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Abstract

Foraging success can limit fitness if resources are unpredictable and strongly favor those
that learn socially. Unpredictability can be a stressor and trigger elevations of stress honnones,
that coordinate whole body responses to challenging environmental conditions. We explored the
effects of unpredictable food on behavior, physiology, and receptiveness to social infonnation
using an observer/demonstrator paradigm in red crossbills, a highly social species that are
adapted to cope with high degrees of resource unpredictability. Unpredictable food limited food
intake (Xr = 10, p = 0.0012), caused a decline in body condition (Xr = 5.9, p = 0.015), and
triggered an increase in activity ( p � 0.05), but an elevation in corticosterone levels was not
detected. Unpredictable conditions did not enhance social learning, but did tend to enhance
perfonnance over time

ext = 2.91, p = 0.09), which suggests recalling learned behaviors is

more important to the foraging success of an irruptive crossbills than learning new behaviors.
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Introduction

Social learning is a process where individuals learn new behaviors through observation,
imitation, or modeling (Bandura 1977). This process can be more beneficial to an individual
because it allows them to gain information from others' experiences, compared to learning
independently-where they are limited to their own experiences. Birds are highly social animals
and social learning has been observed in many aspects of their lives, including foraging, predator
recognition, song development, migration, and selection of mates, habitat, and nest sites (Aplin
et al. 2013; Doligez et al. 2002; Griffin 2004; Lahti et al. 2011; Mueller el al. 2013; Swaddle el
al. 2005).
Social learning has been shown to impact foraging success through enhanced assessment
of patch quaJity, discovery of novel patches, tool use, hunting strategies. novel food items, and
novel foraging techniques (Aplin et al. 2013; Cloutier el al. 2002; Kenward el al 2006; Kitowski
2009; Midford et al. 2000; Slagvold and Wiebe 2011). The ability to socially learn where to find
or how to use a new food resource may be strongly favored if resources are unpredictable., as
foraging success is particularly relevant to all aspects of fitness.
Receptiveness to social information can be influenced by a variety of factors, including
observers and/or demonstrator social rank, age, sex, neophobia, innovativeness, activity, and
motivation. For example, starlings (Sturnus vulgaris) cognitive ability positively correlates with
social dominance in foraging tasks (Boogert el al. 2006) and subordinate chickadees (Poeci/e
gambeli) cache less food with less efficient cache retrieval than dominants (Pravosudov et al.
2003). Age can also influence social learning and innovativeness, for example, juvenile blue tits
(Cyanistes caeruleus) are more effective learners and are more innovative in milk bottle tests
(Aplin el al. 2013). Since ability to learn socially can be influenced by factors such as neophobfa
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and dominance rank, it is possible that conditions affecting these types of behavior to may
impact social learning (David et al. 2012).
Context can influence the degree to which animals use social learning. Social information
has been shown to be more beneficial to foraging starlings in an unpredictable environment
compared to a predictable environment (Rafacz and Templeton 2003). The seabirds, Guanay
comorants (Phalacrocorax bougainvillii), rely on food resources that vary greatly in space and
time and use social information to indicate and identify the location of food patches
(Weimerskirch et al. 2010). Additionally, red crossbills (Loxia curvirostra) cope with
unpredictable food sources by using social infom1ation to determine patch quality and to forage
more efficiently (Smith et al. 1999). Unpredictable environments or resources may favor
selection of species or individuals that use social information from conspecifics and/or
heterospecifics, if social learning increases fitness.
Unpredictability can be a stressor and trigger elevations of stress hormones, that
coordinate whole body responses to challenging environmental conditions. Corticosterone
(CORT) is a stress hormone that alters behavior and increases in response to metabolic demand
and physical or psychological stressors, including food shortages and unpredictable
environments (Sapolsky et al. 2000). Elevated CORT has been linked to life history stages that
involve enhanced activity or metabolic load. For example, CORT increases just before fledging
in Laysan Albatross chicks, Phoebastria immutabilis (Sprague and Breuner 2010), migratory
departure in numerous species (reviewed in Cornelius et al. 2013) and breeding (Landys et al
2006; reviewed in Lattin et al. 2015). Unpredictable stressors can also trigger CORT elevations
in bird species including: food reduction (Lynn et al. 2003), novel urban environments (Atwell et

