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Although the dynamics of predator-prey have fascinated scientists for several decades, factors influencing behavioral responses to 

predation risk remain relatively unknown. With ongoing environmental change, two key issues that may alter perceived risk by prey 

are the presence of non-native predators and if (and how) urban environments may alter perceived risk. We tested the tufted titmouse 

(Baeolophus bicolor) reactions toward similar sounding but non-native predator calls, as well as how they would react to differences 

in predation risk in urban and rural environments. Predator calls of two local and nonlocal species were broadcasted to titmice in both 

urban and natural areas and their behaviors recorded. Latency to approach and minimum distance were the two variables that produced 

significant results, showing that the titmice would generally come in closer and more quickly in rural areas. We found that titmice 

altered their behaviors in response to different predators and effects varied in rural and urban environments.  

 

INTRODUCTION 

Predation can affect the fitness of organisms by both 

consumptive and non-consumptive aspects. Aside from 

direct consumption of an individual, the habitat choice, 

foraging behavior, social behavior, reproductive effort, and 

other behavioral characteristics may be altered in 

accordance to predation risk. Prey species’ alterations of 

behavior due to the perception of predation risk can result 

in adverse effects on fitness (Parsons and Blumstein 2010, 

Travers et al. 2010, and Large et al. 2011). Many prey 

species have modified their behavior in accordance to 

predator-specific cues (Ghalambor and Martin 2001, 

Rainey 2004, Orrock et al. 2004, Apfelbach 2005).  

While prey can alter their behavior in response to 

predation risk, the introduction of non-native predators 

poses a formidable problem for native prey species (Case 

1996). Non-indigenous predators are becoming more 

frequent due to urbanization and shifting biogeographical 

ranges (Case 1996, Williamson, M 1996, Vitousek 1997). 

Native prey may not immediately percieve a predation 

threat from foreign predator species, resulting in increased 

population vulnerability of prey. It is unclear how these 

novel predator species will affect prey behavior and how 

they will react behaviorally to new predation pressures.  

The urban to rural gradient of landscapes can also have 

implications on the behaviors of prey species (Chace and 

Walsh 2006, Marzluff and Neatherlin 2006, Bodey et al. 

2011). As an effect of increasing urbanization, more non-

native species are being introduced into urban areas, 

proliferating in these human-dominated habitats 

(McKinney 2006). Urbanization can lead to an increase in 

several types of predators, such as some raptor species 

(Chace and Walsh 2006, Stout and Rosenfield 2010), 

which could influence predation risk for prey living in 

increasingly urban environments. For example, fitness of 

avian species in urban areas is directly related to predator 

occupancy (Chace and Walsh 2006).  

We performed a field experiment to test if nonnative 

predators have adverse effects on the behavior of the tufted 

titmouse (Baeolophus bicolor), as well as how urbanization 

may affect behavior. Non-native versus local predator calls 

may affect how the titmice respond behaviorally. The 

degree of human occupation may also affect the detection 

and behavioral response to these calls due to surrounding 

noise, differences in canopy and matrix structure, and 

potential differences in predator density in urban 

environments. These factors may affect behavior because 

of their unnatural origin and relatively recent appearance in 

evolutionary time (Chace and Walsh 2006). We expect the 

titmouse not to respond as strongly to the foreign predator 

calls as the native predator calls because they have not 

evolved with nonnative predators and would not as easily 

identify those calls as a threat. For the effect of 

urbanization, we expect that the titmice will be more wary 

in the natural environment because they would be more 

habitualized to foreign noises in an urban area.  

METHODS 

Study Area 

This study was done in neighborhoods around 

Gainesville, Florida and at the Ordway-Swisher Biological 

Station located in Melrose, Florida. These areas consist 

mostly of live oak (Quercus virginiana) hammocks, pine 

flatwoods, and riparian areas.  
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Focal Species 

Tufted titmice are a passerine species, and in northern 

Florida are found most commonly in the hardwood 

hammock habitat (Langham et al. 2006). The most 

common avian predators of this species include Eastern 

Screech Owls (Otus asio) and Cooper’s hawks (Accipiter 

cooperii). The tufted titmouse has very pronounced 

reactions to threats posed by predators and therefore is an 

ideal candidate for the study of predator-prey interaction 

and the effects of urbanization on prey species. This 

species uses a mobbing behavior for protection from 

predators (Sieving et al. 2010). Detection of a predator may 

result in mobbing, in which the predator is chased away by 

all individuals, thus protecting the family unit.  

Experimental Design 

I conducted a field experiment to test the effects of 

native and non-native predator cues on behavioral 

responses of titmice in urban and rural environments. I 

manipulated predator cues of avian predators using a 

playback experiment (Rainey et al. 2003, Templeton et al. 

2005, Templeton and Greene 2007, Sieving et al. 2010). 

