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Abstract Predation risk on birds is often an important

source of natural selection that shapes parental care and

may promote behavioral changes. Parents can often esti-

mate certain risks and adjust their behavior to reduce the

likelihood of nest predation. The fragmentation of habitats

is one of the main consequences of loss of habitats, and in

general, for birds breeding in smaller patches, their daily

nest-survival rate is lower due to increased nest predation.

Since nest survival is an estimate of predation risk in the

environment, we evaluated the daily survival rate (DSR)

for nests of spectacled tyrants (Hymenops perspicillatus)

and parental care behavior on fragmented and unfrag-

mented grasslands. We conducted nest searching and

monitoring during the 2012–2013 breeding season in small

patches and in a continuous patch of grassland. In addition,

parental activity was recorded using video monitoring. We

found a lower DSR for the spectacled tyrant in fragmented

grasslands, associated with increased nest predation risk;

females showed a variation in parental care. This variation

was evidenced by larger incubation bouts and lower visi-

tation rate during the incubation period, and by a lower

food delivery rate to nestlings, compensated by larger prey

sizes. The results show that fragmentation not only reduces

the fitness of individuals and impacts adversely on popu-

lation, but individuals are also subjected to a strong

selection pressure, and their reproductive success may

depend to some extent on the ability of parents to estimate

at least certain predation risk and adjust their behavior in

this regard.

Keywords Nest predation risk � Behavioral changes �
Grassland bird � Nestling feeding rate � South America �
Tyrannidae

Zusammenfassung

Unterschiede in der Brutpflege beim Brillentyrann steht

in Verbindung mit einer erhöhten Nest-Prädationsrate

in fragmentiertem Grasland

Das Prädationsrisiko ist für Vögel eine wichtige Quelle

natürlicher Selektion, die die Brutpflege formt und zu

Verhaltensänderungen führen könnte. Oft können Eltern

bestimmte Risiken abschätzen und ihr Verhalten anpassen,

um die Wahrscheinlichkeit für Nest-Prädation zu reduzie-

ren. Die Fragmentierung von Habitaten ist die wesentliche

Folge von Habitatverlust, und generell ist für Vögel, die in

kleineren Habitatflecken brüten, die auf den Tag umge-

rechnete Überlebensrate eines Nests (daily survival rate,

DSR) aufgrund von höherer Nest-Prädation geringer. Weil

Nest-Überlebensraten ein Schätzer für das Prädationsrisiko

in der Umgebung sind, erhoben wir die DSR für Nester des

Brillentyrann (Hymenops perspicillatus) zusammen mit

Brutpflegeverhalten in fragmentiertem und unfragmentier-

tem Grasland. Wir führten Nestersuche und Nestmonito-

ring in der Brutsaison 2012–2013 für kleine Flecken und in

einem zusammenhängenden Stück Grasland durch.

Außerdem wurde das Brutpflegeverhalten mit Videomo-

nitoring aufgenommen. Wir fanden, dass der Brillentyrann

in fragmentiertem Grasland eine geringere DSR hatte, und
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die Weibchen zeigten in Verbindung mit dem erhöhten

Prädationsrisiko eine Änderung im Brutpflegeverhalten.

Diese Änderung zeigte sich in längeren Bebrütungsphasen

und verringerter Anzahl dieser Phasen, und in selteneren

Fütterungen, die aber durch größere verfütterte Beute

kompensiert wurden. Die Ergebnisse zeigen, dass Habitat-

Fragmentierung nicht nur die individuelle Fitness herab-

setzt und sich negativ auf die Population auswirkt, sondern

auch einen Selektionsdruck auf Individuen darstellt, indem

ihr Reproduktionserfolg teilweise davon abhängen könnte,

wie gut die Elterntiere zumindest bestimmte Prädationsri-

siken abschätzen und mit Verhaltensänderungen darauf

reagieren können.

