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Animals experience stress throughout their lives and exhibit both physiological and
behavioral responses to cope with it. The stress response can become harmful when
prolonged and increasing evidence suggests that dopamine plays a critical role in
extinguishing the stress response. In particular, activation of the D2 dopamine receptor
reduces glucocorticoids and increases coping behavior, which are behavioral responses to
adverse stimuli that reduce the harmful effects of stress. However, few studies have
examined the effects of dopamine on the stress responses of wild species. We therefore
tested the hypothesis that activation of the D2 dopamine receptor influences stress-
related coping behavior in a wild-caught species. We recorded behavior of house sparrows
(Passer domesticus) before and after they received injections of D2 dopamine agonists, D2
dopamine antagonists, or saline. We found that the birds significantly increased biting of
inanimate objects after the agonist but there was no change following the antagonist or
saline. The biting may be a mechanism of behavioral coping. This change in behavior was
not correlated with general movement. This study supports the hypothesis that D2
dopamine receptor activation is involved in the regulation of the stress response in a wild
bird.
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18 Abstract

19  Animals experience stress throughout their lives and exhibit both physiological and behavioral responses 

20 to cope with it. The stress response can become harmful when prolonged and increasing evidence 

21 suggests that dopamine plays a critical role in extinguishing the stress response. In particular, activation 

22 of the D2 dopamine receptor reduces glucocorticoids and increases coping behavior, which are behavioral 

23 responses to adverse stimuli that reduce the harmful effects of stress. However, few studies have 

24 examined the effects of dopamine on the stress responses of wild species. We therefore tested the 

25 hypothesis that activation of the D2 dopamine receptor influences stress-related coping behavior in a 

26 wild-caught species. We recorded behavior of house sparrows (Passer domesticus) before and after they 

27 received injections of D2 dopamine agonists, D2 dopamine antagonists, or saline. We found that the birds 

28 significantly increased biting of inanimate objects after the agonist but there was no change following the 

29 antagonist or saline. The biting may be a mechanism of behavioral coping. This change in behavior was 

30 not correlated with general movement. This study supports the hypothesis that D2 dopamine receptor 

31 activation is involved in the regulation of the stress response in a wild bird. 
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32 Introduction

33 Animals experience stress – a real or perceived threat to homeostasis – throughout their lives. 

34 This stress has the potential to negatively impact their survival and reproduction (Chrousos, 2009). 

35 Stressors such as predator encounters, conflicts with social competitors, and harsh weather can threaten 

36 survival through a reduction in foraging success and a weakening of the immune system which can result 

37 in death (Brown & Kotler, 2004; Lange & Leimar, 2004; Pravosudov et al., 2001; Cirule et al., 2012). 

38 The presence of stressors can also suppress reproduction and result in the abandonment of dependent 

39 offspring (Love et al., 2004). Because stress can significantly reduce fitness, mechanisms have evolved to 

40 physiologically and behaviorally cope with it.  

41 When a stressor is perceived, it triggers the activation of the hypothalamic-pituitary-adrenal 

42 (HPA) axis, beginning a hormonal cascade that ultimately releases glucocorticoids into the bloodstream 

43 (Sapolsky et al., 1986). Elevated glucocorticoids, such as cortisol and corticosterone, disrupt normal 

44 functions and shifts the individual into an ‘emergency life history stage’ (Wingfield et al., 1998). This 

45 stage can temporarily suppress the immune system (Shini et al., 2010), mobilize energy stores, and 

46 modify behavior to prioritize survival. Behavioral modifications in this stage can include increasing anti-

47 predator behaviors (Thaker et al., 2009), decreasing parental care, and increasing group coordination 

48 (Raulo & Dantzer, 2018). 

49 Although physiological and behavioral stress responses are often beneficial during stress, they 

50 can become harmful when prolonged. This can occur when either the stressor is chronic or because the 

51 stress response persists after the stressor is gone. Prolonged activation of the stress response can cause 

52 physiological problems (e.g. metabolic dysfunction and impaired reproduction (Wingfield & Sapolsky, 

53 2003; López et al., 2018)) as well as cognitive issues (e.g. impaired memory and decision making 

54 (Voellmy et al., 2014; Aisa et al., 2007)). The ability to efficiently extinguish the stress response is 

55 important for resilience against the negative physiological and behavioral effects of prolonged stress 

56 (Romero et al., 2010; Vitousek et al., 2019; Zimmer et al., 2019). 
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57 Growing evidence indicates that dopamine plays an important role in extinguishing the stress 

58 response (Cabib & Puglisi-Allegra, 2012; Sullivan & Dufresne, 2006). Dopamine concentration increased 

59 in the nucleus accumbens, striatum, and medial frontal cortex of rodents exposed to a physiological 

60 stressor (Abercrombie et al., 1989). Activation of one dopamine receptor in particular, the D2 receptor, 

61 has been shown to increase with stress and may mediate coping behaviors (Cabib & Puglisi-Allegra, 

62 2012; Lattin et al., 2019), which are behavioral responses to adverse stimuli that reduce the harmful 

63 physiological effects of stress (Schouten & Wiepkema, 1991). Examples of behaviors in some mammals 

64 and birds that can contribute to stress coping include grooming, freezing, and biting at inanimate objects 

