Oriental reed warbler Acrocephalus orientalis nest defense behavior towards brood parasites and nest predators
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Abstract
Brood parasites and predators pose different threats to passerines that may favor the evolution of enemy-specific defense strategies. Furthermore, potential sex-specific variation in parental investment may be manifested in differences between male and female nest defense behavior. We investigated these hypotheses in Oriental reed warblers Acrocephalus orientalis, by recording sex- and stage-specific (nests with eggs or nestlings) responses to stuffed dummies placed at their nests. Warblers showed the highest level of aggression to the co-occurring parasite, the common cuckoo Cuculus canorus, color morph (gray), but showed reluctance to mob or attack the co-occurring nest predator, the magpie Pica pica. Direct body attacks were mostly directed towards gray cuckoos, with male warblers showing higher number of attacks than females. There was a sex difference in rate of body attacks towards rufous morph common cuckoo, sparrowhawk Accipiter nisus (locally absent parasite and predator, respectively), and spotted dove Streptopelia chinensis (locally present, harmless species), with females showing better ability to distinguish between these species than males. Furthermore, males showed less variation in response to these dummies than females. Hence, males were consistently more aggressive than females, but with females apparently showing more fine-tuned recognition of the various threats.
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Introduction
Both avian brood parasitism and nest predation are detrimental to passerine reproduction, and therefore act as strong selective agents in the evolution of nest defense behaviors (Curio, 1975; Robertson & Norman, 1977; Gottfried, 1979; Gill & Sealy, 1996; Røskaft et al., 2002; Feeney et al., 2012). Predators and brood parasites that prey on adults or broods generally represent different types of threats, both in terms of stage of breeding and direct risk to adult nest defenders. Although there are sophisticated interactions between host aggression to parasites and predators, adaptive nest defense predicts that nest owners should evolve intruder type-specific defense strategies (Duckworth, 1991; Gill & Sealy, 2004; Gill et al., 2008; Welbergen & Davies, 2008; Feeney et al., 2013; Trnka & Grim, 2013). Brood parasites, such as some cuckoos, Cuculus spp., and cowbirds, Molothrus spp., may act as parasites, egg destructors and nest predators (Davies, 2000; Gloag et al., 2013; Feeney et al. 2014), and they pose the highest threat to their hosts during their egg laying period. Predators may represent a threat at both egg and nestling stages, depending on the predator species. Whereas defense against some predators is likely to be dangerous or even lethal to the parents, defense against brood parasites is usually not. Hence, by showing aggression to parasites, hosts may potentially lower the probability that the nest becomes parasitized or their eggs predated, without risk of injury to the hosts (Dyrcz & Halupka, 2006; Fiorini et al., 2009; Welbergen & Davies, 2009; Feeney et al., 2013; see Canestrari et al. (2009) for alternative anti-parasite mechanisms preventing parasitism). Such a scenario would make sense as long as hosts are able to distinguish predators from parasites. This, however, is not straightforward, since several cuckoo species show remarkable similarity to predators in appearance (Davies & Welbergen, 2008; Welbergen & Davies, 2011; Feeney et al., 2012; Trnka & Grim, 2013). 
