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Animals that live in groups may experience positive interactions such as cooperative behavior or negative interactions such as competition from group members depending on group size and similarity between individuals. The effect of group size and phenotypic and ecological similarity on group assembly has not been well-studied. Mixed-species flocks are important subsets of bird communities worldwide. We examined associations within these in relation to flock size, to understand rules of flock assembly, in the Western Ghats of India. We examined the relationship between phenotypic clumping and flock richness using four variables—body size, foraging behavior, foraging height and taxonomic relatedness. Using a null model approach, we found that small flocks were more phenotypically clumped for body size than expected by chance; however, phenotypic clumping decreased as flocks increased in size and approached expected phenotypic variation in large flocks. This pattern was not as clear for foraging height and foraging behavior. We then examined a dataset of 55 flock matrices from 24 sites across the world. We found that sites with smaller flocks had higher values of phenotypic clumping for body size and sites with larger flocks were less phenotypically clumped. This relationship was weakly negative for foraging behavior and not statistically significant for taxonomic relatedness. Unlike most single-species groups, participants in mixed-species flocks appear to be able to separate on different axes of trait similarity. They can gain benefits from similarity on one axis while mitigating competition by dissimilarity on others. Consistent with our results, we speculate that flock assembly was deterministic up to a certain point with participants being similar in body size, but larger flocks tended to approach random phenotypic assemblages of species.
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INTRODUCTION

Group living is widespread in different animal taxa and contexts across the world (Krause and Ruxton, 2002). While many species form single-species groups, mixed-species (i.e., heterospecific) groups are also commonly seen (Goodale et al., 2019). In each case, the drivers of group assembly and group size likely vary. Although there is both theoretical and empirical work on the drivers of group sizes in single-species groups, our understanding of group sizes in a mixed-species context is limited. Increase in group size in single-species groups is likely to lead to competition for resources (Janson and Van Schaik, 1988). Group size in single-species groups is therefore a trade-off between benefits of increasing group size and costs of competition. However, mixed-species groups may allow species to separate on different axes of ecological and morphological similarity (Sridhar and Guttal, 2018). In effect, mixed-species groups may be affected by the same factors as single-species groups but species can differ in the degree of similarity across traits, thus potentially mitigating the effects of competition. Therefore, understanding group assembly is critical to deciphering the processes that drive mixed-species grouping.

In general, negative interactions between species have traditionally dominated theory in community organization (Weiher and Keddy, 1999). Competition (Cody, 1974; Kelt et al., 1995; Koeppel and Wu, 2014; Letten et al., 2017) and predation (Forsman et al., 2001) have been most commonly invoked as drivers of community assembly (Sinclair, 1985; Weiher et al., 2011; Hiltunen and Laakso, 2013). Competitive interactions are known to influence species distribution and coexistence (MacArthur, 1958; Connell, 1961; also reviewed in Schoener, 1974, 1983; Rusterholz, 1981) although evidence for this is not unequivocal (Park and Lloyd, 1955). Predation and parasitism are known to affect the organization of communities at lower trophic levels by preventing monopolization of resources by dominant species (Paine, 1974; Lafferty et al., 2006). Competition and predation are not independent of each other and often work in synchrony or as complementary mechanisms of community organization (Menge and Sutherland, 1976).

In the last two decades, however, there have been a number of empirical and theoretical studies that have highlighted positive interactions in communities and their effects on species coexistence (Stachowicz, 2001; Bruno et al., 2003; Gross, 2008; Crotty and Bertness, 2015; Bulleri et al., 2016). Empirical research on positive interactions within communities has largely focused on interactions such as facilitation (Bertness and Callaway, 1994; Callaway et al., 2002; Butterfield, 2009) and mutualistic interactions (reviewed in Bronstein, 1994) between dissimilar species [e.g., nurse plants promoting seedling survival (Wood and Del Moral, 1987; Callaway, 1998) and non-obligate symbiosis in marine intertidal species (Mouritsen and Poulin, 2003)]. Inferring processes from community patterns can be unreliable given that trait overdispersion can be an effect of both competition (Gotelli and McCabe, 2002) or positive interactions between dissimilar species (Valiente-Banuet and Verdú, 2007).

