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Abstract   Models of strictly rational choice assume decision makers evaluate options on 

relevant dimensions, assign fixed values to options, and then make consistent choices 

based on these values. If so, recent experience would have no impact on preference. But 

recent events change an animal’s state, and preference may change accordingly. We 

explore how state affects willingness to accept greater danger to obtain larger food 

rewards. We tested how a supplement in state (hoard size) impacts this willingness in 

gray jays (Perisoreus canadensis). When subsidized, most of the subjects increased their 

willingness to trade danger for food. Why would they become less cautious when their 

hoard was increased? Superficially, it might seem prudent to play it safer in response to a 

subsidy. But imagining fitness as a sigmoid function of state (hoard size) provides a 

tentative explanation for our counterintuitive finding. Above a threshold hoard size, a 

subsidy should weaken the willingness to accept extra danger. Incremental increases in 

state in the deceleratory phase yield smaller fitness gains, so it would pay to increase 

emphasis on safety after receiving a subsidy. But below this threshold, incremental 

increases in state in the acceleratory phase yield bigger fitness gains and so it would pay 

to decrease emphasis on safety after receiving a subsidy. Most of our subjects’ choice 

behavior was thus plausibly consistent with the possibility that effective hoard size is 

considerably smaller than the total number of items stored. We speculate that this 

response may reflect an ecologically rational compensation for the inevitable loss of 

hoards via theft and rot. 
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Introduction

Conventional cost-benefit rules of choice assume animals evaluate options along 

dimensions such as food reward and predation hazard, assign fitness-related values to 

options, and then make choices based on these values. If this were true, the subjective 

value of each option would be unaffected by context (i.e., the array of options available 

locally or in the past) and preferences should be consistent. For instance, the tendency to 

choose option x versus y should be unaffected by whether the decision maker has already 

experienced encounters with x′ and y′ or x″ and y″. This prediction is consistent with the 

principle of irrelevant alternatives from rational choice theory (Tversky and Simonson 

1993) and with classical models of simultaneous choice from foraging theory (Stephens 

and Krebs 1986). According to standard theories of choice, the subjective value of an 

option should be determined by its real value, which should be independent of context 

(but see Houston 1997; Waite 2001a). 

However, several studies have uncovered context-dependent violations of strict 

economic rationality (Bateson 2002; Bateson et al. 2002, 2003; Hurly and Oseen 1999; 

Shafir 1994; Shafir et al. 2002; Waite 2001a,b). For instance, gray jays (Perisoreus 

canadensis) collecting food for storage were given an initial choice between options x′ (1 

item) and y′ (3 items) or between x″ and y″ (both 1 item) (Waite 2001b). All of these 

initial rewards were obtained for the same price (0.5 m into a tunnel, an intrinsically 

dangerous, confined space). Subjects were then given the choice between a small cheap 

reward x (1 item, 0.3 m) and a large expensive reward y (3 items, 0.7 m). In violation of 

the principle of irrelevant alternatives, the jays’ subjective valuations of options x and y 

apparently depended on options available in the past. Subjects initially exposed to {x′, y′} 
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showed a stronger preference for x than did subjects initially exposed to {x″, y″}, which 

suggests the jays did not assign a fixed value to each option. Subjects that initially could 

obtain a large reward for about the same price as a small reward apparently devalued the 

large reward in the subsequent choice. 

This finding, though, is open to reinterpretation. The jays’ seemingly irrational 

behavior may be a form of state-dependent choice (Schuck-Paim et al. 2004; see also 

Kacelnik and Marsh 2002; Marsh et al. 2004), since the procedure unintentionally 

manipulated the subjects’ state. During each of 25 pre-test visits, subjects exposed to {x′, 

y′} chose between 1- and 3-item rewards and subjects exposed to {x″, y″} chose between 

1-item rewards. That is, subjects exposed to {x′, y′} were able to hoard as many as 75 

items during the pre-test phase, whereas subjects exposed to {x″, y″} hoarded only 25 

items during this phase. Thus, subjects initially exposed to {x′, y′} might have showed a 

weaker tendency to accept extra danger to obtain a larger reward because their state was 

higher. A proper experimental manipulation is needed to determine whether and how 

gray jays make state-dependent adjustments. 