Playback experiments are effective designs for 

understanding the role of predation risk because they 

mimic examples of predation situations by broadcasting 

calls that prey species may encounter and allow the 

researcher to observe prey behavior.  

I collected calls of local frog species (Acris gryllus, 

Anaxyrus terrestris, Gastrophryne carolinensis, Hyla 

andersonii, Hyla cinerea, Hyla femoralis, Hyla gratiosa, 

and Hyla squirella), Western Screech Owls (Megascops 

kennicottii), Eastern Screech Owls (Otus asio), Cooper’s 

Hawks (Accipiter cooperii), and Northern Goshawks 

(Accipiter gentilis). For each species, I collected multiple 

examples of calls from various sources so that I could 

determine if one call had varying effects on prey behavior 

(Kroodsma 2001). I assigned playlists to be played 

randomly during each trial. The order of the playlist of the 

predator (treatment) and frog (control) calls were also 

randomly assigned. The playlists were set up as follows: 30 

seconds silence, 30 seconds treatment/control, 1 minute 

silence, 2 minutes buffer silence, 30 seconds 

treatment/control, 1 minute silence. I took verbal notes in 

the first 30 seconds of silence, the 30 seconds of 

treatment/control, and the 1 minute silences. The 2 minutes 

buffer silence between the first and second calls was to 

reduce carryover reaction from the first call (cf. Martin et 

al. 1996, Martin and Martin 2001).  

The experimental calls were produced through a speaker 

with a 5 meter long wire hooked up to an MP3 player. I 

would recognize an individual in either a wilderness area 

(The Ordway-Swisher Biological Station) or 

suburban/urban environment (neighborhoods around 

Gainesville). I took verbal notes on a voice recorder of the 

number of calls, the number of psh calls, the number of 

peter calls, the number of call types, the number of flights, 

and the latency to approach the speaker. Titmice psh calls 

are used when they are mobbing a predator and help to 

draw in other passerines to force the predator to flee 

(Langham et al. 2006). If this call were used during a 

playback, it may be due to the individual’s perception of 

risk toward that call. Peter calls are the song call of the 

species and may be used to assert territories or call to 

mates. If this call were made during a playback, it would 

suggest that the individual did not assess the playback as a 

risk (Sieving et al. 2010). To ensure independence among 

replicate trials, all trials were > 100m apart. I conducted 

160 trials at both the Ordway-Swisher Biological Station 

and in neighborhoods around Gainesville (80 trials for each 

habitat type).  

Analysis 

I used repeated measures analysis of variance to test for 

the effects of treatment, urban versus rural environment 

(hereafter referred to as location), and their interaction on 

the six component behaviors described above. I initially 

checked if these behaviors measured were highly 

correlated with each other but found no evidence for strong 

correlations (r < 0.4), so I tested each behavior separately. 

This experimental design can be considered a cross-over 

design due to the sequential nature of treatments and 

controls within a trial. I tested for potential cross-over 

effects in the experiment, following Littell et al. (2006), 

and considered measurements within trials as repeated 

measures.  

RESULTS 

None of the six variables tested varied greatly enough 

from the control value to be considered statistically 

significant. For all of the variables, F-value <1.91 and 

P>0.09. 

DISCUSSION 

Percieved predation risk directly relates to behavioral 

responses and results in changes in choices of habitat, 

foraging, and reproductive effort (Ghalambor and Martin 

2001, Orrock et al. 2004). I observed varying responses of 

titmice to different predator cues, however, none were 

considered statistically significant. 

The hypothesis that native predator calls (Eastern 

Screech Owl and Cooper’s hawk) would elicite more of a 

response than the non-native predator calls (Western 

Screech Owl and Northern Goshawk), was not supported 

by the statistical evidence. This occurance could be 

explained by the timing of the experiment. Avey (2011) 

found that black-capped chickadees’ calls varied according 

to season, and that one call type occurred more often in 

spring, the breeding season. The titmice calls that I 
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witnessed were observed during the breeding season, and 

the birds could have been expending more energy on 

defending territories than searching for predators. If the 

experiment occurred during the non-breeding season, 

results may have been more significant. More interest in 

breeding would lead to similar reactions to both native and 

non-native predator calls. Parsons and Blumstein (2010) 

studied effects of novel predator cues on small mammals 

and found that the mammals had similar avoidance 

responses to both foreign and native cues. According to Sih 

et al. (2010), invading predators have a “novelty 

advantage” when it comes to the naivety of native prey 

species, and community similarities may increase this 

advantage. This may suggest that passerine prey species 

may be at higher risk to foreign predators due to the 

similarities in communities selected by passerines and due 

to differences seen in the reactions of mammal prey species 

and passerine prey species to novel predator cues. More 

research should be conducted in order to more effectively 

determine behavioral effects of non-native predators on 

tufted titmice.  