However, positive interactions are also found between species that use similar resources or share a guild in multi-species communities (Crowley and Cox, 2011). Mixed-species social groups are an example of positive interactions among species that are ecologically similar (Sridhar et al., 2012a). Mixed-species groups are a dynamic functional subset of communities that form for the benefit of the participating species and function independently of the community while they are together. At the same time, there is often turnover of species such that groups are often fluid (Goodale et al., 2010). Interactions within them have more proximate, immediate consequences to the participants involved. For example, communal mobbing can deter predators (Caro, 2005), or species can benefit from the foraging of other group members by feeding on disturbed prey (McLean, 1984; Hino, 1998; Sridhar and Shanker, 2014b) or stealing prey (Satishchandra et al., 2007; Flower and Gribble, 2012).

Mixed-species groups are seen across taxa [e.g., fish (Lukoschek and McCormick, 2000), ungulates (Sinclair, 1985), primates (Struhsaker, 1981), and birds (Sridhar et al., 2009)]. In passerine bird communities across tropical and temperate forests, individuals of multiple species associate and move together while foraging. Such foraging groups of two or more species are known as mixed-species bird flocks (Greenberg, 2000). These flocks provide two main group-living benefits while reducing the costs of competition from conspecifics–(1) Better foraging efficiency, (2) Anti-predatory benefits (Greenberg, 2000; Sridhar et al., 2009). Mixed-species bird flocks are composed largely of insectivorous and sometimes frugivorous passerine birds that often exploit similar resources (Greenberg, 2000; Goodale et al., 2015).

Earlier research has shown that different types of interactions can take place within mixed-species flocks. In a study on a global dataset from different flock systems, species that were ecologically and phenotypically more similar to each other, were found to have higher association strengths (Sridhar et al., 2012a), suggesting positive interactions among phenotypically-similar species. On the other hand, some positive interactions within flocks were based on dissimilarity between partners with specialized feeding habits [e.g., sallying species in flocks are known to closely follow highly active gleaners for foraging benefits (Sridhar and Shanker, 2014b)]. Previous studies on flocks have also found evidence for competition in mixed-flocks. Graves and Gotelli (1993) found “checkerboard distributions” among Amazonian flocks where congeneric species did not cooccur. A more recent study found that both interspecific and inter-guild competition played a role in structuring flocks in the Andes (Colorado and Rodewald, 2015). Even in datasets that are phenotypically clumped overall, large flocks tend to contain very diverse species (Sridhar et al., 2012a; Goodale et al., 2017; Mammides et al., 2018). These contrasting patterns within flocks suggest that the rules of assembly may vary based on flock size and morphological and ecological traits.

Mixed species groups may offer a unique opportunity to solve the paradox that similarity both confers benefits and imposes costs. Unlike single-species groups, species in mixed-species groups can vary along different axes of phenotypic similarity. It is possible that species are similar to each other along phenotypic axes where similarity is important for mutual benefit and at the same time may differ along phenotypic/ecological axes where being similar to a social partner may lead to competitive interactions, thus delinking the matching of traits between participants (Seppanen et al., 2007; Sridhar and Guttal, 2018; Goodale et al., 2020). Associating with phenotypically similar species can have positive and negative consequences for flock participants. Similar individuals share predators and hence the benefits from dilution effects, heterospecific alarm calling (Magrath et al., 2015), relevant social information (Goodale et al., 2010; Fallow et al., 2011), and activity matching (Sridhar and Guttal, 2018) are expected to be higher in groups with higher overall similarity.