Here, we describe an experimental test of whether gray jays adjust their tendency 

to choose a more valuable but also more dangerous reward after receiving a supplement 

in state. (Elsewhere, we develop a formal model of state-dependent choice, which we use 

to explore how an animal’s state could influence its willingness to accept extra danger to 

obtain larger rewards [Nevai et al. in review].) We discuss state dependence as a feasible 

explanation for seemingly irrational choice behavior. 
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Methods

Subjects and study area

The gray jay, a nonmigratory bird of boreal forest, hoards food intensively throughout 

group-held territories (Strickland and Ouellet 1993; Strickland and Waite 2001). Outside 

the breeding season, social groups typically comprise a mated pair, which is often 

accompanied by a philopatric offspring or an unrelated immigrant (previously evicted 

from the natal territory by its most dominant sibling). Individual jays routinely make 

hundreds of scattered caches per day during summer and autumn, placing each of tens of 

thousands of such caches in an arboreal site (Waite 1991). They rely almost exclusively 

on these caches during winter and even use them to provision nestlings and fledglings. 

The experiment tested 12 jays from five territories. These semi-tame jays, 

identifiable by unique combinations of color bands, comprised four females (two adult 

members of mated pairs, one juvenile member of a mated pair, and one juvenile retained 

on her natal territory as an extra) and eight males (five adult members of mated pairs and 

three juveniles, two of them retained on the natal territory and one of them an 

immigrant). None of the adults had participated in any experiment for at least one year, 

and the juveniles had never participated in an experiment. 

The experiment was conducted in Algonquin Provincial Park, Ontario (45o33′ N, 

78o38′W), between 13 and 25 October 2003. Tests were conducted between 1005 and 

1740 hours. Air temperature varied between -2 and 16°C during tests. Light snowfall 

occurred during three trials (one control and two experimental trials [see below]). No 

precipitation occurred during the other 21 trials. 
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Procedure

The experiment was designed to determine whether the tendency to choose the more 

valuable but also more dangerous of two options is influenced by state (defined here as 

some proportion of the number of food items hoarded prior to the choice test). 

Specifically, we asked whether jays provided with a supplement before the choice test 

would adjust their tendency to choose this option. 

Before testing a particular individual, the experimenter (TAW) positioned himself 

near the core of the jay’s territory. A performance test was then conducted. The 

prospective subject was given a choice between identical options (1 raisin, 25 cm into 

tunnel [see below]) during 10 consecutive visits to the setup. To train the jay to treat the 

task as an exclusive choice, it was flushed if it attempted to enter both tunnels during a 

visit. All but one individual passed the performance test, entering one of the tunnels 

during each visit, collecting the raisin and transporting it to a nearby arboreal site for 

storage. Throughout this performance test and the subsequent experimental or control 

trial, raisins were offered to all jays accompanying the subject to minimize any influence 

of interference competition on the subject’s behavior (Waite and Ydenberg 1996). 

Following the performance test, the experimental or control trial was begun immediately. 

Using a within-subjects design, 12 subjects were tested in both a control (or 

baseline) trial (C) and an experimental (or effect) trial (E), with the order of trials 

alternating across subjects. Thus, six subjects were tested in the order C-E and the other 

six were tested in the order E-C. The binary-choice task was identical in C and E trials. In 

each of 50 consecutive visits, the subject obtained either a single raisin placed 5 cm (low 

cost) into a tunnel or three raisins placed 45 cm (high cost) into an adjacent tunnel. The 
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position of rewards (left versus right tunnel) was strictly alternated across successive 

