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In humans, coping behaviour is an action taken to soothe oneself during or after a stressful or threatening
situation. Some human behaviours with physiological functions also serve as coping behaviours, for exam-
ple, comfort sucking in infants and comfort eating in adults. In birds, the behaviour of preening, which has
important physiological functions, has been postulated to soothe individuals after stressful situations. We
combine two existing modelling approaches – logistic regression and Darwinian dynamics – to explore
theoretically how a behaviour with crucial physiological function might evolve into a coping behaviour.
We apply the method to preening in colonial seabirds to investigate whether and how preening might be
co-opted as a coping behaviour in the presence of predators. We conduct an in-depth study of the environ-
mental correlates of preening in a large gull colony in Washington, USA, and we perform an independent
field test for comfort preening by computing the change in frequency of preening in gulls that were alerted
to a predator, but did not flee.
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of the environmental correlates of preening at a large gull colony inWashington, USA. The third

goal is to construct a specific model of the evolution of comfort preening in gulls in the presence

of eagle disturbances. The fourth goal is to conduct an independent empirical test of the existence

of comfort preening in the gull colony post-eagle disturbance. Each of these topics deserves a

brief introduction.

1.1. Hypothesis of coping behaviour as an evolutionary adaptation to stress

The first goal of this study is to develop a mathematical model for the evolution by natural

selection of animal behaviour that can describe the evolution of a coping behaviour. In humans,

a coping behaviour is ‘a characteristic and often automatic action or set of actions taken in

dealing with stressful or threatening situations’ [43] in an attempt to reduce stress and minimize

personal or interpersonal conflict [40,45,47]. ‘Comfort eating’, for example, can serve as a coping

behaviour in humans [15], and ‘comfort sucking’ can pacify an infant [1]. In birds, the behaviour

of preening, shown to be important for maintenance of flight feathers, thermoregulation, and

parasite removal [12,39], has been postulated to serve as a coping behaviour that soothes birds
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Preening is the behaviour in which a sitting or standing bird pulls feathers through its bill

and/or moves its head in a smoothing motion over the body [31]. Preening occupies up to 23%

of the time of first-year mourning doves [29] and 27% of glaucous-winged gulls’ waking time

on their territory [30]. Ornithologists and ethologists have identified a variety of contexts within

which preening occurs and have postulated a variety of functions for this activity. Gulls preen

after flight [17], and the incidence of preening in herring gulls (Larus argentatus) and terns

(Thalasseus sandvicensis and Sterna hirundo) increases after their feathers have become damp

or water-soaked [27,36,37]. In day-old domestic poultry, preening is associated with increases

in sound intensity and photointensity and decreases in temperature [4]. Preening increases in

response to increased egg temperature in brooding ringed turtle doves (Streptopelia risoria [18]),

and increasing relative humidity increases the incidence of preening among glaucous-winged

gulls [24].

In this study, we use a logistic regression model to quantify the response of preening to

humidity, temperature, solar elevation, wind speed, tide height, barometric pressure, and stage of

breeding season.

1.3. Preening as a hypothetical coping behaviour after eagle disturbance

The third goal of this study is to apply the Darwinian dynamics model to glaucous-winged gulls

and explore the hypothesis that preening may serve as a coping behaviour that soothes birds after

periods of disturbance.

The disturbances in our application are bald eagle (Haliaeetus leucocephalus) flyovers of

the colony. Eagles predate eggs, chicks, and adult seabirds. Frequent eagle flyovers of seabird

colonies – whether or not the flyovers lead to predatory events – produce stress in birds attending

the colonies [23,33,46]. During the decades in which eagle numbers were low due to the effects

of DDT, NorthAmerican seabird colonies on islands isolated from ground predators experienced

little predation of any type. Eagle populations have rebounded dramatically, however, in the

past three decades, resulting in relatively sudden and dramatic increases in the rate of colony

disturbance [21,23,33,46].

