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Testing the Conditional Cooperation Model: What Can We Learn From Parents Taking Turns When Feeding Offspring?
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INTRODUCTION: CONFLICT OVER CARE AND CONDITIONAL COOPERATION

In species with biparental care, conflict arises because each parent would be better off if it could reduce its share in offspring care and leave the greater share of care to their partner (Trivers, 1972; Lessells, 2012). Understanding how this conflict is resolved has been a major focus in research on social evolution (see Harrison et al., 2009). Traditional theoretical studies on how individuals should optimize their provisioning effort predict that parents should respond to changes in the provisioning effort of their partner by changing their own effort to a lesser extent in the opposite direction (Houston and Davies, 1985; McNamara et al., 1999; Lessells and McNamara, 2012). Parents should thus partially compensate for reduction in care by their partner, which leads to inefficient outcomes, because parents will care less than they would in the absence of conflict. Although some empirical studies provided support for these predictions, others reported results that do not match the predictions of these models (Harrison et al., 2009). Johnstone et al. (2014) therefore proposed an alternative model that suggests that individuals may benefit from adopting a strategy of “conditional cooperation,” reducing their provisioning effort if they were the last to feed the offspring and increasing their provisioning effort if their partner was the last to feed. Using a game theory model, they show that such a strategy is evolutionarily stable and that it leads to more efficient outcomes than the strategies proposed by the previous models. If backed up by empirical evidence, the conditional cooperation model would entail a major shift in our understanding of sexual conflict over care, because it implies that sexual conflict does not necessarily negatively impact offspring care.

TESTING CONDITIONAL COOPERATION: MORE ALTERNATION THAN CHANCE?

The conditional cooperation model predicts that parents take turns in provisioning their offspring, because they reduce their effort after each feeding visit and increase it again after their partner visited. Consequently, empirical studies examined whether parents that are provisioning their brood indeed take turns more often than expected by chance (Bebbington and Hatchwell, 2016; Koenig and Walters, 2016; Iserbyt et al., 2017; Savage et al., 2017; Leniowski and Wegrzyn, 2018). Almost all these studies report that the degree of alternation was higher than expected by chance and conclude that parents adjust their provisioning effort to one another. However, before concluding that parents habitually adjust their provisioning behavior to one another and that conditional cooperation is a widespread phenomenon, we need to take a closer look at the validity of the empirical approach. The conclusion that turn taking is higher than expected by chance critically depends on the way in which “chance” levels of turn taking are determined. How, then, should we determine the amount expected by chance? As we will argue, this is not a simple matter.

Several studies calculated “chance” levels of alternation by simply randomizing the order in which visits took place (Koenig and Walters, 2016; Iserbyt et al., 2017; Leniowski and Wegrzyn, 2018). A similar approach is the runs test which examines whether the order in which nest visits take place differs from randomness (Khwaja et al., 2017; see also Johnstone et al., 2014; Savage et al., 2017). A problem with these approaches, however, is that they ignore the fact that a substantial degree of alternation may arise simply from the manner in which individuals provision. Each individual needs a certain amount of time after every nest visit during which it cannot visit the nest again (“refractory period”): it needs to move away from the nest, find food and return to the nest. Clearly, a nest visit is then more likely to be followed by a visit of the other parent than by another visit of the same parent. If parents engage in little else than feeding and often need a similar amount of time to find food, a pattern of turn taking will inevitably emerge, even when each parent's provisioning behavior is entirely independent of that of the other parent. Even high levels of alternation per se are not sufficient to conclude that individuals engage in conditional cooperation, because this may arise simply when each parent is consistent in the time between visits (inter-visit interval). What is needed is a test of whether parents take turns more often than expected by chance that takes into account the distribution of the inter-visit intervals of each parent.

