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Abstract 

Background: Floods and other extreme events have disastrous effects on wetland breeding birds. However, such 
events and their consequences are difficult to study due to their rarity and unpredictable occurrence.

Methods: Here we compared nest-sites chosen by Reed Parrotbills (Paradoxornis heudei) during June‒August 2016 in 
Yongnianwa Wetlands, Hebei Province, China, before and after an extreme flooding event.

Results: Twenty-three nests were identified before and 13 new nests after the flood. There was no significant differ-
ence in most nest-site characteristics, such as distance from the road, height of the reeds in which nests were built, or 
nest volume before or after the flood. However, nests after the flood were located significantly higher in the vegeta-
tion compared to before the flood (mean ± SE: 1.17 ± 0.13 m vs. 0.75 ± 0.26 m, p < 0.01). However, predation rate also 
increased significantly after the flood (67% vs. 25%, p = 0.030).

Conclusions: Our results suggested that Reed Parrotbills demonstrated behavioral plasticity in their nest-site selec-
tion. Thus, they appeared to increase the height of their nests in response to the drastically changing water levels 
in reed wetlands, to reduce the likelihood that their nests would be submerged again by flooding. However, preda-
tion rate also increased significantly after the flood, suggesting that the change in nest height to combat the threat 
of flooding made the nests more susceptible to other threats, such as predation. Animals’ response to rare climatic 
events, such as flooding, may produce ecological traps if they make the animals more susceptible to other kinds of 
threats they are more likely to continue to encounter.
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Background
Animals rely on habitat selection to survive adverse and 
fluctuating environmental conditions (Hildén 1965; Cody 
1985; Jones 2001). Habitat features are extended pheno-
types of living organisms that may affect the probability 
of survival and reproduction and hence be subject to nat-
ural selection. Nest-site selection is an important compo-
nent of habitat selection. The quality of nest-sites directly 
affects reproductive success (Macdonald et al. 2016; Mai-
sey et  al. 2016). Nest-site selection is affected by many 

biotic and abiotic factors among which nest predation 
is a primary selective force (Martin 1993; Chalfoun et al. 
2002; Fu et  al. 2016). In addition, climate, competition, 
food sources, human interference, parasitism risk, and 
others can all influence nest-site selection by birds (Mar-
tin 1995; Cuervo 2004; Jakubas 2005; Soler 2014; Maisey 
et al. 2016). In their selection of nest-site, birds may mini-
mize environmental risk factors to ensure a safe, hidden, 
and suitable environment for reproduction (Cancellieri 
and Murphy 2014; Jiang et al. 2017).

Recently, both frequency and scale of extreme weather 
events have increased, greatly increasing the risk of mor-
tality and reproductive failure (Møller 2011; Moreno 
and Møller 2011). Natural disasters such as heat waves, 
droughts, blizzards, hurricanes, storms, and floods 
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greatly decrease viability of animals, and may seriously 
threaten bird populations (Demongin et al. 2010; Cham-
bers et al. 2011; Jenouvrier 2013). For example, in 2003, 
heat waves in parts of Europe caused major declines in 
bird populations (Jiguet et al. 2006). In years with warm 
weather, most southern animals, including insects and 
birds, tend to thrive and breed further north (Jiguet et al. 
2006; Cuervo and Møller 2013). A nearly 70-year study of 
Barn Owls (Tyto alba) discovered that in extremely cold 
years, when extended periods of snow-cover reduced 
food supply, the survival rate among adult and sub-adult 
Barn Owls plummeted (Altwegg et al. 2006).

