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Abstract  The distance from an approaching threat at which animals initiate flight -- flight-initiation distance (FID) -- is a sensi-

tive metric of variation in risk, but the effects on FID associated with the risk of possessing highly detectable external coloration 

are unknown. We tested whether variation in the degree of plumage vividness in birds explained variation in flight-initiation dis-

tance. After controlling for body mass, the distance at which the experimental approach began, and phylogenetic relatedness, 

plumage vividness was not a predictor of FID. Contrary to the expectation that vividness affects risk, and therefore risk assess-

ment, these results suggest that birds do not compensate for greater visual conspicuousness by fleeing sooner from approaching 

threats [Current Zoology 61 (4): 773–780, 2015]. 
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The distance from an approaching threat at which ani-
mals initiate flight (i.e., flight-initiation distance; FID) 
is a metric of risk assessment that is sensitive to a va-
riety of factors (Blumstein, 2003; Stankowich and 
Blumstein, 2005; Blumstein, 2006). Birds, mammals, 
and reptiles are particularly well-studied taxa (Stanko-
wich and Blumstein, 2005; Cooper et al., 2014; Samia 
et al., 2015). For example, we know that various exter-
nal factors influence FID, including speed of approach 
(Stankowich and Blumstein, 2005), habitat type (urban 
vs. rural; Møller, 2008; Bateman and Flemming, 2014), 
human activity (Price et al., 2014), and predation pres-
sure (Møller et al., 2008). Factors inherent to organisms 
("internal" factors) also influence FID, including body 
size, body temperature, reproductive status, and both 
individual and interspecific behavioral variation (Bau-
wens and Thoen, 1981; Brodie, 1989; Bulova, 1994; 
Blumstein, 2006, Møller and Garamszegi, 2012). 

In addition to the factors just listed, an organism’s 
coloration would be expected to influence its predation 
risk, and hence its FID, in at least three ways (Cott, 
1940). First, coloration may be aposematic and thereby 
signal unprofitability to potential predators (for a review 
see Baker and Parker 1979). Second, coloration could 
be cryptic whereby external coloration generally de-

creases detectability by predators through background 
matching (Cott, 1946; Endler, 1978). Third, a color 
could increase the detectability of an individual while 
not providing any aposematic benefits, as in the case of 
social ornaments (Møller and Nielsen, 2006). Many 
animals have evolved such coloration as signals used in 
social communication (e.g., through sexual selection; 
Darwin, 1871), which are adaptive in spite of the sur-
vival cost that comes with increased conspicuousness. 
These outcomes are also influenced by at least two ex-
ternal factors: (1) the background habitats against which 
these colors are compared, and (2) the ability of receiv-
ers (e.g., potential predators, mates, etc.) to discriminate 
between the signaler and background (Endler, 1978; 
Endler, 1990). Despite complex visual environments 
and selection from predators with different visual ecolo-
gies, we still may expect conspicuous color to influence 
escape decisions. 

A few studies have examined the relationship be-
tween conspicuous coloration and FID. Martín and López 
(1999) found that the males of the large, sexually dich-
romatic lizard Psammodromus algirus with conspicuous 
head coloration had larger FIDs than both females and 
males with less coloration. By contrast, Cooper (2003) 
did not find that coloration intensity explained variation 
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in FID in female Holbrookia propinqua lizards (al-
though this conclusion was based on a relatively small 
sample size). Reports for various other lizards indicate 
that cryptic coloration affects anti-predator behavior: 
differing levels of camouflage changes anti-predator 
tactics in the common chameleon (Chamaeleo cha-
maeleon, Cuadrado et al., 2001), and FID in certain 
species of Anolis lizards is associated with their detec-
tability (Heatwole, 1968; Cooper, 2006). These studies 
provide some support for the hypothesis that animals 
can modify their behavior to compensate for conspi-
cuous coloration. 

Conspicuous coloration may affect how organisms 
assess their level of risk, altering the costs and benefits 
of certain anti-predator behaviors including FID. Theo-
retical models predict that animals should flee when the 
costs of flight are surpassed by costs of staying in the 
presence of a perceived predator (Ydengberg and Dill, 
1986) or when costs of fleeing are minimized and the 
benefits are maximized (Cooper and Frederick, 2007). 
Conspicuousness may greatly increase the cost of stay-
ing by increasing predation risk (Götmark and Olsson, 
1996; Huhta et al., 2003; Stuart-Fox et al., 2003), out-
weighing the benefits of not fleeing. In this scenario, we 
may expect conspicuous coloration to influence escape 
behaviors like FID. 

