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Abstract

:

Climatic conditions represent one of the main constraints that influence avian calling behavior. Here, we monitored the daily calling activity of the Undulated Tinamou (Crypturellus undulatus) and the Chaco Chachalaca (Ortalis canicollis) during the dry and wet seasons in the Brazilian Pantanal. We aimed to assess the effects of climate predictors on the vocal activity of these focal species and evaluate whether these effects may vary among seasons. Air temperature was positively associated with the daily calling activity of both species during the dry season. However, the vocal activity of both species was unrelated to air temperature during the wet season, when higher temperatures occur. Daily rainfall was positively related to the daily calling activity of both species during the dry season, when rainfall events are scarce and seem to act as a trigger for breeding phenology of the focal species. Nonetheless, daily rainfall was negatively associated with the daily calling activity of the Undulated Tinamou during the wet season, when rainfall was abundant. This study improves our understanding of the vocal behavior of tropical birds and their relationships with climate, but further research is needed to elucidate the mechanisms behind the associations found in our study.
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1. Introduction


Bird vocalizations have important roles in territory establishment and mate attraction, but they are also uttered to maintain group contact and to signal about food or danger, such as threats or fights [1,2,3]. Therefore, understanding the context of avian vocal behavior might be useful to elucidate the function of vocal activity in birds and to plan surveys and develop effective monitoring protocols [4]. Despite the large number of studies assessing bird vocalizations, the main causes of changes in bird vocal activity seem to be context dependent and to differ among species [3,5] and even within species according to the type of vocalization analyzed [6,7].



Bird behavior, and hence vocal activity, is affected by endogenous factors (e.g., breeding seasonality and mating status [8]) as well as by exogenous factors (e.g., photoperiod [9,10], climatic conditions [11], habitat structure [12], moon phase [13,14], background noise [15], and artificial light [16]). The influence of climatic conditions on the vocal activity of birds is not restricted to direct impacts on bird vocal behavior, as it is also related to changes in sound transmission (e.g., an increase in temperature results in an increase in the absorption of low-frequency sounds [17]). As a general rule, rainfall is the climatic predictor with the most influence on bird vocal activity [11,18]. Birds tend to reduce their display and vocal activity during rainfall [11,19,20] since they usually look for cover. The noise of the rain also overlaps with most bird vocalizations, and therefore, the decreases in vocal activity during rainfall might also be due to a reduction in the ability of birds to communicate with their conspecifics [21,22]. Similarly, several bird species adjust their vocal activity according to cloudy conditions [18,23] and air temperature [24,25,26].



Most studies assessing the vocal behavior of birds have been performed in northern temperate zones [3]. However, the study of vocal behavior in tropical birds is interesting since song function and communication roles typical of northern temperate areas may not be extrapolated to tropical regions [27]. For example, in tropical areas, singing activity is usually less restricted to the breeding period than in temperate areas [28,29,30]. Moreover, there is a large contribution of duets and female songs [27], and most birds are residents [31].



Due to the longer calling periods, the impact of climatic conditions on the vocal activity of birds may differ according to the season and temporal scale considered. For example, rainfall may have a negative impact on a daily scale due to the masking effect of bird vocalizations [21,22], but its effect might be positive on a longer scale. This positive impact might be particularly true for tropical areas with high seasonality, where rainfall is a strong determinant of food abundance, and thus acts as a trigger regulating the breeding phenology and vocal activity of several tropical birds [14,30,31]. This suggests that to understand the complex nature of the vocal activity of tropical birds, there is a need to monitor bird vocal behavior over large temporal scales.



