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Abstract

:

There is an abundance of bird species in subtropical areas, but studies on the vocal behavior of non-passerines in subtropical regions are limited. In this study, passive acoustic monitoring was used to investigate the temporal acoustic patterns of the vocal activities of the Oriental Turtle Dove (Streptopelia orientalis) in Yaoluoping National Nature Reserve (YNNR) in eastern China. The results show that the vocal production of the Oriental Turtle Dove exhibited a seasonal variation, peaking in the period April–August. Additionally, its diurnal vocal activity displayed a bimodal pattern in late spring and summer, with the first peak in the morning and a secondary peak at dusk. Among weather factors, temperature significantly affected the temporal sound pattern of the Oriental Turtle Dove, instead of humidity and precipitation. This study, which was focused on sound monitoring technology, provides knowledge for further research on bird behavior and ecology. In the future, long-term sound monitoring could be used for managing and conserving bird biodiversity.
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1. Introduction


There are many vocal organisms in nature, such as birds, insects, bats, and fish, among which bird sounds occupy an essential part of the acoustic environment for a terrestrial ecosystem [1,2,3]. The vocal activities of birds provide information on the status of the monitored species [4] and are closely related to the rhythm of biological activities and the life cycle [1]. Bird calls and songs are fundamental behaviors for specific sexual and individual recognition, advertising individual condition, mate attraction, territory defense, feeding, predator alarm, or coordination of activities, among others [5,6]. Furthermore, bird vocalizations are easily affected by many factors, including endogenous factors (such as body size, breeding status, and hormones) and exogenous factors (such as light, noise effects, and weather conditions) [7,8], and are often used as indicators to track environmental change [1]. Therefore, the study of bird acoustics has attracted the attention of ornithologists and some ecologists, and has been utilized in research, such as analyzing the biological rhythm, living habits, and social interactions of particular species through their acoustic patterns [4,9], or ascertaining the variety of bird vocal activities according to environmental factors [10,11]. Therefore, monitoring the diel and seasonal patterns of birds’ vocal activity can provide basic knowledge about the behavioral ecology of birds, and may help us to gain a deeper understanding of the relationship between organisms and the environment.



The sound of passerines is characterized by high variability in its components [12,13]. For example, the sound of the Brownish-flanked Bush Warbler (Horornis forties) is composed of one or more whistled notes on an even pitch, followed by one to four more complex notes [14], while the Yellow-streaked Warbler (Phylloscopus armandii) has dozens of syllable types [15]. Conversely, the sound types of non-passerines are usually relatively simple [4,12], such as the monotonous sound of Common Cuckoos (Cuculus canorus) [16]. The difference in the variability of sound types of passerines and non-passerines may be affected by factors such as body size and phylogeny [17], which make them perform differently in the acoustic environment. For example, passerines in the canopy sing earlier than those feeding near the forest floor, while non-passerines show weak opposite results [8]. Another research shows that passerines occupied more proportion in acoustic space, especially in the morning, and non-passerines were prominent in the dusk hours during the observation windows [18]. Furthermore, some non-passerines, which produce sounds at a low frequency, are more vulnerable to the geographical environment and artificial sounds, while passerines may be more sensitive to interference from other species that produce sounds at similar frequencies [19,20]. Although vocal communication can play equally significant functions among different bird taxa, the study of the acoustic patterns and ecology of vocal activity in non-passerines has received much less attention than in passerine species [21].



The species existing in different climatic zones are different [22,23]. Tropical areas have higher net primary production, environmentally stable conditions, and higher biological and evolutionary rates, so the tropics have more biodiversity and vocal species than mid-latitude areas [24,25,26,27]. Due to the differential geographical locations and environmental conditions [28,29], birds exhibit a variety of vocal structures and activities in tropical and temperate zones [30]. Researchers have conducted many studies on birds’ daily and seasonal patterns in temperate and tropical regions [7,31,32,33]. The subtropical zone is in the middle of the temperate and tropical regions and forms migrating birds’ paths [34]. However, there are few studies on the vocal activity of non-passerines in subtropical zones, despite the high avian diversity and their relevance as migratory species [34]. Therefore, focusing on birds’ vocal features in the sub-tropical zone is essential, particularly in poorly studied non-passerine species.



