas (CNP 2015). Preliminary observa-
tions, however, suggested that usual gregarious nuclear 
species were not common, and so we refined our goals 
to include investigating the leadership of MSFs and 
especially the role of drongos.

Methods
Study site
Chitwan National Park (CNP; 27°16′–27°42′ N, 83°50′–
84°46′ E, elevation 150–815  m a.s.l., Fig.  1) was estab-
lished in 1973, and has been documented to provide 
habitat for 643 species of birds. The 953  km2 park has an 
additional buffer zone of 729  km2 and is adjacent to other 
forested areas such as Barandabhar Forest and Kumroj 
Community Forest (NTNC-BCC and CNP 2020). This 
larger area, in which we worked, includes the Narayani, 
Rapti and Reu rivers and their many tributaries. The 
climate of the region is tropical and subtropical, with a 
strong summer monsoon; average temperature ranges 
from 8 °C to 35 °C, and mean annual rainfall is ~ 2600 mm 
(CNP 2015).

We concentrated on sampling two habitats: Sal For-
est (SF) and riverine forest (RF). SF is the most common 
forest type of the park, covering ~ 70% of its area. It is 
dominated by Sal (Shorea robusta), intermixed with Asna 
(Terminalia alata), Barro (T. bellerica), Bhalayo (Seme-
carpus anacardium), Karam (Adina cardifolia), Kutmero 
(Litsea monipetala), and Tantari (Dillenia pentagyna) 
(Thapa 2011; Baral et  al. 2020), with sparse understory 
ground cover (Lehmkuhl 1994). In contrast, RF is not 
very common (~ 7% of the area), but is structurally dif-
ferent, having higher density of trees per hectare, basal 
area, and tree species richness than SF (Engstrom et  al. 
2020), and floristically distinct, dominated by Vellar (Tre-
via nudiflora), Khayar (Acacia catechu), Sissoo (Dalber-
gia sisso) and Simal (Bombax ceiba). Other habitats of the 
park are composed of grasslands or wetlands and would 
not be expected to have forest bird flocks, as grassland 
and wetland flock systems are very distinct from those of 
forest (Goodale et al. 2017).

MSF survey
As part of a larger study on the flocking species the 
Greater Necklaced Laughingthrush (Garrulax pectora-
lis) and the Lesser Necklaced Laughingthrush (Garrulax 
monileger), we aimed to characterize the composition 
and organization of MSFs of the region and the two habi-
tats. Field studies were conducted from October 2019 to 
January 2020. We walked dirt roads and footpaths in the 
park and its surroundings, between 07:30–12:00  h and 
14:30–17:30  h and avoided revisiting the same roads, 
with the objective of sampling as many parts of the study 
area as possible. An MSF was defined as a group of birds 
moving in the same direction for more than five minutes 
(Goodale et al. 2009), and was observed from one point 
for 13.0 ± 8.2 (mean ± standard deviation [SD]) min on 
average, and for a maximum of 30 min. All species seen 
as moving with the MSF at any one moment in time were 
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included in its composition. When a species was seen 
foraging, its vertical strata was also recorded visually, as 
terrestrial, understory (bottom third of forest height), 
midstory (middle third) or canopy (topmost third). We 
also noted the order that species crossed gaps (trails, 
open water, or forest gaps), making only one observation 
per MSF. All observations were made by one observer 
(KRG). Taxonomy follows Grimmett et al. (2016).

For the analysis, we classified species by their traits, 
using data from the published literature, as well as from 
the field. Birds were categorized as to their diet (carni-
vores, frugivores [including granivores], insectivores, 
nectarivores, omnivores), using data from Grimmett 
et  al. (2016) and the Birds of the World (BOW; https:// 
birds ofthe world. org/ bow/ home). Insectivores and omni-
vores that consume a lot of insects were further classi-
fied into different foraging techniques (gleaning, probing, 
sallying; Remsen and Robinson 1990). Bird size was cat-
egorized as small (less than 10 cm head to tail), medium 
(11–20 cm) and large (above 20 cm), and used the same 

data sources as diet. We categorized species as to their 
abundance (regular, common, uncommon and rare; cat-
egories follow Machado [1999]), and migration ecology 
(resident and migrant, including altitudinal migrants), 
based on regional studies of the park’s avifauna (NTNC-
BCC and CNP 2020). Vertical stratification (understory, 
midstory, canopy, and ‘all levels’ [there was no clear 
majority in one vertical strata]) came from field data. 
As data were heteroschedastic, we used Welch’s T-tests 
to compare the characteristics of MSFs between the two 
habitats. Mean values are shown ± SD.