The current knowledge regarding the effects of climatic conditions and seasonal changes on vocal activity in tropical birds comes mainly from studies that used passerines as study species [4,28,32], but see, e.g., Pérez-Granados and Schuchmann [14,33]. In this work, we aimed to contribute to the current knowledge about the impact of climatic conditions on daily vocal activity of tropical birds, making use of an extended database collected for two tropical nonpasserine birds. We evaluated whether the effects of daily air temperature and daily rainfall on daily bird vocal activity vary among seasons. We hypothesized that climatic conditions would affect bird vocal activity by altering vocal behavior and that their effects may differ among seasons. We predicted that daily rainfall would have a positive impact on bird vocal activity during the dry season, when rainfall is scarce and may improve food availability, but a negative effect during the wet season, when heavy rainfalls usually occur. We also predicted that the daily minimum temperature would have a negative impact on the species’ vocal activity according to previous studies that found greater vocal activity in non-passerines at cooler temperatures, including studies with other bird species in the study area [23,34,35].




2. Materials and Methods


2.1. Study Species


We selected the Undulated Tinamou (Crypturellus undulatus) and the Chaco Chachalaca (Ortalis canicollis) as focal species to evaluate seasonal changes in vocal activity and how such changes are related to climatic conditions. We chose these species because they are common and resident species with high vocal activity over the annual cycle [30] (authors’ unpublished data). The Undulated Tinamou is a resident species, and similar to other tinamou species, it is a polygynous (males take care of the nest and incubate the eggs, which are laid by different females), shy, and elusive bird typical of dense tropical habitats [36]. It is a ground-dwelling omnivore that is widespread in South America. Although no specific information is available, we expect that both sexes may call, according to the typical calling behavior described for the Tinamidae [37,38]. The breeding period of the species in the study area (Brazilian Pantanal, see below) has been proposed to occur between September and April, the months during which the vocal activity of the species is maximum (see the seasonal pattern of vocal activity throughout a whole year [30]). The diel pattern of vocal activity shows a bimodal scheme with a peak during the early morning and a second peak in late afternoon, although the species was vocally active throughout the day and night (see the diel pattern of vocal activity [30]). The only known call of the Undulated Tinamou is composed of three distinctive notes (Supplemental Figure S1).



The Chaco Chachalaca is the smallest of the Chachalacas (Ortalis genus) and is a common and resident bird of lowland forests and dry and semideciduous forests of central South America [39]. The breeding period of the species in the Brazilian Pantanal, based on seasonal changes in vocal activity, has been proposed to occur between August and December, when 66.2% of the total calls were detected during a year (n = 112,650 calls, authors’ unpublished data). In that species the female is the only sex incubating. The Chaco Chachalaca vocalizes during day and night but shows its maximum vocal activity during the early morning (77.5% of the calls identified over a year were detected between 5 a.m. and 9 a.m., n = 112,650 calls, authors’ unpublished data). The call of the species is loud and transcribed as “Chata-ra-ta” [39] and is a short series of harsh, raucous syllables (Supplemental Figure S1) that are uttered (indistinguishable) by both sexes.




2.2. Study Area


We conducted a field study from 8 June 2015 to 31 May 2016 in the northeastern part of the Brazilian Pantanal (Pantanal Matogrossense), the largest seasonal floodplain in the world. The study area is located near the SESC Pantanal (Poconé municipality, Mato Grosso, Brazil; 16°30′ S, 56°25′ W, see Online Resource 1) and close to the Cuiabá River, one of the main tributaries of the Paraguay River within the Pantanal. This area is seasonally inundated from October to April due to the flooding of the Paraguay River, while during May–September, it exhibits a pronounced dry season [40]. More specifically, the annual cycle in the study area covers four seasons: (1) the dry season (July–September), with a strong hydrological deficit; (2) the rising water season (October–December), when rain starts and the water level begins to increase; (3) the wet season (January–March), with the highest level of inundation; and (4) the receding season (April–June), when the water level starts to decline [41]. More detailed information on the impact of flood pulses on the local avian and vegetation communities in the study area can be found in de Deus et al. [42].



The study area comprised three acoustic monitoring stations separated by 1530 and 2017 m (Supplemental Figure S2) within a mosaic of forested and savanna areas. The regional climate is tropical and humid; the average annual rainfall is between 1000 and 1500 mm, and the mean annual temperature is approximately 24 °C. During the monitored period, the total annual rainfall in the study area was 1130 mm, and the mean annual temperature was 25.5 °C (authors’ own data).