Within birds, coloration has been well characterized. 
Plumage coloration across birds is recognized as a bal-
ance between natural selection favoring cryptic colors 
with sexual selection favoring highly dimorphic colors 
between the sexes (Baker and Parker, 1979; Dunn et al., 
2015). Therefore most instances of highly detectable 
coloration should be costly. Some species may have 
aposematic coloration to signal unprofitability, like 
poisonous birds of the genus Pithohui (Dumbacher and 
Fleischer, 2001) or as suggested by the Unprofitable 
Prey Hypothesis (Baker and Parker, 1979). However, 
these examples are rare: there is only one genus of poi-
sonous birds discovered to date, and the Unprofitable 
Prey Hypothesis is widely debated (Baker and Houn-
some, 1983; Baker, 1985; Lyon and Montgomerie, 1985; 
Götmark, 1992; Götmark, 1993; Slagsvold et al., 1994; 
Götmark and Olsson, 1997). As such, natural selection 
should favor anti-predator behaviors that compensate 
for, and coadapt with, increased conspicuousness. For 
instance, a recent comparative study of birds in the Vir-
gin Islands demonstrated that more vivid species are 
more responsive to playbacks of avian predator calls 
than less vivid species (Journey et al., 2013). 

We tested the hypothesis that avian plumage vivid-

ness, as measured by humans (see Journey et al., 2013), 
is positively associated with FID. This hypothesis relies 
on the assumption that such conspicuous coloration 
translates into increased predation risk (Møller and 
Nielsen, 2006). Despite the rich literature, which de-
monstrates that increased predation risk usually trans-
lates into compensatory anti-predatory behavior, few stu-
dies explicitly test the hypothesis that organisms with 
conspicuous coloration are warier or more sensitive to 
predation risk. Using vividness as a proxy for conspi-
cuousness, we tested the prediction that, after control-
ling for body size, individuals of more vivid species 
initiate flight sooner than individuals of less vivid spe-
cies. 

1  Materials and Methods 

1.1  Flight-initiation distance 
Measurement of flight-initiation distance (FID) came 

directly from Blumstein (2006), following the methods 
of Blumstein (2003). Briefly, calm, non-endangered, 
non-nesting birds were experimentally approached by a 
trained observer at a practiced pace of ~0.5 m/s. Ob-
servers noted distance at the start of approach (starting 
distance) and the distance at which a focal subject either 
walked or flew away (FID). Participants minimized 
resampling by approaching birds in different locations 
and by not re-sampling locations. Species (n = 136) 
included for analyses had a minimum of 10 observa-
tions and FID was averaged within species across all 
observations. We included FIDs of birds of both sexes 
regardless of whether or not they were dimorphic at the 
time of study. Thus, our inferences use the average spe-
cies’ FID, making our analyses conservative. 
1.2  Vividness 

We measured vividness of birds by having partici-
pants score images in surveys created using Question-
Pro (Question Pro, 2009) following the methods de-
scribed in (Journey et al., 2013). The surveys rando-
mized the order of the images, which we compiled from 
several field guides (details in Supplementary Material). 
When plumage varied between the breeding and non-   
breeding season, we used images from the breeding 
season. For sexually dichromatic species, we only in-
cluded data from males, since images of males were 
most readily available and in most instances of dichro-
matism, were more vivid. 

Observers (number of participants per image, mean = 
16.25, range = 5–25) ranked the vividness of the plu-
mage of each species from the field guides by giving a 
score from a range of 1–5 ((1) dull; entirely neutral col-
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ors, (2) overall dull, but some small amount of color 
that stands out slightly against neutral background, (3) 
slightly bright; mostly neutral/dull colors, but fair 
amount of subtle coloration or prominent amounts of 
white, (4) bright; plumage mostly bright colors, but 
some dull/neutral colors, (5) very bright; no dull/neutral 
plumage, all plumage bright/neon). The participants 
were unaware of the definition of brightness employed 
by scientists who study color (Endler, 1990; Armenta et 
al., 2008), which we acknowledge is distinct from its 
colloquial use and therefore use ‘vividness’ to capture 
this colloquial meaning hereafter. We calculated the 
mean vividness score for each species.   

Although this method does not use spectrophotome-
tric data, a previous study has corroborated the strength 
of human-assessed visual conspicuousness (“vividness”) 
as compared to those of spectral data (see Journey et al., 
2013) in similar models. We concur with previous in-
vestigators (Karubian, 2013; Santos et al., 2014) that for 
a large comparative study like this one, our methodolo-
gy is more feasible than spectrophotometric methods. 
Recent studies have also found that human visual as-
sessment of bird plumage coloration is comparable to 
spectrophotometric measurements in the range visible to 
humans (Seddon et al., 2010; Journey et al., 2013), 
which lends credence to the argument that vividness 
scored by humans is a reasonable approximation of vi-
vidness as perceived by birds and potentially by some 
of their predators. 
1.3  Dichromatism 

We scored each bird species as either being dichro-
matic with a ‘1’ for dimorphic coloration differences, or 
a ‘0’ for monomorphic. We scored species that are 
dichromatic only seasonally as dimorphic. Likewise, for 
species that are sexually dichromatic, seasonal or not, 
we scored as dimorphic. In this way, we were conserva-
tive by collapsing both seasonal and sexual variation in 
our measure of dichromatic coloration. For further dis-
cussion on our conservative scores of bird dichromatism, 
see the Supplementary Materials (section “Validating 
dichromatism scores”). 
1.4  Body Mass and Location 