Flock size variation has been reported in different systems of mixed-species flocks across the world (Greenberg, 2000). We attempt to resolve seemingly contrary earlier findings (i.e., overall pattern of phenotypic clumping, concomitant with observations of phenotypic heterogeneity in large flocks), by examining how phenotypic heterogeneity changes with flock size. A community is said to be phenotypically clumped if it is composed of species phenotypically or ecologically more similar than expected by chance, as represented by a null model. Trait-heterogeneity in large flocks could come about through different local-scale processes as flocks assemble: (1) From a species pool, the most phenotypically similar species aggregate initially, followed by species that are most similar to the mean of the initial aggregation, and so on; (2) Joining order should not matter, and species are added in no particular order at each stage; (3) The most dissimilar species aggregate at the initial stages to form small groups, and these stages merge to form larger groups with time (demonstrated in Figure 1). In each case, heterogeneity of the final group may be similar, yet intermediate stages are expected to differ. Given previous findings, we expect to find the first pattern to be most common. We tested this using a primary dataset on flocks from the Western Ghats, India.
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FIGURE 1. Hypothetical alternate routes of flock assembly leading to the same outcome. (1) Flocks formed by the coming together of phenotypically similar species. (2) Species additions to flocks were random with respect to phenotypic similarity. (3) Flocks formed by the coming together of phenotypically dissimilar species initially, and these subgroups merged later to form a large flock.


Given these expectations, we also examined variation in phenotypic clumping relative to flock richness using the dataset reported in Sridhar et al. (2012b) from sites across the world. We expected that sites with lower mean flock richness would exhibit greater phenotypic clumping. However, this effect is also likely to be affected by the availability of flock participant species from the local species pool (i.e., the total number of species recorded participating in flocks at any given study site). At sites with larger species pools, species were expected to have a greater choice of social partner species relative to sites with smaller species pools. Therefore, we expected that phenotypic clumping would be greatest at locations with smaller ratios of mean flock richness to mean pool richness. We tested this using a dataset of 55 flock data matrices from 24 sites across the world, from both temperate and tropical regions (Sridhar et al., 2012b).



MATERIALS AND METHODS


Local Analysis


Study Area

The study was conducted in the Anshi Range of Kali Tiger Reserve, Karnataka, India. Anshi is low- to mid-elevation tropical semi-evergreen forest, with a matrix of open farmlands and scrub habitat closer to villages in the area. All study sites were located around Anshi Nature Camp (15.00°N, 74.39°E) and Anshi Village (14.99°N, 74.37°E). The data were collected in two field seasons (January–March 2010 and December 2016–March 2017). This overlapped with the non-breeding season of birds in the study area and represented the peak of migratory bird activity.



Data Collection

We collected data on flock composition by walking 12 forest trails. Each trail was approximately 3–5 km long. We sampled one trail per day and actively searched for mixed-species flocks. An active foraging group of birds, comprising two or more species moving together for at least 5 min, was classified as a mixed-species flock. An individual was said to be in the flock if it was within a 10 m radius from its nearest neighbor in the group. Once we encountered a flock, we followed it for 15 min and recorded all species present in the flock detected visually and acoustically. We set a 15 min cut-off for our observations based on our previous experience of observing flocks in these areas (Sridhar et al., 2013). Given the habitat structure and the ability of an observer to detect flocks, the 15 min cut-off allowed us to capture a “snapshot” of the flock while making sure we either visually or acoustically detected most species present in the flock.



Trait Data

We estimated the foraging height of an individual bird every time it was observed in the flock and assigned it to foraging height categories: 0–2, 2–4, 4–8, 8–16, 16–32, > 32 meters. First, for every flock where a species was observed, we ascribed the mid-point of the foraging height class to the observed individual as its foraging height. The species foraging height was the mean of these mid-points. We also conducted focal sampling on arbitrarily selected individuals of flocking species to obtain data on foraging behavior. Every time a foraging attempt was made, we classified it into five categories: sally, glean, sally-glean, bark probe, peck (modified from Remsen and Robinson, 1990). Species that foraged on the ground were categorized ground foragers. Species that did not exhibit a particular foraging behavior > 50% of the time were classified as “searcher.” Based on these criteria, each species that participated in a flock was classified as a sallyer/gleaner/sally-gleaner/bark feeder/searcher/ground forager. “Sally-gleaner” refers to birds that typically make short sallying flights from a perch and pick insects off a surface. Data on body masses were obtained from Dunning (2008).