2.3. Acoustic Monitoring


We placed one Song Meter SM2 recorder (Wildlife Acoustics, Maynard, MA, USA, www.wildlifeacoustics.com, accessed on 12 July 2021) on each of the three acoustic monitoring stations. Acoustic monitoring was performed daily during the study period and therefore covered one annual cycle at each site. The Song Meter recorder was programmed to record (in stereo and .wav format) the first 15 min of each hour in 24/7 mode according to the winter local time (GMT -4) and was configured with a sampling rate of 48 kHz and a resolution of 16 bits per sample. We have no data how far calls of the focal species can be detected. Previous studies using SM2 recorder and birds as models have found that the effective detection radius of the recorder was around 150–160 m [43,44]. Although different bird species were used for such assessments, the published effective radius may provide some approximate radius at which vocalizations of the Undulated Tinamou and Chaco Chachalaca might be recorded. Recordings were stored on SD memory cards capable of storing ~250 h of recordings. The recorders were powered by four 1.5 V alkaline batteries (Duracell MN1,3000) (~160 h autonomy) and checked weekly to download data and change batteries.




2.4. Acoustic Data Analyses


The channel recordings were scanned with Kaleidoscope Pro 5.1.8, an automated signal-recognition software program provided by Wildlife Acoustics (Wildlife Acoustics, Maynard, MA, USA, www.wildlifeacoustics.com, accessed on 12 July 2021). Kaleidoscope scans the recordings, searching for candidate sounds according to the signal parameters introduced in the software. To introduce the most adequate signal parameters, we characterized 52 calls of the Undulated Tinamou and 47 of the Chaco Chachalaca in the study area (Supplemental Table S1). These calls were measured from spectrograms using Raven Pro 1.5 (Cornell Lab of Ornithology, Ithaca, NY, USA) [45]. According to call parameters, we introduced the following signal parameters in Kaleidoscope and scanned the recordings once for each species:




	
Undulated Tinamou: minimum and maximum frequency range: 1150 and 1350 Hz, respectively; minimum and maximum detection length: 1.3 and 3 s, respectively; maximum intersyllable gap: 0.2 s; distance from the cluster center: 2.0.



	
Chaco Chachalaca: minimum and maximum frequency range: 300 and 2500 Hz, respectively; minimum and maximum detection length: 0.5 and 20 s, respectively; maximum intersyllable gap: 0.1 s; distance from the cluster center: 2.0.








The “distance from the cluster center” parameter ranges from 0 to 2 (1.0–1.4 are the values recommended by Wildlife Acoustics) and has an impact on the number of detected signals. Large values result in a relatively large number of detected signals, therefore, increasing the number of target signals detected (true positives) as well as the number of false positives (misclassified signals). We are aware that this selection will increase the number of false positives, but we aimed to detect as many Tinamou calls as possible. An analysis of the impact of using different values of the distance from the cluster center parameter for detecting the calls of the Undulated Tinamou was provided by Pérez-Granados et al. [30]. Finally, each candidate sound that was identified by Kaleidoscope Pro as a potential call of the Undulated Tinamou or the Chaco Chachalaca was visually and/or acoustically checked, always by the same observer (CPG), to remove incorrect detections (false positives). Therefore, the final database used in posterior analyses only contained calls of the focal species.



