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NO EVIDENCE FOR INDIVIDUAL ASSORTMENT BY TEMPERAMENT RELATIVE TO

PATCH AREA OR PATCH OPENNESS IN THE BOBOLINK

ALEXANDER C. KEYEL!, DavID T. PECK, AND J. MICHAEL REED
Department of Biology, Tufts University, 163 Packard Ave., Medford, MA 02155

Abstract: Recent research has shown repeatable individual variability in temperament traits. We tested the
hypotheses that individual Bobolinks (Dolichonyx oryzivorus) vary consistently in their response to predators,
a temperament trait, and that this individual variation is associated with breeding-site selection. Specifically, we
tested whether measures of behavioral response to human approaches are associated with either patch area or
patch openness and thus to area sensitivity. We made two to seven sequential approaches to Bobolinks in 2009 and
2010, measuring starting distance, flight-initiation distance, and the distance from the observers to where the birds
landed. We analyzed the data with repeatability estimates and linear mixed modeling. Flight-initiation distance
was repeatable when starting distance was controlled for, but distance to landing was not after starting distance
and flight-initiation distance were controlled for. We found no strong effect of area or openness on either flight-
initiation distance or distance to landing. We conclude that this measure of response to predators shows individual
variation, but this variation does not explain patterns of settlement among habitat patches. Because flight-initiation
distance is often used to identify distances at which human behavior disrupts wildlife, we estimate its mean
(21.8 m) and the distance at which 75%, 95%, and 99% of the Bobolinks flushed (28, 40, and 59 m, respectively).
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Falta de Evidencia de Variacion Individual por Temperamento con Relacion al Tamaiio del Parche
o la Abertura del Parche en Dolichonyx oryzivorus

Resumen. Estudios recientes han mostrado variabilidad individual repetible en los rasgos del tempera-
mento. Evaluamos la hipotesis de que los individuos de Dolichonyx oryzivorus varian de modo consistente en sus
respuestas a los depredadores, un rasgo del temperamento, y que esta variacion individual esta asociada con la
seleccion del sitio de anidacion. Especificamente, evaluamos si las medidas de respuesta del comportamiento a los
acercamientos humanos estas asociadas con el tamafio del parche o con la abertura del parche y por ende con la
sensibilidad al area. Realizamos dos a siete aproximaciones secuenciales a D. oryzivorus en 2009 y 2010, midiendo
la distancia de comienzo, la distancia de iniciacion del vuelo y la distancia desde los observadores hasta donde
las aves aterrizaron. Analizamos los datos con estimados de repetibilidad y modelado lineal mixto. La distancia
de iniciacion del vuelo fue repetible cuando se ajusto por la distancia de comienzo, pero la distancia al aterrizaje
no lo fue cuando se ajustod por la distancia de comienzo y la distancia de iniciacion del vuelo. No encontramos un
fuerte efecto del area o de la abertura tanto en la distancia de iniciacion del vuelo como en la distancia al aterrizaje.
Concluimos que esta medida de respuesta a los depredadores muestra variacion individual, pero esta variacion
no explica los patrones de asentamiento entre los parches de habitat. Debido a que la distancia de iniciacion del
vuelo (DIV) es usualmente usada para identificar las distancias a las cuales el comportamiento humano altera la
vida silvestre, estimamos la DIV media (21.8 m) y la distancia a la cual el 75%, 95% y 99% de los individuos de
Dolichonyx oryzivorus se espantaron (28, 40 y 59 m respectivamente).

INTRODUCTION

There is recent interest in consistent intraspecific differ-
ences in individuals’ behavior or “temperament” (e.g., Wilson
et al. 1994, Gosling and John 1999, Réale et al. 2007). Behav-
ioral consistency has been looked for in a variety of contexts,
such as activity levels, aggression, anti-predatory behavior,
and courtship (Bell et al. 2009). Heritable differences in
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temperament may be acted upon by natural selection (e.g.,
Smith and Blumstein 2008), so individual temperaments
may be of evolutionary importance. Recently, temperament
has been shown to mediate species’ responses to landscapes
(e.g., Dingemanse et al. 2003, Duckworth and Kruuk 2009).
Carrete and Tella (2010) observed repeatable individual vari-
ation in flight-initiation distance (FID) in the Burrowing
Owl (Athene cunicularia) and argued that individuals of this
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species were assorting themselves with respect to environ-
mental characteristics (i.e., distance to roads). FID is com-
monly used to assess perceived risk of predation (reviewed
by Stankowich and Blumstein 2005), providing a possible
biological mechanism for habitat selection. Habitat selection
relative to patch size and, specifically, the avoidance of small
habitat patches with respect to large ones (i.c., area sensitivity)
have been the subject of much research (e.g., Bender et al.
1998, Bayard and Elphick 2010). What has not been investi-
gated, however, is the possibility of intraspecific differences
in area sensitivity on the basis of temperament.