Introduction

Nest predation is the primary cause of reproductive failure

for most birds, and thus, represents an important source of

natural selection (Ricklefs 1969; Martin 1995). Due to this,

birds have developed different strategies to protect the nest

and thus minimize predation risk. These strategies com-

prise diverse aspects such as crypsis, nest-site selection

(i.e., nesting in concealed places in order to avoid preda-

tor’s detection) (Martin and Roper 1988; Weidinger 2002;

Kearns and Rodewald 2013), passive defense (i.e., by

adjusting parental care behavior) (Weidinger 2002; Eggers

et al. 2005; Lima 2009), and ultimately, active nest defense

to deter predators (Martin 1992; Pietz and Granfors 2005;

Ellison and Ribic 2012).

Parental care is a behavior used by many taxa, including

fish, reptiles, birds, and mammals. Over 90 % of bird

species provide some kind of parental care (Kendeigh

1952), which essentially includes all those behaviors that

increase the survivorship of eggs or chicks (Wesołowski

1994). Temporal and spatial variation in predation risk is

thought to be one of the main selective forces to explain the

adaptive adjustment of parental care. Thus, parents may

recognize at least some predation risk cues in the envi-

ronment, and accordingly adjust their reproductive invest-

ment (e.g., egg size, clutch size) (Fontaine and Martin

2006; Zanette et al. 2011), accompanying this investment

with changes in nest attendance behavior, in order to avoid

or reduce predation risk (Eggers et al. 2005; Fontaine and

Martin 2006; Zanette et al. 2011). Birds use multiple

sources of environmental information associated with

predation in order to improve nest survival. Two types of

information sources have been identified: private infor-

mation, which is known to the individual only (e.g., their

own nesting history), and public information, which is

knowable to all (e.g., abundance of predators at a site;

Wagner and Danchin 2010); both of them can be incor-

porated, for example, in order to adopt changes in parental

care (e.g., Eggers et al. 2005; Fontaine and Martin 2006;

Peluc et al. 2008; Chalfoun and Martin 2010).

Food limitation is considered the other key factor that

may shape not only avian life history traits (e.g., clutch

size; Lack 1947; Martin 1987; Sofaer et al. 2013), but also

parental care behavior, since, for example, by decreasing

the amount of food in the environment, parents spend less

time in the nest, while the feeding rate of chicks decreases

(Lack 1947; Martin 1987, 1996; Conway and Martin 2000).

Conversely, an increase in food availability reverses these

behaviors, and in turn, nest predation rate decreases (Ward

and Kennedy 1996; Duncan Rastogi et al. 2006; Zanette

et al. 2006), by increasing nest defense activities (Martin

1987; Lima 1998; Nagy and Holmes 2005), such as nest

guarding, which can potentially deter predators (Arcese

and Smith 1988; Martin 1992; Ward and Kennedy 1996).

In addition, parental care is under high selective pres-

sure, which involves a balance between preventing star-

vation and ensuring the proper development of nestlings

(Naef-Daenzer and Keller 1999; Tremblay et al. 2003), and

avoiding attracting predators to the nest due to the con-

spicuousness of the parents during nest attendance (Skutch

1949; Martin et al. 2000a). Consequently, selection should

have favored the evolution of behaviors to reduce nest

detectability by visual predators. During the incubation

period, the main activities for birds are the incubation of

eggs, provision of food to incubating females from their

mates, or females leaving the nest to forage for themselves.

In this sense, for species in which only females incubate,

the most efficient behaviors in terms of reducing

detectability by predators are that the females increase the

incubation bout lengths to reduce the activity at the nest

(e.g., Conway and Martin 2000; Ferretti et al. 2005; Fon-

taine and Martin 2006; but see Zanette et al. 2011), and that

males decrease provision of food to incubating females

(Ghalambor and Martin 2002; Fontaine and Martin 2006).