al. 2012) and capture and handling (Bejaei and Cheng 2014).
5

CORT influences many different physiological processes and studies investigating the
effects of elevated levels have found contradicting results in different species and/or contexts.
CORT elevations are thought to be an adaptation to new stressors, in some cases by altering
behavior (Wingfield and Kitaysky 2002). Although specific behavioral changes vary among
bird species and context of stress, these changes could serve as adaptations to increase
individual fitness (Creagh and Hahn 2003). Increased CORT levels in dark-eyed juncos (Junco

hyemalis) positively correlated to boldness and exploratory behavior, which could aid birds in
adapting to novel environments (AtweJl et al. 2012). In seabird chicks (Rissa tridactyla),
increased CORT has been linked to increased foraging behavior, food intake, and aggression
(Kitaysky et al. 2003).
The relation between CORT and social learning is less understood, but has been observed
to facilitate social learning in mice (Choleris et al. 2013). The 'learning under stress' theory
predicts that acute or mild stressors can induce focused attention and improve memory under the
correct conditions (Joels et al. 2006). For example, food catching mountain chickadess with
implant-induced moderately-elevated levels of CORT show more efficient cache recovery and
enhanced spatial memory than placebo-implanted birds (Pravosudov 2003).
Highly social species that are adapted to cope with high degrees of resource
unpredictability make ideal subjects to study the relationship between CORT and social learning
because they likely use social learning to secure resources and often experience elevations of
CORT when food is scarce. Red crossbilJs rely on temporally and spatially unpredictable conifer
seeds (Benkrnan 2009). The variation of conifer cone production from region to region and year
to year causes these birds to be nomadic migrants, wondering between forests with no regular
spatial pattern (Newton 2006). Established conifer seed crops can also decline rapidly when

exposed to cycles of wind and rain, introducing temporal unpredictability to their food supply.
When crossbills fail to locate decent cone crops, they make irruptive migrations (Newton 2006).
Irruptions are rare (i.e., approximately once per decade) but can lead crossbills to foreign
environments, forcing them to survive on whatever food source they can find. For example,
crossbills have been observed feeding on hemp seeds, berries (Lilford 1883), insects, sunflower
seeds, almonds, buds of cottonwood, parts of eucalyptus, and frozen apples and pears (reviewed
in Simard 2001). Besides consuming unusual food items, they have also been observed foraging
using unique techniques. For instance, John James Audubon (1827-1838) noted crossbills boring
into apples to access seeds. A previous study ·on social learning in captive red crossbills provided
evidence for social learning using a two-task foraging board method, where naive observers
primarily solved the task for which they had a demonstrator while they did not solve the task that
was not demonstrated (Wurtz and Cornelius unpublished data). The red crossbills ability to adapt
to unpredictable food availability by consuming novel food items and learning novel foraging
techniques strongly suggests they use social learning (Nemeth and Moore 2014).
In addition to adopting new foraging techniques, crossbills also respond to food reduction
with physiological adaptations. For example, they respond to food reduction by elevating CORT
and increasing activity in laboratory settings (Cornelius et al. 2010). Stress hormones coordinate
whole body responses to challenging environmental conditions; thus it is particularly interesting
to study the relationship between elevated stress hormones and social learning in a species
coping with high degrees of uncertainty.
In this study, we explored how unpredictable food influenced CORT and social learning
using an observer/demonstrator paradigm in a nomadic and irruptive species, the red crossbill
(Loxia curvirostra). We used type 3 red crossbills to test the following hypothesis because they
7

specialize on a more unpredictable conifer cone type and therefor, are known as the most
irruptive of the red crossbills.
We hypothesized that unpredictable food will be a significant physical and/or
psychological stressor and trigger physiological and behavioral stress responses (Hypothesis 1).
We made the following predictions for this hypothesis: if unpredictable food is a physical
stressor, then those on an unpredictable feeding regimen will consume less food and decline in
body condition compared to those with predictable food. If the unpredictable food is a
psychological stressor, then the subjects with unpredictable food will engage in more stereotype
behaviors than those with predictable food. If the physical and or psychological stress is
significant, then the unpredictable food group will respond with physiological and behavioral
changes detected by an elevation of corticosterone and an increase in activity. We hypothesized
that the unpredictable food stressor wiU enhance social learning and/or perfonnance over time
through processes beyond motivation and made the following predictions (Hypothesis 2). If
social learning and/or performance over time is enhanced due to processes other than motivation,
then there will be no motivational differences on tl1e day of the first solution preformed and
motivation will not correlate to intra-trial latency. If unpredictable food enhances social learning,
then observers with unpredictable food will learn to solve the task in fewer trials (i.e., less
demonstrations observed) than those with predictable food. If unpredictable food enhances
individual perfonnance over time, then observers with unpredictable food will solve the task
faster than tl10se with predictable food in trials after the first solution performed (i.e., measured
through intra-trial latency to solve).