65 (Giorgi et al., 2003; Henson et al., 2012; Reis-Silva et al., 2019; Koolhaas et al., 1999; Hori et al., 2004; 

66 Savory et al. 1992). Some of these behaviors can appear to be purposeless during stressful situations and 

67 have been described as stereotypies (Dantzer, 1991). Stereotypy can be a sign of behavioral pathology 

68 and welfare problems; however, there is some evidence that stereotypy is a form of coping with 

69 inescapable stress (Mellor et al., 2018). Behaviors in response to stress can be crucial to regulating 

70 arousal levels and maintaining homeostasis by regulating glucocorticoids following a disturbance such as 

71 a stressor. Some animals that exhibit stereotypic coping behaviors have reduced glucocorticoids when 

72 they are exposed to a stressor (Sato et al., 2010; Kostal et al., 1992). In addition to altering stress related 

73 hormones, coping behaviors also impact other markers of stress including reducing the occurrence of 

74 stomach lesions (Koolhaas et al., 1999). Some of these coping behaviors are dependent on dopamine in 

75 the mesostriatal dopamine region in the brain (Jones et al., 1989) and blocking D2 dopamine receptors 

76 during stress results in elevated post-stress glucocorticoids and increased stress-related health problems 

77 (Sullivan & Dufresne, 2006; Puri et al., 1994; Sullivan & Szechtman, 1995).

78 Our current understanding of dopamine’s role in animal’s behavioral response to stress largely 

79 comes from studies on domesticated and laboratory animals (Baik, 2020). The effects of stress have been 

80 shown to vary between wild and domestic animals, even in the same species, therefore it may not be 

81 possible to generalize these findings (Cabezas et al., 2013). There have so far been few studies 

82 investigating dopamine’s effect on behavioral responses to stress in wild species. In wild house sparrows 
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83 (Passer domesticus), increasing dopamine receptor activation increased preening, a possible stress-related 

84 coping behavior (Lattin et al., 2019; Henson et al., 2012). In contrast, increasing dopamine receptor 

85 activation in crayfish had no effect on behavior after exposure to a stressor (Fosset et al., 2015). Further 

86 research is therefore required to understand dopamine’s role in stress coping in wild animals. 

87 The aim of this study was therefore to test the hypothesis that activation of the D2 dopamine 

88 receptor influences stress-related coping behaviors in a wild species. We tested this hypothesis using 

89 wild-caught house sparrows, a songbird species that is a model system for studying bird behavior and 

90 physiology (Hanson et al., 2020). Similar to the impact of D2 activation on the coping behavior of 

91 laboratory and domesticated animals (Sullivan & Dufresne, 2006; Puri et al., 1994; Cheng et al., 2003; 

92 Dennis et al., 2006), we predicted that increasing D2 receptor activation would increase coping behavior 

93 and blocking D2 receptor activation would decrease coping behavior. To test these predictions, we 

94 peripherally administered selective D2 dopamine agonists and antagonists to manipulate the activation of 

95 dopamine receptors in the brains of house sparrows.

96 Materials & Methods

97  Animals

98 Twenty adult male house sparrows were captured with baited traps between February and May of 

99 2019 in College Station, TX. Sample size was similar to those in a previous study (Balthazart et al. 1997).  

100 The birds were housed in randomly-assigned pairs in cages (0.6 x 0.33 x 0.3 m) at Texas A&M 

101 University (30o36’N, 96o21’W) in an indoor room (‘housing room’: 5 x 6.3 m). They were kept on a 

102 13h:11h light:dark cycle at 24.0 ± 0.5 oC (mean ± SD). They were individually marked with metal and 

103 colored leg bands. The pairs were given at least seven days to acclimate to captivity and their cagemate 

104 before being tested. Water and food were available ad libitum. The study was approved by Texas A&M 

105 University’s Animal Care and Use Committee (IACUC#2019-0219).

106 Experimental procedure 

107 During each trial, a pair of birds (consisting of a focal bird and non-focal bird; the initial designation of 

108 birds as the focal or non-focal bird was randomly assigned within each pair) was transported within its 
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109 cage from the ‘housing room’ to an adjacent room (2.2 x 2.6 m) that contained a sound attenuation 

110 chamber (1.12 x 0.67 x 0.57 m). The pair, within its cage, was placed within the middle of this chamber, 

111 which was visually and acoustically isolated from the other captive birds in the ‘housing room’. For 30 

112 minutes, the birds’ behavior was recorded using two video cameras (VIXIA HF R70; Canon Inc.) 

113 positioned on each side of the chamber. After the 30 minutes, the experimenter (MRF) briefly removed 

114 the focal bird from his cage and intramuscularly injected 0.05 mL of a drug treatment or control into his 

115 breast. An experimenter monitored the birds throughout their time in the chamber to ensure there were no 

116 signs of pain or adverse reactions from injection. The drug treatment consisted of a D2 agonist (PPHT; 1 

117 mg/kg) or a D2 antagonist (raclopride; 10 mg/kg; Santa Cruz Biotechnology, Dallas, TX); the control 

118 consisted of 0.9% saline. Both drugs were dissolved in 0.9% saline. The doses were chosen to be high 

119 enough to insure they produced a behavioral effect and were the same as those used in previous avian 

120 studies (Balthazart et al., 1997; Zawilska et al., 1996); similar to these previous studies, all of the birds 

121 also received the same amounts of the drug treatment or control (the doses were calculated using 28g as 

122 the average weight of the birds). Immediately following the injection, the focal bird was returned to his 

123 cage for another 30 minutes and their behavior was recorded. Once injected, the drugs were likely taken 

124 up into the brain rapidly (within 2 minutes in Sprague-Dawley rats (Mukherjee et al., 2004)). 

