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Chapter 1: The 5th Aim in Moral Ethology
A Theoretical Approach and Philosophical Assumptions

“I have a dream that my four little children will live in a nation where they will not be judged by the color of their skin but by the content of their character.” 
  


Moral character is the central motif of this dissertation. To understand the essence of the moral character, it is proposed, requires the identification of certain fundamental motivational elements comprising morality. The definition of “morality” has differed, to a minor degree, between cultures, ages, and among the various sciences. However, these definitions usually possess a common element of a shared set of social norms, or expectations, which govern the behavior of a particular group. Morality, as used within this dissertation, is conceptualized as having two distinct components – a shared, norm-based, cultural component and a subjective, character-based, motivational component. The distinction between these two uses of morality will be explained in greater detail later in this chapter. 

This dissertation is also written utilizing an ethological framework to conceptualize morality. This framework assumes that evolutionary pressures had a major role in shaping morality and that both humans and animals possess a capacity for motivational (experiential) states.
 These evolutionary pressures and use of subjective capacities, and their role in morality, are also expanded upon below. Several empirical studies, found in the third chapter of the dissertation, are part of a comparative (multi-species) approach to identify some convergent aspects of moral motivation. The rationale for this comparative approach will received greater treatment in chapter two. But before addressing morality as a motivational phenomenon, experienced within multiple species, some other clarifications are required concerning the basic philosophical assumptions utilized herein. 

Philosophical Assumptions


The connection between the various sciences and philosophy is not always apparent in modern scholarship. There is a common tendency in modern academia to frame science and philosophy as completely distinct systems of thought. The sciences, being empirical, are assumed by many to hold greater validity than mere works of philosophy, which have produced unfalsifiable, metaphysical propositions in the past. As a result, the academic universe is often presented as a collection of the various arts and sciences with philosophy as a field of residuum – a set of abstract concepts and not yet incorporated into one of the sciences. This view of philosophy’s limited role in scientific scholarship is certainly not universal. Yet it is prominent enough to create problems for researchers in when they attempt to explain certain phenomena using a scientific approach.

The central problem in ignoring philosophical questions or subjugating philosophy to the sciences is that many philosophical assumptions which underlie scientific investigation have become implicit rather than explicit. Few modern scientists describe their philosophical assumptions when publishing their findings. There may be several reasons for this omission. A scientist might assume that their assumptions are so widely shared, or irrelevant to their topic of study, that to describe them would be adding a superfluity to their work. A geneticist, studying the role of various gene polymorphisms in the onset of diabetes, perhaps need not state their assumptions on the nature of epistemology in order to publish their findings in an epidemiology journal. Conversely, a scientist may hold assumptions that they believe to be out of the scientific mainstream. To describe them in print would be to invite criticism from departmental peers, journal editors, or grant reviewers. Challenging pervasive, mainstream assumptions has never been an easy task in any discipline. But whatever the reasons may be for discontinuing the practice of clarifying one’s philosophic assumptions, this discontinuance holds certain risks. Implicit assumptions become hidden and difficult to contest. The empirical nature of observation can become confused with the inference-based nature of interpretation under a vague notion of scientific authority. A form of objectivity that is applicable across diverse cultures and time periods, each potentially holding different set of general assumptions, can become jeopardized. For these reasons, some philosophical groundwork seems fitting prior to addressing the ethological framework of morality here employed. 

Assumption I: The validity of reason as absolute

Reason, as used in this dissertation, is defined as the capacity for distinguishing what is true from what is false. The difference between humans and animals in this capacity is beyond the scope of this dissertation and will not here be addressed. Following a series of studies that revealed a failure of many study participants to properly utilize reason on certain tasks in certain contexts,
 some academics have called the human faculty of reason into question. It is important to mention here that a failure of research participants to utilize reason in a particular setting is not the same as the questioning the existence of the faculty of reason itself. There may be many contexts in which human reason is limited or underutilized. However, to abandon reason wholesale is to simultaneously abandon the foundation of every system of thought and the ability to create any cogent argument. If reason is on trial, the rules of logic, science, and whatever claims the skeptic of reason might present, will share the verdict. Arguments for the denial of reason are also based upon reason. In short, they are self-refuting.

Assumption II: A parsimonious, yet non-reductive, evolutionary framework
The popular view of evolution often portrays the theory as a scientific monolith. In reality, however, there is a tremendous amount of diverse, and often competing, evolutionary ideas found within biology and evolutionary psychology. Darwin, as will be discussed in chapter two, predicted cooperation would occur within species that had developed offspring care and certain cognitive capacities.
 He also wrote extensively on the role of emotion and of transmittable “serviceable habits” that could convey adaptive advantages to individuals. If we take Darwin’s evolutionary theory in general, and as applied to morality, we would describe it as both parsimonious in its assumptions and comprehensive in applications. 


But in the wake of Origin
 some authors have attempted to modify Darwin’s theory for various other purposes. Spencer attempted to expand upon natural selection to the extent of conceptualizing the theory as a central component of a universal progression of the universe
 – a type of cosmic developmentalism. Dawkin’s Selfish Gene,
 in an apparent attempt to increase the parsimony of natural selection as a theory, overemphasized the role of genotype versus Darwin’s incorporation of both genetic and non-genetic inheritance of behavioral traits. The theoretical approach utilized in this dissertation is Darwinian in that it assumes a significant role for non-genetic inheritance of behavior and a potential preference for cooperation over competition among conspecifics under some conditions.      
Assumption III: The mind as neither completely district from, nor reducible to, matter

Within the ancient debate concerning the mind’s connection with matter, this dissertation assumes a centrist position – avoiding a reduction of mind to mere matter or a reduction of matter to a mere product of mind. Much of the controversy surrounding mind and body debate may stem from the acceptance of either a Cartesian or Baconian set of first principles. Descartes proposed that the existence of a self as a perceiving agent was the most fundamental axiom of rational thought – summarized in the famous phrase Cogito ergo sum.
 He argued that, though his perception may be in error, the existence of an agent to make the error was more axiomatic than any information he could have received through his sensory inputs. Conversely, Bacon, in his Novum Organum,
 argued that all knowledge arrived from experience and proposed a system of knowledge be built based on experience alone – heralding in the modern empirical approach to science. 

The theoretical approach developed in this dissertation is neither strictly dualistic, based on subjective philosophical idealism, nor strictly monistic, based upon assumptions from a materialistic philosophical realism. Both extremes are here rejected. Cartesian agency, and an accompanying sentience, is assumed to exist. Evidence supplied from a shared and objective reality, fundamental to Baconian empiricism, is assumed to be valid. Any attempt to reduce experience to the mere product of the agent’s mind inevitably leads to a solipsism that is incompatible with a scientific method based on this shared reality. Any attempt to reduce mind to the mere product of material mechanisms inevitably minimizes or eliminates all subjective phenomena such as sentience, consciousness, or the umwelt
 of living creatures. In a field such as psychology, where the object of study, at least in origin, is the mind, both reductionistic empiricism or solipsistic idealism lead to a dead end in the pursuit of knowledge.      

An Ethological Framework


With these philosophic assumptions in mind, we can now turn our attention to the conceptual framework used in this dissertation. Using an ethological approach, the principal goal is to identify the fundamental motivations that comprise a moral character. In a broad sense, ethology means the study of character. But the focus of Ethology has changed substantially from its etymological roots. Ethology is the combination of ethos, meaning “custom” or “character” and logos, meaning “reason” or “logic.” Thus ethology was defined as 1) a depicting of character, 2) a treatise on morality, or 3) the science of applied ethics.
 But as evolutionary theory became more prominent within biology and other sciences, a new, expanded definition of ethology was required. This expansion was largely provided by early ethologists and formalized by Niko Tinbergen in his four aims of Ethology.
  Tinbergen described four categories of questions that should be applied concerning the behavior of animals. Two of these questions involved the origins of the behavior. Why a behavior was adaptive within its present natural context, and why a behavior originally evolved (being careful not to assume these questions are identical) are the evolutionary ultimate questions of behavior. The other two questions focused on either the development of a behavior across the lifespan of the organism or the proximate (immediately causal) factors that lead to the display of the behavior – such as the smell of food initiating salivation. 


Tinbergen’s four aims have been a tremendously beneficial for the field of ethology in helping expand the understanding of many behaviors, including morality. However, for researchers who do not assume that mind can be reduced to matter, as described above, there is a missing aim of ethology. An attempt to understand the subjective, motivational elements that initiate behavior does not fit effortlessly within one of Tinbergen’s four aims. Subjective motivations are neither observable behavior nor are they stimuli. They therefore cannot be easily conceptualized as part of an evolutionary history, an adaptive advantage, part of a growth process, or as proximate stimuli – thought motivation has a connection to all of these types of aims. Motivations are, by nature, intangible phenomena that cannot be directly observed or measured. Their existence can only be inferred by other forms of empirical evidence.


For this reason this dissertation applies a 5th aim ethological approach to the study of moral character. Using the 5th aim, a researcher attempts to discover the subjective experiences, or the umwelt, of animals that correspond to behavior.
 An animal may begin to salivate at the smell of food, but between objective, external presence of the food and the objective, external behavior of salivation lies the internal experience of the animal. Just as a human can experience hunger sensations at the sight of food, animals are assumed by 5th aim ethologists to experience something like hunger as well. The important point to emphasize here is that animals are thought to be able to experience sensations analogous to human hunger, not necessarily the identical experience of human hunger. Assuming that an animal thinks or feels much like humans might in a particular context is an uncritical form of anthropomorphism. What a 5th aim ethologist utilizes when investigating animal experience is a critical form of anthropomorphism. With critical anthropomorphism, a researcher uses their own subjective experience, along with multiple other lines of evidence, such as the results of experiments or behavioral patterns described in ethograms, in order to approximate the subjective state experienced in animals.


Panksepp’s psycho-neuro-ethological triangulation approach to neuroscience holds many parallels with critical anthropomorphism.
 Panksepp argues that animal sentience can be inferred by simultaneously examining three forms of evidence.  Neurological homologues of human motivation, such as certain neurochemical regulators, provide initial evidence that a similar motivational system exists in other species. If there is additional ethological evidence, such as a probable shared evolutionary history to the behavior, the probability of animal sentience increases. Evidence from psychological experiments can also be used to increase the likelihood that animals possess some form of sentience. If these animals also display similar patterns to humans within parallel operant learning contexts, such as seeking the same rewards and avoiding the same punishers, the probability for, and the ability to distinguish between, an animal’s subjective state increases. Since the chief goal of this dissertation is to identity the motivational core of morality, an approach based upon critical anthropomorphism and psycho-neuro-ethological triangulation is warranted. For purposes of brevity, this multi-evidential method will be summarized as a “5th aim moral ethology.” This approach is essentially the exploration of the moral umwelt of the animal. We turn now to the definition of morality as used within this framework.

Morality Defined Within a 5th-aim Ethology


Morality is seldom used in conjunction with animal behavior. Historically, humans have been the only species assumed in mainstream biology and psychology to possess the type of sentience capable of knowing or adhering to a moral standard. But as non-human animals have increasingly demonstrated motivational and cognitive capacities once thought reserved for humans,
 the assumption of human uniqueness in moral conduct has come under dispute. Beckoff and Pierce have argued that morality should be a term added to the ethological lexicon.
 However, their use of morality is largely based upon the target species’ social norms and expectations – morality, for them, is shared within a group. But using the 5th Aim ethological approach necessitates a distinction between this norm-based definition of morality and the motivational elements of that comprise morality. In order to distinguish between these two rival conceptions of morality, the shorthand Morality (Ethos) will be used to indicate the individual’s subjectively-experienced moral character, whereas Morality (Culture) will be used to designate the shared, socially-constructed, components of morality. And while Morality (Ethos) and Morality (Culture) are significantly interrelated concepts, and both are necessary for understanding morality in general, each has unique properties. Thus, it is crucial to maintain the ability to differentiate between the two. 