visits during each 50-choice test. Immediately upon collecting each food reward, the jay 

virtually always flew to a nearby tree to hoard the food and then returned to the setup, 

where the next reward was already available. (Subjects hoarded 99.6% of raisins 

collected; they immediately consumed the remaining 0.4%.) The 1.2-m-long tunnels 

(made of welded wire, 1-cm mesh; semi-cylindrical [radius 25 cm], closed at one end) 

were situated to be adjoining at their open ends and forming a 45o angle. The food reward 

was placed in the center of a white metal lid (diameter: 6 cm). Thus, the subjects could 

easily see both highly conspicuous food rewards upon each arrival at the set-up. 

Experimental trials differed from control trials only in the following way. In 

E-trials, the experimenter provisioned the subject with 250 raisins before conducting the 

50-choice test. After the jay had hoarded the 250th raisin, the setup was moved 80 m 

(beyond the array of the 250 scattered hoards) to minimize density-dependent shifts in 

hoarding strategy (Waite and Ydenberg 1996).  The experimental choice test was 

conducted following a 5-minute hiatus. On the preceding or following day, the same 

subject was tested in the C-trial. C- and E-trials were counterbalanced for time of day 

(median start times: 1258 [C-trials], 1325 [E-trials]; Wilcoxon signed ranks test: Z = 

-0.863, P = 0.39, two-tailed). 

Data analysis

Analyses were performed using SPSS (2002). Binomial tests (two-tailed) were used to 

evaluate preference in individual subjects within trials. To compensate for the 

multiplicity of tests performed, we evaluate the significance of these results using the 
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Benjamini-Hochberg method (Benjamini and Hochberg 1995). Any nominally significant 

(i.e., P < 0.05) test is considered to remain significant if the following condition is met: pi 

≤ iq/m, where p1 ≤ p2 ≤ … ≤ pm are the ordered P-values, q is the assigned false discovery 

rate (0.05), and m is the number of subjects (12). We also use the more familiar 

sequential Bonferroni method (Rice 1989). 

Fisher’s exact test (two-tailed) was used to evaluate whether each subject’s tendency to choose 

the more-valuable, high-cost option 2 was influenced by the manipulation of state (i.e., 

between E- and C-trials). GLM repeated-measures ANOVA (on arcsine 

squareroot-transformed proportions) was then used to test, for all subjects, the effects of 

the manipulation of state (E versus C; within-subjects factor) and the order in which C- 

and E-trials were conducted (C-E versus E-C; between-subjects factor) on the tendency to 

choose option 2. A similar analysis was performed to test the effects of trial type and 

order on time required to complete the trial. 

Pearson’s correlation was used to evaluate the degree of autocorrelation (lag = 1) 

in each subject’s 50 consecutive choices in each trial. For each series of choices, C1, C2, 

…, C50, the correlation between Ct and Ct–1 was calculated. For any subject whose choices 

were serially correlated, we used binary logistic regression to evaluate whether the 

subject’s tendency to choose option 2 increased or decreased over time.  

Results

All but two subjects showed a significant tendency to prefer the less-valuable, safer 

option 1 in both C- and E-trials (Ps < 0.033) (Table 1). As for the remaining two subjects, 

Jay7 showed a significant preference for this option in the C-trial (P = 0.003) but not the 
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E-trial (P = 0.10), and Jay9 showed no preference in the C-trial (P = 0.56) and a 

preference for the other option in the E-trial (P = 0.003). These findings establish that the 

jays could distinguish between the options, a requisite condition for this task’s being a 

meaningful assay of the effect of state manipulation.   

