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Abstract
Several studies on the social behavior of birds have shown two main benefits of social groups: optimization of foraging and 
decreasing the risk of predation. We tested whether the association between rufous hornero (Furnarius rufus) and the chalk-
browed mockingbird (Mimus saturninus) affects the foraging and alert/sentinel behaviors of both species. We also evaluated 
the influence of group size on these behaviors. During 60 h of observations on each species, the association was studied in 
a periurban area in Brazil with scan samplings. The presence of F. rufus increased the frequency of foraging while reducing 
the time that M. saturninus dedicated to alert/sentinel behaviors. For F. rufus, however, the presence of M. saturninus did not 
affect the studied behaviors, although a different study pointed out that this species could also benefit from the association 
with M. saturninus, indicating that both species may occasionally be positively affected by the association with each other.
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Introduction

Several studies on the social behavior of birds have shown 
two main benefits of social groups: optimization of foraging 
by scaring prey away, which minimizes the foraging effort by 
facilitating the location and capture of prey (Morse 1977), 
and decreasing the risk of predation (Morrell and James 
2007) due to the confusion or dilution effect (Lehtonen and 
Jaatien 2016), selfish-herd effect (i.e., the protection accrued 
by individuals foraging at the center of the group; Dias 
2006), rapid dissemination of information (e.g., Amorim and 
Dias 2021), and anticipated detection of predator resulting 
from shared vigilance (Dias 2006). On the other hand, the 
spread of diseases/parasites (Brown and Brown 2004) and 
the increased competition for resources are among the costs 

associated with group living (Beauchamp 2010). For both 
conspecific and heterospecific groups, these costs and ben-
efits may be present.

In the case of heterospecific groups, most studies in 
the Neotropical region involve mixed species flocks (e.g., 
Alves and Cavalcanti 1996; Ragusa-Netto 2002; Tubelis 
2006; Reis 2011). Associations involving only two species, 
unlike the typical mixed flocks, are still poorly studied, even 
when they involve common and widely distributed birds. 
For instance, the black-and-white monjita (Xolmis domini-
canus) and the saffron-cowled blackbird (Xanthopsar fla-
vus), although recorded in mixed flocks in the southeastern 
South American grasslands (Fraga et al. 1988; Fraga 2003; 
Fraga 2005), frequently associate separately as one species 
takes advantage of the sentinel behavior of the other (Dias 
and Maurício 2002; Krüger and Petry 2010).

The chalk-browed mockingbird (Mimus saturninus) 
lives in flocks of 6 to 12 individuals, always with the pres-
ence of a sentinel, who occupies an elevated position while 
other individuals of the group forage (Sigrist 2005). It is an 
omnivorous species that feeds mainly on the ground (Argel-
de-Oliveira 1989) and inhabits almost all of Brazil, except 
forested regions of the Amazon (Sick 1997). According to 
Sigrist (2005), M. saturninus can forage alongside other 
birds of open areas such as guira cuckoo (Guira guira), 
smooth-billed ani (Crotophaga ani), white woodpecker 
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(Melanerpes candidus), rufous hornero (Furnarius rufus), 
and campo flicker (Colaptes campestris). Furnarius rufus, 
well known for its oven-shaped clay nests, is almost always 
seen in pairs and has a predominantly terrestrial habit, for-
aging on the ground, turning over leaves and scavenging 
fallen trunks, sometimes followed by other ground-foraging 
species, such as the C. campestris and M. saturninus (Sigrist 
2005). According to Sabino (2015), the average home range 
size of F. rufus is 0.74 ± 0.48 ha. Information on the home 
range size of M. saturninus is not available but is likely 
larger than F. rufus. Both species, M. saturninus and F. 
rufus, are among the most common urban birds in Brazil 
(Sick 1997; Sigrist 2005).

