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under the microscope (Figure 1 d). Eggs 
became greenish-grey prior to hatching, 
which took place after an incubation  
period of 4.10 ± 0.23 days (range 3–5 
days).  
 Newly hatched first instars (1.5–2.5 mm 
long) were bright green and showed  
semilooper movements. They were usu-
ally found clumped on the edges of neem 
leaves feeding in a frenzied manner, 
skimming of the epidermal layer of the 
leaves from between the veins. First- 
instar duration was 3.25 ± 0.12 days 
(range 2–4 days). Second instar was also 
green and 7–9 mm in size, with a dura-
tion of 2.85 ± 0.15 days (range 2–4 
days). Third instars were similar to the 
second instar in shape and structure, but 
grew to 1.2–2.0 cm and had an instar  
duration of 3.00 ± 0.09 days (range 2–4 
days). They moved around actively in 
search of food and cut leaves rhythmi-
cally in semi-circles. Fourth instar was 
also green with a duration of 3.30 ± 0.12 
days (range 3–4 days). Fifth instar was 
the largest (4.2–5.3 cm), fed voraciously 
and developed in 4–5 days (4.50 ± 0.13 
days; Figure 1 e). It became sluggish, 
stopped feeding and began to burrow 
into moist soil to form pre-pupa. Pre-
pupa was green in colour and showed 
flicking movements on being disturbed 
(1–2 days; 1.20 ± 0.08 days). Immobility 
of pre-pupa followed by browning 
marked the start of pupal stage (Figure 
1 f ). Pupal stage lasted for 13–15 days 
(13.90 ± 0.28 days). Adults eclosed from 
the pupa and were creamish in colour 
with brown patterns on the wings (Figure 
1 b and c). They mated for 1–2 min after 
2–3 days of emergence and laid eggs 
within 24 h of mating. They mated a 
maximum of three times in their lifetime. 
Males survived for 5.80 ± 0.20 days 

(range 5–7 days), while the female lon-
gevity was 8.60 ± 0.45 days (range 8–11 
days). A female laid 527.10 ± 25.30 eggs 
in her lifetime with an average of 
126.50 ± 21.68 eggs per day for up to 
3.5 ± 0.27 days. About 95.41 ± 0.59% 
eggs were found viable. 
 The results indicate C. cornaria to be 
a fast-growing insect with a voracious 
appetite. Genus Cleora has been previ-
ously found to cause major damage in 
mangroves in Thailand15 and Kenya16. It 
has also been reported as pest in tea gar-
dens17 and teak plantations18 in India. In 
view of previously reported tendency of 
the genus to be a major pest of many 
trees and the increased incidence of its 
species C. cornaria on neem, we should 
consider revising its status from a minor 
to that of a potential major pest. 
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Egg-laying trends in black redstart (Phoenicurus ochruros Gmelin) 
 
Since the mid-1970s, temperature has  
increased due to climate change1 and this 
change is already affecting many plants 
and animals on the globe2. Most of these 
changes are as expected for the warming 
temperature3. According to Parmesan4, 
advance in spring events has been regi-
stered in all continents, except the Ant-
arctic. For instance5, two frog species in 
their northern range limit in the United 
Kingdom spawned two to three weeks 

earlier in 1994 than in 1978. According 
to Najmanova and Adamík6, among  
the studies on vertebrates, birds play the 
main role in our understanding of the re-
sponses of animals to climate change. 
 During the last 40 years birds have 
shown significant changes in their phe-
nology, demographic factors, etc. For 
example, changes in population dynam-
ics7, brood size8,9, egg dimensions10, ear-
lier arrival11,12, etc. Numerous studies 

have demonstrated advances in laying 
dates of birds in the last several decades. 
Crick et al.13 reported that 51 of 65 spe-
cies showed a trend towards earlier nest-
ing between 1971 and 1995. According 
to these authors, mean advancement in 
the 20 species in which the trend was 
most marked was 8 days (range: from 4 
to 18 days). Furthermore, coefficient of 
variation for Blackcap (Sylvia atrica-
pilla) indicates a 12-day shift toward  
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earlier breeding over the whole period of 
the study (1979–2009)14. 
 We examined the influence of long-
term temperature effects on breeding 
date in black redstart (Phoenicurus 
ochruros Gmelin), which is a common 
bird species in the study area. This is a 
small (13 g, 14.5 cm), semi hole-nesting 
and insectivorous passerine species breed 
in the West Palaeoarctic in middle lati-
tudes15. The birds in our study area  
belong to the subspecies Phoenicurus 
ochruros gibraltariensis16. 
 Data were collected between 1989 and 
2010 for black redstart in Mokrice  
village (46.00°N; 15.55°E, altitude = 
140 m asl, northwestern Croatia). This 
area has mostly mixed landscape with 
small deciduous woods. The study area 
was visited daily during the breeding 
season. The term ‘laying date’ is defined 
as the date when the first egg in a clutch 
was layed. The number of nests in the 
sample varied from year to year (range 
being 10–17 nests per year, total = 230 
nests). Only first clutches were included 
in the study. All observations from 1989 
to 2010 were recorded by the present  
authors (1989–2002, Z. Dolenec; 2003–
2010, Z. Dolenec and P. Dolenec). Here, 
the dates are expressed as progressive 
days (where 1 indicates 1 April). Aver-
age temperature was calculated from the 
average temperatures for April. This is 
the month when most black redstarts 
make their first reproductive attempts; so 
our assumption is that the April tempera-
ture would be the most important envi-
ronmental factor influencing the onset of 
timing of breeding. Local spring tem-
perature was obtained from the weather 
station at Maksimir – Meteorological  
Office in Zagreb (ca. 20 km from the 
centre of the research area, 123 m asl). 
Average monthly air temperature in 
Mokrice village for April from 1989 to 
2010 was 11.7°C (SD = 1.509, range 
from 8.2°C to 14.5°C). 
 All the statistics was performed on  
average values per year and tested using 
Pearson’s correlations with two-tailed P-
values. The threshold for statistical sig-
nificance was set at the P = 0.05 level. 
Statistical analyses were performed using 
the SPSS 13.0 statistical package. Corre-
lation and regression analysis was used 
for revealing connections between timing 
of breeding on the one hand, and spring 
temperature and year on the other hand. 
 The average first laying date (1989–
2010) was 17 April ± 6.4 days. First 