8

Methods
Test subjects

Adult male type 3 red crossbills (n= 15) were caught using mist nets from free-living
populations in Wyoming, to serve as the naive observer test subjects. Crossbills were transported
to Eastern Michigan University and allowed to acclimate to captivity for at least 30 days.
Demonstrators, unfamiliar to observers (n=4), were randomly selected from a group of crossbills
used in preliminary trials that were already trained to solve the task using a step progression
method (i.e., demonstrators selected from captive population that were caught a year prior to this
study). OBS individuals were housed independently from DEMs in 0.75m x I .Sm x 2m indoor
wire mesh aviaries with perches, under a naturally changing photoperiod, and fed an ab libitum
Roudybush (pelleted food) diet. OBS were given at least 2 days to acclimate to single housing
design of test room prior to data collection and were tested for ability to learn from a
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Figure I Timeline of procedures in relation to data collected for unpredictable food and
social learning experiment
demonstrator under unpredictable or control food access following the timeline below (Figure 1).
Simulatio11 ofa11d response to m1predictable environment

Food manipulations and dailyfood intake

To simulate an unpredictable envirorunent, observers randomly assigned to the test group
were given access to food for two 30 min periods. Observers in the control group were given
9

access to food on a regular schedule (Table l ). OBS underwent four days of food treatments

Table I Food manipulations for observers to simulate an unpredictable food resource.
prior to learning test sessions and food treatments continued throughout testing period for a total
of 1 1 days of treatment (Figure I ). To standardize motivation, food was removed from all birds 1
hour prior to dark. Food was weighed every morning before returning food (i.e., after trial
testing) to detemline the effects of unpredictable food on food intake.
Food treatment

# subjects

Treatment defined

Control

8

Daily access to food for a predictable period (8AM to 4PM)

Unpredictable

7

Daily access to food for two 30 min periods; one at random time and
second from 1 6:30 to 17:00.

Changes in body condition
Unpredictable food can restrict intake of food and cause a decline in condition. To
determine the effect of unpredictable food on body condition; mass, fat, and hematocrit were
measured on the days of bleeds (i.e., pre-and post-treatment). Body condition was estimated
using size corrected mass and fat scores and hematocrit was used as another indicator of
condition. To correct for size, the residuals of a principle components analysis on wing, tarsus,
and keel measurements were plotted against both pre-treatment mass and fat scores on bivariate
graph and fit with linear regressions. The residuals of the fit linear regressions were used as pre
treatment body condition. Post-treatment mass and fat scores were plotted against the first
principle components on bivariate graphs and fit with pre-treatment linear regressions. Post
treatment body condition was determined by the residuals of the linear regression fit to pre
treatment mass and fat graphs.

Welfare measured by prevalence ofstereotypy behaviors
______________________________________10____

To evaluate the impact of unpredictable food in the captive environment on psychological
wellbeing, welfare was estimated using the occurrence of stereotypic behavior. Stereotypiess are
repetitive behaviors that are abnormal and serve no apparent function in repetition. Stereeotypic
behaviors are common in captive animals, and are thought to be the result of an animal unable to
perform natural behaviors (Garner 2005). To determine if unpredictable food further inhibits the
desire to perform natural behaviors (e.g., the desire to increase foraging efforts), stereotypies
were compared between treatment groups. Two periods of 20 minutes were video recorded per

Table 2 Ethogram of stereotype behaviors used in analysis.
individual throughout the test session period (Day 9 to Day 14). To determine occurrence of
stereotype behaviors by time of day, one period was recorded within the time range 7:30 to 9:30
and the other was collected within the time range 9:30-13:30 per observer. Videos were scored
for the percentage of time engaged in any of the following stereotype (i.e., repetitive defined by
� 3; Table 2).