Maximum bird body masses were taken from 
Blumstein (2006) and originally derived from multiple 
sources (see available supplement for data [Supplemen-
tary Materials 2] and for references). Continent-level 
species distributions were also obtained from these 
sources. 
1.5  Phylogeny  

Using birdtree.org (Jetz et al., 2012), we downloaded 

ultrametric phylogenetic trees for the 136 species. Trees 
were sourced from Hackett (all species; set of 10,000 
trees with 9,993 OTUs each) as selected from the 
drop-down menu. A total of 1,000 trees were generated 
and we used TreeAnnotator (v. 1.6.1; Drummond and 
Rambaut 2007) with default settings (burnin = 0, post-
erior probability limit = 0.5, tree type = maximum clade 
credibility, node heights = median heights) to generate a 
rooted consensus phylogeny with branch lengths. The 
tree used for these analyses is available in the supple-
ment as a NEXUS file (Supplementary Material 1).   
1.6  Statistical analysis 

We regressed log FID on vividness, log body mass, 
log start distance, a binary dimorphism character state, 
and an interaction between log vividness and dimor-
phism. We also included two other categorical, inde-
pendent variables: a continent variable, coded by region, 
to account for geographic variation in FID, and a clade 
variable to assess whether differences in FID could be 
explained by major differences among evolutionary 
lineages.  To control for potential phylogenetic effects 
and to test the sensitivity of our results, we performed 
the same regression four times under different evolu-
tionary scenarios. These scenarios were calculated using 
transformations of the variance-covariance structures of 
the residuals (Garland and Ives, 2000; Lavin et al., 2008; 
Rezende and Diniz-Filho, 2012) using the ‘ape’ package 
(v. 3.1–2; Paradis et al., 2004) in R. First, we used 
non-phylogenetic, ordinary least squares (OLS). Then, 
we used phylogenetic least squares (PGLS), which as-
sumes a Brownian motion model of trait evolution (Pa-
gel’s λ = 1) implemented with the “corBrownian” func-
tion. We also fitted regressions with the branch lengths 
transformed using the restricted maximum likelihood 
(REML) value of Pagel’s λ (RegLambda; Pagel, 1994) 
as calculated using the “corPagel” function, which al-
lowed the tree to mirror the strength of the phylogenetic 
signal in the residuals (Freckleton et al., 2002). Finally, 
we performed a regression with the REML estimate of 
the paramater mimicking the Ornstein-Uhlenbeck (Re-
gOU) model of trait evolution, which simulates stabi-
lizing selection, to transform the tree. This analysis was 
calculated by the “corMartins” function that allowed the 
α parameter to vary with the strength of the phyloge-
netic signal (Butler and King, 2004). 

The "global" model with all 7 predictor variables was 
constructed using the “gls” function in the ‘nlme’ pack-
age (v.3.1–117; Pinheiro et al., 2014) and calculated 
using REML estimation of the regression parameters. 
The correlation structures were implemented in the 

https://www.eeb.ucla.edu/Faculty/Blumstein/pdf%20reprints/Online_Supplementary_Material.zip
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“correlation” option of the “gls” function. All models 
were weighted using the inverse square-root of sample 
size to account for variation in sampling effort 
(“weights” option of “gls” function; Garamszegi and 
Møller 2010). Taking this global model, and using the 
‘MuMIn’ package (v. 1.10.0; Barton, 2014), we used the 
“dredge” function to iterate through all variable combi-
nations to explain variation in FID. All models consi-
dered included log body mass and log starting distance 
because these explained significant variation in FID in 
previous studies (Blumstein, 2003; Blumstein, 2010; 
Samia et al., 2013); other variables were systematically 
included/excluded in a particular iteration. We used 
log-transformed values to normalize the distribution of 
residuals. All models are reported in Supplementary 
Material 3. We also report the same analyses without 
weighting by sampling effort in Supplementary Material 
4. 

For our collection of models, three procedures were 
used in an attempt to identify outlying or statistically 
influential data points.  First, we checked the distribu-
tion of standardized residuals for values > |3.0| in our 
“global” models and the best supported models for each 
of the four evolutionary scenarios mentioned (OLS, 
PGLS, RegLambda, and RegOU). For values so noted, 
we then applied the outlier test described by Cook and 
Weisberg (1999). Finally, we checked for large effects 
on P values or parameter estimates if values noted in 
step one were removed.  In the end, these procedures 
did not lead us to delete any data points from the final 
analyses. 

We compared models with the Akaike Information 
Criterion statistic corrected for sample size (AICc), in 

all cases based on repeating our analyses using maxi-
mum likelihood estimation instead of REML. We inter-
preted AICc values within 2 units of the smallest AICc 
value as providing the best support (Burnham and An-
derson, 2002). We also looked at two other ways to 
quantify relative model support: the evidence ratio (ER) 
and Akaike weights (acc_w). ER is used between mod-
els to estimate how relatively favored one model is over 
others. Acc_w is a model probability indicating how 
likely it would be for any given model to be the best 
fitting model given the data. These acc_w values are 
additive and can be used to determine which variables 
are most influential in predicting variation in FID 
(Dlugosz et al., 2013). All raw data are reported fully in 
Supplementary Materials 2. 