The enemy-specific response may be expressed in terms of both behavioral signals (Gill & Sealy, 2004) and the strength of aggression (Campobello & Sealy, 2010). For example, some hosts produce calls as functionally referential to parasites (Robertson & Norman, 1977; Gill & Sealy, 1996; Feeney et al., 2013), and hosts of brood parasites typically respond differently to dummies of parasites, predators and non-threatening species (e.g. Duckworth, 1991; Gill & Sealy, 1996; Bártol et al., 2002; Lovászi& Moskát, 2004; Avilés & Parejo, 2006; Welbergen & Davies, 2008; Požgayová et al., 2009a; Honza et al., 2010; Segura & Reboreda, 2012; Trnka & Prokop, 2012; Trnka & Grim, 2013; Avilés et al., 2014). The dynamic risk assessment or “stimulus-specific response” hypothesis predicts that parents should optimize their nest defense according to the trade-off between the risk to the parents’ own survival and the loss of nest contents, which should vary with the type of enemy, to maximize the fitness payoff (Montgomerie & Weatherhead, 1988; Kleindorfer et al., 2005; Campobello & Sealy, 2011; Feeney et al., 2013; Polak, 2013; Trnka & Grim, 2014). Under this scenario, due to the variation in direct risk to the nest owners, focal individuals should respond more aggressively to nest predators and parasites than to adult predators (Duckworth, 1991).
Some species show high levels of aggression even in the absence of parasitism (Røskaft et al., 2002; Lovászi & Moskát, 2004). However, studies on other species have found that the nest defense of parents towards parasites can be flexible and adjusted to the local enemy encounter rate (Lindholm & Thomas, 2000; Honza et al., 2006; Hamao, 2011; Langmore et al., 2012; Feeney & Langmore, 2013; 2015; Kleindorfer et al., 2013; Trnka & Grim, 2013). Trnka & Grim (2014) also showed that within a great reed warbler Acrocephalus arundinaceus population, individuals breeding close to a potential nest predator were less aggressive than those breeding further away from it. However, to date, there has been no study that has examined whether aggressive behavior varies with local predator presence or absence considering more than one predator species. 
Nest defense against parasites and predators may also vary between males and females (Montgomerie & Weatherhead, 1988; Caro, 2005). Males may take higher risks and defend the nests more vigorously than do females, as they are often owners and protectors of the territory. However, females may also play important roles in nest defense, because they typically are primarily responsible for clutch incubation. In addition, the pair-bonding systems and extra-pair copulation opportunities may play a role in sexual variation in investment in nest defense (Montgomerie &Weatherhead, 1988). Studies on sex-specific nest defense against brood parasites have sometimes found that females are more aggressive than males (Gill & Sealy, 1996; Trnka et al., 2013), sometimes the opposite (Moksnes et al., 1991; Požgayová et al., 2009b; Polak, 2013), and sometimes males and females have been equally aggressive (Polak, 2013).