Passive acoustic monitoring technology has been widely used to study the occurrence and behavior of vocal animals [35]. By deploying autonomous sound recorders, we can record various animals’ calls and investigate species diversity dynamics in remote forests or deep waters [9,36,37,38,39]. This method can enable continuous collection of the vocal activities of animals, and it is not invasive, so it is beneficial for studying shy species [40]. One such species is the Oriental Turtle Dove (Streptopelia orientalis), a small terrestrial non-passeriform broadly distributed in the Himalayas, India, northeast Asia, China, and Japan. The Oriental Turtle Dove is usually resident in these regions, although some northern sub-species are migratory [41]. It mainly feeds on rice, wheat, millet seeds, insects, and gastropods [41,42]. It is widely distributed in forested areas and moves in pairs or small groups [41,42]. It is a shy species, often hidden in canopies and aware of the surroundings, making it difficult to monitor visually. Therefore, passive acoustic monitoring might be a solution for obtaining new vital information on this tropical non-passerine species, showing the potential benefits of indirect sound-based sampling methods on shy and cryptic species.



In this study, we monitored the vocal behavior of the Oriental Turtle Dove at six sites for one year in the Yaoluoping National Nature Reserve (YNNR), a subtropical forest area in eastern China. Using passive acoustic techniques, we aimed to do the following; (1) reveal seasonal and diurnal vocalization patterns and determine the temporal peak of vocal activity, and (2) evaluate the effect of weather parameters on the vocal activity of the Oriental Turtle Dove. Previous studies have discussed the relationship between calling activity and temporal patterns of important behaviors in some non-Passeriformes (e.g., [4]). Based on this, we predicted that the Oriental Turtle Dove would show significant seasonal and daily changes in its vocal activity thorough the year related to mate attraction and territory defense [40,43]. It was found that the relative air humidity was positively associated with vocal activity in the study of another member of Columbidae in the Neotropics [21]. Due to the differences in climate in the regions, we speculated that the vocal activity of the Oriental Turtle Dove in subtropical areas would be affected by other weather factors. By depicting the unique vocal patterns of non-passerines in subtropical areas, we expect to contribute to the study of bird behavior and ecology.




2. Materials and Methods


2.1. Study Area and Data Acquisition


Yaoluoping National Nature Reserve (116°02′ E~116°11′ E, 30°57′ N~31°06′ N; YNNR) is in the north subtropical monsoon climatic zone, with humid air, a low temperature, and abundant rain and snow [44,45]. It is an important water conservation forest in the Ta-pieh Mountain area and a typical forest ecosystem. More than 100 species of birds [46] and 200 insect species [44,47,48] live in the YNNR, constituting a unique soundscape for ecoacoustic research. We selected six sampling sites in the YNNR (Figure 1), which were distributed throughout the buffer (N = 3) and experimental zones (N = 3) of the protected area. In the nature reserve, human development is allowed within the experimental area, while the buffer area allows only a limited amount of human activity, such as some scientific research, and the core area does not allow human access [49]. The altitude range of our sampling was 800–1400 m. The details of the sampling sites are provided within the Supplementary Files (Table S1).



We placed one Song Meter SM4 recorder (Song Meter SM4, Wildlife Acoustics, Maynard, MA, USA) at each sampling site on a tree trunk, approximately 1.5 m above the ground. All recordings were saved in WAV stereo format on Secure Digital (SD) cards with 16-bit precision. Periods of 5 min every half an hour were recorded between 0 and 24 h every day, from 6 April 2019 to 5 April 2020. This recording interval could record sound more efficiently to save memory. Due to battery replacement and equipment damage, the total number of recording days during which data were collected was 1927 (Table S1).



Annual data from the Huoshan weather station were downloaded from the China Meteorological Data Service Center (http://data.cma.cn/, accessed on 22 April 2022), including daily precipitation, average temperature, and average relative humidity. Huoshan is the nearest meteorological station, about 17–28 km away from the research area [50].