Statistical Analyses


Approach

We used 15-min observational data on flocks of different richness to understand how species assemble in large mixed-species flocks. Flocks in our study area were dynamic with species joining and leaving at different times. Therefore, by looking at snapshots of flocks of different richness, we examined how flock composition, in relation to species similarity, changed with flock richness. We assumed that flocks of different richness represented different stages in flock formation.

Estimating group sizes in flocking species, especially of gregarious species, is very challenging in dense tropical forests. Mixed-species flocks are known to increase in size by addition of newer species rather than more individuals of the same species (Powell, 1985). We therefore used flock richness as a representative of flock size, since flock abundance and richness are largely known to be correlated in tropical flocks (see Goodale et al., 2009). Flocks with richness between 2 and 5 were classified as small flocks, flocks with richness between 6 and 9 were medium flocks and all flocks with richness greater than or equal to 10 species (maximum flock richness observed in our dataset was 22 species) were classified as large flocks.



Body Size

For each flock, we calculated the standard deviation in body size values of flock participant species, which we used as an index of variation for each flock. We calculated the mean index of variation (Vbs) for each flock richness category for our observed data.



Foraging Height

For each flock, we calculated mean foraging height for each species based on field observations described in the data collection section. In each flock, we calculated the standard deviation in the foraging height of participant species, which was used as an index of variation of foraging height for each flock. We calculated a mean index of variation (Vfh) for each flock richness category.



Foraging Behavior

Each species was assigned to one of the six foraging behavior categories or guilds (sallyer/gleaner/sally-gleaner/bark feeder/searcher/ground forager) based on field observations. We dropped members of the sallying guild from the analysis because sallying species within flocks forage by feeding on insects flushed up by other species within the flock or by kleptoparasitism (Sridhar and Shanker, 2014b). Sallyers, thus, are specialists that follow other members of the flock to facilitate their own foraging efficiency. These sallyers appear to be the only guild that increase direct foraging benefits by following other members of the flock in our study area (Sridhar and Shanker, 2014b). These complementary benefits are qualitatively different from the supplementary benefits that most other taxa within the flock accrue (Goodale et al., 2020).

To get an index of variation for foraging behavior, we calculated the number of different foraging behavior categories present in each flock. Larger numbers indicated higher variation in foraging habit for each flock. We then calculated mean number of categories (Vfb) for small-, medium-, and large-sized flocks.



Generating Null Flocks

The flock composition data were randomized to create null flocks that were then compared to the observed dataset. We randomized the species-by-flock matrix 1,000 times, treating flock sizes (column totals) constant and species occurrences (row totals) as probabilities (Gotelli, 2000). Since we were interested in examining the differences in phenotypic variation in flock richness categories, we held flock richness classes constant while setting up the null model using sim5 in EcoSimR implemented in R (Gotelli et al., 2015; R Core Team, 2018). This algorithm used a species-by-flock matrix and assigned sampling weights to each species proportional to their occurrence in flocks. It filled out columns in an empty matrix with probability of each cell being filled being proportional to row sums (species occurrence in our case). It also allowed for us to hold column totals fixed, which in this case was flock richness. This allowed us to randomize species (and as a result, the trait distribution in flocks, while keeping flock richness categories constant). We calculated the variation indices described above for each flock in each simulation. We then calculated mean of standard deviation and the variation around it (2 ∗ SD), for 1,000 simulations for each flock richness category. Our null model approach controlled for the potential effect of flock size on the average values of traits. The mean variation and the standard deviation around the variation were used for calculating the standardized effect sizes for small-, medium-, and large-sized flocks.