For grassland birds, mechanisms for observed area sen-
sitivity are still poorly understood, but response to perceived
predation risk is a proposed mechanism (Ribic et al. 2009).
Within a species, individuals also can differ in their responses
to predators (e.g., Carere and van Oers 2004, Stankowich and
Blumstein 2005) and in their physiological capacity to respond
to stressors (e.g., Romero and Reed 2008). Thus it is possible
that individuals sort themselves by habitat-patch size, with more
sensitive individuals avoiding smaller patches, because of either
greater proximity to edges (Parker et al. 2005) or reduced op-
portunity for escape behaviors (Lima 1993). Consequently, we
tested the hypothesis that responses by an area-sensitive species
to a simulated predator should vary consistently from individual
to individual and that this variation should be related to habitat-
patch size. An alternative hypothesis to area sensitivity affecting
distributions across patch sizes is openness sensitivity, in which
birds preferentially settle in visually open fields (i.e., those in
which the angle to the horizon is small) (Keyel et al. in press).
Openness sensitivity may also be mediated by perceived preda-
tion risk (Lima and Valone 1991), and we tested the alternate
hypothesis that individuals whose FID is greater should avoid
less open habitat patches. We tested these hypotheses on the
Bobolink (Dolichonyx oryzivorus), a declining grassland bird
that has been reported to be area sensitive (e.g., Johnson and Igl
2001) and openness sensitive (Keyel et al. in press). Finally, con-
sistent behavioral responses to human disturbance have been
observed in some species (e.g., Végvari et al. 2011), so FID is
commonly used to identify widths of buffers for protected ar-
eas (e.g., Fernandez-Juricic et al. 2005). Consequently, we used
Bobolink response to human approach to assess potential buffer
distances to reduce disturbance.

METHODS

This study was conducted in uncut sections of 28 hayfields
in eastern and central Massachusetts (41° 44" to 42° 53’ N,
70° 40" to 72° 3 W) in June of 2009 and 2010. Fields were in
a primarily wooded landscape and contained a mix of forbs
and grasses. Fields were a mix of town, state, and private con-
servation lands and were subject to recreational use along
trails or field edges, with pedestrian traffic at all fields and
dog-walking at most fields. Fields ranged from 1 to 49 ha in
size (as measured from aerial photographs in ArcGIS 9.3) and
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their openness index ranged from 69.6 to 85.1°. Openness, a
measure based on the visual height of the horizon, was mea-
sured as described by Keyel et al. (in press). Briefly, openness
was based on data recorded at points at 50-m intervals along a
transect spanning the long axis of each site. At each point, we
measured the inclination or angle to the visual horizon in four
directions, perpendicular to each edge of the field, averaged it
for each point, then averaged it for all points, to give a single
value for each field. This value was subtracted from 90° to
give an index that increases with increasing openness.

We restricted measurements of behavioral data to males to
minimize effects on nesting females and because males perch
conspicuously. We simulated predation risk by human approaches
to individual Bobolinks, a commonly used field method (e.g.,
Stankowich and Blumstein 2005). As we entered a field, we se-
lected one male Bobolink, usually the closest, so that FID would
not be affected by flight of closer birds. Prior to starting the ap-
proach, we measured the horizontal distance between the re-
searchers’ position and the bird’s position (SD). Two observers,
walking side by side at a steady pace (~4 km hr!), then approached
the male directly. All distance measurements were made to the
nearest meter with a laser rangefinder (Bushnell Yardage Pro
500 in 2009; TruPulse 360B Laser Rangefinder in 2010). Once
the bird flushed in response to the approach (defined as a move-
ment >3 m, to avoid normal behavioral movements being catego-
rized as flushes), we measured the distance from the observers to
where the bird had previously been (FID) and the distance from
the observers to where the bird landed (distance to landing, DTL).
We were unable to tell when the birds first became alert to the ap-
proach, so we did not measure this distance. To reduce potential
sources of variation not based on individual temperament, we at-
tempted to approach only apparently territorial males that were up
and visible in the field, not near other male Bobolinks, and not car-
rying food. We approached each bird two to seven times in suc-
cession between 06:30 and 13:30 in fair weather: no precipitation
and wind speed just above the grass <12 km hr .