Stereotype

Behavior defined

Bill swiping

Repetitively wiping bill across perch

Leg picking

Repetitively picking at leg

Flips

Repetitive back flips on perch

Circuits

Repetitive laps in cage

Activity levels in response to introduction offood treatments
Environmental unpredictability is often accompanied by an increase in activity, therefor
activity was monitored to determine if unpredictable food triggered a behavioral response of
increased activity. Activity was monitored with Star Life Sciences infrared activity monitors
mounted to observers' individual cages. Monitors reported beam breaks per minute, which were
11

summed per 30 minute intervals. Monitors recorded from day 3 to day 8 (Figw-e I) to track
behavioral responses to food manipulations. To reduce impact of experimenter presence, varied
morning food treatments, and daily activity patterns, average 30 minute activity from 13:00 to
16:30 was used for analysis.
Changes in cortkosterone afterfood manipulations

Significant physical and/or psychological stressors trigger psychological responses, such
as elevations of corticosterone. To detennine if the unpredictable food treatment was a
significant stressor that triggered an elevation in CORT, CORT levels were measured pre- and
post-treatment. Baseline CORT was detennined from plasma collected prior to food treatments
(day 3) and after 1 J days of food treatments (day 15). All blood samples were collected within 3
minutes of disturbance to avoid handling induced elevations in CORT, which typically take
around 3 minlltes to first appear in plasma. Blood samples were collected by venipuncture of the
alar (wing) vein using 26-gauge needles. Approximately 1 50 ul of whole blood were collected in
heparinized microcapillary tubes and placed on ice until centrifugation. Samples were spun in a
clinical IEC centrifuge for 8 min, hematocrit was measured, and the resulting plasma collected
and frozen (-80" C) until assay. CORT levels were determined using an enzyme immune-assay
as previously described for red crossbills (Cornelious et. al. 2010).
Social leamiug experimeuts
Obsen,erl demonstrator test session design

To test if unpredictable food enl1anced social learning, the receptiveness to social
infonnation was detennined by how fast observers could learn to solve a task from a
demonstrator and compared between food treatment groups. Demonstrators were previously
trained to solve a hinge task to retrieve a pine nut reward (Figure 2). The hinge task was
constructed on a platfonn with a hinge covered well, containing a pine nut. To retrieve the pine
-----------------------------------12____

nut, i.e., solve the task, birds had to pry the hinge up with their beak and reach into the well. A
task that required a beak-prying action to solve was used because it is ecologically relevant to
crossbills, who forage by prying open pine cones to access nuts.
Observers were housed next to a randomly assigned demonstrator (Figure 3). Per each
trial, observers could observe their demonstrators solve the task for 2 min followed by a period
where the task was removed from the demonstrators' cage, refilled, and placed in the observers
cage for 2 min. The task contained half a pine nut each time it was presented to the observers,
therefor they could potentially solve the task one time per trial. There were 5 trials per session, 1
session per day, for a total of7 consecutive days (Figure I). The task contained half a pine nut
when presented to demonstrators for trials on session 1 through 5. To increase social
infom1ation, wells contained 5 pine nut halves for demonstration periods for sessions 6 and 7
(i.e., the task could be demonstrated to the observer 5 times per trial). All trials were recorded
with video and scored randomly for the behaviors described below.

Figure 2 Demonstrator solving hinge task board by prying hinge up with bill
and grabbing pine nut reward.
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Figure 3 Test arena design for social learning experiment to house observer (left) and
demonstor (right). Hinge task was placed at parallelograms beside lower perch.

Daily motivation before test sessions

Observers motivation was measured to evaluate whether differences in learning rates
were driven by the unpredictable conditions or solely by differences in motivation to secure
food. To determine the motivation of the observers for food, motivation was tested before each
session by dropping a sunflower seed into the observers seed cup. The observers' motivation
level was scored by latency to consume the sunflower seed and maxed at 2 minutes if the
sunflower seed was not consumed.
Obse111ers latency to learn/solve the task

To determine if unpredictable food enhanced social learning by making observers more
receptive to social inforn1ation, the time it took for observers to learn was compared between
treatment groups. Latency to learn was measured by the number of trials (inter-trial latency)
before their first solution of the task. To test if unpredictable food enhanced observers' task
solving performance over time, the speed at which they solved the task each trial (intra-trial
latency) was compared over time (i.e., after consecutive solutions perfonned).

