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Abstract: Breeding biology in a population of Rufous-collared Sparrow (Zonotrichia capensis, Statius Müller, 
1776) at different elevations in the Tropical Andes. Elevation strongly influences the evolution of life history traits 
associated with bird physiology and reproduction. Since life history traits in birds are modulated by environmental 
factors that vary with elevation, we expected to find changes in breeding biology traits of Z. capensis at different 
elevations. In this study, we compared the breeding biology (clutch size, egg volume, and reproductive activity) 
of a non-migratory population of Z. capensis in two localities at different elevations (low and high elevations, 1 
800 m a.s.l., and 3 800 m a.s.l., respectively) and same latitude in the Colombian Tropical Andes for a one-year 
period. We found no differences in clutch size between the localities; however, egg volume was higher at high 
elevation. Furthermore, the reproductive activity differed significantly between localities. We propose that clutch 
size is likely conserved throughout the altitudinal distribution of Z. capensis since the species evolved in Tropical 
lowlands. On the other hand, the larger egg volume at high elevation could obey local environmental factors that 
may favor the reproductive success of the population.
Keywords: Pleistocene; phenology; paramo; life history; reproductive traits.

Biología reproductiva en una población de Gorrión Copetón (Zonotrichia capensis, 
Statius Müller, 1776) a diferente elevación en los Andes tropicales

Resumen: Biología reproductiva en una población de Gorrión Copetón (Zonotrichia capensis, Statius Müller, 1776) 
a diferente elevación en los Andes tropicales. La elevación influye fuertemente en la evolución de los rasgos de 
historia de vida asociados con la fisiología y reproducción de las aves. Dado que los rasgos de historia de vida en las 
aves están modulados por factores ambientales que varían con la elevación, esperábamos encontrar cambios en los 
rasgos de la biología reproductiva de Z. capensis a diferentes elevaciones. En este estudio, comparamos la biología 
reproductiva (tamaño de puesta, volumen del huevo y actividad reproductiva) de una población no migratoria de 
Z. capensis en dos localidades a diferente elevación (elevación baja 1 800 m snm, y elevación alta 3 800 m snm,) y 
a la misma latitud en los Andes tropicales colombianos por un período de un año. No encontramos diferencias en el 
tamaño de puesta entre las localidades; sin embargo, el volumen del huevo fue mayor en elevación alta. Además, la 
actividad reproductiva difirió entre las localidades. Proponemos que el tamaño de puesta probablemente se conserve 
en toda la distribución altitudinal de Z. capensis, ya que la especie evolucionó en las tierras bajas tropicales. Por 
otro lado, el mayor volumen del huevo a elevación alta podría obedecer a factores ambientales locales que pueden 
favorecer el éxito reproductivo de la población.
Palabras clave: Pleistoceno; fenología; páramo; historia de vida; rasgos reproductivos.
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Introduction 
Understanding how life history traits are modeled by natural 

selection is one of the main questions in evolutionary ecology (Endler 
1995). Moreover, environmental factors are relevant to explain 
the evolution of life history traits in birds (Lack 1968, Badyaev 
& Ghalambor 2001). Changes in environmental conditions (e.g., 
temperature, atmospheric pressure, precipitation, and seasonality) that 
occur in response to variations in elevation and/or latitude have been 
related to life history evolution (Cody 1996, Boyce 1979, Endler 1986, 
Badyaev 1997a, Foster & Endler 1999, Quirici et al. 2014). In particular, 
elevation is considered a factor that affects changes in clutch size, egg 
volume, and breeding season length in birds (Chabi et al. 2000, Lu 
2011, Heming & Marini 2015). However, to our knowledge, there are 
no population-level studies assessing different elevations at the same 
latitude in the Tropical region.