The adult common cuckoo female shows plumage polymorphism and may appear as either gray or rufous, with significant spatial variation in relative frequency of the two morphs (Thorogood & Davies, 2012; 2013). Previous studies have shown that hosts may discriminate between these morphs and respond according to their local encounter probability (Honza et al., 2006; Thorogood & Davies, 2012; Trnka & Grim, 2013). 
The aim of the present study was to explore variation in nest defense against brood parasites and nest predators, taking their local presence or absence into account, in the Oriental reed warbler Acrocephalus orientalis, with a special focus on variation between sexes and reproductive stage of the nest. We recorded warbler nest defense responses to taxidermic mounts of two common cuckoo Cuculus canorus female color morphs (gray, locally present; and rufous, locally absent), two nest predators (sparrowhawk Accipiter nisus, primarily depredating adults and occasionally nest contents, but locally absent during the breeding season and therefore never encountered by the warblers which winter in South Asia and Australia; magpie Pica pica, only threatening to nest contents, but locally present), and the spotted dove (Streptopelia chinensis, a harmless species which is locally present), as a control. We included sparrowhawks and rufous cuckoos in our experiments, even they are absent from the study area. Sparrowhawks may be confused with the gray morph cuckoos (e.g. Thorogood & Davies, 2012), and we cannot rule out that rufous cuckoos are present in other parts of the region in which we made our study. Hence, the inclusion of sparrowhawks and rufous cuckoos should allow disclosing if warblers enemy recognition abilities were fine-tuned enough to distinguish between gray cuckoos and sparrowhawks, and the two cuckoo morphs with different plumage but similar body plan.
Methods
Study area and species
This study was undertaken in the Yellow River Delta (YRD) National Nature Reserve (37°35′–38°12′N, 118°33′–119°20′E), Eastern China, from June to July 2010 – 2012. The YRD is characterized by a temperate continental monsoon climate with distinct seasons. The mean annual temperature is 12.6 °C, and the rainy season occurs mainly from July to September, with ca. 600 mm mean annual precipitation (see Li et al., 2011 for more details). YRD is the second largest estuarine wetland in China and has extensive areas of reed habitats (Li et al., 2015). However, only high reed patches and reed edges along the ditches provide a suitable breeding habitat for Oriental reed warblers (own pers. obs.). Oriental reed warblers are regular hosts of the common cuckoo in Asia, and have evolved an ability to recognize and reject cuckoo eggs (Lotem et al., 1995). We systematically searched for warbler nests every 3 - 5 days during May to July. When a nest was found, the nest content (number of eggs or chicks) and fate (parasitized, depredated, successful/unsuccessful) was monitored every 2 - 3 days. Thirty nests were monitored for cuckoo parasitism and nest predation using infrared triggered cameras (DTC-530V) during 2010 - 2011, and 5 and 2 nests were recorded parasitized and predated, respectively (Li et al., unpublished data). In addition, nest predator identity was recorded by direct encounters during nest-checks when the nests were found being preyed upon when we approached the nests. Parasitism was evident if the nest contained cuckoo eggs or chicks. The parasitism rate by common cuckoos of Oriental reed warbler nests was 27.3% (n = 60) in 2011 (Yang et al., 2014). This estimate may potentially be lower than the actual parasitism rate due to possible host egg rejection of cuckoo eggs. Egg experiments using non-mimetic eggs have shown that warblers possess the ability to reject eggs (Lotem et al., 1995; Li et al. in preparation). However, we consider that the risk of severely underestimating parasitism is low, since none of the five cuckoo eggs being laid in video-monitored nests were ejected by the hosts (Li et al., unpublished data). The low rejection rate of natural cuckoo eggs is probably due to the superficial egg similarity to warbler eggs (Li et al. in preparation). Only non-parasitized nests that were monitored since egg-laying stage were used for dummy experiments and the choice of such nests was random.
Species used as dummies and their local abundance
We recorded the responses of Oriental reed warblers to the following mounted dummies, set with wings folded and head pointing forwards: (i) gray common cuckoo, which is abundant in the study area; (ii) rufous common cuckoo, which we did not record during the 3-year study period; (iii) sparrowhawk, a typical predator of adults and, to a lesser extent, nests of breeding birds in Eurasia (Weidinger, 2009), a winter visitor but with no summer breeding populations in our study area; (iv) magpie, a nest predator (Birkhead, 1991; Moskát, 2005; review in Madden et al. 2015) that is abundant in our study area; (v) spotted dove, an abundant species in the study area, which is harmless to warblers.
Two stuffed specimens were used for each of the categories to avoid the risk of pseudo-replication (Davies & Welbergen, 2008; Trnka & Prokop, 2012; Feeney & Langmore, 2013). There were no significant differences in the number of attacks between alternative specimens for the five dummy types in either sex (One-sample T test’s for each dummy and each sex analyzed separately, n = 60, p > 0.05). 
To protect the dummies from damage during aggressive attacks, we kept all the dummies housed in a small cage (10 × 10 × 30 cm) made from thin black wire, through which the dummies were clearly visible (Davies & Welbergen, 2009). To test for a potential effect of the cages, 14 nests were tested with both caged and non-caged gray-morph cuckoo dummies. There were no significant differences between responses to caged (n = 14) and non-caged mounts (n = 14; number of attacks: Mann–Whitney test, U = 90.5, p = 0.73, and U = 96.5, p = 0.95 for males and females, respectively).