Past studies have associated preening not onlywith environmental factors, but alsowith psycho-

logical factors. Early ethologists identified some instances of preening as a formof ‘displacement’,

a behaviour occurring during conflict situations and which ‘appears to be irrelevant to any of the

tendencies in conflict’ [25]. For example, European starlings (Sturnus vulgaris) may preen vigor-

ously during a fight with other starlings [42], and chaffinches (Fringilla coelebs) preen when the

tendency to approach and to fly away have been interpreted to be in equilibrium [38]. Furthermore,

commensurate with our hypothesis, preening in gulls and terns has been postulated to soothe or

quiet these birds after extended periods of disturbance [16,27,30].

Despite its frequent occurrence, preening does incur costs. For example, Redpath [34] observed

that dunlin (Calidris alpina) experience obscured vision during preening because during this

activity feathers cover the eyes thus increasing the risk of predation. Moreover, the energy cost

for preening is approximately twice the basal metabolic rate [14,22]. Gains, however, include
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B have increased (decreased). In this study, we assume that the regression coefficients β are subject

to natural selection.

We now pose a population model, the parameters of which depend on the regression coef-

ficients β. For simplicity of illustration, we assume population growth is logistic and can be

modelled as

dN

dt
= b(β)N − d(β)N2. (4)

Here b(β) is the net per capita rate of change at small population sizes, that is, the balance of

mean birth and death rates for individuals having traits β in the absence of crowding.Also, d(β)N

represents the density-dependent per capita death rate due to crowding effects for individuals

having traits β.

Finally, we incorporate the population model into a Darwinian dynamics model that tracks

microevolutionary changes in mean heritable traits β on the timescale of the population dynamics

[44]. In this case, the Darwinian dynamics model is the (n + 1)-dimensional system

dN

dt
= b(β)N
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that any change in preening behaviour as a response to stress decreases general physiological

health. In particular, we assume

a(β) = a0 exp



−
1

2

n−1
∑

j=1

(
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)2
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(

−
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βn
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)2
)

(7)

for a0 > 0, where βn > 0 (βn < 0) indicates an increase (decrease) in preening behaviour in the

presence of stress. General physiological health a(β) is optimal (with value a0), if and only if

βi = αi (i = 1, 2, . . . , n − 1) and βn = 0.
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The assumptions above deal with immediate effects of stress and coping behaviour. Given the

complexity of the interaction between stress and the endocrine system, there could be cumulative
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Figure 1. SampleAreasA–E in the colony onViolet Point and the observation point at the west end atop the 33 m bluff.
The larger colony extends throughout most of the spit.

3.1. Data

We collected data on preening behaviour at Protection Island NationalWildlife Refuge (48◦08′N,

122◦55′W), Jefferson County, Washington, USA. The island lies at the southeast corner of the

Strait of Juan de Fuca, and consistsmostly of a high plateau bordered by steep bluffs.Violet Point, a

gravel spit extending to the southeast, contains a breeding colonyofmore than 2400pairs of nesting

glaucous-winged gulls.We selectedfive rectangular sample subareas in the colony (Figure 1,Areas

A–E). The combined sample area measured 4205m2 and contained 259 and 238 nests with eggs

in 2006 and 2007, respectively. The larger colony extends throughout most of the spit.
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Table 1. Coding of design variables for STAGE, coded at three levels.

Data collection period Stage D71 D72

19–29 May 2006 Nest-building/egg-laying 0 0

13–21, 23 June 2006 Egg-laying/incubation 1 0

10–13, 15–19 July 2007 Incubation/chick-rearing 0 1

Note: Nest-building/Egg-laying period is the reference stage.

the horizon), x4 =WIND (wind speed on the colony in m/sec), x5
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Table 3. Model averaged estimates for global model.