125 Each focal bird was tested in three separate trials in which he was administered either the D2 

126 agonist, D2 antagonist, or saline (the order of the drug treatments and control was randomized across 

127 birds using a random number generator). Two days after the focal bird’s trials were completed, the above 

128 experimental procedure was repeated except that the designation of the birds reversed: the previously 

129 non-focal bird in the pair was designated as the focal bird while the previously focal bird became the non-

130 focal bird. Because the half-life of raclopride and PPHT are both estimated to be 30 minutes (Mukherjee 

131 et al., 2004; Köhler et al., 1985), two days between trials ensured that the drugs were eliminated from the 

132 body between trials. All six trials of a given pair were conducted within 95 days of the birds’ capture from 

133 the wild (mean ± SD: 31 ± 25 days) and between the hours of 0800 and 1300. No data from the trials 

134 were excluded. Birds were released to their capture site at the conclusion of the study.
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135 Behavioral analysis  

136 The behavior of the focal birds was scored from the video recordings (QuickTime; version 7; 

137 Apple Inc.). During a 10-minute period preceding the injection as well as a 10-minute period following 

138 the injection, we recorded the amount of time the focal birds spent biting inanimate non-food objects 

139 (including the cage, perches, or their own leg bands) with their bill (henceforth ‘biting’). In some species, 

140 biting is a coping behavior that can reduce stress associated with physical restraint, food restriction, or 

141 unfavorable environmental conditions (Cabezas et al., 2013; Fossat et al., 2015; Hanson et al., 2020). 

142 During the 10-minute period following the injection, we also scored the amount of time the focal birds 

143 engaged in intraspecific aggression (pecking or biting the non-focal bird), preening (cleaning feathers 

144 with the bill or feet), bill wiping (rubbing bill on perch), feather ruffling (fluffing up and shaking feathers) 

145 and general movement (hopping or flying around the cage). Behaviors were scored by recording the 

146 frames at which the behaviors began and ended, and then calculating the number of seconds they spent 

147 engaging in those behaviors. One experimenter (MRF) scored all of the videos and was blinded to the 

148 treatment.

149 Statistical analysis 

150 We performed linear models with pair identity as a random effect using the package ‘stats’ in R, 

151 Version 3.6.2 (R Core Team, 2019). The dependent variable was the number of seconds each behavior 

152 was performed after injection with the treatment/control. The independent variables were the 

153 treatment/control (D2 agonist, D2 antagonist, or saline), percentage of the time that the bird engaged in 

154 each behavior before the treatment/control, percentage of time the focal bird engaged in general 

155 movement after the treatment/control (log transformed to meet underlying assumptions of normality), and 

156 trial order (order in which the D2 agonist, D2 antagonist, or saline were administered). Feather ruffling 

157 and bill wiping were both rare behaviors, occurring on average less than 2% and 1% of the time each trial 

158 respectively and therefore were not included in the analysis. For any model in which treatment/control 

159 type was significant we then performed three pairwise comparisons to evaluate differences among the 
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160 drug treatments and control using the R package ‘emmeans’; we used a Bonferroni correction to evaluate 

161 statistical significance. Raw data is available in the supplemental information.

162 Results

163 The effect of the drug treatment significantly increased the time the birds spent engaged in biting 

164 behavior (n=20, F=53.27, p = 2.07e-13; Table 1; Fig. 1).  The D2 agonist increased the amount of time 

165 the birds spent biting compared to the control (n=20, F = -9.42, n = 20, p < 0.001; Table 2) and D2 

166 antagonist (n=20, t = 9.67, n = 20, p < 0.001; Table 2). The amount of time the birds spent biting was 

167 similar when the birds were injected with the D2 antagonist and control (n=20, t = -0.45, n = 20, p = 0.99; 

168 Table 2). Biting behavior was also unrelated to amount of general movement (n=20, F = 0.01 p = 0.96; 

169 Table 1; Fig. 2). Treatment had no effect on time spent on movement, preening, or aggression (n=20, F = 

170 2.09, p = 0.13; n=20, F = 1.88, p = 0.16; n=20, F = 1.31, p = 0.28; Table 1).  

171 Discussion

172 We found possible support for the hypothesis that dopamine influences stress-related coping 

173 behavior in a wild-caught species. In particular, the house sparrows spent more time biting at inanimate 

174 objects when they were administered the D2 agonist. Biting at inanimate objects may be a coping 

175 mechanism in some bird species (Savory & Kostal, 1993; Nicol, 1987; Zarrindast et al., 1992). The 

176 amount of time house sparrows spent biting did not decrease when they were administered the D2 

177 antagonist, although this is not surprising as they rarely exhibited biting prior to the drug administrations. 