2  Results 

Table 1 presents the three best models based on AICc. 
These three models account for 62% of the cumulative 
evidence (cumulative weight, Table 1) and are signifi-
cantly better than intercept-only models (Supplementary 

Table 1). In all three models, the estimate of  was sub-
stantially greater than zero (~0.43), indicating phyloge-
netic signal in the residual FID (Table 1). Vividness 
appears only in the third-best of the models (Table 1, 
Aikake weighting = 0.134), and here it was not statisti-
cally significant (P = 0.555). When considering variable 
weights, vividness only appears in 30% of all our mod-
els. 

Of variables present in the top three models, only 
‘continent’ and log-transformed starting distance were 
statistically significant (Table 1). Within the ‘continent’ 
variable in all three top models, only the species with a 

 

Table 1  Results from the three best supported models fitted to explain variation in log10(FID) 

Model Intercept Continent log10(Mass) 
log10(Starting 

Distance) 
Passerine Vividness 

RegLambda 1 -0.1615* +*** 0.0358† 0.8377***   

RegLambda 2 -0.1880* +*** 0.0394† 0.8444*** +  

RegLambda 3 -0.1398 +*** 0.0333 0.8383***  -0.0064 

 RSE Pagel’s  
(REML) 

logLik (ML) AICc (ML) 
Aikake 
weight 

Cumulative 
weight 

ER 

RegLambda 1 0.2363 0.4347 134.1953 -248.9619 0.3488 0.3488 1 

RegLambda 2 0.2378 0.4448 134.4212 -247.0823 0.1363 0.4851 2.5595

RegLambda 3 0.2357 0.4217 134.4029 -247.0457 0.1338 0.6189 2.6067

Independent variable trait estimates significantly different from 0 are indicated with asterisks (* P < 0.05, ** P < 0.01, *** P < 0.001, † P < 0.077). 
Categorical variables present in any given model are denoted by “+”. RegLambda, a regression which incorporates some degree of phylogenetic 
signal; Continent, the location of a species’s natural range with values of (1) Australia (2) Australia & North America (3) Australia & Europe (4) 
North America (5) Europe; log10(mass), log10 transformation of mass; log10 transformation of starting distance; Passerine, a binary variable describ-
ing whether a species is in the passerine clade or not; Vividness, a averaged score of 1–5 of coloration; RSE, residual squared error; Pagel’s Lambda, 
a measure of phylogenetic signal strength for variation in FID estimated via restricted estimate maximum likelihood (REML); logLik, log of the 
maximum likelihood (ML); AICc, Aikake information criterion corrected for small sample size; ER, evidence ratio. 

https://www.eeb.ucla.edu/Faculty/Blumstein/pdf%20reprints/Online_Supplementary_Material.zip
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“Europe” designation significantly explained variation 
in FID (NEurope = 11, P < 0.001); both categories “North 
America” and “Australia & Europe” were never signifi-
cant (but note that there is only one species in “Austral-
ia & Europe”).  

In our top three models, body mass was not a statis-
tically significant predictor (all P > 0.05). Other va-
riables did no better in explaining variation in FID (see 
Supplementary Material 3 for details). A binary coding 
for Passerine performed similarly to vividness (appear-
ing in ~30% of models), but was still not significant in 
the models (P = 0.532).  

3  Discussion 

Our results do not support the hypothesis that birds 
compensate for plumage vividness by fleeing more 
quickly from approaching humans. This result, based on 
many species of birds, contrasts with a previous report 
that within a single species, more vivid lizards initiate 
flight at relatively greater distances (Martín and López, 
1999). Our results are notable because some animals 
have been shown to compensate for increased risk in a 
variety of ways. Individual frogs (Craugastor spp.), 
even when approached rapidly by perceived predators, 
remain immobile, presumably to enhance crypsis 
(Cooper et al., 2008), whereas conspicuous male rock 
ptarmigan Lagopus mutus soil their white plumage to 
increase crypsis (Montgomerie et al., 2001). Compara-
tive studies of birds have demonstrated that vivid birds 
are more responsive to vocalizations from their preda-
tors (Journey et al., 2013), and Bailey et al. (2015) 
showed that captive, nesting zebra finches Taeniopygia 
guttata actively selected nesting material that matched 
their cage colors over more conspicuous materials. 
These previous studies indicate that some form of com-
pensation for increased risk associated with vivid colo-
ration occurs in a variety of species. Thus, it was sur-
prising that vivid birds did not compensate by initiating 
flight at greater distances.  

