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Appendix 1 

Information about study locations 

 

Empty symbols in the above map: Study sites without what is termed “kleptoparasitic 

flocking drongos” (KFD). Filled symbols: Study site with KFD. 

A.1. Europe 

A.1.1. Mediterranean forest 

Flock data were collected in October 2015 at two locations in South-east France. One location was 

mixed evergreen forest (Quercus ilex, Q. pubescens, and Laurus nobilis interspersed with suburban 

gardens; 43.668N, 7.145E), from which 4 flocks were recorded. The other location was deciduous 

forest (Quercus pubescens; 43.761N, 7.098E) from which one flock was recorded. Accipiter hawks are 

abundant. Kleptoparasites are absent. 

A.1.2. Corsica 

Flock data were collected in July 2009 in mid-altitude disturbed pine forest (Pinus laricio with 

deciduous undergrowth; 42.129N, 9.180E); three flocks were recorded. One of these flocks was of an 

infrequent composition, featuring many strictly insectivorous species with their dependent young.  

Accipiter hawks are abundant. Kleptoparasites are absent. 

A.1.3. Flocks of passerines on stopover near the coast 

Flock data was collected in May 2008 at a location in South-west France. The vegetation was residual 

riverine scrub in vineyards c. 30km kilometers inland (43.627N, 3.497E). One flock was recorded. The 

formation of flocks of migratory passerines on stopover is recurrent in coastal locations, but a rare 

occurrence this far inland. Accipiter hawks are uncommon. Kleptoparasites are absent. 

A.1.4. Medio-European flocks 



“Medio-european flocks” form in winter in continental or montane forest and are mainly composed 

of tits (Paridae). One such flock was recorded in January 2005 in mixed forest (Qercus robur and 

Pinus sylvestris; 48.292N, 4.382E). Another flock was recorded from coniferous montane forest (Picea 

abies; 45.313N, 5.824E) in October 2014. Accipiter hawks are abundant. Kleptoparasites are absent 

Note: There is increasing evidence that tit (Paridae) flocks are the result of a daily-repeated pattern 

of congeneric attraction, rather than of a long-lasting bond between individual flock members (Aplin 

et al. 2014 cited in main text). All Paridae flocks were classified as “unstable” in this study. 

A.1.5. Lothian, Scotland 

The data come from de Prato (1981). 14 flocks were recorded in June and July 1980 from Cousland, 

Lothian, Scotland (55.913N, 3.010W). These flocks are notable for being composed mostly of juvenile 

willow warblers (Phylloscopus trochilus). I categorized these flocks as unstable because the author 

specifies that flocking behavior was restricted to the time immediately following emancipation of 

young warblers. Accipiter hawks are abundant. Kleptoparasites are absent. 

A.2 Africa 

A.2.1. Lui Kotale research station, DR Congo 

62 flocks were recorded from this lowland primary Congolian rainforest in July-August 2006 (2.759S, 

20.375E). The data have been described in Péron and Crochet (2009). Accipiter and other bird-eating 

hawks are abundant. Kleptoparasites are absent in flocks. 

A.2.2. Woodbush forest reserve, Magoebaskloof, South Africa 

Two flocks were recorded from this relatively extensive Afromontane forest patch (23.831S, 29.993E) 

in February 2013. Accipiter hawks are uncommon. Kleptoparasites are absent in flocks. 

A.2.3. Bushveld flocks, South Africa 

Three flocks were recorded in February 2013 in bushveld dominated by a mixture of Acacia species: 

two from Kruger national park (24.943S, 31.713E) and one from Polokwane game reserve (23.949S, 

29.458E). Accipiter hawks are uncommon. Kleptoparasites are absent in flocks. 

A.2.4. Ogooué Maritime, Gabon 

Two flocks were recorded from disturbed lowland forest on the Echira oil lease, near a man-made 

swamp (1.88S, 9.85E). Accipiter hawks are abundant. Kleptoparasites are absent in flocks. 

A.3. Sundaland 

A.3.1. Gunung Gede – Pangrango national park 

Ten flocks were recorded from the mid-elevation forest along the trail to the summit of the volcanos 

(6.76S, 106.99E) in October 2015. Accipiter hawks are rare. Kleptoparasites are rare. 

A.3.2. Lowland dipterocarp forest on Borneo 

Data were recorded in Sungai Wain protected watershed (1.133S, 116.836E), East Kalimantan, 

Indonesia, in October 2015 (6 flocks), and near Danum Valley Field Center (4.96N 117.69E), Sabah, 

Malaysia, in April 2009 (5 flocks). Accipiter hawks are rare. Kleptoparasites are common. 