We estimated buffer distances on the basis of cumulative
response distances, specifically, the distance at which 75%,
95%, and 99% of Bobolinks flushed in response to our first
approach (Stalmaster and Newman 1978). Alternate methods
for set-back distances are reviewed by Fernandez-Juricic et al.
(2005), although many of these require alert distance, which
we did not measure.

STATISTICAL ANALYSIS

We calculated the repeatability of FID and DTL by the ap-
proach of Lessells and Boag (1987) as clarified by Romero and
Reed (2008), calculating standard errors per Becker (1984).
Data were approximately normal; for each approach, we ranked
each individual’s FID and DTL, then analyzed the ranked val-
ues. Repeatability was evaluated in two steps. First, we ran a
one-way ANOVA of rank FID or rank DTL versus an individ-
ual’s identity, in which the ability of that identity to predict its
ranked FID (or ranked DTL) was tested. We then used output
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from the ANOVA to calculate repeatability. Specifically, re-
peatability =s?, /(s> + s?,), where s> = error mean squares, s*, =
(model mean squares — s%)/n,,, and n, = the number of repeated
approaches per individual. We tested repeatability on the ba-
sis of the first two approaches for all birds, next for only birds
measured in 2010, and finally for a subset for which we had five
approaches. As starting distance had an effect on FID (see Re-
sults), we also calculated repeatability for the residuals from the
regression of starting distance on FID. For DTL, we calculated
residuals for the regression of both starting distance and FID on
DTL. The regression, however, removes shared variation; con-
sequently our measure of repeatability is conservative if any of
the removed variation is actually due to the variable of interest.

While we were interested in examining individual varia-
tion in our predation-response measures, the first approach in
a simulated-predator trial may contain a component of nov-
elty as well. In order to test for any effect of novelty, we tested
whether sequential approaches led to a change in FID or DTL
by repeated-measures ANOVA in Proc Mixed in SAS (SAS/
STAT version 9.2, Cary, NC) with bird as a random effect
(mean of 0, variance drawn from a normal distribution). As
humans are at all of our study sites, we did not expect novelty
to be a large component.

Finally, to assess whether individual variation in response
measures was associated with patch area or patch openness,
we used mixed general linear models (Proc Mixed in SAS)
with individual as a random effect, starting distance as a fixed
effect, and openness or area as fixed effects. For the analysis
of DTL, we also included FID as a fixed effect. This technique
allowed us to use data from all approaches, while inclusion of
individual as a random effect avoided spurious results being
generated by pseudo-replication. For a more conservative ap-
proach, using the REG procedure in SAS, we also examined
the mean FID and DTL for all approaches of an individual vs.
openness and area. We evaluated models by Akaike’s infor-
mation criterion adjusted for small sample sizes, AIC , (Burn-
ham and Anderson 2002), and pseudo-7? values as a measure
of the models’ fit (Magee 1990). We evaluated openness and
area plus relevant covariates (starting distance for FID, start-
ing distance and FID for DTL). We were unable to measure
openness or area for three fields; consequently, eight birds in-
cluded in the analysis of repeatability were not included in
these analyses. Values for FID and DTL are mean + standard
deviation.