Term Coefficient SE r̄

β0 0.8497 5.641

β1 HUM 0.0283 0.0093

β2 TEMP −0.1353 0.0454

β3 SUN −0.0008 0.0020

β4 WIND −0.0336 0.0283

β5 TIDE 0.0701 0.0462

β6 BAR −0.0051 0.0075

β71 D71 1.338 7.851

β72 D72 20.59 12.05

β11 HUM×D71 −0.0226 0.0103 −0.9061
β21 TEMP×D71 0.1477 0.0499 −0.9095
β31 SUN×D71 −0.0056 0.0025 −0.8096
β41WIND×D71 0.0545 0.0361 −0.7744
β51 TIDE×D71 −0.0127 0.0535 −0.8648
β61 BAR×D71 −0.0004 0.0107 −0.7053
β12 HUM×D72 −0.0131 0.0110 −0.8890
β22 TEMP×D72 0.1594 0.0501 −0.9154
β32 SUN×D72 −0.0013 0.0024 −0.8318
β42 WIND×D72 −0.0670 0.0428 −0.6510
β52 TIDE×D72 0.0008 0.0532 −0.8713
β62 BAR×D72 −0.0303 0.0136 −0.5528

Notes: Coefficient estimates are averages of the maximum likelihood (ML) coefficients over all models;

unconditional standard error (SE) estimates include information from all models containing the param-

eter, and incorporate model uncertainty; correlation coefficient estimates (r̄) are model-averaged over

models containing the interaction terms. n = 79, 286.

Table 4. Odds-ratios (OR) and 95% confidence intervals (CI).

Factor c OR 95% CI

Nest-building/egg-laying stage (D71 = D72 = 0)

HUMa 20 1.8 (1.223, 2.533)

TEMPa 5 0.51 (0.3258, 0.7936)

SUN 60 0.95 (0.7551, 1.205)

WIND 5 0.85 (0.6405, 1.115)

TIDE 3 1.2 (0.9407, 1.619)

BAR 10 0.95 (0.8203, 1.102)

Egg-laying/incubation stage (D71 = 1 and D72 = 0)

HUM 20 1.1 (0.9446, 1.328)

TEMP 5 1.1 (0.8683, 1.304)

SUNa 60 0.68 (0.5753, 0.8075)

WIND 5 1.1 (0.8872, 1.389)

TIDEa 3 1.2 (1.014, 1.391)

BAR 10 0.95 (0.8165, 1.098)

Incubation/chick-rearing stage (D71 = 0 and D72 = 1)

HUMa 20 1.4 (1.111, 1.648)

TEMP 5 1.1 (0.9260, 1.375)

SUN 60 0.88 (0.7535, 1.031)

WINDa 5 0.60 (0.4397, 0.8312)

TIDE
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Table 5. Relative variable importance.

NE w+ EI w+ IC w+ All w+

TEMPa 0.993 SUNa 1.000 BARa 0.989 STAGEa 1.00000

HUMa 0.986 TIDEa 0.875 HUMa 0.987 SUNa 0.99988

TIDE 0.668 HUM 0.660 WINDa 0.980 HUMa 0.99979

WIND 0.437 BAR 0.528 TIDEa 0.972 TIDEa 0.98587

SUN 0.318 TEMP 0.339 SUN 0.498 WINDa 0.95850

BAR 0.312 WIND 0.329 TEMP 0.358 TEMPa 0.91156

BARa 0.90538

Notes: Evidence for the importance of each variable is based on sums of Akaike weights (w+) over models in which the variable

occurs. Factors are listed in decreasing order of importance for the nest-building/egg-laying stage (NE), egg-laying/incubation stage

(EI), incubation/chick-rearing stage (IC), and the entire breeding season (All). For each stage the calculations were based on an overdis-

persion parameter estimate from the data for that stage (NE τ̂ = 1.86; EI τ̂ = 1.91; IC τ̂ = 2.08).
aSignificant variables are arbitrarily designed as those with w+ > 0.7.

temperature, and barometric pressure – were important for predicting the likelihood of preening.

The stage of breeding season was the most important factor, and, depending on the stage of the

breeding season, two to four other factors were relatively important.