Argel-de-Oliveira (1989) provided the first evidence of an 
association between the two species, noting that F. rufus was 
the bird most often recorded close to M. saturninus during 
foraging and roosting. Ragusa-Netto (1997) carried out the 
first work focused on this association, showing that individu-
als of F. rufus had higher foraging efficiency when associ-
ated with M. saturninus. However, there is no information 
quantifying the effects of this association for M. saturninus. 
Thus, the objective of this study was to test if this associa-
tion affects both species. We hypothesized that the associa-
tion would increase the foraging frequency for both species, 
while decreasing the alert/vigilance frequency, expressed 
by the number of individuals engaged in each behavior in 
instantaneous samplings. In addition, we hypothesized that 
group size also had a similar effect, allowing for a lower 
alert/vigilance frequency and a higher foraging frequency.

Materials and methods

Study area

The study was carried out in the campus of the Universidade 
Estadual Paulista “Júlio de Mesquita Filho” (22°23′45.7″S; 
47°32′38.3″W), a 111.46-ha area located at 626.5 m a.s.l. in 
the municipality of Rio Claro, São Paulo, Brazil (Carvalho 
2020). The campus is a typical periurban area composed 
by vegetation resulting from a landscaping project or estab-
lished by natural dispersal, with little of the original sem-
idecidual forest (Potascheff et al. 2010).

Data collection

We conducted 120 h of focal observations of M. saturni-
nus and F. rufus (60 h for each species) from April to July 
2019, which corresponds to the non-breeding season for 
both species. Observations were performed with binoculars 
in 1-h sessions (two to eight sessions a day) between 7:00 
and 11:00 h, and from 14:00 and 18:00 h. The order of the 
groups to be observed was randomly drawn. Each group was 

observed only once a day, and if the focal group moved out 
of sight before the end of a given observation session, that 
particular session was cancelled and repeated the next day.

We observed five groups of M. saturninus, totalling 30 
individuals (group size: 6.2 ± 2.4 individuals per group; 
mean ± standard deviation), 14 of which were marked with 
metal and colored rings (Supplementary material Table S1). 
Based on the location of these groups, five pairs or familiar 
groups (2.4 ± 0.5 individuals per group) of F. rufus were 
selected for sampling, totalling 12 individuals, five of which 
were individually marked with metal and colored rings (Sup-
plementary Table S1). Birds were mist-netted and marked 
according to the Brazilian regulations (SISBIO license n° 
45434-5, CEMAVE authorization n° 3362, CEUA permit 
n° 030/2012).

At each observation session, individuals were followed at 
a minimum distance of 10 m and maximum of 40 m (adapted 
from Argel-de-Oliveira 1989), taking into consideration that 
the birds in the campus were habituated to human proximity. 
Scan samples (Altmann 1974) were taken every 5 min for 
which the following behaviors were recorded for all indi-
viduals of the group: alert/sentinel (individuals who stay on 
high and exposed perches, interrupting foraging activities to 
look around for potential predators; adapted from Argel-de-
Oliveira 1989), and foraging. At each scan, the number of 
individuals engaging in alert/sentinel or foraging behavior 
was divided by the number of individuals observed at that 
scan sample, resulting in the relative frequency of occur-
rence of each behavior in a given scan. At each scan, we 
also recorded if the observed species was associated with 
the other species, i.e., if individuals of the observed group 
were less than 10 m apart from the individuals of the other 
species.

Statistical analyses

We tested whether the number of scans in which each spe-
cies was associated to the other differed between species 
using a chi-square test, using the number of scans with or 
without heterospecific association as a frequency count for 
each species.

To test if a particular group was more inclined to perform 
alert/vigilance or foraging behaviors, we used generalized 
linear models (GLMs) with binomial error distribution, set-
ting the relative frequency of each behavior as response vari-
ables and group ID as the explanatory variable. As there was 
no difference in the frequencies of each behavior between 
the groups of each species, we pooled the data from all 
groups of each species in the following analyses.