Repeated-measures ANOVA revealed a significant effect of state (F1,10 = 5.369, P = 

0.043, power = 0.55), no significant effect of order in which C- and E-trials were run (F1,10 = 1.625, P = 0.23, power = 

0.21), and no significant interaction (F1,10 = 2.247, P = 0.17, power = 0.27). Across subjects, on average, there was a 

stronger tendency to choose the valuable-but-dangerous option 2 during E- (mean proportion: 0.32) than during C-trials 

(0.27). Because this mean effect was small, we repeated the analysis using a leave-one-out 

procedure. That is, we repeated it 12 times, where each permutation excluded the data for 

a single subject. The effect of state was nonsignificant for 9 of 12 permutations, 

remaining nominally significant only when Jay1 (P = 0.018), Jay2 (0.048), or Jay6 

(0.004) was excluded. Applying the Benjamini-Hochberg method for controlling the false 

discovery rate (at 5%), only the result for excluding Jay6 remains significant. Moreover, 

three of the subjects chose option 2 in a smaller proportion of choices during E- than 

C-trials (Fig. 1). This fact, that one-quarter of the subjects showed an asymmetry in the 

opposite direction, suggests a weak overall effect of the treatment (Binomial test: P = 

0.15, two-tailed). Finally, Fisher’s exact tests revealed no significant difference in choice 

behavior between C- and E-trials for any individual subject (Table 1). 

Nonsignificant autocorrelation in the tendency to choose option 2 was observed 

for 22 of 24 trials (correlations: -0.16 < r < 0.27, Ps > 0.058). Nominally significant serial 

correlation was detected for only two subjects, both in E-trials (Jay4: r = 0.30, P = 0.037; 

Jay10: r = 0.32, P = 0.023). However, neither of these correlations remained significant 

following Benjamini-Hochberg adjustment. Binary logistic regression revealed opposing, 
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nonsignificant trends in these subjects’ tendency to choose option 2 across the 50-choice 

trial. The odds ratio, an estimate of the odds of choosing option 2 in the next visit, 

indicates that the tendency to choose option 2 increased slightly (1.05) during the trial for 

one subject (Jay4, P = 0.56) and decreased slightly (0.99) for the other subject (Jay10, P 

= 0.80). Overall, evidence for serial autocorrelation in choice is weak. Thus, we can rule 

out the idea that differences in choice behavior between E- and C-trials were simply 

byproducts of an order effect (e.g., as caused by habituation or prey-switching).  

Finally, repeated-measures ANOVA revealed no significant effect of the type of 

trial (E or C) (F1,10 = 2.641, P = 0.135, power = 0.313) or order of trials (F1,10 = 0.730, P = 0.413, power = 0.121) 

on the time required to complete trials (grand mean: 74.3 min; 95% CI: 64.1-84.6 min).  In addition, no significant 

interaction emerged (F1,10 = 0.159, P = 0.698, power = 0.065). These results suggest that the subjects were similarly 

motivated, irrespective of type or order of trial.  

Discussion

Our key finding – that most subjects increased their willingness to trade danger for food 

after receiving a subsidy – seems counterintuitive. Why would a prudent jay increase its 

willingness to accept extra danger to obtain larger food rewards when at higher state (i.e., 

during experimental rather than control trials)? Elsewhere, we show theoretically that 

state can affect this willingness in either direction (Nevai et al. [in review]). Imagine a 

sigmoid fitness function, with state (hoard size) on the x-axis and reproductive value 

(fitness) on the y-axis. (By assuming this functional form rather than a strictly 

decelerating relationship, we capture the idea that incremental increases in hoard size will 

have little impact on prospects for overwinter survival and subsequent reproduction when 

the total hoard size is quite small.) Above a threshold (in the region of the inflection 
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point), the model predicts that a subsidy will weaken this willingness. Incremental 

increases in state in the deceleratory phase yield smaller fitness gains, so it pays to 

increase emphasis on safety after receiving a subsidy. But below this threshold, the model 

makes the opposite prediction because incremental increases in state yield bigger fitness 

gains and so it pays to decrease emphasis on safety. Thus, most of our subjects’ choice 

behavior was consistent with the unconfirmed possibility that their perceived hoard size 

was relatively small, even though they had probably hoarded many food items prior to 

our experiment. 