In order to differentiate between these two concepts of morality, some examples from human and animal moral experiences might prove helpful as a starting point. Morality (Ethos) comprises the subjective feeling of injustice when one is cheated out of an expected reward. A similar aversion to inequity, sometimes displayed in the form of angry protests, has also been observed in capuchin monkeys. These monkeys will often cease exchanging tokens for a lesser reward than a conspecific receives in the neighboring cell.
 Morality (Culture) specifically defines the rules for justice within the context of society, and the framework for correcting specific injustices, often through a legal system or functional spite behaviors observed in multiple species.
 Morality (Ethos) is also comprised of the subjective compulsion, experienced via empathic concern or in association with pair-bonding, to help the victims of malice or unforeseeable accidents. Rhesus monkeys, for example, resist pulling levers that result in pain for conspecifics.
 Rats proactively pull levers that relieve distress in conspecifics.
 Morality (Culture) describes expectations for which parties are most responsible for the care of victims and the nature of that care. These expectations may be related to a role, such as that of parent, or embedded within a species’ hierarchical structure – such as grooming behavior in primates. In short, the focus of Morality (Ethos) is in satisfying of the subjective social emotions and intuitions found in healthy social organisms. Morality (Culture) is the shared norms and expectations for satisfying these social motivations and moral precepts. The relationship between Morality (Ethos) and Morality (Culture) for the individual, using Von Uexküll’s model of the umwelt, is depicted in Figure 1.1.  [image: image1.png][erceptual field [erceptual fend
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Figure 1.1: (A.) Von Uexküll’s original conceptualization of the umwelt versus in relationship to external stimuli. 
 (B.) The relationship of Morality (Ethos) and Morality (cultural) within Von Uexküll’s model.

The set of social motivations which will receive the greatest attention in the dissertation are related to pair-bonding. Pair-bonding, especially the bond between parent and offspring, and mate pairs, is ubiquitous within most social species.
 Pair-bonding, as a component of Morality (Ethos) has been proposed as the biological foundation of all cooperation-based moral systems. As the attachment between parent and offspring became generalized to mates, kin, and other conspecifics a robust degree of altruism became possible.
 Panksepp, who has extensively examined the motivational networks of social mammals, has proposed several distinct neural systems which provide the motivational drive to form lasting social bonds. Two of these systems deserve to be highlighted here. The CARE system, which is partially modulated by the neuropeptide of oxytocin (OT) and vasopressin (VP) in mammals, promotes the “mother love” of caregiving. The GRIEF/PANIC system, largely modulated by OT, prolactin, and endogenous opioids, promotes the negative affect when pair these pair bonds are lost or threatened.
 As applied to the morality system described above, an individual may experience either high or low degrees of the “mother love,” CARE-elicited emotions as part of their Morality (Ethos). But the expectations for social bond-related behavior within a group would be contained in the Morality (Culture). For any given individual, these two types of morality may be congruent or incongruent in any given context.     

Twin Origins of the Two Moralities

The relationship between these two types of morality within evolution is unavoidably complex. In some ways a moral ethos can be viewed as a result of Natural Selection in that the motivational networks underlying the ethos are assumed to have evolved via biological mutation or genetic recombination, leading to variation between individuals, and surviving a selection process. However, Morality (Ethos) is not solely biological. In order to better explain the position Morality (Ethos) holds in respect to Morality (Culture) within an evolutionary framework, we must begin with a basic model of a moral phenotype. 

Within the old debate concerning Nature versus Nurture, most Ethologists now agree that humans and other complex animals are actually a complex interaction between the forces of “Nature,” (biological), and “Nurture,” (experiential or psychological), forces. To view any person as a collection of mere biological mechanisms, without regard to the experiences of the person, or as a mere collection of experiences, without regard to any biological mechanisms or processes, can only lead to a distorted view of humanity. In order to sufficiently describe an individual’s ethos, we must view humans as an interaction between both biological and psychological influences. In biology, this interaction between biological mechanisms and psychological factors is called a phenotype. And this phenotype typically exhibits a certain array of phenotypic behavior, including communicatory acts, that are influenced by these biological mechanisms and learning experiences. This, hopefully uncontroversial, model of human phenotype is summarized in Figure 1.2.
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Figure 1.2: A depiction of the relationship between genotype, phenotype, and proximate factors influencing behavior— with a focus on communication.

Since Morality (Ethos) has its essence derived from both its neural circuity and own experiences, it is significantly influenced by Natural Selection and Cultural Transmission.
 When this principle of dual origin is applied to any species a great deal of variation is possible. On one hand, gene polymorphisms, epigenetics, in utero nutritional availability, hormone exposure, and the presence or absence of teratogens could have significant consequences for the neural circuitry underlying the moral sentiments of a given phenotype. One phenotype may be more biologically prone for displays of empathy or less sensitive to detecting injustice than another. Conversely, the nature of offspring care, the norms of Morality (Culture), and many other experiential factors could have a significant impact on how the moral precepts are expressed, applied, and the relative importance assigned to each motivation in a particular context. An organisms’ biological predisposition toward sympathy or sensitivity to injustice may receive significant approval (reward) or censure (punishment) from their social environment and subsequently decrease or increase the innate strength of these sentiments. Thus, Morality (Ethos) is driven both by the biological forces of natural selection and genetic drift as well as the transmission of the rules or norms found in Morality (Culture). Or, more succinctly, Morality (Ethos) is the “motivational bridge” between the neurology and the subjective experience of an individual. It is comprised the deepest social motivations found within a species.  Morality (Culture) is the shared moral norms of a group. An extension of the Von Uexküll umwelt model to incorporate multiple, interacting individuals is depicted in Figure 1.3.  
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Figure 1.3: Interacting Morality (Ethos) forming a Morality (Culture) Matrix.
Often the norms and expectations of the Morality (Culture) are communicated through cues and signals between individuals. The use of cues and signals to communicate moral expectations to conspecifics will receive greater attention in the next chapter. However, at this point it is important to point out that the morality-related signals sent or received by the individual can be used for variety of purposes. They can be used to indicate cooperative or hostile intentions. A dog may bare its teeth at a stranger or use a play bow to initiate play with a litter mate. These signals may be honest signaling or deceptions. Some individuals may hold greater influence on Morality (Culture) than others. There is a tremendous amount of diversity in communication
 which is required in order to maintain even a relatively simple Morality (Culture) system.   

Many possibilities arise when a focus is placed upon behavioral interactions between moral phenotypes. There may be only one optimal Morality (Ethos) for all members of a species, or there may be a diverse set of interacting moral characters, that are the most advantageous. Moral phenotypes that are advantageous under one set of conditions, such as resource scarcity, might not be advantageous other conditions, such as resource abundance. Despite these possibilities, the Morality (Ethos) of the individual remains the foundation of cultural morality. And this ethos is greatly influenced both by the forces of Natural Selection and Cultural Selection. An ethos in early development would be heavily influenced by the Morality (Culture) surrounding it. Then, as the organism develops, it would, in most cases, increasingly influence the shared Morality (Culture) of which it was part. 

A Tension between the Moralities

The separation of morality into two components, ethos and culture, raises an important paradox concerning natural selection: Is it the ethos-based morality that is selected for or against in nature and the culture-based morality that is derivative, or vice versa? The answer to this paradox has been addressed by the E.O. Wilson in his Multilevel Selection Theory – otherwise known as group selection. One of the central components of group selection is that certain traits can evolve in an individual despite being locally disadvantageous to the organism. This can occur when advantages of membership outweigh the fitness burden of the locally disadvantageous traits to the individual over the long term. When this type of selection of multiple traits is successful, a “superorganism” can form. Wilson and Wilson point out that evolutionary biology has many examples of superorganism emergence. They argue that many multicellular organisms are a product of cooperative single cells. Many genetic and developmental phenomena such as “chromosomes, the rules of meiosis, a cell stage in the life cycle, the early sequestration of the germ line, and programmed death of cell lineages”
 are examples of superorganism principles suppressing the primacy of the individual elements that constitute an organism. These principles, applied to morality, suggest that morally-related emotion in one’s Ethos can be locally disadvantageous to an individual, at least in some instances, as long as there are greater advantages to the individual as a member within the larger group. Thus, an organism can theoretically possess a moral ethos which contains elements that conflict with individual fitness advantages provided that they are compensated for by the advantages of Morality (Culture). However, we would suspect that the relatively rapid process of cultural transmission would promote much greater variability in moral behavior then the (usually) slower process of natural selection. In respect to natural selection, we would anticipate selection for moral flexibility in response to a changing Morality (Culture). This type of phenotypic flexibility was previously predicted in what is known as the Baldwin Effect.
  

The group, at least within humanity, can be defined in numerous ways. We assume that families, tribes, communities, corporations, organizations, and nations all compose types of societies that may provide advantages to an individual. And we would expect that differences between these groups would draw upon Morality (Ethos) in different ways. One’s own family, supported by all the impetus of kin selection and inclusive fitness, would likely result in an increased demand on many of the individual’s moral sentiments compared to a more tangential relationship. When dealing with individuals from an out-group, or where the advantages of group membership is small, we would expect smaller demands on the locally disadvantageous moral motivations. These various expectations, found in the form of rules, laws, policies, and etiquette of humans, form the vast and complex set of moral behavior and expectations notated as Morality (Culture). And though no human groups meet the criteria of interconnectedness of a “superorganism,” a nuclear family would be much closer to this superorganism state, than, say, a nation. 

Two important features of morality require emphasis. First, the group-level, Morality (Culture) is based upon the individual Morality (Ethos); much like organs comprise sets of cells, systems comprise sets of organs, and organisms comprise sets of systems. Each individual Ethos, as mentioned earlier, may vary in some respects. However, the Ethos of each individual comprising a group cannot be incompatible to each other with without diminishing, or eliminating, the overall group fitness – just as an organism’s glands cannot produce massive amounts of substances that are unfilterable and toxic to their central nervous system and remain viable. The second important feature of Morality (Culture) is competition. Groups and their Morality (Culture) can exist in a network which is in competition for resources, or influence, with other groups as depicted in Figure 1.4. Thus, a Morality (Culture) which is composed of incompatible, inter-competing, and segregated set of Morality (Ethos) phenotypes are less likely to successfully compete against Morality (Culture) composed of a compatible, cooperating, and integrated set of Morality (Ethos) phenotypes. We thus arrive at the arch-principle of multilevel selection theory: individual altruism “wins” between groups, individual selfishness “wins” within the group. So which came first, the ethos or the culture? The answer from a Multi-level Selection perspective is that they evolved as, sometimes cooperating, at other times competing, twins.
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Figure 1.4: As simplified version of the exponential complexity that can occur as Morality (Cultures) interact.
Searching for Moral Fundamentals 

This complex picture of Morality (Culture) becomes much more complicated as we move from the individual and their Ethos and the Morality (Culture) of their group membership, into a model incorporating multiple group memberships. It is here that humans and animals differ significantly. Humans are often simultaneously members of many groups. Many of these groups exist by voluntary membership, such as a modern place of employment, while membership in other groups is not a product of choice, such as the biological family. As the number of these group memberships increase they create interlocking, possibly competing, layers of Morality (Culture), which presents substantial challenges in the study of human morality. Humans are quite unique in the type, complexity of, and number of, groups in which they are members. Most species, as far as we can observe, possess membership in few other groups. They might be part of a mate pair, a family, or a flock or band. Few other species have frequent contact with rival groups, or those outside their flock or band, which result in sustained, coordinated, and cooperative behavior. This may be due to the cognitive limitations
 of these various species or a more a fundamental set of biological constraints of nature.
 But whatever the reasons may be for the complexity of human social systems, the search for fundamental set moral motivations would be greatly enhanced by the examination of the moral motivations experienced by animals living in a simpler social context, In short — a comparative approach to morality.    
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Chapter 2: Avian Moral Motivation

Rationale and Hypothesis Generation

“The following proposition seems to me in a high degree probable—namely, that any animal whatever, endowed with well-marked social instincts, the parental and filial affections being here included, would inevitably acquire a moral sense or conscience, as soon as its intellectual powers had become as well, or nearly as well developed, as in man. For, firstly, the social instincts lead an animal to take pleasure in the society of its fellows, to feel a certain amount of sympathy with them, and to perform various services for them.”

Darwin argued that any animal species would inevitably develop a moral conscience once that species had obtained certain social and intellectual prerequisites via natural selection. He emphasized parental and affiliation-based social instincts and certain “intellectual powers” as the foundation for this moral conscience.
 Thus, according to Darwin, one would not expect to find expressions of sympathy, helping behavior, or the pleasure in affiliating others, in completely solitary animals – or in animals that did not care for their own offspring. The care of offspring then, according to Darwin, is central to the probable evolutionary path of morality. 