We evaluated whether the frequency of certain behaviors 
was affected by heterospecific association by creating gener-
alized linear mixed models (GLMMs) with binomial distri-
bution of errors, with one model for each behavior category 
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for each species. The response variable for each of the mod-
els was the relative frequency of a given behavior in each 
of the scans, as described above. As independent variables, 
we used group size that refers to a constant value for each 
group that represents the maximum number of individuals 
observed in each group during the study, and the presence 
of heterospecific association as a binary variable. Since the 
number of F. rufus individuals associated with M. saturni-
nus groups was greater than 3 in only 4.3% of scans, these 
occurrences were pooled in a single category of 4 or more 
individuals associated. When the heterospecific association 
affected the relative frequency of a particular behavior, we 
performed a new GLMM to test whether the frequency of 
that behavior (dependent variable) also depended on the 
number of heterospecific individuals (continuous independ-
ent variable) associated with the focal species. The focal 
group identity was included as a random factor in all mod-
els. GLMs and GLMMs were built in R software (R Core 
Team 2019), using the packages lme4 (Bates et al. 2015) and 
lmerTest (Kuznetsova et al. 2017).

Results

We obtained 258 scans for five groups of M. saturninus 
(51.6 ± 14.9 scans per group) and 160 scans for four groups 
of F. rufus (40.0 ± 28.2 scans per group). There was no shift 
of marked individuals of either species between the groups 
studied, and each group of M. saturninus always associated 
with the same individuals of F. rufus. In 57% (n = 258) of 
the scans focused on M. saturninus, they were associated 
with F. rufus, while in 42.5% (n = 160) of the scans in F. 
rufus, they were associated with M. saturninus. The number 
of scans where each species was associated with the other 
deviated from that expected by chance (χ2 = 8.286, P = 
0.004), indicating that M. saturninus was significantly more 
frequently associated with F. rufus than the contrary.

The presence of F. rufus affected the frequency of forag-
ing and alert/sentinel behaviors performed by M. saturni-
nus (Table 1). In the presence of F. rufus, M. saturninus 

increased the frequency of foraging, which nearly doubled 
from 21.8 to 42% (Fig. 1). Mimus saturninus also spent less 
time on alert/sentinel in the presence of F. rufus, with the 
frequency of this behavior dropping by half from 38.2 to 
19.5%.

There was an effect of M. saturninus group size on for-
aging frequency, which tended to increase with increasing 
group size (Table 1). Although the presence of F. rufus influ-
enced foraging and alert/sentinel behaviors in M. saturninus, 
the number of F. rufus individuals did not influence (P = 
0.386 and P = 0.465) the two behaviors.

Contrary to M. saturninus, the association did not influ-
ence the frequency of F. rufus behaviors, although the effect 
of the heterospecific grouping on the foraging of F. rufus 
was marginally significant (Table 1). The size of the M. sat-
urninus group had no influence on the foraging and alert/
sentinel behaviors of F. rufus (Table 1).

Table 1   Results of generalized 
linear mixed models (GLMMs) 
evaluating the effect of 
group size and heterospecific 
association on the frequency 
of foraging and alert/sentinel 
behaviors in the rufous hornero 
(Furnarius rufus) and the chalk-
browed mockingbird (Mimus 
saturninus). SE, standard error. 
Significant P values at alpha = 
0.05 are in bold

Furnarius rufus Mimus saturninus

Estimate (SE) z P Estimate (SE) z P

Foraging
  Intercept 1.016 (0.885) 1.148 0.251 −2.115 (0.450) −4.706 < 0.001
  Group size −0.177 (0.348) −0.508 0.612 0.120 (0.058) 2.080 0.038
  Association 0.612 (0.361) 1.696 0.090 1.128 (0.290) 3.893 < 0.001

Alert/sentinel
  Intercept 0.367 (2.459) 0.149 0.881 −0.492 (0.447) −1.101 0.271
  Group size −1.642 (1.110) −1.479 0.139 −0.026 (0.064) −0.401 0.688
  Association 0.421 (0.842) 0.500 0.617 −1.140 (0.309) −3.686 < 0.001