178 Biting behavior also did not increase when administered a saline control, indicating that the behavior is 

179 unlikely to be a response to stress induced by handling and injection. Furthermore, increases in dopamine 

180 receptor activation are often associated with increases in general movement (Beninger, 1983). However, 

181 even after controlling for general movement, we still found that the house sparrows spent more time 

182 biting at inanimate objects when administered the D2 agonist. The D2 agonist and antagonist were likely 

183 binding to dopamine receptors in the mesolimbic and nigrostriatal pathways within the brain where there 

184 are high concentrations of dopamine receptors in this species (Lattin et al. 2019).
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185 In rodent models as well as poultry, environmental stressors elevate dopamine levels in the 

186 mesolimbic system (Cabib & Puglisi-Allegra, 1996; Cheng et al 2003). It is therefore possible that the 

187 activation of D2 dopamine receptors by the agonist induced neurochemical changes consistent with stress 

188 in the house sparrows and the birds behaviorally coped with this perceived stress by biting at inanimate 

189 objects. Coping behaviors are de-arousal mechanisms that work to restore homeostasis after a disturbance 

190 (Savory & Kostal, 2006). Domesticated chickens (Gallus gallus) bite at inanimate objects when they 

191 experience stressful conditions such as high densities and low temperatures (Spinu, 2003). This suggests 

192 that the biting behavior we observed in the house sparrows could be similar to this coping behavior in 

193 chickens. Coping behaviors may restore homeostasis because of their effect on the stress-related hormone 

194 corticosterone. In chickens, individuals that engaged in more stereotypic pecking at inanimate objects had 

195 lower corticosterone levels (Kostal et al., 1992). In rodents, individuals that were allowed to bite at 

196 inanimate objects during stressful situations such as restraint and introduction into a new environment 

197 also have lower levels of cortisol and corticosterone, respectively (Sato et al., 2010; Hennessy & Foy, 

198 1987). When dopamine neurons are destroyed in rodents, they stop biting at inanimate objects and have 

199 elevated corticosterone levels relative to controls during stress (Jones et al., 1989). Future studies are 

200 needed to determine whether the observed biting behavior also impacts corticosterone levels in wild 

201 songbirds.

202 Not all behaviors in response to stress are a way to cope, some can simply be an outward 

203 expression of anxiety and have no effect at restoring homeostasis. Despite the potential benefit of biting 

204 during stress in birds and rodents the behavior observed in this study may be an expression of anxiety or 

205 drug induced stereotypy (Mellor et al., 2018; Sato et al., 2010; Hennessy & Foy, 1987; Zarrindast et al, 

206 1992).  Intense stereotypic pecking was observed in Japanese quail (Coturnix japonica) injected with 

207 PPHT, a D2 dopamine agonist, which may be a drug induced compulsion (Balthazart et al., 1997). 

208 Studies in rodents have also recognized the link between dopamine agonists and stereotyped behavior 

209 with no obvious function (Costall et al., 1977; Arnt et al., 1988) or that stereotyped behavior can be a 

210 result of neurological abnormalities (Shafiq-ur-Rehman, 1991).
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211 It is unlikely that the house sparrows exhibited increased biting because they were hungry. 

212 Although the birds did not have access to food during any of the trials, they only increased their biting 

213 after administration of the D2 agonist but not the D2 antagonist or saline. Rodents and Japanese quail also 

214 increased their biting behavior after they were given a D2 agonist, but they did not increase their food 

215 consumption even though food was available (Nicol, 1987; Beninger, 1983). This suggests that biting 

216 induced by D2 receptor activation is not related to an increased motivation to feed.

217 We also did not find support for the possibility that the birds increased biting because they 

218 became more aggressive. There was no relationship between biting inanimate objects and intraspecific 

219 aggression. Furthermore, the house sparrows exhibited very low levels of aggression across all trials. 

220 Similarly, manipulating dopamine receptor activation in group-housed chickens did not influence 

221 aggression towards conspecifics (Dennis et al., 2006). These results indicate that the D2 receptors are not 

222 involved in aggression among familiar conspecifics, but further experiments could examine if this is also 

223 the case among unfamiliar conspecifics that are more likely to engage in aggression (Hegner & 

224 Wingfield, 1987). 

225 We found that the D2 antagonist did not influence biting in house sparrows. Because the birds 

226 rarely exhibited biting before the D2 antagonist treatment, there was little opportunity for the behavior to 

227 become even less frequent. In fact, only two birds exhibited biting before the D2 antagonist injection and 

228 only one bird exhibited biting after the D2 antagonist injection. D2 antagonists may have greater 

229 influence on individuals that are actively stressed. A different dopamine antagonist administered to rats 

230 only have an impact on behavior after multiple treatments (Ikemoto & Panksepp, 1996). When chickens 

231 are chronically stressed, D2 antagonists reduced the amount of time they spent biting at inanimate objects 

232 (Savory & Kostal, 1993). Additional studies could examine whether D2 antagonists likewise decrease 

233 stress in songbirds when their stress levels are high.  

234

235 Conclusions
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236 We found that an increase in D2 dopamine receptor activation in house sparrows leads to 

237 increased biting of inanimate objects. Because biting behavior may be a coping behavior to reduce stress 

238 (Savory & Kostal, 1993; Nicol, 1987), our results could indicate that dopamine is involved in songbirds’ 

239 stress response. However, the observed behavior may instead be an expression of stereotypic behavior. 