Unpredictable flooding during bird breeding season 
would devastate all the offspring due to a lack of escape 
capacity. For example, flash flooding in the lower Mis-
sissippi River destroyed all interior Least Tern (Sternula 
albifrons) eggs and young in 1993 (Dugger et  al. 2002). 
Likewise, the risk of flooding caused by rising sea levels 
due to global warming seriously threatens reproduction 
in wetland shorebirds. Flooding due to high tide triggered 
by tidal variation and storm was the main factor of breed-
ing failure in birds in coastal wetlands (Marshall and 
Reinert 1990; Sidle et al. 1992; Bayard and Elphick 2011). 
Birds should assess all the factors such as flooding, pre-
dation, food and so on to ensure maximum fitness. For 
example, Hunter et al. (2016) showed that Seaside Spar-
rows (Ammodramus maritimus) could trade the survival 
risk of flooding against that of predation by managing 
their nest site selection in relation to the predictability 
of a threat (see also Greenberg et al. 2006; Anteau et al. 
2012; Hunter 2017). However, sometimes the changes 
that animals made in response to rare climatic events 
such as flooding will make them more susceptible to 
other threats. In other words, animals will consider high 
quality sites to be of low quality, or visa versa, because 
of the climatic event, since they may not have accurate 
information on its rarity, producing an “ecological trap” 
(Donovan and Thompson 2001; Battin 2004; Martijn 
et  al. 2010). Our understanding of the importance of 
such rare events is however as yet inadequate, partially 
because the events’ very unpredictability makes it diffi-
cult to collect data about them (Martijn et al. 2010).

On 19 July 2016, Yongnian County in Hebei Province, 
China, suffered rare heavy rainfall with an average rain-
fall of more than 400 mm which was the only occurrence 
in decades and led to the worst flash flood event in recent 
20  years (http://www.hbsw.net/xinwe ngong gao/sheng 
neixi nwen/2016-07-21/21566 .html). A storm caused 
local water systems, like the Zhang River watershed, to 
flood into the Yongnianwa Wetland, so that water levels 
there increased by an average of 1 m or more. Water lev-
els did not return to normal until 25 July 2016. Using this 
rare weather event, we studied nest-site selection by Reed 

Parrotbills (Paradoxornis heudei) (Fig.  1a) that breed in 
reeds in the Yongnianwa Wetlands. We focused on how 
extreme weather events, like flooding, can affect repro-
ductive success, and how birds respond to such unfavora-
ble conditions when trading reproductive success due to 
nest site selection against nest predation. We hypothesize 
that flooding will greatly reduce reproductive success of 
Reed Parrotbills, and that the birds will alter their nest 
selection strategy if they start to breed again. However, 
this change in behavior might make the birds more sus-
ceptible to other threats, such as nest predation.

Methods
Study area
The research area is Yongnianwa Wetland, located 
within Yongnian County in Hebei Province, China 
(36°40′60″‒36°41′06″N, 114°41′15″‒114°45′00″E, 40.3  m 
a.s.l.). Yongnianwa is a natural wetland that belongs to 
the alluvial plain area of the Fuyang River, a tributary to 
the Hai River Basin. It is located at the convergence of 
the Fuyang River and the Zhang River watersheds. The 
water system in Yongnianwa Wetland, which remains wet 
year-round, is well-developed with many tributaries. The 
wetland is also the lowest elevation point in Yongnian 
County with a warm, temperate, semi-humid, and con-
tinental monsoon climate with four distinct seasons 
(Ma et  al. 2018). Common plant species in the wetland 
include Reeds (Phragmites australis) and Broad Leaf Cat-
tails (Typha latifolia).

Field data collection
Field work was carried out during the breeding season 
of the Reed Parrotbill, during June‒August 2016. We 
searched systematically for nests of Reed Parrotbills in 
the study area, and the locations of nests were marked 
using a GPS followed by measurements of a range of 
nest-related landscape, micro-habitat, and nest structure 
parameters (see below, Table 1; Li et al. 2016). We revis-
ited nests to determine the ultimate fate of nests every 
1‒3  days. All nests were measured when they were still 
active. Nest fate with respect to flooding was determined 
from obvious traces of flooding with dead eggs or nest-
lings in the nests, which were active 1 or 2 days before the 
flood. Nest fate with respect to predation was determined 
from the disappearance of nest contents (e.g., clutch or 
nestlings) prior to the presumed date of fledging (e.g., 
less than 10 days, also see Li et al. 2016; Macdonald et al. 
2016).