We compared the variation in our observed data with that of the randomized data to understand if the observed values varied more than or less than expected by chance. We calculated standardized effect sizes (SES) as follows:
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where VObserved is the observed variation, VExpected is the mean over 1,000 simulations of expected variation and SD(VExpected) is the standard deviation around the mean expected variation.

Effect sizes can vary from positive to negative values where “positive” indicates values more than expected by chance and “negative” indicates values less than expected by chance. In general, effect sizes less than −1.96 and greater than +1.96 indicated statistical significance (Gotelli and McCabe, 2002). This is based on standardized effect sizes coming from a standard normal distribution (mean = 0, SD = 1) in which case 2.5% of observations lie below −1.96 and 2.5% lie above +1.96. In our case, effect sizes greater than +1.96 indicate significantly greater variation than expected by chance (i.e., no phenotypic clumping). Effect sizes less than −1.96 indicated variation significantly less than expected by chance (i.e., phenotypic clumping). We used these thresholds while making inferences about phenotypic clumping in the Results section. All the above analyses were performed on data from both seasons. We analyzed the data from the two seasons separately to check if the pattern was consistent across years.



Global Analysis

We expected that sites that have lower mean flock richness should show greater phenotypic clumping. However, this effect is also likely to be affected by the availability of flock participant species in the area.

We obtained estimates of phenotypic clumping for 55 species-by-flock matrices from 24 study sites across the world from Sridhar et al. (2012a). Phenotypic clumping in Sridhar et al. (2012a) was calculated as the effect size of the relationship between pairwise association strength and trait similarity for all species pairs. Phenotypic clumping was calculated separately for similarities in three traits: body size, foraging behaviour, and taxonomy (i.e., classification of every species pair as belonging to the same genus or different) from the study (Table 1 in Sridhar et al., 2012a; for detailed methods, refer to Supplementary Material 1). For each of these 55 datasets (Sridhar et al., 2012b), we calculated the mean flock richness and the total species pool richness, and examined the relationship between phenotypic clumping and ratio of mean flock richness: species pool richness using Spearman’s rank correlation. We expected phenotypic clumping to be higher in sites that had smaller mean flock richness: species pool richness ratios.

All analyses were implemented in R version 3.5.1 (R Core Team, 2018).



RESULTS


Local Analysis

We recorded a total of 247 flocks in 2010 and 123 flocks in 2017, with flock richness ranging from 2 to 22 species in 2010 (mean 6.7 ± 3.9 SD species per flock) and 2–21 species in 2017 (mean 6.56 ± 4.09 SD species per flock). Overall, a total of 52 species participated in flocks across both years. The species in our study area varied in their intraspecific sociality. Some species were found in conspecific groups [e.g., brown-cheeked fulvetta (Alcippe poioicephala), orange minivet (Pericrocotus flammeus)] whereas others were found in pairs or were solitary. The intraspecifically gregarious species are known to be important for flock initiation and leadership in flocks (Sridhar and Shanker, 2014a).


Phenotypic Clumping: Flock Heterogeneity as a Function of Flock Richness

For 2010, we found that phenotypic clumping in body size (i.e., difference between observed and expected variation) was highest and statistically significant for small flocks (Table 1 and Figure 2) (i.e., small flocks were more phenotypically clumped in body size than expected by chance). The clumping was lower but statistically significant for medium-sized flocks and was not significant for large flocks. For 2017, phenotypic clumping in body size was highest and statistically significant in small flocks, lower but not significant in medium-sized flocks and was the least and not significant for large flocks (Figure 2 and Table 1). A similar trend of decreasing difference between observed and expected values from small to large flocks was observed for foraging height in 2010 (Figure 2 and Table 1). However, a clear trend was not observed in 2017 (Figure 2 and Table 1). We also did not see a clear pattern for foraging behavior. In 2010, the standardized effect size was smallest and statistically significant for the medium-sized flocks, followed by small, but not for large -sized flocks (Figure 2 and Table 1). The trend in increase in variation with increase in flock size was not clear. In 2017, we observed a decreasing trend in phenotypic clumping in foraging behavior (Figure 2 and Table 1).