Avian “Parental and Filial Affections”

Many avian species appear to possess these “well-marked” parental instincts, which Darwin suggested were fundamental to prosocial motivation. Many birds care for their offspring,
 indicating they possess these strong parental and filial instincts. Social monogamy is more common in birds than mammals,
 suggesting that strong pair bonds have been extended to mates. Female chickens, which also use food-related calls, also show physiological changes—like an increased heart rate—and vocalize more when their chicks are distressed.
 This suggests that chickens possess a rudimentary capacity to detect distress in others and that this perceived distressed state alters their own affective state—a behavior that fits within Darwin’s statement of “a certain amount of sympathy.” And beyond Darwin, these findings are consistent with several models that propose that altruistic behavior evolved as an extension of parental care and pair.
  

Carolina chickadees have also been shown to invest a significant amount of time into the care for their mates and offspring. Male Chickadees have been observed feeding their mates just prior to copulation and continue to return to the nest during the incubation period at a rate of 2.2 visits per hour to provide food for their mate (Brewer 1961; Odum 1941b).
 Females have been observed spending approximately 77.2% of daylight hours attending to the nest (Brewer 1961).
 Parental care by both parents continues throughout incubation and hatchling phases. Both the female and the hatchlings may be fed exclusively by the male in the first few days after the hatching process begins. This offspring care extends past the fledging period as parents escort the fledged birds to the edge, or out of, their territory. During this period, vocalizations from both parents are common.
 Given the presence of this extensive and costly parental investment into their offspring, objections to the idea that Carolina chickadees are capable of exhibiting some form of cooperative or altruistic behavior is likely to be based more on a lack of “intellectual powers” than on any deficiency in parental instincts. 

Avian “Intellectual Powers”

But what are the intellectual powers, or cognitive capacities which combine with these social instincts to create what Darwin called a “moral conscience? Darwin held that these capacities should be, at least in some ways, humanlike. The inclusion of man as the standard for morality-generating intellectual capacity begs at least one important question. Which of mankind’s intellectual powers was Darwin speaking to? The capacity to learn, to detect the motivations of others, to solve complex problems using abstract symbol-based systems, or to formulate the probabilities of future events, are all examples of “intellectual powers.” Which of these, if any, is the foundation of this moral conscience? It is unlikely that Darwin believed all of these specific human capabilities were required. If this were true, it would reduce Darwin’s proposition to an empty tautology. We would be forced to read Darwin to mean that any animal with all of humanities’ instincts and intellectual characteristics would probably behave much like a human. 

In the parsing between the cognitive abilities fundamental to morality from other cognitive capacities we need not assume that the cognitive “prerequisites” for prosocial behavior require complex perspective-taking capacities such as a Theory of the Mind (ToM). As de Waal observed, conceptualizing morality as the exclusive or primary domain of higher-order cognition is a post-Kantian idea.  The cognitive capacities required to support stable cooperative behavior could rest primarily upon less complex intellectual powers. We must also take care to avoid hasty conclusions concerning the presence or absence of certain motivations or cognitive capacities based upon artificial (to the target species) experimental designs.
 Several of these cooperation-based studies place animals in tightly controlled laboratory settings and require activation of mechanical devices that would not exist in the natural umwelt of those species. When these animals fail to manipulate these devices in a predetermined way, it is often interpreted as a sign that this species lack some set of general cognitive or affective capacities.
 One example that addresses avian cooperative cognition used rooks as a target species in a series of simultaneous string-pulling exercises.
 The researchers found that rooks were able to learn to pull simultaneously on the simplest design, yet failed to wait for a conspecific while their partner gained access to the test room. They also failed to differentiate between an apparatus that could be operated individually over one that required the action of two individuals. The proposed explanation for these failures is that rooks may lack the socio-cognitive capacities of primates, who are able to perform these tasks, and that rooks live in a less variable environment of cooperation and competition than primates. This interpretation may be true, but a more parsimonious explanation might be that rooks, which do not have the weight, strength, or appendages to manipulate the majority of items found in their environment did not evolve the spatial reasoning to assist in such tasks that relied upon this specific type of manipulation. The results may say little about the rook’s cooperative motivations and more about a deficit in complex mechanical or spatial reasoning. If these rooks had been observed engaging in a similar task in their natural environment, such as pulling on vines to retrieve berries, perhaps the author’s interpretations would carry more weight. But when this type of ethological analysis was omitted from this study and generates ambiguity when interpreting the results.

One cognitive ability that might be central to a cooperative motivational system is the ability to recognize, evaluate, and remember motivational information about others—known as image scoring. Image scoring involves an evaluation of other organisms and is related to concepts such as reputation.
 It does not appear that robust cognitive capacities are required to maintain a simple form of an image score.  The ability to track behavioral information about others appears to be present in reef fish as they select more helpful cleaner fish to aid in parasite removal.
 An avian study of pied flycatchers found that when neighboring birds arrived to help mob an owl model, those neighbors were more likely to receive mobbing assistance when their nests were threatened.
 This study also suggests an ability to maintain an image score of other conspecifics and may indicate an ability to participate in a reciprocity-based defense system. Another study with Eurasian jays suggested that some birds have the capacity to make social decisions based on the perceived hedonic value of a food to their partner versus their own food preferences. In this study male jays fed the female jays a greater proportion of the type of food that had been withheld from the females’ diet. The males only showed this behavior when they were able to witness their mate’s food availability.
 This study also suggests an ability of some avian species to track information related to a conspecific. <Chickadee Offspring recognition?>

Another cognitive ability we might expect in any species capable of sustainable cooperative behavior is the ability to observe and then perform the activities of conspecifics – a process generally referred to as social learning. Perhaps the most famous example of social learning was the rapid proliferation of milk bottle opening behavior documented in British tits (Fischer and Hinde 1949, 1951).
 Sherry and Galef demonstrated a similar adaptation in Black-capped Chickadees but they suggested that social learning or imitation may not be the primary vehicle for this the proliferation of behavior (1984, 1990). During the initial testing phase, 4 of 16 birds were able to open the small coffee cream containers without any training or demonstrations. The remaining birds were then placed into one of three groups. Two of the groups, where the target chickadee was either exposed to a demonstrator bird, or tutor, opening the containers or presented with the opportunity to investigate already opened containers, performed identically with a 75% (3 of 4 birds) success rate versus the 0% success rate of the control group. The authors interpreted this as evidence that the exposure of the desirable stimuli was the key factor in the proliferation of this behavior and modeling behavior. 


Aplin et al (2013) have pointed out that the tutor bird methodology used in this experiment was physically separated from the target bird in an artificial environment.
 They conducted a study of wild caught blue tits and investigated the proliferation of both success rate and the method for achieving success. When the tutor demonstrated a container piercing technique for obtaining a worm, the majority of successful birds also used this technique. When the tutor demonstrated a container door flipping technique, the majority of successful birds utilized this technique. They also found that during this study that juvenile females were the most likely to employ the social learning demonstrated by the tutor bird (2013). This is strong evidence that at least some avian species are well-equipped to learn from conspecifics. 


The disparity between the results found in Sherry and Galef (1984) and Aplin et al (2013) studies could be resolved in a number of different ways. The most obvious difference between these studies is the species being tested. It is possible that great tits have the ability to learn from conspecifics in a manner not present in the North American chickadees. As Aplin noted, the physical separation between the tutor and observer may have hindered the social learning process. The small sample size in the chickadee studies may have hindered the detection of social learning versus the alterations a conspecific may make to the shared environment. But even with these unresolved questions concerning chickadee social learning, the Sherry and Galef studies still suggest the existence of several cognitive capacities in black-capped chickadees. One quarter of the birds were able to exploit the cream without any prior experience with the contents. This suggests that black-capped chickadees engage in exploratory foraging and conspecifics are able to benefit from this exploration – either directly, by observing the behavior of flock-mates, or indirectly by observing the results of the behavior on the environment. In either case, the foraging success of one bird can become transferrable to conspecifics.         


Social learning can also occur via animal play; and play has been observed in multiple avian species. Songbirds are thought to exhibit locomotor play, object play, and social play
 (Burghardt PlayBook p. 275) – including juvenile rehearsal of vocalizations in cowbirds
 (West and King, 1985) and Sparrows (Marler and Peters 1982).
 This early rehearsal of vocalizations has been well-documented in zebra finches where subsong, soft and variable vocalizations can be observed 28 days after hatching. After 40-50 days subsong is replaced by plastic song phase where notes become clear, but still used variably. At 80 days the zebra finch call becomes more stereotyped (Johnson, Soderstrom, Whitney, 2002).
 While less is known about the specifics of chickadee call development than zebra finches, there are some parallels. Both black-capped chickadees and Carolina chickadees are exposed to the calls of their parents throughout their incubation, hatchling, fledging, and post-fledging periods. The use of call note appears as early as 10 days after hatching (Brewer 1961).
 Thus, we can say with a high degree of certainty that during the short infancy and adolescent of chickadees, a rapid period of biological development and social demonstration interact to create the rudiments of the chickadee call system.  

Neurological Parallels


Beyond the behavioral evidence of avian moral motivations, if some avian species possess a set of motivations and cognitive capacities which might sustain a cooperative social system, we would also assume the existence of certain neural correlates for these cognitive or motivational systems. However, the connection between neurobiology and an animal’s subjective state is often difficult to ascertain. The same dilemma found in interpreting animal behavior is also found in assessing the relationship between neural circuitry and the animals’ umwelt. Our solution to the problem of interpreting animal behavior was to take a multifaceted, critically anthropomorphic approach. Panksepp advocates a parallel “triangulation approach” to understanding the association between animal brain and animal mind. He points out the tremendous amount of overlapping neural circuitry between humans and animals and how behavioral testing, drug challenges, brain stimulation, and direct neural manipulation can reveal parallels between humans and animals (Panksepp & Biven, 2012).
 


Compared to what is known about mammalian brains, much less is known about avian neural circuitry. Avian brains have many unique neurological features in comparison to human brains, such as overall brain size,
 grey to white matter ratios,
 and the degree of seasonal endocrine changes.
 However, there is also some evidence that avian brains possess areas analogous to a human cortex (Reiner et al., 2004),
 and the avian homologues of oxytocin and vasopressin, mesotocin and vasotocin, may modulate affiliative behavior in birds in ways similar to mammals.
 Thus, while avian social neuroanatomy remains significantly less-developed compared to what is known about the neural correlates of mammalian social cognition, from the evidence that does exist, there is little reason to assume that no parallels exist between a mammalian and an avian social motivation to affiliate – a motivation once known as “the herd instinct (CITE HISTORICAL)
.   

Motivational Signaling

This section with will be dedicated to Communication, Morton’s, SCHC, Link between intelligence and cooperation.
Animal food signaling: The motivational question


In order to test our hypothesis that the cooperative motivation systems potentially found in birds are formed from strong parental instincts and rudimentary cognitive abilities – such as image scoring and social learning, we must find an appropriate behavior as a basis for investigation. The target behavior in the study of cooperation should be helping, or prosocial behavior.
  If the cooperative behavior involves mobbing or other forms of aggression, it is unlikely that the motivational states preceding the behavior stem from the “parental and filial affections” discussed by Darwin. One type of behavior that meets the requirements of this prosocial test and ethology’s mandate to study natural behavior is food sharing. 

There are many species that communicate the availability of food to conspecifics. Some primate research suggests that some species may be quite sensitive to the presence of conspecifics of their when signaling about food availability – known as an audience effect. During one field study, researchers played chimpanzee “pant hoots” from a member of the same band as they approached a conspecific at a food source. The researchers then observed if the food-finding chimpanzee returned the call with a “rough grunt” – a vocalization associated with food discovery. Their subsequent analysis indicated that chimpanzees are more likely to call more dominant “friends” (Schel, Machanda, Townsend, Zuberbühler, & Slocombe, 2013).
 This same research group was able to build upon these findings when examining alarm calls in response to model snakes. They found evidence in their analysis that these calls were a) socially directed and given to the arrival of friends, b) linked with gaze monitors and alternations, and c) goal directed, since the calls ceased once recipients were safe from the predator.
 Chimpanzees also are more likely to recruit conspecifics for tasks when they had a history of successfully cooperating with them.
 Thus, it appears quite likely that some non-human primates have an incredibly complex and robust food-related reciprocity system.

