1. In recent years, several researchers have published evidence on the subject of dolphin communication possibly being “language”. Discuss this evidence.										(50 marks)

PLAN
· Language vs Communication- differences, definitions, application
· Dolphin Language- dolphin cognition, Ryabov’s research, Panova’s whale and interspecies use. Clever Hans Effect- association or language? Problem of human tendency for searching for definitions
· Conclusion

Language vs Communication
This paper will look to examine the research into dolphin communication and the concept of it being defined as language; however, to examine these claims, strong definitions are needed for both of these terms. 
Communication can be defined as the ‘interchange of message or information from one person to another, either verbally or non-verbally’ (Surbhi, 2018). It is static in that it conveys information from one organism to another, though this can be through a variety of means (such as pheromones, visual, auditory, and tactile signals). It is more common among social species, but is evident in all animals, primarily conveying messages on mating, coordination, childcare, defence, and dominance. It can be further broken down into the following: ‘A message is encoded then sent from one individual (sender) to another (receiver), through a channel. That message is then decoded and given feedback, if communicated effectively’ (International Language Services, 2020).
Language is far more complex than communication. It allows complex concepts such as tenses, imagination, emotions, and opinions to be conveyed through written, symbolic, or spoken communication. Its purpose is to provide context and to make sense of complex thoughts (International Language Services, 2020). It differs from communication in that it is a tool that can be used to communicate, whereas communication can and does exist without the need for language. 
It has been reasoned that language is its own uniquely human system of communication rather than a tool that is used within communication. However, research into this suggests that whilst language is uniquely human, the complexity of it and concepts such as lying provide no real evolutionary purpose and requires significant cognitive function (Fitch, 2020) and so cannot account for communication evolution in that sense (Reboul, 2015).
Language, therefore, is an entirely social construct and requires a high level of cognition to express information above and beyond the more simplistic communication sender/feedback loop.