Why would our subjects behave as if their effective hoard size was relatively 

small? We argue that this is biologically plausible because effective hoard is inevitably 

smaller than the total hoard. Unlike financial investments, where even a savings account 

yields a modest interest income, the jays’ investment diminishes over time. Many items 

are stolen daily by conspecifics and heterospecifics. Stored items undergo decomposition. 

Hoard rot may be exaggerated in our study area, which lies at the extreme southern edge 

of the species range. This population is undergoing a dramatic demise, and we have 

recently shown that jays have poor reproductive success following warm autumns (Waite 

and Strickland 2006). Such conditions in recent years apparently represent hostile 

conditions because the jays ordinarily rely on cold storage to preserve their hoards. We 

conducted the present experiment during autumn, before the onset of wintry, 

food-preserving conditions. Thus, we speculate that the jays might have behaved 

adaptively by discounting their prior investment. 

A simple alternative explanation for the jays’ choice behavior should be 

considered. Our key finding can be restated by describing the behavior of subjects when 
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they were unsubsidized (i.e., during control trials and regardless of the order of testing, 

C-E or E-C). When unsubsidized, subjects expressed a lower willingness to accept 

greater danger to obtain a bigger reward. That is, they showed a stronger tendency to 

choose a less valuable option when they had not just received a state subsidy. This result, 

though, resembles impulsivity because the less valuable option was more immediately 

available (only 5 cm into tunnel) than the more valuable alternative (45 cm). Our subjects 

were seemingly more impulsive, showing stronger preference for the small but immediate 

reward, when they were at lower state. While acknowledging that such behavior could 

defy adaptive explanation, below we explore the possibility that such state-dependent 

adjustments may be adaptive. 

Impulsivity, until recently, had no satisfactory adaptive explanation. Animals 

routinely prefer small, immediate rewards to large, delayed alternatives, even when the 

delay is very short and the larger reward is much larger (reviewed by Stevens et al. 2005). 

In expressing this preference for immediacy, animals seem to violate the principle of rate 

maximization. They apparently discount the value of delayed rewards so steeply that 

choosing the immediate reward can dramatically reduce the rate of return. However, 

recent theoretical work revealed that such short-sighted choice may maximize long-term 

payoffs (Stephens and Anderson 2001, Stephens et al. 2004), especially if discrimination 

is imperfect (Stephens 2002). Impulsive choice rules may be adaptive, even though they 

may often lead to puzzling choice behavior in experimental contexts. 

We recognize the possibility that some such preferences for immediacy could 

represent a form of adaptive choice rather than irrational impulsivity (Stevens et al. 

2005). Considering that within the accelerating phase of a hypothetically sigmoid fitness 
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function, any reduction in state means that an incremental increase in state will have a 

smaller benefit and so animals may accrue greater fitness gains by choosing the safer 

option. In our experiment, the safer option also happened to be more immediate, so lower 

perceived state (i.e., during control trials) could have favored an increased preference for 

immediacy as a byproduct of adaptive state-dependent choice.   

We remain circumspect as to whether our findings really represent any of the 

subtle forms of adaptive state-based decision making described above. Additional work 

needs to be done before making any firm inferences. After all, the observed treatment 

effect was weak. None of subjects showed a significant tendency to increase its 

willingness to accept extra danger when tested at higher state, and a quarter of the 

subjects showed a nonsignificant tendency in the opposite direction. Our goal above was 

not to test our model (Nevai et al. in review) but rather to attempt to make sense of our 

findings in an adaptive framework. Counterintuitive findings demand such an attempt, 

rather than simply resorting to the argument that the observed behavior must represent 

some fundamental limitation of the animal’s information-processing and decision-making 

capacities.  