240 D2 dopamine receptor activation alters biting behavior in domesticated birds (Dennis et al., 2006; Savory 

241 & Kostal, 1993; Zarrindast et al., 1992), indicating that the dopamine pathways between these domestic 

242 species and the wild songbird in this study are likely similar. While many studies have examined the 

243 influence of hormones on the stress response (Schoech et al., 2011; Creel et al., 2013), our understanding 

244 of how neurotransmitters impact stress in wild species is still poor (Lattin et al., 2019; Trainor, 2011). To 

245 further understand this question, research on the effect of dopaminergic drugs on birds that were socially 

246 or physiologically stressed compared to unstressed controls would be valuable. It would also be 

247 interesting to look at the effects of different dosages of these drugs, to see if the behavioral effects were 

248 specific to high dosages such as reported by Balthazart and colleagues (1997). Wild species are 

249 increasingly exposed to stress due to human disturbances (Birnie-Gauvin et al., 2016), and a greater 

250 understanding of their stress responses will be crucial to evaluating how these organisms manage these 

251 challenges. 

252

253 Acknowledgements

254 We would like to thank Margaret Guy for her assistance in performing the experiment. We would also 

255 like to thank Drs. Jeffery Tomberlin, Sarah Hamer, and Gil Rosenthal for feedback on an earlier version 

256 of this manuscript.

257

258 References

259 Abercrombie DE, Keefe KA, DiFrischia DS, Zigmond MJ. 1989. Differential effect of stress on 

260 in vivo dopamine release in striatum, nucleus accumbens, and medial frontal cortex Journal of 

261 Neurochemistry 52:1655-1658 DOI: 10.1111/j.1471-4159.1989.tb09224.x

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



262 Aisa B, Tordera R, Lasheras B, Del Río J, Ramírez MJ. 2007. Cognitive impairment associated 

263 to HPA axis hyperactivity after maternal separation in rats Psychoneuroendocrinology 32:256-26 

264 DOI: 10.1016/j.psyneuen.2006.12.013

265 Arnt J, Bøgesø KP, Hytteel J, Meier E. 1988. Relative dopamine D1 and D2 receptor affinity and 

266 efficacy determine whether dopamine agonists induce hyperactivity or oral stereotypy in rats 

267 Pharmacology and Toxicology 62:121-130 DOI: 10.1111/j.1600-0773.1988.tb01859.x

268 Baik J. 2020. Stress and the dopaminergic reward system Experimental & Molecular Medicine 

269 52:1879-1890 DOI: 10.1038/s12276-020-00532-4

270 Balthazart J, Castagna C, Ball GF. 1997. Differential effects of D1 and D2 dopamine-receptor 

271 agonists and antagonists on appetitive and consummatory aspects of male sexual behavior in 

272 Japanese quail Physiology & Behavior 62:571-580 DOI: 10.1016/s0031-9384(97)00163-7

273 Beninger RJ. 1983. The role of dopamine in locomotor activity and learning Brain Research 

274 Reviews 6:173-196 DOI: 10.1016/0165-0173(83)90038-3

275 Birnie-Gauvin K, Peiman KS, Gaallagher AJ, de Bruijn R, Cooke SJ. 2016. Sublethal 

276 consequences of urban life for wild vertebrates Environmental Reviews 24:416-425 DOI: 

277 10.1139/er-2016-0029

278 Brown JS, Kotler BP. 2004. Hazardous duty pay and the foraging cost of predation, Ecology 

279 Letters 7:999-1014 DOI: 10.1111/j.1461-0248.2004.00661.x

280 Cabezas S, Carrete M, Tella JL, Marchant TA, Bortolotti GR. 2013. Differences in acute stress 

281 responses between wild-caught and captive-bred birds: a physiological mechanism contributing 

282 to current avian invasions? Biological Invasions 15:521-527 DOI: 10.1007/s10530-012-0304-z

283 Cabib S, Puglisi-Allegra S. 1996. Stress, depression and the mesolimbic dopamine system 

284 Psychopharmacology 128:331-342 DOI: 10.1007/s002130050142

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



285 Cabib S, Puglisi-Allegra S. 2012. The mesoaccumbens dopamine in coping with stress 

286 Neuroscience & Biobehavioral Reviews 36:79-89 DOI: 10.1016/j.neubiorev.2011.04.012

287 Cheng HW, Singleton P, Muir W. 2003. Social stress in laying hens: differential effect of stress 

288 on plasma dopamine concentrations and adrenal function in genetically selected chickens Poultry 

289 Science 82:192-198 DOI: 10.1093/ps/82.2.192

290 Chrousos GP. 2009. Stress and disorders of the stress system, Nature Reviews Endocrinology 

291 5:374-381 DOI: 10.1038/nrendo.2009.106

292 Cirule D, Krama T, Vrublevska J, Rantala MJ, Krams I. 2012. A rapid effect of handling on 

293 counts of white blood cells in a wintering passerine bird: A more practical measure of stress? 