To identify MSF types, we used hierarchical cluster 
analysis with Ward’s minimum variance method on a 
matrix of species presence and absence (e.g., King and 
Rappole 2001b; Srinivasan et al. 2012). In order to char-
acterize MSFs, we calculated the mean body size of all 
the species in an MSF, and then categorized MSFs into 
those with large, medium and small mean body sizes 
using the same thresholds of size as above. We also cat-
egorized the MSFs into the dominant vertical strata of 

Fig. 1 Map of Chitwan National Park and adjoining areas, showing survey locations, marked with purple stars for Sal forest and blue-green circles 
for riverine forest

https://birdsoftheworld.org/bow/home
https://birdsoftheworld.org/bow/home
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the species in them. We then used Fisher Exact Tests to 
determine whether different characteristics were spread 
non-randomly among clusters. We also asked through 
Fisher Tests whether certain families or species were 
over-represented in one cluster more than the others. 
P-values < 0.05 were considered significant.

Results
MSF size and composition
During the study period, we encountered a total of 222 
MSFs (162 in SF and 60 in RF), including 100 species 
(93 species in SF, 75 in RF) and 6097 individuals (4509 
in SF, 1588 in RF). The mean species richness of MSFs 
was 9.5 ± 3.6, and the mean number of individuals was 
27.6 ± 15.8. There was no difference between the SF 
and RF habitats in MSF species richness, the number of 
individuals, or MSF Shannon–Wiener diversity (t-val-
ues < 0.72, P-values > 0.48).

Eighteen species were regular species in MSFs (seen 
in > 25% of MSFs in at least one habitat; Table 1), and of 
these all but one (Greenish Warbler Phylloscopus tro-
chiloides) was a resident; 16 were insectivores. Likewise, 

of all the species observed in MSFs (see Additional file 1: 
Table S1 for a full list), 88% were residents, and 81% were 
insectivores, with the next most common category being 
frugivores at 11%. Among the insectivores, gleaners (63%) 
represented the majority, with salliers next most frequent 
at 23.5%. When considering vertical stratification, species 
that inhabited the canopy were the most common (42%), 
with understory (26%) and midstory (23%) species about 
equally represented.

We also encountered 35 species that never participated 
in MSFs in the two forest types, 32 in SF and 21 in RF 
(Additional file  1: Table  S2). Here 46% were frugivores 
and insectivores was the next most common group at 
37%. Non-flocking species were significantly less likely 
to be insectivores than flocking ones (Fisher’s Exact Test, 
P < 0.0001).

Hierarchical clustering divided the 222 MSFs into three 
main clusters (Fig.  2). These clusters were distinguish-
able in their characteristics with Cluster 1 having MSFs 
with large mean body sizes more often (58/74, 78%) than 
the two other clusters (84/148, 57%; Fisher’s Exact Test, 
P = 0.0018). However, the clusters did not differ as to 

Table 1 Those species seen in more than 25% of either Sal forest (SF, n = 161) or riverine forest (RF, n = 61) MSFs

Species are ordered by the overall number of MSFs in which they were found. FG feeding guild, FM foraging method, VS vertical strata, MB migratory behavior, F 
frugivore, I insectivore, O omnivore, G gleaner, P prober, S sallier, All all levels, Can canopy, Ms midstory

Species Occurrence FG FM VS MB Mean No. of 
individuals ± SD

SF RF

Scarlet Minivet (Pericrocotus speciosus) 87 22 I G Can R 5.5 ± 5.4

Black Hooded Oriole (Oriolus xanthornus) 73 28 F G Can R 1.1 ± 0.6

Greater Racket Tailed Drongo (Dicrurus paradiseus) 64 11 I S Ms R 1.3 ± 0.6

Chestnut Bellied Nuthatch (Sitta cinnamoventris) 51 27 I G Can R 2.3 ± 1.5

Bronzed Drongo (Dicrurus macrocercus) 51 6 I S Can R 1.9 ± 0.7

Grey Capped Pygmy Woodpecker (Dendrocopos canicapillus) 49 23 I P Can R 1.8 ± 0.7

Jungle Babbler (Turdoides striata) 47 10 I G Ms R 9.9 ± 4.3

Great Tit (Parus major) 45 15 I G Ms R 1.7 ± 1.1

Greenish Warbler (Phylloscopus trochiloides) 43 18 I G All M 6.7 ± 4.4

Grey Headed Woodpecker (Picus canus) 43 6 I P All R 1.3 ± 0.5

Large Cuckooshrike (Coracina macei) 43 13 I S Can R 1.1 ± 0.3

Velvet Fronted Nuthatch (Sitta frontalis) 43 12 I G Can R 1.9 ± 1.2

Bar Winged Flycatcher Shrike (Hemipus picatus) 42 7 I S Can R 5.3 ± 6.2

Fulvous Breasted Woodpecker (Dendrocopos macei) 41 21 I P Can R 1.5 ± 0.8

Rufous Treepie (Dendrocitta vagabunda) 41 13 C G Ms R 2.0 ± 0.6

Common Iora (Aegithina tiphia) 36 16 I G Can R 3.4 ± 3.8

Hume’s Leaf Warbler (Phylloscopus humei) 36 16 I G All R 1.2 ± 0.7

Greater Goldenback (Dinopium benghalense) 33 17 I P All R 1.8 ± 1.1

Fig. 2 Dendrogram showing the three main clusters, the average body size of the species in MSFs (S: small; M: medium; L: large), and the inclusion 
of the Greater Racket-tailed Drongo, indicated with a D)