Finally, we evaluated the performance of the recognizers by measuring their recall rate [46]. The recall rate is defined as the proportion of target sounds (Undulated Tinamou or Chaco Chachalaca calls in our case) automatically detected by the recognizer. The recall rate of the Undulated Tinamou recognizer was 0.74 (1545 calls detected of the 2097 calls annotated in the 240 15-min recordings of the validation dataset; see Pérez-Granados and Schuchmann [47] for full details of the assessment of the recognizer employed in this study). We followed the same approach to estimate the recall rate of the Chaco Chachalaca, so we divided the total number of calls of the Chaco Chachalaca detected by Kaleidoscope by the total number of calls within sound recordings [45]. The total number of calls of the species per 15-min recording was always counted by the same experienced observer (CPG) by visually and acoustically checking 200 selected recordings. We reviewed a total of 100 recordings with known presence of the species (according to Kaleidoscope results, one-third of the recordings per site) and 100 randomly selected recordings from the period between 7 a.m. and 8 a.m., which is when the vocal activity of the species was maximum (authors’ unpublished data) and is therefore the period with a higher probability of finding recordings with the presence of the species. The recordings were reviewed blind with respect to station identification, date of recording and whether the species had been detected by Kaleidoscope.




2.5. Environmental Variables


During the study period, climate data was registered by a weather station in the study area (Supplemental Figure S2). We collected the following daily information: minimum air temperature (°C), mean air temperature (°C), maximum air temperature (°C), rainfall (mm), and relative air humidity (%). Air temperature and relative air humidity were measured with the Thermohyrgrometer (HMP155A, Vaisala, Helsinki, Finland) installed at 2 m, while daily rainfall was measured with the weighing rain gauge TR-525M (Texas Electronics, Dallas, TX, USA) installed at 20 m. All sensors were purchased with calibration from the manufacturer.




2.6. Statistical Analyses


We focused our comparison during the two most different periods: the dry season (July–September) and the wet season (January–March). We reduced the potential collinearity among climatic variables following a two-step process. First, we conducted a principal component analysis (PCA) for the three air temperature variables (minimum, mean, and maximum air temperature). The scores of the first principal component were then used as a surrogate of daily air temperature in posterior analyses (air temperature hereafter). Lastly, we checked the correlation between air temperature, daily relative air humidity, and daily rainfall and removed those variables with Spearman rank correlations higher than 0.7 [48]. The daily rainfall and daily relative air humidity were highly correlated (Spearman rank correlation of 0.73), with higher relative air humidity on those days with higher daily rainfall. We decided to remove relative air humidity from further analyses because we expected a higher impact of daily rainfall on the daily vocal activity of the focal species.



To analyze the variations in the effects of daily air temperature and daily rainfall on the daily vocal activities of the species, we fitted independent generalized linear models (GLMs) for each season and species (four models in total). All variables were z-standardized (for each season and species). The number of Undulated Tinamou or Chaco Chachalaca calls detected per day was used as the response variable, while climatic predictors (PCA scores, and daily rainfall) were included in the models as predictors. Likewise, the station was included as a covariate to control for variation owing to the site. The station was not included as a random effect due to the low number of levels within the factor, since a minimum number of five levels are recommended to consider a factor as random [49]. All statistical analyses were performed in R 3.4.1 [50]. The level of significance was α < 0.05, and the results are expressed as the mean ± SE.





3. Results


Kaleidoscope detected a total of 257,704 candidate sounds when looking for the call of the Undulated Tinamou during the two selected seasons. A total of 105,455 candidate sounds were identified as Undulated Tinamou calls and were used in subsequent analyses (57,252 calls during the dry season and 48,203 during the wet season). The number of calls detected per station ranged between 19,386 and 43,768. Undulated Tinamous were detected on 99.6% of the monitored days. A total of 341,589 candidate sounds were detected by Kaleidoscope when scanning the recordings looking for the Chaco Chachalaca, of which 51,569 were identified as calls of the species (38,825 calls during the dry season and 12,744 calls during the wet season). The species was detected on 100% of the monitored days, and the number of calls per station varied from 11,418 to 27,240. The recall rate of the Chaco Chachalaca recognizer was 0.78 (3575 calls detected by Kaleidoscope of the 4604 calls annotated in the 200 recordings of the validation dataset). The calling activity of both species (Figure 1A,B) and climatic conditions (Figure 1C,D) differed largely between seasons. For example, daily rainfall per day ranged from 0.7 mm during the dry season to 7.3 mm during the wet season (Figure 1D).