2.2. Acoustic Analysis


The sound of the Oriental Turtle Dove is composed mainly of four syllables, with two hoarse and two clear tones [51]. The acoustic spectrum of the Oriental Turtle Dove is shown in Figure 2, exhibiting its three calls. Using Raven Pro 1.5 software [52], the spectrum was obtained based on the Hanning window fast Fourier transform (FFT) (FFT = 512; overlap: 50%; and frame size: 100%). The vocal activity of the Oriental Turtle Dove was quantified by scanning the spectrum of each 5 min recording period and counting the number of individual calls. The number of calls per unit of time of a species is related to the population abundance [53,54]. Therefore, according to the vocal activity at different times, the temporal activity patterns of the Oriental Turtle Dove could be indicated.




2.3. Data Analysis


A generalized additive mixed model (GAMM) was used to study the time dimension of the vocal activity of the Oriental Turtle Dove. This method can deduce nonlinear fitting to the temporal changes in hours and months. We used the function “gamm” of the mgcv package in R version 3.5.3 [55,56]. We calculated the average value of the number of calls for about five days of each month (the 1st–5th, 6th–10th, 11th–15th, 16th–20th, 21st–25th, and 26th–29th/30th/31st) at each hour, to eliminate the error caused by different actual sampling days and also to reduce the dataset for computational speed. A simplified data format, 24 (h) * 72 (six times a month) * 6 (sites), was used for modeling. The mean number of calls detected per unit of time was the response variable. The corresponding hour, month, and the interaction of hour and month were included as predictors. Site was included as a random effects factor to control for spatial pseudoreplication of repeated measures. We used a cyclic cubic regression spline for the hour smooth term and a spline function by default for the month. We tested different distribution families (Gaussian, Poisson, quasi-Poisson, and negative binomial), calculated the Akaike Information Criterion (AIC), and visually checked the residuals. The Gaussian family was finally selected, since it had the lowest AIC. We also checked the residual temporal autocorrelation and tested three models with different autoregressive orders of the ARMA structure. After analysis of variance, we fit an ARMA process to the residuals with one-order autoregression.



To study the influence of weather factors on the vocal activity of the Oriental Turtle Dove, we used a linear mixed model (LMM) using the “lmer” function of the lmerTest package [57]. We used the total number of vocalizations per day (log-10 transformed) as the response variable, and daily precipitation, average temperature, and average relative humidity as the predictor weather variables. A quadratic term for the season (fitted as the day of the year) was also used as a predictor variable, considering that seasonal trends may affect the studied relationship. Site was again included as a random effects factor. Since the Oriental Turtle Dove called very little in winter in the YNNR, we only focused on the relationship between the calls and weather factors in the first half of the year from 6 April 2019 to 6 October 2019. The Q–Q plots, the histogram of residuals, and the plots of fitted values against residuals were inspected to evaluate the normality of the residuals.





3. Results


Based on the 5 min audio samples over a complete annual cycle, we identified a total of 18,476 individual calls for the Oriental Turtle Dove, including 3808 for site 1, 426 for site 2, 7271 for site 3, 1086 for site 4, 2297 for site 5, and 3588 for site 6.



3.1. Temporal Acoustic Pattern


The vocal activity of the Oriental Turtle Dove showed significant seasonal differences and daily variations conditional on season (Table 1), with different hourly acoustic patterns among months (Figure 3).



The Oriental Turtle Dove’s vocal activity was more frequent from April to August (Figure 3 and Figure 4), and the activity intensity was the strongest in July (Table S2). Our results indicated no vocal activity from November to February.



The daily activity showed a bimodal pattern in those months when the Oriental Turtle Dove was vocally active, with a maximum activity from 06:00 to 08:00 and a lower secondary peak from 16:00 to 18:00 (Figure 3). For example, there was a prominent morning peak and a secondary peak in July, while the morning peak in April was lower than in July and the secondary peak was almost invisible (Figure 5). The vocal activity from 06:00 to 08:00 accounted for 51.3% of the whole day, and that from 16:00 to 18:00 accounted for 15.5% (Table S3). No calls were detected between 20:00 and 03:00.




3.2. Climate Predictors


The Oriental Turtle Dove’s vocal activity was positively and significantly correlated with the average temperature value during the analyzed period (from 6 April 2019 to 6 October 2019) among different weather factors (Table 2 and Figure 6). The species called more when the average temperature was high. At the same time, the seasonal effect had a weak impact on vocal activity. Precipitation and average relative humidity had no significant effects on the activities of the Oriental Turtle Dove.