Dolphin Language
Now that the complexity of language is understood, is it applicable to more than humans? Dolphins are frequently studied to determine whether their communication system is advanced and complex enough to be regarded as language. Their cognitive function has also been widely studied; it has been determined that their self-awareness has two main demonstrations: they are aware of their own behaviour, both past (notably limited to recent past) and present, and they are aware of their individual body parts (Herman, 2010). This, combined with their ability to pass the mirror self-recognition test (Reiss & Marino, 2001), puts their cognitive function on par with a toddler at the very least.
The focus of many studies rests on dolphins using unique whistle identifiers to refer to individual dolphins, thus creating the notion that each whistle is a kind of name for that particular dolphin. They are used repetitively and by more than one dolphin in a pod; that is to say, that particular whistle pattern is used by multiple dolphins to refer to one individual. They are also able to use identifiers to refer to a certain group within a pod (Janik, et al., 2006). 
However, it should be noted that there is some dispute over the accuracy and efficiency of these identifier whistles; research has also shown that artificial synthesized whistles that matched the close relatives of test dolphins would induce more of a response than the same artificial whistle, whilst not a close match to a relative, still matched the frequency and pattern (Barton, 2006). This would suggest that it is not the whistle frequency that is an identifier, but more that there is a level of voice recognition which is evident in most social species (particularly for species that care for their young).
Further research showed that dolphins also emit non-coherent pulses amongst their usual communicative processes. The study showed that there was no obvious reason for these pulses and that they were met with response from the ‘listening’ dolphin, and so this was evidence of language use; by serving no purpose, it does not fall under the umbrella of communication and is something that exists outside of it (Ryabov, 2011). 
Yet it is a broad statement to assume that any auditory interaction outside of communication can be inferred as language; as previously discussed, language expresses complex concepts and processes, and to assert that a non-coherent sound and response is indication of language falls short of the requirements. Even if the sounds were deduced to be a kind of conversational chatter between the two dolphins, there is no method to prove that this is what is actually what is happening. There is also no way to show any context as to what they are doing, and so it all resorts to an assumption without any real evidence other than sound is occurring.
Further research by Ryabov was carried out with dolphins Yasha and Yana, where another ‘conversation’ was recorded. This again represented a speaking/listening/responding pattern, but appeared to serve no communicative purpose; they were not hunting, mating, child-rearing, etc. Ryabov asserts that ‘As this language exhibits all the design features present in the human spoken language, this indicates a high level of intelligence and consciousness in dolphins, and their language can be ostensibly considered a highly developed spoken language, akin to the human language’ (Ryabov, 2016).
However, this again does not provide any context as to what is occurring between the two dolphins. Whilst it does not strictly fall under communication, it still does not prove that this is evidence of language; or at the very least, not in the way that Ryabov himself is trying to claim. The main issue is that by Ryabov’s own statement, he is trying to fit a human function and model onto another species, where cases such as Clever Hans (Samhita & Gross, 2013) has shown that this has frequently been found not to be successful. In addition to this, the methodology used by Ryabov has been disputed by many other scientists as flawed due to the directional focus of dolphin clicks and the odd angle at which they were measured (Bittel, 2016). From this it has been put forward that these recordings are the equivalent of trying to listen to two humans talking into pillows in separate rooms, and the accuracy and validity of the data collected is therefore questionable. 
Further study over a far longer period also disputes Ryabov’s conclusions, as research has shown that whilst dolphins possess a complex communicative system, this is mostly due to the evolving in a noisier environment where sound is one of the only viable forms of communication over longer distances. It also shows that whilst identifier whistles exist, the extent and real purpose behind them is still unknown and difficult to measure in true-life conditions; as dolphins are an inquisitive species and susceptible to external influence, it is an unresolved question as to whether their advanced cognition is linked to using sounds in as complex a capacity as humans (Janik & Sayigh, 2013).
Another issue with dolphins using language is evidence of different species being able to adopt and implement that communication system. Research found that two months after a beluga whale was introduced to the same facility as a group of bottlenose dolphins it started to imitate some of their whistles as well as losing some of its own calls (Panova & Agafonov, 2017). The dolphins and whale were found to interact to some degree based on the adoption of these calls. Whilst this is regarded as being on par with how humans can interact with birds, this is not evidencing that language is being used. Rather, mimicry and communicative responses are evident, even to the point where the beluga whale was imitating some the chatter that Ryabov was in favour of. 

Conclusion
To conclude, it is evident that dolphins possess a far more complex communicative system than most animals, but to determine whether it is language requires the removal of the human construct of what language actually is. Applying a human-based model on an animal that does not possess the full cognitive or auditory functions of a human sets them up for a failure, and so logically if it needs to be defined it should be done so under their own unique characterisations. In other words, it is possible that dolphins possess a language system of their own, however it is not the language model that humans use and should not be studied with those requirements in mind; studies should focus on what is being done by the dolphins to better understand how, if any, language functions and in what capacity it is being used. 
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1. Symbiotic associations between species are some of the most complex in the animal kingdom. Using examples, describe these relationships and their impacts on the participating species.																	(50 marks)

PLAN
· Symbiotic associations- examine effectiveness and impacts, mutualism, commensalism, parasitism
· Mutualism- humans and honeyguides, ravens and wolves
· Commensalism- internal bacteria, hermit crabs and anemones
· Parasitism- cordyceps, fleas, honeyguide brood parasitism
· Conclusion- impacts are varied, not always detrimental, and all are perfect examples of natural selection and the continuation of the ‘evolutionary arms race’

Symbiotic Associations
Symbiosis, or symbiotic associations can be defined at the ‘living together’ of multiple organisms within an intimate association (Lambers, et al., 2008). These relationships are not always mutually beneficial and are widely varied, but are broadly broken down into mutualism, commensalism, and parasitism. This is an examination of the various ways in which these relationships work between the participating species and what these associations suggest.