Experimental protocol (model presentations)
All tested warblers were captured soon (2 – 5 days) before commencing experiments within the territory with mist nets. The birds were sexed (based on presence or absence of incubation patch) and each individual was given a unique combination of color rings and a metal ring (China National bird banding Center). In total, we successfully conducted trials at 60 nests of different breeding pairs (20 nests in 2010; 15 nests in 2011; 25 nests in 2012). Thirty-five nests were in the egg stage (early incubation, 2 - 5 days since the onset of incubation) and 25 nests were in the nestling stage (4 - 7 days old nestlings). Each nest was mounted with the different dummy species in a random order over a period of 1 – 2 days, yielding a total of 300 trials. Each mount was fixed to perches attached to bamboo poles of different lengths. Mounts were placed in a natural posture facing the rim of the nests, at a distance of 0.5 m. Thirty minutes before presenting the first dummy, we installed a video setup (Sony DCR camcorder + tripod) 3 – 5 m from the nest, in order to habituate the nest owners. 

After placing the mount, one of the authors (DL) commenced observation upon the approach of the first bird within 1 m, for a period of 5 min after the first arrival of nest owners. Observations were conducted in a hide from approximately 4 – 5 m away, where bird positions and activities could be observed without disturbance. We allowed at least 30 min between trials to reduce the possibility of habituation or carry-over aggression (Neudorf & Sealy, 1992; Campobello & Sealy, 2010).

Aggressive behavior
We scored the overall level of defense (maximum response during the 5 min period) for each sex using the following scale: 0 - no response, the bird was not observed or watched the mount silently without clear responsive behavior; 1 - low calls, the bird approached the nest (hopped onto the reed stems), but gave short calls from a safe distance (more than 2 m); 2 - mobbing, the bird jumped or flew around/over the dummy, persistently giving alarm and distress calls; 3 - direct attacks, the birds physically attacked the dummy (Moksnes et al., 1991). The aggressive response was combined into two categories (i - no aggression: score of 0 – 1; ii - aggression: score of 2 – 3) for statistical analyses (Røskaft et al., 2002). Moreover, for each trial, we also recorded the sex of first arriving bird, sex of bird launching the first attack and the number of contact attacks. All variables were extracted from subsequent analyses of video recordings in the laboratory.
Statistical analysis
We used SPSS 20.0 for Windows (SPSS Inc., Chicago, IL, USA) and Sigma Plot 11.0 (Systat Software, San Jose, CA) for statistical analysis and production of illustrations, respectively. All statistical tests were two-tailed and means were expressed as ± their standard errors. Data were assessed for normality using the Shapiro–Wilks test, and transformed if necessary. When normality was not achieved after transformation, nonparametric statistical tests were used. We used generalized linear mixed models (GLMM) to analyze the sex-and enemy-specific defenses for the two following variables: (1) response (no aggression or aggression); (2) number of contact attacks (per 5 min). All GLMMs included two fixed factors: mount species (nominal) and sex (nominal), and their interaction. Nest identity was entered as a random factor to control for non-independence among trials at the same nest; and trial order within the day was entered as a covariate, because there was the potential for habituation to repeated exposures to the mounts. We also statistically controlled for other potential confounding factors, namely, year (as random factor), nest stage (two categorical scales: egg stage vs. nestling stage), first egg-laying date (continuous value centered around the mean for each year to exclude a possible confounding effect of between-year variation), clutch size or brood size (number of eggs and chicks for different nest stages when dummy mounted) (continuous), neighbor (two categorical scale: having at least one neighbor participating in the mobbing or attacking, or not). The first GLMM used a binomial distribution with a logit link, as the host aggression is a binary response (no aggression or aggression). In the second GLMM, Loglinear was used as the link with the linear model, because the response variable “number of attacks” is a count of occurrences during a fixed period of time, which fits a Poisson distribution. Because there were significant effects of nest identity on the response scale (Estimate ± SE: 3.20 (0.85); Z = 3.78, p < 0.0001) and number of attacks (2.70 (0.58); Z = 4.67, p < 0.0001), the nest identity were included as random factors in the two models. However, it was confirmed that the "year" was a redundant random effect, therefore, the data was pooled when analyzed without considered the year effect (as recommended by Bolker et al., 2009). We used a sequential backward elimination procedure to remove the non-significant predictors from the full model to achieve the final minimum adequate model contained, by definition, only significant predictors. Test statistics and p-values reported in Table 2 for non-significant removed terms are from a sequential backward elimination procedure just before the particular term (being the least significant) was removed from the model. Post-hoc comparisons between all dummies and presentation order were based on Tukey-Kramer HSD test with a = 0.05.
Results
Nest predation rate and the predator community
The average annual nest predation rate was 57.9% (n = 95; 48.0 - 70.0%) and 27.5% (n = 110; 22.7 - 35.1%) at the egg and nestling stage, respectively. Identified predators ranged from ground predators, i.e. domestic cat Felis catus (one case), Siberian weasel Mustela sibirica (one case), tiger keelback Rhabdophis tigrinus (two cases), and aerial predators, i.e. Northern harrier Circus cyaneus (two cases) and magpie (one case). Other potential predators may include other snake species, such as red-backed rat-snake Elaphe rufodorsata, and birds, such as Schrenck's bittern Ixobrychus eurhythmus, black-winged kite Elanus caeruleus and common cuckoo. However, since only a subset of nests were systematically monitored using video cameras, we have no quantitative estimates on the influence from each of these predators on nest predation in warblers in our study area.
General nest defense behavior
In most cases, female nest owners arrived first at the nest (65.6%), but there was a non-significant tendency for males to launch the first attacks more frequently (58.4%) than females (38.4%; χ2 = 3.57, df = 1, p = 0.059). In 3.2% of the cases the first attacks were launched by both parents at the same time. Aggression directed towards at least one of the dummies was apparent in most nests (91.7%, n = 60, at least one parent participating), and parents responded aggressively with direct body attacks in 98.2% (n = 55) of these nests (Table 1).