Food sharing appears to be quite common in non-primates as well. Honeybees relay food location through their dance patterns,
 an intriguing discovery that led to a Nobel Prize. Food-related signaling exists in species as diverse as ants (Möglich, 1978),
 dolphins,
 and ravens (Heinrich & Marzluff, 1991).
 How these other species communicate the food location may differ in mode—such as odor trails in mole rats,
 movement patterns such in bees,
 or vocalizations in primates
—but it is generally accepted that many animals communicate the location of food to conspecifics. What is not generally agreed upon is the set of motivations that compel this signaling. Some of these disputes concerning cooperative motivation might be resolved if the ‘level of analysis’ that is sufficient for the researcher was made more explicit. Adaptive explanations for behavior are not the same as motivational explanations for behavior.
 When eusocial insects signal the location of a food source to their colony members, Kinship Selection (where a cost is incurred by an individual that translates benefits to closely-related others) is widely accepted as a sufficient adaptive explanation for this behavior.
 However, it is a common assumption that the simplicity of an insect’s nervous system precludes the possibility of any significant mental states. This may or may not be true, but as we move from the relatively simple behavior and physical structure of insects to the more complex behavior and structure of birds and mammals, the question of motivational states in animals becomes increasingly difficult to dismiss. The reason why any animals (both primates and non-primates) are motivated to reveal food locations to conspecifics, instead of merely consuming the food, remains an important question for animal psychology. Our hypothesis is that the central motivational components of avian food-related cooperation are the parental instincts emphasized by Darwin combined with the basic cognitive abilities to monitor and mimic the behavior of conspecifics.

FEAR versus SEEKING

M.S. Ficken observed that black-capped chickadees, a close relative of the Carolina Chickadee, often elicit calls upon the discovery of a new food source.  She suggested that this type of food-related communication might qualify as altruism.
 That is, the chickadees were believed to incur a fitness cost in the recruiting of flock-mates to, and the sharing of, a food source in order to convey the benefit of the available food to conspecifics. However, this interpretation has not been universally accepted. Several alternative explanations for this calling behavior have been proposed, including various ‘predation-defense’ hypotheses. These predator defense theories attempt to explain flock recruitment to a food source by highlighting the advantage of having additional conspecifics in the area. These added conspecifics function to decrease the probability that the calling bird will fall victim to predation. In light of these rival predator defense explanations, the claim that this food-related calling was cooperative or altruistic was often met with serious skepticism.  


Most of these predator defense hypotheses assume a non-altruistic motivation behind the calling behavior. One literature review went so far as to state that there is no evidence of reciprocal altruism among avian species.
 The vocalizing birds may be attempting to dilute predator risk by recruiting more potential predator targets to the foraging area. Or, the callers may be attempting to recruit other birds to the food source in order to increase the amount of predator surveillance present. A partial summary of some of these predator-defense hypotheses are included in Table 2.1. 

	Effect
	Effect Description
	Source

	Herd Effect
	reduced risk in relation to the position of other group members
	Hamilton 1971

	Dilution Effect
	reduced probability of targeted by a predator
	Foster & Treherne 1981

	Encounter Effect
	reduced probability of being encountered by a predator
	Inman & Krebs 1987

	Confusion Effect
	reduced ability of a predator to single out individual prey
	Neill & Cullen 1974

	Many-eyes Effect
	increased probability of a predator being detected
	Pulliam 1973

	Physical Disturbance
	physical disturbance of predators by many birds 
	Charnov & Krebs 1975


Table 2.1: A summary of “Predator Defense” hypotheses adapted from Sridhar et al., 2009.


One of the most commonly cited studies used to support the predator defense theory is Elgar’s Pioneer Sparrow study.
 In these series of experiments the researcher altered the distance a) between himself and the feeding apparatus and b) between a common perch and the feeding apparatus. Elgar found a decrease in chirrup calls—associated with food resources—when the feeding apparatus was farther away from him, but nearer to the common perching area. He interpreted this finding to suggest the perceived increase in threat—caused by his own proximity to the feeding station—resulted in more recruitment calling. However, counter-intuitively, the raw data shows that the second fewest number of calls occurred when the feeder was closer to the observer and farthest away from the perch. If the proximate cause of the chirrup calls was indeed the perception of an increased predation risk (via the nearby observer), the far away perch condition might have been expected to generate the most perceived threat and the highest rate of chirrup calling. 


One of the least emphasized aspects of the Elgar studies is the effect of temperature on chirrup call rate. Elgar noted this confound and found a significant negative correlation between calling rates and temperature—above and beyond the effects of the experimental manipulations. What is not apparent is if the effects of experimental design would still be significant if the effects of site temperature had been removed from analysis. Thus, it would appear that measurement the temperature of the feeding sites during foraging experiments is crucial for identifying the proximate causation of these calling phenomena. One possibility that has received much less examination is the possibility that the signaler’s own homeostatic energy regulation system might play a role in modulating food-related calls.  Temperature may also alter the flocking behavior of some types of Chickadees. Black-caped Chickadees appear to disband their flocks when temperature rises above 25◦ C (Johnson 1942).
 Whether this change in flocking behavior results from neuroendocrine alterations (XXX),
 
environmental differences, or some interaction between these, or other variables, remains to be determined.          


Comparative analysis between phylogenetically-related mainland and island species has also been used to support a predator defense model for food recruitment. For example, Beauchamp proposed that when predation pressure becomes relaxed on isolated islands, flocking decreases compared to related mainland species.
 However, most of the islands in this study are tropical; and may thus limit the generalizability of the ecological comparisons. Species that inhabit temperate or arctic regions may experience greater seasonal endocrine fluctuations that correspond to changes in affiliative or competitive behavior.
 Furthermore, this mainland to island comparison also neglects to control for temperature changes (and their effect on energetic homeostatic processes.) Beauchamp (2004) mentions that the mainland observations were conducted in “similar habitats” as the island counterparts, but it is not clear if this similarity of habitat extends to the mean and variability of temperature or other ecological factors.
  If not, energetic factors would remain an active hypothesis to explain this behavior.


If it is true that the primary driver of food recruitment calling is predator defense, most would consider this behavior to be an example of conspecific byproduct mutualism, where organisms “selfishly” interact for simultaneous benefit—as opposed to reciprocity, cooperation,  or altruism, where the benefits to the caller are often assumed to be diffuse or delayed.
 While many of these predator defense effects are likely to influence the stability and advantages of flocking in general, there are reasons to doubt a strictly mutualistic predator defense as a complete explanation for food recruitment. Demonstrations that flocking species utilize flock advantages, such as the many eyes effect, while feeding at a site is more of a functional explanation of evolutionary history  than a more proximate, motivational explanation for the calling. 


But even as a functional explanation, the predator defense set of hypotheses would still need more support if it is to be confidently applied as an explanation of food-related calling in the Carolina Chickadee.  A researcher would need to demonstrate that the fitness benefits of additional conspecifics to watch for predators or to diffuse risk predation risk outweigh the fitness cost of the food division and recruiting efforts. Given the foraging contexts of Carolina chickadees, this cost-benefit analysis is unlikely to support a predator defense explanation for several reasons. First, if these predatory defense effects are more advantageous to flock members than the increased chance of discovering food with a dispersed flock, we would expect to see foraging flock members consistently remaining in close proximity with each other while foraging. This is not the pattern of behavior often observed while piloting this study. There were some instances where a large “mixed-flock” consisting of Carolina Chickadees, Tufted Titmice, and White-breasted Nuthatches arrived at the feeding site in close succession. However, there were also several instances where only one chickadee, or perhaps a mated pair, arrived at the feeding station well before the other species of the “mixed-flock.” And if the group foraging is more common than has been observed during our pilot studies, this would beg the question as to why this conspicuous food-related calling exists in order to alert conspecifics that are already nearby.  


We also need to reemphasize the obvious cost of recruiting any other birds to a limited food source. The proportion of food available to the discovering chickadee would be greatly diminished after recruiting their flock-mates. The prior pilot study conducted with Carolina chickadees suggested that active recruitment would result in about 4-8 additional birds arriving at the site following the call. Some of these additional birds, such as the Nuthatches, displayed very aggressive behavior at the food source and significantly obstructed the foraging attempts of the more subordinate chickadees. And since not all of these birds are likely to be conspecifics, explanations rooted in kin selection remain unlikely. Unless the food is highly perishable or soon to be unavailable (perhaps consumed by another species), the question remains as to why this food source would not be cached as an energy reserve during the more bitter periods of winter when food is more scarce. 


Finally, and perhaps most importantly, it seems quite plausible that active calling involved in recruitment increases the net predation risk of the caller instead of reducing it. If a bird is vocalizing while exploiting a food source, it would be many times more conspicuous than if it remained silent or used the higher-frequency and lower-amplitude “contact calls” to recruit flock-mates to the food source. Any lurking predators could also follow the recruited birds to the food source, increasing predation risk to the caller. Thus, while it is easy to comprehend why flocks would utilize ‘predator defense effects’ to mitigate predation risk once gathered, there is little evidence that this is related to the proximate causation of food-recruitment calling. While these predator defense effects may possess significant explanatory power for the evolutionary forces shaping some aspects of flocking behavior, they provide much less insight into the actual motivational states behind the calls.
 They speak more to natural selection pressures that shaped the history of the calling than to the umwelt, or subjective world, of the calling birds.


  In light of these problems connected to explaining avian food-related call motivation and more recent avian foraging-related studies, there is a renewed controversy surrounding avian food-related calling as a potential example of cooperative or even altruistic behavior. Cliff Swallows often use a squeak call that attracts conspecifics to the foraging site.
 After flushing insects from the provisioning site, the researchers observed increases in squeak calls from the swallows. The authors suggested that the added conspecifics may function to help track the insect swarms. But this effect was only observed when temperatures were below 17◦ C. It is not immediately clear why the advantage of extra insect-tracking help would dissipate under a given temperature.  However, temperature seems to influence food-related calling in multiple species. Another study demonstrated that the typical call pattern of Carolina chickadees includes an increase in broadband “D” notes when a chickadee finds a novel food source. There was also a shorter latency for receivers to approach a novel food source when recorded calls with 7-11 “D” notes were played than recordings with 2-5 “D” notes.
 These experiments suggest that embedded within these calls is information used by the receivers to locate potential food sources. These calls may or may not be functionally referential (specific) to food stimuli. The calls may be general calls to approach the signaler or they may be indications of positive affective state. The important aspect of these D-note laden calls is that they function as a recruitment call for flock-mates. A follow-up study replicated these findings and suggested that it was not the total number of notes, but the relative frequency of these calls, or duty cycle, that is the primary structural component that attracts conspecifics to a feeding site.


One common alternative to the predator defense interpretation of food-related calling is the foraging efficiency set of hypotheses.
 <see Aplin> Foraging efficacy can come in the form of “flushing” prey species, or, as the case in the present study, sharing a discovered food. At the core of the foraging efficiency perspective are energetic demands. In order to meet their required energetic intake over the winter, non-migratory birds must frequently find and consume food.
 Thus, it would be more efficient for individual members of the flock to recruit flock members to large, divisible food sources if their flock members would reciprocate in recruitment. This reciprocity would decrease the individual variability in food intake. As such, the cost-benefit tradeoff in the foraging efficiency framework is a decreased share of an abundant food source in order to gain access to a share of a potential food source discovered by a flock mate during periods of food scarcity. If this exchange is the driving force behind food-related calling, it would be a classic case of reciprocal altruism.
   


There is significant evidence for this foraging efficiency model of food recruitment. The need for constant food intake is significant. At 23°C the night-time weight losses are equivalent to between 2.7 and 3.9 kcal/g in typical birds, depending on activity level.
 These energetic demands increase sharply in the sub-freezing conditions common for chickadees during the winter. A study that examined energy expenditure in the Carolina chickadee, the focal species of this study, found chickadees used 42% more energy per day during nonbreeding season than during breeding season.
 In addition to the Elgar sparrow studies,
 other researchers have also demonstrated a link between low temperatures and increased flocking.
 One study designed specifically to address the predator defense versus foraging efficiency hypothesis—by altering food supplementation—suggested predation defense alone cannot account for the changes in flocking that occur near a food source.
  Grubb concluded that foraging efficiency must play a role in this flocking behavior. A captive study using Carolina chickadees has already linked an increase in non-song vocalizations to less food availability and lower body density.
 Social network analysis also demonstrated that the order of arrival at new food patches was non-random and predicted by the strength of social affiliations in multiple species of Parids.
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Chapter 3: 5th Aim Empircal Testing
Methods and Results

“Without emotion you have a dead study. How can you possibly sit for months and look at something you don’t particularly like, that you simply see as an object?”