The following nest landscape parameters related to nest 
accessibility influencing predation risk were recorded for 
each nest-site: (1) distance to road: the distance between 
the nest-site and the nearest road with human activity; 
(2) distance to reed edge: the distance from the nest-site 

http://www.hbsw.net/xinwengonggao/shengneixinwen/2016-07-21/21566.html
http://www.hbsw.net/xinwengonggao/shengneixinwen/2016-07-21/21566.html
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to the nearest reed edge; (3) distance to water edge: the 
distance from the nest-site to the nearest body of water; 
and (4) distance to perch: distance from the nest-site to 
the nearest perch that a predator could use to observe the 
nest.

The following parameters (1)‒(6) may influence the 
degree of concealment and predation risk of nests, 
while (7)‒(9) which in turn may influence the risk of 
flooding related to the micro-habitat of each nest-site 
which we recorded: (1) vegetation cover: the degree 
of canopy cover 10 cm above the nest; (2) nest height: 

the distance between the nest and the ground/water 
surface; (3) reed height above nest (m): the height of 
the reeds above the nest; (4) water depth: the average 
water depth directly below the nest; (5) number of reed 
stems: the number of reed stems within a 1  m × 1  m 
square sample centered at the nest; (6) height of reed: 
the height of the nesting reeds in a 1  m × 1  m square 
sample centered at the nest. That is, the natural height 
of the reeds measured from the water surface; (7) num-
ber of reed stems for nests: the number of reeds that 
supported each nest; (8) height of the flood surface: 

Fig. 1 The Reed Parrotbill (Paradoxornis heudei) (a) and its nest in the reed habitat before (b) and after a flooding event (c)
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after the recession of flooding water, the distance 
between the land and the highest traces of duckweed 
left in the reeds by the flood was used to estimate the 
maximum height of flood water; and (9) absolute height 
of the nest: the distance between the ground surface 
and the nest (nest height + water depth).

The following parameters that may influence nest 
resistance to poor weather like heavy rain, wild wind 
and flood may depend on the structure of each nest 
that we recorded: (1) nest diameter: the external diam-
eter of the top of the nest; (2) nest depth: the vertical 
distance between the top and bottom of the nest; (3) 
nest volume:

where a is the minor axis of the nest, b is the major axis 
of the nest, and X is the proportion of a sphere filled by a 
nest, X = 1/2 for cup-shaped nests (Palomino et al. 1998); 
(4) nest cup diameter: the inner diameter of the top of the 
nest; (5) nest cup depth: the depth of the internal cup of 
the nest; and (6) nest cup volume: referring to nest vol-
ume. All nests were measured when they were still active. 
We measured and compared nest dimensions before and 
after the flood because we cannot exclude the possibility 
that Reed Parrotbills modified their nest sizes as an adap-
tation to flooding.

nest volume = 4/3π × a
2
× b× X

Data analysis
SPSS 16.0 statistical software was used for all statistical 
analyses. Student’s t test, Welch’s t test or Mann–Whit-
ney U test was used to compare differences in Reed 
Parrotbill nest-site variables before and after the flood. 
Variables that reached statistical significance were used 
in a binary logistic regression model with forward step-
wise procedure to determine key predictors of predation. 
The level of statistical significance was set to 0.05.

Results
We found a total of 36 Reed Parrotbill nests during the 
whole breeding season. Twenty-three nests were found 
before the flood and detailed measurements were taken 
at 18 of these nest-sites (Fig. 1b). The final fate of 20 nests 
was determined with a reproductive failure rate esti-
mated to 85% (17 out of 20). After the flood, a total of 13 
newly-built nests were discovered (Fig. 1c). Nest-site data 
were measured after eggs were laid and the final fate of 
12 of these 13 nests was determined with a reproduction 
failure rate of 100%.