Responsive aggression
The results from the GLMM analysis showed that only two variables, dummy and sex, explained much of the variation in aggression (Table 2). The dummy species had the most important effect on the warblers’ aggression (F4, 594 = 25.03, p < 0.0001), with the highest level of aggression displayed to the gray color morph cuckoo (0.88 ± 0.04; post hoc Tukey–Kramer tests: all p ≤ 0.003) and the lowest level of aggression to the magpie (0.12 ± 0.06; post hoc Tukey–Kramer tests: all p < 0.0001; Figure 1a). This was followed by intermediate aggressive responses to the dove (0.68 ± 0.07), rufous cuckoo (0.61 ± 0.08) and sparrowhawk (0.54 ± 0.08), with no significant differences among the responses to these dummies (post hoc Tukey–Kramer tests: all p ≥ 0.053; Figure 1a).
Furthermore, there was a significant sex effect (F1, 594 = 8.24, p = 0.004) on the warblers’ aggression, with males (0.64 ± 0.06) responding more aggressively than females (0.49 ± 0.07), but with no significant interaction between the dummy and sex (F1, 590 = 0.54, p = 0.71), as both sexes showed similar aggression trends to the five different mounted dummies (Figure 2a). No other potential factors, including nest stage (F1, 583 = 0.14, p = 0.71), had confounding effects on the aggressive response (details in Table 2).
Number of contact attacks
Four predictors (dummy, dummy order, sex, and neighbor) and the interaction between dummy and sex were included in the final minimum adequate model explaining variation in number of attacks towards the dummy (Table 2). Both dummy (F4, 585 = 312.97, p < 0.0001), and sex (F1, 585 = 369.20, p < 0.0001), had the most important impact on body attacks, with the number of attacks significantly declining from the gray color morph cuckoo (8.50 ± 1.84) to the rufous cuckoo (3.94 ± 0.86), dove (3.20 ± 0.70), sparrowhawk (2.34 ± 0.52), and magpie (0.56 ± 0.13; Figure 1b). Males (4.15 ± 0.90) also in general attacked the dummy more vigorously than did females (1.73 ± 0.38). However, there was a significant interaction between the dummy and sex (F4, 585 = 9.42, p < 0.0001), as females showed a significant decline in attacks from gray cuckoo (5.67 ± 1.24), to the rufous cuckoo (2.93 ± 0.65), the dove (2.15 ± 0.49), the sparrowhawk (1.21 ± 0.68), and the magpie (0.36 ± 0.10; post hoc Tukey–Kramer tests: all p ≤ 0.004). However, males showed no significant change in attacks from rufous cuckoo (5.31 ± 1.17), to the dove (4.76 ± 1.05; t = 1.86, p = 0.063), and the sparrowhawk (4.52 ± 1.00; t= -0.79, p = 0.43; Figure 2b).
In addition, the order of presentation of the dummy mounts (F4, 585 = 73.69, p < 0.0001) and whether a neighbor was present during the experiment (F1, 585 = 32.50, p < 0.0001) had an effect on attacks by warblers, with responses showing a degree of decline following the presentation order (post hoc to the last presentation: all p ≤ 0.0001) and an increase when the neighbor approached and joined in the attacks (without neighbor vs. neighbor: 2.31 ± 0.50 vs. 3.12 ± 2.02). In 66 of the 300 trials, a conspecific neighbor joined the attacks, and 45.5% of these joint attacks involved the gray cuckoo mounts. None of the other potential fixed factors, including clutch size (F1, 584 = 3.01, p = 0.08), nest stage (F1, 582 = 0.001, p = 0.97), had significant effects on the results (Table 2).
Discussion
Enemy-specific nest defense