Mutualism
Mutualism is a relationship where the interaction benefits all parties involved. These relationships often fall under food-sharing or protection and are found in both plants and animals. 
An example of mutualistic behaviours can be found in ravens and wolves. As ravens are too small to take down large prey, they have been found to lead wolves to deer and then pick off the remains once the wolves have had their fill (Stahler, et al., 2002). This clearly benefits both parties: the wolves are led to a food source and the ravens can scavenge the leftovers. 
This relationship also goes a little deeper; wolves have also been noted as recognising certain raven calls or behaviours that identify predators such as humans (Hirt, 2016), as well as their gaze following abilities notably increasing with the presence of ravens (Range & Virányi, 2011). 
It should be noted that these mutualistic relationships are not to be confused with friendship; often wolves will kill ravens for getting too close to carcasses too soon or will chase them away. It is a partnership, but ravens can still be considered prey or competition by wolves. 
Another example of mutualism can be found in humans and honeyguides; the honeyguide will regularly lead humans to bee colonies and once the humans have collected their supply leave enough behind for the birds to eat. This relationship has been particularly successful for both parties; it is estimated that the chance of finding a bee colony is increased by 560% with the aid of a honeyguide (Wood, et al., 2014). This has also led to the humans creating and using a specialised vocal sound to call the honeyguide, which they respond to and begin the search for bee colonies (Spottiswoode, et al., 2016). 
These examples of mutualistic interactions are quite complex, but it should be acknowledged that mutualism can also be as simple as plant-pollinator partnerships, or mycorrhizal fungal relationships. All instances where two different species influence each other in some capacity for a mutual benefit falls into this category. In this there can be little dispute that mutualism triggers evolutionary change; where an easy exchange of good and services can be achieved, an organism will naturally continue to follow that pathway (Landry, 2010). 

Commensalism
Where mutualism is a relationship which benefits all participants, commensalism provide neither positive nor negative impacts to any of the parties. This is the rarest of all the interactions as there are few examples where hosts are completely unaffected by their symbionts (Schowalter, 2016).
Instances of commensalism are often later found to be mutualistic or even parasitic; this is due to little understanding of the relationship in question. However, there are some instances where mutualistic relationships have been found to be examples of commensalism. For instance, research has shown that whilst it was previously thought that the relationship between anemones living on the shells of hermit crabs was mutualistic (Chryssanthi, et al., 2013), there is no justifiable benefit to the hermit crab that is gained by the presence of the anemone. It was previously reasoned that the hermit crab and the anemone would have greater protection from predators as the hermit crab is now harder to spot and the anemone is able to move with the crab away from predators, however the crab does not experience any greater level of safety from predators (Vafeiadou, et al., 2011). The anemone, on the other hand, benefits from being mobile and less of an easy target. 
It can be disputed that the hermit crab is still going to experience some benefit in the form of prey being attracted to the anemone on its shell, however currently there are no studies to show whether or not this is truly the case. It is notable that should this be the case then the hermit crab is also more exposed to predators and competition as it is surrounded by prey, and so this would negate any benefit experienced in that regard.
Another example of commensalism can be found in the microbe that inhabit the human body. Referred to as ‘commensals’, these microbes are harmless and receive benefits without the human body being harmed. In short, ‘a large number of microbiota fall under such a definition and very often they are called “normal flora”, residential microbiota, indigenous microbiota, or autochthonous’ (Ghosh, 2013).
However, the issue with referring to these microbes as commensals is that the interactions are indiscernible, and so it should be noted that they are categorised as commensals until such time as further understanding of the relationship has been achieved. This is a key factor in why commensalism is so rare; just as with everything in nature, there is a cause and effect. It would appear that commensalism is the category where interactions that are not fully understood must go until they have been fully examined and pulled apart. 