A.3.3.  Kinabalu national Park 



Seven flocks were recorded in April 2009 in the upper altitude forest around the park headquarter 

and the network of trails (6.032N, 116.548E). Accipiter hawks are uncommon. Kleptoparasites are 

common. 

A.3.4. Khao Nor Chu Chi sanctuary, Thailand 

Khao Nor Chu Chi (Khao Pra Bang Khram Wildlife Sanctuary; 7.921N, 99.266E) encompasses some of 

the last extreme lowland Sundaic forest in Thailand. Five flocks were recorded there in February 

2010. Accipiter hawks are uncommon. Kleptoparasites are common. 

A.3.5. Khao Yai national park, Thailand 

Khao Yai national park lies at the transition between the Sunda and Himalayan bioregions. Thirteen 

flocks were recorded in February 2010 near the park tourist entrance and the network of trails 

(14.44N 101.37E). Accipiter hawks are abundant.  Kleptoparasites are common. 

A.4. Wallacea 

A.4.1. Lore Lindu national park, Sulawesi 

Six flocks were recorded from mid- to upper elevation forest (first half of the Anaso track; 1.315S, 

120.307E) in September 2015. Accipiter hawks are uncommon. Kleptoparasites are common. 

A.4.2. Lompobattang range, Sulawesi 

One flock was recorded from disturbed mid-elevation forest (5.285S, 119.863E) in September 2015. 

Accipiter hawks are uncommon. Kleptoparasites are common. 

A.4.3. Obi island 

Seven flocks were recorded from low elevation disturbed forest in the north part of the island near 

Jikotamo harbor (1.365S, 127.677E). Accipiter hawks are abundant. Kleptoparasites are common. 

A.5. Papua 

A.5.1. Waigeo island 

Three flocks were recorded near Waisai on Waigeo, in low altitude hilly forest (0.428S, 130.734E). 

Accipiter hawks are abundant. Kleptoparasites are uncommon. 

A.5.2. Gunung Meja reserve, Manokwari 

One flock was recorded from this lowland forest reserve adjacent to the town of Manokwari (0.859S, 

134.082E). Flocks in this habitat feature the poisonous pitohuis. Accipiter hawks are rare. 

Kleptoparasites are absent. 

A.5.3. Mokwam area in the Arfak mountains 

Four flocks were recorded from mid-elevation forest near the village of Mokwam/Siyoubri in the 

Arfak mountains (1.215S, 133.946E). Accipiter hawks are abundant. Kleptoparasites are common. 

 



 

 

Appendix 2: Simulation study 

 

The aim of the simulation study was to demonstrate the relative efficiency of sampling many sites 

lightly (few flocks per site) compared to devoting the same effort (number of sampled flocks) to fewer 

sites. 

I simulated datasets with the same species pool as my real study sites, under the constraint that the 

average NRI and average number of species per flocks were as observed in the real data. I simulated 

that the NRI of stable flocks was 0.5 above the NRI of unstable flocks, and that the NRI of flocks with a 

kleptoparasitic forest drongo (KFD) was 0.5 above the NRI of flocks without a kleptoparasitic forest 

drongo. 

I simulated 4 sampling designs, all with the same total effort (number of sampled flocks). First, the 20 

sites received the same effort (8 flocks per site). Second, 10 sites were drawn at random and received 

twice the effort (16 flocks per site, 10 sites are not sampled). Third, 5 sites were drawn at random and 

received four times the effort (32 flocks per site, 15 sites are not sampled). Fourth, 5 sites received a 

high effort (23 flocks) and 15 received a low effort (3 flocks). 50 replicates were simulated for each 

sampling design. For each one, I analyzed the data as in the main study. 

In all simulations, the effect of flock stability and KFD presence were retrieved with high statistical 

significance. Below are the mean absolute bias and root-mean squared error of the estimates of the 

effect of flock stability and KFD presence on the flocks NRI. The effect of KFD appeared over-estimated 

in most simulations, leading to high absolute bias, whereas the effect of flock stability was well 

estimated. 

 20 sites   10 sites   5 sites   5 + 15 sites   

  Bias RMSE Bias RMSE Bias RMSE bias RMSE 

Stability 0.11 0.07 0.07 0.04 0.13 0.09 0.13 0.07 

KFD 0.34 0.20 0.31 0.20 0.27 0.20 0.25 0.15 

 

The four designs exhibited similar performances. The fourth design appeared somewhat superior at 

estimating the KFD effect (lowest bias and RMSE). This is probably because this design made it more 

likely to include a good contrast between flocks with and without KFD while also correcting for the site 

effect. 