Behaviors other than escape may also have evolved 
to compensate for conspicuous morphological features. 
For example, Journey et al. (2013) showed that birds 
with vivid plumage increased their rate of vigilance in 
response to playbacks of predator vocalizations. In-
creased vigilance in conspicuous organisms may repre-
sent an alternative evolutionary "solution" allowing for 
shorter FID (sensu Garland et al., 2011; Losos, 2011). 
By increasing the distance at which a prey responds by 
looking at the predator (alert distance), prey could better 
monitor a potential threat. There is some evidence that 

animals can alter their escape behavior so as to conti-
nually monitor a potential threat without fleeing per 
Cooper (2008). By increasing vigilance and predator 
monitoring, potential prey may sufficiently decrease the 
cost of remaining. This would result in conspicuous 
coloration being more tightly correlated to anti-predator 
behaviors other than FID, like vigilance. Future studies 
should examine the prevalence and potential trade-offs 
(Garland, 2014) of these types of alternative anti-pre-
dator behaviors in vivid and non-vivid species to test 
this hypothesis.  

Vividness might differentially affect the costs and 
benefits of fleeing. Vivid coloration may increase the 
cost of remaining by increasing detectability, but it may 
not necessarily do so in a consistent manner across spe-
cies. In species where vivid coloration is also a sexual 
signal, the cost of fleeing may be substantially higher 
and individuals may tolerate higher risk, fleeing later 
(Cooper, 1999). This differential effect on risk assess-
ment may vary across species, obscuring the relation-
ship between vividness and FID. Quantifying the rela-
tive costs, with respect to fleeing and remaining, of vi-
vidness on predation, as well as the benefits of such 
coloration in order to assess how this potential trade-off 
may affect FID is an important avenue for future re-
search.  

Our results also demonstrate that broad-scale geo-
graphical differences are associated with variation in 
flight-initiation distance. In our study, birds in Europe 
had significantly shorter FIDs than those observed on 
other continents. Møller et al. (2014) also recently re-
ported a relationship between FID and continent-level 
population trends, where the effect of FID on population 
decline differed across continents. Together, these stu-
dies suggest that observed patterns in FID vary across 
large geographic scales; we do not attempt to provide 
any mechanistic explanation for the evolution of such 
variable responses. 

We used humans to rate plumage coloration. Several 
other investigators have also used human assessments 
of coloration in other taxa (Cooper, 2006; Santos et al., 
2014), including in sexually dimorphic species of birds 
(Armenta et al., 2008; Møller, 2008; Johnson et al., 
2013; Karubian, 2013). However, two of these studies 
implemented a binary coding system to easily record 
coloration status (i.e., cryptic vs. non cryptic, sexually 
dimorphic or not). We used a method that created a con-
tinuous scale on which finer differences in coloration 
could be assessed, which previously was validated in a 
study of risk compensation (Journey et al., 2013). Fu-

https://www.eeb.ucla.edu/Faculty/Blumstein/pdf%20reprints/Online_Supplementary_Material.zip
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ture studies could apply this methodology to other taxa 
(e.g., lizards, mammals) for which considerable FID 
data exist.  

We acknowledge that our methods rely on a human 
assessment of coloration and that this does not fully 
represent the spectral sensitivities of all avian predators 
(e.g., snakes, other birds, etc.). However, during final 
revisions of this manuscript, we performed our analyses 
again using a subset of spectrophotometric plumage 
data for 90 species from Dunn et al. (2015) with quali-
tatively similar results (unpublished). We also ac-
knowledge that this method does not account for any 
ecological variation that may contribute to an animal’s 
conspicuousness such as micro-habitat type. However, 
because our measured response is a proxy for risk as-
sessment, our ability to discriminate an individual’s 
conspicuousness against a fixed background does not 
influence the bird’s own assessment of the danger level 
it perceives. And, previous models using these data did 
not find any ecologically relevant correlates that ex-
plained variation in FID (Blumstein, 2006). Thus our 
results, and our interpretations of them, remain general-
ly sound. In either case, because our human visual abil-
ity differs from that of some predators, these caveats 
should be borne in mind when interpreting our results.  

Although a number of previous studies have reported 
phylogenetic signal (Blomberg et al., 2003) in FID (e.g., 
Blumstein et al., 2005; Møller, 2008; Møller and Ga-
ramszegi, 2012), ours is one of the few to formally 
compare regression models that do and do not incorpo-
rate phylogenetic information by use of an information-   
theoretic approach (e.g., Cooper et al., 2014; Møller et 
al., 2014; Samia et al., 2015). Cooper et al. (2014) re-
cently reported that FID variation among species of 
lizards was best explained by statistical models using a 
star phylogeny, indicating no phylogenetic signal in 
residual FID, and thus suggesting rapid evolution of 
FID (but see Revell et al., 2008). In contrast, our ana-
lyses indicate the presence of phylogenetic signal in 
residual FID, i.e., that some intermediate level of hie-

rarchical structure (see Pagel’s , Table 1) best explains 
the residual variation in FID.  