Fig. 1   Influence of the presence of the rufous hornero (Furnarius 
rufus) on foraging and alert/sentinel behaviors in the chalk-browed 
mockingbird (Mimus saturninus). Numbers inside the bars corre-
spond to the number of scans of the displayed data
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Discussion

When the association between M. saturninus and F. rufus 
was firstly described, it was hypothesized that F. rufus was 
the species that actively associated with M. saturninus, but 
no quantitative data regarding this association was provided 
(Argel-de-Oliveira 1989). We found, however, a greater pref-
erence for M. saturninus to associate with F. rufus (57% for 
M. saturninus and 42.5% for F. rufus). Given that M. sat-
urninus is apparently more affected by the association, it is 
reasonable that it seeks F. rufus more often than the contrary. 
This is in line with the larger home range that M. saturni-
nus likely has in relation to F. rufus (~2 ha; Sabino 2015; 
Amorim 2020) meaning that while a group of M. saturninus 
may find different pairs of familiar groups of F. rufus in their 
home ranges, the reverse is not true.

We provided evidence that the association between M. 
saturninus and F. rufus is potentially beneficial to the for-
mer but not to the latter species, which apparently differs 
from the results obtained by Ragusa-Netto (1997) showing a 
benefit also to F. rufus. It is important to note, however, that 
the two studies differ in the response evaluated. While we 
recorded the frequency of foraging as denoted by the propor-
tion of individuals engaged in foraging, Ragusa-Netto (1997) 
focused on the rate of pecking during foraging. Moreover, 
the method used by Ragusa-Netto differs from ours in the 
following aspects: only one species was followed (F. rufus) 
during observations, which lasted from 1 to 2 min per indi-
vidual and were performed in sequence; only pecking events 
on the substrate were recorded as foraging; for the analyses, 
each observation of an isolated bird was taken as a replicate, 
while for birds in groups, the average pecking rate for each 
group was used. Such differences in methodology may thus 
preclude a direct comparison with the present study. Any-
way, the fact that we detected a marginally significant influ-
ence of the presence of M. saturninus on the foraging of F. 
rufus is suggestive that an increase in the foraging frequency 
of the former species is not unlikely.

The greater the number of individuals of M. saturninus 
in a group, the greater the amount of time they dedicated 
to foraging. Several studies on the effect of group size on 
feeding rate showed that this positive relationship results 
from the reduced vulnerability to predation provided by 
larger groups (see review by Beauchamp 1998). On the 
other hand, the food found needs to be shared, which may 
increase aggression and decrease the average food intake 
rate (Maruyama et al. 2009), a possibility that we did not 
investigate. Anyway, we recorded no agonistic encounters 
between the two species, which may indicate that there 
was not a fierce dispute over resources.

The increase in group size of M. saturninus did not 
affect the proportion of individuals engaged in alert/

sentinel behaviors, contradicting several studies on ground-
foraging birds that report an inverse relationship between 
these aspects (Sridhar et al. 2009). For F. rufus, group size 
was not related to any of the behaviors studied. One likely 
reason is that this species is territorial and non-gregarious, 
living mostly in pairs (Sick 1997), which suggests that they 
are unable to benefit from the proximity of conspecifics due 
to the several costs offered by unrelated conspecifics, for 
example, possibility of extra-pair copulation, usurpation of 
food and territory (Fraga 1980). It seems that for F. rufus 
the social behavior benefits could be achieved by associating 
with heterospecifics.

More studies could be carried out focusing on other behav-
ioral aspects involved in the association, such as perching 
behavior, since apparently these two species choose to sleep 
in the same set of trees that we and Argel-de-Oliveira (1989) 
observed, indicating that the association goes beyond the 
realm of collecting. Also, as reproductive demands interfere 
with foraging time, reproductive aspects must be investigated. 
For example, M. saturninus relies on the cooperation of other 
individuals in the herd to feed the young (Argel-de-Oliveira 
1989), which can provide more time for foraging, while F. 
rufus divides parental care into just two individuals (Fraga 
1980), which can reduce the time available for foraging.

Supplementary Information  The online version contains supplemen-
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