Oriental reed warblers clearly distinguished a familiar brood parasite (gray cuckoo) from a familiar nest predator (magpie). Warblers behaved aggressively to gray cuckoos, but not to magpies. Other Acrocephalus species have likewise been shown to discriminate between various threats, with strongest responses directed against brood parasites (Duckworth, 1991; Bártol et al., 2002; Welbergen & Davies, 2008; Campobello & Sealy, 2010; Honza et al., 2006, 2010; Trnka & Prokop, 2012; Trnka & Grim, 2013, but see Honza et al., 2004). Host aggression was modulated by the local presence/absence of the cuckoo color morph, since aggression towards gray cuckoos were significantly higher than towards rufous cuckoos (Honza et al., 2006; Trnka & Grim, 2013). We cannot rule out, however, that the response to rufous cuckoos would be similar to any “novel” intruder. Our results disclosed that Oriental reed warblers treated rufous cuckoos, sparrowhawks and spotted doves equally. The two former species are absent from the study area, and doves are never entering the reed beds (own pers. obs.). The response to these species was high levels of aggression, but with less body attacks. The aggression to rufous cuckoos, sparrowhawks and doves may represent the baseline response to all unfamiliar intruders (Grim, 2005). Alternatively, these species were initially confused with gray cuckoos, which could explain the high levels of aggression but low levels of direct attacks compared to gray cuckoos. Previous studies have found that underpart barring and yellow eyes are important characteristics in cuckoo-hawk mimicry (Davies & Welbergen, 2008; Trnka et al., 2012; Gluckman & Mundy, 2013). Even though spotted doves lack barring, their iris color is orange (Baptista et al., 1997) and might therefore have triggered aggression by the warblers (Trnka et al., 2012). Lower levels of aggression to magpies than to sparrowhawks strongly suggested a role for the local rate of encountering the predator in nest defense behavior (Robertson & Norman, 1977). The low level of aggression towards magpies compared to the other dummies may indicate that warblers regarded magpies as a risk to themselves. Magpies may sometimes kill passerines (Birkhead, 1991; review in Madden et al. 2015), and since warblers were familiar with this threat they may therefore have been reluctant to attack them. The less aggressive response towards magpies than sparrowhawks may also be due to that magpies represent a more severe specific threat to nests than to adults. Hence, the nest owners remain silent to avoid detection of their nests. A similar scenario has be found in superb fairy-wrens Malurus cyaneus being less aggressive to pied currawongs Strepera graculina (a predator of both adults and nestlings) than sparrowhawks (a predator of adult birds) (Feeney et al., 2013). However, the Oriental reed warbler is a large passerine, and magpies are comparable in size to all the other species used in the experiments. Hence, we cannot fully explain the absence of aggression towards magpies in this study, which warrants further investigation.
According to the dynamic risk-assessment hypothesis (Kleindorfer et al., 2005), hosts should lower their defense levels towards brood parasites but not to nest predators after the egg-laying stage, as parasitism is a threat that is only present during this stage. However, we did not observe any change in response to cuckoos with nest stage, similarly to a study on great reed warblers in Hungary (Moskát, 2005, see also Briskie & Sealy, 1989; Avilés & Parejo, 2006). One possible reason why the warblers continued to respond to cuckoos during the nestling stage is that the cuckoo is also a nest predator (Davies, 2000; Moskát, 2005). Another plausible explanation is that the Oriental reed warbler do not adjust nest defense according to nest stage. The lack of any changes with nest stage to the other species presented to warblers may support this explanation.
The number of body attacks was positively associated with occurrence of neighbor warblers. It may be that their presence stimulated aggression by the nest owners, but alternatively, it may have been the other way around. Increased aggression and larger number of body attacks may have attracted more neighbors to the focal nests (see also Welbergen & Davies, 2009; Langmore et al., 2012; Feeney & Langmore, 2013 for the role of learning of different threats in species nesting at high densities). Our data do not allow us to separate between these two possibilities.