During the nestling period, the main activity of the parents

is to provide food, remove fecal sacs and keep the nest in

good clean condition. In this case, the possibility of

avoiding predator detectability is related to the reduction of

foraging trips (Eggers et al. 2005; Zanette et al. 2011;

Ghalambor et al. 2013), but this would result in a lower

supply of food to the nestlings, limiting energy toward

chick growth, at last producing lower weight brood (Zan-

ette et al. 2011). One way to compensate for this dilemma,

at least in part, is to provide the nestlings with larger and/or

higher quality food, which would reduce the rate of visits

to the nest without being detrimental to final chick growth

(Martin 1996; Martin et al. 2000b).

One of the main disturbances associated with natural

habitat loss is fragmentation, which involves the generation

of patches immersed in landscape matrices of some land

use (Andrén 1994). Fragmentation may lead to a higher
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rate of population decrease than that predicted from habitat

loss alone (Wilcove 1985; Andrén 1994). One of the main

detrimental drivers due to fragmentation is the ‘‘edge

effect’’, which in the case of birds may result in an

increased nest predation risk near edges (Donovan et al.

1997; Winter et al. 2000; Batáry and Báldi 2004, but see

Lahti 2001). Increased nest predation at habitat edges may

result from increased density, activity or species richness of

predators at edges (Chalfoun et al. 2002), combined with

increased detectability of nests at edges (Winter et al. 2000;

Bollinger and Gavin 2004).

The aims of this study were to assess the daily nest-

survival rate of the spectacled tyrant (Hymenops perspi-

cillatus), which provides a robust estimate of the nest

predation risk in the environment (e.g., Ghalambor and

Martin 2001; Chalfoun and Martin 2010; Ghalambor et al.

2013), and to assess whether there is a variation in parental

care in the spectacled tyrant associated with grassland

fragmentation. Specifically, we focused on the effect of

nest predation because during two breeding seasons prior to

this study, we recorded a high nest predation pressure in

small patches of grassland, which significantly manifested

with a smaller nesting success of spectacled tyrants in

small patches of grassland than in unfragmented grasslands

(Pretelli 2015). In addition, we knew that the spectacled

tyrant has high nest-site fidelity (see ‘‘Methods’’). In this

context, and assuming that parental care may be modulated

by the predation risk, and that predation would be higher in

fragmented habitats than in non-fragmented ones, we pre-

dict that, in fragmented grasslands, parental care behaviors

will be related to decrease nest detection by predators.

Methods

Study area and species

The study was conducted in the southeast Pampas region,

Buenos Aires Province, Argentina (Cabrera 1976). This

region has suffered a huge landscape transformation due to

the suitability of soils for agricultural development (Viglizzo

et al. 2001; Paruelo et al. 2005). However, in the east of this

province, native grasslands are still well represented,

because wet conditions and saline soils discourage agricul-

tural development (León et al. 1984; Viglizzo et al. 2001).

Cortaderia selloana grasslands are one of the most abundant

native tall grasslands. They are extensively distributed

within nature reserves (Bilenca and Miñarro 2004), and also

occur in the form of small grassland patches immersed in a

landscape matrix of different land uses (Pretelli et al. 2013).

The landscape that dominates the study area is an agricul-

tural matrix addressed mainly to cattle grazing (80 %), while

cropping and cultivation occupy\10 % of the area (León

et al. 1984; Baldi et al. 2006).

The spectacled tyrant (*20 g) is a member of the

Tyrannidae family that inhabits open lands, grassy areas

near water bodies, marshes, and fields and pastures (Fitz-

patrick 2004). The spectacled tyrant is distributed from

southern Argentina to Paraguay, central Bolivia, Uruguay

and southern Brazil (Fitzpatrick 2004). In our study area,

this species is present in spring and summer (Pretelli et al.

2013), and uses almost exclusively C. selloana grassland to

nest from mid-October to late January (Pretelli and Isacch

2013). Spectacled tyrants show high breeding-site fidelity,

and normally after nesting attempts (successful or not),

females re-nest in the same area both within the breeding

season and in consecutive breeding seasons (Mattos et al.

2011). They build open-cup nests, modal clutch size is two

eggs, and nestlings hatch after 16 days of incubation and

fledge 14 days after hatching (Pretelli and Isacch 2013).