The first Axis of the PCA (Axis I hereafter) explained 62.1% of the variance of our air temperature data. Axis I was positively associated with the three considered air temperature variables in both seasons (see Supplemental Table S2) and, therefore, Axis I is interpreted as a gradient of air temperature where lower values of Axis I correspond to days with lower air temperature while higher values of Axis I indicate those days with higher air temperature. According to the GLMs, the effects of climatic conditions on the daily calling activity of the Undulated Tinamou and the Chaco Chachalaca differed largely between seasons, and there were also variations among some of the acoustic monitoring stations (Table 1). During the dry season, the daily calling activities of both species were positively associated with air temperature and daily rainfall (Figure 2 and Figure 3). During the wet season, the relationship between climatic conditions and daily calling activity varied between the two monitored species (Table 1). The daily calling activity of the Undulated Tinamou was negatively associated with daily rainfall but was not related to air temperature (Table 1). In contrast, the daily calling activity of the Chaco Chachalaca was neither related to air temperature nor to daily rainfall during the wet season (Figure 2 and Figure 3).




4. Discussion


In this study, we provide evidence that the daily calling activities of the Undulated Tinamou and the Chaco Chachalaca in the Brazilian Pantanal are related to climatic conditions. Moreover, our results show that the effect of climatic conditions on bird calling behavior may differ among species and that these effects might even be contradictory among seasons. To our knowledge, this is the first study to find seasonal variations in the effects of multiple climatic predictors on the calling activity of birds. Daily vocal activity of both focal species was higher during the dry season when compared to the wet season (Figure 1). The peak of annual vocal activity of the Undulated Tinamou (September–October, Pérez-Granados et al. [30]) and the Chaco Chachalaca (August–September, authors’ unpublished data) in the Brazilian Pantanal occurs during the dry season, when both species are breeding. The whole annual pattern of vocal activity of the Undulated Tinamou discussing differences of vocal activity among seasons can be found in Pérez-Granados et al. [30]. In his pioneering descriptive works, Lancaster [51,52] declared that the calling activity of two tinamou species varied widely among successive days and that daily variations did not appear to be related to the presence or absence of females or other males at calling sites or to climatic predictors. Although we monitored a different tinamou species, our results suggest that daily variations in the calling activity of tinamous might be associated with daily weather conditions.



The impact of minimum air temperature varied among seasons but was constant among species. Contrary to our prediction, the daily calling activity of both focal species was positively related to the air temperature during the wet season. The highest vocal activities occurred at days with higher air temperature. This result is in disagreement with previous studies with other tropical nonpasserines in the study area (see e.g., Pérez-Granados et al. [30]) and a prior study on the closely related Boucard Tinamou (Crypturellus boucardi) in Honduras, where Lancaster [51] suggested a negative impact of air temperature on calling activity of the species. Nonetheless, the positive association between birds’ vocal activity and air temperature is in agreement with a previous study carried out in the study area using an anuran as focal species (Elachistocleis matogrosso, Pérez-Granados et al. [35]). In that study, air temperature was shown to be the most important predictor explaining vocal activity of this frog, with higher vocal activity at hotter days. Although a different taxon was used as model species, we cannot rule out that a similar mechanism might be behind the results found in that study. The pattern found in our study might be related to monthly variations in the vocal activity of both focal species within the dry season. The mean number of calls uttered per day by the Chaco Chachalaca and the Undulated Tinamou during July (first month of the dry season) was 2.5 and three times lower, respectively, than that detected during September (last month of the dry season), when the breeding season of both species begins [30]. Likewise, the average minimum temperature during July was 21.6 °C, while during September it was 25.9 °C. Therefore, the positive relationship found between minimum air temperature and calling rate of the species might be partly related to the change of breeding status of calling birds during the dry season. On the other hand, the daily calling activity of both focal species was not related to the daily minimum air temperature during the wet season. Further research should try to elucidate the mechanisms behind the results found in our study. Likewise, future studies should try to collect measurements of air temperature at hourly scale aiming to perform finer analyses, since a single value per day (as in our analyses) may not be representative of the relationship between birds’ vocal activity and air temperature.