The primary purpose of the following experiments is to examine the possible motivational forces which influence food-related calling in the Carolina Chickadee. In order to test whether food-related calling is best explained by a FEAR-related motivation connected to a perceived predation risk or a SEEKING-based motivation connected to the perceived hedonic value of a discovered food source, we developed two separate experiments involving: 1) variations in the quantity and quality of the food type and 2) cues of predator presence. In the first study, the type and quantity of food was manipulated and the vocalizations of chickadees were recorded upon the discovery of the food source. If the food-related calling is motivated by the salience of the food in the SEEKING system, we would anticipate an increase in calling rate when a large supply of food, or a more desirable type of food, is available. However, if the calling is more motivated by a FEAR system homealogue, we would anticipate an increase in calling when a cue of predator presence is presented at the feeding site compared to a non-threatening species.    
Focal Species: 

The primary species studied in this experimental series was the Carolina chickadee, Poecile carolinensis. Multiple studies conducted with these species confirm that they do not migrate over the winter months and are often observed as members of small semi-stable flocks.
 These flocks typically maintain a consistent foraging area they will defend from interspecific intrusion. Carolina chickadees can often be found within the same areas as Tufted Titmice, Baeolophus bicolor and White Breasted Nuthatches, Sitta carolinensis; and this grouping is often referred to as a mixed-species flock.
 However it is uncertain if this arrangement is more symbiotic or parasitic for any of these species. Carolina chickadees are, on average, the smallest species in the mixed flock and are subordinate to both Titmice and Nuthatches. However, on rare occasion chickadees have been observed supplanting members of the other species.
 

Call Characteristics: 

Chickadees possess a complex and versatile vocal communication system, making them an excellent target species for investigating the motivational aspects of signaling.  Chickadees often use a chick-a-dee call,
 
  hereafter referred to as the “general call,” consisting of multiple note types.
 
A-notes and B-notes are high frequency notes that usually precede the more broadband C-notes and D-notes. The acoustic characteristics of these broadband C-notes and D-notes make their source easier to locate by conspecifics or predators.
 
Thus, the use of C-notes and D-notes in calls may function to recruit individuals to the location of the signaler. C-notes have been associated with flight.
 
 The D-notes have been observed in multiple contexts including predator contexts
  or food recruitment.
 

Mahurin and Freeberg (2009) conducted a playback study using calls with a various number of D-notes per call and found that the latency to arrive to a feeding stand was shorter for chickadees when the playback vocalizations contained more D notes.
 They found in this study that a call with 7-11 D-notes functioned as a superior recruitment mechanism than calls with 2-5 D-notes. However, since the focus of these is experiments is an attempt to determine the motivational elements which contribute to the general call of the chickadee, we have elected not to use recordings of chickadees. There are multiple complications that can arise in interpreting the motivation in response to recorded conspecific calls. These calls may generate a perception of territory intrusion or include embedded cues of dominance or have some other unknown motivational influence. Until we gain an understanding of the motivational significance of a certain call, it is difficult to interpret the motivational reaction to that call. 


And since these experiments are directed at determining motivations that underpin morality, it is important to focus upon motivation where a conspecific is the object, instead of a predator. Mobbing a predator may be considered altruistic,
 but the underlying motivation factors generating the aggressive mobbing behavior may be quite distinct from the motivation elements provoking food-related calls, 
 which are presumably directed at flock mates.
Site Locations: 
There were a total of 20 observation sites used in this study. These sites were located in Eastern Tennessee and North/Central Kentucky at multiple nature reserves, state parks, and private residences (see Table 3.1). 
	Fort Boonesborough State Park, KY
	3 Sites

	Blue Licks Battlefield State Resort Park, KY
	3 Sites

	Norris Dam State Park, TN
	7 Sites

	Ijams Nature Center, TN
	4 Sites

	Private Residences, KY
	3 Sites


Table 3.1: The location of the feeding sites for both food variation and predator cues studies.
Equipment: 

Two previous  pilot studies investigating food-related calling were terminated early due to a) significant calling prior to the chickadees arriving at the site – possibly due to expectations associated with the presence of the recording apparatus and b) calling seemingly provoked by novel apparatus on or near the feeding platform. Vocalizations were observed when the approaching birds were either a significant distance from the feeding station, suggesting the they could see the food on an open platform at large distance or that they were vocalizing expectations of food availability. Due to our inability to distinguish between these possibilities, both studies incorporated a “seed house” that obscured the amount of food available, if any, until the birds reached the opening of the house. We have observed in previous studies that some members of the flocks frequently check the location for food. Since most of these foraging attempts will result in an empty seed house, we hoped to diminish this anticipatory calling by offering no clues as to the contents of the seed house until the target bird landed on the seed house. 


Each research site consisted of a feeding platform modified with one of the seed houses. The feeding platform was a wooden board approximately 60 cm X 30 cm, secured to the top of a pole rising approximately 1.5 m from the ground. On top of the platform the seed house was mounted with wood screws. The type and volume of food could not be observed by the birds until the chickadees landed on the opening of the seed house. The seed house was an approximately 26 cm X 26 cm X 31 cm wooden box with a triangular roof. The seed house contained a large, approximately 22 cm X 24 cm, opening on the front to allow birds to enter and take seed. A small, cylindrical, metal (tuna) can with an attached black button was attached to the opposite side of the feeding platform. The black button served as a mock camera lens. During experimental observation, the metal can with the mock lens was replaced by a metal can containing a sports camera with a protruding black lens. The vocalizations, arrival at the site, and foraging behavior of the birds were captured by the attached sports camera (Figure 1). Subsequent sound analysis was conducted using Raven 1.5. 
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Figure 3.1: Experimental Apparatus used in Experiments 1 and 2.
Habituation Period: 

At least ten days of habituation for the seed house took place before any observations were recorded. During the habituation period the seed houses were stocked with ¼ cup of sunflower seed with 5 dried meal worms on at least three days. Additionally, once the camera and audio recording devices were activated, the researcher left the area to avoid any confounds related to human presence. We anticipated that these changes would greatly reduce, if not eliminate, the apparent expectancy calling and apparatus-related neophobia observed in the pilot studies.

Preferred Food Type Test: 

In order to document the difference in hedonic value of the food types used in this experiment we first observed the food preferences of chickadees at five research sites. Several different food types were placed on a seed stand at Ijams Nature Center in Eastern TN. Black oils sunflower seed, safflower seed, two varies of suet, live mealworms, and dried mealworms. Although have chickadees have been observed eating all of these items on previous occasions, they not take suet or live mealworms during any of these presentations. On a separated day, 20 sunflower seeds, 20 safflower seeds, and 20 dried mealworms were presented on a platform and recorded with a video camera. This process was repeated two other sites for a total of three sessions. At all of these sites the chickadees showed a clear preference for black oil sunflower seed over safflower seed. And a clear preference for safflower seeds over dried mealworms. 
Conditions for Experiment 1 (Food Variation): 

Following the ten day habituation period, we started audio and video recording of food discovery reactions in foraging birds. The independent variable for this study was the amount and type of discoverable food available in the seed house. Our first session captured the feeding behavior and vocalizations of the baseline condition. During the baseline condition the seed house was be stocked with ¼ cup sunflower seed (henceforth BASELINE mix) used during habituation. During habituation, a few mealworms were added to ensure that the foraging birds were not a novel food item for the mealworm condition. After at least one day following this baseline recording, the seed house was stocked with one of the three experimental conditions: five sunflower seeds (SCARCE condition), two cups of sunflower seed (ABUNDANCE condition), or ¼ cup of dried meals worms (MEALWORM condition). The selection of these experimental conditions was determined by a die roll between the closest research sites and counter-balanced to minimize the influence of seasonal conditions. Following the recording session of the first experimental condition, the site was restocked with BASELINE mix and left idle for at least one day. This process of recording an experimental condition followed by a one day rest period was repeated until all experimental conditions had been recorded.

Conditions for Experiment 2 (Predator Cue): 

Following the food variation we conducted Experiment 2 using the same research sites from Experiment 1. Both conditions for Experiment 2 were similar to the BASELINE condition in Study 1 in many respects. The same experimental apparatus was used, including the seed house and sports camera, and ¼ cup of sunflower seed was placed in the seed house. However, in Experiment 2 each condition was also accompanied with one of two audio playbacks. One condition (OWL) consisted of 10 seconds of an Eastern Screech Owl Whinny followed by 65 seconds of silence played on a loop. The other condition consisted of 10 seconds of a Canadian Goose Calling followed by 65 seconds of silence played on a loop. Both recordings were acquired from the xeno-canto database and edited to make the 75 second recordings
. Playback audio was broadcast from a speaker and iPod hidden in a camouflaged bag approximately 5 m from the seed house.  A summary of the conditions for both studies are included in Table 3.
	Study 1 Conditions
	Food Type/Volume in Seed House
	Playback Stimuli

	BASELINE
	1/4 cup of Sunflower Seed
	None

	SCARCE
	5 Sunflower Seeds
	None

	ABUNDANCE
	2 cups of Sunflower Seed
	None

	MEALMORM
	1/4 cup of Dried Mealworms
	None

	Study 2 Conditions
	Food Type/Volume in Seed House
	Playback Stimuli

	OWL
	1/4 cup of Sunflower Seed
	5 seconds of Owl per 75 seconds

	GOOSE
	1/4 cup of Sunflower Seed
	5 seconds of Goose per 75 seconds


Recording Durations: 

The time between recording onset and bird arrival varied in each session. However, each session lasted at least five minutes after a bird arrived on the feeding station. Due to concerns surrounding observer interference we established a few a priori observation exclusion rules. Exclusion Rule 1: If during any recording session a bird was observed before the researcher could activate the recording device and retreat to the 50 m safe distance, that recording session was terminated, the seed house was restocked with BASELINE mix, and attempts to observe the site were abandoned for an addition 20 hour period.   Exclusion Rule 2: If a chickadee was not the first bird to discover the food source, another attempt was made to capture chickadee food discovery following another BASELINE restocking.
Experimental Measures: 
The primary dependent variable in all conditions of both studies was the number of general calls in the 30 second target window of food discovery. The target window of 30 seconds was chosen because it was judged to be long enough record the initial reaction to the available food source, and a longer observation period might have captured general calls that were unrelated to food source in the seed house. This 30 window began once a chickadee landed on the seed house opening. If the hedonic value of the discovered food is an important stimulus in motivating food-related calls, we would expect an increase in this calling when large amounts of food are discovered (ABUNDANCE) versus small amounts of food (SCARCE) or less desired food (MEALWORM). If the motivation for calling is more closely linked to mitigating predation threat, we would anticipate more calling when predator cues are present (OWL) than non-predatory bird (GOOSE).  

Results


Out of the total number of 80 data collection attempts in the food variation study (4 conditions at 20 sites) we were able to obtain 45 usable observations (n = 45). Observations were excluded from analysis for several reasons: Chickadees did not appear at the site during video recording (24 instances), other species arrived at the site before the target species and interrupted their foraging (__ instances), the researcher presence during camera maintenance interfered with naturalistic observation (__ instances.) Out of the total number of 40 data collection attempts in the predator cue study, (2 conditions at 20 sites) we were only able to collect 24 usable observations. Chickadees did not appear at the site during video recording in 14 instances. Two other observations were excluded because only one of two conditions was captured for that site.  


The results from the food variation study did not align with our a priori predictions. In the first study, where we manipulated the amount and type of food available at the seed station, we detected no difference in calling between any of the conditions (F = .347, p = .79). There was no statistical difference between large and small amounts of food and no difference between preferred food types over non-preferred types (Figure 3.2). Not only were there no differences between conditions, only the minority (19 out of 45, or 40%) of these observations, across all conditions, had detectable calling in the 30 seconds after landing on the seed house. In most recordings no calling was observed.
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Figure 3.2: Number of Chickadee General Calls with various stimuli. 

The results of Study 2, our predator cue study, were also unanticipated. When calling patterns were compared during an Eastern Owl or Canadian Goose playback, there was again no detectable difference between these conditions (t = -0.41, p = .69). Just as in the food variation study, we detected chickadee calling only in a minority (7 of 26, or 27 %) of the total analyzed recordings. See Figure 3.3.
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Figure 3.3: General Calls while foraging when owl or goose calls played. 
Analysis and Interpretation


The lack of consistent calling by the Carolina Chickadees when arriving at a food source suggests that what has been described as “food-related calling” is unlikely to be referential to food. The birds may be responding to the presence or absence of specific conspecifics, subtle changes in the experimental apparatus, nearby semi-hostile avian species, or other motivational or environmental factors. It is also possible that the chickadees are conditionally responding to the presence of food, albeit under a yet undetermined set of conditions.