The spectacled tyrant shows a marked sexual dichroma-

tism, given that male has black plumage contrasted with

white primary feathers, while the female is less conspicu-

ous being a dark brown and rufous color (Fitzpatrick 2004).

Sampling design

To assess the effect of grassland fragmentation on parental

care behavior in the spectacled tyrant, we selected a large

unfragmented patch of C. selloana (*900 ha) within the

Mar Chiquita Biosphere Reserve (37�400S, 57�230W)

(hereafter ‘‘reserve’’). Moreover, two small patches of

C. selloana growing in field margins along secondary

unpaved roads (hereafter ‘‘patches’’) were selected. During

the sampling period, patches were surrounded by fields

dedicated mainly to livestock production. Patches and

reserve grasslands were not grazed by cattle or subjected to

any other use. Since patch shape could modulate the access

of predators to the nests, and modify edge effects (Lahti

2001), we selected rectangular shape patches with similar

area (1.2 and 1.8 ha) and perimeter-to-area ratios (4.5 and

5.5 m-1). The area and perimeter of each patch was

determined by using an on-line tool (http://www.free

maptools.com/area-calculator.htm). The study site was

covered by a high resolution image from Google Earth

(date: 1 July 2012) in which previously geopositioned

patches were easily recognized.

Nest location and monitoring

We systematically searched for spectacled tyrant nests in

patches and the reserve from the beginning of October

2012 to the beginning of January 2013. Nests were located

using behavioral cues of adults and by systematic search
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(Martin and Geupel 1993). In the reserve, we searched for

nests in a 100-ha permanent plot located[1.5 km from the

reserve’s edge. Once found, we recorded GPS nest loca-

tions and marked the nest area with plastic tape to facilitate

subsequent monitoring. Nests were visited at intervals of

3–5 days following standard procedures to avoid attracting

predators to nests (Martin and Geupel 1993). Nests were

checked until they were abandoned, depredated, or pro-

duced fledglings. At each visit, we recorded egg or chick

loss and the presence of adults near the nest. The continued

presence of eggs following the estimated date of hatching

and/or the absence of parents was the criteria used to

consider a nest abandoned. We considered a nest to have

been depredated when the complete clutch disappeared

between two subsequent visits, or when the chicks disap-

peared from their nests before they were old enough to

fledge. We considered a nest successful if one or more

chicks fledged. C. selloana grassland is typically host to a

diversity of potential nest predators, including raptors (e.g.,

Milvago chimango, Circus buffoni) and passerines (e.g.,

Pitangus sulphuratus, Embernagra platensis, Phacel-

lodomus striaticollis), mammals like opossums (Monodel-

phis dimidiata and Didelphis albiventris), skunks

(Conepatus chinga), foxes (Lycalopex gymnocercus), feral

cats (Oncifelis geoffroyi), lesser grisons (Galictis cuja), and

small mammals (e.g., Oxymycterus rufus) and reptiles

(Canepuccia et al. 2008; Baladrón et al. 2012; Cardoni

et al. 2012; Pretelli et al. 2013; M. Pretelli, personal

observation).

Video monitoring

Parental activity during incubation and nestling periods

was recorded using small digital cameras (Mini-DV 200) at

the nest. This type of camera (8 9 3 9 1 cm in length,

width and height, respectively) gives the possibility to film

hidden nests within tussocks of grass without the need to

substantially modify the conditions and structure of the

plant. We installed cameras between 0800 and 0900 h

(local time), and recorded all the activity in the nest for 4 h,

always during days without rain or strong winds. This

approach standardized for time of day, duration of mea-

surements, and weather conditions. Furthermore, for sta-

tistical analysis, we only used those nests where the female

(female-only care, see ‘‘Results’’) showed a confident

behavior in front of the camera, which consisted of a

relaxed and correct incubation posture, accompanied by

preening. Some nests were filmed in more than one stage

(i.e., incubation, nestling); however, only once within each

stage. For nests found after hatching of nestlings, they were

aged through body weight and using digital balances (ac-

curate to ±0.1 g) (M. Pretelli, unpublished data). Since the

age estimate from weight only may not be very precise, we

assigned the age of the chicks into two age ranges (see

below). Videotapes were scored in the laboratory for length

of incubation bouts and inter-bout intervals, and parental

visitation rates during incubation and nestling periods.