The relationship between variation in bird reproductive life history 
traits, such as clutch or egg size, and elevation remains unclear. For 
example, previous studies report larger, equal, and/or smaller clutches 
in breeding populations at high elevation compared to populations at 
lower elevation (Boyce et al. 2015, Boyle et al. 2016). Differences 
in life history traits are attributed to variations in climate, predation, 
and food limitation (Krementz & Handford 1984, Kovshar 1981, 
Cody 1996, Boyce 1979). Particularly, in Tropical regions, there is 
insufficient information on how clutch size or egg volume responds to 
different elevations at the population level (Boyle et al. 2016), or on 
other reproductive life history traits. 

The Rufous-collared Sparrow (Zonotrichia capensis Statius Müller, 
1776) (Passerine, Emberizidae) is a socially monogamous bird with 
diverse life histories. This Neotropical passerine has among the largest 
elevational (from sea level to 4600 m a.s.l.) and latitudinal distributions 
(from Mexico to Chile) among birds, occupying a wide variety of 
environments and habitats, such as coastal, paramo, humid forest, and 
urban areas (Rising et al. 2010, Chapman 1940). Additionally, several 
studies report differences in life history traits related to reproduction, 
physiology, ecology, and behavior, among others, throughout its 
distribution range (Miller & Miller 1968, Moore et al. 2004, Class 
et al. 2009, Van Dongen et al. 2010). Therefore, this species a good 
model for investigating differences in reproductive life history traits 
under contrasting environmental conditions related to elevation. In this 
study, we identified several differences in the reproductive biology of Z. 
capensis populations at different elevations in the Colombian Tropical 
Andes. Since life history traits in birds are modulated by environmental 
factors that vary with elevation, we expected to find changes in the 
breeding biology traits of Z. capensis at different elevations.     

Materials and Methods

The Rufous-collared Sparrow has non-migratory populations in 
Colombia and is found within an elevational range from 1 000 to 3 700 
m a.s.l. The sexes are similar in coloration and juveniles differ from 
adults in several plumage characteristics. At this latitude, individuals 
breed almost year-round with a locally-defined seasonality; clutch size is 
two eggs on average and eggs are incubated exclusively by the females 
(Hilty & Brown 1986, Rising et al. 2011, Miller & Miller 1968). 

1. Study site

During a one-year period, from 2015 to 2016, we monitored Rufous-
collared Sparrow populations in two localities on the western slope of 
the Colombian Central Andes at different elevations (1 800 and 3 853 m 
a.s.l.) and similar latitude. In the study area, the species is a year-round 
resident and shows a continuous distribution. Both localities are located 
in the Chinchina River basin in the department of Caldas (Figure 1), 

Figure 1. Locations of the study sites along the Chinchina River basin in the 
department of Caldas, Colombia. The triangle corresponds to LE, low elevation 
site (1 800 m a.s.l.), and the hexagon corresponds to HE, high elevation site 
(3 800 m a.s.l.).

where precipitation shows a bimodal pattern comprising a minor rainfall 
season, in relation to the annual average, during June-September and 
December-March and a major rainfall season occurring during April-
May and October-November (Morales-Betancourt et al. 2012). The 
two sites, namely the low elevation locality (LE) (Alto del Naranjo: 
5°00’29.8”N - 75°33’41.2”W; 1 800 m a.s.l.) and high elevation locality 
(HE) (La Laguna: 4°58’49.3”N - 75°20’06.8”W; 3 853 m a.s.l.), are 
separated in a straight line by 26 km. Despite their proximity, these sites 
have different climate conditions (Busi et al. 2020). The LE locality is 
located in a coffee growing region with an average annual temperature 
of 20.7ºC (min. 16.8ºC and max. 26.3ºC) and annual rainfall of 2 817 
mm. The HE locality is located in a paramo zone with an average 
annual temperature of 7.1ºC (min. 4.4ºC and max. 10.3ºC) and annual 
rainfall of 1848 mm (Federación Nacional de Cafeteros (F.N.C) n.d.). 
The HE locality was covered by a glacier during the Pleistocene until 
approximately 10 000 years ago (Thouret et al. 1997).

2. Field methods

We visited each site every other day during one year (from December 
2015 to December 2016; December 16 was day 1 of sampling). In each 
visit, nests were searched within an area of 13 ha to assess clutch size 
at each locality. The nests were visited every other day to establish the 
clutch size. Each egg was measured by its length and maximum width 
using a digital caliper (0.03 mm) to estimate egg volume (Hoyt 1979).