Among 20 nests constructed before the flood, the 
major cause of reproductive failure (45%, 9 out of 20) was 
flooding, followed by nest predation (25%, 5 out of 20). 
After the flood, the primary cause of reproductive failure 

Table 1 Comparison of Reed Parrotbill nest-site characteristics before and after a flooding event

Values are mean ± SD
1 Student’s t test
2 Welch’s t test
3 Mann–Whitney U test

*p < 0.05; **p < 0.01

Variable Before flood n After flood n Statistics df p

Nest landscape Distance to road (m) 24.44 ± 12.05 18 22.46 ± 7.96 13 0.5161 29 0.610

Distance to reed edge (m) 11.39 ± 7.82 18 9.92 ± 6.78 13 0.5441 29 0.591

Distance to water edge (m) 13.28 ± 10.59 18 12.31 ± 11.08 13 0.2471 29 0.807

Distance to perch (m) 31.72 ± 14.96 18 36.54 ± 21.87 13 − 0.6862 19.88 0.500

Nest-site micro-habitat Vegetation cover (%) 15.59 ± 18.28 17 26.92 ± 18.99 13 − 1.6551 28 0.109

Nest height (m) 0.76 ± 0.26 18 1.17 ± 0.13 13 − 5.8522 26.69 < 0.001**

Reed height above nest (m) 1.41 ± 0.29 18 1.07 ± 0.39 11 2.6491 27 0.013*

Water depth (m) 0.22 ± 0.18 12 0.18 ± 0.13 13 0.7871 23 0.440

Number of reed stem 251 ± 55.82 16 231.69 ± 97.77 13 − 0.3743 – 0.709

Height of reed (m) 2.16 ± 0.20 18 2.26 ± 0.38 11 − 0.8721 27 0.391

Number of reed stem for nest 5.06 ± 1.39 16 4.33 ± 0.89 12 − 1.5063 – 0.132

Nest characteristics Nest diameter (cm) 8.15 ± 1.26 17 7.96 ± 0.96 12 − 0.4743 – 0.635

Nest depth (cm) 8.76 ± 1.58 17 9.88 ± 1.00 12 − 2.1401 27 0.042*

Nest volume  (cm3) 322.13 ± 172.28 17 335.66 ± 107.80 12 − 0.7543 – 0.451

Nest cup diameter (cm) 5.38 ± 0.52 17 5.17 ± 0.49 12 − 1.1573 – 0.247

Nest cup depth (cm) 4.82 ± 0.53 17 5.42 ± 0.56 12 − 2.6363 – 0.008**

Nest cup volume  (cm3) 73.89 ± 16.82 17 76.64 ± 19.30 12 − 0.4453 – 0.656
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was predation (67%, 8 out of 12), which increased signifi-
cantly after the flood (Fisher’s exact test, p = 0.030).

Flooding caused the water level in the study area to 
rise by on average 1 m. The absolute nest height (above 
ground) before the flood was 1.02 ± 0.30 m (n = 12 nests), 
which was generally lower than the height of flooding of 
1.21 ± 0.19  m (n = 22 nests). When the flood occurred, 
nine nests contained eggs, hatchlings, or fledglings. After 
the flood, all these nests had been submerged with a 
resulting reproduction failure. The absolute nest height 
after the flood was above the high-water mark during the 
flood (1.35 ± 0.12 m, n = 13) (Fig. 2).

When comparing nest-site parameters (n = 31) before 
and after the flood, we found that nest height, nest 
depth and nest cup depth increased higher and reed 
height above nest decreased significantly after the flood 
(Table 1). However, logistic regression showed that only 
nest height entered the model as key predictor (Wald Chi 
square = 7.366, df = 1, p = 0.007).

Discussion
Recent climate change has resulted in an increased fre-
quency of extreme weather events that have had extreme 
negative impacts on reproductive success in a diverse 
array of species. Whether animals are able to cope with 
such dramatic change remains to be determined. Here we 
report information on nest site selection, reproductive 
success and nest size in a wetland passerine bird during 
a flood, but also the subsequent phenotypic response to 
this flood.