TABLE 1. Standardized effect size values for different phenotypic traits for different flock richness classes.
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FIGURE 2. Observed and expected mean of variation in the three trait values (body size, foraging height, foraging behavior) for small-, medium-, and large-sized mixed-species bird flocks from Western Ghats, India. The gray points are the means of the standard deviation from 1,000 simulations and the gray lines indicate 2*standard deviation (obtained from the 1,000 simulations) for each size class. Black points are the observed standard deviation averaged over samples in each flock richness class.




Global Analysis

In the global analysis, we found a negative relationship between phenotypic clumping in body size and the ratio of flock richness: species pool (Spearman’s rho = −0.54, p = 0.001, Figure 3). We found that communities with smaller flock richness tended to be phenotypically more clumped in body size compared to communities with larger flock richness. However, this pattern was slightly weaker for foraging behavior (Spearman’s rho = −0.48, p = 0.001, Figure 3) and not statistically significant for taxonomic relatedness between species pairs (Spearman’s rho = −0.093, p = 0.531, Figure 3).
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FIGURE 3. Relationship between different measures of phenotypic clumping (y-axis in each plot) and the ratio of mean flock richness: species pool richness (x-axis). Each represents the mean for flocks from a single locality. (A) Phenotypic clumping based on body size, (B) phenotypic clumping based on foraging behavior, and (C) phenotypic clumping based on congeneric guild.




DISCUSSION

In this study, we examined rules of flock assembly and explored patterns of phenotypic and ecological heterogeneity in relation to flock size in mixed-species bird flocks. In the primary dataset, we found that small flocks were phenotypically more clumped than expected by chance, especially with respect to body size. Similarity between flock participants approached the expected (random) variation in flocks of larger richness. In the analysis with the global dataset, there was greater phenotypic clumping based on body size in communities where mean flock richness was smaller while controlling for the total species pool. However, this pattern was weaker for foraging behavior. Clumping based on congeneric guild was not correlated with mean flock size.


Role of Species Similarity in Flock Assembly

We found that phenotypic clumping was reduced with increase in flock richness. In large flocks, similarity-based benefits may be less important (e.g., adjustments to match rate of activities may be a smaller cost compared to the benefits of being in larger groups). Larger flocks might also be more accommodating of different foraging behaviors by opening up different niche spaces (Harrison and Whitehouse, 2011). Flock size or richness represents an important change in flock context and could affect the nature of interactions in flocks. There are benefits of both group size and similarity in group-living species, but there may be a trade-off between the two. Especially in a mixed-species group context, where an increase in phenotypic heterogeneity is inevitable with an increase in number of species, individual participants may have to compromise on similarity related benefits. Such benefits associated with group augmentation may be related to better foraging opportunities, food finding and social information. In large flocks, every species pair may not interact directly but there may be some species within them that may interact directly with each other. This may lead to different tradeoffs between flock competition and benefits from being similar, based on context.



Global Patterns

Although some studies find that flocks are based on positive associations between similar species (Sridhar et al., 2012a), others have found evidence for flock assembly being governed primarily by competition between similar species (Graves and Gotelli, 1993; Colorado and Rodewald, 2015). Colorado and Rodewald (2015), on the one hand, find evidence for the guild proportionality rule—where species from different foraging guilds are found in equal proportions across flocks (Ricklefs, 1987; Wilson, 1989) but, on the other hand, also find patterns of aggregation in body size in the Andean mixed-species flock community. Globally, there is known to be variation in patterns of assembly in flocks (Graves and Gotelli, 1993; Gomez et al., 2010; Sridhar et al., 2012a; Colorado and Rodewald, 2015).