We used a 30 min period between dummy presentations for nest owners to revert to background level of nest defense following previous studies (Grim, 2008). However, we found some potential influence of habituation on nest defense. There were significant effects of order of presentation and number of body attacks, but no effect on the general level of aggression. We suggest longer periods than 30 min interval in repeated dummy presentation experiments in future studies (Welbergen & Davies, 2008, 2009; Thorogood & Davies, 2012; Langmore et al., 2012; Feeney & Langmore, 2015).
Sex roles in nest defense
We found obvious sex difference in the nest defensive behavior of Oriental reed warblers; males were in general more aggressive and carried out more body attacks than females. These results are similar to the those found for the great reed warbler in Europe, which display sex partitioning in the defensive behavior against brood parasites, with males taking the key role in cuckoo mobbing, whereas females are responsible for nest checking and egg recognition (Požgayová et al., 2009b). Our experiments revealed that the sex-specific differences in host defense not only apply towards parasites but also towards nest predators. Males, however, showed less fine-tuning in the response to rufous cuckoo, sparrowhawk and spotted dove than females, which was a novel discovery. Hence, either the male has in general a stronger motivation to respond aggressively to every nest intruders, dangerous or harmless, or females are better in discriminating between rather similarly looking species. The partitioning of the roles between the sexes was further reflected by the conflict of a quick arrival with a lack of a strong inclination to trigger the first attack in females. The significantly quicker arrival by females than by males is likely due to the female-restricted incubation behavior of these species; females would spend more time near the nest (Požgayová et al., 2009b). However, their reluctance to attack the dummy is inconsistent with recent work from Slovakia, where the first attacks were mainly initiated by females (Trnka & Prokop, 2012). This difference may reflect population variation in the anti-parasitism strategy or differences in general life-history characteristics between great reed- and Oriental reed warblers, or variation in local predator species composition between study sites. Moreover, the delay in female attack, but the fast response with alarm calls or mobbing would attract the arrival of the male; which would be an adaptive behavior if it is safer and more effective when two parents, rather than a single one, defend the nest (Montgomerie & Weatherhead, 1988).