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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their inclusion of species of different diets, vertical strata 
or habitats (SF vs. RF). Composition also differed among 
clusters. Cluster 1 had more Dicruridae than in other 
two clusters (48/74, 65% vs. 74/148, 50%; Fisher’s Exact 
Test, P = 0.04), and specifically the Greater Racket-tailed 
Drongo (39/74, 53%, vs. 34/148, 23%; Fisher’s Exact Test, 
P < 0.0001). Cluster 2 had more Phylloscopidae than the 
other two clusters (51/89, 57% vs. 39/133, 29%; Fisher’s 
Exact Test, P < 0.0001).

Leadership
We recorded a movement across a gap for 61 of the 
222 MSF observations, only taking one observation per 
MSF. Greater Racket-tailed Drongo led the most MSFs 
in both habitats (Table  2). Scarlet Minivet (Pericrocotus 
flammeus), Bronzed Drongo (Dicrurus aeneus), Spangle 
Drongo (Dicurus hottentotus) and Bar-winged Flycatcher 
Shrike (Hemipus picatus) also led MSFs. Some species 
not only did not lead many MSFs but were consistently 
seen towards the end of the MSFs, especially six species 
of woodpeckers.

Discussion
MSF size and composition
The Chitwan MSFs that we described are similar to ter-
restrial forest MSFs globally in that the participants 
are  mostly insectivorous (Powell 1985; Goodale et  al. 
2017), and not terrestrial (Thiollay 1999). They are also 
dominated by leaf-gleaning species. Their movement 
through the vegetation disturbs insects that a group of 
sallying species like drongos take advantage of (Satisch-
andra et al. 2007; Sridhar and Shanker 2014).

The Chitwan MSFs also have some patterns that appear 
widespread in Asia. There were a significant number of 
gregarious species, so that there were more than three 
times the number of individuals in an average MSF than 
the number of species. A high number of individuals per 
MSF has been seen as a characteristic of MSFs of South 
Asia (Goodale et  al. 2009), East Asia (Goodale et  al. 
2015), and Melanesia (Diamond 1987; Weeks et al. 2017, 

2020), due to the presence of highly gregarious nuclear 
species or secondary leaders. In contrast, MSFs of the 
Neotropics often include only one or two individuals of 
most species (Powell 1985). The low number of migrants 
in MSFs seems to be fairly widespread in South Asia 
(Goodale et al. 2009); in contrast, some areas of the neo-
tropics have MSFs that are dominated by migrants (e.g., 
Hutto 1987). The overall picture here is thus that MSFs 
in different parts of the world with distinct evolutionary 
histories can show quite different features.

Composition wise, these MSFs are dominated by birds 
of the canopy (e.g., minivets (Genus Pericrocotus, Fam-
ily Campephagidae), and ioras (Family Aegithinidae). 
This is reminiscent of certain MSF types that have been 
described in Northeast India (the ‘canopy’ cluster of 
Srinivasan et al. 2012) and Myanmar (the ‘cuckooshrike’ 
cluster of King and Rappole 2001b). Similar MSFs with 
minivets have been described as far away as peninsular 
Malaysia (McClure 1967). The clustering result suggests 
that there may be separate MSF types in the region that 
are segregated by size, a result also found in other studies 
in the region (King and Rappole 2001b; Srinivasan et al. 
2012). Both meta-analyses (Sridhar et al. 2012) and field 
studies (Mammides et  al. 2018) have shown the birds 
tend to associate in MSFs with other species of the same 
body size.

One of our questions entering this study was whether 
there would be a difference between Sal and Riverine 
forests habitat types, since the vegetation is structurally 
and floristically distinct (Lehmkuhl 1994; Thapa 2011; 
Engstrom et al. 2020). However, we found that MSFs in 
the two habitats were highly similar, with no significant 
differences in MSF size and composition. Likewise, Eng-
strom et al. (2020) found no significant differences in bird 
species richness between the two habitats. Engstrom 
et  al. (2020) did find that some common species like 
Pale-chinned Flycatcher (Cyornis poliogenys), Black Bul-
bul (Hypsipetes leucocephalus) and Blue-throated Barbet 
(Psilopogon asiaticus) were seen only in RF, but these 
species are not common in MSFs.