Nine nests at the hatching or brooding stages before 
the flood were all destroyed by the flood. Among these, 

seven nests showed clear traces of submersion by flood-
water and a few nests had abandoned eggs and/or dead 
fledglings, indicating that the flood greatly decreased 
reproductive success of the Reed Parrotbill. However, we 
observed a significant increase in the height of nests after 
the flood. This suggests that the Reed Parrotbill demon-
strated behavioral flexibility in nest-site selection (see 
also Hunter et al. 2016), and that it was able to respond 
to environmental changes brought about by the flood. By 
increasing nest height, the birds decreased the likelihood 
that their nests would be submerged again. However, we 
acknowledge that this study was done in a single season 
(June‒August 2016), and so we do not know whether 
birds in general or usually build their nests higher above 
the ground later in the breeding season. If that was the 
case, such a change in nest building behavior could still 
reflect selection due to more heavy rains later during the 
summer.

Previous research has shown that Reed Parrotbills 
prefer to build their nests in reeds of medium height 
(1.5‒2.5  m), especially in the lower half of the reeds, 
which may be a way to reduce nest predation risk (Piper 
and Catterall 2004; Li et al. 2015). In this study, the height 
of reeds in which Reed Parrotbills built their nests both 
before and after flooding was similar to those observed 
in previous studies. Furthermore, before the flood, nests 
of Reed Parrotbills were located at approximately 1/3 
of the reed height. This behavior is expected to reduce 
nest predation risk, and we did indeed see a lower rate 
of nest predation before the flood. However, as our study 
was done in a single season, we do not know whether 
nest predation in general or usually increases during the 
season. Even if that was the case, such a change in nest 
building behavior could still reflect selection due to more 
heavy rains later during the summer.

Nest predation is a major cause of reproductive fail-
ure among birds, in addition to a major factor influenc-
ing nest-site selection (Martin 1995; Macdonald et  al. 
2016). Furthermore, predation pressure can force birds 
to adjust the height at which they build their nests to 
improve their reproductive success. For example, the 
Oahu Elepaio (Chasiempis ibidis) is an endangered bird 
endemic to the Hawaiian archipelago. A 16-year con-
tinuous study of the height of their nests discovered a 
50% increase in nest height (from 7.9 to 12  m) at the 
same time as reproductive success increased accord-
ingly (Vanderwerf 2012). This was mainly due to the 
introduction of Black Rats (Rattus rattus) to the islands. 
Predation pressure from Black Rats forced birds to 
change their nest-building behavior by increasing nest 
height (Vanderwerf 2012). Birds breeding in coastal 
wetlands can maintain stable reproduction depending 
on rapid and repeated re-nesting in response to nest 

Fig. 2 Nest height of Reed Parrotbills before and after a flooding 
event and the height of flooding. Shown is nest height above ground 
level before the flood, height of the flooding level above ground and 
nest height above ground after the flood. Box plots show means, SD 
and extreme values
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flooding caused by tidal variation (Marshall and Rein-
ert 1990). Larger nests tend to be built at sites closer 
to water for preventing flooding (Cuervo 2004). Such 
phenotypic plasticity can be considered an adaptive 
response widely used by birds to adjust their behavior 
to environmental conditions (Via et  al. 1995; Ghalam-
bor et  al. 2007). In the present study, Reed Parrotbills 
increased the height of their nests significantly, which is 
indicative of an ability to adapt to changes in the exter-
nal environment. An increase in nest height reduces 
the risk of submersion by floodwaters, and the shift in 
nest-site selection was likely a consequence of the pre-
ceding flooding event. Unfortunately, due to the rarity 
and unpredictable occurrence of flooding, within the 
season of 2016, there were no controls with which to 
compare, i.e., nests in areas with no flooding.

Extreme weather events, like floods, can have devas-
tating effects on reproduction of birds. In 1993, flash 
flooding in the lower reaches of the Mississippi River 
destroyed all eggs and young birds in an interior Least 
Tern (Sterna albifrons) population (Dugger et  al. 2002). 
Selection pressure due to severe weather may force birds 
to adjust their nest-site selection. For example, Laughing 
Gulls (Larus atricilla) have been shown to choose higher 
sites for building their nests, or to build taller nests, to 
reduce the risk of submersion by tidal flooding (Shisler 
and Colony 1980).

