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Greenfinches nesting in algerian orchards delayed their breeding and 
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A B S T R A C T   

The matching of breeding with the food peak is one of the most important factors affecting the reproductive 
success in birds. Weather is known to affect the timing of breeding of many bird species. In arid lands, rainfall is 
usually the factor that triggers the onset of reproduction, since it commonly anticipates the peak of food through 
its influence on the vegetation development. In this study we used a granivorous finch (European greenfinch 
Chloris chloris) as a model to assess the influence of rainfall and temperature on the onset and performance of 
breeding. The study was carried out in fruit orchards in Guelma state (Northeastern Algeria) in 2013 and 2014. 
The comparison of breeding parameters between the two years showed that greenfinches delayed their breeding 
in the year that the rains fell later and were less abundant, produced smaller broods and had lower fledgling rate. 
Clutch size decreased with the season progress only this year. We discuss our results in the context of the in-
fluence of weather on bird reproduction in arid lands, while providing novel data on a farmland species from a 
region with little ornithological information.   

1. Introduction 

Once common, farmland birds are vanishing worldwide, with steep 
declines recorded in several regions (Inger et al., 2014; Stanton et al., 
2018). The reasons are varied, but they are always related in some way 
to agricultural intensification, including habitat loss, interference from 
farming equipment or prey reduction due to increased use of pesticides 
(Stanton et al., 2018). Among farmland species, common passerines are 
declining even faster (Inger et al., 2014). 

An additional source of concern for the conservation of farmland 
birds is the ongoing climate change, as its combined effects with those of 
land use changes can be dramatic for birds (Barbet-Massin et al., 2012). 
These impacts are expected to be larger in warmer regions, like the 
Mediterranean basin (Barbet-Massin et al., 2012). This region is one of 
the areas that will be most affected by the impacts of the ongoing climate 
change, consisting of a reduction in rainfalls and an increase in average 
temperatures (Ozturk et al., 2015). Rainfalls are especially important for 
small passerines breeding in semi-arid regions, as they usually trigger 
breeding onset (Mares et al., 2017; Englert Duursma et al., 2019). Also, 

hot temperatures (Mares et al., 2017; Englert Duursma et al., 2019), or 
even cold temperatures at the beginning of the breeding season (Bar-
rientos et al., 2007), can shorten breeding season span. The decision 
about when to start laying eggs during the breeding season is very 
important to accomplish a successful reproduction. A general pattern in 
passerines breeding in seasonal environments is that their clutch size 
decrease as breeding season progresses (Verhulst and Nilsson, 2008). 
This pattern has been explained based on two main theories: (i) higher 
quality parents settle first in the best territories, thus producing larger 
broods (Verhulst and Nilsson, 2008); (ii) characteristics of the envi-
ronment change with the progress of the breeding season, thus influ-
encing food abundance and, in turn, determining breeding success 
(Verhulst and Nilsson, 2008; Mares et al., 2017; Aranzamendi et al., 
2019). 

In this study, we investigated the effects of weather on the repro-
ductive biology of a canopy-nesting finch breeding in Maghrebian or-
chards. We studied two years with different climatic conditions since the 
second the rains were especially scarce. We expected (i) breeding onset 
to be latter the driest year (Lloyd, 1999; Mares et al., 2017); (ii) a more 
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successful breeding the less dry year (Zann et al., 1995; Lloyd, 1999; 
Bolger et al., 2005). Finally, we expected (iii) a decrease in clutch size 
with season progress (Belda et al., 1995; Gil-Delgado et al., 2005; 
Kouidri, 2013). 

2. Materials and methods 

2.1. Study species 

The European greenfinch (Chloris chloris; hereafter, greenfinch; 
25–35 g) is a passerine that nest in trees or bushes in different habitats 
including farmland (Gil-Delgado et al., 2005; Bensouilah et al., 2014), 
woodland (Isenmann and Moali, 2000) and urban environments 
(Kosiński, 2001). Greenfinches feed on seeds, leaves and bulbs (Gil--
Delgado et al., 2009). 