To do this, some studies have used a more refined approach and calculated chance levels of alternation by randomizing not the order of the nest visits per se, but the inter-visit intervals of the nest visits of each parent (Johnstone et al., 2014; Bebbington and Hatchwell, 2016; Savage et al., 2017). In this way, the distribution of the actual inter-visit intervals is preserved, thereby taking into account that nest visits take a certain amount of time, while any pattern in the visit sequence that results from parents responding to each other's behavior is removed. The three studies that used this approach found that the alternation rate of the actual visit sequence was higher than that of the randomized visit sequences, and hence concluded that parents took turns more often than expected by chance (Johnstone et al., 2014; Bebbington and Hatchwell, 2016; Savage et al., 2017). Is this proof that parents actively respond to the provisioning behavior of their partner? Whilst this approach is more sophisticated than the methods described above and circumvents the problem of the refractory period, the method to calculate chance levels of turn-taking remains problematic. Here is why.

THE PROBLEM WITH RANDOMIZING INTER-VISIT INTERVALS

It is true that the re-ordering of inter-visit intervals removes any pattern in the visit sequence that results from parents responding to each other's behavior. However, it also takes away any correlation between male and female visit behavior that results from both parents responding to the same external stimuli (Schlicht et al., 2016). The “chance” scenario against which the observational data are compared is thus not only stripped of the effect that parents may have on each other (necessary to test for conditional cooperation), but also from any other factors that may have introduced a correlation between the inter-visit intervals of both parents. Below, we use two simple examples to illustrate that this will lead to a higher level of turn-taking in the observed than in the randomized sequence, even in the absence of parents responding to each other.

Imagine a nest in which parents provision independent of each other's behavior under constant conditions. Randomization of the inter-visit intervals will not affect the level of turn taking (Figure 1A). Now imagine the same scenario, but where both parents gradually increase the amount of time between visits, for instance because of worsening weather conditions. In this case, randomization of the inter-visit intervals from the entire observation period will lead to a reduced level of turn taking (Figure 1B). Such a specific situation of a gradual change can be controlled for (Johnstone et al., 2016; Savage et al., 2017), but there is a multitude of factors that can influence the inter-visit intervals of both parents and this may be both suddenly or gradually, for brief or longer periods, and in both directions (increasing or decreasing). For instance, imagine a situation where the presence of a predator during part of the observation period causes both parents to temporarily increase the amount of time between visits. Randomization of the inter-visit intervals from the entire observation period will again lead to a reduced level of turn taking (Figure 1C).
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FIGURE 1. Schematic examples of how randomizing the order of inter-visit intervals affects the level of alternation (A). A = F/(t − 1), where F is the number of visits that was followed by a visit of the other parent and t is the total number of visits during the observation period (Bebbington and Hatchwell, 2016). Blue ticks indicate a nest visit by parent 1 and red ticks indicate a nest visit by parent 2. For the purpose of illustration, we assume that both parents make the same number of nest visits during the observation period and that the amount of time needed between visits is the same for every feeding trip (unless affected by external stimuli). In (A) visit rates do not change over time and randomization does not affect the level of alternation. In (B,C) however, inter-visit intervals of both parents change in the same way over time, e.g., due to deteriorating weather conditions or due to the presence of a predator, and randomization of the inter-visit intervals leads to a reduced level of alternation.