RESULTS

For the first approach to 77 Bobolinks, FID was 21.8 m =+
9.6; once flushed, Bobolinks moved to a distance of 33.5 m +
17.6 from the approachers (DTL). In 9 out of 77 approaches,
birds flushed to a location closer to the approachers. On the
basis of first approaches, a buffer distance of 28 m would
prevent 75% of male Bobolinks from flushing, a buffer dis-
tance of 40 m would prevent 95% from flushing, and a buffer

distance of 59 m would prevent 99% from flushing. Start-
ing distance had a significant effect on FID and DTL (see
below). A visual inspection of a plot of starting distance vs.
FID suggests that starting distances <40 m follow a pattern
different from those with higher values (Fig. 1a). When only
starting distances >40 m were considered, FID for 32 Bobo-
links was 25.9 m + 11.0 and DTL was 42.4 m = 21.1 (Fig. 1).
In up to seven approaches per bird, the approach’s position in
the sequence had no effect on FID (F ;= 0.61, P=0.72, 76
birds, 286 approaches total) or DTL (F,,, = 0.56, P = 0.76,
76 birds, 284 approaches total) when starting distance was
included as a covariate in a repeated-measures ANOVA with
bird as a random effect. Consequently, in subsequent analy-
ses we did not distinguish between the first approach and
later approaches.

Bobolinks showed significant repeatability in both FID
and DTL; however, repeatability was one third lower for FID
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FIGURE 1. Flight-initiation distance (FID, a) and distance to the
location where the bird landed after flushing (DTL, b) increased with in-
creasing starting distance up to 40 m. Data are from the first approach to
77 male Bobolinks.
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TABLE 1.
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Estimates of repeatability of flight-initiation distance (FID) and distance to landing (DTL), sample sizes and test statistics

(F-value from ANOVA) for the Bobolink. Repeatability estimates uncorrected for starting distance (SD) are presented for all data from
both years of the study pooled.” Repeatability estimates corrected for covariate values are presented for both years of the study and for

relevant subsets.

Number of FID repeatability DTL repeatability
Model® Years approaches n +SE FIDF +SE DTLF
1. Uncorrected 2009, 2010 2 76 0.65+0.07 47w 0.52+0.08 RN
2. Residuals (SD) 2009, 2010 2 76 0.41 +£0.10 2 4k 0.00+0.12 1.00
3. Residuals (SD) 2010 2 47 0.50+0.11 3.0%H% 0.14 £0.14 1.32
4. Residuals (SD) 2010 5 28 0.48 +£0.09 5.9k 0.14 £ 0.08 1.81*
5. Residuals (SD FID) 2009, 2010 2 76 — — -0.08 +0.11 0.9
6. Residuals (SD FID) 2010 2 47 — — 0.03+0.15 1.1
7. Residuals (SD FID) 2010 5 28 — — 0.06+ 0.07 1.3

aLevels of significance: *P <0.05, **P < 0.01, ***P <0.001, ****P <0.0001.
bResiduals (SD) based on a regression with SD; residuals (SD FID) based on a regression with both SD and FID.

and disappeared for DTL when these models were corrected
for covariates (Table 1). There was an effect of year on the
analysis: when data for 2010 only were analyzed, repeatabil-
ities were higher (Table 1). Using data from individuals for
which we recorded five approaches did not appreciably change
measured repeatabilities from that with two approaches. DTL
repeatability values were higher when corrected only for
starting distance (Table 1).

For 262 (259 for DTL) approaches on 69 birds with
2-7 (mean = 4.3, median = 5) approaches per individual,
we observed an effect of starting distance on FID, but nei-
ther patch size nor patch openness improved the pseudo-r2
value, and models containing these variables were within 2
AAIC  of models without them (Table 2). FID and starting

TABLE 2.

distance both affected DTL, but DTL was unaffected by ei-
ther patch size or patch openness (Tables 2 and 3). When we
averaged values for an individual flushed repeatedly, start-
ing distance still had an effect on FID, but FID still showed
no strong relationship with either area or openness (starting
distance included as a covariate, Table 2). When averaged,
DTL was affected by starting distance, but there was not a
strong effect of FID, openness, or area (Table 2). Following
the recommendations of Burnham and Anderson (2002:131)
and Arnold (2009), when nested models were within 2 AIC,
units, we considered the simplest model to be the only sup-
ported model. Consequently, with the possible exception of
an effect of FID on DTL in the mixed models, we do not con-
sider these models competitive even though some are within

Overall model statistics for flight-initiation distance (FID) and distance from

the observer to where a Bobolink landed (DTL). Inclusion of area or openness resulted in no
meaningful increase over starting distance (SD) in models’ explanatory power. Based on 262
(FID) and 259 (DTL) approaches to 69 Bobolinks. AAIC  should be compared only within
FID or DTL; AAIC, from FID should not be compared with values for DTL.