2.2. Study areas 

Fieldwork was carried out on a loquat (Eriobotrya japonica) (2 ha), an 
olive (Olea europaea) (5 ha) and an orange (Citrus sinensis) (11 ha) or-
chards. Non-intensive fruit orchards frequently provide shelter to a 
diverse bird community in the Mediterranean arid region (Belda et al., 
1995; Gil-Delgado et al., 2005; Bensouilah et al., 2014). Our study area 
was located in Guelma state, Northeast Algeria (36◦ 46′ N 7◦ 28′ E), at 
60 km south of the Mediterranean Sea, and it has an elevation of 280 m 
a.s.l. The landscape is dominated by agricultural landscapes and forests, 
which occupy 65% and 27% of the land uses, respectively. Our semiarid 
region has mild and rainy winters and hot summers. The annual average 
temperature is 18.7 ◦C, ranging between 4.6 ◦C in winter at 36.3 ◦C in 
summer. The annual mean rainfall is 590 mm. Once excluded 2007 due 
to its excessive quantity of missing values, average daily mean temper-
ature for the breeding season (January to July, see below) during 
2003–2012 period was 17.7 ± 1.1 ◦C (mean ± SD), range 16.4–19.6 ◦C. 
Accumulated rainfall for the same period averaged 362 ± 107 mm, 
range 203–504 mm. 

2.3. Climate data 

We examined the effects of weather on the breeding performance 
using data of both daily mean temperatures and daily rainfall in Guelma. 
Weather data were obtained from the website Tu Tiempo.net (https://fr. 
tutiempo.net/), corresponding to the weather station 604,030. The 3% 
of the days had missing data. We used the January–July timespan 
because it matches the usual breeding period for many passerines in the 
study area, and because arid-land granivorous respond within days to 
weather cues (Lloyd, 1999; Barrientos et al., 2007). 

2.4. Nest searching and monitoring 

We followed individuals that exhibited nesting or parental behav-
iour, and searched for their nests (Bensouilah et al., 2014). We devoted 
similar time to search in both years. We found 196 active greenfinch 
nests in 2013 and 94 in 2014. We marked the nests using survey 
numbered flags placed on the trunk at least 1 m from the ground to 
facilitate the repeated location of nests. The sample sizes for the 
different breeding parameters varied as nests were found at different 
stages of development. Once nests were located, we monitored them 
every 2–4 days until either fledglings fledged or nest failed. We waited 
for parents to leave the nest alone before checking its content and were 
very careful during successive visits to minimize nest failure due to 
researcher activity. Clutch size was defined as the number of eggs pre-
sent in the nest when full incubation started. The incubation period was 
calculated only in those nests observed from laying to hatching. We 
defined incubation period as the number of days passed since the last 
egg was laid to the first egg hatched. We calculated the hatching rate as 
the proportion of eggs hatched to the number of eggs laid. Eggs failing to 

hatch were those that were still present in the nest four days after 
hatching. As brood size was defined as the number of eggs that produced 
chicks, if it was lower than clutch size on these first days, missing eggs 
were assumed to have hatched, and the chicks concerned were assumed 
to have died, and to have been removed by the parents. Fledgling rate is 
the proportion of chicks fledging to the number of chicks hatched, and it 
was only calculated for broods in which at least one chick fledged. 
Finally, we defined breeding rate as the proportion of chicks fledging to 
the number of eggs laid. Failures due to adverse weather like strong rains 
were recognized as nest deserted with cold eggs or dead chicks. 

2.5. Statistical analysis 

Results are presented as mean ± SE. Differences in breeding pa-
rameters between years were analysed with one-way ANOVAs. We 
studied the influence of laying date on clutch size with a general linear 
model, including the year and its interaction with laying date as pre-
dictors. To decouple the effects of climatic data from the advance of 
breeding season, we set as the day 1 of every season the day we detected 
the first laying that year. As we found an effect on the driest year (see 
below), we studied the influence of cumulative rain 14 days before egg 
laying in every nest to test whether rain was related to clutch size. We 
used this time span as it is the one used in previous studies on breeding 
phenology of finch species from arid lands (Barrientos et al., 2009). We 
studied the influence of daily rainfall during the fledgling period on 
fledgling rate with a general linear model, including the year and its 
interaction with fledgling rate as predictors. All tests were two tailed and 
results were considered significant at P < 0.05. Statistical analyses were 
made using Statistica 10.0. (Statsoft, USA). 