Oriental reed warblers are typically facultatively polygynous (Choi et al., 2010). The status of different nests may influence nest defense behavior (Trnka & Prokop, 2011), but we do not have information on the status of nests included in the present study. Furthermore, extra-pair paternity (EPP) may lead to uncertainty for males regarding parenthood, which could also influence sex-specific nest defense (Montgomerie & Weatherhead, 1988). In the congeneric great reed warbler, EPP rates are relatively low (Leisler et al., 2000), but we do not know of any similar data for Oriental reed warblers.

In conclusions, we have shown that (1) Oriental reed warblers have a fine-tuned recognition of familiar brood parasites and predators, and responded differentially to these two types of enemies; (2) The local encounter probability has significant effect on the nest defense behavior of Oriental reed warblers to brood parasites and predators; (3) The Oriental reed warblers did not change their response to various threats in relation to nest stage, and showed sex-specific differences in host defense, with males being consistently more aggressive than females, and males showing less fine-tuning in the response to rufous cuckoo, sparrowhawk and spotted dove than females.
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Figure legends

Figure 1. Enemy-specific response in nest defense behavior of the Oriental reed warbler. a) aggressive response: 0—no aggression; 1—aggression; b) number of attacks. Bars represent means ±SE (errors bars).
Figure 2. Sex-specific variation in nest defense behavior of the Oriental reed warbler with the estimated mean of a) aggressive response: 0—no aggression; 1—aggression; b) number of attacks from the general linear mixed models after controlling for the effects from other potentially confounding factors (see Table 2). Bars represent means ±SE (errors bars).
Table 1. Comparison of sex differences in nest defense response of the Oriental reed warbler in Eastern China to various types of threats. Sample sizes of all dummy types is 60.
	Dummy type
	Number of nests with aggressive response (%)
	Number of nests with body attacks (%)

	
	Male
	Female
	Male
	Female

	Gray cuckoo
	49(81.7)
	46(76.7)
	49(81.7)
	41(68.3)

	Rufous cuckoo
	39(65.0)
	31(51.7)
	37(61.7)
	27(45.0)

	Sparrowhawk
	36(60.0)
	28(46.7)
	31(51.7)
	21(35.0)

	Magpie
	12(20.0)
	12(20.0)
	9(15.0)
	8(13.3)

	Spotted dove
	42(70.0)
	34(56.7)
	39(65.0)
	31(51.7)


Table 2. Parameter selection from general linear mixed models in nest defense behavior of the Oriental reed warbler in Eastern China. The significant parameters were estimated based on the final minimum adequate model that was achieved by using a sequential backward elimination procedure to remove the most non-significant predictors from the full model. The non-significant parameter estimations were based the model from a sequential backward elimination procedure just before the particular term (being the least significant) was removed. The statistically significant parameters with parameter estimates (including standard errors (SE) and confidence intervals (CI)) are denoted in bold text. The estimated parameters of the interaction between dummy and sex in two models is illustrated in Figure 2, and omitted from the table. Reference category for “dummy” is “dove”.
	Response
	Variable
	Estimated parameters (Mean±SE; CI)
	F stastic
	df
	p value

	Aggression
	dummy
	gray cuckoo
	1.17±0.36 (0.46~1.88)
	25.028
	4,594
	<0.0001

	
	
	rufous cuckoo
	 -0.32±0.33 (-0.96~0.32)
	
	
	

	
	
	sparrowhawk
	 -0.62±0.32 (-1.26~0.02)
	
	
	

	
	
	magpie
	-2.77±0.37 (-3.50~-2.05)
	
	
	

	
	sex
	male
	0.62±0.22 (0.20~1.05)
	8.244
	1,594
	0.004

	
	dummy*sex
	
	
	0.539
	4,590
	0.707

	
	order
	
	
	1.831
	4,586
	0.121

	
	neighbor
	
	
	1.908
	1,585
	0.168

	
	clutch size
	
	
	0.201
	1,584
	0.654

	
	nest stage
	
	
	0.137
	1,583
	0.712

	
	egg-laying date
	
	
	0.0001
	1,582
	0.987

	Attacks
	sex
	male
	0.80±0.08 (0.64~0.95)
	369.19
	1,585
	<0.0001

	
	dummy
	gray cuckoo
	0.95±0.08 (0.80~1.10)
	312.973
	4,585
	<0.0001

	
	
	rufous cuckoo
	0.31±0.08 (0.14~0.47)
	
	
	

	
	
	sparrowhawk
	-0.56±0.11 (-0.78~-0.35)
	
	
	

	
	
	magpie
	-1.69±0.16 (-2.00~-1.38)
	
	
	

	
	order
	
	-0.18±0.01 (-0.20~-0.16)
	73.686
	4,585
	<0.0001

	
	neighbor
	no neighbor
	-0.40±0.05 (-0.49~-0.30)
	32.496
	1,585
	<0.0001

	
	dummy*sex
	
	
	9.417
	4,585
	<0.0001

	
	clutch size
	
	
	3.007
	1,584
	0.083

	
	egg-laying date
	
	
	0.808
	1,583
	0.369

	
	nest stage
	
	
	0.001
	1,582
	0.973
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