The observation that flight-initiation distance de-
monstrates a variable level of phylogenetic signal, de-
pending on the organisms considered and/or the poten-
tial predictive variables considered, could be attributa-
ble to a variety of evolutionary processes (see Revell et 
al., 2008), as well as more mundane factors, such as the 
amount of measurement error (Blomberg et al., 2003; 
Ives et al., 2007). One possible explanation for the lack 

of phylogenetic signal in FID may be that strong selec-
tion for more specific anti-predatory behavioral res-
ponses erases the footprint of shared evolutionary his-
tory. If so, then we would expect that variation in FID 
would be best explained by contemporary ecological 
and contextual factors (e.g., predation level). Some evi-
dence supports this idea in lizards, for which anti-   
predator behaviors are best predicted by predator diver-
sity (Brock et al., 2015) or the lack thereof (Cooper et 
al., 2014). More explicit tests of the strength of selec-
tion on FID in contemporary populations would shed 
further light on these issues. With various studies (in-
cluding our own) reporting contrasting differences in 
the phylogenetic signal of FID, our current understand-
ing indicates that the evolution of escape decisions is 
both complex and idiosyncratic, e.g., varying among 
lineages. 

 
Acknowledgements  We thank Kate Rose for help managing 
data, the survey participants for judging vividness, C. East-
wood for his intellectual contributions, and Bill Cooper and 
one anonymous reviewer for their constructive comments on a 
previous version of this MS. NMH was supported by the UC 
Regents Special Fellowship. JPD was supported by a National 
Science Foundation (NSF) Graduate Research Fellowship and 
a fellowship from the UCLA Graduate Division during the 
course of this study. DTB is supported by NSF-DEB-1119660. 

References 

Armenta JK, Dunn PO, Whittingham LA, 2008. Quantifying avian 
sexual dichromatism: A comparison of methods. J. Exp. Biol. 
211: 2423–2430. 

Baker RR, 1985. Bird coloration: In defense of unprofitable prey. 
Anim. Behav. 33: 1387–1388. 

Baker RR, Parker GA, 1979. The evolution of bird coloration. 
Philos. T. Roy. Soc. B. 287: 63–130. 

Baker RR, Hounsome MV, 1983. Bird coloration: Unprofitable 
prey model supported by ringing data. Anim. Behav. 31: 614– 
615. 

Bailey IE, Muth F, Morgan K, Meddle SL, Healy SD, 2015. Birds 
build camouflaged nests. Auk 132: 11–15. 

Barton K, 2014. MuMIn: Multi-Model inference. R package ver-
sion, 1.10.0 http://cran.r–project.org/web/packages/MuMIn/ 
index.html 

Bateman PW, Fleming PA, 2014. Living on the edge: Effects of 
body size, group density and microhabitat selection on escape 
behavior of southern leopard frogs Lithobates sphenocephalus. 
Curr. Zool. 60: 712–714. 

Bauwens D, Thoen C, 1981. Escape tactics and vulnerability to 
predation associated with reproduction in the lizard Lacerta 
vivipara. J. Anim. Ecol. 733–743. 

Blomberg SP, Garland T, Ives AR, 2003. Testing for phylogenetic 
signal in comparative data: Behavioral traits are more labile. 
Evolution 57: 717–745. 



 HENSLEY NM et al.: Vivid birds are not flighty 779 

 

Blumstein DT, 2003. Flight-initiation distance in birds is depen-
dent on intruder starting distance. J. Wildl. Management 67: 
852–857.   

Blumstein DT, 2006. Developing an evolutionary ecology of fear: 
How life history and natural history traits affect disturbance in 
birds. Anim. Behav. 71: 389–399.  

Blumstein DT, 2010. Flush early and avoid the rush: A general 
rule of antipredator behavior? Behav. Ecol. 21: 440–442.  

Blumstein DT, Anthony LL, Harcourt R, Ross G, 2003. Testing a 
key assumption of wildlife buffer zones: Is flight initiation 
distance a species-specific trait? Biol. Cons. 110: 97–100. 

Blumstein DT, Fernández‐Juricic E, Zollner PA, Garity SC, 2005. 
Inter‐specific variation in avian responses to human distur-
bance. J. Appl. Ecol. 42: 943–953. 

Brock KM, Bedneckoff PA, Pafilis P, Foufopoulos J, 2015. Evo-
lution of antipredator behavior in an island lizard species Po-
darcis erhardii (Reptilia: Lacertidae): The sum of all fears? 
Evolution doi: (10)1111/evo.12555.  

Brodie III, ED, 1989. Behavioral modification as a means of re-
ducing the cost of reproduction. Am. Nat. 134: 225–238. 

Bulova SJ, 1994. Ecological correlates of population and individ-
ual variation in antipredator behavior of two species of desert 
lizards. Copeia 1994: 980–992. 

Burnham KP, Anderson DR, 2002. Model Selection and Multi-
model Inference: A Practical Information - Theoretic Approach. 
New York: Springer. 

Butler MA, King AA, 2004. Phylogenetic comparative analysis: A 
modeling approach for adaptive evolution. Amer. Nat. 164: 
683–695. 

Cook RD, Weisberg S, 1999. Applied Regression Including 
Computing and Graphics. New York: Wiley. 

Cooper WE, 1999. Tradeoffs between courtship, fighting, and 
antipredatory behavior by a lizard Eumeces laticeps. Behav. 
Ecol. Sociol. 47: 54–59.  

Cooper WE, 2003. Sexual dimorphism in distance from cover but 
not escape behavior by the keeled earless lizard Holbrookia 
propinqua. J. Herpetol. 37: 374–378. 