With this caution in mind, our work has implications for how we should interpret 

some observed violations of economic rationality. We previously interpreted such 

violations as evidence that animals use comparative valuation based on context (i.e., 

array of options available)(Shafir et al. 2002; Waite 2001a,b). It remains clear that our 

subjects do so. They clearly do not assign fixed values to options in some conventionally 

rational way. But our current findings do reinforce the claim that any unintended 

experimental manipulation of state could induce adjustments in choice behavior 
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(Schuck-Paim et al. 2004). In a prior experiment (Waite 2001b), subjects showed a 

weaker tendency to accept extra danger to obtain a bigger reward when their state had 

been supplemented as a byproduct of the procedure. In the current experiment, most of 

the subjects adjusted in the opposite direction. In principle, we could reconcile these 

conflicting results if we had some way of confirming the jays’ perceived state was 

relatively high in the prior experiment and relatively low in the current experiment. But 

we have no compelling reason to think so. The experiments were conducted at the same 

time of year, when jays presumably had already stored much food for the coming winter. 

Definitive tests will require dramatic manipulations of state, perhaps by temporarily 

holding some subjects in captivity or by giving them chronic access to superabundant 

food. 

Experiments using nonhoarding species such as hummingbirds should be 

performed as well. Such species may be especially prone to state-dependent effects (e.g., 

Bateson et al. 2003; Hurly and Oseen 1999). These tiny birds, with their high metabolic 

demands and minimal energetic reserves, may be strongly responsive to manipulation of 

state. They may be prime candidates for testing state-dependent preference reversals, as 

predicted by our model (Nevai et al. in review). 

To conclude, animals should trade off danger for food, depending on their own 

perceived state. If relatively high, they should emphasize safety; if relatively low, they 

should de-emphasize safety. Our findings agree with the speculative possibility that 

subsidized gray jays were more inclined to accept extra danger to obtain larger rewards 

because their effective hoard size was small relative to the total number of items stored. 

These findings suggest that some previously observed violations of economic rationality 
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might have been a byproduct of state-dependent choice. Whether state dependence can 

account for other apparent violations of economic rationality (e.g., Waite 2001b; Shafir et 

al. 2002; reviewed by Roe et al. 2001) awaits future experiments. 
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Table 1   Results of binary-choice tests in gray jays. Reported are proportions of choices 
for the more valuable (3 raisins versus 1 raisin) but also more dangerous (45 versus 5 cm 
into a tunnel) option 2, in experimental (E) and control (C) trials  

Subject (age, sex)

Proportion of choices
for option 2 Fisher’s 

exact P
C E C

Jay1 (AHY, ♂) 0.22 0.20 1.00

Jay2 (HY, ♂) 0.26 0.28 1.00

Jay3 (HY, ♀) 0.24 [0.36] 0.28

Jay4 (AHY, ♂) 0.32 0.26 0.66

Jay5 (AHY, ♂) 0.20 0.26 0.82

Jay6 (AHY, ♀) 0.20 0.34 0.18

Jay7 (HY, ♂) 0.30 0.40 0.40

Jay8 (HY, ♀) 0.22 0.16 0.61

Jay9 (AHY, ♂) 0.50 0.70 0.066

Jay10 (HY, ♂) 0.34 0.28 0.53

Jay11 (AHY, ♂) 0.28 [0.36] 0.52

Jay12 (AHY, ♀) 0.26 0.18 0.47

AHY = after hatching year (= adult); HY = hatching year (= juvenile). Underlined 
proportions are nominally significant (i.e., unadjusted P < 0.05, based on cumulative 
binomial distribution). All estimates remain significant at false discovery rate = 0.05 and 
all but the two estimates in brackets remain significant at experimentwise error rate = 
0.05. Two-tailed P-values based on Fisher’s exact test. 
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Figure legend –

Fig 1  Proportion of choices by gray jays for the more dangerous but also more valuable 

option 2 in control versus experimental trials. Each symbol represents an individual 

subject. Points above the diagonal line of identity indicate a stronger tendency to choose 

option 2 when supplemented 
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