Nests were filmed between 7 and 12 days of incubation

after clutch completion to control for any potential age

effects. Parental activity during the nestling stage was

measured in two age groups: when chicks were 2–4 days of

age (hereafter ‘‘young nestlings’’) and when chicks were

8–11 days of age (hereafter ‘‘old nestlings’’). In this period

videotapes were scored for the following behaviors: the

rate at which females fed the nestling (visits/h per nestling)

and the rate at which females removed fecal sacs (number

of fecal sacs/h per nestling). Moreover, we recorded the

prey size when old nestlings were fed. The prey size [as

total length (TL)] was estimated relative to the bill-length

of the spectacled tyrant (mean bill-length: 15 mm; M.

Pretelli, unpublished data) in the following size-classes: (1)

TL B 8 mm; (2) 8 mm\TL C 15 mm; and (3)

TL[ 15 mm. In order to prevent the effects of seasonal

variation on the contribution of prey in only one site

(Cavalli et al. 2014; Pretelli et al. 2014), nests were

simultaneously filmed throughout the breeding season at

both sites.

Statistical analysis

We estimated the nest predation risk in the environment

for each site using the daily survival rate (DSR) estimator

available in program MARK (White and Burnham 1999).

Since the frequency of successful nests did not differ

between small patches (Chi squared test: v2
1 = 1.29,

p = 0.255), we pooled patches for comparison with the

reserve. In addition, because we did not record a signifi-

cant change in nest survival with age (Pretelli 2015), we

estimated the DSR of a nest for the whole nesting cycle.

Post hoc comparison of DSR between the patches and the

reserve was done using the program CONTRAST (Hines

and Sauer 1989). This program uses a Chi square-ap-

proach that is analogous to ANOVA in order to control for

experiment-wise error and adjust for Type I errors (Hines

and Sauer 1989). Values of DSR are presented as

mean ±1 SE in order to make them comparable with

other studies.

We were able to determine clutch-initiation dates for

nests found during construction and egg-laying (N = 14

nests). Clutch-initiation dates were assigned by backdating

from hatching dates (N = 30 nests) for nests found during

incubation, and, for nests found after hatching (N = 12

nests), by using nestling weights (M. Pretelli, unpublished

data). For 17 nests that failed during incubation, we esti-

mated clutch-initiation dates (±1–5 days) by assuming that

the observed period was halfway between the end of laying
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(nest age 2) and hatching (nest age 17; i.e., if a nest was

observed for 4 days, we considered that it was observed

between nest ages 8 and 11; if it was observed for 6 days,

we considered that it was observed between nest ages 7 and

12). We standardized the observation period for each

nesting attempt by setting a maximum length of 31 days

(17 days for the egg-laying and incubation stages, and

14 days for the nestling stage; Pretelli and Isacch 2013).

Observation periods started either the day the first egg was

laid (for nests found during construction) or the day a nest

was found.

To assess differences between the patches and the

reserve in duration of incubation bout and inter-bout

interval, we used single generalized linear mixed models

(GLMM) with a gamma error structure and power (-1)

link function (Crawley 2007). Since only the female

incubates the eggs, its identity was included as a random

term to account for non-independence of data. Model fit

was visually assessed by inspecting plots of standardized

deviance residuals for each model. We assessed goodness-

of-fit for each model and estimated the variance inflation

factor (ĉ) as residual deviance divided by degrees of free-

dom (Crawley 2007). We fitted GLMMs using the

glmmPQL function of the MASS package in R software

3.0.1 (R Development Core Team 2013).

We used a Student’s t test to evaluate the null hypothesis

of no difference in the latency of female returning to the

nest after placing the camera. This would be an indicator of

female wariness by prior experience in front of predators.