294 Journal of Ornithology 153:161-166 DOI: 10.1007/s10336-011-0719-9

295 Costall B, Naylor RJ, Cannon JG,  Lee T. 1977. Differentiation of the dopamine mechanisms 

296 mediating stereotyped behaviour and hyperactivity in the nucleus accumbens and caudate-

297 putamen Journal of Pharmacy and Pharmacology 29:337-342 DOI: 10.1111/j.2042-

298 7158.1977.tb11331.x

299 Creel S, Dantzer B, Goymann W, Rubenstein DR. 2013. The ecology of stress: effects of the 

300 social environment Functional Ecology 27:66-80 DOI: 10.1111/j.1365-2435.2012.02029.x

301 Dantzer R. 1991. Stress, stereotypies and welfare Behavioral Processes 25:95-102 DOI: 

302 10.1016/0376-6357(91)90012-O

303 Dennis RL, Muir WM, Cheng HW. 2006. Effects of raclopride on aggression and stress in 

304 diversely selected chicken lines Behavioral Brain Research 175:104-111 DOI: 

305 10.1016/j.bbr.2006.08.010

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



306 Fossat Bacqué-Cazenave J, De Deurwaerdère P, Cattaert D, Delbecque JP. 2015. Serotonin, but 

307 not dopamine, controls the stress response and anxiety-like behavior in the crayfish 

308 Procambarus clarkii Journal of Experimental Biology 218:2745-2752 DOI: 10.1242/jeb.120550

309 Giorgi O, Lecca D, Piras G, Driscoll P, Corda MG. 2003. Dissociation between mesocortical 

310 dopamine release and fear‐related behaviours in two psychogenetically selected lines of rats that 

311 differ in coping strategies to aversive conditions European Journal of Neuroscience 17:2716-

312 2726 DOI: 10.1046/j.1460-9568.2003.02689.x

313 Hanson HE, Mathews NS, Hauber ME, Martin LB. 2020. The Natural History of Model 

314 Organisms: The house sparrow in the service of basic and applied biology Elife 9:e52803 DOI: 

315 10.7554/eLife.52803

316 Hegner RE, Wingfield JC. 1987. Effects of experimental manipulation of testosterone levels on 

317 parental investment and breeding success in male house sparrows Auk 104:462-469 DOI: 

318 10.2307/4087545

319 Hennessy HB, Foy T. 1987. Nonedible material elicits chewing and reduces the plasma 

320 corticosterone response during novelty exposure in mice Behavoral Neuroscience 101:237-245 

321 DOI: 10.1037//0735-7044.101.2.237

322 Henson SM, Weldon LM, Hayward JL, Greene DJ, Megna LC, Serem MC. 2012. Coping 

323 behaviour as an adaptation to stress: post-disturbance preening in colonial seabirds Journal of 

324 Biological Dynamics 6:17-37 DOI: 10.1080/17513758.2011.605913

325 Hori N, Yuyama N, Tamura K. 2004. Biting suppresses stress-induced expression of 

326 corticotropin-releasing factor (CRF) in the rat hypothalamus Journal of Dental Research 83:124-

327 128 DOI: 10.1177/154405910408300208

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



328 Ikemoto S, Panksepp J. 1996. Dissociations between appetitive and consummatory responses by 

329 pharmacological manipulations of reward-relevant brain regions Behavioral Neuroscience 

330 110:331-345 DOI: 10.1037//0735-7044.110.2.331

331 Jones GH, Mittleman G, Robbins TW. 1989. Attenuation of amphetamine-stereotypy by 

332 mesostriatal dopamine depletion enhances plasma corticosterone: implications for stereotypy as a 

333 coping response Behavioral and Neural Biology 51:80-91 DOI: 10.1016/s0163-1047(89)90686-9

334 Köhler C,  Hall H, Ögren SO, Gawell L. 1985. Specific in vitro and in vivo binding of 3H-

335 raclopride a potent substituted benzamide drug with high affinity for dopamine D-2 receptors in 

336 the rat brain Biochemical Pharmacology 34:2251-2259 DOI: 10.1016/0006-2952(85)90778-6

337 Koolhaas JM, Korte SM, De Boer SF, Van Der Vegt BJ, Van Reenen CG, Hopster H, De Jong 

338 IC, Ruis MAW, Blokhuis HJ. 1999. Coping styles in animals: current status in behavior and 

339 stress-physiology Neuroscience & Biobehavioral Reviews 23:925-935 DOI: 10.1016/s0149-

340 7634(99)00026-3

341 Kostal L, Savory CJ, Hughes BO. 1992. Diurnal and individual variation in behaviour of 

342 restricted-fed broiler breeders Applied Animal Behaviour Science 32:361-374 DOI: 

343 10.1016/S0168-1591(05)80028-0

344 Lange H, Leimar O. 2004. Social stability and daily body mass gain in great tits Behavioral 

345 Ecology 15:549-554 DOI: 10.1093/beheco/arh044

346 Lattin CR, Merullo DP, Riters LV, Carson RE. 2019. In vivo imaging of D2 receptors and 

347 corticosteroids predict behavioural responses to captivity stress in a wild bird Scientific Reports 

348 9:1-13 DOI: 10.1038/s41598-019-46845-x

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



349 López AL, Villanueva ME, Padilla MB, Jaime HB, Aguilar FA. 2018. Chronic unpredictable 

350 mild stress progressively disturbs glucose metabolism and appetite hormones in rats Acta 