The relationship between the daily calling activity of both species and daily rainfall differed between seasons. Consistent with our predictions, daily rainfall showed a positive relationship with the daily calling activities of the Undulated Tinamou and the Chaco Chachalaca during the dry season, while daily rainfall was negatively correlated with the calling activity of the Undulated Tinamou during the wet season. Rainy days during the dry season were very scarce; indeed, there were only six days with rainfall greater than 0.2 mm. Small variations in daily rainfall during the dry season may have a positive effect on insect populations, which are usually low during the dry season in the tropics [53]. Likewise, daily rainfall may have a positive impact on flowering and fruiting [54]. Therefore, the higher calling activity of both species on rainy days during the dry season might be partly linked to an increase in food availability, which allows birds to dedicate more time to calling activities. The negative relationship between daily rainfall and calling activity of the Undulated Tinamou during the wet season may be related to the large number of rainy days during this season (48 days with daily rainfall higher than 0.2 mm). This result is in agreement with prior studies on tinamous that suggested that they stop calling during periods of heavy rain [52]. During periods of heavy rain, birds may reduce their activity and look for cover [11,19,20]. Likewise, the sound of rain may reduce sound transmission and make bird acoustic communication less efficient [21,22]. Therefore, the lower calling activity of the Undulated Tinamou during the wet season might be due to a change in the species vocal behavior. Water availability during the wet season is very high in the study area, and therefore, an increase in rainfall activity may not support an improvement in habitat conditions (e.g., food availability), contrary to what may occur during the dry season. However, the daily calling activity of the Chaco Chachalaca was not related to daily rainfall during the wet season. Although we do not have a clear explanation for this difference between species, it could be related to the different habitat uses of each species. The Undulated Tinamou is a terrestrial species whose movements, and thus vocal activity, might be negatively influenced during rainy days. However, the Chaco Chachalaca spends a large amount of its time feeding and vocalizing from trees, and therefore, the feeding and vocal activity of the species could be less influenced by rainfall events.



The dry season was the period with the highest calling activities in both species and the period during which the daily vocal activities of the Undulated Tinamou and the Chaco Chachalaca were influenced by a larger number of climatic variables. The two analyzed variables were significantly related to the calling production of the Undulated Tinamou and the Chaco Chachalaca during the dry season. However, during the wet season, daily calling activity was significantly related to just daily rainfall in the Undulated Tinamou. Our results suggest that both species were more selective when calling during the dry season, the period with higher calling activity. Calling production is a costly phenomenon [3], and thus birds may choose days with better climatic conditions to save energy during periods of maximum calling activity. However, both species were less selective regarding the timing of calling during the wet season, when vocal output was much reduced.



The daily vocal activity of both focal species varied among some of the acoustic monitoring stations. That variation is likely related to different number of individuals vocalizing around recorders, since it is expected to find a positive association between the number of calls detected in sound recordings and the number of individuals vocalizing around recorders (see review in Pérez-Granados and Traba) [55]. Although we were unable to include the number of individuals vocalizing around recorders as a covariate in the analyses, it should not have influenced our results. The large spatial and temporal scale achieved by applying passive acoustic monitoring could make the inclusion of such a covariate in future studies a challenging perspective. A feasible solution to estimate such covariate, might be to automatically discriminate among individuals based on the different call structure of each individual [56,57], once individual recognition has been tested for the focal species before.