Statistical a11a/ysis

Food intake, daily activity, 6 baseline CORT, 6 body condition estimated with mass, 6
hematocrit, motivation, inter-trial latency, and intra-trial latency were compared between control
and unpredictable treatment groups using repeated nonparametric Wilcoxon tests. Body
condition estimated with mass was related to body condition estimated with fat and hematocrit
using general linear models. The percentage of time engaged in stereotypic behaviors was related
to time of day by treatment groups using general linear models. Percentage of time doing
stereotypes was compared between treatment groups by each period and the difference between
each period by treatment group were compared using nonparametric Wilcoxon tests.
Results
Simulatio11 ofand respo11se to uupredictah/e e11viro11me11t

Food manipulations and daily food intake
Daily food intake measurements throughout the food manipulation period showed that
subjects with unpredictable access to food consumed significantly less food than those with
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unlimited access to food (Xf = 10, p =
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0.0012; Figure 4). The unpredictable group
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consumed the least amount of food on the first
day of food treatments and increased their daily

Control

Unpredictable

food consumption over time (Figure 5).

Food Treatment
Figure 4 Average daily food intake over complete food treatment
period for those with controlled access to food (n=88) and those
with unpredictable food (n=77). Error bars represent SEM.
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Figure 5 Average daily food intake per treatment for subj ects with
unpredictable food (n=7) and subj ects with control food (n= 8) Error bars
represent SEM.

Changes in body condition
Body condition estimated with mass significantly correlated to body condition estimated
with fat scores (R2=0.56, p=0.001). Hematocrit correlated to body condition pre-food treatments
(R2=0.26, p=0.05) and post-food treatments (R2=0.53, p=0.002; Figure 6). The unpredictable
groups body condition declined after the food manipulation period and was significantly
different than the controls increase of body condition (Xf = 5 .9, p = 0.015; Figure 7). Controls
hematocrit declined significantly less compared to those who underwent unpredictable food
treatments (Xf = 5.17, p = 0.02; Figure 8).
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Figure 7 Average change in body condition estimated with mass after food treatments.
Those with unpredictable food (n=7) significantly declined in body condition while
controls (n=8) body condition increased after food treatment period. SEM error bars.
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Figure 8 Average change in hematocrit after food treatments. Subjects
with unpredictable food (n=7) were not able to recover as much
hematocrit as controls (n=8) over food treatment period. SEM error bars.
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Welfare measured by prevalence ofstereotypy behaviors
The evaluation of the impact of unpredictable food on stereotypies showed pat1ems of
stereotypic behavior that differed between those with unpredictable food and those with control
food. The percentage of time controls spent doing stereotype behaviors negatively correlated to
the time of day (R2=0.57, p=0.005) while the frequency of stereotypes positivity correlated to the
time of day (R2=0.24, p=0.07; Figure 9). Controls displayed significantly more stereotypes
before 9:30 compared to the unpredictable treatment group before 9:30 (Xf = 5.6, p = 0.018;).
After 9:30, the time spent doing stereotype behaviors was significantly higher among the
unpredictable than to controls (Xf = 5.6, p == 0.018; Figure 10). Within treatment groups,
controls displayed significantly more stereotypes before 9:30 compared to after (Xf = 5.6, p =
0.018), while the unpredictable groups occurrence of stereotypes was lower before 9:30

(Xf = 6.2, p = 0.0 13; Figure 10).
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Figure 9 The percentage of time engaging in stereotypes across the time of day. Those
with unpredictable food displayed an increase in stereotypies while controls decreased over
time. Cross of control and unpredictable linear fit used to divide time ranges represented in
Figure 10.
______________________________________1: 8___

9:30-13 :30
7:45-9:30
Time range 20 1ninutes ofbehehavior
analyzed fro1n
a Control a Unpredictable
Figure 10 Average percentage of time subjects with control (n=7) and
unpredictable food (n=7) spent doing stereotypic behaviors between time range
behavior sampled within.
Activity levels in response to introduction offood treatments
Pre-treatment activity was not significantly different between the control and
unpredictable treatment birds (Table 3, Day 3). At the start of food treatments, activity of the
unpredictable group increased, while the activity of the control group remained constant (Figure
11). Participants with unpredictable food were significantly more active than the controls during
the food manipulation days (Table 3, Day 4 through 8).
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Figure 1 1 Activity levels in response to food manipulations determined by average
30 min activity totals. between control (n=35) and unpredictable treatment group
(n,=28). SEM error bars.
Table 3 Statistical comparisons of
control and unpredictable activity.
Day