Mixed models?

Averaged®

Model AAICS  Pseudo-r w, AAIC ¢ 72 w,

FID=SD 0.2 0.20 0.43 0.4 0.41 0.33
FID = Area+ SD 34 0.19 0.09 0.9¢ 042  0.26
FID = Openness + SD 0.0° 0.20 0.48 0.0° 043 041
DTL=SD 3.0 0.08 0.13 0.0 047 042
DTL=SD +FID 0.0 0.09 0.60 1.4¢ 047 021
DTL =area + SD + FID 3.6 0.09 0.10 2.1 047 015
DTL = openness + SD + FID 2.5 0.09 0.17 1.3¢ 0.47 0.22

*Bird as a random effect.
bApproaches averaged for each bird.

‘Minimum values of AIC  were 1728.7 for FID and 2244.4 for DTL for mixed models.
Minimum values of AIC, were 243.4 for FID and 337.3 for DTL for averaged models.

®Per Burnham and Anderson (2002), these models are not competitive, even though they are
within 2 AAIC . See also last paragraph under Results.
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TABLE 3. Parameters of fixed-effects model based on a linear
mixed-model regression where individual was included as a ran-
dom effect (individual estimates not shown); FID = flight-initiation
distance; SD = start distance for approach; DTL = distance from
approachers at which the animal landed.

Model df B SE
FID=SD

SD 192 0.2556 0.0294

Intercept 68 11.7888 1.1782
FID = area + SD

Area 192 —0.0347 0.0728

SD 192 0.2576 0.0298

Intercept 67 12.1396 1.3843
FID = openness + SD

Openness 191 —0.2464 0.1920

SD 191 0.2584 0.0294

Intercept 68 31.3074 15.2733
DTL=SD

SD 189 0.5081 0.0755

Intercept 68 15.2303 2.6377
DTL=FID + SD

SD 188 0.3973 0.0903

FID 188 0.3414 0.1550

Intercept 68 11.8582 3.0331
DTL =area + FID + SD

Area 188 0.1123 0.1238

SD 188 0.3743 0.0927

FID 188 0.3552 0.1566

Intercept 67 11.0635 3.2345
DTL = openness + FID + SD

Openness 187 0.0017 0.3194

SD 187 0.3930 0.0917

FID 187 0.3430 0.1576

Intercept 68 11.8560 25.5733

2 AAIC_ of the model containing only starting distance. This
decision is reinforced by the trivial improvements in pseudo-
72 in the larger models.

DISCUSSION

We found a repeatable response in flight-initiation distance
(FID), suggesting a trait for this temperament in the Bobolink.
In contrast, once we corrected for covariates, there was no in-
dividual consistency in distance from the observers at which
the birds landed (DTL). However, repeatability in DTL was
significant though weak when uncorrected for FID for five ap-
proaches in 2010. While correcting for covariates may be im-
portant, if FID and DTL are correlated because of common
selection pressures, correcting DTL by FID could eliminate in-
dividuals’ biologically meaningful consistency. That said, the
evidence for repeatable DTL in Bobolinks is weak at best. Our
observed corrected FID repeatability of 0.41 is about average

of that reported in the literature. In their meta-analysis on re-
peatability in animals, Bell et al. (2009) examined six studies
with 34 tests of anti-predatory behavior and found an average
repeatability of 0.41 £ 0.05 (measured from their Fig. 2 with
ImagelJ; Rasband 2009). Another study found repeatabilities in
anti-predatory behavior that ranged from 0.34 to 0.88 (Lopez
et al. 2005); again, consistent with our results. For the Great Tit
(Parus major), Bell etal. (2009) reported a repeatability in risk-
taking behavior (time to return to a feeding station after being
startled; Van Oers et al. 2004) of 0.26 + 0.07. For feeding Gray-
lag Geese (Anser anser), Kralj-Fiser et al. (2007) found repeat-
ability of vigilance behavior in three different feeding contexts
highly variable (-0.082, —0.145, and 0.450). Some researchers
studying FID have found repeatability very high; Carrete and
Tella (2010) observed repeatabilities of 0.92 £ 0.0002 in the
Burrowing Owl (0.88 when controlling for sex and distance to
roads), while Carter et al. (2010) observed repeatabilities (un-
corrected for starting distance) of 0.95 = 0.033 in the Namib-
ian Rock Agama (4gama planiceps). In contrast, Runyan and
Blumstein (2004) observed very low repeatability (0.09) in the
Yellow-bellied Marmot (Marmota flaviventris). Consequently,
our observed repeatability of FID for two approaches, corrected
for starting distance, all years, of 0.41, is well within the broad
range reported by previous studies.