Results from the primary data suggested that the assembly of flocks varied with flock richness. We speculate that this may also be reflected in the phenotypic assembly of flocks from different sites. We found that there was greater phenotypic clumping in body size in areas where mean flock richness was small. This relationship was weaker for clumping with respect to foraging behavior and mean flock richness. We found no relationship between phenotypic clumping in congeneric guilds and the ratio of flock richness: species pool. Congeneric species pairs are likely to have the most overlap in traits because phylogenetically conserved species’ traits would lead to greater competition (Graves and Gotelli, 1993). Many studies that test for competition in community assembly use cooccurrence of congeneric species pairs as a measure of competition (Graves and Gotelli, 1993; Sfenthourakis et al., 2006). We did not find evidence for a relationship between flock richness and clumping based on relatedness (i.e., species pairs belonging to the same genus or not) in datasets from around the world.

Thus, we found a pattern of similarity in small-sized flocks along the body-size axis, a weaker pattern for foraging behavior and no pattern for the taxonomic similarity axes. It is possible that species of similar body size benefit from flocking together because they share the same predators. However, in our study site, we know very little about the diets of avian predators, the most likely predators of birds in flocks. Another possible explanation for stronger association between similarly sized species is better matching of foraging activities (Sridhar and Guttal, 2018). The risk of being an outlier in a group is higher at smaller group sizes and this effect disappears in larger groups (Landeau and Terborgh, 1986). Both taxonomic and foraging behavioral similarity can potentially lead to competitive interactions between flock participants (Peiman and Robinson, 2010). Our study demonstrates that species similarity along different trait axes may be delinked in mixed-species flocks.



Why Does Clumping Reduce as Flock Size Increases?

In a recent theoretical study on phenotypically heterogenous populations, there was greater homogeneity in smaller groups (Nair et al., 2019). The authors found that when heterogeneity was based on different phenotypes, small groups assorted based on such phenotypes. Ecologically, phenotypes are the values that different traits take, and phenotypic similarity along each trait could influence interactions in the group in a different manner. In our study, we examined three axes of phenotypic similarity in flocks—body size, foraging height and foraging behaviour—to assess the change in phenotypic heterogeneity as flocks get larger at our primary study site. We found that small flocks were more phenotypically clumped than expected by chance for all of the traits that we examined. However, the pattern of decrease in phenotypic clumping with increase in group size was most prominent for body size in our study. Reasons for this pattern may include increased phenotypic heterogeneity in large flocks, which could reflect a reduction in availability of phenotypically-similar flock associates in large flocks. Although larger flocks are expected to be less clumped than small flocks, we consider phenotypic clumping in comparison to what may be expected by chance. At the initial stages of flock formation, species can choose similar partners from a large pool, but as more species are added to the group, the variation available from the species pool reduces and, eventually, dissimilar species are added to the flock. Thus, if similarity was the most important factor for benefits to participants, one would expect to find multiple small flocks (i.e., the availability of similar species in the pool would constrain flock richness and large flocks would be rare). However, our findings suggest that variation in large flocks is not different from what is expected by chance and that there are potential benefits to being in large flocks while compromising on the similarity of flocking partners. Mixed-species flocks may also exhibit niche construction, and open up more niche spaces as they get larger (Harrison and Whitehouse, 2011), which can be occupied by a greater diversity of species; additional niches may also become more accessible to the existing participants. In general, species niches are then likely to be shaped by a greater diversity of species in areas with large flocks as opposed to areas with smaller flocks. In each of these cases, the participant species may receive different kinds of benefits (e.g., in small flocks, the benefits may come largely from similar species grouping for protection while in diverse flocks with more dissimilarity, some species may gain foraging benefits from tracking foraging locations or feeding on flushed insects).