4. Discussion


To the best of our knowledge, this is the first study to monitor the daily and seasonal vocal activities of the Oriental Turtle Dove in the YNNR, during a whole annual cycle. This study provides useful data for the ecological monitoring and management of the acoustic activity patterns of the species in subtropical Asia. Our analysis showed that the vocal activity of the Oriental Turtle Dove varied at different times of the day and among seasons. We also found that the daily pattern of the call activity varied seasonally, with maximum activity in the early morning, which was much higher between April and August, and a secondary evening peak, only present in late spring and summer. Among the weather factors, temperature was significantly associated with the acoustic activity of the Oriental Turtle Dove.



The daily and seasonal patterns of the Oriental Turtle Dove were not independent, and there was an apparent interaction between hour and month, showing that the daily pattern was affected by seasonal factors. The seasonal acoustic pattern showed that the Oriental Turtle Dove was more active in spring and summer, especially in July. Previous studies showed a positive correlation between the number of birds around the recorder and vocal activity [53]. Although there was no visual data of occurrence and activity for the Oriental Turtle Dove for 2019, previous annual field surveys in the YNNR showed that the species was present during the period April-July from 2011 to 2015 [46], which was consistent with the seasonal pattern of the vocal activity found in the present study, and supported the reliability of passive acoustic methods for the monitoring of the species. It also showed a clear seasonal activity pattern in the study of the White-Tipped Dove in Neotropical region [21], which was consistent with the results of this paper. However, the White-Tipped Dove made sounds each month, and we did not detect the Oriental Turtle Dove in winter (from December to February). This result might be related to regional differences in climate conditions and resource availability. The YNNR is in the north of the subtropical region, where evergreen and deciduous broad-leaved forests are mixed [45]. In winter, the vegetation and temperature conditions are not as suitable as in summer [58,59]. However, the tropical zone is still relatively warm in winter and suitable for species activities [26]. Although the Oriental Turtle Dove is a resident bird in the Ta-pieh Mountains [46], the activities of the Oriental Turtle Dove are difficult to monitor in winter, and these birds might appear in other warmer places within the same mountain range and surrounding lower areas. In addition, the vocal activity of birds is generally closely associated with breeding cycles and reaches a peak when attracting mates and establishing territories [40]. If the purpose of a vocal is related to guarding the territory, then the vocal activity should keep constant throughout the year and become higher when other males are present [60]. On the other hand, if the vocal is central to attracting mates, more males make sounds during the breeding season for pairing [61]. So, the seasonal acoustic pattern of the Oriental Turtle Dove indicated that the species’ vocal activity might be related to its breeding behaviors. In the YNNR, a subtropical seasonal zone in the northern hemisphere, the species’ breeding season coincides with the peak of resources in late spring and summer.



In the months when the Oriental Turtle Dove was vocal, there was a daily pattern with maximum activity in the early morning, which was much higher between May and August, and a secondary evening peak, only present in late spring and summer. This result was consistent with the daily activity patterns of members of the same family, such as the Neotropical White-Tipped Dove (Leptotila verreauxi), the Pale-Vented Pigeon (Patagioenas cayennensis), and the Scaled Pigeon (Patagioenas speciosa) [21,32]. We found that the singing activities of the Oriental Turtle Dove from 06:00 to 08:00 accounted for approximately half of the total vocal activities, which was in agreement with a previous description of the first three hours after sunrise of the White-Tipped Dove being defined as a time of high calling activity [21]. Our results were consistent with the diurnal activity patterns of other non-Passeriformes [62,63,64] and Passeriformes [65], displaying a peak in vocal activity in the morning and a secondary lower activity peak toward sunset [65,66]. Many birds inspect vacant territories for occupation in the early morning [67], and the Oriental Turtle Dove might vocalize more at this time to guard its territories. Additionally, increased vocal production in the morning may also suggest its function in intersexual contexts [6]. For example, females choose males who sing more in the morning [68].