In the same period, we captured Rufous-collared Sparrow 
individuals using mist nets (12 x 2.5m x 36 mm) to gather morphological 
evidence of the reproductive stage. The total sampling efforts were 1 
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120 and 1 680 hours net-1 for LE and HE, respectively. We required a 
total sampling effort of 2 800 hours due to low population densities of 
approximately two individuals per hectare observed at each locality. 
The captured birds were marked using bands with a unique color 
combination for later identification and the individuals were then 
released at the same capturing place.

We determined the onset of morphological indicators of reproductive 
stage (MIRS) in order to compare the reproductive activity of individuals 
from LE and HE localities for one year (Bears et al. 2009). Males were 
considered to be in reproductive stage when the cloacal protuberance 
(CP) measured at least 5 mm (Addis et al. 2010). On the other hand, in 
females, we checked for the presence of a brood patch (BP) since CP 
size is not a good indicator of MIRS (Miller & Miller 1968). 

3. Data analysis

To quantify differences in egg volume between the two elevations 
(high elevation vs. low elevation), we fitted a Linear Mixed Model 
(LMM) with the Gaussian error distribution using the lme4 R package 
(Bates et al. 2005). We included egg volume in mm3 as a response 
variable, elevation as a factor (LE and HE), clutch size as a predictor 
(i.e., covariate), and nest identity as a random effect. Due to the reduced 
number of nests found in the study area, we compared the clutch size 
between HE and LE with Fisher’s Exact Test (2x2 table). Specifically, 
we contrasted the frequency of nests with a single egg or more than 
two eggs between localities. We used circular statistics to compare the 
reproductive activity (MIRS) between both locations. The dates of MIRS 
were converted to Julian days and then to radians. The reproductive 
activity data were fitted to density kernels for each locality. Then, 
we compared the reproductive activity using the   overlap coefficient 
(i.e., high coefficient values indicated more similar activities). The circular 
statistics analyses were done using the activity (Rowcliffe 2019) and overlap 
(Ridout & Linkie 2009) R packages. All the procedures and statistical 
analyses were performed in R 3.6.1 (R Development Core Team 2019).

Results

We observed nests with eggs at LE in three months (April, July, and 
October, n = 6) and at HE in three months (April, May, and June, n = 
6). Clutch size ranged from one (n = 2) to two (n = 4) eggs at HE and 
two (n = 4) to three (n = 2) eggs at LE, with a mode of two eggs at each 
elevation. There was no significant difference in clutch size between 
elevations (Fisher’s Exact Test, P = 0.454). Rufous-collared sparrow 
females layed eggs of size 22.2 ± 0.64 mm length and 16.6 ± 0.81 mm 
width (n = 10) at high elevation, and 21.4 ±0.86 mm length and 15.3 ± 
0.66 mm width (n = 15) at low elevation. The mean egg volume at HE 
was 3147.7 mm3 (SD = 346.9) and at low elevation it was 2545.6 mm3 
(SD = 277.6) (Figure 2). We found a statistically significant difference 
in mean egg volume between elevations, indicating that larger eggs 
were found at high elevation compared to smaller eggs at low elevation 
(Table 1). In addition, the LMM also indicated a non-statistically 
significant relationship between egg volume and clutch size (Table 1). 

We captured a total of 46 adult individuals, including 26 and 20 
at low and high elevation localities, respectively. At HE, we obtained 
19 records of reproductive activity (15 individuals, three recaptures). 
The highest peaks of reproductive activity occurred in February and 
September (Figure 3). Moreover, at the LE, we found 24 records of 

MIRS (22 individuals, two recaptures). Reproductive activity peaks 
occurred in January, March, July, October, and December (Figure 3). 
Moreover, the reproductive activity peaks at high elevation occurred 
before those at low elevation. We found a low reproductive activity 
overlap between low and high elevations (Figure 3) and the reproductive 
activity differed significantly between both localities ( = 0.35, P < 0.001). 