Note that non-significance of a factor in Table 4 does not imply that the corresponding term in

Table 3 can be eliminated from the model. For example, the fact that humidity is not significant

during the egg-laying/incubation stage does not allow us to remove the term β11HUM× D71 from

the regression model. To see why this is true, consider the three humidity terms with coefficient

estimates from Table 3:

0.0283× HUM− 0.0226HUM× D71 − 0.0131× HUM× D72. (13)

Note that when D71 = 1 and D72 = 0 (egg-laying/incubation stage), the combined coefficient on

HUM is close to zero, which comports with the fact that humidity is not a significant factor during

that stage. The middle term is required to ‘cancel out’ the first term. Thus, no term may be deleted

from the global regression model (12).

The logistic regression results can be summarized by season as follows. During the nest-

building/egg-laying stage, the odds of preening increased 80% with each 20 percentage points

increase in relative humidity, but decreased 49% with each 5◦ increase in temperature. During the

egg-laying/incubation stage, the odds of preening increased 20% at a high tide when compared

with a low tide, but decreased 32% at midday (SUN = 60◦) from sunrise/sunset. During the

incubation/chick-rearing stage, the odds of preening increased 40% with each 20 percentage

point increase in humidity, and 20% at a high tide compared with a low tide; it decreased 40%

with each 5m/s rise in wind speed, and 30% with each 10 mmHg rise in barometric pressure.

4. Simulation of the Darwinian dynamics model for comfort preening

The logistic regression model (12) contains 20 regression coefficients not counting the inter-

cept. The Darwinian dynamics model (5) therefore consists of 22 coupled differential equations:
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interpreted as a regression coefficient for a binary factor STRESS (taken to be 1 if there is an eagle

disturbance, and 0 otherwise), the odds ratio is e0.05 ≈ 1.05, and hence the odds of preening are

predicted to be 5% greater after an eagle disturbance than before. This value depends, of course,

on the values of the parameters, in particular, the value of σstress
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6. Discussion

This study makes four contributions: (1) the combination of two existing modelling approaches –

logistic regression andDarwinian dynamics – to create amethod formodelling themicroevolution

of animal behaviour, and the use of this method to explore theoretically the selective advantage of

coping behaviour, (2) a study of the environmental correlates of preening behaviour in glaucous-

winged gulls, (3) an application of the modelling methodology to investigate whether and how

preeningmight evolve as a coping behaviour, and (4) an independent field test of whether preening

might function as a coping behaviour.

A number of caveats and comments deserve attention.

6.1. Inferential

The most important caveats relate to inferences about causation and function. This is the first



32 S.M. Henson et al.

6.3. Biological

A complete analysis of preening as a function of environmental factors must include the effect

of rain. Protection Island is situated within the driest isocline of the rain shadow of the Olympic

Mountains [28, p. 40]. Rainfall during our data collection period was infrequent, episodic, and

unmeasurable by the weather station, and hence was not used in the logistic regression analysis.

The occurrence of rain, however, was noted by the observers in the field.We analysed its effect by

comparing themean frequency of preening during rain, during the hour before rain, during the hour

after rain, and during hours on days with no rain. Mean frequencies were compared using a one-
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The equations for non-trivial equilibria (N > 0) of Equation (A2) can be written

N =
a0e

−1/2(u/σ)2

d0 + d1f (u)
(A4)

and

N =
−a0(u/σ 2)e−1/2(u/σ)2

d1f ′(u)
. (A5)

Equations (A4) and (A5) together imply that non-trivial equilibria (N∗, u∗) are determined by solutions of

H(u) =
−u

σ 2
, (A6)

where H is defined as

H
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By Equation (A5), this becomes J12 = 0 at the equilibrium. Thus, the eigenvalues are J11 < 0 and J22, and hence the
stability is determined by the sign of the latter. Now, J22 is

J22 = s2
(

a0

( u

σ 2

)2
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Table A1. Descriptive statistics for environmental correlates.

Factor Mean SD Range Min Max

Nest-building/egg-laying stage (J = 840)

HUM 87.7 5.91 27 70 97

TEMP 12.0 1.28 6.6 9.3 15.9

SUN 34.5 20.7 65.7 −2.17 63.5

WIND 1.52 1.57 8 0 8

TIDE 1.09 0.866 3.30 −0.671 2.63

BAR 759 4.33 16.8 750 767

Egg-laying/incubation stage (J =