In this paper, we aimed to contribute to the current understanding of the effect of proximate climatic drivers on the daily calling activity of two secretive tropical birds. We described and tested, for the first time, seasonal variation effects of climatic conditions on the daily calling activity of birds. The results varied between species and even between seasons and suggest that further studies assessing the impact of climatic conditions on bird vocal activity should be implemented over multiple annual cycles and using different bird species, since their conclusions about the relationships between bird vocal activity and climatic conditions may differ among seasons, years and species. Future studies should attempt to include information about hormonal concentrations and sex, breeding status, and number of recorded individuals to improve our methodological approach and elucidate the mechanisms behind the associations found in our study.
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Figure 1. Boxplots showing the seasonal variations in the daily calling activities of the Undulated Tinamou (A) and the Chaco Chachalaca (B) in the Pantanal Matogrossense (Brazil) during the dry and wet seasons. Seasonal variations in climatic conditions are also shown. Climatic conditions are indicated by air temperature (C), and daily rainfall (D). Air temperature is represented as the scores of the first Axis of a PCA performed to summarize daily maximum, minimum and mean air temperature. 
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Figure 2. Relationships between air temperature and daily rainfall (mm) with the daily calling activity of the Undulated Tinamou (number of calls per day) in the Pantanal Matogrossense (Brazil) during the dry (left) and wet seasons (right). Data are shown with different symbols representing the three different monitored stations. Climatic conditions were extracted from a weather station positioned near the sampling stations. Air temperature is represented as the scores of the first Axis of a PCA performed to summarize daily maximum, minimum and mean air temperature. The solid blue line represents the linear regression between daily vocal activity and climatic conditions, and 95% confidence intervals are shown in gray. 
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Figure 3. Relationships between air temperature and daily rainfall (mm) with the daily calling activity of the Chaco Chachalaca (number of calls per day) in the Pantanal Matogrossense (Brazil) during the dry (left) and wet seasons (right). Data are shown with different symbols representing the three different monitored stations. Climatic conditions were extracted from a weather station positioned near the sampling stations. Air temperature is represented as the scores of the first Axis of a PCA performed to summarize daily maximum, minimum and mean air temperature. The solid blue line represents the linear regression between daily vocal activity and climatic conditions, and 95% confidence intervals are shown in gray. 
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Table 1. Summary of generalized linear model analysis results regarding the effects of climatic conditions on the daily calling activities of the Undulated Tinamou and the Chaco Chachalaca in the Pantanal Matogrossense (Brazil). Models were fitted independently for each season and species. The daily number of calls was monitored by recording 15 min every hour between 8 June 2015 and 31 May 2016 at three sampling stations. The sign of the effects and relative importance of each (standardized) variable can be inferred from the Estimate values.
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Dry Season

	
Wet Season




	

	

	
Estimate

	
Std. Error

	
z-Value

	
p

	
Estimate

	
Std. Error

	
z-Value

	
p




	
Undulated Tinamou

	
(Intercept)

	
0.162

	
0.095

	
1.697

	
0.091

	
0.209

	
0.099

	
2.114

	
0.036




	
Axis I (Air temperature)

	
0.350

	
0.060

	
5.800

	
<0.001

	
−0.030

	
0.063

	
−0.486

	
0.627




	
Daily rainfall

	
0.254

	
0.059

	
4.255

	
<0.001

	
−0.174

	
0.063

	
−2.764

	
0.006




	
Station B

	
−0.280

	
0.139

	
−2.007

	
0.046

	
0.320

	
0.141

	
2.261

	
0.025




	
Station C

	
−0.249

	
0.151

	
−1.648

	
0.100

	
−0.814

	
0.135

	
−6.055

	
<0.001




	
Chaco Chachalaca

	
(Intercept)

	
−0.428

	
0.091

	
−4.723

	
<0.001

	
0.218

	
0.108

	
2.011

	
0.046




	
Axis I (Air temperature)

	
0.167

	
0.053

	
3.127

	
0.002

	
−0.089

	
0.069

	
−1.284

	
0.200




	
Daily rainfall

	
0.334

	
0.053

	
6.270

	
<0.001

	
−0.106

	
0.069

	
1.542

	
0.124




	
Station B

	
0.211

	
0.136

	
1.555

	
0.121

	
−0.649

	
0.155

	
−4.194

	
<0.001




	
Station C

	
0.980

	
0.125

	
7.816

	
<0.001

	
−0.048

	
0.148

	
−0.323

	
0.747
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