For nests that were filmed more than once, the values were

averaged. The number of nests filmed more than once, and

the number of nests per nest stage (i.e., egg, young or old

nestlings) was evenly distributed between the patches and

the reserve (see ‘‘Results’’) in order to avoid potential

biases (Knight and Temple 1986; Montgomerie and

Weatherhead 1988). In addition, we used the same test to

evaluate the null hypothesis of no difference in female

visitation rates during incubation between the patches and

the reserve (Zar 1999). Furthermore, Mann–Whitney

U tests were used to evaluate the null hypothesis of no

difference in parental care (i.e., rate at which females fed

the nestlings and removed fecal sacs) between the patches

and the reserve (Zar 1999). To test for the differences

between frequency distribution among different prey sizes

brought to the nest by females in the patches and in the

reserve, we used a Chi square test (Zar 1999). Additionally,

we compared the proportion of different prey sizes that

females brought to the nest between the patches and the

reserve using the Z test for proportions (Siegel 1985). All

analyses were carried out using R software 3.0.1 (R

Development Core Team 2013). The level of significance

in all tests was set to p\ 0.05. Values are reported as

mean ±1 SD.

Results

Nest survival

A total of 56 spectacled tyrant nests were monitored during the

breeding season, 30 in patches and 26 in the reserve. We

monitored nests at patches over 84 days (12 October–3 Jan-

uary) for a total of 247 exposure days, during which 11 nests

were successful and 19 were depredated. In the reserve, we

monitored nests over 56 days (24 October–17 December) for

a total of 353 exposure days, with 14 successful nests and 12

depredated. No abandoned nests were recorded. The DSR at

patches was 0.933 (SE 0.015;N = 30 nests) and at the reserve

was 0.968 (SE 0.009;N = 26 nests). Post hoc comparisons of

site-specific DSR show differences between the patches and

the reserve (Chi square test: v2
1 = 4.14, p\ 0.041).

Parental care

A total of 31 nests were filmed (13 in patches and 18 at the

reserve). In the patches, nine nests were filmed during

incubation and ten during nestling period. Of the 13 nests

in patches, three nests were filmed three times, two nests

twice and eight nests only once. In the reserve, 12 nests

were filmed during incubation and 14 during nestling

period. Of the 18 nests at the reserve, three nests were

filmed three times, two nests twice and 13 nests only once.

During incubation, the following were filmed: five nests in

October (two in patches and three at the reserve), ten in

November (four in patches and six at the reserve) and six in

December (three in patches and three at the reserve).

During the nestling period, the following were filmed: 11

nests in November (six in patches and five at the reserve),

14 in December (six in patches and eight at the reserve),

and six in January (four in patches and two at the reserve).

On average, females became accustomed to the camera

significantly sooner in the reserve (09:01 m:s, SD

04:41 m:s, N = 12 nests) than in the patches (19:04 m:s,

SD 15:10 m:s, N = 13 nests) (t = 2.21, df = 23,

p = 0.037). In addition, four females showed rejection to

the camera in the patches. Parental care was the exclusive

concern of females, which were in charge of building the

nest, incubating the eggs and broods, and feeding and

cleaning the chicks. Males were never seen at the nest.

Females in the patches had larger incubation bouts than

at the reserve (GLMM: t = -3.14, df = 19, p = 0.005;

see Fig. 1a). However, inter-bout intervals were similar
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between patches and reserve (GLMM: t = -0.02, df = 19,

p = 0.983; see Fig. 1b). Consequently, female visitation

rate during incubation was greater in the reserve than in the

patches (t = 2.69, df = 19, p = 0.014; see Fig. 2). In the

patches, females spent on average 61 ± 13 % (N = 9

nests) of their time in the nest, and in the reserve they spent

45 ± 12 % (N = 12 nests).