Stats

3

Xi = 0.24, p = 0.62

4

xf = 4.86, p = o.o3

5

xf = 4.86, p = o.o3

6

Xi = 3.84, p = 0.05

7

Xf = 4.86, p = 0.03

8

xf = 4.86, p = o.o3

Changes in corticosterone after food manipulations
The sampling of CORT levels before and after the food manipulation period showed no
significant difference between unpredictable and control treatments change in CORT in response
to food treatments (Xr-=0.24 ,p = 0.63; Figure 12). Sensitivity of assay plate 1 and 2 was 0.48
ng/ml. Intra-plate variation was 9% and inter-assay variation was 0.40%.
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Figure 12 Average change in CORT after food manipulation period between subjects
with control food (n=S)and subjects with predicable food (n=7). SEM error bars.
Social learning experiments
Observer/ demonstrator test sessions
In the social learning test sessions, demonstrators solved the task for every trial within the
two-minute period. During sessions 6 and 7, demonstrators completely emptied the task wells for
every trial (i.e., solved the task 5 times per trial). After an observer successfully solved the task,
they solved the task for all following trials.
Daily motivation before test sessions
Motivation tested daily by latency to consume a sunflower seed showed that the
unpredictable treatment group tended to have shorter motivation times (i.e., higher motivation
levels) than the controls on average across the entire testing period ( Xf = 3.5, p = 0.06; Figure
13). However, there was no significant difference between control and unpredictable motivation
levels on the day of their 1st solution (Xf = 1.2, p = 0.28; Figure 14)
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Figure 13 Average latency to consume a sunflower seed daily (seconds)
for entire social !earning session testing period between control (n=56)
and unpredictable food (n=49) subjects. Lower motivation time on y-axis
represents a more-motivated individual. SEM error bars.
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Figure 14 Avergae motivation time on day of first solution performed by
control (n=7) and unpredictable (n=6) observers . No significant
difference in motivation between controls and unpredictable. SEM error
bars.
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Observers latency to learn/solve the task
Most observers learned to solve the task during the social learning experiment. There
were only two observers that never learned the task after 7 sessions, one from each treatment
group, and were therefore not included in latency to solve related analyses. There was no
significant difference between treatment groups for inter-trial latency to learn (Xf = 0.42, p =
0. 5 2). Controls intra-trial latency of 151 solution was significantly less than observers with
unpredictable food treatments ( Xf = 4.60, p = 0.03; Figure 15). There was a slight trenp for
unpredictable observers to solve the task faster than controls after the initial solve, but only for
trials that took place within the same session of their first solution (X; = 2.91, p = 0.09). Daily
motivation times do not correlate to trends of intra-trial latency over time (Figure 16).
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Figure 15 Intra-trial latency vs. number of solutions performed. Intra trial latency
represents the time, in seconds, for the control (n=7) and unpredictable (n=6) observers
to solve the task from the start of the trial. SEM error bars.
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Figure 1 6 Motivation vs. solution performed. Observers latency to consume a
sunflower seed on the day each solution was performed for controls (n=7) and
unpredictable (n=6). Notice patterns of motivation do not match patterns of intra
trial latency. SEM error bars.
Discussion

In this study, crossbills responded to environmental unpredictability with physiological
and behavioral changes. The unpredictable food regimen created a challenging condition by
limiting food intake and in response, crossbills became more active. Elevated activity levels were
maintained for at least the first 5 days of unpredictable food treatments (Figure 1 1 ). It is likely
that activity decreased overtime as test subj ects adapted to the restricted food access by
engorging their crops during food access periods. Although the unpredictable group increased
food intake over time, they were never able to match intake of the controls (Figure 5). Due to
decreased food intake over the food manipulation period, the unpredictable treatment group
displayed a decline in body condition that correlated to lower hematocrit (Figure 7, 8).
An elevation in CORT due to food unpredictability was not detected on day 1 5, post food
treatments (Figure 1 2). While a significant decline in the unpredictable treatment groups body
2 ---