In the simple examples illustrated in Figure 1 inter-visit intervals are fixed and pair members share the feeding equally for the sake of simplicity. When inter-visit intervals are more variable or when parents differ in their provisioning effort, more “noise” is introduced, but the same principle applies. To demonstrate this, we simulated visit sequences that differed in the degree of both within- and between-parent variation in inter-visit intervals (Figure 2). We then simulated the presence of an external stimulus (e.g., predator) during the middle part of the sequence that doubled the median length of inter-visit intervals for both parents (as per Figure 1C). We calculated the alternation levels for the simulated sequences, as well as for the randomized simulated sequences. The results of these simulations—in which the presence of active turn taking was explicitly excluded—show that the level of alternation is higher in the original sequence than in the randomized sequence for all values of within- and between-parent variation in inter-visit intervals. The difference is large when both parents are investing equally and individual variation is low, and decreases with increasing differences in parental investment and with increasing individual variation. Nevertheless, even in the extreme scenario where one parent visits three times as much as the other one and within-individual variation is large, the level of alternation in the observed sequence is higher than that in the randomized sequence. Thus, when parents adjust their provisioning effort in the same way in response to external stimuli, the level of alternation of the actual nest visit sequence will be higher than that of the randomized sequence in many cases.
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FIGURE 2. Observed and randomized levels of alternation for simulated sequences with different levels of within- and between-parent variation in inter-visit intervals (IVI). We simulated feeding sequences for pairs of provisioning parents where IVIs of each parent were drawn from a log-normal distribution with parameters μ and σ (i.e., the natural logarithm of the variable is normally distributed with mean μ and standard deviation σ). The median IVI (eμ) of one parent could be either the same, twice as much, or three times as much as that of the other parent, and σ of either parent could be 0.5, 0.75, or 1. The top part of each panel shows the resulting distributions with the IVI (in minutes) on x-axis. To simulate the effect of an external stimulus that increased IVI's (e.g., a predator), we created for each combination of within- and between-parent variation another set of IVI's in which the median was increased by a factor of two (distributions not shown). Feeding sequences of 120 min were then constructed, in which the first and last 30 min were randomly drawn (for each parent separately) from the original simulated IVI's, while the middle 60 min were drawn from the simulated IVI's that reflected the presence of a predator [as per scenario (C) in Figure 1]. We then generated 1,000 such sequences for each combination of within- and between-parent variation and calculated the level of alternation (see legend of Figure 1) before and after randomization. The lower part of each panel shows means and standard errors of these “observed” and “randomized” alternation levels. Code for data generation is provided in the Supplementary Materials.



The presence of factors that affect the provisioning behavior of both parents in the same way is not just a hypothetical possibility. There is ample evidence that males and females often respond in a similar manner to external stimuli. Examples include chick begging levels, presence of predators, presence of ephemeral food sources, weather conditions, and the time of day (Kilner and Johnstone, 1997; Budden and Wright, 2001; Geiser et al., 2008; Low et al., 2008; Zanette et al., 2011; García-Navas and Sanz, 2012; LaManna and Martin, 2016), but there may be a multitude of other factors that influence the provisioning behavior of both parents. Some studies have taken into account several of these factors and controlled for them statistically (Johnstone et al., 2014). However, if any such factor(s) remain uncontrolled for, the conclusion that parents alternated their visits more than expected by chance and must therefore have responded to each other's behavior is unsound. When an observed visit sequence has a higher level of alternation than the randomized sequence, it is simply not possible to establish whether this is because parents responded to each other or because they responded to the same external stimuli. Given the extensive evidence that the latter is commonplace, this should probably be regarded as the more parsimonious explanation.

CONCLUSIONS AND FUTURE DIRECTIONS

Unless all factors that affect both male and female feeding effort are known and controlled for, either statistically or experimentally, it will be challenging – indeed, perhaps impossible – to establish whether individuals take turns more often than expected by chance based on observational data alone. We therefore tentatively conclude that the answer to the question in the title probably ought to be “not much.” However, we believe there is ample scope for advances in this field if more rigorous tests are implemented. One possibility is to manipulate the provisioning effort of one parent and monitor whether the other parent adjusts its pattern of provisioning accordingly (e.g., Hinde, 2006). In such experiments, however, care should be taken that the hunger level of the offspring is not affected by the treatment, because this would influence the behavior of the parents and confound the interpretation of the results. This may be achieved by manipulating provisioning effort on the scale of single nest visits, e.g., by playing back extra begging calls to a parent during a single nest visit to reduce its subsequent inter-visit interval (Santema et al., 2017). The prediction would be that a faster return to the nest by the manipulated parent should lead to a faster return to the nest by the other, unmanipulated, parent. Another possibility is to manipulate the information that parents have about the provisioning effort of their partner (e.g., Iserbyt et al., 2015). Clever experimental designs in captivity or in the wild may be able to achieve this. For instance, the extent to which pair members can observe each other's provisoning effort could be manipulated. We believe that experiments of this kind are needed to move this field forward; only more discriminatory tests will tell us whether conditional cooperation really plays a role in the family life of birds and other animals.
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