Neither primary hypothesis, that avian calling near a food sources has a FEAR-based motivation, as might be predicted by predator defense hypothesis, or a SEEKING-based motivation, which might be expected in cooperative foraging, were directly supported in this study. If the avian homealogue of fear of predation was the primary motivation, we expected to see an increase in calling when owl vocalizations were played versus goose vocalizations. No such calling increase was observed. If the avian homealogue of hedonic arousal was the primarily motivational factor, we should have observed an increase in calling when large amounts of highly preferred food were available compared to small amounts of food or less-preferred food types. However, calling differential by food characteristics was not observed.


In order to interpret our unanticipated results, we must first address some of the limitations of our study. One such limitation concerns the continued effects of novelty. While we observed much less novelty-related calling prior to the chickadees arriving at the feeding platform, there was some evidence that at least some chickadees noticed a difference between the apparatus present during experimental sessions and the apparatus present during habituation or between experimental observations. A few of the birds appeared to inspect the camera lens during their foraging. Thus, we cannot rule out the experimental apparatus introduced a potential confound into our data by disproportionally affecting one condition more than another. However, we have no reason to suspect that this observational noise, however robust, would operate differentially across the conditions, and the counter-balancing of the food/sound presentations should have mitigated the risk of this confound. 


There is also the possibility that the owl and goose playback stimuli we used in our second study were perceived by the chickadees as either neutral stimuli or more as an auditory novelty than as a cue of predator presence. The primary reason why we entertain this possibility is that there was no increased latency to approach and subsequently forage from the seed house when the owl stimulus was playing than when the goose stimulus was playing. There are several possible explanations for the lack of approach latency. The chickadees may not perceive Eastern Screech Owls, or at least their whinny, to be a significant indication of a predatory threat, at least during daylight hours – and all of our data were captured well after sunrise. We have heard both goose calls and owl calls at most of the research sites in previous seasons. It is possible that Chickadees have ceased perceiving these calls as any indication of threat. It may be the silent owls that are the primary source of threat. Another possibility is that the repetitive aspect of the looped calls may have allowed for rapid habituation to the calls, or lead to the determination that they were from an inauthentic source of predation threat. 


Despite these caveats, there is still reason for us to believe that the general chick-a-dee call is not closely linked to imminent predation threat. When we had the chance to observe a predator, such as a hawk, entering the research area the typical reaction consisted of either ceasing vocalizations completely, or emitting only soft, high-frequency vocalizations. Instead of perching conspicuously on or near the feeder, when a significant danger was detected, the chickadees would retreat to nearby foliage and scan their surroundings. These observations also suggest that our playback stimuli used in this study did not provoke significant predation defense behavior. No hiding or conspicuous scanning was noticed. These chance observations with live predators in the field suggest that the general call is not utilized when predation threat is high and the predator is not actively targeting a flock-member. These observations raise significant question about how Carolina chickadees evaluate predation threat in response to the presentation playback stimuli. 


The pilot studies preceding Experiments 1 & 2 suggested that the first bird to arrive at the site would most often be a Carolina chickadee. During these pilot studies, Carolina chickadees were disproportionately the most frequent first visitor, followed by the Tufted Titmouse, and on rare occasions, the White Breasted Nuthatch. This, however, was not the pattern that we observed during Experiments 1 & 2. For unknown reasons, possibly related to the differences in chickadee and titmouse memory, neophobia directed at the added seed houses, or an undetermined set of ecological influences, Tufted Titmice were more likely to be the first visitor to check the seed houses for food. The call data from the Titmice has not been analyzed, but the initial indications suggest that titmice also do not call in response to food discovery.  


This set of experiments was initially devised to test whether the general call was more likely to be motivated by the perceived hedonic value of a discovered food source or more likely motivated by the FEAR of a predation threat. Our results suggest that there is no significant link between the general calls and food discovery – at least during the late winter conditions of Eastern Tennessee and Kentucky. There are certainly many other means by which the Chickadees could communicate the presence of a food source, but the general chick-a-dee call does not appear to be primary mechanism for this information.


As for the hypothesis that the chick-a-dee call is motivated by a predation-induced FEAR, we are much more tentative in our interpretation. Carolina chickadees call less when White-Breasted Nuthatches are already present at the feeding site. At first glance this might suggest evidence of a FEAR-based motivation that decreases with the addition of birds in the area. Or from a predation mitigation standpoint—a sufficient risk dilution or an adequate amount of surveilling eyes are present. However, in watching the recordings of these various species at the feeding site, one observed little cooperation and many instances of overt aggression between nuthatches, titmice and chickadees. There were many instances of the Nuthatches attacking both Tufted Titmice and Carolina chickadees while all of these species were attempting to forage. These attacks were often quite severe. Thus, it is quite difficult to interpret the reason for the negative correlation between Nuthatch presence and the use of the chickadee general call at this time. 

We then arrive at a tentative conclusion that the perceived hedonic values of food are unlikely to be an adequate motivational explanation of what has been called “food-related calling” in the Carolina chickadee. These results also did not support the hypothesis of a FEAR-related motivation for the general call, but to the limitations of our stimuli, this hypothesis remains a plausible explanation. Only further experimentation will be able to determine the likely motivation factors that precede the general call of the Carolina chickadee.        
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Chapter 4: Replications and Revisions
A Hypothesis Rejected, A Hypothesis Proposed
“Perhaps the most basic emotion that motivates cooperative behavior is affiliation— a sense of liking and a feeling of closeness.”


In the previous chapter, we attempted to determine if the apparent food-related calls of the Carolina chickadee more likely to be motivated by the negative affect of predation threat, or motivated a positive affect related to hedonic value of food. We tested this assertion in two ways. In the first experiment, we varied the type and amount of food available within a seed house that obscured the type of food available. Once a chickadee landed upon the seed house the type and amount of food available would be visible to the chickadee. If the general call of the chickadee was indeed motivated by SEEKING-related affect, we should see variations in the amount of these calls upon the differences in hedonic value of the discovered food. But this “hedonic hypothesis” was not supported by our observations. We found no evidence that the chickadees used their general call any differently according to variations in food type or volume of food available.

In our second experiment we examined the effect of predator cues on the chickadee’s general call. We placed a moderate of amount of food in the seed house while either a goose or owl recording played on a loop. If the general call was motivated by a FEAR related to predation, we should see an increase in these calls when subtle cues of a predator, like an owl recording, were present. This hypothesis was also not supported by our observations. There was no apparent difference in the use of the general call when an owl or goose call was played at the site. The findings from both of these experiments raise many important questions concerning the general call of the Carolina Chickadee both of the hypothesized motivational explanations. Our experiments reveal an inconsistent connection, a weak association, or no association at all between available food and the general call. These experiments also suggest that certain auditory cues are insufficient for producing FEAR-motivated calls, if indeed the general call is motivated by a FEAR homeaologue.

In order to better interpret these findings, it was important to verify that there is little association between the general call and food discovery.  In order to test this connection we conducted a simple experiment where the call patterns of chickadees were compared when they discovered food in a seed house versus when they arrived at an empty seed house. If there is no difference in the patterns of general calls used when food is available or not available in the seed house, this is strong evidence against a SEEKING-based motivation for the general call. It would also, as a corollary, suggest that food is not functionally referential to the general call. 
Methods

Focal Species and Vocalizations: 

As in the previous experiments, the focal species in this study was the Carolina chickadee, Poecile carolinensis. Also, as in the previous studies, the chickadee general call was the target vocalizations for observations.  The D-notes imbedded in these calls are broadband signals that possess the greatest acoustic capacity for being detected, and for their location to be triangulated by the signal receiver. The D-notes in the general call were also the focus of the 2009 Mahurin and Freeburg playback study using calls with a various number of D-notes per call.
 In this study they found that the latency to arrive to a feeding stand was shorter for chickadees when the playback vocalizations contained more D-notes. In the present study we are attempting to discover if the converse is true concerning food availability. We are attempting to test whether chickadees emit more general calls (with embedded D-notes) when they discover food in the seed houses versus an empty seed house.
Site Locations: 

There were a total of 22 observation sites used in this study. These sites were located in at Eastern Tennessee and North/Central Kentucky at multiple nature reserves, state parks, and private residences (see Table 4.1). 
	Fort Boonesborough State Park, KY
	2 Sites

	Blue Licks Battlefield State Resort Park, KY
	3 Sites

	Norris Dam State Park, TN
	4 Sites

	UTK Forestry Stattion, TN
	10 Sites

	Private Residences, KY
	3 Sites


Equipment: 

The equipment used in this experiment is similar to studies described in Chapter 3 with a few alternations. Just as in the previous study we used a 26 cm X 26 cm X 31 cm seed house mounted on a feed stand approximately 1.5 m from the ground. However, in this experiment the seed house was altered to change the position of the camera. On the altered seed house for experiment 3, the camera was mounted the back of the seed house (see Figure 4.1). This location of the camera was changed for two reasons. First, a camera mounted on the back of the seed house contained within a plastic container, would be less conspicuous for birds entering from the front of the seed house. There was little observed neophobia directed toward the camera mount in experiments 1 and 2 after the habituation period had ended. However, there was one instance where a Tufted Titmouse pecked at the camera lens. Whatever, the motivation for this pecking, we believed it would be best to move the camera assembly to a less conspicuous area. 
The second reason why the camera assembly relocated to the back of the seed house was to increase the recording capacity of the sports camera. The original experimental setup allowed for approximately two hours of recording with that standard battery capacity of the sports camera. By relocating the camera to the rear of the seed house we were able to add a USB power source that increased the recording capacity of the sports camera to approximately nine hours of, 1080p @ 30fps, footage. The camera and power source were located in a removable plastic container painted black to obscure its contents. In order to ensure that that there was sufficient light for recording, we also replaced a circular section of wood on top of the seed house with a translucent white plastic. The plastic allowed enough light to enter the seed house to allow the camera to capture video without revealing the contents of the seed house. In addition to the adapted seed houses, we also used three new seed house designs. These seed houses were similar to the original seed houses except that the sides of the new seed houses were also translucent white plastic and they contained a perch on the front of the seed house that provided landing position for the chickadees that was within the field of view of the camera (see Figure 4.2).     
Habituation: Therefore at least ten days of habituation for the seed house took place before any observations were recorded. During the habituation period, seed houses were stocked with approximately ¼ cup of sunflower seed on at least three separate occasions.
Conditions and Recording Procedure: Following the habituation period, recording for the experimental and control conditions began. The researchers set up the camera and began recording around sunrise each morning. The cameras were left recording for at least 5 hours, but usually until the battery was depleted approximately 9 hours later. After the camera setup, the seed house was immediately prepared for the experimental conditions. There were only two conditions in this study. Either the seed house either contained approximately ¼ cup of sunflower seed (SEED condition) or was left empty (NO SEED condition). 
The time between recording onset and bird arrival varied for each session. However, each session lasted at least five minutes after a bird arrived on the feeding station. Due to concerns surrounding observer interference we maintained the primary data exclusion rule used in experiments 1 and 2. If during any recording session a bird was observed before the researcher could activate the recording device and retreat to the 50 m safe distance, that recording session was terminated. 

Experimental Measures: 
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The primary dependent variable in this experiment, as in the prior experiments, was the number of general chickadee calls and the D-notes contained in these call during the target temporal window of food discovery. From the moment when a chickadee landed on the seed house we compared the general call 15 seconds after landing, and 15 seconds prior to landing between the SEED and NO SEED conditions (see Table 4.2).
Table 4.2: Experimental Conditions for Experiment 3.
Replication Results


Of the total 20 research sites, we were able to obtain data for both NO SEED and SEED conditions from 16 sites. Four of the sites were missing one of the conditions because either birds did not arrive at the site during a recording period (3), or a corrupted audio file (1). Using a standard paired t-test, we found no significant difference between the number of Calls emitted by chickadees after arriving at the seed house when there was seed present in the seed house versus when the seed house was empty(t = 0.81, p = .41). And in 67 % of all of our observations, covering both conditions (24 of 36 obs.), they maintained the same pattern of vocalizations before and after landing on seed house. If they emitted no vocalizations before landing on the seed house, they emitted no detectable vocalizations after landing. If they were calling prior to landing, they continued to call afterward. During the NO SEED condition there were six instances (16.7%), and during the SEED condition there were three instances (8.3%) where detectable calling was observable after landing on the seed house, but no calling was observed prior to landing. Conversely, during the NO SEED condition there were two instances (5.5%) where calling was detected prior to landing, but not after. There was once instance (2.8%) in the NO SEED condition where calling was detected prior to landing, but not after. These data suggest that there is little motivational or referential connection between food availability and the general call of the Carolina Chickadee.    