Table 2 Leadership during gap crossings

Only species that led MSFs at least three times in one of the habitats are listed. For scientific names, see Table 1

Sal forest Riverine forest
Leader species % occasions led (n = 39) Leader species % occasions led

(n = 22)

Greater Racket-Tailed Drongo 35.9 Greater Racket-Tailed Drongo 18.2

Scarlet Minivet 10.3 Spangled Drongo (Dicrurus bracteatus) 18.2

Bar-Winged Flycatcher Shrike 7.7 Scarlet Minivet 13.6

Bronzed Drongo 7.7 Oriental White Eye (Zosterops palpebrosus) 13.6

11 other species  ≤ 2 leading events 7 other species  ≤ 2 leading events
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Nuclear species and leadership
Connected to the dominance of canopy species, these 
MSFs did not have a dominant gregarious nuclear spe-
cies in the understory or midstory. In Asia, nuclear spe-
cies are often of the babbler family, and the ability of 
their many individuals to forage at a range of heights 
enables many other species to follow them (Hsieh and 
Chen 2011). For example, Turdoides genus babblers and 
Alcippe genus fulvettas lead MSFs in South Asia (Kot-
agama and Goodale 2004) and East Asia (Zhou et  al. 
2019), respectively, but here species of these genera were 
fairly rare (< 30% of MSFs).

We hypothesize that this lack of gregarious nuclear 
species provides an opportunity for drongos to lead 
MSFs. We repeatedly observed drongos perched for a 
minute or so, sally and catch food, return to the perch, 
and then fly ahead of the MSF, with the flock eventually 
following. Drongos were suggested to be nuclear species 
in an earlier observation in Sri Lanka in an area which 
the regular Turdoides nuclear species was absent (Perera 
et al. 2016). However, the observations here are the first 
we know to show drongos can be the primary leaders for 
an MSF system. Yet it has already been established that 
drongos are important to other species in MSFs. Their 
alarm calls are especially reliable (Goodale and Kotagama 
2005a) and are responded to by many species (Goodale 
and Kotagama 2008). Further, playback of drongos is as 
attractive as playback of gregarious babblers to other 
flock participants in Sri Lanka (Goodale and Kotagama 
2005b), and drongos also are known to manipulate other 
species by attracting them with vocal mimicry (Goodale 
and Kotagama 2006). So, it makes sense that in a system 
without dominant gregarious species, drongos can turn 
into the most important nuclear species.

In these observations in Nepal, we also did not see any 
kleptoparasitism by drongos, but it was clear that they 
made alarm calls. Hence, perhaps the benefits they give 
to other species (vigilance) overweigh the costs (klep-
toparasitism, behavioral manipulation). We found that 
one cluster of MSFs was distinguished by the presence of 
Greater Racket-tailed Drongos, and this cluster was also 
characterized by larger body size species. These observa-
tions suggest that the presence of drongos is important to 
the composition of flocks and to community assembly in 
this flock system. The phylogenetic work of Péron (2017) 
has also suggested that drongos are important to the 
assembly to MSFs in the Old World: MSFs with drongos 
were more phylogenetically clustered than those with-
out, perhaps because the drongos give vigilance benefits 
that compensates for competition between more closely 
related species.

These observations are significant because it dem-
onstrates that sentinel species—species that are 

particularly vigilant—can lead MSFs on different con-
tinents. The antshrikes (Thamnomanes sp.) have been 
shown to be especially important to the formation 
and leadership of Amazonian MSFs (Stotz 1993; Mar-
tínez et  al. 2018). Like drongos, these species sally 
for their prey, which makes them particularly vigilant 
(Munn 1984), and other species listen to their alarm 
calls (Martínez et  al. 2016), although they are capable 
of making false alarm calls to steal food as do drongos 
(Munn 1986). Thus drongo- and antshrike- led MSFs 
seem to be examples of the convergent evolution of 
similar community organization in bird MSFs with dif-
ferent evolutionary histories.

Conservation implication for birds’ studies in Nepal
In recent years, there has been a greater emphasis on 
community-wide conservation, trying to conserve the 
interactions between species. Mixed-species flocks can 
be part of such a strategy; indeed, nuclear species can be 
targeted specifically to try to conserve other participants 
in MSFs (Zou et al. 2018). Nepal has been successful in 
focusing on its endangered species in conservation stud-
ies (Baral et al. 2018). We hope that this small study can 
be a starting point for more research on the sociality of 
Nepali birds, and how this factor can be incorporated 
into the country’s strategy for bird conservation.
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