condition was detected at day 15, no subject had a summed fat score less than 4 indicating that
they had a comfortable reserve of fat, on average more than wild populations. The crossbills
initial 'captive' fat load and/or food intake adaptation to restricted food access probably
prevented body condition from declining to a level relatable to wild populations. The predicted
elevation in CORT was not detected in our study, which could be because the food
manipulations did not serve as a significant stressor. This is indicated by the high fat reserves
carried by birds with unpredictable food after the treatment period and the ability of the birds to
adjust to the unpredictable regimen by loading food during access times.
Although unpredictable food treatments did not induce a detectable CORT stress
response, the restricted food intake likely simulated an acute stressor in our study, as it lowered
individuals body condition and restricted replacement of hematocrit. The behavioral response of
increased activity to an acute stressor is like those reported in past literature on red crossbill
activity responses to food restrictions (Cornelius et al. 20 I 0), which could be an adaptive
behavior to increase foraging efforts or prepare for an irruptive migration. Another indication
that subjects wanted to increase foraging efforts in response to unpredictable food was the
increase in time engaged in stereotypic behaviors throughout the morning, which suggests these
birds had an increased desire to perform behaviors not possible in their cage. It is also possible
that CORT increased initially and recovered as experimental birds learned to eat more during
limited feeding times, although previous literature shows food unpredictability elevating CORT
independent of food-intake and time (Fokidis et al. 2012; Marasco et al. 20 15). Zebra finches
showed no habituation of the elevated CORT response to the unpredictable food regimen over
time, which was not accompanied by a change in mass. (Marasco et al. 2015). Thrashers on an
unpredictable food schedule did not differ in food intake from those on a predictable food
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schedule, but the unpredictable group did show a decline in mass, increase in activity, and
increase in baseline CORT (Fokidis et al. 201 2).
Our unpredictable food treatment tended to make participants more motivated for food,
but not significantly more motivated than controls. This trend in motivational differences did not
impact receptiveness to public inforn1ation, as there was no difff;rence in the number of trials it
took treatments groups to learn the task or in the motivation levels on the day of the first solution
(Figure 14). Our findings suggest that unpredictable food does not improve the ability to socially
learn new foraging techniques in red crossbills - though it is impossible to determine if our
feeding regime induced the adaptive mechanisms that may occur during irruptive migrations.
Although unpredictable conditions did not enhance social learning, it is still presumed
that social learning was used by observers to learn how to solve the task. This is supported by the
results of a previous study that utilized a similar hinge task design (Wurtz and Cornelius
unpublished data). In the study, naive red crossbills were exposed to two different tasks at the
same time and allowed to observe a demonstrator trained to solve only of the two tasks. Those
who observed the hinge task demonstrator successfully solved the hinge task, while those who
observed the demonstrator trained on the other task never solved the hinge task. It is likely that
observers in our study would not have learned to solve the hinge task with-out a hinge
demonstrator, therefor the lack of difference between treatment groups speed of initial1y solving
represents a lack of effect of unpredictable food on social learning- not an absence of social
learning.
Patterns of intra-trial latency suggests that birds with unpredictable food performed better
than those with control food over time. Although this trend of improved intra-trial latency was
only true for trials following the first solution that also took place on the same day as the first

solution, there was no difference on subsequent days. Since there was no significant difference
between unpredictable and control treatment motivation levels during the session of their first
solution, motivation is unlikely to be the driving force behind this trend. It is possible that the
unpredictable treatment group experienced an elevation in CORT that overlapped with the days
of their 1 51 solution but was undetected by our sampling protocol. Previous studies have shown
moderate CORT elevations to affect memory and improve cache recovery in mountain
chickadees (Pravosudov 2003). The trend for improved task-solving of the unpredictable
treatment group could have been impacted by a similar process as in the mountain chickadees.
To test this, additional research must recreate the feeding regimen and collect plasma samples
around this time to validate the possibility. If this was the case, it could suggest that recalling
behaviors learned in the past is more important to the foraging success of an irruptive crossbill
than facilitating behaviors that enhance receptiveness to social information for learning new
behaviors. To examine this, subjects should be re-tested on the hinge task after a few months to
determine if the information was more important those on unpredictable food.
To determine how animals cope with unpredictability, future studies should continue to
tease apart the relationship between environmental unpredictability and stress response
hormones. As hormone implant technology becomes more precise and reliable for long-tem1
release, studies should aim at isolating the effects of elevated CORT on behavior and cognition
from the variables that accompany simulating unpredictability with food manipulations, such as
motivation and food intake. To further explore the "learning under stress" theory (Joels et al.
2006), different learning processes should continue to be evaluated under various stress contexts
across species with contrasting life histories.
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To detennine how information is socially transfers, more research should aim at teasing
apart social learning processes. Since individuals can socially leam new behaviors through
observation, imitation, or modeling, it is important to identify how the social learning occurs in
each system. The types of social learning may be affected by contexts differently, therefore,
distinguishing between the type of social learning will allow for more meaningful comparisons
of social learning between different species and contexts.
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