There were numerous displacements and other agonistic behavior during these observations. Most of these instances of aggression were interspecific. Tufted Titmice displaced chickadees and White-Breasted Nuthatches displaced titmice and chickadees. We mention these occurrences because there seemed to be greater reluctance on the part of the chickadees to enter the seed house than in previous studies. Although we believe the seed houses were effective in obscuring the seed from view, using them may have also created a more dangerous foraging environment for the chickadee. The avenues for escape within the seed house were much more limited than when seed is placed on an open seed stand, the most common stimulus display method used in previous studies. This change in apparatus may or may not have affected the calling behavior of the chickadees in this experiment. 

Motivational Contexts for the General Call
This dissociation between food discovery and the general call of the chickadee affirms the negative results of the studies conducted in the previous chapter and strongly suggests that the general call of the Carolina chickadee is not, in any significant way, referential to food. This apparent dissociation between food availability, certain owl vocalizations, and the general call of the Carolina Chickadee have important implications for the motivational question of the general call. In light of these findings, it is useful to review the documented used of the general call in Carolina Chickadees, and closely-related black-capped chickadees, in multiple contexts. That is, we start at the beginning: 
(1) The general call is ubiquitous. It can be heard any time of year and there is often no obvious stimulus which provokes the call. This suggests that the motivation for using the call must be commonly experienced. 
(2) Novelty increases the use of the general call. When novel stimuli are present on feeding apparatus chickadees emit robust calling behavior.
 In our own pilot studies, we noticed that any alternation to the feeding platform greatly increased the call. Since the presence of tis novelty delayed their foraging, this might suggest that the motivation leading to the call possesses a negative valence. 
(3) During Experiments 1-3, and the preceding pilot studies, the general call was often heard prior to, and at significant distances from, the chickadees arriving at the research site. This suggests that the motivation was influenced by the either anticipation of foraging at the seed house or related to the movement of the flock.
(4) Exposure to, and orientation of, predator models increases the use of the general call.
 There are multiple other examples where predator models elicit general calls.
 Again, the subjective experience of the chickadee calling under these conditions would more likely be negative than positive.  

(5) The general call is also emitted by the male after returning with food to a nest with hatchlings.
 The motivational experience of the male in this context is difficult to interpret. The male may be experiencing the excitement of a return to the nest, or signaling a longing for their mate, or some other motivation. 

(6) The earliest use of the general call in hatchlings occurs between nine to twelve days.
 The use of the call on a least one of these occasions corresponded with fellow hatchlings being removed from the nest.
 There is a strong probability here that the motivation valence was negative.

(7) The general call is also linked to territorial disputes and disturbances at the nest.
 In both of these instances we would anticipate a high degree of motivation and a negative emotional valence.

(8) Although not well-documented in the empirical studies included in this dissertation, there was more than once instance in these experiments and previous pilot studies when a chickadee arrived at the site, took a few seeds, and then left the area using the general call. Several minutes later, a flock of chickadees arrived at the site. The motivation behind the general call here was originally assumed to be positive – a response to a highly-desired reinforcer. However, the calling bird in this instance could have been also motivated their isolation from their flock mates, such as in the FEAR-based hypothesis summarized in chapter 3.

(9) The general call from the chickadee also can be elicited, not from direct contact with a threating stimulus, but from the response of tufted titmice exposure to a predator.
 This eavesdropping can be difficult to interpret from a motivational standpoint. We must assume that chickadees have some sense of how titmice respond to various stimuli, including predator presence. However, given the nature of the original stimulus, it is more likely the general call, used here, reflects a negative emotion.    
(10) Nesting mate pairs will also use the general call during the search for a nest location. A portion of one of these occurrences was captured on video. During this exchange a pair of chickadees approximately 2 m away and oriented toward a nest box reciprocated general calls for approximately 70 seconds. The apparent object of interest was the nest box. Similar nesting exchanges have been documented by other researchers as well.
  
Revised Motivational Models for General Call 

A simultaneous examination of all of these contexts where the general call has been observed reveals at least two possible motivational explanations for this behavior. The first explanation centers on an observer effect. In all of these contexts there was, we assume, a human researcher present to observe the calling. It is a possible and parsimonious hypothesis that the presence of a human observer is unintentional motivational source for this calling. Similar to a FEAR-based motivational hypothesis related to predation, the presence of a human observer may also have a FEAR-related motivational root as the chief motivational elements producing the general call. Evidence for this hypothesis can be summarized by the common element of a human observer across all of these conditions and the unanticipated finding in our experiments that as the “observational footprint” in our methodology decreases, so does the amount of observed general calls. We must face the possibility that our presence with the chickadees is creating, at least in part, the phenomena we observe.

The second explanation, and with the current evidence we believe is the most probable, is that the general call is motivated by a pervasive “desire to affiliate” in chickadees. This hypothesized motivation is similar to Pankepp’s GRIEF/PANIC system
 in that it would be experienced as a negative emotion prompted by environmental stressors, such as novelty or predators cues, or by isolation, such as when conspecifics are conspicuously absent. This general desire-to-affiliate could be communicated by chickadees, most often, via the general call under a number of diverse circumstances. This proposed desire to affiliate, and the accompanying general call, together would form the basis of what was once referred to as “the herd instinct”— although “flocking instinct” may be a better descriptor for an avian species. Figure 4.2 illustrates these two motivational models within the context of the observable call patterns of the chickadees.
 

Figure 4.2: A revision of the hypothesized motivations for the chickadee general call. 

Although speculative, there is some evidence to suggest that the motivational role of this general call, within the “desire to affiliate” motivational hypothesis, might not merely relate information about the motivational state of one bird to other conspecifics. The general call (or at least some components of the call such as D-notes) may also have a role in emotional contagion. Upon hearing the general call signal receiver might experience an increase in the desire to affiliate, and an increased probability of generating the call themselves. If the general call of the chickadee plays does play a role in emotional contagion, this might explain many instances of the general call, such as mobbing behavior, or a response to stimulus that is hidden to conspecifics, such as in the Sieving study
. However, we should note that the Hetrick and Sieving study adds the additional prospect that intraspecific emotional contagion can occur via homeaological  motivational signals. 
A general “desire to affiliate” motivational hypothesis could explain many of the functional effects of the general call. A bird emitting a general call prompted by a conspicuous absence from a mate might functional well as food recruitment mechanism. One of the reasons why chickadees might have failed to use a general call in our experiments is that in most instances they arrive at the site with their mate, or perhaps other flock members, already in close proximity. The hypothesized desire to affiliate would already have been satisfied. Mobbing could be explained as 1)a novel or threating stimuli activating a desire to affiliate, 2) a call is generated, 3) this call attracts other chickadees, 4) the call increases the likelihood of other calls being emitted via emotional contagion or exposure to the original stimulus. A general desire to affiliate could also help explain how a call used during mating rituals can be the same call used in mobbing, or during the care of offspring. In summary, a core motivational system based on a fundamental desire to affiliate, with an accompany signal which communicates and proliferates this motivation, could function to “close formation” in multiple contexts where an increase in proximity would be adaptive. 
The “desire to affiliate” motivational hypothesis also aligns with Darwin’s emphasis on “filial affections,”
 Preston’s evolutionary model of cooperation based upon offspring care,
 any many other proposals and findings described in the previous chapters. This motivational hypothesis is also parsimonious in that it does not rely on higher-order cognitive capacities. The chickadee need only be able to recognize the presence of, and form bonds with, select conspecifics, and possess the ability to associate certain stimuli, such as threating objects, with that motivational system.    
 
So is the use of the general call elicited in proximity to food, as proposed by Ficken,
 an example of altruism? We believe the answer to this question depends more upon the perspective of the scientist than the data itself. Using a 5th aim ethology approach, we believe that the best current motivational explanation for the chickadee general call is some sense of social deprivation – the call represents a felt desire to affiliate. One researcher many frame this motivation as “selfish”—t he bird calls in order to satisfy their own desire for affiliation. Another researcher might consider a desire to share experiences, both positive and negative, with conspecifics as the opposite, or nearing the opposite, of selfishness.  One researcher may focus on the shared advantages of this motivation in mobbing contexts, recruitment, early warnings, etc., and find many examples of cooperation, or in some instances, altruism. Another researcher may focus on the advantages to the individuals using the general call and classify the behavior as an example of mutualism. We leave these interpretive decisions to the reader and their chosen philosophy.    
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Chapter 5: Implications and Directions
“If it were not so frightening it would be amusing to observe the pride and complacency with which we, like children, take apart the watch, pull out the spring and make a toy of it, and are then surprised when the watch stops working.”

As applied to the chickadee ethos. 

Philosophical Parallels

As the concept of morality is developed within ethology certain parallels between a scientific model and classical philosophy begin to emerge. One such concept which may deserve revisiting is Natural Law. The proposition that Natural Law, or Lex Naturalis, might be regarded as a fundamental principle of Ethology is likely to evoke some degree of confusion in, or perhaps even hostility from, many modern psychologists and biologists. The confusion arises predictably from the near universal disuse of the phrase Natural Law within the sciences. Undergraduate science textbooks rarely, if ever, mention the concept. In the fields where it remains an active principle, such as History, Philosophy, or Theology, the concept of Natural law is less influential than in many previous ages. Despite its pervasive influence on both Eastern and Western thought since the Axial Age,
 Natural Law is a dying idea in the modern world. In order to argue for the revival of Natural Law as a fundamental principle to be applied in Ethology, some basic definitions and some degree of disambiguation is required. My purpose here is not to provide a survey of the historical development, a comprehensive conceptual framework, or a detailed philosophical proof of Natural Law as a philosophical principle. I leave these tasks to the great authors of the Classical, Seminal, Medieval, and Renaissance Periods – and their critics. My goal is much less ambitious. My contention is that Natural Law, in its most fundamental and definitional form, contains succinct principles that are necessary for progress in the scientific investigation of cooperation, altruism, and morality. I propose that Natural Law can serve as an effective bridge between the biological foundations of morality and the shared moral systems of a society. I also argue that a widespread rejection of Natural Law principles within the sciences may result in catastrophic changes for most of humanity. 

A rational first step in the reintroduction of Natural Law is to provide a parsimonious definition. For the present purposes, a workable definition of Natural Law might be: an objective moral standard of conduct for sentient beings that is knowable by the faculty of reason. Historically, humans have been the only species assumed to possess the type of sentience capable of knowing and adhering to a moral standard. But as non-human animals have increasingly demonstrated motivational and cognitive capacities once thought reserved for humans
, the assumption of human uniqueness in moral conduct has come under dispute. By moral, I simply mean the distinction between right and wrong. The clarifications for right and wrong will receive greater treatment below. And by reason, I refer to the faculty for distinguishing what is true from what is false.

Throughout the history of philosophy, Natural Law principles have been arranged into many different formulations. Aristotle proposed a set of human virtues and argued that an excess or deficiency in these virtues created a vice. Courage, for example, could be deficient in the form of cowardice or seen in the excess of rashness.
 Augustine conceptualized virtue as the ordinate state of emotions.
 To translate this concept into psychological terms, the Augustinian view proposed that with a given set of stimuli, such as death of a loved one, there was a valid or invalid emotional response on the part of the individual, such as grief or joy. Moral behavior, for Augustine, arose from the proper alignment of our affections with our shared reality. Confucius offered the maxim “do not do what you would not like done yourself”
 to promote moral restraint. Most proponents of Natural Law accept that morality demands some restraint on our homeostatic drives. All proponents of Natural Law view morality as both rational and objective by definition.   

The sticking point for many readers will likely be the use of this word “objective” in conjunction with morality. Something that is objective exists independent of perception. The central claim of Natural Law is that morality, that is to say right or wrong conduct, exists independently of the human mind. This claim can be difficult to accept for almost anyone educated in the twentieth or twenty-first century. Morality, in the modern sense, is thought to be a social construct and the product of human thought. It has been conceptualized as a tool used to solve problems in human society. But like any tool or other human inventions, when new problems arise in that society people could, and perhaps ought to, change their morality in order to adapt to emerging social problems. Morality is thought be, in some sense, a technology of social cohesion. 