3. Results 

Accumulated rainfall in our study period was 314 mm in 2013 
(hereafter, ‘dry year’) and 273 mm in 2014 (hereafter, ‘driest year’) 
(Fig. 1). Thus, 2013 was 15% rainier. On the contrary, daily mean 
temperature in the same time span was very similar, 19.1 ◦C vs. 19.2 ◦C 
(Fig. 1), respectively. 

Greenfinches delayed their breeding season the driest year, when the 
rains also came later, as mean laying date was higher (n2013 = 196, 
54.11 ± 1.69; n2014 = 94, 63.13 ± 1.82; 1 = 1st March; F1, 288 = 10.80, P 
< 0.01). Clutch size only decreased as the season progressed in the driest 
year (Table 1, Fig. 2). However, clutch size was not influenced by the 
rain that fell 14 days before laying (F1, 92 = 0.40, P = 0.53). Whereas 
hatching rate of greenfinches was higher the driest year (n2013 = 196, 
64.39 ± 3.28; n2014 = 94, 76.60 ± 4.23; F1, 288 = 4.81, P = 0.03), both 
brood size (n2013 = 133, 2.65 ± 0.18; n2014 = 74, 1.93 ± 0.26; F1, 288 =

7.68, P < 0.01) and fledgling rate (n2013 = 133, 63.38 ± 4.11; n2014 =

74, 42.63 ± 5.73; F1, 205 = 8.84, P < 0.01) were higher in 2013. Clutch 
size (n2013 = 196, 4.33 ± 0.04; n2014 = 94, 4.41 ± 0.07; F1, 288 = 1.28, P 
= 0.26), the length of incubation period (n2013 = 133, 11.88 ± 0.12; 
n2014 = 74, 12.15 ± 0.17; F1, 205 = 1.67, P = 0.20) and breeding rate 
(n2013 = 196, 40.85 ± 3.37; n2014 = 94, 32.66 ± 4.74; F1, 288 = 1.94, P =
0.16) were similar between years. Nest failure was 29% for green-
finches. We found no influence of daily rainfall during the fledgling 
period on fledgling rate (F1, 99 = 0.85, P = 0.36) nor of its interaction 
with year (F1, 98 = 3.01, P = 0.09). 

4. Discussion 

Greenfinches breeding in Algerian orchards delayed their breeding 
and were less successful (both smaller brood sizes and fledgling rates) 
the year the rains fell later and were less abundant. Clutch size only 
decreased as the season progressed in the driest year, but it was unaf-
fected in the other one. We are aware that we only have two years of 
data, but our results are in tune with those found in previous studies. 

Rainfall triggers breeding onset both in granivorous (Zann et al., 
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1995; Lloyd, 1999) and insectivorous passerines (Lloyd, 1999; Adamou 
et al., 2017) inhabiting arid lands. However, species preferred food plays 
a role in species response to rainfalls. Humid conditions after rainfall in 
these usually xeric habitats favour vegetation development, unless too 
cold (Lloyd, 1999; Barrientos et al., 2007) or too hot temperatures 
(Mares et al., 2017; Englert Duursma et al., 2019) limit such develop-
ment. Rainfall benefits both an adequate supply of seeds for granivorous 
birds (Zann et al., 1995; Lloyd, 1999), as well as invertebrate population 
growth. Some authors have suggested that granivorous can respond to 
weather cues in one or two weeks (Lloyd, 1999; Barrientos et al., 2007). 
Greenfinches in our study area responded very fast to the peak of rain-
falls, especially in 2014, when rainfalls were delayed and temperatures 
were therefore already high. In our case study, temperatures were 
similar between years, what confirms rainfall as the cue for the incoming 
food peak. Unlike granivorous, insectivorous birds respond after a 
longer time span (Lloyd, 1999; Bolger et al., 2005; but see Aranzamendi 
et al., 2019), as they have to wait for the invertebrate populations to be 
large enough to ensure an adequate food supply for their broods. 
Multi-brooded species from arid environments are capable of extending 

their breeding season in rainy years (Zann et al., 1995; Lloyd, 1999; 
Aranzamendi et al., 2019), unless high temperatures constrain the food 
peak (Mares et al., 2017; Englert Duursma et al., 2019). We cannot 
confirm such a pattern because our greenfinches were not ringed. 