In the patches, during the nesting period with young

nestlings, females spent on average 33 ± 21 % (N = 7

nests) of their time in the nest, and in the reserve they spent

43.2 ± 12 % (N = 6 nests). The rate at which females fed

young nestlings was similar at both sites (Mann–Whitney

U test: U = 17.00, p = 0.628, N = 13, see Fig. 3). In the

patches, during the nesting period with old nestlings,

females spent relatively less time in the nest, and it was on

average 7.6 ± 7 % (N = 8 nests) of their time, while it

was 7.9 ± 3 % (N = 8 nests) in the reserve. However, old

nestlings were fed significantly less frequently in patches

than in the reserve (U = 12.00, p = 0.038, N = 16, see

Fig. 3). The rates at which females removed fecal sacs

were similar both for young nestlings (U = 10.00,

p = 0.909, N = 10) and for old nestlings (U = 21.00,

p = 0.247, N = 16) in both sites (Fig. 4).

We identified 479 prey items by size, 206 of which were

in patches (N = 8 nests) and 273 of which were in the

reserve (N = 8 nests). The distribution of different prey

sizes that the female brought to the nest in the patches and

in the reserve were significantly different at both sites

(v2
2 = 20.72; p\ 0.001; v2

2 = 32.18; p\ 0.001; respec-

tively) (Fig. 5). In the reserve, prey of size 1 was consumed

more than in the patches (Zsize1 = 2.72, p = 0.006); on the

contrary, prey of size 2 was consumed more in patches than

in the reserve (Zsize2 = 0.16, p = 0.002). In both sites, prey

of size 3 was equally consumed (Zsize3 = 3.08, p = 0.871)

(Fig. 5).
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Fig. 1 Duration of incubation bouts (i.e., length of time, in minutes,

that a female sits on the nest in a given bout) (a), and duration of

inter-bout intervals (i.e., length of time, in minutes, a female is off the
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Discussion

Our results indicated that the DSR of the spectacled tyrant

was lower in grassland fragments than in continuous

grasslands, and the only detected driver of nest loss was

predation. Then, we assumed that predation would be an

important driver of the variation in parental care recorded

throughout its nesting cycle between grasslands. This

change was evidenced by larger incubation bouts and a

lower visitation rate during the incubation period, and by a

lower food delivery to nestlings compensated by larger

prey sizes, all of them in patches as compared with con-

tinuous grasslands. The variation in parental care agrees

with our prediction, and reflects the behavioral changes that

can manifest in a species under different predation risk

scenarios, and would respond to the need to adopt an elu-

sive behavior to decrease the probability of being predated.

We found that the spectacled tyrant showed a lower

DSR in small agricultural patches than in continuous

grasslands, thus suggesting that nesting in fragmented

habitats implies a higher predation risk for this species

(Ghalambor and Martin 2001; Ghalambor et al. 2013). This

pattern coincides with previous reports, which have shown

that individuals that nest in small grassland patches are

exposed to high nest predation risk (Johnson and Temple

1990; Herkert et al. 2003; Pretelli et al. 2015; but see Walk

et al. 2010), and consider this factor as one of the main

effects of habitat fragmentation (Pretelli et al. 2015).

Based on the observed results (i.e., difference in the

DSR and variation in parental care between fragmented

and continuous grasslands), and considering the nest-site

fidelity of the spectacled tyrant (Mattos et al. 2011), we

assume that this species would largely use its own nesting

experience (i.e., private information) acquired in the same

or previous seasons. An evidence of behavior modulated by

private information may come from the level of tolerance

to video cameras, as an indicator of prevention against

predators. We observed that individuals nesting in the

patches showed a higher avoidance for cameras than in the

reserve. In addition, we also know that rodents are

responsible for most nest predation events in the same

study area (Cardoni et al. 2012; M. Pretelli, unpublished

data), and while nest-predator assemblages may be little

diverse, we do not know how predictable the abundance of

rodents in the environment can be. In sites where the

environmental nest-predation risk is unpredictable, public

information loses its relevance over the use of private

information (Chalfoun and Martin 2010).