Cooper WE, 2006. Risk factors affecting escape behavior by 
Puerto Rican Anolis lizards. Can. J. Zool. 84: 495–504. 

Cooper WE, 2008. Visual monitoring of predators: Occurrence, 
cost and benefit for escape. Anim. Behav. 76: 1365–1372. 

Cooper WE, Caldwell JP, Vitt LJ, 2008. Effective crypsis and its 
maintenance by immobility in craugastor frogs. Copeia 3: 
527–532. 

Cooper WE, Frederick WG, 2007. Optimal flight initiation dis-
tance. J. Theo. Ecol. 244: 59–67 

Cooper WE, Pyron RA, Garland Jr T, 2014. Island tameness:  
Living on islands reduces flight initiation distance. Proc. R. 
Soc. B 281: 2013–3019. 

Cott HB, 1940. Adaptive Coloration in Animals. London: Me-
theun. 

Cott HB, 1946. The Edibility of birds: Illustrated by five years' 
experiments and observations (1941–1946) on the food pre-
ferences of the hornet, cat and man and considered with 
special reference to the theories of adaptive coloration. Proc. 
Zool. Soc. 116: 371–524.   

Cuadrado M, Martin J, Lopez P, 2001. Camouflage and escape 
decisions in the common chameleon Chamaeleo chamaeleon. 
Biol. J. Linn. Soc. 72: 547–554. 

Darwin C, 1871. The descent of Man, and Selection in Relation to 
Sex. London: John Murray. 

Dlugosz EM, Chappell MA, Meek TH, Szafrańska PA, Zub K et 
al., 2013. Phylogenetic analysis of mammalian maximal oxy-
gen consumption during exercise. J. Exp. Biol. 216: 4712–  
4721. 

Drummond AJ, Rambaut A, 2007. BEAST: Bayesian evolutionary 
analysis by sampling trees. BMC Evol. Biol. 7: 214. 

Dumbacher JP, Fleischer RC, 2001. Phylogenetic evidence for 
colour pattern convergence in toxic pitohuis: Müllerian mimi-
cry in birds? Proc. R. Soc. Lond. B 268: 1971–1976. 

Dunn PO, Armenta JK, Whittingham LA, 2015. Natural and sex-
ual selection act on different axes of variation in avian plu-
mage color. Sci. Adv. 1: e1400155  

Endler JA, 1978. A predator’s view of animal color patterns. 
Evolutionary Biology 11: 319–364).   

Endler JA, 1990. On the measurement and classification of colour 
in studies of animal colour patterns. Biol. J. Linn. Soc. 41: 
315–352. 

Freckleton RP, Harvey PH, Pagel M, 2002. Phylogenetic analysis 
and comparative data: A test and review of the evidence. Amer. 
Nat. 160: 712–726.  

Garamszegi LZ, Møller AP, 2010. Effects of sample size and 
intraspecific variation in phylogenetic comparative studies: A 
meta-analytic review. Biol. Rev. 85: 797–805.  

Garland, Jr. T, 2014. Quick guide: Trade-offs. Curr. Biol. 24: 
R60–R61. 

Garland, Jr. T, Ives AR, 2000. Using the past to predict the present: 
Confidence intervals for the regression equations in phyloge-
netic comparative methods. Amer. Nat. 155: 346–364. 

Garland Jr T, Kelly SA, Malisch JL, Kolb EM, Hannon RM et al., 
2011. How to run far: Multiple solutions and sex-specific res-
ponses to selective breeding for high voluntary activity levels. 
Proc. R. Soc. B 278: 574–581. 

Gotmark F, 1992. Anti-predator effect of conspicuous plumage in 
a male bird. Anim. Behav. 44: 51–55. 

Gotmark F, 1993. Conspicuous coloration in male birds is favored 
by predation in some species and disfavored in others. Proc. R. 
Soc. B 253: 143–146. 

Götmark F, Olsson J, 1997. Artificial colour mutation: Do red- 
painted great tits experience increased or decreased predation? 
Anim. Behav. 53: 83–91. 

Harmon L, Weir J, Brock C, Glor R, Challenger W et al., 2009. 
Geiger: Analysis of Evolutionary Diversification. R package 
version, 1.3 <http: //CRAN.R–project.org/package=geiger> 

Heatwole H, 1968. Relationship of escape behavior and camouf-
lage in anoline lizards. Copeia 1: 109–113. 

Huhta E, Rytkönen S, Solonen T, 2003. Plumage brightness of 
prey increases predation risk: An among-species comparison. 
Ecol. 84: 1793–1799. 

Ives AR, Midford PE, Garland Jr T, 2007. Within-species varia-
tion and measurement error in phylogenetic comparative me-
thods. Sys. Biol. 56: 252–270. 

Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers AO, 2012. A 
global phylogeny of birds. <http: //www.birdtree.org> 

Johnson AE, Jordan Price J, Pruett-Jones S, 2013. Different mod-
els of evolution in males and females generate dichromatism 
in fairy-wrens (Maluridae). Ecol. Evol. 3: 3030–3046. 