Some authors have found that abundant rainfalls increase the clutch 
size in passerines from arid lands as these conditions increase food 
biomass (Lloyd, 1999; Bolger et al., 2005; Mares et al., 2017); a pattern 
that we did not find in our dry years. Nevertheless, we found that clutch 
size did not decrease with the advance of the season in the less dry of the 
two years studied, likely because better conditions for breeding were 
maintained longer that year. However, we found no effect of the rain fell 
14 days before laying on clutch size. It is possible that 14 days before 
laying is not an adequate time span to assess the effect of rain on 
greenfinches, but also that the limited amount of rain in a very dry year 
did not compensate for the high temperatures that advance the end of 
the breeding season. It is worth noting that this pattern, that is, similar 
dates for the end of the breeding season despite having started one 
markedly later (see Fig. 2), has been already found in previous studies on 
finches breeding in arid lands (Barrientos et al., 2007). Thus, other 
factors, like photoperiod (e.g., Phillimore et al., 2016), could be con-
straining the plasticity of passerines to shift their breeding phenology. 

The pattern of clutch size variation in greenfinches as season prog-
ress seems to be strongly environment-dependent (either habitat- or 
even geographically-dependent). In Mediterranean orchards (Gil-Del-
gado et al., 2005) and woodlands (Kouidri, 2013) it has been observed to 
decrease with season progress, whereas in urban habitats from Central 
Europe researchers found the opposite pattern (Kosiński, 2001). We 
found that greenfinches were less successful (lower brood size and lower 
fledgling rate) in the driest year, a pattern than mirrors previous studies 
(Bolger et al., 2005; Mares et al., 2017). 

Hatching rate of greenfinches was lower in 2013 probably because 
there was a peak of rains when most of pairs were incubating, which 
probably reduced the temperature of the eggs, affecting embryonic 
development (see also Zann et al., 1995; Skagen and Yackel Adams, 
2012). Skagen and Yackel Adams (2012) found that nest survival of lark 
bunting (Calamospiza melanocorys) breeding in semi-arid habitats 
dramatically decreased on days with >10 mm rainfall. Our weather 
station recorded 8, 18 and 5 mm during incubation period in 2013. 
However, we cannot confirm the impact of heavy rains on hatching rate 
as we did not monitor the nests on a daily basis. 

Greenfinches laid less eggs in non-intensive orchards (Gil-Delgado 
et al., 2005; this study) than in urban habitats from Central Europe 

Fig. 1. Daily mean temperature and daily rainfall in our study area (36◦ 46′ N 
7◦ 28′ E) in Guelma, Northeast Algeria. The arrow marks the date of the first 
known clutch of greenfinch each year (day 1). 

Table 1 
Results on the general linear model on the influence of both year and laying date 
on clutch size of greenfinches breeding in Algerian orchards.  

Effect β Estimate ±SE df F P 

Intercept  1, 286 3587.71 <0.0001 
Year − 0.39 ± 0.11 1, 286 11.69 <0.001 
Laying date − 0.15 ± 0.07 1, 286 4.29 0.04 
Year × Laying date 0.41 ± 0.12 1, 286 11.08 <0.001  

Fig. 2. Influence of laying date on clutch size for greenfinches in Guelma, 
Northeast Algeria. Year 2013 is represented by open triangles, and 2014 by 
solid triangles. Regression lines (dashed for 2013 and solid for 2014) are 
also shown. 
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(Kosiński, 2001), but more than those laid in other habitats from North 
Africa, including natural habitats (Isenmann and Moali, 2000; Kouidri, 
2013). Breeding success was lower in our study compared to green-
finches breeding in natural habitats from North Africa (Kouidri, 2013), 
and even lower when compared to urban greenfinches from Central 
Europe (Kosiński, 2001). The variation in breeding parameters of 
finches breeding in arid lands could be also related to biogeographical 
patterns (e.g., Barrientos et al., 2007; Kouidri et al., 2017). 

In summary, this study provides some novel data on the breeding 
biology of the greenfinches in orchards from Northeast Algeria. Rainfalls 
were important for greenfinch reproduction, as they were related to an 
earlier breeding onset and to a greater reproductive success in the less 
dry of the two years studied. 
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