The location effect was also not significant because there 

were only two examples of each area type (one urban area 

and one rural area). To actually determine a significant 

effect, multiple rural and urban areas would need to be 

studied. However, abundance of bird species in urban areas 

has been shown to generally improve with a decrease in 

urban infrastructure, an increase in old-growth trees, and an 

increase in the use of native shrubs in landscaping (Ortega-

Alvarez and MacGregor-Fors 2010). This could mean that 

predation risk (perceived and actual) is higher in urban 

areas, and birds may stay further away from any sign of a 

predator.  

All vocal responses also had mostly inconclusive results. 

Though we expected to observe the greatest reaction rate in 

the vocal response, we could have not accounted for 

impacts of the family group (such as dominance) or 

environmental factors. The vocal behaviors exhibited by 

titmice could be used mostly when the risk is visually 

recognized. Titmice may hear a predator, move in to assess 

the risk, and then after recognizing the predator visually, 

use auditory calls to drawn in other members to mob the 

predator.  

Lack of significant effects could also be explained by the 

lack of data or faulty research design. The number of trials 

conducted resulted in nearly, but not quite significant 

results. If I had conducted more trials for each playlist, 

predator type, and habitat type, I may have seen more 

significance in the results. The playlist design also may 

have been too short or long to obtain appropriate 

behavioral responses. My presence also may have affected 

the bird’s responses, especially in the rural areas because 

these individuals would not be as accustomed to humans as 

birds in urban environments.  

The results obtained cannot be used for management 

implications for all passerine species and can only be 

directly applied to tufted titmice in Northern Florida. There 

may be some continuations of this study that would help to 

solidify these results and provide more information on 

predator-prey interactions and behavior of species in urban 

vs. rural environments. If in addition to the auditory cue a 

visual cue were added to this experiment, it could be 

determined if titmice use alarm calls more often for the 

visual representation of a predator. This study could also be 

expanded to include more urban and rural areas to ensure 

that the effects seen here can be applied to a broader 

region. More species may also be included to determine 

differences in reactions to risk posed by avian predators. 

Another direction for this study may include the use of 

more predators, including depredating predators such as 

corvids, snakes, and mammals.  

Predator-prey interactions and urbanization are of great 

interest to ecologists because of their influences on 

multiple aspects of prey behavior. In this study, we saw 

that tufted titmice will respond differently to the similar 

auditory cues of native and non-native predators and also 

have varying responses to predators in urban and rural 

areas. These results may have implications for the 

management of urban areas and the introduction of novel 

predators to native prey ranges. Urban areas may be 

managed to provide enough cover for prey species, and 

prey species may not initially assess the risk level of novel 

predators, which may have its own implications in the 

ever-changing ranges of species.  

ACKNOWLEDGMENTS 

I would like to acknowledge and thank Irina Skinner, the 

University Scholars Program, and the Ordway Swisher 

Biological Station for making this project a possibility. 

 

 

 

 

 

 

 

LITERATURE CITED 

Apfelbach, R., C. D. Blanchard, R. J. Blanchard, R. A. Hayes, and I. S. 
McGregor. 2005. The effects of predator odors in mammalian prey species: A 

review of field and laboratory studies. Neuroscience and Biobehavioral 

Reviews 29:1123-1144. 

Artuso, C. 2009. Breeding and population density of the Eastern Screech Owl 

Megascops asio at the northern periphery of its range. Ardea 97:525-533. 

Avey, M. T., A. Rodriguez, and C. B. Sturdy. 2011. Seasonal variation of vocal 

behaviour in a temperate songbird: Assessing the effects of laboratory housing 

on wild-caught, seasonally breeding birds. Behavioural Processes 88:177-183. 

Bengsen, A. J., L. K. P. Leung, S. J. Lapidge, and I. J. Gordon. 2010. Artificial 

illumination reduces bait-take by small rainforest mammals. Applied Animal 

Behaviour Science 127:66-72. 

Bodey, T. W., S. Bearhop, and R. A. McDonald. 2011. The diet of an invasive 

nonnative predator, the feral ferret Mustela furo, and implications for the 



KIRA TAYLOR-HOAR AND DR. ROBERT FLETCHER 

 

University of Florida | Journal of Undergraduate Research | Volume 13, Issue 2 | Spring 2012 
4 

conservation of ground-nesting birds. European Journal of Wildlife Research 
57:107-117. 

Chace, J. F. and J. J. Walsh. 2006. Urban effects on native avifauna: a review. 

Landscape and Urban Planning 74:46-69. 

Ghalambor, C. K. and T. E. Martin. 2001. Fecundity-survival trade-offs and 

parental risk-taking in birds. Science 292:494-497. 

Kroodsma, D. E., B. E. Byers, E. Goodale, S. Johnson, and W. C. Liu. 2001. 
Pseudoreplication in playback experiments, revisited a decade later. Animal 

Behaviour 61:1029-1033. 