351 Endocrinologica (Buchar) 14:16 DOI: 10.4183/aeb.2018.16

352 Love OP, Breuner CW, Vézina F, Williams TD. 2004. Mediation of a corticosterone-induced 

353 reproductive conflict Hormones and Behavior 46:59-65 DOI: 10.1016/j.yhbeh.2004.02.001

354 Mellor E, Brilot B, Collins S. 2018. Abnormal repetitive behaviours in captive birds: a 

355 Tinbergian review Applied Animal Behaviour Science 198:109-120 DOI: 

356 10.1016/j.applanim.2017.09.011

357 Mukherjee J, Narayanan TK, Christian BT, Shi B, Yang ZY. 2004. Binding characteristics of 

358 high‐affinity dopamine D2/D3 receptor agonists, 11C‐PPHT and 11C‐ZYY‐339 in rodents and 

359 imaging in non‐human primates by PET Synapse 54:83-91 DOI: 10.1002/syn.20068

360 Nicol CJ. 1987. Behavioural responses of laying hens following a period of spatial restriction 

361 Animal Behavior 35:1709-1719 DOI: 10.1016/S0003-3472(87)80063-5

362 Pravosudov VV, Kitaysky AS, Wingfield JC, Clayton NS. 2001. Long-term unpredictable 

363 foraging conditions and physiological stress response in mountain chickadees (Poecile gambeli) 

364 General and Comparative Endocrinology 123:324-331 DOI: 10.1006/gcen.2001.7684

365 Puri S, Ray A, Chakravarti A, Sen P. 1994. Role of dopaminergic mechanisms in the regulation 

366 of stress responses in experimental animals Pharmacology, Biochemistry and Behavior 48:53-56 

367 DOI: 10.1016/0091-3057(94)90497-9

368 R Core Team. 2019. R: A Language and Environment for Statistical Computing, R Foundation 

369 for Statistical Computing

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



370 Raulo A, Dantzer B. 2018. Associations between glucocorticoids and sociality across a 

371 continuum of vertebrate social behavior Ecology and Evolution 8:7697-7716 DOI: 

372 10.1002/ece3.4059

373 Reis-Silva TM, Sandini TM, Calefi AS, Orlando BCG, Moreira N, Lima APN, Florio JC, 

374 Queiroz-Hazarbassanov NGT, Bernardi MM. 2019. Stress resilience evidenced by grooming 

375 behaviour and dopamine levels in male mice selected for high and low immobility using the tail 

376 suspension test European Journal of Neuroscience 50:2942-2954 DOI: 10.1111/ejn.14409

377 Romero LM, Wikelski M. 2010. Stress physiology as a predictor of survival in Galapagos 

378 marine iguanas Proceedings of the Royal Society B 277: 3157-3162 DOI: 

379 10.1098/rspb.2010.0678

380 Sapolsky RM, Krey LC, McEwen BS. 1986. The neuroendocrinology of stress and aging: the 

381 glucocorticoid cascade hypothesis Endocrine Reviews 7:284-301 DOI: 10.1210/edrv-7-3-284

382 Sato C, Sato S, Takashina H, Ishii H, Onozuka M, Sasaguri K. 2010. Bruxism affects stress 

383 responses in stressed rats Clinical Oral Investigation 14:153-160 DOI: 10.1007/s00784-009-

384 0280-6

385 Savory C, Kostal L. 1993. Behavioural responses to reserpine treatment in restricted-fed broiler 

386 breeder fowls Medical Science Research 21:351-352

387 Savory CJ, Kostal L. 2006. Is expression of some behaviours associated with de-arousal in 

388 restricted-fed chickens? Physiology & Behavior 88:473-478 DOI: 

389 10.1016/j.physbeh.2006.04.019

390 Savory CJ, Seawright E, Watson A. 1992. Stereotyped behaviour in broiler breeders in relation 

391 to husbandry and opioid receptor blockade Applied Animal Behaviour Science 32:349-360 DOI: 

392 10.1016/S0168-1591(05)80027-9

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



393 Schoech SJ, Rensel MA, Heiss RS. 2011. Short-and long-term effects of developmental 

394 corticosterone exposure on avian physiology, behavioral phenotype, cognition, and fitness: a 

395 review Current Zoology 57:514-530 DOI: 10.1093/czoolo/57.4.514

396 Schouten WGP, Wiepkema PR. 1991. Coping styles of tethered sows Behavioural Processes 

397 25:125-132 DOI: 10.1016/0376-6357(91)90015-R

398 Shafiq-ur-Rehman S. 1991. Effects of lead on the behavioral complex stereotypes and regional 

399 brain dopamine levels in rats Archives of Environmental Contamination and Toxicology 20:527-

400 530 DOI: 10.1007/BF01065844

401 Shini S, Huff GR, Shini A, Kaiser P. 2010. Understanding stress-induced immunosuppression: 

402 Exploration of cytokine and chemokine gene profiles in chicken peripheral leukocytes Poultry 

403 Science 89:841-851 DOI: 10.3382/ps.2009-00483

404 Spinu M, Benveneste S, Degen A. 2003. Effect of density and season on stress and behaviour in 

405 broiler breeder hens British Poultry Science 44:170-174 DOI: 10.1080/0007166031000088342

406 Sullivan R, Szechtman H. 1995. Asymmetrical influence of mesocortical dopamine depletion on 

407 stress ulcer development and subcortical dopamine systems in rats: implications for 