In respect of weather factors, the Oriental Turtle Dove in subtropical areas is more sensitive to temperature than humidity, while the White-Tipped Dove, another member of Columbidae, is mainly affected by humidity in the Neotropical region [21]. The differences found among studies might be due to regional climate differences. In the case of the YNNR, with fresh subtropical weather, the photoperiod and temperature are probably the limiting factors. Instead, in the tropics, with relatively homogenous temperatures throughout the year, rainfall and humidity are usually the dominant factors [21,69]. Studies have shown that birds adjust their reproductive phenology to cope with climate variability, and the phenological sensitivity to temperature may vary between species [70]. Resident birds are more sensitive to climate variability than migratory species [70]. The Oriental Turtle Dove is a migratory bird in some places and a resident bird in others [51], which may make it more selective in respect of temperature. We also observed the influence of seasonal effects on vocal activity, simultaneously. It is worth noting that if the calling activity is related to reproductive purposes, the maximum calling activity would be synchronized with the peak of resources (i.e., late spring and summer) when temperatures are also higher, which means that the seasonal activity of the Oriental Turtle Dove may mediate the significant impact of temperature. In addition, previous studies have shown that the influence of weather factors on the vocal activity of birds varies with dry and wet seasons [71]. However, we only studied the relationship between the vocal activities of the Oriental Turtle Dove and the weather factors during the period April-October, so this study did not fully indicate the relationship between weather factors and the seasonal cycle of activities in the dove.



This study only covered a limited number of sampling sites, which limited the analysis of daily and seasonal patterns and weather factors. Therefore, some of our profiles may require further research at more testing sites to obtain more reliable conclusions. Further research should add geographical factors, vegetation conditions, and the interference of other vocal species, such as birds or insects, at the different sampling sites [72,73], in order to improve our methods and increase our understanding of the vocal behavior of non-Passeriformes tropical birds.



In conclusion, this study provides important insights into the daily and seasonal changes in the Oriental Turtle Dove from the acoustic perspective, as well as into the relationship between bird activities and weather factors. These results can help us better understand the vocal activity and behavioral ecology of non-passerines and the interaction between biology and the environment in subtropical areas. In the future, long-term acoustic monitoring, based on passive automatized technologies, could be used as an effective tool to track population trends, increase knowledge regarding the ecology of cryptic and shy birds, and improve the management of nature reserves and the protection of avian diversity.
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Figure 1. Study area with the geographical location of the six sampling sites in the YNNR (China). 
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Figure 2. The acoustic spectrum of a typical call of the Oriental Turtle Dove. 
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Figure 3. Combined seasonal and daily patterns of vocal activity in the Oriental Turtle Dove as the five-day average number of individual calls per hour in the annual cycle 2019–2020. 
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Figure 4. Seasonal vocal activity of the Oriental Turtle Dove. The gray shaded part represents the associated 95% confidence intervals. 
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Figure 5. Daily vocal activity of the Oriental Turtle Dove in April and July. The gray shaded part represents the associated 95% confidence intervals. 
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Figure 6. Scatterplot showing the variation in the daily vocal activity (after log-10 transformation) of the Oriental Turtle Dove as a function of the daily average temperature during the period 6 April 2019 to 6 October 2019. The linear regression line is shown in blue, and the corresponding 95% confidence intervals in gray. 
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Table 1. Summary of a Gaussian GAMM performed to test the effects of hour, month, and their interaction, on the calling activity of the Oriental Turtle Dove in the YNNR.
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	Parametric Coefficients
	Estimate
	Std. Error
	Z-Value
	p-Value





	(Intercept)
	0.404
	0.111
	3.638
	<0.001



	Approximate significance of smooth terms
	Edf
	Ref.df
	F
	p-value



	s(Hour)
	8.633
	8.633
	29.940
	<0.001



	s(Month)
	7.251
	7.251
	13.141
	<0.001



	s(Hour:Month)
	13.248
	13.248
	6.337
	<0.001
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Table 2. Results of the LMM analyzing the effects of weather parameters on the daily vocal activity of the Oriental Turtle Dove in the YNNR.
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	Estimate
	Std. Error
	Df
	t-Value
	p-Value





	(Intercept)
	0.590
	0.265
	333.400
	2.230
	0.026



	Daily precipitation
	−0.001
	0.002
	367.000
	−0.586
	0.558



	Average temperature
	0.022
	0.006
	370.400
	3.319
	<0.001



	Average relative humidity
	0.004
	0.002
	366.800
	1.696
	0.091



	Quadratic term of season
	0.000
	0.000
	369.600
	−3.316
	0.001
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