Langham, G. M., T. A. Contreras, and K. E. Sieving. 2006a. Why pishing works: 
Titmouse (Paridae) scolds elicit a generalized response in bird communities. 

Ecoscience 13:485-496. 

Large, S. I., D. L. Smee, and G. C. Trussell. 2011. Environmental conditions 
influence the frequency of prey responses to predation risk. Marine Ecology-

Progress Series 422:41-49. 

le Roux, A., M. I. Cherry, L. Gygax, and M. B. Manser. 2009. Vigilance 
behaviour and fitness consequences: comparing a solitary foraging and an 

obligate group-foraging mammal. Behavioral Ecology and Sociobiology 

63:1097-1107. 

Littell, R.C., G.A. Milliken, W.W. Stroup, R.D. Wolfinger, and O. 

Schabenberger. 2006. SAS for mixed models. Second Edition. SAS Institute 

Inc., Cary, NC, USA. 

Martin, P. R. and T. E. Martin. 2001a. Behavioral interactions between coexisting 

species: Song playback experiments with wood warblers. Ecology 82:207-
218. 

Marzluff, J. M. and E. Neatherlin. 2006. Corvid response to human settlements 

and campgrounds: Causes, consequences, and challenges for conservation. 
Biological Conservation 130:301-314. 

McKinney, M. L. 2006. Urbanization as a major cause of biotic homogenization. 

Biological Conservation 127:247-260. 

Orrock, J. L., B. J. Danielson, and R. J. Brinkerhoff. 2004. Rodent foraging is 

affected by indirect, but not by direct, cues of predation risk. Behavioral 

Ecology 15:433-437. 

Ortega-Alvarez, R. and I. MacGregor-Fors. 2010. What matters most? Relative 

effect of urban habitat traits and hazards on urban park birds. Ornitologia 

Neotropical 21:519-533. 

Parsons, M. H. and D. T. Blumstein. 2010. Feeling vulnerable? Indirect risk cues 

differently influence how two marsupials respond to novel dingo urine. 

Ethology 116:972-980. 

Quinn, J. L., M. J. Whittingham, S. J. Butler, and W. Cresswell. 2006. Noise, 
predation risk compensation and vigilance in the chaffinch Fringilla coelebs. 

Journal of Avian Biology 37:601-608. 

Rainey, H. J., K. Zuberbuhler, and P. J. B. Slater. 2004. The responses of black-

casqued hornbills to predator vocalisations and primate alarm calls. Behaviour 

141:1263-1277. 

Sieving, K. E., S. A. Hetrick, and M. L. Avery. 2010. The versatility of graded 
acoustic measures in classification of predation threats by the tufted titmouse 

Baeolophus bicolor: exploring a mixed framework for threat communication. 

Oikos 119:264-276. 

Sih, A., D. I. Bolnick, B. Luttbeg, J. L. Orrock, S. D. Peacor, L. M. Pintor, E. 

Preisser, J. S. Rehage, and J. R. Vonesh. 2010. Predator-prey naivete, 

antipredator behavior, and the ecology of predator invasions. Oikos 119:610-
621. 

Stout, W. E. and R. N. Rosenfield. 2010. Colonization, growth, and density of a 

pioneer cooper’s hawk population in a large metropolitan environment. 
Journal of Raptor Research 44:255-267. 

Templeton, C. N. and E. Greene. 2007. Nuthatches eavesdrop on variations in 

heterospecific chickadee mobbing alarm calls. Proceedings of the National 
Academy of Sciences of the United States of America 104:5479-5482. 

Templeton, C. N., E. Greene, and K. Davis. 2005. Allometry of alarm calls: 

Black-capped chickadees encode information about predator size. Science 
308:1934-1937. 

Travers, M., M. Clinchy, L. Zanette, R. Boonstra, and T. D. Williams. 2010. 
Indirect predator effects on clutch size and the cost of egg production. 

Ecology Letters 13:980-988. 

Ujvari, B., R. Shine, and T. Madsen. 2011. Detecting the impact of invasive 
species on native fauna: Cane toads (Bufo marinus), frillneck lizards 

(Chlamydosaurus kingii) and the importance of spatial replication. Austral 

Ecology 36:126-130. 

Vitousek, P. M., H. A. Mooney, J. Lubchenco, and J. M. Melillo. 1997. Human 

domination of Earth's ecosystems. Science 277:494-499. 

Williamson, M. and A. Fitter. 1996. The varying success of invaders. Ecology 
77:1661-1666. 

Zoratto, F., C. Carere, F. Chiarotti, D. Santucci, and E. Alleva. 2010. Aerial 

hunting behaviour and predation success by peregrine falcons Falco 
peregrinus on starling flocks Sturnus vulgaris. Journal of Avian Biology 

41:427-433.

 