Discussion

We did not find variations in clutch size in relation to elevation. This 
result disagrees with the findings of Cody (1966) and Winkler (2004). 
Both authors have suggested changes in clutch size with elevation in 
the Tropical region, due to the extreme environmental conditions that 
the individuals experience at high elevation. In particular, changes in 
clutch size can be associated with low food availability and high energy 
requirements for reproduction (Badyaev 1997b, Boyle et al. 2016). 
The Rufous-collared Sparrow populations studied here did not show 
differences in clutch size. The Rufous-collared Sparrow originated in 
the Tropical lowlands (Lougheed et al. 2013) so it is likely that clutch 
size in this species was optimized for lowlands, where a clutch of two is 
common among near-equatorial locations (Eikenaar et al. 2013, Miller 
& Miller 1968). Furthermore, this clutch size is conserved by individuals 
inhabiting a higher elevation. This could be associated with the low 

Figure 2. Mean values for egg volume in two localities at different elevations, 
high elevation (HE) and low elevation (LE). Errors bars represent the standard 
deviations of the mean.

Table 1. Results of the Linear Mixed Model (LMM) to test 
differences in egg volume in response to elevation and clutch size. 

The contrast represents the statistically significant difference between 
Low Elevation (LE) and High Elevation (HE).

Fixed effects ß (SE) t-value p-value
Intercept (HE) 3450.51 (295.03) -11.69 < 0.01***

Contrast (LE-HE) -453.80 (193.75) -2.34 0.04*
Clutch size -171.831 (156.68) -1.09 0.29

Random effects σ2
Nest Identity 33909 – –

Residuals 61858 – –
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variability in clutch size observed in our results. In addition, Z. capensis 
likely colonized the locality at HE in this region less than 10 000 years 
ago, which could be an evolutionarily short time for the appearance of 
changes in clutch size associated with environmental factors.

The larger egg volume found at high elevation is possibly explained 
by the embryonic temperature hypothesis, which proposes that egg 
volume is larger when these are incubated at low environmental 
temperature and for longer periods due to the energetic requirements 
of the embryos (Martin 2008). Another possible explanation is that 
larger eggs lose heat more slowly during incubation recesses because 
of the lower surface area-to-volume ratio (Rhymer 1988). Larger 
eggs likely provide an advantage to brood survival in harsh or low-
quality environments (Smith & Bruun 1998, Styrsky et al. 1999, Lu 
2005). Therefore, larger egg volumes at HE may be related to higher 
reproductive investment in this trait to possibly produce higher quality 
offspring (Bears et al. 2009).  

The greater amount of evidence of reproductive activity in fewer 
peaks at HE than LE could be regulated by environmental factors. In 
fact, local environmental factors, such as rainfall, temperature, and 
food availability, are supplementary cues that can influence the timing 
and length of the reproductive season and the development of cloacal 
protuberance in males (Lack 1966, Wingfield & Kenagy 1991).We 
found three peaks of reproductive activity at each elevation; two of 
them occurred at the beginning of the major rainfall season, i.e., March 
and October, and the other peak occurred during the minor rainfall 
season, specifically, in July.  It is possible that harsher environmental 

conditions limited the length of the reproductive activity at the high 
elevation locality as opposed to the low elevation.

Overall, the environment can be an important factor of natural 
selection, leading to population-level responses to altitudinal gradients 
in the Tropics. Our results suggest that the Rufous-collared Sparrow that 
evolved in the lowlands preserves clutch sizes even at different altitudes. 
As a result, egg volume may have increased at HE to locally favor the 
reproductive success of the population. However, due to the reduced 
sample size of our study, these results should be considered with caution.

The negative relationship between clutch size and egg volume 
found here is similar to that reported by (Heming and Marini 2015). 
It has been proposed that high energy requirements for reproduction 
produce a trade-off between clutch and egg size, whereby egg volume 
decreases as clutch size increases (Stearns 1992; Williams 2012), as it 
was observed in our study population.
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