Natural Law should not be confused with either “Divine Law,” found within various forms of scripture or the “Laws of Nature,” such as gravitation, electromagnetism, etc. Divine Law concerns claims of the supernatural, and science is only concerned with verifying or falsifying claims of natural operations. Thus, one could theoretically test the effects of the observable moral aspects of a specific religion in a society as one form of Morality (Cultural), but the claims for a supernatural source for these religious precepts is not within the domain of science and will not here be addressed. 

Natural Law also differs from “The Laws of Nature.” These Laws of Nature, as we understand them, are inviolable. There is not an option to obey or disobey gravitational forces. Gravity, we assume, requires no choice or sentience, and operates identically on organic and inorganic materiel. Natural Law does not meet this criterion of strict inviolability. Societies or individuals can behave in a manner that is either consistent or inconsistent with the motivational components and moral precepts of Natural Law – but not necessarily without ultimate consequence. In theory, a person might be able survive and reproduce with a deficient aspect of the moral motivational network or the accompanying moral sentiments in the same way a genetic syndrome, such as Huntington’s Disease could persist across multiple generations. How and when these maladaptive features are passed across generations, and the consequent magnitude of violating them, are important questions. In this way Natural Law is more like Natural Selection in that its effects are more easily observed across long time periods than in any one individual at any one moment. 

Anyone adopting the most basic premises of Darwinian Evolution would likely agree with Darwin in that morality plays a significant role in an organism’s adaptive fitness.
 The claim that moral standards are objective is a simple acknowledgement that, what I have labeled as the Morality (Ethos phenotype, can be adaptive or maladaptive in a particular environment. Those that accept the tenets of Multi-level selection theory will likely be untroubled by the proposition that a particular Morality (Ethos) phenotype can stimulate or suppress the vigor of a particular Morality (Cultural); and conversely, a Morality (Cultural), can have a strong influence on the development of a Morality (Ethos) phenotype. The Natural Law principle of objective morality is an acknowledgment that, at least within the domain of evolutionary adaptiveness, there are significant and tangible consequences for possessing a particular moral phenotype. 

An objection could be raised that there may be other criterion not directly tied to evolution that should guide individual or group morality—such as quality of life preferences, preserving family, community, or religious tradition, or other less tangible factors. My purpose here is not to argue that evolutionary outcomes should be the sole determinate for one’s morality; my aim is to emphasize that evolutionary forces acting on moral phenotypes has unquestionably objective results for both the individual and the group. One may indeed define the concepts of “right” and “wrong” as encompassing elements beyond biological or ideological survival and fecundity. Yet definitions that attempt to defy evolutionary forces face long odds for perpetuity.    

This acknowledgment has been the foundation of many of our most ancient and important institutions. Jurisprudence, at least in its theoretical origin, was concerned with transforming the moral axioms of Natural Law into legal duties and proscribe a punishment when moral axioms were transgressed. Military units historically have valued a sense of duty, honor, and self-sacrifice in service to a higher authority and their fellow “Brothers-in-arms.” Every major religion throughout history—though they might differ in the weight they would assign to individual moral maxims—began by promoting or requiring certain moral precepts from its members. These are found in “the way,” “the law,” “the good news,” and “the teachings.” But what of science? What are the shared moral precepts which science promotes, and what are the moral phenotypes required of scientists? 

This question is the primary reason why there is an urgent need to resurrect the concept of Natural Law within the sciences. By incorporating Natural Law’s reminders that 1) there are innate social motivations that underlay our culture’s moral systems and 2) changes to moral systems have real consequences for the group and its members, we can begin to construct a robust model of human and non-human morality. Efforts in this direction have already started. Haidt, for example, has proposed the Social Intuition Model (SIM), which argues that moral judgement is based on a rapid, semi-conscious intuition.
 He also has attempted to discover the basic set of moral intuitions that guide this process.
 Frans de Waal, who has conducted decades of research into primate social systems revealed a tension between inequity aversion and compassion.
 Preston has proposed a model that attempts to explain the origin of altruism through the biological and habitual adaptations that arose from offspring care.
 These, and other models, mark important progress in a scientific understanding of human and non-human moral ethos. In many ways, the empirical work contained in this dissertation is an attempt to expand upon these existing paradigms. Most of these recent models also have the advantage, for those who would regard it as an advantage, of being consistent with the ancient concept of Natural Law. 

The issue with all of these contemporary models of morality is that they are still developing. They remain, at present, “a good start.” All of them are very far from a comprehensive explanation of both an individual’s moral judgment and a culture’s moral systems—and perhaps more importantly, how these two moral domains interact. A semi-comprehensive model of morality would first need to discover the most significant set of moral sentiments of Morality (Natural Law) and then observe how different sets of Morality (Natural Law) in a group affect the outcomes in Morality (Cultural). This process would take, at the minimum, many generations of observation and testing. In the meantime, scientists, and societies at large, still must act. Important decisions for humanity are quite visible on the horizon.

  To many, it might be very tempting to try to improve human moral nature as soon as tools for doing so become available. Gene therapy, in utero hormone treatment, and moral conditioning in infancy/early childhood could be employed in an attempt to improve human moral nature. But until a comprehensive model of morality is fully formulated we are mostly working in the dark. J.B.S. Haldane reminded us long ago that the rule in evolution was not change for the better, but degeneration. Most genetic lines end in extinction. Most mutations are malevolent.
 The popular notion that evolution will inevitably lead to human progress is completely unsupported in the sciences of physics or biology. The evolutionary odds, and the arrow of entropy, point in the other direction. It is hoped that Haldane’s reminder might give us pause if we ever consider using the scientifically-derived powers of manipulation to drastically alter human moral sentiments. Knowing so little of the relationship between Morality (Natural Law) phenotypes, the group’s Morality (Cultural), and the prospects for long-term adaptiveness, what assurance do we have that we can beat Haldane’s odds of degeneration? And who can be trusted with this great power to alter human nature? Can we safely assume that architects of such an improved humanity will be the most compassionate, fair-minded among us? And how would these moral innovators maintain their own sense of compassion and fairness once they learn the biological “ingredients” and the conditioning procedure which create compassion and fairness in their subjects? Since I do not know the answers to these questions, it seems imperative to seriously question what is meant by those who use words such as moral or social “progress” or “improvement.” With the science of morality in its infancy, and with Natural Law being widely regarded as an obsolete concept, it is a quite sensible to want a clear and specific definition of what constitutes moral progress before enacting irrevocable changes toward such a vaguely defined goal. Change only becomes progress if it succeeds in overcoming “Haldane’s odds” for degeneration.

Proponents of moral improvement may object to this reticence by claiming that humans have always attempted to improve morality either directly through education and or indirectly by mate selection. The claim could be made that moral innovators are merely attempting to use better tools to accomplish this ancient goal. There is, at least, a veneer of validity to this criticism. It is certainly true that humans have always attempted to create certain moral phenotypes through education and parenting. And we can safely assume that an individual’s moral reputation played some role in the human history of sexual selection. But the difference moving forward will be dramatic. Gene therapy, almost by definition, replaces the process of natural selection with the process of artificial selection. Modern education is replacing social modeling, conducted in all the diversity of a working society, with abstract instruction, conducted in the artificial homogeneity of the classroom. The powers to alter human morality will be orders of magnitude greater with the emerging scientific tools. We can now look toward a future where the power to generate our moral phenotypes will be greatly magnified and under the control of a small cohort of technical specialists. 

But avoiding a dystopian future is only one advantage of re-incorporating Natural Law into the science of morality. One of the greatest advantages of Natural Law is its potential for integrating cross-disciplinary research. Biologists specialize in finding adaptive advantages of moral behavior. Charles Darwin offered Natural Selection to help explain morality.
 E.O. Wilson expanded on Darwin’s view to address group-level selection.
 Frans de Waal has shown some elements of human moral emotion in non-human primates.
 All of these biologists agree that morality is not a mere human invention—many elements of morality have been slowly forged in the furnace of Natural Selection. Neuroscientists have investigated the neural circuitry corresponding to moral thoughts and behavior. Jaak Panksepp has proposed a model containing many of the mammalian neural circuits that underlie moral motivation.
 Sue Carter, Tom Insel, and Larry Young have examined many aspects of the pair bonding system in voles.
 All of these neuroscientist operate on the assumption that at least some mammalian social motivations are hardwired into the circuitry of the brain. Developmental psychologist examine how an individual either acquires or loses given attributes over time. Jean Piaget observed how certain behavioral expectations are learned and transmitted to other children.
 Lawrence Kohlberg attempted to document certain trends in how individuals try to solve moral dilemmas across their lifespan.
 K. Hamlin and many others, have shown that certain expectations of fairness are evident as early as 3-4 years of age.
 These developmental psychologist are attempting to identify universal trends in human moral development, not just to describe the prevailing Morality (Cultural) of their era. Social psychology usually concentrates on the external, proximate influences on social behavior. Stanley Milgram’s obedience studies revealed a tension between an impulse to obey authority and a reluctance to being the agent of harm for another. He concluded that there is nothing inherent in American moral impulses that would preclude something akin to the Nazi Holocaust occurring in the United States.
 Jonathan Haidt is developing a model that bases moral judgment upon semi-conscious intuitions
 and a cultural morality as founded upon certain shared values. In many respects his model is closer to antiquities’ conception of Natural Law that any other mentioned here. What both Milgram and Haidt would agree upon is that a universally moral society is far from inevitable. 

Another advantage to incorporating a Natural Law perspective into the scientific inquiry of morality is the large body of work already written on the subject. Aristotle’s virtues and emphasis on avoiding extremes might be a converted into a testable hypothesis. Augustine’s conceptualization of moral motivations matching the context might be a valuable addition to a comprehensive model. The long-standing debate between Locke and Hobbes—concerning human nature prior to the formation of large societies—could theoretically be tested over a long period of time. Scientists do not use philosophic arguments as conclusive proof to explain a phenomena. This does not mean, however, that the ideas emerging from philosophy are not useful in formulating hypotheses. 

By conceiving of morality in Natural Law terms—where a series of innate moral motivations form the basis of group-level norms—we are provided with an opportunity to integrate the individual-level and group-level research into a model with much greater explanatory power. Natural Law also provides an inherent reminder of moral objectivity in that Morality (Ethos) and Morality (Cultural) interact to form a society that can either promote or decrease fitness for its members. Personal moralities, over time, have societal costs or benefits; the condition of society holds consequences for the moral phenotypes of its constituents.

Given the immense complexity inherent in any moral system, and the potential dangers of altering human morality, a comparative animal approach might prove beneficial. An ideal biological system or species for studying a multi-level morality would, ideally, be as simple as possible while still containing many of the same elements of the human variety of morality. This target species should possess some set of social motivations that, at least in some contexts, promote cooperative behavior between conspecifics. One species that might meet these criterion of sociality and simplicity is the Carolina chickadee, Poecile carolinis. 

Investigating the cooperative system of chickadees provides several advantages. The relative simplicity of both the social system and neuroanatomy of the chickadee provides an opportunity to examine the rudiments of cooperation in a less perplexing context. Chickadees, being an avian species, allow an opportunity to examine the convergent aspects of moral development. Perhaps the most important advantage to using a comparative approach for studying moral systems is that the negative consequences for manipulating these systems would be less catastrophic for humanity. Tolstoy long ago observed humanity’s tendency to dismantle our objects of study, like a watch, to understand their internal mechanisms. If we are to attempt this procedure with morality, might it not be prudent to begin with a different species? A simple watch is easier to study than a more complex one; and to lose “the spring” in human morality is to jeopardize all.   

<COMMUNICATION>
 It could be argued that all humans societies reside somewhere between a collection of individuals and the superorganism status since they will often share a group fate such as bankruptcy, the consequences of a war, disease, famine, or the consequences of a natural disaster. Peter Turchin (2013?), who has applied group selection principles to the study of national history has discovered many apparent patterns that influence the health of empires  <War and Peace and War>
This may be due to the cognitive limitations
 of these various species or a more fundamental biological constraint of nature
 in which modern human group behavior is an anomaly, or an example of the Mismatch Hypothesis
. If the former, humanity might progress toward “superorganism society” in which each individual Morality (Ethos) harmonizes within a group Morality (Culture). If the latter is true, then a dim future awaits our semi-cooperative humanity when the corrective action of natural selection catches up to our moral sentiments. This is a question only future generations of researchers can answer.
<Convergent Evolution>
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