As flock richness increases, the benefits that species derive from participating in flocks may change, and phenotypic similarity may not be an important factor in choosing flock partners. As a result, species might become less choosy at higher flock richness. At smaller group sizes, supplementary benefits (Goodale et al., 2020) based on similarity of flock partners might be more important since the overall group size is small. Every addition of an individual to the group accounts for a significant decrease in threat from predators because of the dilution effect in smaller groups, while this benefit may diminish at larger flock sizes (Hamilton, 1971). One would therefore expect higher similarity at smaller values of flock richness. Phenotypic-heterogeneity, while accounting for the null expectation in mixed-species flocks is likely to increase at higher flock richness. The nature of benefits in large groups may thus be different from those in small groups. If traits are delinked, we expect that this pattern will be observed more strongly when trait matching confers benefit (i.e., in body size) than when it results in competition (e.g., in the case of foraging habits) (Sridhar and Guttal, 2018; Goodale et al., 2020).

Groups are expected to be larger when there is increased risk of predation and smaller in a foraging context (Hoare et al., 2004). In heterospecific groups, as flock richness increases, competition between similar individuals is likely to increase. Therefore, at later stages in flock formation, competition could be mitigated by the addition of dissimilar species where in fact increased foraging can manifest through complementary foraging habits. Individuals are also known to engage in more risky behavior while foraging at larger group sizes where the predation risk is diluted, compared to when in smaller groups (Grand and Dill, 1999). In fact, in many group-living species, there is an increase in food intake rate with an increase in group size although this depends on the dispersion of resources (Beauchamp, 1998). We did not see a clear decreasing pattern in phenotypic clumping in foraging behavior and foraging height with flock size as observed for the other traits. Within the insectivorous guild of birds that made up the flocking species pool, there was variation in search strategy for insects through the use of different manoeuvers. Foraging behavior and height both represented axes of resource utilization and resource overlap on these axes could lead to competition between similar species cooccurring in small flocks (MacArthur, 1958; Morse, 1970; Eguchi et al., 1993; Wheeler and Calver, 1996). Therefore, trait dispersion may occur at initial flock formation, even in small mixed- species flocks. In our primary dataset, however, we find that small flocks are phenotypically more clumped as opposed to larger flocks.

One of the limitations of this study is that we do not include the abundance of species in the analysis. These numbers are often difficult to estimate in tropical flocks. However, flocks often increase in size, mainly by addition of new species rather than an increase in conspecific group size of existing species in the flock (Powell, 1985). Also, we arrive at the mechanism of flock assembly indirectly by addressing questions about phenotypic composition. A more direct measure would be to follow flocks from their conception and track changes in composition in real time. The intermediate flock stages in our study may be a result of flocks that are in the process of assembly or flocks that are disintegrating. We assume that, irrespective of this, flock size would be representative of the heterogeneity of that stage.



CONCLUSION

This study provides empirical support for the idea that mixed-species flocking provides a way to delink the costs and benefits of social grouping. We use the approach of examining snapshots of flocks to understand flock formation and examine changes in heterogeneity across flocks of different richness. Our approach provides insights into how trait values accumulate in flocks. Observing the sequence of flock formation is often difficult in the wild, especially for flocks where species turnover is observed over small timescales. Our approach can further be extended and applied to other heterospecific animal groups. We propose that phenotypic assembly of flocks changes with flock richness. We also found that the rules of phenotypic assembly depend on the particular phenotypic trait.

Mixed-species flocks are an important part of bird communities across the world. Interactions in mixed-species flocks and associations between species are likely to have important consequences for local bird communities where flocking species constitute more than 50% of the bird fauna in some habitats, especially in the tropics (Goodale et al., 2015). The role of behavioral interactions in community organization is often overlooked and the need for incorporating behavior in community ecology has been highlighted (Gordon, 2011; Toms, 2013). Our results suggest that the nature of biotic interactions—whether they are positive, neutral or negative—depends on group size. Therefore, one needs to be careful about making inferences about community-level processes based on species association matrices. Against this background, our study emphasizes the importance of considering context and interactions between species in community organization.
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