Parasitism
A parasitic relationship can be defined as ‘one in which one organism, the parasite, lives off of another organism, the host, harming it and possibly causing death. The parasite lives on or in the body of the host‘ (New England Complex Systems Institute, 2019). So, this relationship will benefit the symbiont and damage the host. 
There are many examples of parasitic relationships as the processes and functions are varied. For example, fleas are an obvious parasite; they will live and feed off the host by consuming blood, to the point where the host can die. However, the host also serves as transportation; fleas found on dogs originate from rodents, birds, and other animals. These fleas then find their way into human homes and can spread disease. From this it has been determined that fleas use their hosts not only to live off, but as a bridging service to spread and migrate (Dobler & Pfeffer, 2011).
This example shows that parasitic relationships are not limited to the original host and symbiont but can negatively impact other species (with the exception of the original symbiont). Similarly, the negative impacts are not limited to direct health decline in the host, but also facilitating the spread of disease (though disease can also easily be spread to the host and count as another negative impact).
Parasitic relationships are not limited to animal on animal; fungi also play a large part in symbiosis, and the most commonly known parasitic fungi is the Cordyceps genus, most notably the Ophiocordyceps unilateralis (Shang, et al., 2015). These fungi are known to infect and kill insects to self-propagate. By penetrating the exoskeleton with their spores, the fungus affects the nervous system of the ant, causing it to eventually leave the nest and settle in a suitable climate for the fungus to grow. The fungus then causes the ant to clamp its jaws into a branch or leaf and not move until it dies from being consumed by the fungus. A fruiting body will then sprout of the carcass and disperse spores to repeat the cycle (Lu, 2019). 
This relationship is not a recent development; these animal pathogens have been found in fossil remains and a lot of species have been found to have a common ancestor (Sung, et al., 2008). This shows that this unique parasitic relationship is heavily swayed in the fungi’s favour; obviously in terms of benefits, but also for a process that has not needed evolution or adaptation for thousands of years. This is unique; most parasitic impacts are triggers for changes in animals and plants to better defend themselves. However, in this case that does not appear to have happened, though it can be argued that the prey is numerous and the instances so small that this isn’t perceived to be a big enough threat to warrant a species change or development. 
A more obvious example of change indicators is brood parasitism, where the parent will offload childcare to a different species. This provides the parasite with the relief of the huge energy investment that goes into childcare so that they can focus on their own survival and reproduction. Often found in birds, fish and insects, the adaptations usually involve egg mimicry, egg replacement, proximity protection, and infant mimicry.
Hosts can and do identify parasite eggs and in most cases will reject them. In birds they will push the egg out of the nest or puncture it with their beaks. Size, colour, and number of eggs are their methods of identifying these. Though in some instances the egg mimicry is so good that they risk destroying their own young and will continue to raise the parasite in order to preserve their own (Stoddard & Stevens, 2010).
In the case of the honeyguide, the adult will puncture eggs of the host when laying, but this is not the only method used by this species to ensure its survival. The chicks will always hatch before the host species, so if any of the host eggs survive the initial attack, the honeyguide chick, which is equipped with a vicious tip on the beak, will also destroy any unhatched eggs or hatchlings. This then forces it to be the only child to be reared and increases its chances of survival (Spottiswoode & Koorevaar, 2011). 
The impacts that this has on the host is obvious; it has now lost most if not all of its own brood and is raising a different chick. Whilst the success rate of this brood parasitism is relatively low, the honeyguide and other brood parasites can produce multiple offspring to spread across multiple hosts. They are also often able to produce large clutches of eggs to have a higher chance of survival. 


Conclusion
To conclude, as can be seen, symbiotic relationships are seemingly endless in their variety, processes, functions, and outcomes. Not all interactions are fully understood, and it is logical to put forward that not all obvious interactions are documented correctly. 
They provide a vital service in the regulation and continuation of life cycles, as well as serving as indicators for evolution. Symbiosis serves as an excellent example of natural selection and how the most adaptable species are more likely to survive in their respective environments, as well as showing the diversity of the ‘evolutionary arms race’ and what kind of impacts will trigger changes to certain species. 
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