408 psychopathology Neuroscience 65:757-766 DOI: 10.1016/0306-4522(94)00531-9

409 Sullivan RM, Dufresne MM. 2006. Mesocortical dopamine and HPA axis regulation: role of 

410 laterality and early environment Brain Research 1076:49-59 DOI: 

411 10.1016/j.brainres.2005.12.100

412 Thaker M, Lima SL, Hews DK. 2009. Acute corticosterone elevation enhances antipredator 

413 behaviors in male tree lizard morphs Hormones and Behavior 56:51-57 DOI: 

414 10.1016/j.yhbeh.2009.02.009

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



415 Trainor BC. 2011. Stress responses and the mesolimbic dopamine system: social contexts and 

416 sex differences Hormones and Behavior 60:457-469 DOI: 10.1016/j.yhbeh.2011.08.013

417 Vitousek MN, Johnson MA, Downs CJ, Miller ET, Martin LB, Francis CD, Donald JW, 

418 Fuxjager MJ, Goymann W, Hau M. 2019. Macroevolutionary patterning in glucocorticoids 

419 suggests different selective pressures shape baseline and stress-induced levels American 

420 Naturalist 193:866-880 DOI: 10.1086/703112

421 Voellmy IK, Purser J, Flynn D, Kennedy P, Simpson SD, Radford AN. 2014. Acoustic noise 

422 reduces foraging success in two sympatric fish species via different mechanisms Animal 

423 Behavior 89:191-198 DOI: 10.1016/j.anbehav.2013.12.029

424 Wingfield J, Sapolsky R. 2003. Reproduction and resistance to stress: when and how Journal of 

425 Neuroendocrinology 15:711-724 DOI: 10.1046/j.1365-2826.2003.01033.x

426 Wingfield JC, Maney DL, Breuner CW, Jacobs JD, Lynn S, Ramenofsky M, Richardson RD. 

427 1998. Ecological bases of hormone-behavior interactions: the “emergency life history stage” 

428 American Zoologist 38:191-206 DOI: 10.1093/icb/38.1.191

429 Zarrindast M, Hajian-Heydari A, Hoseini-Nia T. 1992. Characterization of dopamine receptors 

430 involved in apomorphine-induced pecking in pigeons General Pharmacology 23:427-430 DOI: 

431 10.1016/0306-3623(92)90106-t

432 Zawilska J, Derbiszewska T, Nowak J. 1996. Pharmacological modifications in dopaminergic 

433 neurotransmission affect the quinpirole-evoked suppression of serotonin N-acetyltransferase 

434 activity in chick retina: an impact on dopamine D4-like receptors Journal of Neural 

435 Transmission 103:1405-1414 DOI: 10.1007/BF01271254

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



436 Zimmer C, Taff CC,  Ardia DR, Ryan TA, Winkler DW, Vitousek MN. 2019. On again, off 

437 again: Acute stress response and negative feedback together predict resilience to experimental 

438 challenges Functional Ecology 33:619-628 DOI: 10.1111/1365-2435.13281

PeerJ reviewing PDF | (2022:01:70072:0:1:NEW 20 Jan 2022)

Manuscript to be reviewed



Table 1(on next page)

Pairwise comparisons between treatment/control types for the biting behavior model.

Statistical significance is indicated with an asterisk.
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1

Numerator df, denominator 

df

t-ratio (p-value)

Comparisons

     Control vs. Agonist 1, 45.1 -9.42 (<0.001)*

     Control vs. Antagonist 1, 45.5 -0.45 (0.99)

     Agonist vs. Antagonist 1, 45.3 9.67 (<0.001)*

2

3
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Figure 1
Frequency of behavior before and after treatments.

Mean time (seconds) the focal birds (n = 20) spent on biting (A), movement (B), preening (C),
and aggression (D) before and after injection with one of the drug treatments or control.
Error bars depict the standard error of the mean and asterisks indicate statistically significant
differences.
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Figure 2
Relationship between time (seconds) spent biting and general movement for each
treatment/control.
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Table 2(on next page)

Results of the models for biting, general movement, preening and aggression

Statistical significance is indicated with an asterisk.
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1

Response Variable Independent 

variables

Numerator df, 

denominator df

F-value (p-value)

Biting after 

treatment/control

Treatment/control            2, 54.0 53.27 (2.7e-13)*

Biting before 

treatment/control

           1, 54.0 1.65 (0.20)

Trial Order 2, 54.0 0.63 (0.53)

General movement 

before 

treatment/control

           1, 54.0 0.01 (0.96)

General movement 

after 

treatment/control

Treatment/control 2, 54.0 2.09 (0.13)

General movement 

before 

treatment/control

1, 54.0 37.76 (9.9e-08)*

Trial order 2, 54.0 0.60 (0.55)

Preening after 

treatment/control

Treatment/control 2, 54.0 1.88 (0.16)
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Preening before 

treatment/control

1, 54.0 0.27 (0.61)

Trial order 2, 54.0 1.35  (0.27)

Aggression after 

treatment/control

Treatment/control 2, 54.0 1.31 (0.28)

Aggression before 

treatment/control

1, 54.0 2.00 (0.16)

Trial order 2, 54.0 0.08 (0.92)

2
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