 
 
Figure 1. Long-term trends in laying date of the black redstart (Phoenicuros ochruros) in 
northwestern Croatia, 1989–2010 (where 1 indicates 1 April). The linear regression line is also 
shown. 
 

 
 
Figure 2. Relationship between laying date and mean spring (April) temperature of the black
redstart (P. ochruros) in northwestern Croatia, 1989–2010 (where 1 indicates 1 April). The lin-
ear regression line is also shown. 
 

 
 
Figure 3. Mean spring (April) temperature from 1989 to 2010 at Maksimir, northwestern Croa-
tia. The linear regression line is also shown. 
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laying date in black redstart in north-
western Croatia has advanced by 10.6 
days (0.48 days/year) over the past 
22 years (range: 3 April–1 May), trend 
over time: r (Pearson’s coefficient) = –
0.49, slope (linear regression) = –0.48, 
n = 230, P < 0.001 (Figure 1). Variation 
in laying date was significantly associ-
ated with mean spring temperature, warm 
spring being associated with earlier laying 
(r = –0.48, slope = –2.15, n = 230, P < 
0.001; Figure 2). Mean air temperatures 
in April have increased by 2.2°C in the 
laying period (1989–2010; r = 0.44, 
slope = 0.10, n = 22, P = 0.039; Figure 
3). Our results suggest that black redstart 
has responded to increasing air spring 
temperatures. 
 The main aim of this correspondence 
is to describe the change in the date of 
the black redstart clutch initiation and 
identify relationship between timing of 
breeding and local spring temperatures. 
Our results suggest that the studied bird 
species responds to temperature fluctua-
tions by shifting the laying date in the 
study area. This earlier breeding can be 
explained by an increase in mean 
monthly temperature of 2.2°C in April 
over the study period. Results from our 
site in northwestern Croatia are in similar 
with those from other studies, where a 
significant relationship between date of 
breeding and local spring temperatures 
was found in many passerine popula-
tions13,17. The ready response of numer-
ous species to recent climate change 
indicates that most of them have the phe-
notype to cope with such a change18.  
 Several studies at single locations have 
reported shifts towards earlier laying in 
response to warming local spring tem-
perature in the recent few decades. In the 
Czech Republic, Hušek and Adamík8 
showed that changes in the average  
laying date of a population of red-backed 
shrike (Lanius collurio) between 1964 
and 2004 are linked to a shift in local 
spring temperature. In Croatia, Dolenec 
et al.19 showed changes in the clutch ini-
tiation of tree sparrow (Passer montanus) 
between 1980 and 2009. Furthermore, 
McCleery and Perrins20 also found that 
breeding dates for the great tit (Parus 
major) had advanced between 1947 and 
1997 in the United Kingdom, in response 
to warmer springs. In general, this trend

indicates that spring activities such a first 
laying dates have occurred progressively 
earlier since the mid-1970s in response 
to increasing temperatures. According to 
Crick et al.13, spring warming is likely to 
have increased the availability of food 
supplies, resulting in earlier laying dates. 
However, there is documented evidence 
that several species may find it difficult 
to adapt to climate change21. The possi-
ble explanation might be, for instance, 
that different parts of a food chain may 
respond differently to climate change21. 
 If climate change is the only new chal-
lenge that birds have to face, then one 
might imagine that many species could 
become adapted to the new conditions 
and survive with existing population 
variability and genetic information that 
their ancestors used to survive the past 
climate changes22. According to the  
author22, other man-made challenges, 
such as habitat disruption, release of 
toxic chemicals into the environment, 
and other existing factors can interfere 
singly or synergistically with the lives of 
birds. Ornithology has provided some of 
the best examples of the impacts of re-
cent climate change on wildlife from 
around the world. However, we have 
only begun to scratch the surface18 and 
the future will show how the various bird 
species are able to cope with climate 
change and adapt to it23. 
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