Birds are able to evaluate differences in many environ-
mental factors in order to choose safe, suitable nest-site 
micro-habitats that provide prime conditions for incu-
bation and brooding (Hansell 2000). Adequate nest-site 
selection can reduce reproductive investment by adult 
birds and improve the viability of both parents and off-
spring (Horvath 1964; Maisey et  al. 2016). In spite of 
this, some studies have shown that adaptive behavior 
sometimes is insufficient for coping with changes in the 
external environment, and that a lack of accurate assess-
ment of changes in the external environment can lead to 
an ecological trap (Donovan and Thompson 2001; Bat-
tin 2004; Yang et  al. 2014). The cues provided birds by 
the environment do not always accurately reflect habitat 
quality. Therefore, behavioral selections that birds make 
based on such cues can lead to a decrease in their via-
bility (Robertson and Hutto 2006; Yang et al. 2014). Sea-
side salt marshes, for example, are rich in food supply 
and have sparse vegetation in which predators may hide, 
making them attractive for many types of birds for build-
ing their nests and reproduction. However, they are also 
very easily flooded by rising tides that can overturn nests 
(Martijn et al. 2010). In addition, reproductive costs may 
be much larger when a previously suitable habitat experi-
ences a sudden change (like a flood or hurricane) (Mérő 
et al. 2015).

When animals have experienced some threat to their 
survival/reproduction, they will usually adjust to that. 
Where they can make mistakes is in judging the prob-
ability of that threat reappearing. This demonstrates how 
rare climatic threats (which may be increased by climate 
change) could have outsized effects on wildlife: they 
may make animals make drastic changes in their strate-
gies, which would then have unintended consequences. 
In the present study, nest predation rate increased sig-
nificantly after the flood, which may be caused by many 
factors. One possible explanation was that the increase 
in nest height reduced the height of reeds above the 
nests, resulting in lower overall vegetation cover, which 
led to an increase in visibility and vulnerability of nests 
to avian predators (Hatchwell et al. 1999; Piper and Cat-
terall 2004). Higher nest predation rate observed after 
the flood is consistent with the nest exposure hypoth-
esis proposed by Martin (1993). The second possible 
explanation was that there was no change in predation 
risk before and after the flood, but the total number of 
occupied nests was reduced after the flood, resulting in 
an increased probability of predation, linked to less risk 
dilution from a smaller total number of nests. Although 
the reduction in the number of nests would increase the 
difficulty of finding nests for predators, the availability of 
food for Reed Parrotbills also decreased after the flood. 
Parent birds pay higher costs more as a higher frequency 
of foraging. Thus, the probability of nests being discov-
ered and the risk of predation would be increased by fre-
quent activities and higher nest sites (Martin et al. 2000). 
The third possible explanation was that nest predation 
after flooding increased due to a reduction in the amount 
of available food after the flood. Extreme events such as 
flooding may cause large ecological disruptions across 
trophic levels. For example, food availability for local 
predators may become depleted. Thus, predators may 
shift their main focus towards different available food 
sources (“prey switch”, see Murdoch 1969; Allen 1988). 
Therefore, increased predation could reflect increased 
predator effort, or possibly a combination of increased 
predator effort and more exposed nests. However, the 
type and number of local predators and the specific spe-
cies of predators that depredated the nests remain to be 
determined.

Conclusions
This study showed that Reed Parrotbills increased the 
height of their nests after the flood, probably to reduce 
the risk of being flooded again. However, reproduc-
tive success did not increase. Instead, an increase in the 
height of the nest after the flood led to an increase in the 
risk of nest predation. This suggests that response to this 
rare event may have been ultimately non-adaptive, as it 
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may have increased exposure to other threats. Increases 
in rare climatic catastrophes associated with climate 
change may therefore have outsized effects on wildlife, 
from both the immediate effect and from a more delayed 
effect, caused by non-adaptive responses by the animals.
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