Journey L, Drury JP, Haymer M, Rose K, Blumstein DT, 2013. 



780 Current Zoology Vol. 61  No. 4 

 

Vivid birds respond more to acoustic signals of predators. Be-
hav. Ecol. Sociobiol 67: 1285–1293. 

Karubian J, 2013. Female ornamentation in Malurus fairy-wrens: 
A hidden evolutionary gem for understanding female perspec-
tives on social and sexual selection. Emu 113: 248–258 

Lavin SR, Karasov WH, Ives AR, Middleton KM, Garland Jr T, 
2008. Morphometrics of the avian small intestine compared 
with that of nonflying mammals: A phylogenetic approach. 
Physiol. Biochem. Zool. 81: 526–550.  

Losos JB, 2011. Convergence, adaptation, and constraint. Evolu-
tion 65: 1827–1840. 

Lyon BE, Montgomerie RD, 1985. Conspicuous plumage of birds: 
Sexual selection or unprofitable prey? 33: 1038–140.  

Martín J, López P, 1999. Nuptial coloration and mate guarding 
affect escape decisions of male lizards Psammadrous algirus. 
Ethol. 105: 439–447. 

Møller AP, 2008. Flight of urban birds, predation, and selection 
for urban life. Behav. Ecol. Sociobiol. 63: 63–75.  

Møller AP, Garamszegi LZ, 2012. Between individual variation in 
risk-taking behavior and its life history consequences. Behav. 
Ecol. 23: 843–853.  

Møller AP, Nielsen JT, 2006. Prey vulnerability in relation to 
sexual coloration of prey. Behav. Ecol. Sociobiol. 60: 227–233. 

Møller AP, Nielsen JT, Garamszegi LZ, 2008 Risk taking by 
singing males. Behav. Ecol. 19: 41–53.  

Møller AP, Samia DS, Weston MA, Guay PJ, Blumstein DT, 2014. 
American exceptionalism: Population trends and flight initia-
tion distances in birds from three continents. PLoS ONE 9(9): 
e107883. 

Montgomerie R, Lyon B, Holder K, 2001. Dirty ptarmigan: Beha-
vioral modification of conspicuous male plumage. Behav. Ecol. 
4: 429–438. 

Pagel M, 1994. Detecting correlated evolution on phylogenies: A 
general method for the comparative analysis of discrete cha-
racters. Proc. R. Soc. Lond. B 255: 37–45. 

Paradis E, Claude J, Strimmer K, 2004. APE: Analyses of phylo-
genetics and evolution in R language. Bioinformatics 20: 
289–290. 

Pinheiro J, Bates D, DebRoy S, Sarkar D, R Core Team, 2014.. 
nlme: Linear and nonlinear mixed effects models. R package 
version, 3.1–117 http: //CRAN.R-project.org/package=nlme 

Price MV, Strombom EH, Blumstein DT, 2014. Human activity 
affects the perception of risk by mule deer. Curr. Zool. 60: 
693–699. 

QuestionPro, 2009. <http: //www.questionpro.com/> Seattle, WA: 
Survey Analytics LLC. 

Revell LJ, 2012. Phytools: An R package for phylogenetic com-
parative biology (and other things). Methods Ecol. Evol. 3: 
217–223.  

Revell L, Harmon L, Collar D, 2008. Phylogenetic signal, evolu-
tionary process, and rate. Syst. Biol. 57: 591–601. 

Rezende EL, Diniz-Filho JAF, 2012. Phylogenetic analyses: 
Comparing species to infer adaptations and physiological me-
chanisms. Compr. Physiol. 2: 639–674. 

Samia DSM, Blumstein DT, Stankowich T, Cooper WE Jr, 2015. 
Fifty years of chasing lizards: New insights advance optimal 
escape theory. Biol Rev. XX: YYY–ZZZ. 

Samia DSM, Nomura F, Blumstein DT, 2013. Do animals flush 
early and avoid the rush? A meta-analysis. Biol. Lett. 9: 
20130016  

Santos JC, Baquero M, Barrio-Amorós C, Coloma LA, Erdtmann 
LK et al., 2014. Aposematism increases acoustic diversifica-
tion and speciation in poison frogs. Proc. R. Soc. B 281: 
20141761. 

Slagsvold T, Dale S, Kruszewicz A, 1995. Predation favors cryp-
tic coloration in breeding male pied flycatchers. Anim. Behav. 
50: 1109–1121.  

Stankowich T, Blumstein DT, 2005. Fear in animals: A meta-   
analysis and review of risk assessment. Proc. R. Soc. Lond. B 
272: 2627–2634. 

Stuart-Fox DM, Moussalli A, Marshall NJ, Owens IPF, 2003. 
Conspicuous males suffer higher predation risk: Visual mod-
eling and experimental evidence from lizards. Anim. Behav. 
66: 541–550. 

Ydenberg RC, Dill LM, 1986. The economics of fleeing from 
predators. Adv. Stu. Behav. 16: 229–249. 

  
 