Spectacled tyrants breeding in C. selloana grasslands

showed differences in parental care between patches and

the reserve throughout the nesting cycle. During the incu-

bation stage, this behavioral difference was evidenced by

an increase in nest attentiveness in sites where the preda-

tion risk was higher (i.e., patches), where females invested

in larger incubation bouts in comparison to those of con-

tinuous grasslands. However, we did not find differences in

the duration of inter-bout intervals between sites, which

resulted in a lower nest visitation rate in fragmented

grasslands, and, ultimately, reduced conspicuousness of the

female. This variation in parental care coincides with pat-

terns found in previous studies, which found that females

may increase the duration of incubation bouts in order to

reduce nest activity in response to high levels of nest
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predation risk (e.g., Ferretti et al. 2005; Fontaine and

Martin 2006; Kleindorfer 2007; Massaro et al. 2008). It is

interesting to note that this pattern is not restricted to

particular species or habitats, since it has been observed in

different species, locations and geographic areas (Conway

and Martin 2000).

Differences in parental care behavior between habitats

also occurred during the nestling period, and were evi-

denced by a decrease of parental visitation rates to feed old

nestlings in fragmented grasslands. This response was

consistent with previous studies that showed how parent

birds assess nest predation risk in the environment and

adjust their reproductive strategies by decreasing the

feeding rate of nestlings under high nest predation risk

(Martin et al. 2000a; Eggers et al. 2005; Fontaine and

Martin 2006; Zanette et al. 2011). Reduced rates of visiting

the nest to feed offspring might constrain energy for

growth and adversely affect physiological processes

(Kempster et al. 2007) together with brain development

(MacDonald et al. 2006), with negative impact

on the survival of juveniles. A strategy to compensate for

reduced feeding visitation rates would be increasing the

size of food loads brought to the nest on each visit (Skutch

1949; Martin 1996; Martin et al. 2000b). Our study system

was in agreement with that strategy, since reduced feeding

visitation rate of the spectacled tyrant in patches was

accompanied by larger prey items brought to nestlings, thus

compensating for the lower contribution of prey to the nest

by an increase in the prey sizes (Skutch 1949). An alter-

native explanation to the observed pattern may be that

larger prey items are more abundant in the patches than in

the reserve. Nevertheless, Cavalli et al. (2014), studying

abundance of insects in similar habitats within the study

area and at the same time of year, found that orthopterans

(prey size 3; Pretelli et al. 2014) were relatively more

abundant in agricultural landscapes than in native grass-

lands, being equally consumed by spectacled tyrants in our

study, while lepidopterans (mostly prey size 2; Pretelli

et al. 2014), were more abundant in continuous grasslands

than in agricultural landscapes, but were more consumed in

patches than in the reserve. These results would not support

the possibility that the difference in the availability of

insects between habitats is the cause of the behavioral

difference of parental care.

The grassland fragmentation by agriculture generates

patches of relatively lower quality in terms of the higher

risk of nest predation as compared with continuous grass-

lands. This causes adverse demographic effects at the

population level by decreasing the reproductive perfor-

mance of spectacled tyrants. As a consequence of that, a

strong selection pressure on individuals nesting in agro

patches would be expected. The use of private information

by spectacled tyrants would be a strategy to counterbalance

nest-predation risk and ultimately increase nest survival

through fragmented grasslands.

Acknowledgments This paper benefitted from the comments of two

anonymous reviewers. We thank Diego Metzadour for the language

editing. The research received financial support from Neotropical

Grassland Conservancy (NGC), Beca ‘‘Conservar la Argentina’’

(Aves Argentinas), Universidad Nacional de Mar del Plata, and

Agencia de Promoción Cientı́fica y Tecnológica (PICT 12-461). MGP

was supported by a doctoral scholarship from CONICET.

References

Andrén H (1994) Effects of habitat fragmentation on birds and

mammals in landscapes with different proportions of suit-

able habitat: a review. Oikos 71:355–366

Arcese P, Smith JNM (1988) Effects of population density and

supplemental food on reproduction in song sparrows. J Anim

Ecol 57:119–136
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