The mechanisms underlying area sensitivity in grassland
birds are still poorly understood (Ribic et al. 2009). While
Carrete and Tella (2010) found support for self-assortment of
Burrowing Owls with respect to roads, we found no evidence
that individual Bobolinks were assorted by FID or DTL with
respect to patch area or patch openness. Thus we reject the hy-
potheses that more sensitive individuals avoid either small or
less open habitat patches, and our results suggest that individ-
uals’ FID and DTL are not major factors contributing to the
Bobolink’s observed area sensitivity or openness sensitivity.

We observed very slight changes in measured repeatabil-
ity with an increasing number of trials, which is consistent
with the findings of a recent meta-analysis of repeatability and
behavior (Bell et al. 2009). Adolph and Hardin (2007) evalu-
ated the effect of increasing the number of trials on sampling
variance when repeatabilities were 0.2, 0.5, and 0.8 and saw
only a minor effect of taking additional measurements when
repeatabilities were of intermediate to high value. We found
that the standard errors for repeatability based on two ap-
proaches to 76 birds (SE, = 0.10, SE,, = 0.12) were similar
to those based on five approaches on 28 birds (SE; = 0.09,
SE;; = 0.08), suggesting that the increased number of trials
does indeed compensate for the lower number of replicates
and that for the Bobolink two replicates are sufficient.

One potential concern with our methods, which applies to
most studies of FID, is that humans do not exert direct preda-
tion pressure on Bobolinks, so the use of humans as a proxy
for predators may be suspect. Frid and Dill (2002), however,
argued from an evolutionary perspective that any distur-
bance may elicit anti-predator behavior, and Mccleery (2009)
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observed reduced responses to natural predator stimuli (taped
of vocalizations of the Coyote, Canis latrans, and Red-tailed
Hawk, Buteo jamaicensis) by Eastern Fox Squirrels (Sciurus
niger) in areas with increased human disturbance. Conse-
quently, it is likely that FID responses to humans may be simi-
lar to those to avian and mammalian predators. Use of humans
in our study had two advantages over the use of a natural pred-
ator. First, it can be difficult to distinguish whether a species
is responding to novelty or the stimulus in particular. As hu-
mans were present at our study sites, presumably the observed
responses were due to the FID trial itself, not to the presen-
tation of a novel stimulus. However, it is unlikely that the
Bobolinks were habituated to direct approach by humans, as
human traffic at our sites is restricted primarily to trails. Sec-
ond, with humans, we were able to present a more standard-
ized and consistent stimulus than could be achieved with a
live predator. Use of something other than a live predator still
requires assumptions, but without the benefit of a large body
of prior research (reviewed by Stankowich and Blumstein
2005) to support the use of humans as a surrogate predator.
FID is often used to determine widths of buffers or set-backs
around protected areas to reduce the effects of human distur-
bance (e.g., Fernandez-Juricic et al. 2005). Although we present
data that could be used to identify set-back distances to mini-
mize disruption to Bobolinks, we suggest that FID be used care-
fully and thoughtfully for this purpose. FID can be affected by
several variables (Stankowich and Blumstein 2005). For exam-
ple, our estimates may not be applicable to the effects of larger
groups of people or to individuals with dogs. In addition, a bird’s
flushing in response to an approacher does not mean that the ap-
proach is stressful (Butler et al. 2009) or is costly for the bird (Gill
and Sutherland 2000, Gill et al. 2001). Alternatively, there can
be physiological responses to approach, such as increased heart
rate, even if the bird does not flush (e.g., Steen et al. 1988). Conse-
quently, FID should be considered along with other measures in
determining biologically meaningful buffer distances.
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